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ABSTRACT

This Cookbook uses the general purpose simulation suite ESP-r as a platform
to explore strategies for deploying virtual representations of the built
environment to answer questions posed in the real world of design and research
groups.

The Cookbook talks about translating client questions into virtual
representations that are no more and no less complex than is required for the
task. It talks about rediscovering the power of pencils and paper and it dares to
mention the word methodology. And discovering valuable patterns in the clutter
and then learning the art of responding to what if questions. And since the
author is professionally paranoid you might pick up some new definitions of the
word QA.

Almost all of the strategies presented can be applied to the task of creating
elegant virtual representations in other simulation suites. Readers might allert
their colleagues to take a peak.
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Chapter 1
INTRODUCTION

1 Introduction

Learning how to use simulation tools for design decision support and for research has tended to
follow three paths - the mentor path, the workshop path and the there-be-dragons path. The
mentor path works exceedingly well and is an efficient, if not particularly inexpensive way of

gaining the skills and tactics needed to apply simulation to real-time projects.

HEO M7 23 oAt ZAF U HRE BHOZ AEYO|M E2 AFSHE HIRE U2 M 7HX|
YOl o3 O[FROE = UL - X=Xt S, A3 YH, there-be dragons . T Tl =
ZHE AlZ20|MS HESY| fldl ERY J|&0lH TEES 55T Lot Egot Hyo| gt

Workshops are another successful approach to simulation training. Two or three days of initial
sessions, supplemented by advanced topic workshops and the occasional email allows many
practitioners to productively use simulation. Both of these approaches rely on personal contact

with an expert and iterations of demonstration, followed hands-on experience and dialog for skills

acquisition.

AL AEZ0|HE ALY = U= E SHLtel 280 WHOIth Ng 2~32 o] |34 s¢
& 52 FHo| YOS Yy o|HAS MESICH BT, YL ULRXS0| AlZ0|MS =i}
Moz 0|8 = UA ErEt oot 22 & 7HA| YH(KI=A &g'a 34Hol A0M A2 0]
A HEJtetol eIl HE, dFlel g, HEH MY U V& &52 A% Cf2is o)

Many practitioners rely on mentoring and workshops to keep them up to date as tools evolve and
for exploring new facilities. Documentation tends to lag the evolution of simulation tools and
many lesser-used tasks may not be well documented or documented in ways accessible only to

geeks.



What you are reading now (and the companion Cookbook Exercises is addressed primarily at
those who are taking the path of confronting the dragons. It has also been used to support

workshops in conjunction with the exercise volume.

2 XN XtOHA Cookbook Exercisese= 2MZE O Z there-be dragons B2 MEHSE At2HE=2 Of

o2 7|k ALk £ A= Cookbook Exercise@t 2HH AIALOME AR E|D QUCH

The Cookbook strives to be generic in its discussion. As the title suggests, where specific
examples are needed they are based on the ESP-r suite. Some blocks of text apply only to ESP-r

and occasionally you may notice the following icon...
CookbookO| M= ZZEOl {8 CIEIXF StCt X 20| A|st= Zdat &0,

of 420 MAILl= OA|S2 ESP-r suiteE

E= A22, O3 OI0|Z22 #A[E £&0| o[of sf = Ct.

2]

If you are reading this from the point of view of another application skip down a few paragraphs.
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The Cookbook also includes sections of interest to technical support staff and uber-geeks. These

are marked with the following icon...

SAI0] BHo Ch2 Hgo| BN B ME Y1 UTte A BOe AUToE ABelch w3




If you have downloaded one of the precompiled ESP-r distributions for Linux(most distributions),
Mac OSX, Windows(native GUI), Cygwin (emulation under Windows) from the ESRU web site
<http://www.esru.strath.ac.uk> or acquired the source from the source code control repository via

the uber-geek command (on one line): svn checkout https://esp-r.net/espr/esp-

r/branches/development_branch and compiled your own version. Most of the instructions needed

to get a working distribution can be found on the download page. Additional instructions are

included with the source and there are discussion lists that might provide additional clues.

ESRU @ ALO|E <http://www.esru.strath.ac.uk>0| A ZAIL =l Linux& ESP-r(7}& BYO| HYIZ), Mac
8 ESP-r, OSX£ ESP-r, Windows(native GUI H{™)& ESP-r, Cygwin(Windows A X0 A 0| Z2i0|M)

8 ESP-rg CIREE WALL 5838 A

2SS Eof| 2 OMS HQCIH: https://esp-r.net/espr/esp-
r/branches/development_branch@} ZIt = ESP-ro| H7H

=

Mg ol Qavh HEEHE 7| 9

ol mae R0 WSS ttezc HOXA 2 4 ATk 7N KHSS ZzI
= Q o

And the ESP-r download pages do not really tell you much about what to do once you have ESP-r
on your computer. This statement is probably applicable to most other vendors. Of course there
are web based tutorials and exercises as well as manuals that approach telephone directory
proportions.

J2[3 ESP-r 22 E H0[X|= HFEO ESP-r= X5t H O|=0f FAZS siof St=X[0f Cf
M= B2 AS Olof7|of=X| =Lt O|A2 OfOte CHE W2 Z2ZIZO| ZR0| CHSHAM =
ORERZER|E Z40ICE 22 Tt R MUtE FH2 AMSAF 28ME OofL2h & 7[Hhe| Zolet

A= A= R ULL

Most vendors went through a phase where they believed that web based tutorials would supplant
mentoring and workshops. From the author's perspective, web pages work less well than the
mentor/workshop paths. The Cookbook is an attempt to bridge this gap. It evolves, as does ESP-r
itself, from observations of practitioners who are attempting to support real-time design

assessments of real-world issues.
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SE WHE0] @1 YLt

= @ HO|X|7} X=Xt HO|L} I3 4f WHED B 0HO0|CL
St AL St= A|ZO|Ct. ESP-r XHA|7} 12 %0|, Cookbookl2 AlR|
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o
Chel AAIZH M7 BIHE KYStnRt e MRASS BHE HoE

Simulation tools almost always arrive with a range of example models of two broad types -
abstract models which are composed so as to illustrate semantics and syntax and those models
derived from consulting projects which focus on specific building performance design issues. The
first type is often used by novices to get used to the simulation tool, the second type for those
who are looking for examples of best practice models. Vendors do not always make clear which is

which.

o 2dit 722 4y 5 2% ME FAN DU, HHY Z2HES 9 ST
ABo| 47 o%0| £HS FO| BYE BY0| AHOICE X HI FELS AISHOIM Sof o
SoURIZD SHe RMAFS0| F2 ALSSHD, § HH R¥2 JHY HAUXQ BUO| AYS e
AFHEO| Ol8%ICE Z21Y BIASS Ol 22 DU HAS Y TP REGKE &

=

Example models contain a wealth of information for those who know what they are looking for,
for those who are persistent or for those who are using them as reference materials within the
context of a workshop or in mentor based training. For these users example models can act as:

» a mechanism for exploring the tool (e.g. where do I find out information about environmental
controls, the composition of walls)

« to explore the sequence of tasks required to run an assessment and recover specific
performance metrics

» to explore incremental changes in the description of the model and the performance

implications of such changes
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« AlEE0ld &5 BASH| ot =70 & Z=EO oot §2 E&= HA 2l 792 ofniM

OFOF &L}?)

1]

- 7t 9o 2% el =ME BotL
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Creating a model from scratch under close supervision and with commentary on the approach
taken does reduce the frequency of encounters-with-dragons. In ESRU workshops almost all

participants first model works correctly the first time it is simulated.
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What you are currently reading expands on existing workshop materials and years of mentoring,

recast for the resolution of the printed page.

SHAIO] #3243 Qe 0] CookbookS 7|ZEO| Y34 Atmel £ S0to| W ARE HEO

o
2 51 QYO QMEO SATE 1250 KLZtE Z{0|C}

The goal is not simply to act as a dictionary or reference but as a guide to how to approach
realistic design decision support in real time, delivering real information and still have time for a

cup of coffee at the end of the day.

Cookbooko| =X Ched| APHO|LE HAXRZ MEEE 0| OfLEL Xg TAFQ A= 4

AOIAM 2lAb 2E0 =52 & + Uc LES AZH0l8S Sof 0EA HEZ AAX|0f CHs

AES MSshs Aotk £ HMAH YEE MISHME SIRE Ot W o Fol AHOE
O & A= AMTE 4EF 5= AO|th (F ZRHEN 225s AlZE BEAF E0He A)

This document is based on the premises that readers will already have an intuition about the
physics of buildings and environmental systems. A future revision is planned for those who are
less opinionated. And for readers who are users of other tools there will be much of value even if

the details of implementing the methods differs. Who knows, someday there may be an

_5_



EnergyPlus Cookbook and an ££4 Cookbook.

= M= SAt7F 0|0 AEel SelH ddnt stFH A" ofsf s 2 AS Aot H©
Hooto MEERAen, e e7hE JNFER HiE X|AO0] £Fot AMHEE 1{5to AdE o
FOICt Eoh FMAQ J wY2 Ct2C0 SiE2te e 28 AM8Ste SAEAE 0 &
23t Z40|Ct. AHM I} EnergyPlus C Q

ookbookl} EE4 CookbookO| QA E X| £7F LA =71

A word about ESP-r versions

ESP-r is under active development. On any given day there may be a half dozen commits of code
or documentation or updates to exemplar models to the repository. This Cookbook evolves at a
slower pace. This 2008 version has been revised to match the evolved interface of ESP-r but that
match is likely to be imperfect. Interface entities and paths such as Model Management ->
browse/edit/simulate -> composition -> geometry & attribution may have a different syntax. If

you don't find a match, please look around for something similar.

ESP-ro| HF & Y&

ESP-r2 Zes| & e A= SOICH ofH Hoj2te RE, EA, OfF ZHO| YUHOIE 50| o
MIPM K| EHE|Of KB A(repository)2 27 & £ QICh 0| Cookbook O|HLCH= Cf =2l &5
2 YXSHCE 0| 2008 T2 ESP-ro| SEAMEl OIE{H|O|AQF LUK|A|Z|7| Q8] HHE| YLt &AM St
A X5t AL ofLct  QEMO|A  JiX|(entities) B! Model Management ->
browse/edit/simulate -> composition -> geometry & attribution?} Z2 ZZ2= CIE Aoz H

dE = ACE LRSI e ArgE 2HY 32 Hixot O A& HNOLE7| HiEfCh

You may also notice is that some interface related figures in the Cookbook look different from
what you see on the monitor. There are currently three different interfaces for ESP-r. There is the
traditional X11 interface which has its roots in the world of UNIX and Linux. There is an almost
complete port of ESP-r to a graphic library called GT7. GT7 is implemented on a dozen operating
systems and this allows ESPr to be run as a native Windows executable. It also has a more familiar
look and feel and once the port is complete it will be the primary interfaces to ESP-r. The third
interface is a pure-text interface which tends to be used for scripted production work or to enable
ESP-r to act as a background engine for other software. Look in the Version Appendix to see

typical dialogues from the different interfaces.

_6_



Lot Cookbookdf RA= M 2EHE LF AHLO|AZF RLHO| 20[= Al CHE AS &

m

g = UOh oX ESP-rof= Ml 7Hel M2 ChE IEHO|ATF QUEE UNIXQF Linux HA O 1 2
HE 71 As WSHO X11 AEHO|A7} R4, ESP-ro| HO| 2t&ot HAQl GT70|2t 22|=

o
T zfol=e{z|7b QT GT7S £mtS 29 A|AHIOA AED O]= ESP-rO| native

2 =
Mot B0l ALSSIALE ESP-r0| CHE AZEY0[0] BjZ ATO2 ALBES WO XE Jts
8 a48 YAE J|gto] GIEHO|A0|Ch M2 CHE IHHO|A0N AFSEIE MEXQ 128

H2{H Version AppendixE &tZEs}e}.

With the exception of file browsing facilities, the command sequence needed to undertake most
tasks is almost identical across each of the interfaces. Where facilities differ you may see one of

the following icons followed by specific instructions...

o M 7SS Melst, tiREe HEgs AlASH| fdf Eest 38 =M 449 oHY
O|ADtCH ol SYotet. 2SHMAO et 7|s0| CHE d<f+& Lt 22 Of0|2 & diLE =

+ Qb 0] Of0|ES MEjt BAYEE 2 4 9UCt

1.1 Tactical approaches
Depending on your personal preferences, getting acquainted with a simulation tool either begins
with exploring existing models (in ESP-r these are called exemplars) or in the context of creating a

model from scratch.

Holm M=ol wah ChEAXIS, AIBolM Sol o%dl Kls A JIE0| HNEO Yk o
Y2 FRsHe HOIA AIZHESP-ro|A exemplarsat BRICHOIALE RS NSHE MEA St
HOIA AIZHICE

If you are taking the from scratch route grab a note-pad and some sketch paper. The following

_7_



sections explore how you can use ESP-r to arrive at a working simulation model and a growing
set of simulation skills. If you are using a different simulation suite keep reading. 7actics can

almost always be applied universally.
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Let's begin by deciding what kind of model we are going to make and then plan the work so that
it fits our resources. This is a tactical approach to simulation which concentrates on the art of

making concise models to answer our clients questions without delaying the design process.

M ofd R ZES s AQYUXE 2Tt tE2=2 1 RE0| 2|9 ¥ X
AZSEAL O|42 A BEAE XAAZIX] B2BME 2200 ZEM H & &= UAES

o
=
2%t R3S UEE Ao YSots H=HH Aol Y-O|CH

The first table is a powerful dragon slayer. Clients ask us questions — but what are the guestions

we ask ourselves as we plan and then compose our virtual worlds?

-
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Table 1.1 Initial tactics:

Design Question Simulation Questions

What do we want to | What thermo-physical issues should be addressed by the model?

know about the design?

How do I know if the | What performance can I measure to inform my judgments?

design works? What level of model detail is required for this?
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How might the design

fail?

What boundary conditions and operating regimes would be a

reasonable test?

How do I match the
information I have with
the requirements of the

tool?

What is the essence of the design in terms of form, composition,
operation and control?

What essential interactions need to be represented?

What facilities can be employed and what skills are needed to

use them?

Is our approach ok?

Can I sketch out my model and explain it to others?

Are the performance

predictions credible?

What assessments need to be undertaken to gain confidence in
the model?

What is expected of a best practice design?

How can I deliver the

most value for my

client?

What else would clarify how the design works?

How might the design and the model evolve during the design
process?

What would I do now to make it easier to work with this model

again after a four month delay?

Table 1.1 Initial tactics

Design Question

Simulation Questions
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Without tactics we will miss out on the value-added aspects of simulation which cost us little to
implement but deliver substantial benefits. A tactical approach keeps you /in charge of the

simulation tool.
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Simulation models have a context within which they are created and evolve. In the next section
the clients specification and design questions form the context. From this we decide what type of
model(s) the specification implies as well as the assessment(s) that need to be done to answer the
clients questions or further our research goals. The plural is intentional — real projects are iterative
and models either evolve or spawn the next generations of model.
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1.2 The client specification

The following section provides the specification of our first project. It is designed to allow an
exploration of the best-practice choices made while planning simulation projects.
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ey,

No matter what simulation tool you are using, there is always more than one approach to a
given task. Workshops typically use sequences that are known to work. Mentors will
encourage you to explore alternative approaches. Enlightened managers allocate time for

such explorations.

This initial simulation project is part of a general practitioner's office. The client specification is
intentionally terse so as to demonstrate typical decisions made by simulation teams in practice.
Clients have beliefs about how buildings work and simulation is one approach which can be used

to confirm or refute such beliefs.
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Figure 1.1 shows a plan and section (looking from the east) of the general practitioner’s office.
The reception has a flat roof and the examination room has a sloped roof with a skylight to the
north.
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Figure 1.1 Plan and section of general practitioner office.

Figure 1.2 is a wireframe perspective view (looking from the south-west). Note the strip windows

on the north of the reception and the two strip windows on the south facade.
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Figure 1.2 Wire-frame view of general practitioner office.

Figure 1.3 is a colour rendering (looking from the south-west) which was created by exporting the

ESP-r model to Radiance.

Figure 1.32 ESP-r 2 2S5 RadianceZ exportsto] HHESO{E ZH #EHZ(HMZO|AM HZHE Z)0|

c}.

Figure 1.3 South-west view of general practitioner office
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Figure 14 is a view from the north-west through the examination room. The white surfaces

represent walls which are partitions to a portion of the building which has not been included

within the model.
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Figure 1.4 North-west view of general practitioner office.

This project represents a portion of a general practitioner’'s office. Focusing initially on a

portion of a building is a powerful strategy and one which is applicable to almost all

simulation tools.
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The client indicates that this medical practice has a brisk turn-over of clients and that, on average,
there are two people in the examination room during the hours of 9h00 to 16h00 on weekdays
(200W sensible, 100W latent). The reception area serves other portions of the building which are
not included in this model and there might be up to five people. Lighting in the reception is
150W during the hours of 8h00 to 19h00 and there are no small power loads in either room for

purposes of this model.

olz|olof ol5tE HRUNE H2 ASO| Hoten, FF0= IAIREH 16AI7HX| Tz EoH
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The heating set point is 20°C and the cooling set point is 23°C between 9h00 and 17h00 on
weekdays with frost protection (15°C) on weekends. The client has no specific opinion as to how

this is to be achieved.
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ESP-r, unlike some simulation suites, includes both ‘ideal zone controls’ and component based
descriptions of environmental systems. In this exercise we will start with a minimalist ‘ideal’
description and assume that both heating and cooling are assumed to be delivered convectively.
ESP-r demands an initial guess at the heating and cooling capacity, but otherwise we will maintain

our focus on demand side issues.
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Questions to ask about auto-size functions:

a) what boundary condition(s) and operational regime(s) are associated with peak
conditions?

b) what method(s) are used to assess intra-component dependencies as components are
sized?

c) what criteria are used to determine which sub-optimal set of component sizes works
best?

d) what criteria might you use to confirm the suggested sizes?

a) Z|thEotz=Adar 2EE FA
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Components might seem unambiguous. Be sceptical until you can confirm that they match

your expectations.




Back to our initial model. Even the best of buildings have infiltration. There is a discussion about
air flows in a later section. For now lets use an initial engineering assumption that there will be

0.5 ac/hr infiltration at all hours.
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1.3 Design questions
The client wants to know what the typical demands for heating, heating capacity, thermal comfort

in the winter and summer, whether it is likely to overheat and if the daylight distribution is ok.
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To answer these questions we require a model which represents the general form, composition
and use as described in the client specification. The model need not be particularly detailed and
our goal is to maintain the volume of the spaces as well as the orientation, area, distribution of

mass and general shape of the room surfaces.
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Review Table 1.1. If the client asked different questions the nature of the assessments might well

be different.
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So, what sort of assessments will address the question of typical heating and cooling demands,
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capacity and comfort? If we weren't thinking tactically we might run an annual simulation and

then get bogged down in scanning the predictions for useful information.

dord 27 4 EF YO o Z20 olrl fsiME o TR BIHE ok A
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A tactical approach limits the quantity of information we have to deal so both the model

and its performance is easier to understand and the QA burden is reduced. Lets look first

on seasonal patterns to highlight performance issues. Computers may process a year in

seconds but QA staff costs are greater.

The key initial objective is to support our own wunderstanding of performance by looking at
patterns in a limited set of data and so be able to spot glitches in our model as well as

opportunities for improvements to the design (or the clients specification) as soon as possible.

AW oot 42 HYE HolHE2 HEs 522K d=9 d50 et f2] 24229
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Value added: The client did not ask for it, but it takes little extra effort to check for typical spring
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and autumn performance might provide useful feedback to the design team.
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Another tactic is to define performance metrics (e.g. what can we measure in our virtual world)
early in the process. Some metrics e.g an energy balance within a zone, might contribute to our
own understanding of the design and other metrics e.g. thermal comfort might be useful to

report to others in the design team.
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ESP-r workshops typically devote as much time to exploring building performance issues as is
spent on model creation. Simulation suites which do not include an interactive exploration facility
will include a descriptive language to specify what performance metrics are to be captured during

each assessment - so learn that language!

ESP-r workshop2 E&S 2tdsted 2HEE AlYE d= ds0 et ol«E got=h
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The metric for heating and cooling demands is kWhr (integrated) over the week and for capacity

the metric is diversified kW (the peak capacity required for this portion of the building). Just to be

sure that the pattern of demand is reasonable we will want to graph this. In addition to a table of

demands and capacity we might include the graph in our report if it proves of interest.
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Resultant temperature is a common comfort metric. A frequency bin of resultant temperatures
during the occupied periods would inform the client about the distribution of comfort. For our
own use, we also want to check the number of hours over 24°C and graph the temperatures, we

might include these in our report if they prove interesting.
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To answer the question about daylighting we can look at daylight factors across a grid in each of
the rooms. To build a model that will answer questions of thermal and lighting performance we
need to decide how much geometric resolution if required. In the case of daylight factors the
level of detail needed for the thermal assessment should suffice. If glare was to be assessed the
model would need to include additional visual geometric details. Later on we will consider tactics
that anticipate probable future design performance questions.

QA tip: Write down these decisions, we will want to review them as the project progresses to

make sure we are working to-the-plan.
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1.4 Model planning

Get out your grid paper and note pads and keep the laptop lid closed for now. Pre-processing
information and sketching the composition of our model will limit errors and make it easier for
others to understand what we intend to create, and, after we have made it, to help check that it is
correct. This rule applies whether we are going to import CAD data or use the in-built CAD

functions of our simulation tool.
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It also saves time and removes another source of error if we convert the important horizontal and
vertical dimensions (such as those shown in Figure 1.1) to model coordinates and include them in
our planning sketches. This avoids jumping between a keyboard and a calculator during model

definition as well as helping in QA tasks

User friendly software does not reduce the need for planning or robust QA. If anything, it is

even more important to guard against needless complexity. Lets call this avoiding the dark

side.
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An exercise related to model planning is included in the Cookbook Exercises within Exercise 1.

Do A= &= oAM= Cookbook Exercises®| Exercise 10| Z=EHT| 0] Q[LC}.

1.5 Model coordinates

Novice practitioners often proceed under the assumption that geometric input consumes the bulk
of their project time. Seasoned simulationists know that geometry takes about a third of their
project time and they evolve strategies to help them limit the time spent on creating and
checking geometric entities (so they will have the time and attention to leverage value added

opportunities that might arise).
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An experienced user can generate models with scores of thermal zones that fit together correctly
the first time. Such skills can be acquired over time. We are going to walk before we run, and our
initial goal is to create a correct three zone model for the doctors office. In workshops nine out of

ten participants create models which simulate correctly the first time.
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If asked, most are able to re-create this model with minimal support and in 25-35% less time. So
even though an experienced user will outpace a novice, good working practices ensure that even
novices can produce useful models. The approach we take to create the form of the model is as
dependant on the guestions we wish to address with the model as it is on the specifics of the

building blocks and input facilities that are offered by the simulation suite.

ct, gES B o w&c ZEs TS + WA
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* questions about general comfort and energy demands at peak and moderate climate conditions
require only a moderate geometric resolution e.g. correct volume of the space, approximate

location of doors and windows

« questions related to comfort at a specific location require higher geometric resolution, especially

if surface temperatures are likely to be vary across a surface

Mo B Mar 2HE 22X, 55 o BB 28 BEHU2Z7) CHYSHA 2 Z o0

« question related to visual comfort will require higher geometric resolution for facades and may

require that furniture within rooms and outside obstructions be accounted for
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« questions related to the distribution of air temperature within a physical space may require that

it be represented by more than one thermal zone or that it include a CFD domain
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 questions related to passive solar performance may require a higher level of geometric and
construction detail to assess the impact of mass and the distribution of solar radiation
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Each of these issues require that we first consider the physics underpinning the assessment.
Second we must search the available model building blocks for relevant entities. Lastly we must
consider what resolution to apply those entities within our model. For example, a passive solar
design will be sensitive to heat stored in the fabric of the room as well as details of glazing in the
facade and in partitions to adjacent rooms. The surface temperatures in a sun patch might be

substantially elevated.
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To find out where the sun falls in the room at different times of the year we might create a rough
model and then check what we can see in a wire-frame view at different times of the year. Our

goal would be to find out if we need to subdivide surfaces to better reflect the temperature
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differences in insolated and uninsolated portions. We can then make a variant of the zone with

higher geometric resolution and compare the predicted surface temperatures.
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As a general rule the design of models should ensure that the volume of the air is close to the
correct value just as we want to ensure that the surface area is correct and that mass within the
rooms is appropriately distributed. In the doctors office the windows are not large and the
questions are general and so the exact location of the windows is not critical (but it costs us
nothing to place them accurately).

The dimensions shown in Figure 1.1 should be straightforward to represent. Looking closer, there
is no thickness indicated so the criteria used to arrive at the dimensions is unclear. If you were

tasked with determining dimensions from information supplied by a client a set of rules would be

useful.
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» Where the volume of the space is large with respect to the thickness of the facade and where
the complexity of the facade is low it is common to measure from the inside face of exterior

walls.
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» Measuring partitions at each face is common where the coordinates are taken from CAD

drawings and at the centre line during the sketch stage.

® CAD =HHOA XHEE 7IMEs ZR0c 4Y0|He &F BHAMEH X5 M A0 &
H
=

HHH0|0, AAHK] EHAME ZHE}O]

« Ceiling voids or raised structural floors with little or no air movement are often represented as

layers of air in constructions.

® 7|57t Ao QAL oto Qe HME & Z7ZHCeiling voids) fE= £ HfEH(raised structural

=
floors)2 TN WRo| SSSME Bt (F SN R0

» Where air movement is likely or there are significant heat gains within the void they may be
better represented as a separate thermal zone.

@ Ul 37t LHo 7|/7t UAAL @EST0| 4T B0 EEo| thermal zone2 ZHZ S
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» As ceiling (below) to floor (above) distances increase it makes sense to take the height co-

ordinates literally and geometrically separate levels within buildings.

® OofZfEo| MYOMEE B2l HIEMX|Q HE|(F AMEH =0|)7F S7rof mat, =0| &
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 There are ESP-r exemplar models which have the zones on each side of a partition in the same

plane and other exemplars have zones separated in space.

@ I9o[Ho] ¥F WOl iz ChE E0f Hota U= oA Z=o| UM, o 7k 4o FE =
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» In most simulation tools it is a matter of personal preference because the heat flow between
zones is established by specific directives partn_cor in office is connected with partn_off in

corridor which are separate from the geometric definition.

® CiFZo AlZg|o]d E0A, ZtEo

sfojsie Oj7fE £ E2 2uasis 2= elEol Meiol
SHO|Ch O 7|3tets ZBo|MEs 22|50 A= partn off in corido BE Y= AHRAQ]
Zbaro| y'0|ate o|0|)Zteko| Mt partn_cor in officel AFRAIO| Qe ZEo| Zhato| B{0jate of
o)Ztato|se GZAI7|E ST W0 o) = Afo|o] FE0| HHEY| WEO|C

» Most simulation tools represent geometry as polygons and separately represent their

composition.

® LiFE2 AlZZold &2 HAE2Z 7[5t

2 L}ELHCE
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» Wire-frame displays often present models as having walls of little or no thickness.
Qt0Jo] e BH2 9o M7t Aol §ALE FH7F 2T Sl A2z RES LEfHCE

» For modern (thin) construction the wireframe display may provide an image that allows us to

forget that real walls have thickness.
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» Consider the modern office construction in Figure 1.5 there will be little or no change in

predictions whether the centre line or the actual location in space is used.
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« Given that there are doors in the partition there is a strong case for adopting the centre line to

avoid visual confusion.

® ZiTtoHo| 20| UL FP, LN T2t TS| SIstof FYMS HES TEel of7t Yck

Figure 1.5 Plan of a modern building.

At the other extreme, historical buildings can have exterior walls and partitions which vary in
thickness and are substantially different from the thickness of doors. In Figure 1.6 the inside and
outside faces are multi-faceted the shape of the window surround influences the distribution of
light within the room. Some partitions are thin enough to be treated as centre lines and others

suggest a separation of the thermal zones.
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Figure 1.6 Plan of a historic building.

Translating the historical plan into a model required a number of decisions to represent in one
dimensional heat flow paths a building which is a substantially three dimensional heat flow
problem. The result, shown in Figure 1.7, substantially retains the volume and positions of the
spaces rather than the exterior form of the building. Thin partitions are taken to the centre line.
Some plan detail has been omitted and minor spaces amalgamated into adjacent rooms. Having
sketched on an overlay what we wanted to transcribe, the actual creation of the initial extruded

form of the rooms was accomplished in a matter of minutes via a click-on-bitmap facility.

e
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== Y22 %l(extruded) HEE TIEE= Z42 click-on-bitmap 7|52 i E =2TH0| =0
W Z4o|Ct

_29_



Figure 1.7 Model of a historic building.

The geometry at the window heads and sills was then adapted and the doors inserted. When
attributing the surfaces, the associated construction was selected to account for the local cross
section. A further discussion about options for interpreting complex three dimensional designs
into appropriate models can be found in Chapter 4. The Cookbook is concerned with the art of
composing models which are specifically adapted to the needs of the design process. Not all
projects are as demanding as the historic building. There is also an art to creating models which
are fit for the sort of general questions posed in the doctors office. While planning a model we

might ask ourselves:

x
EIUCL SEE MY MAS HCp HEY YR M| YT SHO| BeIMES 43 LIS
YoM s WRE She RWS UL J|B0) AHO| HEO|N



» would patterns of temperature and heating change if the volume of the space was off by the

width or a wall?
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 would more sunlight enter the room if a window was lowered by 5cm?
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« is it necessary to include the frame of the window?
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« is it necessary to include the furniture within the rooms?

@ 0| JtHE ZEots A0l EREHIN?

Essentially our concern is to ensure that the uncertainty in the model is constrained to the point
where it would be unlikely to change a design decision. Each of the above bullet points could, in
fact, be tested by creating model variants and then looking at the performance differences. There
are many simulation groups who have undertaken such parametric studies to arrive at their rule
set For this initial exercise the rule is keep it simple. The X axis in ESP-r is towards the East and

the Y axis is towards the North.

DEo| EEAdoRz Qs HAH CHAO|AM QA A7FO| HIIE|X| UEE REHO FHHME ZA
A7l A EHo|ch AMY 20lM 22 FEo10 7|83 2t =2 XAHSHH ZES o
= T B ¢S O HHREHAM d52 A0|E Elste =i HAEE £ QUCH XIS T
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Most users find it convenient to keep their model in positive coordinates and to define their
model using cardinal orientations and later rotate and transform the model to reflect conditions
at the site. Figure 1.8 shows critical coordinates (X,Y) derived from Figure 1.1. To simplify our task
let us assume that the origin of the model is at the lower left corner of the examination room.
The critical vertical points to record on your notepad are 0.0 (ground), 2.0 (window sill), 3.0
(ceiling), 4.5 (top of sloped roof). Taking the time to gather and confirm critical co-ordinates in the
plan and sections before going to the keyboard

is a key technique in getting-it-right the-first-time.

ezl AFEAE ol &AM ZEY AYPS ot 7|2 Lolof X0 R3S UE S

LtSol &X|of =S BHEst7| fI5t0] Z2 S =|Hsta HA[7|= A0| HIICID YZ4eicy 1
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Figure 1.8 Critical dimensions taken from the plan.

1.6 How the building is used

Our next stage in the planning process is to deal with how the building is used (schedules of
occupants, lighting, small power). The client specification must be transformed into schedules.

Experienced user will either sketch the day schedules or record the time and values for each
— 82 —



casual gain data for each day type just like they did for the co-ordinates. Just as defining an
appropriate level of geometric detail is important, schedules can be crafted to test a number of
performance characteristics within a single assessment. Why bother? Because a few minutes effort
can give early clues of how buildings may fail and how the building fabric and its systems

respond.
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Another reason to bother is that “all staff are here all the time and copy machines have a
constant queue of telephone directory length reports” is not usually how buildings are used. It
might be a secondary question to ask when testing risk to have such an extreme as an alternative,
but not as the primary operational regime. The examination and reception spaces have a simple
schedule of occupancy which includes some diversity. For example, there is a lunch hour and
there is a ramp-up and ramp-down of gains at the start and end of the day to represent cleaning
staff in the morning and stragglers at the close of work. In both cases there are periods during
the morning and afternoon with full loads so that capacity issues and the potential for

overheating are addressed.

20ls 20| ZE2Y F7Hramp-up)stHLt ZA(ramp-dwon)ptCh O|= OFHO| ZSdt=
YT AlZIO] 22 Moz AL Hob s AES2 g MEY Aotk o &
7t B9 EF ofFat 2=0, Ao £5t7t 22N duy 8 At MEO| tsd0| FE|
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ESP-r represents internal (casual) gains as a schedule which applies to each defined day type. By
default there are weekdays, Saturdays and Sundays. For this exercise lets stick with a default set of
day types. You can lump all casual gains together for definition and reporting purposes or use up
to three separate types of casual gains. Typically the first type is for occupants, the second is for
lights and the third is for small power (equipment). Each of the days has one or more periods
associated with each type of casual gains. Periods must not overlap and should cover the entire
day (0h0O to 24h00). Each period has a sensible load (W), a latent load (W) as well as the fraction

of the sensible load which is radiant and convective.

AA
~ 24h00). Z} 7|Ztofl= SRSl HIE(FAtLE O

=
T
gt AEFoFWa HERSEFW)S HE Y8 =+ UCL

In the reception occupant sensible gains are 80W from 7h-8h, 240W from 8h-9h and 12h-14h and
400W from 9h-12h and 14h-17h. For purposes of this exercise occupant latent loads in the
reception are assumed to be half the sensible loads. Consider though what might be happening
in such spaces. What is the latent gain from several cups of tea or a boiling kettle? For purposes
of this exercise we will treat all casual gains as having a 50% convective component. In a real

project you would use values appropriate to the type of occupant, light or small power device.
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The notes field allows space for recording assumptions and the intent of the data. Such notes
help others decode the numbers within the schedules and are an essential part of QA. If the
note mentions how many people or light fixtures this could be used to subsequently scale the
data. During model planning sketch the pattern of the various casual gains for each of the day
types indicating the different periods and the magnitude of the gains. This information can then
be used when inputting data as well as during model checking. Sketches save time. Try it for the
data described above and compare this with Figure 1.9 for the reception and Figure 1.10 for the
examination room.

notes field= ZREYOA Fot 71D HOJEHe SXS 7|8 IS MSettt. Ol2{gt notes
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This overview of how the building is used will be your reference material for much of the
discussion of working practices in Chapter 5. If you want to explore a variety of schedules for
different building types, browse through the exemplar models and focus on how schedules are
treated. Although not discussed in the Cookbook there are additional options for defining
schedules of greater complexity. For example, there is a short timestep data facility which allows

casual gains to be specified at each timestep.

HE0| YA ALBEIEX| Ao 22 SHO| Mg S| ofgh =olof YoM HE X2} I
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X| ESP-r Project Manager: enquiries to esruf@strath.ac.uk

Total sensible
Equipt senzible

Cazual gainz for reception

Lights senzible

Ocoupt senzible

Total latent
Equipt latent
Lights latent
Occupt latent

Cazual gainz in reception

Weskday Saturday Sunday
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iy G
. - 14,00 2
i
a 900 - 12,00 &
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n 4004 10,00 {
L 1}
{ iy B,OOK,
u u - B.om
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i 4002
106 HJ - 2¢00)

0 T -I T ___I-| L I 1 T 1 0,00

0.0 10,0 0,00 0,0 10,0 20,0 0.0 10,0 20,0
Time (hrs)

(o] [] [ [v] [insge control

weekends,

L

ar

y Gain Type

Mo, labl

1 Occupth
2 Ocouptll
3 Oocuptl
4 Oocuptl
b Occuptl
B Oocuptl
7 Ococuptll
8 Occupth
9 Lightsl
Wkd 10 Lightsl
Wkd 11 Lightsll
Wkd 12 Equiptll
Wkd 13 Equiptll
Wkd 14 Equiptll
Sat 1 Occuptl
Sat 2 Lightsl

Wkd
kd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd

Humber of lleskday Sat Sun casual gains= 14 3 3

Period Sensible Latent Radiant
Hours  Hagn,(W) HMagn, (W) Frac

0- 7 0.0 0.0 0,50
7- 8 20,0 40,0 .50
8- 9 240,0  120.0 0,50
3-12 00,0 200,0 0,50
12 - 14 240,0  120.0 0,50
14 - 17 00,0 200,0 0,50
17 -2 40,0 20,0 0,50
21 - 24 0.0 0.0 0,50
0- 8 0,0 0,0 0,50
8 -13 180,0 0.0 0,50
19 - 24 0,0 0,0 0,50
0= 8 0.0 0.0 0,50
g-19 60,0 0.0 0.40
19 - 24 0,0 0.0 0,50
0 - 24 0.0 0.0 0,50
0 - 24 0.0 0.0 0,50

Figure 1.9 Profiles for recepion.

Caotwvec

Frac
0,50
0,50
0,50
0,50
0,50
0,50
0,50
0,50
0,50
0,50
0,50
0,50
0,80
0,50
0,50
0,50

Reception has up to 5 occupants, lighting is 150W betwsen 8h and 15h0
and the receptionist has a computer monitor, Mothing happens on d
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1 import from profiles database
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h 21 24 Ocoupt 0, 0,
i 0 8 Lligh=s U Q. Q.
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1 O 8 Equipt U Q. Q.
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n 19 24 Equipt I Q. Q.
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¥| ESP-r Project Manager: enquiries to esru@strath.ac.uk
Cazual gainz for examination fasual gains in examination
Total sensible — M —— oo -- Total latent 1 import from profiles database
Equl'igt Sens@lﬁ%e _ - Equrilit %azenz 2 electrical data »» not included
ights senzible ights laten
chupt zengible —— - ------- chupt latent 3 loads »> Ueskdaus (14)
Weskday Saturday Sunday Start End Type Senzib Latent
L 0.0 a 0 7 Occupt W 0, 0,
450, 0+ - * b7 8 Occupt U g0, 4,
J_ cllle 8 9occuptw 140, 7o,
. 400, 0 25,04 d 9§ 12 Occupt U 200, 100,
i e 12 14 Occupt W 50, 26,
a 35009 - 200" f 14 17 Occupt U 200, 100,
:1 200,01 — L ( g 17 21 Occupt U 40, 20,
950, 0H I h 21 M D;cupt 1} a, a,
[ i) i 0 8 Lights W 0, 0,
W 200, |— M m i 8 19 Lights LmZ 9, o,
) 150, 0] o - 10,0° k 13 24 Lightz I 0, 0,
2 1 0 8 Equipt W 0,0,
100,07 T Lol ||| w8 19 Equtw 100, o,
50,04 % n ' n 19 24 Equipt 0, 0,
. = __|
0‘0 T T T T T T T T T T T T 0‘0 @ edit tHPE labels
0.0 10,0 20,0 0.0 10,0 20,0 0,0 10,0 20,0 + add/del etedoopy/inport gains
Time (hra} * zrale exizting gains
1o I =] (L] [emae el || 11500000 Sopermorion
A general practitioner plus patient (with diversity) and 1500 of 7 help
lightsn and 100l of equipment during office hour=, Mothing on weekends, - exit this menu
Mumber of Weskday Sat Sun casual gainz= 14 3 3
Tay Gain Type Period Senzible Latent Radiant Corwec
Mo, labl Hours  Magn, () Hagn, (1) Frac Frac
Wkd 1 Ocouptl) 0n- 7 0,0 0,0 0,50 10,50
Wkd 2 Ocouptl F- B 80,0 40,0 0,50 0,50
Wkd 3 Ocouptll 8- 9 140,0 70,0 0,50 10,50
Wkd 4 Ocouptl 9 -12 200.,0 100,60 0,50 0,50
Wkd 5 Ocouptll 12 - 14 b, 0 25,0 0,50 10,50
Wkd 6 Ocouptll 14 - 17 200.,0 100,60 0,50 0,50
Wkd 7 Ocouptll 17 - 21 40,0 20,0 0,50 10,50
Wkd 8 Ocouptll 21 - 24 0.0 0.0 0,50 0,50
Wkd 9 Light=l 0h- 8 0,0 0,0 0,50 10,50
Wkd 10 Light=lm2 8 - 19 9.4 0.0 0,50 0,50
Wkd 11 Light=ll 19 - 24 0,0 0,0 0,50 10,50
Wkd 12 Equiptll n- 8 0.0 0.0 0,40 0,60
Wkd 13 Equiptll g -19 100,0 0,0 0,40 0, B0
Wkd 14 Equipthl 19 - 24 0.0 0.0 0,40 0,60 window

Figure 1.10 Profiles for examination.

1.7 Environmental controls

The Cookbook advocates a fast-tack strategy to establish:

Cookbook2 CtZ1f Z2 A2 LASH7| 2o =5/dT ek (fast-track strategy)= HESHCE

« patterns of heating and cooling demand over time,

» the frequency of extreme conditions,

« the frequency of minimal demand,

« what might happen if heating or cooling failed,

« what might happen if heating or cooling was critically undersized,
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 how often will the building work satisfactorily without mechanical intervention.
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Such early indicators are valuable to other members of the design team. Deriving them may also
result in wellfounded opinions about demand side improvements and likely environmental control
regimes. Section 1.1 it did not include a specification for an environmental control system other
than the set points to be maintained. Even if the brief had been specific it might not be well

founded and would need to be evaluated.
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Each simulation suite implements environmental controls via one or more arbitrary conventions:
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« Ideal control laws which define what is sensed e.g. dry bulb air temperature control logic that
responds to the sensed condition and some form of actuation e.g. the injection of flux at some
point in the model. Usually there are a limited number of parameters that can be set by the

user and such controls tend to be applied to individual thermal zones.
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« Ideal system descriptions which define a generally recognised pattern (e.g. VAV terminals with a
perimeter trench heater), via high-level parameters which are then associated with a number of
thermal zones in the model. Depending on the simulation tool there will be a different finite list

to select from.

® O[gH2 AAES 7P85t= &4(ideal system description): O17|0f| M= LMoz SEE=

o
Q| AAH(OIE S oFE o
o
—_

0%
Yal
>
-
0
Of
<
>
<
rIJE
o Mo
bl
10
E
n
o
rir
o
In]
=
10

thermal zonel| 2 +=&9|(F FMXO0|1 MEXHQI

L‘o‘

) EE
AlZgo]d S0 et defe = A= A"l =& H2HE 5+ AL

» Libraries of detailed system components e.g. fan coils and valves, which can be assembled by
the user into a variety of environmental systems as required and linked with control
components and logic.

@ YAt A|AR HEHE ZfojE2i2 WAY, #EHe ZO0[ ArgAe| R0 W2t Chfet g
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» Templates which define an environmental control system from detailed components. The
template expand a limited number of descriptive terms into scores, if not hundreds of
components of a known topology, typically including control components and control logic.

Templates often use a high level language to support the creation of component networks.
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2 40 M2 $2SS HYAYID, 2ES Mo B HETHES Hof X2 En Yrt

Software vendors have had mixed luck with each of these approaches. From the user perspective

_39_



each has pros and cons.

SZEQ0 SEAtE oM et LASS =2E0I0 AFESRCE AFEAIS] BFMME 4 ¥
HS0| §EHES 2F #1 A

« Ideal zone controls can mimic any number of real systems but present users with a mix of
abstract terms e.g. radiant/convective splits and behaviour e.g. proportional/integral action
rather than physical devices. Frustratingly, ideal zone controls often ignore the parasitic losses

and electrical demands that many practitioners are interested in.
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« Ideal systems, often only roughly approximate what the practitioner has in mind. Vendors have
reacted by adding more variants and/or providing additional input parameters. The chat lists for
tools are full of practitioners confronted by the black art of tweaking an existing system to

mimic a different design variant. Occasionally the mimicry takes on elements of a farce.

2
|0
u
ry

2! AFSIA|Z C27|E 3iC) =
+E H3E2ZMN o] ZXof S35t
#HEstE A9 'Y=0=(black art)of

O|BkH{TISH Z{0| OfLIC} M2 WWE O A|AHS mAR)

=]

« Libraries of components are, in many ways a reaction to the constraints of pre-defined system
lists. Opinionated practitioners are able to be specific and evaluate alternative designs and
explore many more aspects of system performance. Unfortunately detailed descriptions are
tedious to setup, difficult to calibrate and can approximate a black hole if they need debugging.

Few interfaces or QA reports are able to communicate fully the attributes and relationships
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within a network of components. Somewhat to the surprise of software vendors, there are

practitioners that lack the background, opinions or tenacity necessary to create systems from

scratch.

@ AAH HEHES NF ME N2, U2 FP0| 012 Yol AIAHSO| s tfSota

o
Ao|2td & & ALt Aol YHE HX[Sts HFAS2 StAF St 40| F=5HO, O

= wol ¢ =l o
= GItotAu A" 9529 Cryst £HE HES| dmHEHD & & ULk S"SHAE A
2ot §2= 28517 NtEL 2807 of{E # OfL2t C{HZO| East 0 o
SHoH TELCL HEHESZ 48 UERINM HEHESS Hd0ILt BAAE ATSHA
28 = A= AHMO|ALE QA EOME Aol Gifh 2ZEQ 0 S5AS0| =2t ot A
22 A2EES Mz s O 2% HEXY, od, 87|71 #5e 27450 UAtt= Aol

» Which brings us to component networks created from templates. They offer the detailed
performance characteristics of components with most of the tedium removed. Whereas the
older ideal systems approach might have expanded a score of user inputs into a score of
equations to be solved, the template approach can generate a network of scores, if not

hundreds of components, and generate thousands of lines of description.

@ 2= OfFA REICZ AM2" HEHESS ¥ 5 Us7h? BEAS2 HEE xRt
fas HAT M2 HEHESO dMet 95 S8 NIl oT2| ideal system &A{0fA]
= AEAE Y #E2 Pt 200 g 2 SYAez ZE Vtsd0l A= Ao
drsf, "ES LA2 OEFo HERIE USOE + AL, - #Eea7t ELA B2 Ao
OfL|2tH - HEHEO et B2 Fof A E(description)s ZHS0{HEt

Clearly the author of a template would have an advantage in understanding the resulting network
composition and using it to support the design process. For others who have any /level of
curiosity about a newly created system the QA implications are substantial. Does the interface
support understanding of what was created? If the practitioner needed to adapt or revise the
parameters within components within such a network what methodology might they use to

ensure this was done correctly?

ol IR M0 =5

a
Of L|=8 AMEdl= = Ubts HHO| WCh= AOCE MEA dd& A" 2Z0] A= A

A=
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EXE I8t QAZL gxdtn U= WE2 Ui Fastth AHIo|AE Mz ddE HEHE
£ Ol3iot=d =85 F717 2FAV HWERAY A= HEHES W45 =FStAA oot
o Y@sS MoF Bi-==FOIL} HEZF & HATD =2ilg & & ARSI

If you think your tool only offers detailed components, look closer to see if there are abstract
components available. In the early stage of design they may be more than adequate. ESP-r

supports the following options for environmental controls within a model:

-|-

2 AFBSIR Yk AIRHOIM ETEE MM HEHEDNS £ S0 giTtn W2EH, Fy
[e]| 1= Z-
o =

7t Rl=Xl 22a"s o TS fMEotelh ARl ZI[EHASHE M Hx

« Ideal zone controls (to be covered in this section)

« Ideal systems expressed as ideal zone controls with additional parameters to support post-
processing of additional performance data e.g. flue losses, fan power. There is no interface to
this facility and it is not supported on all computing platforms (a shameful state of affairs)

« Detailed system components, optionally in conjunction with mass flow network components and

electrical power networks (to be covered in a later section)

@ ideal zone controls :0|A& 9l zone X0, O|H HO|A CIHREOHE ZHL

@ ideal systems : ideal zone control0f| F7IHKE Est HEZ BESHE| =0, O] ZHAMe 7|2

Mol 4500l 0]20l= 2XE[(post processing)E &3l #H H(0E S0 HATtA &4
(@]

o =
= )& Gtk ol Jls(EHMe)o| thSst=s AHMOo|AE el o 2IH

&
ofn

ME X|JAE[X] 0 (Gt #1082 £=0|0h
@ detailed system component: MEiX o2 EEH{E HERI HAEHELR MY HEQIL 2
ZYE k(e 2oM CHROE)
At this point, many practitioners would, no doubt, feel compelled to jump into the details of their
usual environmental control system. Rounding up the usual suspects is the antithesis of a strategic
use of simulation. First, establish patterns of demand.
O7|0fM, B2 HEAE2 280 ES MEE:s SEZE ALH MEUWESZ ANFLD 4

>
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Second, explore options quickly by delaying specificity and detail in environmental control
systems. Delivering information quicker and with less effort than our competitors /s a good

business plan.

Actually, many simulation tools make it difficult not to be specific in the early stages of a
simulation project. Vendors sell Wizards that offer scores of prede fined system templates which

expand into networks of wondrous detail.

A AlZ201 &5 MCHETE AZ2 0 Z2HMEQ| XT|EHA M FAO|E Fets| otx| §n
TAAIZI= 20| OfFL}. AlEL|0]d SEXAt=2 Ol2| FolEl Al&H™ "EA -
L o

=2 Foit CHES 71T HEHIZ HHE = ULt - 2 OELE XM Ed= Wizard

Wow, so much from so little work (and it didn't crash so it must be a good design)! Vendors have

less to sell with an abstract ‘purchased air' option or ideal zone controllers.

QFR, A2 UEREH B2 AZ AL AZY o[ Z2W2 MHIfSIK| AUCEE F2 HA Y
of £E2igiCH) A SAte FAA QI ‘purchased air'?] &M &= ideal zone controllerg

Mot Al2-S R2EY + As AlEold §2 O Bo| E +

So what approach to take? Here is a list of questions which might help identify whether a network

of system components is suitable at the current stage of the design process:
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» Do we have sufficient information to generate a network?

@ AAH HEUEZS TMEL LEYAS DSUN ZEY YEIt ASTP

» What performance indicators of the network and/or components are we interested in?

@ UHESIAet HEHES d

or

N & L7

e
el
mjo

A

rlo

29191717

rir

=
e

 Can we explore broad-brush ‘whatif ' questions?

AL HIAIS ™St A
- O =2 T1o=2 T M

» Can we tweak component details during the detailed design phase?

@ ME2A HAM HEHES| ClHES HEY = A=71

« Are the physics within an idealised control or abstract component suffi-cient to explore a design

issue? E.g. mimicking a radiant cooling system with ‘purchased air' might be torturing the

physics.

#E|7F EMot=71? Ol & =0, ‘purchased air2 SAYLALE S 2YSts A2 =2|H Y
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» What form of tool-generated documentation is available to support QA tasks?

® QA YFE X[HSt=H O eS| =AM - A[EZd0]d 0] 483 H - & 0|8 5+ U

rir

4

» How does one validate a templatebased system design? Is a systematic exploration of templates

and components possible?

@ S 7|Ho] A[AE A0 CHSt O{EA ATshert "MEXD HEHE et MAX

» Does the interface support detailed modifications of an initial templatebased design?

@ Z[=0| =0T H

K

2 7|8 A %

ot

of MEXHez 8% 5 JUARE QAHTO|AT7} X

El =71

« Does the interface support sufficient variants of an ideal control to allow a design team to pose

relevant what-if questions?

@ HAE0| 7Pdol HE(what-if question)E BHE = JEE (F 'H=0|M O] 222 HFH ™
M Mdsof o ol ASNret 22 HE) CHD =2

Aot=71?

« What support is available to move from an abstract representation to one with a higher

resolution?
@ JHEFE QI Ao G LioZt AMBt siM ADE H7| IS oMt XS 22 = U=t

Since the focus is on learning about patterns of demand, an abstract description of the system is
all that is required. ESP-r's ideal zone controls supports abstract descriptions of how heat or

cooling is generated.
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For purposes of this exercise an ideal zone control will characterize the response of a convective
heating and cooling system to the client’s set points. We do not know the capacity, so we will
make an initial guess (say 47W heating and 47W cooling) and see how well that matches the

demands.

el =Fo| Fote| mEO| sh Ot Ao HFOM Aen=z, AL”O Ot FHH YE
2to] Eaot MHO|Ct ESP-ro| ideal zone control2 Yt HAO[ OfFAH O|FOUX|=X[0f Lt

u]
=
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FAMOl HEOLE NSeCt O] &2 Il ideal zone control2 9|2[Q10] B 2

m i
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N
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N
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Yehr AlABO| OfEF WS HOIXIS 7HT Holch WL 8L
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b, 47W W) Estn, O BTt Yoo

)
o
Is

Once these patterns are known our experience might suggest a sub-set of approaches. We can
then explore different types of control logic and begin to be specific about the equipment that
would be appropirate. If the environmental controls have a schedule this should be recorded in
much the same way as occupancy schedules. Indeed, there are often dependencies between

occupancy patterns and environmental controls that should be resolved at the planning stage.

2T of2{gh FolmiEHS LA =|H, ool B 2ASH0] 20t %2 Oq7HX|o| EXMSHZY Y
O] HRE + AL CHE FHO MOl 23S Al & + AW, HEst7| Heler FH[of tsf of

AN
d2otA 2 ZAolct Trefo 2hE Koo AAHFO| ULH, O|A2 M 2HZF2

OfoF otCh. 2M=Z, A= IEHA Mo HE2 d= oEXO0|H, olZgt

If there are options for the type of system or the control actions which can be applied, ESP-r can
accept alternate controllers which can be tested in subsequent assessments with little additional

effort.

70l CHE S92 H8Y + UL, ESP-r2 Aol &E S0lA|
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1.8 Model composition

The client has not specified what the building is to be made of. We are going to have to select
placeholders from an existing database until such time as there is a clearer definition. Given the
building type most professional practices will have available a number of likely constructions. The

following general types of constructions will be required for the building discussed in section 2.3:

70| F=iE WAk, 7|
o 70l CHsko], of

= =
= =
ol HEHNQ AMH=E HUOHH W2 TR M0 oY SEE 0|82 + UAS AOILh Chg

—

Zo| HolHHo| A= REH MY X

[
of 2%st=s FxH2l €Nl RYE2 23”NM HEEE H=S ¢l 2aY Ao[th

« an exterior wall

- an internal lightweight partition

» double glazing for the windows

« a floor which includes some ground layers

« a ceiling for the sloped roof of the examination room which also acts as a roof

« a ceiling for the reception

® 2t

® U7 BT 9o

® 0|TY

® XSS LF Zeroh HE

@ X|S2| 9= ot TEAHS A HE
@ Txds AT MY

One of our initial tasks will be to review the current contents of the construction and materials
databases to locate existing entities which may be used as well as decide which ones can be
adapated via copy and edit and which need to be added. An example of the steps needed to do
this are included in the Cookbook Exercises within Exercise 5. This completes the planning phase

and our next task is to create a model which matches the requirements set out in the planning
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Chapter 2
BUILDING A MODEL

2 Building a model

With planning complete we can take the client's specification and our sketches and notes and
begin a new project. If you are using another simulation tool adapt your keystrokes and find

equivalent facilities to create your model.

Azlo|l 2t=EM o2 MM, 22|12 AHX & HEE X M2E2 Z2HMEZ A%
-

—

= UACE oHeF =X CHE AlZ20ld =78 AbgotttE, R3S 4d5t7| flet 7|1

There are several exercises in the Cookbook Exercises volume which focus on this Chapter. Look
at Exercise 2 as you start to create your model and complete Exercises 3-6 to ensure the
databases are prepared with the entities you will need to build your model. Interface interactions

and typing are shown in typewriter text.

Cookbook ExercisesOj= 2 ZH0| XHES 2E |3 7l exerciseZ} QUCH ZEES QHET| A|EHE
= Exercises 2& #t1st1, = %
CIO[EH|O|AE ZtF7] {8 Exercise 3~62 (tEstH EICL QIEHO|AZISl Mz Fgnt

EtO| g2 EfRIM=Z ARCH

First select a folder for your model. Consider appropriate access privileges, how models will be
archived and how models might be shared. A discussion of such issues can be found in the Install

Appendix.
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Give one of the following sets of command depending on the operating system you are using:

SXZE ALESEE s 2MA O et el Y MA 78 T OSILE HotES of

Ho

2t

B O &

The following sequence will take you to your home folder and start up the ESP-r Project
Manager:

cd

esp-r

Ct=29o| sequenceE YUSIH home foler2 7tAl ESP-r Project ManagerE A|&fgt &= QULCH

cd

esp-r

Use Windows Explorer to select C:#Esru#Models or another folder that is not deeply nested
and which has a minimum of spaces in the path. In the C:¥EsruWModels folder there is an

esp-r.cmd file which will startup the ESP-r project manager.

Windows Explorer& 0|2% = CWEsru#Models Lt St ZEE7F GEX|] QUOA A H

= =]
= A= EME MESHC CWEsruWModels 24 0|= ESP-r project manager £ A&t
o]

rh

—

4> et

Figures 2.1 thru 2.4 illustrate (via the X11 interface) the steps we are going to take. Those using a
GTK based interface will be asked the same questions, in the same order. Our tasks is to create a

new model so select menu option Model Management -> create new.

a8 2100 247X (X11 QIHHO|AE Oi7HE 3t0f) L2[7F Tlst= 1ol A E HEOojFCh
o

GTKO| 7|dtst QIHHO|A0] AME2 #2 &AEZ #€2 EES



M MEHO|A Model Management -> create new & MEISI MZ2 ZEHE MHS= AO|C|

A dialog will open at the bottom of the project manager which will ask you for a root name to
use when creating the model and its folders (Figure 2.1). For this exercise lets use doctor_office.
This root name will also appear in many of the model files so choose something which is short
and clear.

Project manager| StEHO| QU= CHRYE W X7t RHI DHO| £ides EHE A4 O
A8 root nameZ Z=ChFigure 2.1). & exerciseOf| Al = doctor_office ZEES AIE JtC|

name? 3 B2 DY IUST EH B U022 HD B HOZ =2 Bt

1 L

| window

|cap1:ur‘e|

Mode! root name? Mﬂ_‘ MI Elé

Craate nodel ing |

| ‘ window

|captwe|

[se= help) |single folder||stendard set of folders||cancel HA

M TO; ODCLOr_OTT10ES GTgr | W 1rdom
|z apture] ‘ copyright
Hedel dezzristion? Explaring ESP-r suntsx via sn initial mods] |_—'|/.,
i toi doctor_oftlocesctgs | windoL
| capiure | coagr‘:
Project lag file? |coctor_ofFics,log [ok][7

O ) M X doctor_office.log (modified) - [Users/jon/Models /doctor_office fcfg/

Fila  Edit Search Prefarences Zhell  Macra  Windows Help
fUsersfonMiodelsidoctar_oflce/ciy/docior_omoelog byte 345 of 376 L1 C: 1k
1 Project notes for doctor office. cfyg A1
L —

2 Description: Exploring ESP-r syntax wia an in:tizl model
3 In folder: sUsers/jonsModsls

4 By: jon

{1oce 5 Date: Mon Mar 31 11:06:43 2008

zh:Dar 6 Client:

L3437 T Project reference:

Figure 2.1 First steps in creating a new model
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Esp—r holds the model in a standard set of folders
and descriptive files.

Eased on information vou have supplied:

CFP_offices {project folder)
GP_officesdofg {systen files)
GP_officessoctl {(control files)
GF_officesszones {zone files)
GP_offices/nets (networks)
GP_officesddoc {reports and notes)
GF_offices temp (odds+ends)
CP_afficecssdbs {projoot databases)

Will be created.

Figure 2.2 Folders to be created

Azsociste images now? no fdefault) F/
il

I | —_—

Site letitude? | 8990 |F|

iaformation:

M

al| Site lorgituds difference iz the differance in degress

ml| from the local reference meridian. East 1= +ue. 2.0

=l 4,1 Mo Glasgow (relacive to the Greesmwich Heridiend.

|| €Current walus: —4,1000: Default waluey —4.10000

A [dismiss

178 path tai doctor ofFLoedched’ @
captu-e E

W1 FAESW

figsessment yea~? | E00F E E’“J
A

Figure 2.3 Further registration tasks

You have the choice of placing your model files within a single folder or a standard set of folders.

The single folder choice might be appropriate for a simple model. Since ESP-r separates model
— 52 —



information into a number of files the standard approach is to use multiple folders to hold
different types of information. For example, information about controls is held in a ctl folder and
zone related information is held in a zones folder. For this exercise choose standard. You will be
asked for a descriptive title for the model which is included in reports and above the wire-frame

view.
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4

2o, Ctdst o BEE #8357 I8 Ct=2o| EHE At&St= 0| &AMl #Ho|Ct
OE S© Moo 23 HEE= ctl EM0 ZE AL, E0t #EFE HEE= zones ECO
. EXFEYA= report?t wire-frame view

r
ATl So0i2 BYS 2t NS HES @7E ot

Mocel Managenent

a INtroductian to ESF-r

b catsbase maintenance

- walidation testing

wers Model selection vy eeses
d grer exizting
2 aeste neu
wara Current model L ooo.a.a.
rFg - drcknr_nffire, nfg
path - dockor_off icescfof
root : dockor_office

title: Exploring ESP-r syntax
wals lants
browseseditSzinul ace

= =~ Iw

wess INPOrt & SHPOrE ohysesas
n import DAL +File
o export curent nodel
p achive current model
sers Model location ..., ...
t foloers & Files
. MoarrNManem= , L, .,
zave nodel
zave nodal as
feedback »> zumnary
H =lo clses
belp
=1t Project lMlanager

2]
—
B

Figure 2.4 Model management menu
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There is a text log file associated with the model where you can keep track of who does what and
when. You might also include in it a summary of the assumptions that you are making (in case
someone asks). QA tasks are so much easier if you take a few moments documenting your
model. Notice in Figure 2.3 that the Longitude difference? dialog shows a pop-up help message.

All dialogues and menus have contextual help. When in doubt use the ? button.

MERE AN ZHE text log LtAOA F7t UK FAS otA=X0f Ciet S2E S
k=3
==

ULt ot AFEAZE BE(FEZH7F 278t 8R) 7HFdSS 294t AS text log L0 ZBA|

o wy

FE QT AREXIE XpAO| HEO| CHSte 7|F5t=0 TA| AlZHS SQICHH QA taske HS
HECt O3 232 EM Longitude difference? CHSIEO|A pop-up o ESY HA|IXIE
BOELCL BE Ozt ¥t 0res SYRE B =2US 7HX|1 UCh ZAl0o| X f=CHH ?

== =8k

2.1 Review of climate patterns and databases

At this point we have registered a new simulation project (the terms project and model are often
used interchangeably in ESP-r). There are a number of tasks that we want to complete before we
begin to define the form and composition of the general practitioners office. This section and
Exercise 3 in the Cookbook Exercises are concerned with the following tasks:

ARl IEE AN REe MEE AlZdold ZRMEZ SESHUCE  (ESP-roj|A

=
=
Heol oo Wejet 7xE

Z2HMEQ HEOZtE 0= TF =8E0 AFEECH. it
ST ¥NM 22|7F 2t=2|0F St= 02 A 0| QUL 2 FIt Cookbook Exercise 2| Exercise
3 2 Ch2ol Y=t A 7F ULk

« Find a climate file and typical climate periods for our assessments.
 Review construction and materials databases.

« Select or create places holders for constructions and materials.

« B7tE ¢ 71¢ HIOlH mtar 7[Zhs OtLEt.
« =Mt X Z CIO|HH|O|AE & 2,

LL=0
« M E CIOIHH0AE MY =+ Us SUS WHSHALL TS0k



The Cookbook advocates the use of short climate sequences for model calibration and focused
explorations. For example, a Monday morning startup after a cold weekend can tell us much
about the characteristics of a building. Do peak summer demands coincide with the hottest day
or is it a function of several hot days in sequence? There is no point in using an annual
assessment to address such issues and, more importantly, great advantage to frontloading

simulation tasks so that models are calibrated as soon as possible.

CookbookO| M= ZEO| ¥ YIEHTE fIsH AutrIZtE BA 28 XS TS oS
=8 F2 FEO| XL HLY otFel startup2 7122 S0 st 2 As EHEH
OlE2l |1 4 +27t 71 HE2 20| LojLtsrb? E= FEH2 2 O[0X|& HE2 20| et
2017k ojg{et FHo| x=FES UFEH A HIE & Hes it g8 Ias A2
st gl RES =2F5Y| fotd =7| A Algdolds BN +dsts 20| 2 0[FO|
ULt

The following discussion includes climate data search techniques for identifying an appropriate

week in winter with a cold weekend and a summer week with a sequence of warm days.

g =HMe AS20 =2 FHO| Zghel HEoh 3 H2 20| d&Ees 52 xS
NOfLHZ| RAT 71 IO BAM 7|eS ZCt

To work with climate databases, select the menu option Model Management -> Database

Maintenance and in the options shown in Figure 2.5 select the annual climate option.

7|14 OIO|EE CtE7| /5t Model Management -> Database Maintenance 2 MEist, 2l

2.50|A HO|= ZIXE annual climate SM 2 AMEisIE}

Once a database is selected then there are a (mostly) common set of tasks which are available
(see Figure 2.6). Some databases include functions to convert between binary and ASCII versions.
Databases which require frequent random access typically have a binary form. ASCII versions are

useful for transport between computers.
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For climate databases there are also options to convert EnergyPlus EPW files and Korean MET

office files to ESP-r format file.

7|4 O|O|EH|O| A0 M= EnergyPlus EPW LIt 1t Korean MET office mtQE ESP-r Ol m=z

HBkshe SM0| E8 ULCH

— —

Assuming ESP-r was installed correctly, you will now be presented with a list of known climate
files (see Figure 2.7). Adding additional sets is a separate topic.

ESP-ro| Ht=2H HX|Z|ACtH, o] LT 7| HIOlH oty =SZO0| LtEfLEA Fof (A8 27

-

=) 2742 HEE F7I5ts A2 22lE FH ol

—

For purposes of this exercise we want to select an existing climate data file. Choose the
Birmingham IWEC climate, look at the summary in the text feedback area and confirm the
selection. The ESP-r climate module (clm) will start, and your first task is to confirm the climate

file name in the initial dialogue.

O|2{gt exercise?| =HZ EE5H7| {sto] 7|EQ 7|4 HO|lH mS MEASHOF BHCE
Birmingham IWEC 7|& OOl WYS MEHSIT text feedback YYOA QA2 EH MEHZS

i
2™ SE2f ESP-r climate module (clm) O] A|ZtE|d, A HR| ZHP 2 XS CHSHEOA 7|4 GO|H

El

el of

ajn
o

2tQlst= 0Lt

—

The ESP-r climate module (clm) provides facilities to explore climate data sets via graphs, statistics
and pattern analysis facilities (see Figure 2.8). Our initial task is to use these facilities to better

understand the climate patterns in Birmingham and identify useful assessment periods.
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ESP-r climate module (cim)2 2=, EX, I8 2M 7|52 £l 7|4 HO|HE EI1SH7] &

ot 7ls= Mottt (A8 28 =), X9 M= Birminghame| 7|4 DiEHES § Z
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Databaze Haintenance

model pathi Alze-z/jonScellular_shd/cfa’

AuErdesrudesp-rAo] imated clng e
Mone

a annuzl clinats *

b multi-year climate :

c pressure distributions @ Ausrsesrudesp-rAdatabsses/pressc,dbl

d materials t L ofdbsScellular material .4

e constructions tLrdesdcel lular corstrdb

4| f plant components + fusrdesrudesp-rAdatabases/plantc, dbl

q ewznt profiles t fusrdesrufesp-rAdatabazes/profiles,dbl
h optical propertiss 1 Ausrdesrudesp-rAdatabszessoptics, dbd
iomrald #omgentieing 1 Mnne

? halp
- exit thiz nenu

Figure 2.5 List of ESP-r databases

Faterizls db: Congtructions db

browse or adit db
zelect another db
create & new db
copy the default db

5 browsesedit

b =zelect another

C create new

d copy ztandard

e bimary 2% ascil export
f aszcii »2 binary import default iz option ‘&’
g azcii »2 memory import 7 help

- Bilt this mery

[= S B 1]

-~

* default 1z option "&°
7 help

- exit thiz nenu

[limatz b

a browsededit b
b z=lect ancther db

o eeeate new db

i copy default db

g binay »r ascii export
f azcii »» binary import
g EPl ¥ birary inport

Figure 2.6 Typical options for databases.
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Climate sets

ESRU standard climates
a Default Uk clm Climate
b ALDUQUCROUC MM UDA iwec F23050
c BALTIMORE WD USA iwec 7240860
d Heltast LWELC WML 0249170
& Berlin Germany IWEC 103540
f Birmingham IWEC WHO 035340
g ROTSF T HSA dwer 72RA10
h Bruzzels Belgium IWEC WMO 0545
i DURLIMGTON WT USA iwec 720170
Jj Calgary Intl AR CAM
k. CHILAGL IL USH iwec 29200
1 Copenhagen Dermark TWEC 01830
m DIJON - FRA (47,27N 005,08E)
n Tuhlin Treland THFC WM OZ9RS0
o Jundes 1980
P DULUTH MW USA iwec 727450
q EL_PASO T¥ USA iwec 722700
r- Jerzey LH LSl LWEL WHU OAz44h0
& FAIRBANES Ak USA 702610
t Finningley IWEC WMO 033500
11 Firense—Peretnla - TTA
v Gatwick IWEC WHMO 037760
w GCHCYA  CIHC
x GUAMGZHOU - CHN
pager 1 of & -———-
uzer defined climate db
rew climate db (all zeros)
help
exit

=1

I~ %N =

Figure 2.7 : Available climate sets.

There are a number of options under synoptic analysis (Figure 2.9) which are useful for fining

climate patterns with which to test our building.

d=s H2ES| fIg Zld HES FHdts o /8t FiEE

1x
=2
rir
4>

=)
rlo

1 7|1438t0| A& synoptic analysisE Z2H24 0|2t &



e.g. dry bulb temperature and then the type of analysis e.g. maximum & minimum and then the

reporting frequency e.g. day/week/month. Near the bottom of the is an option find typical weeks.

Figure 2109 22 SARINES MAst7| s £Met7| Asts Iy GO|E, S Sof
AP2EE Meslah 1 g0 A &
ol 2RF7| 62 Sof Yw/Fw/AY B1S Mefsiah sftk 2H0E find typical weeks

40| ULt

minimumE MEHSIE}. O

This facility works as follows:

o] 7|s2 tr31t 20| 8otttk

- the average & total heating and cooling degree days (HDD & CDD) and solar radiation are
determined for each season,

« for each week, average HDD & CDD and solar data is found and compared with the seasonal
values and the week with the least deviation (using user supplied weighting factors) is reported.
For this climate and with the default heating and cooling base temperatures the best-fit weeks
start on 27 Feb, 10 April, 19 June, 5 Oct and 4 Dec. Write these dates down and then go review
these periods by graphing and/or gathering statistics about them.

» The climate module provides several ways of looking at the data so see which 'view' tells you

the most!
P BRYHYEY, SYHST Y, AN Y|zl ZYEC)
o OF FOIC} Ho W= Qar QAR GO 7L &OLK|, HHEE7(2te| gt HIWmE|of, 7tE &2

o
o
RS (ABXTL HHSHE 7HEXIE 0/8). o 7|4 HlolEfo] CisjA 12|n
FE 29 279, 42 102, 6% 199, 108 5¢,

o
1238 320 A%ttt of EM=s HOjEd, 38 EWM=0 et SAXNESE A==z d2[AH4

=
c 71 2=2 HOHE E& o3 ZES MSTCh matd, o 20| MAEXA 7t F2
=l

;

As LEE XS &4

o
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The provision of different views of the climate data can assist in locating patterns within the

climate data and answering different questions that clients might pose.

714 GIOIHO| CHeh Cidet 2ol ME2 7[¢ CIOIH o ES got= A

o
H'|
o
+
$Q
H

DSl ket MRl Y 4 U EQHECL
Time spent exploring this module can provide critical clues as to patterns within a climate that

may be used in the design process.

o 7|4 2=5 BAMSts 3¢, 24 TAHONAM 22 & U= 7|d HO|HS| mjEH 2t 2F8H
o
=

An example is the graph of temperatures over the year (Figure 2.11) with the current seasons
indicated across the top of the graph. There are a number of times when it is below freezing, but
the graph indicates that these tend to be brief. This might support the use of brief performance
assessments for winter heating demands and capacity. It also indicates scope for testing whether

a design might be optimised to cope with brief rather than extended cold periods.

Jef=(Figure 211)0|0H J2fzo| EHO| dXf 7[ZFO| LtEtLE QUL O =FH
orgf2 Wgi7tk= 47t BOo| fleu, JfZ= ol2iet des ZHESHA LIEHHDE O|4d2 4
oy =2 0 et 40| 95 EI7to| At

o
2 7120 thoto 2A7F AL A=XE HESH| 2 RS LEFHEL

Another example is Figure 2.12 where the psychrometrics of the outside air have been plotted

over the whole year for the same location.

£ CHE Ol Figure 2120|0, #2 20| 1WX| Q7|& S&7[UE0| EA[SH ZAO[LC,.

Most companies who regularly deploy simulation will have evolved procedures for selecting
climate data for specific design assessments. The acquisition of climate data is covered in a later

chapter.
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AlZ2EoldEs 7182z sddt=s HREES =i 583 &
k=3
—

S EXE ZHAARAL: 71Y HO|H2 25

Climate Aralysis

a climate: Jusrlesrulesp-r
b Sun—01-Jar-5ur—31-Tec 19

synoptic analuzis
graphical analysis
peychrometric analysis
table (orne day) analysis

L =]

g radiation »» dir normal

h edit site dats

1 edit climste cata

J Export to text file
ko oimport from text file
| manage climatelist
preferences
reporting F» summary
auzput »> screan
delim >» rormsal

help

end

IO TR A

O

Figure 2.8 CIm module opening menu
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Synoptic analysis

p zet period

0 zet time of day

dry bulb temperature
direct normal solar
diffuse horiz, solar
wind speed (m's)

wind direction (deg)
relative humidity (%)

[ Iy [ Y I e

maximum & miredmum
days within a range
degree days

average values
integrate radiation
frequency histogram

Foe @ O OE

0

clinatic severity indsx
s find typical weeks

Figure 2.9 Synoptic analysis

Iry bulb temp, deq,C

leak Minimun Time Maximum Time Mean
Wk of Wed 1 Jan -15,0 @24h00 Tue 7 G.8 @ 4h0) Mec 1

Wk of Wed & Jan  -23.9 @ FhO0 Sun 12 2,8 BEFho) Fri 10 -
Wk of Wed 15 Jan  -23.3 @ 1h00 Thu 16 - F14h00 Mor 20

Wk of Wed 22 Jan  -25,0 @ BhO0 Mon 27 @ 4hO) The 23 -
Wk of Wed 23 Jan  -22.8 @ 8hO0 Wed 29 E18h0O0 The 30 -
Wk of Wed 5 Feb  -15,8 @ 1hO0 Thu B B1EROG Fri 7 -
Wk of Wed 12 Feb  -15,9 @ 7h00 Mon 17 F1EROO Fri 14

Wk of Wed 19 Feb  -14,4 @E24h00 Tue 25 E14h00 The 20

Wk of Wed 26 Feb  -21,1 @ Phid Wed 26 @14hog Sur 2

Wk of Wed 5 Mar -12,2 @ ShOO Thu B F1ORhOG Wec &

Wk of Wed 12 Mar -10,6 @ 7hi0 Sun 16 @23h00 Fri 14

Wk of Wed 19 Mar  -11,7 @ GhOO Wed 19 F17hO0 Mor 24
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All period =26,0 @ 5h00 Mon 27 Jan 11,1 RI7h00 Mon 24 Mar -/.E

Figure 2.10 Weekly statistics
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3 3 00 %] ESP-r Climate Analysis: enquiries to esrui@strath.ac.uk

Cliwate analusia: SIPHINGHAH GRR TUEC LMD GRR3400 G240 1730 ¢ 1387 I JElD iz
Perlod: Sun=bi-lanB0lkdo - Sar3l-Deck2dhin a mans stes BIRAINGHEH GRR [UED WD 02
Tenp b menu aidy ELEAINGHAN GER [WEC WHO 03
Wirtae Coeing S biritar ool frlet
= - = = d avallaoley OMCINE
ey ——--sEa=zan daygs
o6 o lat win Hore2-Jan Sun-Z6-flar B4
foepring Hore20-Har Sun-Ld-Hay 49
T #- g surme Hore15-Hey  Wed-27-5=p 176
= hooautime Tre=23-5ep  Sun-28-0ct 2R
n 14 i Ind win Hore3-loct Sun-Zl-Dec B3
P —--typical perigds-———---———--- claige
d ] J let win Hore27-Feb Sun-0FHar 7
= 0— k. =pring  Horel0-Rpr Sun-lBHpr T
a 1 =upeer Hore19-Jum Sun-25-Tun T
(W mooautue Th=oa-lct Wad-11-0cn 7
n Znd win Hored-lec Sun-10-Disc 7
L < ozean eliwate o best-Fit weshs
-+ ====docunenbatjon (#]----———-
o list/genesrste’sdit documertation

0378 779 10 s 0h T e ol e 0k e 2k 5L 3 3 8 2 L 43 b 4| 2 Se [ dcoamntation

Tima {ueeks] zcdit climakelizt File
araph anbierd T b zeasans
capturs, T help

= end

Figure 2.11 Annual plot of temperatures

[limate enalwsisz FIRMINGHAH GER IMEC UMD OZE3&40: 52,434 1,730 @ 17300
Periody Sun—0i-Jar—Sun-31-Dec 19495
40 ! &0
20 14,00
[
i 12,00 :
t -
h 1
s 0 1,00 f
; gm
+ i
M -
10
l} G, 0 c
{, /
k 4,0 I
0 =
0 2,00
T - T T - 0,0
5,0 0,0 5,0 L0 15,0 L] JLE ] 0,0
o Tenp €

Figure 2.12 Annual psychrometrics
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2.2 Locating constructions for our model

Our next task is to do a quick review of available constructions so that we will be able to attribute
our model as we create it. You will want to look at Exercise 4 which focuses on a review of
materials which may be needed and the steps required to take an existing material and create a
variant which is appropriate for the current project. Exercise 5 will give you practice at the review
of constructions as well as in adapting existing constructions and creating new constructions. The
exercise uses the standard ESP-r constructions database. If you are working with a different set of

databases the process is the same but you will have to adapt the details to fit.

bhgez & g2 R27F =3 st 220 £Hd2 FoSt= ol AtE7hset
T XK (constructions)7t f7F JU=X| HEH HESH= AO|Ct O 4= ZQE MMEE HESHE
A HOolFH, 7|EL MEE MES: HAR oiXf Z2HE X MHeE Wddts Ao
UM 2O FLE Exercise 5= 7|&ELQ| #2ME HEA7|l= HaW M2 #ZHE ddst=

5
AL ofL2 RENE DESH= ASE KN Z2SHCE Exercise5= HEZTO| ESP-r constructions
7t

CHE CIOIEHIO|IAE TR Z RSICHE, abg2 ZA|T

—

It is possible to configure ESP-r to load an initial set of databases that are appropriate for a given
region and building type (see Install Appendix). Typically material and construction databases are
managed at a corporate level but ESP-r also allows model specific databases and possible

working practices are also discussed.

Fojzl XD A2 ROl MYH Ho[EMo|r0] £7| HES 23 2 4+ USE ESPr2
MM™St= 40| JhsolCh YHIM O 2 materialdt construction H|O|EHH|O|AE ETrE THA O M
ZZE[L}, ESP-r2 ot REYH HO[HH|O|AE 383, ¥Z = U= YFSZ 2 =2lEnt

So, return to Model Management -> database maintenance -> constructions select the current
(e.g. standard) database and note the list of constructions (see Figure 2.13) and details (see Figure

2.14) of those you might associate with this new model.

2|2, Model Management -> database maintenance -> constructions2 ZO0tRtA, TX|2|
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HOlH HO|A(CE
Of M22 221 &3 A= MU

™M standard)

T mn

ol rulru
)

- _|
1

Ot

o

One tactic, if you don’ t find what you are looking for, is to make a project copy of one of the
standard databases and then add in place-holder constructions. A place-holder is a named
construction which either does not have a full set of thermophysical properties or uses an
approximation. This can be associated with the surfaces in the model and later, when the actual
information is available it can be updated and all of the surface which use it will take on the

revised properties.

rd

—

of ArEAtQl Filo] Xt o= AS XA XUCHE, BE HOH HO|AE SASID Xt2|#
=

Al =K (place-holder constructions)0f FE7t6l= ZdE StLtQ| B O|CE Xt2|EA|X}H(Place holder)
oo

= TZEHC oSN =29 2T A UK AL ZAMKXE ALESE Ol§E2 T=A

/T

fl

(named construction)O|Ct. 0|2 DEIO|

H 2H =7t 0|87t
sg M 1 2= e, O §2E A 8%ts 2 BH2 AUE £4& F5HA ot

When you complete Exercise 5 add to your project notes the names of the existing and new
constructions which you wish to associate with your model. This saves time and reduces the
chance of error!

Exercise 5 O}% WMot 2N Q| O|F2 project

N -|0|'
o
ne
=
s
|'I'LI
4]
r||'
N
|
-
P
>
e}
=

noteOf Z=7}stet. O A

_65_



Conztuctions database

extern_wall OPAQUE
insul_mtl_p OPROUE
intern_wall OPAQUE
partition OFROLUE
door OPROLE
int_doors OPACUE
mass_part OPAQUE
int_part OFAQUE

d_alz DICF?EF1_0Bnb
dbl_glz ICF7E¥1_0Gnb
roof_1 OPANLE
roof OPAQUE
roof_2 OFPAQUE
grod_f loor  OPAQUE
floor_1 OFRUUE

entry_floor OPAQUE
suzp_ceil OPACUE
gusp_floor  OPACUE
suzp_flr_re OPAQLE
ceiling OPAQUE
ceiling_revw OPAQUE
qup_blk_ptrn  OPAQUE
gup_gup_ptn OPALUE
zswitched_gl ICFFEF1_Bomb
—Page: d1of 2 —-
view g—value

add/de letescopys invert
lizt database contents
zave datahaze

help

exit thiz menu

S — b H M E £ C o i T 0 MmO IS 2 o FL e T oh(Oo 0 oW

Figure 2.13 List of available constructions in database
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Conztruct ion editing

a Construction: dbl_glz

b General tuype: Transparent

o Optical propertiest DCFYET1_ORnb
Mo of layers: 3 {24, 0mm thick)

d Layers are: SYMMETRIC

Layer |Priml Thick | Description
[db Iipm) | of material
i1 242 6.0 plate glaz=s
b 2 0 12,0 air 0,17 0,17 0,17
E 3 242 6.0 plate glass
IS0 B346 U hvu’d 2,811 3,063 2,027

I add or delete a layer
? help
= exit thiz menu

Figure 2.14 Construction data

2.3 Zone composition tactics

Before we begin defining our zones lets review tactics. For purposes of this exercise we are going
to use the inbuilt CAD facilities. We are going to use these facilities tactically so as to minimize
the number of keystrokes and avoid errors. Later on you can adapt the techniques for even

greater efficiency. Here are the tactics:

zoneg ZHS7| Mol PN HAXE MAS MLt 0] GIHS NWsy| AHM LIEE CAD
7S (facilities)2 O8I L JHES K& F4E AAsSD S Tet7| UM Of
CAD 7|52 MHHO2 0|8 HOICh F30| O LIS B2 YA O] JE5S ZMe 4
oItk eSS Chaut 2ot

« plan for maximum re-use of existing information

« use information on your planning sketches and notes

» take opportunities to embed documentation in the model

« give entities meaningful names and use attribution early-on in the processing

« learn the tool well enough to use inbuilt facilities to copy, edit and transform

_6’7_



- IE YEE
« planning sketch@} note&

« 2 LYof

- SAL BY 2 HESE U

(220 cet 29
* JiAof 2lo] = OlES FOsta

Xt
(e}

Z|CHet MARESEZ| fgt Al

7| s (inbuilt facilities)

o

S
Hug 0|83t
2) EME M0l ELt
Helabd =70 &

MNB8E BER E2

LS|

(attribution)S ArE3HLY.

B2 Ct.

The order we define a model can allow us to build new zones from portions of adjacent zones. In

this exercise if we begin with the reception we can make use of this information when creating

the examination room.

If we take the information from our planning sketches rather than improvising or using a

calculator, we will make fewer errors, we will be less likely to loose track of where we are when

the phone rings and we will be less likely to find we need two more surfaces than the interface

allows.

ESP-r has numerous places where you can document your assumptions. Of course you would

never want to use such facilities because you never loose scraps of paper and you always

remember the assumptions you made about that model four months ago and your clients

solicitor will never ask you to prove you followed procedures or used the correct values for that

computer lab.

A surface in a simulation model is not just a polygon, it has a name, it is made of something, it

has specific boundary conditions and it must conform to the (virtual) laws of physics. QA gets a

lot easier if something that looks like a door in a wireframe image is named door and is

composed of a door type of construction. The tactic is for these attributes to reinforce each other

so it is
portion of our model.
LS
o 2]
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ALEXIS| ALRHD AL, AFEAE BAE WMRI=X| e ot 2 MESIA=XIE SHotEt
QISR UL=CH, AF2XH= 0|3 7|2 7|5 (facilities)2

AlZgo[M ZHO|Me 2, thed| CHZd2 ofL, 0|§0| A
Qor, L3t EX ZAAZXA(boundary condition)2 ol
O{OF otCt. RO wireframe imageOA| Z2Z0| EO|=
ZoiAD 2 TR constructione2 L0 QUCHH QA= ROl #{E
attribution2 MZE ES|F7| 20| DHek

of
ZEol AXHE R0 A EHAE AE

Defining the reception

Returning to the Model Management menu find the *preferences menu option and set ESP-r to
use the most recent geometry file format as in Figures 2.4 and 2.15. The option labeled upgrade
files -> scan and update all zones sets the preference.

Next we want to traverse the menu structure to focus on the geometry of a new zone as shown
in Figures 2.16 - 2.18. Select Model Magement ->browse/edit/simulate -> composition->
geometry & attributions.

Since there are no existing zones you will be asked whether you want to input dimensions or load
existing (ESP-r), load existing (CAD) or cancel. Choose to input dimensions, name the zone e.g.

reception is a good choice

E+4& &9t/

DEAE|(Model Management) OjF2 =O07tA =A™ (*preferences) HwE

las

a3

W
AL

ESP-r& Figures 2.4 and 2.15. OJA| 2= Zdd 20| 7t& Z|Z2 geometry file formate 2 A3t

|0

DI

-
L

=
Ct2 1t &2 (upgrade files -> scan and update all zones) &M =M™ (preference) M| &0 A
MESICE CF22 =2 22| Figures 216 - 2180|M EOX|= AME MZEE zonelf| L%t
geometryd| EHAE GSIFOAM FO| A OF FxE &S Model Magement -
>browse/edit/simulate -> composition-> geometry & attributions®| =9 &2 MEHSICE =X|| o=

zoneO| QICtH SHA2 X[ (input dimensions)E MEHEX| LE= ESP-rAitE2 £2{27|load

existing (ESP-r), 7|& CADAtE E£2{27|(load existing (CAD)) EE&= F A(cancel)& MEHEIX| & X|
AES 9 F Ao|ct X|=YH(input dimensions)g MEHSIT zoneo| O|EZ OE =0
T AA

M =4l (reception)X{ & sl= Z410| £ MEHO|LC}.
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Browse/Edit/Simulate

cfg file: doctor_office,cfg
a model domainz > registration
b model context

vrs EONES, ... b O defined)
C composition
ves Metworks,,,...0 0 defined)
d plant & systems
g hetwork flow
f electrical
g contaminant
wes Controls,,...0 O defined)
J zones
k. plant & suystems
1 network flow
m global syztem

n define uncertainties

ess Actionz.....
o vizsualization
p zimulation
q results analysis
r results & 0A reporting

[
—

I zave model
7 help
- gxit thisz menu

I
Figure 2.15: Browse/Edit prior to adding zones.

Next you will be asked to describe this zone - so lets paraphrase of the clients definition.
The next dialog asks whether we want to start with an rectangular plan, polygon plan, general 3D,
bitmap. For purposes of this exercise select polygon plan and find your sketch which corresponds

to Figures 1.1 and 1.8.

CHgoR  zoneof| Cfeh ZhEeh MWES Yo ¥ Ok - DO QINHESE EHY
Med 2Xt Ch2 CH3HA A= rectangular plan, polygon plan, general 3D, bitmap & O{fH A&
MENSEO] AR X|Of o) 2=Ch O oAl SHO| %A polygon plangs MEista F4lof

AH K| = Figures 1.1 and 1.80f &iEdt= HES AtOfLHLCE

This type of input requires the height (in real space) of the floor (0.0m) and ceiling (3.0m).
How many walls? Figure 2.17 indicates an additional point at X=4.0 and Y=7.0 where there is a
break in the wall. To the West of this break the wall is a partition which faces another portion of
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the building which we are not going to bother to define. To the East of this point the wall faces
the outside. We need to define two walls along the north side of the reception and so the total

number of walls that we are going to extrude from the floor plan is 7.

of EtRel YH=2 (&M IoMe]) BtE =0 (0Oomet MY =0/B0mE ERZ ottt
A

HME0| B JfL} Y=71? Figure 2.17= X=4.03} Y=7.00|AMQ| FIIHQl ZOIE MQUS LIEILHH
Ol= HM2l StHH(break)0| ASZES LIEIHCL O|FTHHSl MZEO| U= H2 LR YOS
OtE E|l= HE2Q & CHE R0 ORI Q= ME[NOICE o]Fel S50 U= H2 72t
Ot QAT O|X| reception?| 55& el & HE FosHoF St=0 O|2A <L2|7} floor
planOiiAf S2{of & & H9| 7= 77§ O|ct

The arrows shown in Figure 2.17 indicate the ordering of the walls. Remember this rule: when

extruding a floor plan proceed anticlockwise. Write down the critical co-ordinates first and don’t

answer the phone.

Figure 2.172| & T = #9o| Holste =ME LIEHHDH OhS 22 #EE 7[dstoF ot
Floorplang 2% Mol g AlA S&oz TI-AECH Folsior = ZHEE WX XHo{sn
Mg ™o #x| el

In this case we will start with 0.0,4.0 and then 4.0,4.0 etc. around to 0.0,7.0 (we need not repeat
the initial point).

When the walls coordinates have been defined you have the option to accept them. If you are in
any way worried about having made a mistake, say no and you will have a chance to check and
edit the data.

The Rotation angle? Dialogue allows you to define co-ordinates in a cardinal orientation and then
rotate to reflect site conditions. You can also perform transforms and rotations later. To skip the

rotation, leave the rotation angle at zero in Figure 2.18.

o
o
ret
oY
o
o
i
rir
o
(@]

00| Al AlEtSHY] 4.0, 2|1 (4.0, 40), (0.0, 0.7) 1} Z0| XE

mjn

0
u
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Rotation angle? Dialogue &2 Zt®0 7|2% 90l & UH o CHF OfX| ZAHS

o|™st= 7|s0ltt US| 2&s BHIAZ|AL e & = UMk 2FE SRR

Figure 2180 MM & 2™ 2= & 022 3t

fonez Conpos:tior

eees 2082 L, 0 0 defined)
a geomet~y & attribution
b censtraction meterials
c operationa. details

wese To2ology .0 7 conmects)
d surfacz connections & boundary
& archors (groups of surfaces,

eess Options ...,

—

—

Mew zone description?

__(<12 chars, o spaces) | reception ][ok][7][ ")

| mimm
|cap'tur*e| |

What does it represent?
(<B4 charactersz) |receptiun describes an L shaped room with seating for clients |E

—

| R
=apture | |

Baze zons geometry or |rectangu]ar‘ plan”polugon plarllgener‘al 3]]||bitmap| y

]
capture | ‘
[

Z value of the baze surface? 0, 000000E+O0 |
]

pture] |
£ valuye of the top surface? | 3:}:":' ||£ ,4f’,|

Figure 2.16: Zone name, description, shape.
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0.0,70 4.0,7.0 8.0, 70

_'_'_,_,.,-'-"'"
=
b
0.0,4.0 4.0, 4.0
et
\ 0.0,0.0 \4.0, 0.0 \\ 5.0, 0.0
Figure 2.17: List of plan coordinates.
|

A

- 1

For base wertex 1 ¥ & ¥i |

[ o0 Looo |[ok] (2]

v

—

Accept base werticesY |43 rdefaalt)

e —
| copurioght

Rotation angle? | 0, 000OOE+00 | %

Figure 2.18: Steps required for extrusion.
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%| ESP-r Project Manager: enquiries to esruf@strath_ac ulk

Mo==i=i= = = == === = = =i 0 OO I D]

Project: Exploring ESP-r syntax wia an initial mode.

Zone 1 Geometry

o

== 0 O

el - A L ]

[27]

|elev| E EIE |capture| |image control

Surl Frea

Ww0D R s D D

|Azim|Elew] surfacs
I v*2  ldeg ldeg | name
1z,0 lgw, 0, Wall-1
12,0 270, 0, Wall-2
12,0 180, 0, Wall-3
21,0 30, 0, Wall-4
12,0 0, 0, Wall-5
12,0 0, 0, Wall-&
9,00 270, 0, Wall-7
4.0 0, 90, Top-8
40,0 0, -90, Base-9

A sumrary of the surfaces in ~eception( 1) follows:

Figure 2.19: And here is what it look like!

geometry | construction lenviron
loptical llocat] use | name lother =
OPHOUE  VERT - UNKMOWMN 1< not y
OPHOUE  VERT - UMNENOWH 1< not y
OPHOUE  VERT - UMNENOWH 1< not y
OPHOUE  VERT - UMNENOWH 1< not y
OPHOUE  VERT - UMNENOWH 1< not y
OPHOUE  VERT - INEMOWN 1< not y
OPROUE  VERT - NENOWH 1< ot y
OPROUE  CEIL - NENOWH 1< ot y
OPROUE  FLOR - NENOWH 1< ot y

B R Y

a hamed reception

desc: reception describes an L
attribution incomplete!
origin @ 0.0 4,0 0,0
volumey 120, m™3

¢ base/floor arear 40,0 "2

opaque conszr,: 170, "2
transp. constr.: 0,000 m"2

vertex coordinates [ 14)
surface list & edges  { 9)
surface attributes

zolar dist, & calc directives
zolar obstruction

rotation & transforms

define linear thermal bridges

list zone & surface detsils
Zane

reporting »F summary

help

exit this menu

x| ESP-r Project Manager: enquiries to esru@strath.ac.uk

ad
a0
a0
s
T
o
o
a0
al
-r
-r
-r
-r
<1

Project: Explaring ESP‘YZSHntaX via an initial model
L

Yertices in “reception

Index |¥-coordl¥-coordl Z-coord
1 0,000 4,000 0,000
2 4,000 4,000 0,000
3 4,000 0,000 0,000
4 8,000 0,000 0,000
5 8,000 000 0,000
B 4,000 000 0,000
7 0,000 000 0,000
g 0,000 4,000 3,000
9 4,000 4,000 3,000

10 4,000 0,000 3,000
11 8,000 0,000 3,000
12 8,000 000 3,000
13 4,000 000 3,000
14 0,000 000 3,000

S 2 =T IO D o0 o

+ add/deletescopysreplicatesedit
" transfornz

| browze zurface topology

? help

- exit this menu

[ev]

|elev| |E| IE' IE' |E| |captuPe| |image control

Figure 2.20: Initial list of co-ordinates.
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71| Suwrlace topology of reception

anclozurat properly boundad
Sur-Face [Hu, I'Yerl=s (anLi-clk
name [vert | From outside)

a Wall-1 4 1 2 4 8

b Wall-2 4 2 310 19

c Wall-3 4 3 411 10

A Wlall-4 4 4 FAr 11

e Wall-5 4 H B13 12

f lWall-E 4 B F 14 13

g Wall-7 4 ¥ 1 814

h Top—8& Fog 9101112,

i Baze-9 71 FE 5 o4,

+ addAinsertdoopysextrude_from

* delete a surface

¥ transforms

| browse surface-vertex topology

@B check surlace vertex topology

? help

- exlt this menu

AT

Figure 2.21: Initial list of surface edges.

Once you accept the points the project manager display will update to what is shown in Figures
2.19 and 2.20 with a listing of the vertex associations in Figure 2.21 are several things to notice
about the graphic feedback and the command options.

QI Tt project manager?t EOjFE&= ELQOIEE 85l LIM, project manager= Figures 2.192}
Z0| YHO|E El0f EAX|A =31 Figure 2210A &2 = Us SO Oist 2[2EQb oA

=
Figure 2202 24T mEHo| Chgh MA|(%7)9 Ba SM0| =ojZICk

« Items in the menu which start with a character can be selected and those that start with a blank
in the first column are reporting derived values (which will be updated as you modify the model).
» Under the graphic feedback area (of the X11 interface) are a number of buttons for altering the
viewpoint, altering the size of the graphic feedback area and controlling the image. The latter
allows you to turn on and off names and vertices and the site origin. Spend a few moments
exploring this. The GT7+ interface includes a proforma for adjusting viewing parameters (see
Version Appendix)

» The text feedback shown in Figure 2.19 includes a synopsis of the geometry of the zone and a
list of the attributes and derived values for each of the surfaces. This report is designed to

complement the wireframe image and you will notice that the word UN7NOWN shows up many
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times so there is still some work to be done!
» You will notice that the surfaces have been given names like Wall-1 and Base-9. These are

unambiguous without being particularly helpful.

* AR AIREE OO0 A= O0|H2 HEY £ AN R HW 7|S0 A= HT2Z AIEE

AXN
OtO|®2 md el gts 7|ZEotch (O|A2 22S M2 +8Y M ottt H ol

[m
n
in]

=
o Jej¥ mest Ay Me (11749 interfaceE 7tX|=) viewpointE OEH £ Qe 2
HESO0| enf, JefdE mES| F7|E HHFLD imageE ZEY = U= HESO| UCH
SAE2 0|1 E AMOIEL HH
GT7+ interfacee & = A= O47H

e Figure 2190|A EOQX|s HAE LOEHL2 zonel| geometryo| 7122t 2tz
attribute@t It Zro| Z|AEE =ETSICL 0 2|ZE= wireframeg 7|HISZ dt O|O|X|E
Botste 8 HALR2l UNKNOWNO|Zk= X7 HA|EQE QIsiAM ofa §H & 2o

=
HOIISS & 4 YTk WHEK Y2 Lo A Fo BH 2 + YLk

Y
rlo
am
nE
Ot
Jo
0o
rot
ox
HL
N
£
<Q
|.|—]

Wall-1 EE= Base-92t1d A&=CHH O

Doors and windows

In ESP-r, windows and doors should be included as surfaces in a model if they are thermally
important. A tactical approach also includes windows and doors if they make it easier for others
to understand the model. The door probably falls into the latter category - we save time because
we will not have to explain why we have omitted it.

Essentially a surface is a window or door if you decide it is and give it a name that reminds you
of this decision. This is somewhat different than other simulation tools so it is worth reviewing the

rules:

ESP-rofAf Hap 20| EHez O TSI model2td| Heoz =Zeth|ojof SiCh CHE

AEHS0l g2 modeldf| A O[3istr| flet TEHE FZ2 it 28 GAl ZSCE 20

E = ZHHZZ2[0|AM CHREA ECh AlZE 25|

dzot=rs 290t 0L 2ENez G40l ZFHor o=

ojgigt 28& ¢7IMAZE = Us O0lF2 HNEE otAL O[A2 O E AlEyold Z=d8™sut
o

O 2ot 22 fAS 4HE22M 0|29 7IXE & & £+ UA ECt:
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« any surface in a model can be glazing or a door with the exception that a transparent surface
cannot be used for a back-to-back connection representing mass within a zone

« their shapes are constrained only by normal polygon rules

« if glazing has no frame there is no requirement that it be a cA//d of another surface

» doors and glazing can be bounded by more than one surface (e.g. glazing could have a frame
on the left and top and right but adjoin a spandrel panel on the bottom edge)

« the base of a door (or glazing) can be at floor level or it can have a raised sill

» door and window composition can be any valid construction (e.g. doors can be transparent or
opaque and windows can be opaque even though that would tend to confuse others)

« if you want to represent the adjacent-to-frame portion of glazing differently from the centre
glass then you can either adjust the thermophysical and optical properties or create two separate

glazing surfaces

o
=
AL
%z = 4 Utk

~

- THOF RE|F7F 50| QL O|H2 BHA| CHE Fel R4h=0(7] 20 2+ =210| giCh
« 20t REIE2 o i oldel B FAE HE =+ UCL (ME =0 RS 2FN /AZa

—

RQERZ ZI Yol AcLt of2fF2 AHMEZ I H(spandrel panel )off g = UCH)
o

+ 2(EE 7a)el 0| floor levelnt Z5 + UA2H ZX|Y H=Z0 =0t 2 +&= AL,
- 21 29

H S2|(centre glass)?t AE0| ¢QI™(adjacent-to-frame)st HES CIE2H

—

B0t 0t Gal2 E=2|H(thermophysica)Oln &otAol dES ZFSALE A[ZHE
A

In ESP-r, solar radiation will pass through any surface which has an optical attribute set. This is the
case for surfaces facing the outside as well as surfaces which are acting as partitions with another
zone. A construction can use glass as a material and will consider the glass as opaque if it is
matched to an OPAQ UE optical property.

Thermophysically a door is treated like any other surface in ESP-r. Surfaces with an optical
property will transmit and absorb solar radiation but are otherwise treated as any other surface.

Other simulation tools may treat doors and windows as simplified entities e.g. a solar heat gain
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fraction might be used rather than explicitly treating the radiation and convention from glazed
surfaces.

You have several choices in the treatment of window frames. You can explicitly represent frames
as one or more surfaces in the zone. A frame may wrap around the glazing or you can take an
abstract approach and lump all of the framing facing one direction in a room into a single surface.
You also have several choices for glazing. If the accurate positioning is important then create
zones with explicit representations. If you only require that the area and orientation of the glazing
is important then you could choose an abstract approach and lump all of the glazing of one type
and orientation into a single surface.

One issue which you may wish to consider is the relative size of surfaces in a zone and the

interactions between surfaces:

ESP-roj| A, 2 At(solar radiation)

ro
||
_Q_I-
bl

M £M(attribute set)2 ZHX|D Y= OfEH o2tz £}
of

Ty

5}
g =+ ULk OlH2 7|0 Dob HFERb ofL2l CHE FIfe| LpE|Y

—

H
= =
It BEME WER2A R2IE ASE 4 o, B Q27 OPAQUE BtH 4}

BIkcE=! 2
LK oiCtH =Rt Aoz Mzig = QCt
"2 2|™ 2 Z(Thermophysically) 22 ESP-rojAMQ| CHE MEDL Z0| FZE=Ch S EME
7T BE2 EY YAE SaetAL g+9th 34U fhE §452 CE s 20|

AlZ220ld 2202 2t YE2 HMHZ d2s of A22 FgGotth & =0 &
TN ZOjLtE =AYt HRE FEOH

fraction)7} O| AFEE=ICH

ﬁ
il
Of
N
HT
inl
rr
ne
>
Jtot
In
e
4>
@
@]
)
>0
D
Q
(@]
o
>

g2

Moz molgh & QUCh ZY Y2 FEE EMD AS & AL FEHo2 w5

== Aol SZOA StLiol HOM o &es 7t FoZ|2M BiE sk
of chet & 7bX| M= Apedo] RUCt zoneg TEE A EC

a5tn FWs| mALZ|O{OF ottt Rtefo| WAL} F2|of O] FRoICiA ZHEEICHE

4H40 doah 2= el Fof2[et otLfel Hoj| Ceh 2o M= 2 o QUL

D2{sor & StLES| Olfr= zoneOAf He| JLHHQl Ato|=gt HSO| ¢ %&0[Ch:

- if a large pane of glass is used in a room with small surfaces (e.g.explicit blinds) then you may
wish to subdivide the glass
« if you are calculating view-factors then small dimensions may confuse these calculations - a

frame 20mm wide around a large glazing or door surface may not get enough grid points for an
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accurate calculation.

« if you are interested in local comfort then you should consider increasing the geometric
resolution in the portion of the zone where comfort is being assessed.

« if the impact of solar distribution is important (e.g. a passive solar design) then you may want
to subdivide the floor and the major thermal mass to account for the patches of sunlight as well

as using explicit representations of glazing.

. BrofO| T2 BIST

I
=
—
=

= =
£ =H

=2els) & mHRe7t 37| AABEICHH |E[E CH
Lt OF SHCH

« view-factorE A4t Of 22 37|90 AE2 AAME Of
BEIt Bl 2 Rl £ 29| Ho| =M J&st A LS
- Dtofof IFREAQl Ao fhalol UCHH FHHO| KA BItE|= zonel| REO|M 7|5HEHA

O
S| & &= (geometric resolution)& ZT7tA|7|= AE 12{slof SiCt.
a

In ESP-r, air passes between rooms ONLY if you define an air flow schedule or create an air flow
network. It is optional to include a door, grill or window surface at the air movement entity

location. Such visual clues may help to clarify a model.

ESP-rof M St Sadts &712] =82 e 871 88§ 27 E E= 37| 7= HE f/3E
ML 7 2 =+ Ak M XM ST FHYS 27| ¥ 2 0 £= ¥E BE
=Zoteh ARt AEAEOICE O[St AlZHHQl SIEE models S| Oloist=0H =88 =Lt

If your ESP-r model is going to be exported to an application which has a different set of rules for
windows and doors then also take those rules into account (if possible). For example,

Energy Plus requires glazing to be a child surface of an opaque parent surface so ensure that
glazing in ESP-r models are also represented this way. Test various approaches to find which

works best.

ESP-r modelO| & EZ1t 2of CHsHA CtE 722 MExs Xol| M8E[7| {si(CtE AlZalolM
Z233ol) exportTlo] ZTICHH O|z8t #&lE 8 (7hs35HH) mE{T|o{of Btct o & o
Energy PlusoiME REI7t 258YE Z(8) Mol xH(F)HSZE QAIE[Z 2 ESP-r modeloi| 2]
{2z o8t WAloz Edz|ofof BtCh ZxTo| HESZ BHEY| 6l ChYst wedo|

HAEEZS 7{Aof &tC}.
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Our next tasks (shown in Figures 2.22 - 2.27) is to insert a window into Wall-3 and Wall-5 and a
door into Wall-2. The interface provides a way to make a rectangular 'hole’ in an existing surface
and place a new surface into that hole. The original (parent) surface wraps around all sides of the

child surface.

22|19 L2 ItM|=(Figures 2.22 - 2.27% 1) Wall-31t Wall-50] & F7(stn Wall-20| 28
OtECLE Interfaces 7|E HO| YEH 'FH'Z UtE= RN MER WO FHZ == YEES

=

|ZBiCh B() B2 RH(HBS S M

In Figure 2.22 there are a number of options for creating new surface. You will use these options
frequently so it is worth the time to explore them to identify which of the variants might be used
in different situations. The interface also provides an option to insert a door into a surface. It does

this by wrapping the existing surface around the sides and top of the door.

Figure 222014 HOIXIE ME22 B2 BE 4+ A& e SHS0 ACh AL o]

MES AF A8 AO07| MZ20| CHE &M CE2A AEEE o2t E85S Bots
f

o Io

= 7HX|7b QULE Interfaces 22 B 2H0| @= S92 MIothh O|A2 229 F1

e

o= geWozM o/F0f ¥ 4 Uch

In both cases you will be asked to provide an offset and a width and height of the rectangle to
be inserted. The offset is from the lower left corner of the existing surface (looking from the

outside). These inbuilt facilities support the insertion of rectangular child surface.

SAS £ Jjo| caseOM BE offsetdt AT ARZto| 4|, £0|0| TSN 20 & Ho|ck
offsete ZEX| 3h= Bo| Z ofgf BLMEE (HOIMEE Hi2ige m) olch o|2i3t

WE7I5ES DAY RH(F) Blo Mg BEBCE
There is no specific requirement in ESP-r that doors and windows must be rectangular. If the
design includes an arched opening or a round window you can do this (but the surface will have

to be made of a number of straight segments).

ESP-ro| A 21t
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According to Figure 1.1, the window in Wall-3 starts 2.0m above the floor and is centered in the
wall. So the offset X is 0.5m and the offset S is 2.0m and the window size is 3.0m x 0.75m (see
Figure 2.24). The same offsets and size apply to the window to be inserted into Wall-5. The door
is 1.5m from the edge of Wall-2 and is 1.0m wide (see Figure 2.26). No height is given in the

specification so lets assume 2.1m.

Figure 1.10f =8 Wall-30] U= 22 floor22H 20mEAT X|FHOoM AlZstn Ho
SU0 X5t AJACH A2 2 offset X= 0.5mO| 11 offset S= 2.0mO|H FHEO| AIO|=& 3.0m
x 0.75mO|LC}. (Figure 2.245 =X} Z2 offsetdt AFO|=7} Wall-50] A2 X0z MEECH 22
Wall-2 o Z0MEH 15m EHOX JLD 1.0me| HH|E ZtZICE (Figure 2262 EX}) FO{Z

2Y0l= =0l0| thet 0| Y2z 21m=2 SHAt

Beginning with the window in Wall-3, select surface list and edges ->
add/insert/copy/extrude_from and then choose inserted into a surface -> within surface. Notice

there are also options to insert a surface as percentage of parent surface.

Wall-30|| /Ue HZHEE A|&SHAL surface list and edges -> add/insert/copy/extrude_from2]
o

L

(]
=MOE MEiSE CF20] inserted into a surface -> within surfaceE MEHSICH HE AQSH=

B0l = percentage of parent surface BIHE QUCt= HE2 AX| XL

new surface options

made from existing wertices

made from existing wertices (mouse)
inzerted into a surface

copy surface(s) in thiz zone

copy surfacel(s) from another zone
vertical rectangle {originkazim)
harizontal rectangle (origingrot)
extrude zides/top from baze surface
vertical rect mazs (origintazim)
horizontal rect mass (originkazim)

ot = = e N (Y e S o R = <]

¥

default is option ‘o’
T help
- exit thiz menu

Figure 2.22: Options for creating surfaces.

Provide the dimensions from the paragraph above and the proposed location of the window will

be shown on the wireframe. If it is not ok you can reenter the data, otherwise a new surface will
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be added and the existing Wall-3 which started out with 4 edges becomes a 10 edge surface
which wraps around the new surface. You will be asked to name the new surface (south_glz or
something similar) and pick a construction for it (there is an entry dbl_glz in the constructions

database).

0 A= HEUMEH X5 HSEHA2H HetE 22 /X|= wireframeOfAf 2O TIC.
70| ‘Y=SA| QO ZESS ChAl YH0F St, Fetoittd M=z2 ol =7 & Zo|n
a7ie] EME[2 AHRE Z|E Wall-32 MzE BHE =it 10719 EMZE ZHX|A &t
M=Zg S Cfst O|E=2 YHSILD (south_glz & Z4 H|eh A9 AEXNE LECL

( constructions database0f dbl_glz7t SE&%|0{ RULCH.)

A recent addition to ESP-r is the concept that surfaces have a usage attribute (Figure 2.23). Code
compliance tasks are assisted if we identify the WINDOW as a code complient facade. Work is
underway to use these usage attributes when exporting ESP-r models. A future version of ESP-r
will also make use of an opening type attribute (Figure 2.25) to help form air flow network

(currently they are only used for documentation.

ESP-ro| %2 BT 2 THO| usage attribute 2t £M8E Zt=Cte JES 7HX| QUC} (Figure 2.23)
&=+ 2O =ZAM WINDOWE Folothtl f8zE+E ¢l €5 =457 &bt ESP-r model2

LHE L 7|(export) & [f AMmE O O|2{$t usage attributeE O|&3t0 ZTIME=ICt ESP-ro| O|zf

—

HES 37 95 UEYIS HYSIEE S ool HRE EFYol £49| o|8% Zolct

=

(Figure 2.25) (M2 ME 7|22 8Tt AFBED QUCH)

zurface SAGE options

FICTitious fnot code complient)
FEAME FACADE {code complient)
FRAME DTHER {net code complient)
GRILL SOURCE (conduit outlet)
GRILL EXTRACT [conduit inlet)
WINDOW (facade code complient)
WIMDOW DISPLAY {code complient)
WINDOW skylight (code complient)
WINDOW OTHER {riot code complnt)
- - (zomthing elzs)

L= e i s O o R o T o v 1]

Figure 2.23: Use for window.
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Repeat this process for the window in Wall-5. Remember that you can rotate the wire-frame
viewpoint to get a better view of your work. For the door, use the inserted into a surface->at
base option. Wall-2 is 4m wide and if the door is to be 1.0m wide (this is a medical facility) then
the offset for the door will be 1.5m in Figure 2.26. When you have done this the display should
look like Figure 2.27.

0|2{3t MAIE Wall-59] Xto| = E£ZH0| X L3IC} wire-frame viewpointE 3™ & 2= QL= ZHE2
FoStHM HYS T g U 2 XMS| EHM @ = JAEE EHECL E9| 82, inserted
835IC} Figure 2260 A K& Wall-2&= 4m HH|E 7%

2{3t IpE

1.0mUHH|0|H (O] HES 9Z74E0|CH =9 offset2 1.5mO|C}t TH2FY| O]

into a surface->at basegME At
OFX| ™ Figure 2.271F 20| ®EA|E ZAO|Ct.

What might you look for in the interface at this point? The wire-frame image complements the
text in the report below. The wire-frame and the report are designed to be used together. For
example, a surface in the wireframe might look ok but the report indicates it is facing the
opposite direction. The data included in the text feedback area report is similar to that included in

a model QA report (discussed later).

O|Z0|M F4l2 interfaced M O S Z|CHSI =7t wire-frame imageE E 25t =AHE0|
ofgf HEEO|M HEOZTICE wire-framelt HZEE Z0| O|8EEE AZLRUCE OE =9

wireframe0|Ajo] BHSOZl B2 MO HAX| DT HEEL 0|0| Hif T2 7}=27|D

FI

QI A2{=C}. text feedback area reportd| Z2tZ|0| RAEeE HO0|E= model QA B|EEOQ

2 &l0f A= HIO|ELt BISICL (CFS0| CiAl EESHA)

i

Inzert: ¥ offset. £ offset, Width, HElth* (see hel |
0,500 2,000 3,000 0,750 if‘

[Fap ety
I =
Lre

Figure 2.24: Size and offsets for window.

Ay | W1 hidai
[capture] [copyrial

WIMDOW surface air leakage: ||:1|:|SE|:I|||:ra|:k|||:||:-er'|||sash||I:uidir‘eu:tiu:unal||u:anu:el|[
#

Figure 2.25: Window opening type.
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WL gy

Inzert: ¥ offset, Width, Height (m):

L zee help) |
[ 1500 1,000 2,100 |F‘

Figure 2.26: Door dimensions.

S

X| ESP-r Project Manager: enquiries to esru@strath.ac.uk

Project: Exploring ESP-r sgn}gx wia an initial model Surface topology of reception
5 enclosure: properly bounded
Surface 1Mo, IVerts (anti-clk
EUE] Ilvert. | from outzide)
a Wall-1 4 1 2 98
b Wall-2 B 2232620 24,,
c Wall-3 1o 3 41110 3,.
d Wall-4 4 4 H1211
e Wall-5 10 5 B 1312 b&,.
f Wall-& 4 B 714 13
1 g Wall-7 4 71 814
i h Top-8 78 5101112,
ac i Base-9 91 7 B &8 4,,
c J south_glz 415 16 17 18
;? k north_glz 419 20 21 22
iy 1 door 423 24 25 26
;E + add/inzert/copylextrude_from
al * delete & =zurface
T * transformns
g | browse surface-vertex topology
:: @ check surface-vertex topology
o - | &7 | |eleu| |E| IE' |capture| |image control ? help
1 moe T e e 1 i . e cerTh e 1 T en o i - avit this marn

Figure 2.27: Reception after the addition of windows and doors.

Of course, at this point all of the initial entities have default names and many of their attributes

are UNKNOWN. Surface attribution is what we will turn our attention to in the next section.

u]
-

. O AlIFOA 2E =7]9] THM|(entity)S2 7= OlFE 7ZHXZ Ul B2 159

o

= 7t

X714 2 UNKNOWNO|LCt HEH=XM(Surface attribution)2 C2 MMO|A CIREEZE SHCY
Completing attribution

Tactically, we would prefer that others find it easy to understand our models. If we can also
reduce errors and speed QA tasks we have a winning combination. One successful pattern of
model attribution is to begin with the names of the surfaces so that subsequent selection tasks

and reports take less mental effort. Of course if you want to do it the hard way...

HEfHoz, 22l ZEES Os7| €=8 dte AS ZOfetth T oHE £0|2 QA taskE



WEA g = JAOE, 22 E2 22 ZHACD & 5= UCH Model attribution®] 3% QI
I F StLt= B(surface)S2| O|F(Name)2 2 A|&St= 2l
MEl(selection) ZH1at reports®f S0|= HAXNQ LHS ZE0FCEL 22 40| 0jHR @Hoz

st7|2 st

—

] Surfaces in reception

Nzme [omposition Facing
a lsll-1 UNENOLN UNKNOWN
b Wsll-2 UHENOLN INENOLIN
c Wzl1-3 UIMENOLM LINKMHOLN
d Wsll-4 UHENOLN LHEMOWIN
e Wz11-5 UMEMOLN LIMEHORIN
f lsll-8 UHENOLN UNEMOLIN
g Well 7 UHIKNOLN LIMISHOLIN
h Tep-8 UNENOLN UNEMOLIN
i Baze-9 UNEMOLN LIMEMOLIN
J scuth_glz dol_glz UMEMOLIN
k nerth glz dbl_glz [IMEMOLIN
1 decor door LNEMOWIN
* attribute many
? help
- exit

I
Figure 2.28 Surface(s) attribution.

As shown in Figure 2.28, the surface attributes menu includes an *attribute many option (this uses
a list selection dialogue described in the Version Appendix). You have a choice of attribution types
name, composition, boundary condition. Select name and you will be asked to define the name of
each of the selected surfaces (note the surface is highlighted in the wire-frame drawing). After

attributing the names the display will be updated as in Figure 2.29.

gl 2280 E& HERP Z0| surface attributes menugs *attribute many M2 ZaStD
QCHO| &M Version Appendix0| HEHEIO| QU= list selection dialogueE AF2SHCH. A2
attribution typeOf| A name, composition, boundary condition & SILIE MElE %= QICt Names
MEdStE MdEEL B ZpZof oSt olE& Fog =+ ULk (Wire-frame drawing FOf|A

SHO|2tO|EEl O FFotrt) O|F& =02 LiH, 17 2299 20| =tFHO0| YHo|E & ZAO|Ct

| 2

[

o

To name something is to own it.

offH Zof 0|§= =0l A2 AAS 2R/ AO[Lh




Tactically we want to take possession of our models. Giving entities names is a key step especially
if it helps the design team. The pattern used in this room is one of many possible patterns and

the rule is roughly:

HEHoz R2l= REE 2RV ottt 4 dAMS0 ol§2 =20 A2 B 20/
H2 tE 7580l =2

gA g0 =&0/ £/ E9 et IPYOILh o7|M ALEE= I
o

» names like floor, ceiling, entry_door have almost instant recognition

@ floor, ceiling, entry_door?t Z2 O|E2 FZIH o Z QlAlEICL

« if the floor or ceiling is represented by several surfaces then append a unique identifier e.g.

floor_a, floor_b or floor_1, floor_2 (but the latter might be misinterpreted)

@ floorLt ceilingO| 0f2] 7§o| Wz LOQUCHH, St MEXE =0|=F oich o =¥

floor_a, floor_b O|L} floor_1, floor 2 (A2{L} &EX= 89| 7F=40| RUALCH.

« walls that face the outside might indicate which way they face via north_wall, east_wall but if a

model might be rotated such names can be confusing so front_wall is better

@ 27|et Hot HEE2 50| OFstd e 9| north_wall, east_wall= LIEFH == QUCE THOF
oHo| MY JHSMO| YCHE o[t 0|22 TS JME £&E UL O/F HLoE
front_wallO|2}= O|20| O L}2 ZO|C}|

* partitions can be named based on the zones on each side e.g. kitchen_partn, coridor_partn,
some prefer partn_a, partn_b.

® LE[4S2 1 zonell Z{Zfo| THO| MetA O|l§E 22 =+ RUACL 0§ =T, kitchen_partn,
7

kKl
ot
rir
P
[ S
_ITl_
in
-
mjo
>

coridor_partn@} Zt0| £0|&= Z0| partn_a, partn_b 2} olC}.
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» The pattern above uses the name to give a clue about the location and composition of the
surface. Note: ESP-r is looking for unique combinations of characters, so other languages are ok

as long as the ASCII character set is used.

@ O[¢e| WEHAME BHol XLt 80 Ciet HOi2|E & + U= 0|F2 AHESI
ESP-r2 2Ats52l =53t =2 AM83tEE, ASCIl 24t MEE Ar8%t= o CHE 20k At8Y

+ ot

™ ) ) X ESP-r Project Manager: enquiries to esru@strath.ac.uk

Project: Exploring ESP-r suntax via an initial model

E @ EI B E cagtur‘el |inage control
8 40,0 0, 90, Top-8 OPADUE  CEIL - LMENOLN 1< not y
0

9 W0 . -390, Base-3 OPAOUE  FLOR - LUMMOMN 1< not y
10 2,25 180, 0, south_glz DCF7E7L_ WERT C-WIN dbl_glz 1< not y
11 2.% 0, 0, north_glz DCF7E71_ WERT C-WIN dbl_glz 1< not y
12 2,10 2ZFo, 0, door OPAOUE  WERT DOOR  door 1< not y

All surfaces will receive diffuse insolation (if shading not calculated),
Mo shading analusis requested,
Mo insolation analysis requested.

capture I OpT1g9

Surface name (default=lall-1 ) for highlighted surface

(¢=12 chars, no spaces) F‘,,

™ O O X ESP-r Project Manager: enguiries to esru@strath.ac.uk

Project: Exploring ESP-r syntax via an initial model surfaces in reception

Mame Compozition Facing
a partn_a UIMENOIIN LINENOWM
b partn_b LIMEMOLN LINENOUN
c south_wall  UNKNOWN LINKNOUN
d east_wall LIMENOLN LINKNOUN
e north_wall  UNKNOWN LINKNOUN
£ partn_c UMENOWIN LINENOUWM
g partn_d LIMKMOKN LIMKNOLN
h ceiling LIMENOLN LINKNOUN
i floor LIMEMOWN LIMEMOUN
J south_glz dbl_glz LINENOUWM
k north_glz dbl_glz LINENOUWM
1 daar door LINKNOLN

thlglz
“rorth_wall -

U +east_wall

- e e * attribute many
- v B . ? help
S R - exit

Figure 2.29 Surface(s) naming.
— 8’7 —



Typically adding construction attributions, for those surfaces that you have an opinion about,
would be the next task. Use the list of useful constructions you wrote down when you were
reviewing the databases. Where several surfaces have the same construction use the *attribute
many option. Otherwise select the surface you wish to attribute as in Figure 2.30 where all of the
attributes of the surface are reported on and are available for editing. After you have selected the

constructions the interface will look like the second part of the Figure.

O

JEE 72 e o

r

SO O3 M construction0f Ztot £85 F7t5t= 0| Xz
1 Chg & 20| & AO|C DatabasesE &Mz [ HOE {EE constructions2o| 2[&
|

=2
o

ohop O3 SX| %m M
o

o

steh o2 7ol HEO| Z2 constructions AE%E = *attribute many SME AF2SICE

>

Hotait ot Be HHSHEH g 2301F 20| 1 WMol RE &Y

otHO| LtetLt HE 7bs5SHA ElCk ConstructionS MEMSED LHH, QIEHO[AE= 8 2309

R F20F 20 2& ZAo|ch

4n

Skip boundary conditions for the moment - there is an automatic process to assign this attribute

later in the process.

Boundary condition2 7t Al FHEZZE sich o] &£M8 L& TEE =

rir
Pal
ofm

Z2 MATE QU

Surfaces in reception

Surface Attributes

Name Composition Facing
a surface name : ceiling partn_a int_part UNENOWN
b surface type + OPAOLE partn_b int_part UNENOIN

south_wall  extern_wall  UNENOWN
east_wall extern_wall UNENOWN
north_wall  extern_wall  UNKNOWN

c surface location: CEIL
surface area m"2; 40,000
azim & elevation: 0,00 30,00

—_— T e e WD h D O 0 T

perimeter length: 30,000 partn_c int_part LIHENOWN
d (N/A) partn_d int_part UNENOWN
& construction + LINKMOLIN ceiling flat_roof LIMENOWN
f environment ¢ UMKNOWN floor office_floor UNKENOWN
g child of t - south_glz dbl_glz UNEMOWN
h use type ¢ ordinary surface north_glz dbl_glz UMENOWN

use subtype: door door UNENOWN

+
*

attribute many
help
exit

add glazing/door/opening
7 help
- exit to zone description

=J

I
Figure 2.30 All the attributes of a surface and list.
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™) [X| ESP-r Project Manager: enquiries to esru@strath.ac.uk

Project: Exploring ESP-r suntax via an initial model Zone 2 Geometry

a names: examination

b desc? examination room with GP
attribution incomplete!
origin @ 0,0 00 0,0
wolume ¢ 48,0 m"3

& basa/floor areat 16,0 w2
opaque conste,t 80,0 "2
tramsp, constr,y 0,000 w2

d vertex coordinates (8
e surface list & edges ( B
f surface attributes

g solar distribution

h solar obstruction

i rotation & transforms
J

k

i thermal bridges (MNA)

list zone & surface details
SaVeE

. . *
b
E El E E [eapture| |inage control t reporting > summary

Figure 2.31 Initial box shape of examination room.

Adding the examination room

The examination room is rectangular in plan, but has a sloped roof and it shares partitions with

the reception. There are a number of approaches to creating this zone:

Ted2 udez HAAYOX|T 7|20 X§& 7t AL, Cf7| 41t ME[dE S/ot
ULt O] zones W-gst= YRO= o2 74X|7F ULt

« start with a simple shape and evolve it

@ Ch=oh JEjOIA S-S ZHAIZIC

« use the co-ordinates and link them together to form the surfaces of the zone

@® zonel| HEE M7 {8, co-ordinatesE A3t O58 M linkstCh
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For purposes of this exercise we are going to start with a simple shape (a box) and transform it
into the final shape. For additional practice look at Exercise 9 in the Cookbook Exercises volume.
The transformation is going to involve changing two coordinates to elevate the roof, deleting a
couple of surfaces and then copying surfaces from the reception. For purposes of this exercise it
is an efficient approach and it will give you a chance to work with a range of transformation

facilities.

O exercisee| 2HZ 9ol Lals 7S HEIEHA)N ARElO] 1%g AF Hejz

HAEA|Z{ & ZO|CtL. FII™Ql HEL Cookbook Exercises®| Exercise 95 HEE  SiCt
HAXMYN = XSS S0227 Qi & IHEE HF=E AW £ o4l BE AASt:
7|AZEE HE 2ARSI= 20| ZBHE Z{0|CL 0] exercise® 22X QA= 0|Z0]
KUl M2 HEHHO|H, transformation facilityE AI2S = U= 712E 4A siE AO|LCt

Referring back to Figures 1.2 and 1.8 the initial box has an origin of 0.0, 0.0, 0.0 and a width of
4m (East along the X axis) and depth of 4m (North along the Y axis) and is 3m high.

obM LIQHE 12 129} 180 Wam, x7|9| HAL origin0 0.0, 0.0, 0.00|1 ZO0| 4m (X=2

el SZ W), 2ol 4m (Y52 W2t £F %), 50| 3molct.

So return to Model Management -> browse/edit/simulate -> composition -> geometry &

attributions. Select the option to add a zone via input dimensions.

d2{22 Model Management -> browse/edit/simulate -> composition -> geometry &

attributions 2 ZOZtCt input dimensions2 E& zoneZ F7I6tE M MEHSICT

You will be asked for a name (say examination) and a description (say something like examination
room with doctor and one patient during office hours). You will be offered a choice of initial form

and this time choose rectangular plan.

_—

Name(ZI =2 0|2} S}Ah1t description(2FA|ZH SO S[Atet o Fo| 27t = T4 22

Z0[2t stXhE YHStoIoF ottt M2 XNZ2| JH

i
rx
=

5tojoF SH=Ml O] [ff rectangular

plang ME4SIE

I
rot

=y
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You will be asked for the origin (0.0 0.0 0.0) and dimensions (4.0 4.0 3.0) and orientation (0.0). The

result is shown in Figure 2.31.

Origin(0.0 0.0 0.0)1} dimensions(4.0 4.0 3.0), orientation(0.0)2 {Y&3ICL O A= O3 2314t

2tk

To make the roof sloped we need to alter the S value of vertex 7 and 8 to 4.5m.
If you cannot see the vertices in the X11 version select image control and toggle the vertices
option. In the GTK version use the pull down view tab and toggle the vertices option.

XSS 7I20X|A Bt7| IehA vertex71f 89| Sghs 45mZ HfFLO{Of SHLCY.
o

[m]

FOF X11 H{TOA vertexe2 & = QICtH, image controlg MEHSILD vertices optiong

r

MaSHCE GTK MO M= pull down view tabS AFESE1 vertices optiong ™SS

— -

Select the vertex coordinates menu option and pick vertex 7 and 8 and change the S value to

4.5m. As you do this the wireframe image will be updated (see Figure 2.32).

Vertex coordinates 0 SM2 MEHSIT vertex 71t 82 =2t S 442 45mZ HHELCL O|HA
St wireframe image?} IC|O|EE Z{O|Ct (A& 232 EX)

Project: E%pluring ESF-r syntax
L)
-

Top-5 \\\\\

. “Hlall=
at.ion. s

Figure 2.32 After editing vertices.
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ESP-r has a rule: every surface has one boundary condition. So what is the boundary condition
for Wall-2 and Wall-3? How does this compare to the initial sketch in Figure 1.2? The examination
room has partitions adjacent to the reception zone as well as external walls and clear-story

glazing.

ESP-r2 ®XlZ JtX| QUCH BE MHE SILtO| boundary conditiong Zt=Ct JIEHCHH Wall-22f
Wall-39] boundary condition ZQi0I7}? o|= 18 129 x7| AH X9t H|mSIY OfHHIL?

NRH2 ¥l S2ojaE| FE ofL 2t Ci7| ot IS THE[ES 7k AL

One quick way to make this transform by first deleting both Wall-2 and Wall-3. The place to do
this is the surface list & edges -> add/delete/copy/extrude_from option. After you delete these

surfaces the wireframe image will look like Figure 2.33.
SHEX| HHE HE2 24 Wall-22F Wall-35 AMH|SHY HEA|7|= AOICE Ol & = A= 2

surface list & edges -> add/delete/copy/extrude_from Z=MO|C}. O] HE=S AN|SIH wireframe

images= 1% 2331} ZHA E=ICH

Project: E%{pln:ur"ing ESP-r zyntax

Figure 2.33 After deleting surfaces.
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Our next task is to add surfaces to the zone by copying the relevant surfaces from the reception
zone. Figure 2.34 shows the available options. We will be using several of these as we progress,
first select copy surface from another zone. A list of known zones is presented (select reception)

and then select surfaces part_a part_b and door.

Che & 22 O7|d zone2RE 2ABE HUSS copydtd| HE F7i5ts AOICh 1Y 234=
tset &2 EoEH Rel= U LI7EM 0l & OoHE AH8stA & Aottt 24

copy surface from another zone2 MEHSICE 21 Q= zones=2| Z|AEZF LIEFL I (reception=

MENSIH) O part_a, part_b, doorE AME4SHCY.

You are then presented with a set of transform options for these copied surfaces. These options
allow you to reuse existing surfaces in many ways without having to get out a calculator.

Of =Arzl B0 gt transform &450| LtEfE ZO|Et O] M52 7|ES BE

—

mjo

ALt

il
=
Bl0|= o2 WO Z CHA| ALEY == UA SHEL

new surface options

made from existing wertices

made from existing vertices (mouse)
ingerted into a zurface

copy surfacels) in this zone

copy surface(s) from another zone
vertical rectangle (origintazim)
horizontal rectangle (origingrot)
extrude zidesftop from base surface
vertical rect mass (origingazim)
horizontal rect mass (originkazim)

— = T h D Ol 0 O oW

* default iz option ‘¢’
? help
- exit thiz menu

'l
Figure 2.34 Copy options.
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There is a rule in ESP-r:
the order the edges of a surface are defined in tells ESP-r which is the outer face of the surface.
ESP-rof = #0] ATk

Ho| EM2[7f FElkl= &A= ESP-r OfA HO| HZRO| of= FQIX| HIECL

For example, part_a in reception had an azimuth of 180°. We need to reverse this and we select

the invert option.

g =B, Hi7Id2l partaz 180°9 (2t A1 ULk 2= O|As FTAZ BRI U7

20 invert M2 MEiSIEE SIC|

You will be asked to confirm this choice for the other two surfaces that you copied. You will also
be asked if it is ok to update the edges of some of the existing surfaces to take account of the
new vertices that have been included (say yes). After copying the surfaces your model should look

like Figure 2.36.

At CHE & Bo| gk o] MEjo] F=oX| 25 A

o™= =
vertexgeS 12{5t7| QIsiM 7|E Tl ofE ZMZ|E2 A

=
slzh) . HES SAtSIH mEe 12| 2361 20| =ICt.

—

Project: E%cplor*ing ESP-r syntax

i)

Figure 2.36 Copy options.
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Our next task is to fill in the upper external portion of examination. We already have most of the
information we need. One of the surface addition options is from existing vertices. We must

supply the vertices for the triangular shaped surface on the East side of examination.

Chgez o 22 TR 9F HZ 222 M= Aott 2= oo EQh ez

MEE JtX| UL} Surface additions &M & SILtJL from existing verticesO|Ct. 22|&=
MrHol 5% HO| 44" Yo HE s & U= vertex5S HMSBHOF SOt

Another ESP-r rule is:
If you see the outside face of a surface in the wireframe define the edges anticlockwise from the

lower left corner. If you see the inside face of the surface in the wireframe then define the edges

clockwise.

£ CHE ESP-r HA2:
WireframeOlA{ F410] THO| HZZES E1 QUCHH, AFR Z2 IHMFE HAA FLo=
227t Zolx|ofop oLt WireframeOA 2t5S H QUCHH W2 ZMI[SO0| AALSHE2R

2| =00 BhLY.

From this rule vertices 6 9 7 are of interest. Do the same for the wall on the upper North face. In
the wireframe we see the inside face so the vertices are 9 10 8 7. This will become the frame

around the clearstory window so name this surface something like north_frame.

of tiotolM= 22 2S5 Ste5 oo

10 8 70| EICt O|HS Za|0jAER

Ar °°+
o JE

WireframeOQjA| R2|& otF BHE &

i
32 S E0| E AO0[2E 0| HO| 0|F2 north_framell Z2 ZACE St & DL}

Our final task is to insert the clearstory glazing. Select the inserted into a surface -> as
percentage option and give 80%. This will centre the glazing in the surface and is a quick

approach when the exact position of the glazing is not an issue. Attribute the glazing with dbl_glz.

22|19 ofx|at e Zr|oA2EZ|HE P= AO|Ct inserted into a surface -> as percentage
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Follow the steps you used in the first zone to complete the attribution of the composition of the
surfaces that still have UNKNOWN attributes and to give names. Notice that there are fewer
surfaces requiring attribution. Copied surfaces will be partially attributed. You should see

something like 2.37 after you have completed the attribution.

35| UNKNOWN &9 MOl compositions 243t O|ES 20|7] QI8HM XS zoneO|AM
S 22 it Attribution0] Z@st HEO| EUS0| FI2oict SAtE
E=N-]

=
BEXMoz £M0| £0g0f YUS ZHO|Ct Attbutiong 2HM§stD LB 1 23714 Z0

Now look back at your initial sketches. Is the model that you created correct? Look again..isn't

there supposed to be a window in the south wall?

OlX Mg2o| AAX|E CHA| E=E oich S0{T REA2 F2otot? ChA| EXb. &

=

I8
1
=2
ozt
o

REE [0 AR @27P?

Project: Egpln:nr‘ing ESP-r zynt Project: Egcpln:nr‘ing ESP-r zynt

Figure 2.37 Examination room before and after attribution.
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2.4 Model topology

Having completed the form of the zones there remains the task of defining the boundary

conditions which apply to each surface in the model.

Zonel| HWEWIt Cf HAFOIRMCIH 2 A2 ZEol Z ®EHO| HEY boundary conditiong

gelst= ZA0lLt.

There is an automated process for this and our next task is to use this facility. For additional
practice complete Exercise 10 in parallel with reading this section. Go to Zones composition ->
surface connections & boundary (see Figure 2.38). The option you will want to select (after
reading a bit further) is check via vertex contiguity but first click on the ? help option and read

about the facilities.

0l

rot

£ 9ot Xts ZEMAT o8z 29 OhE Y2 0| 7| 0|83%t= ZAOo|Ct FItHel
&S %l o] S Ao MA Exercise 108 23T = $HCt Zones composition -> surface
connections & boundaryZ ZiCHAZ 238%X). CHE2OZE (X2 O Y2 Z0|) MEHSOF st=

=M 2 check via vertex contiguity O|X|2t M ? helpE S5l 0| 7|50 Cisly AE=E SiCt.

Surface Connectionz & Boundary

Connections [ 22)

b set verte: ‘close’ tolerance
confirm if (already):

¢ marked identical 1 Mo

d  marked constant : Mo

e marked partition i Yes

f  marked ground : Mo

g marked adiabatic 1 Mo

h marked BASESIMP 1 Mo

h marked IDENT_CEN : Mo

i if no match found: Yes

p edit individual connections

clear zomedall contiguity
check wia wvertex contiguity

= oo

= reparting > silent

I list connections

* pauze during check 1 sec
T help

exit

|l
1

Figure 2.38 Topology options within the project manager.
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The topology facility scans the polygons of a model looking for surfaces in various zones which
are close matches in terms of shape and position and makes inferences from this to complete the
boundary condition attribute of each surface. You control the tolerance and the extent of the
search parameters and if the tool is unsure of what to do it will pause and ask for confirmation

(Figure 2.39).

Topology 7|52 SHO| polygonSE A0 Crefst ZSo| B Fo|M HeLt K|
£o0j4 7Pt BISZ %D O|ZRE 2 B0 boundary condiiong Xgot7| 9B F22
STt Sgoftet A 240 YIS X 4 9UO0|, BY O toolo] PHLIX A

AH
Ay
S M AA BED golg SHEE JICHAY 239 BX).

52

Connection options

exterior

dynamic (similar) boundary
static boundary conditions
ground {standard profile)
ground (user def profile)
ground (20 conduction)
adiabatic (no heat £lux)
BASESIMP foundation

CEM 13731 partition
UMENOWN (&t this time)
accept current

Fomo IO D OO0 O

? help
- exit this menu

Figure 2.39 Topology checking confirmation options.

One by-product of checking model topology is that it checks every surface in your model in
sequence so it makes a great way to review your model. If you periodically invoked the topology
facility (say after adding two zones) you will have a chance to review the model at the same time

it is searching for matches to the new surfaces you have added.

2 & topologyE MAdt= ot FAtE2 XXM E ZEOl ZE HE MIASH| MR ZEES
2| /ot7| Helol &2 L OILE Topology 7|52 F7|H2=2 AEHHE(E 7ol &8 F7I5t

Lb %), ME 27 Ol B LEXE ZAMD A0 2YS 2|RE £ U2 Kol
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Up to this point the strategy has been to follow working procedures which help us to create
correct models. How do we know they are correct? One of the steps in checking the quality of our
models is to generate a QA report and then review this against our initial sketches. Exercise 12 of
the Cookbook Exercises volume is all about QA and this point in the model creation process is an
appropriate time to complete that exercise.

oj2{gt o w2t Aol HE2 27t =Y ZEE UE + UAEE 5= EX

rr
>l

ME2EE glofof SiCh P2l O ol MUK ¥ 4 S @Yo IS HIAY %
=
=

e e F st QA report

=
0x
ot
2
Pt
N
>

A X|QF H|mSt= Z40|C}. Cookbook Exercises

o
ol Exercise 12= QA0 Cist ZE ZAZ CHFELD Qo 2P MEaPd F X[FO0| exerciseE

In order to run a simulation, each zone in a model must include full thermo-physical data for each
layer in each surface. To practice creating these zone files read and complete Exercise 14 of the
Cookbook Exercises volume. 1If your initial zone geometry is properly attributed the task of
creating these zone files will only take a moment for each zone.

AlZgloldE =2|7| fsiM, 2Eel 2t =2 Z Tl Z layer0f Ot EstH HIO|HE
;

| =
SICE 0|23t zone fileSS MAMSI= HLSS 87|98l Cookbook Exercises % 9]

ro

s

0
2t & SHCL 7| zone geometryZt HESICIHH, zone fileg MHs= €2 Z

=
=
T 22 OofF &2 AlZo] 2% ZAOo|tt
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Chapter 3

Geometry alternative inputs

3 Geometry alternative inputs

ESP-r offers several options for geometric input: creating rectangular bodies, extruding floor plans,
working with polygons, clicking on points on a grid, clicking on points on a bitmap image (e.g.

site plan, building plan or elevation) or importing CAD drawings.

ESP-rof M= ZIotet FEo| YBS ot R 7HX| 82 Motk HAAEE s7|, EHe
ZRH extrudedt?|, iz T57|. J2[E (oM & 2=o7|, HEY O|O|X|(EH

W E= YB) /oM F 285t7], CADOA =27

It is up to you to select the approach or mix of approaches which are appropriate for your skills
and for the model you wish to create. In planning your simulation tasks consider the regularity of
the plan, the quality of the bitmap image and the level of clutter in the CAD file. A plan with a
1.3m x 1.7m repeating pattern will not easily fit within ESP-r's gridding options. A bitmap with
only a few pixels per metre will be difficult to accurately select points on and a CAD model that
includes thousands of extra surfaces for furniture might be a good candidate for converting into a
bitmap. Also consider whether you might use the facilities discussed in this section to acquire

critical points on curved elevations and in non-rectilinear plans.

on
r>
rlo
o
>
lo
N
>
|
on
>
el
o
Of
rir
ko
e
o
ra
mn
N

Hg Mol Y2
E

HES A0 MEiE = QT AlZE0|dE A2 O, =Hol A, HE® 0|0|X|(bitmap
image)Q| & 2|1 CAD mtUo|A 2E H(level of clutter)2 D2{s{0F StC} 1.3m x 1.7m=E
HtEC|= =Mo| D82 ESP-r'o| gridding optionsOf S£&stX| %2 Z{o|Ct O/EE T 7t X
2 HEM2 a5 82 S HEg Zohsh

MESHY| 7 dE0E HUNE o s=H7Hel AAER}
CAD T Ee HEMo=Z HMztel £2 sHI € Zolch 3M X

EoM =23t H(critical points)g 7| 50 & MM
(@]

AFBE HOIX| OFLIX| 3t ma{sfof Bhck.
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This section focuses on clicking on points on a grid with the goal of creating the same model as
the first exercise. Later there will be examples shown of using images from historical records and

maps as the source of points in a model.

mju
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=

oz
lo

270E ZAO|LC}

If you are using the Native windows graphic interface or the GT7 version of ESP-r on any platform

this alternative graphic input facility is not yet available.

EAO| OofH ZSHEZ0| A Native windows graphic interfacelt ESP-ro| GT7 version2 At&3ta Q)

CtH O] Jde2iE ™ 7|52 Of% Ar8Y + gltt

The planning stage for re-creating the doctor office is essentially the same:

« review the available information

establish the level of detail required

sketch the model (use your previous sketch)

identify critical dimensions and/or points on the sketch

decide on the sequence of zone and surface creation

@® O|27}5% ™dHE(available information)E MAES
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Begin with a review the model from the first exercise and find your notes from the previous
exercise. The overall dimensions of the model are 8m (east-west) and 7m (north-south). Corners
fall on a 1m grid. The exemption is the windows and doors but these will be added later. For this

exercise use a 0.5m grid for generating the zones.
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As with the first exercises, the identification of critical dimensions, perhaps by marking on an
overlay of your initial sketch, is also a key step for this alternative mode of input. You will be
shifting your attention between the sketch and the screen so you will want to find ways to record
your progress. In this exercise you will extrude both zones in sequence and then use the normal
geometric manipulation facilities to make the examination roof sloped and add the windows and
doors into each zone. Typically one would want to create a sequence of zones (or even a whole
model) in one session.

HER CMOA OfOt= Silof 7] AHK| [0 HEASHEAM SHA & Fo X9 mtef2 ot
Of ¥y REES flot 2% EXO|Ct OfOte 42 AHX[QE A3 AMO[OfM HHZO0F HEHA
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BtX Ol geometric manipulation facilitiesS At2% Z{O|Ct YHEMO=Z St 79| A|M(session)Qto|

Gizol E i MO DS NI

A skilled user might expect an average rate of one surface every few seconds and might input a
couple of dozen zones in one session. This exercise is intended to help you acquire the skills
needed to use the click-on-grid facility. It will likely take you several iterations to acquire the

necessary habits.
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Before using your keyboard and mouse have a read of the next pages and look at the figures.
There are multiple steps involved. Those who plan their work and then implement the plan

without interruption have the best chance of success.

3.1 To the keyboard...

Begin this new project by exiting any open versions of esp-r. Return to where you keep your

models and then invoke esp-r.

d EUAE Esp-rg TEROGHL M22 ZZHES A|FStoh Filol 23
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esp-r2 A7zt

To create a new model following the same process as you initially used:
« select Model Management -> create new with gp_grid as the root name.
« accept the folders for this new model fill in the high level description of the project

« fill in the site data

Mz2 22s TS7] fIsiM 40| =7|of MEHE A 22 EXNE mEek

@® Model Management MEH —> root nameS 2 gp_gridE MZ M

= o
@ M ZES ot EME ddstn 1 oo of Z2HME| et YAt d8s Mg

® CHX| Ho[HE 4

After the site details have been entered select browse/edit/simulate -> composition-> geometry

& attribution.
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CHX[O CHeE MM HIO|E{E &3t Z browse/edit/simulate -> composition-> geometry &

attributionS MEHS| 2}

Select dimensional input and provide the name and a description for the first zone (reception).

Dimensional inputZ MEHSE D KR =(reception)| O|&(name)1t A H(description)g & &Hstet

Lets start clicking...

282 AHOHAL

Paint definition

a ABM file:

d origin: not defined
e horth: not defined

f scalingt not defined
g gridding: not defined
h  =znap-to >» off

I list coordinates
‘e

.

? help
- exit

Figure 3.1 Opening menu of click-on-bitmap(click-on-bitmap?2| Z/d3}E o)

To use the click on grid approach to geometry definitions choose the bitmap option. This opens
up an initial (blank) command window as shown in Figure 3.1 which allows you to select one of

several pre-defined grids or to supply your own bitmap (scanned from a document or created

from a CAD tool).
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Before selecting the grid file, adjust the size of the graphic feedback area to be closer to square.
You might also use the window manager to resize the Project Manager so that you have plenty of
room to work. This will prevent you having to ‘pan-around’ the grid as you work.

JE|E THAg MEs| W BARZEY JREES 13T meY Yool AojxE FEt o«

St Project Manager?| 37|& X EH™SI7| 28 window managerE O|23|H =& 2 Z72t2

ot

tEg & AS AOICE O|A2 XYe I A2|EE TS| ote E[=% 3 =Lt

For this exercise select the /arge for gridding option and accept the suggested file name in the
dialog box. This option gives 23 horizontal and 17 vertical so considering each tick is 0.5m will

give plenty of space.

O| ’NE QI8 /arge for gridding &S MEISID dialog box0f| A|Ot=l mAHE £ESIEE o
Ch O] M2 23749 =% H, 17749 =& HE &5, 2 Ho| ZtH2 0.5m=E 2% St

The initial grid requires further information in order for you to use it as a basis for creating new
zones:

o £7| Jg|EE ME2L =

mjo

dgstr| et 7|=2M 28| fI¥iME O B2 SR ER

SiC}

« identify the origin (X=0.0, Y=0.0) typically slightly in from the lower left corner - say at the left
+ mark.
« define the scale of the grid by drawing a line of a know length. If each of the + are 1.0m apart

draw a line from the left + to the fourth + and give the distance as 4.0.

@ Origin(X=0.0, Y=0.0)2 LHIM o=z XI=BICHo| DA Z|ZEE AH™SICH- ZH59| +HA|Z} Origin
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® Ol0] 0|2 Y1 Y& M2 QYoM 12lSo HS(scale)g FABTE OfE Sof Im 7t
Ho2 2740l +7} HoiY LI AT KW +S J|F2 UM 47X M2 12| A
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Origin : P
| o S S S e

] EoEE =

There are 375008316 pixels per metre,
First scale point at X 0,000 Y  =0,027
?nd scale point at ¥ 4,000 Y 0,000

Drlvmnbine hitman

Figure 3.2 Origin and scale and grid(7|&H, 2| 2|1 d2|E)

If you plan to define zones which extend into the negative X or Y dimension you would adjust the

position of the origin to reflect this. Note that you can pan to the right and/or upwards as

necessary but you cannot pan any farther left or down after you setup the initial origin.

OF THAIO| ORO|I{A X B L OpO|L{A Y W&oz =S 2hEst0o] Ho|gt

gtgsty| fI5td 7|EEe 28s =Foof oot 2o 25ty 7|EdE ESR dAg|1/EE
= z

[
olsAlIZ 8% Folsfof st =7] 7|&dE &8st =0& &

Now that the scale is defined the ‘real’ grid can be overlaid by selecting the gridding option

(choose 0.5m) and then turn on the snap-to option.

‘AT OAEEER ™ol AAH YL gridding option(0.5mZ MEH)Z MEHS|A EHO{AM1 snap-to

optionZ 74LCt
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The mode >> menu option (Figure 3.3) lists a number of choices for entering data points. The
first two options are useful for topographic/site data. The floor plan extrusion option is equivalent
to the floor plan extrusion used in the initial exercise to create the reception zone. However, this
time rather than typing in coordinates, you will be clicking on points on the grid you created.

The mode >> menu option(1 2 3.3)0& MO HS US| {5t MEdE £ Ql
=0 UCk HS F o SM2 KW T O|E/THX| BIO|E{o] R83ICt Floor plan extrusion
M2 reception = ddst7| fIot0 =7|9f O|X[of AHEEIRUE floor plan extrusionilt = &St

x|

Ct. J2{Lt ojeol=

H} EH
o d

rir
ujn

0l

tESC| ate 7IEER YEHOHA| @ galo] TE J2|E Qo S 2

2z A

Coordinate input options

vertices @ one £
vertices @ various 7
fFloor plan extrusion
south elevation

east elevation
ground topology
shading obstructions
awaiting data

P e 0 (I R e 1]

default is option ‘o’
help
exit thiz menu

~dF

Figure 3.3 Which input mode (Y2 L)

Once you have selected the floor plan extrusion input mode (see Figure 3.8) set the floor

elevation to 0.0 and the ceiling elevation to 3.0 (to match Figure 1.2)

Floor plan extrusion input mode & REE MEistn LIH(AOEZ
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Just before starting to define points it is worth noting that you are able to interrupt the input
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process and move around a bitmap.

I HIE®Y O[O[X|E O7|X7| SOtttz + UGt
0| ECt.

Use the start option to begin defining points in the same order you used in the previous chapter.

Start at the grid nearest x0.0, y4.0 and then 4.0, y4.0 etc. until you reach x0.0, y7.0 (see Figure 3.4)
after which you will type the character e to end the input.

OF oI AHBHE 2T 22 M2 point GHES AIZte7| 950 start optiong AREIC.
x0.0, y4.00| 7} gridof M A|ZtSH =,
y7.00] EESH ChEF| e2 Q243810] point NS

x40, y40 S22 0|S¢oiCt. 12 3.40|Aet Z0| x0.,
282 DX =5 Stot

With the snap-to option you only need to click near the point and it will snap to the nearest grid.

If the snap-to option is off the Project Manager will accept the actual point where you click.

2 StBl 71 F17he gridol point7} 1|
817 EICh Btof Snap-togMZ MHEH 23t UH| point QNS T A
o|ct.

If you make a mistake or the point snaps to an incorrect grid point then immediately type the
character d to delete the last entry (multiple deletes are possible.)

2tef pointE R YHOIAALE, S8 grid2 snapk[RAS M, A 57| dE F28 OX|9 ¢
g 0l MMEt (0 ¥ ANE 7tsottt)

After you have signaled the end of points for the initial zone (by typing the character e) you can
save the zone data (if you did it correctly) or try again if you are not satisfied. While saving the

zone data, an additional file is created to hold the 'topology’ of the model and you can safely
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accept the file name offered for confirmation.
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A new option create another zone will be displayed in the menu once the initial zone is saved.
This can be used as many times as required to extrude zones (using the current floor and ceiling
height attributes). In the current exercise the examination room needs to be added. It has the
same initial floor and ceiling height as the reception zone so those attributes need not be altered.
When you are ready, select the create another zone option and supply a name and description for
the examination room.

AW =2 MZotd LiH ?let new 40| menudf C|AZd0] E A

O|tt. o] M2 (X2 Bt

a BE =0|9] EHE AUZ 0|&8%t=) zones Yd5t7| /50
oo H A0| 7hs3ICt 2 XM= examination roomO| F7E|0{Of &, O o] X£7| H}
& 2 ME =0|= reception zoneO| M2t 22 S 7HXEE #t52 HEY 2= giCh Z=H|7t

Z|QACHH, create another zone &M S MEHSIIT examination room?2| O|E1F M HE Q2510{2}

[z [ [p] [capture]
Corner 2 R ¥ 4,000 7 4,000 distance 4.000m and @ aimuth 90,000 & ele
Corner 3 @ X 4,000 % 0,000 distance  4,000m and @ aimuth 180,000 & ele

Figure 3.4 Just before finishing the first zone.

- 109 -



f‘igin

Paint definition
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pan bitnap
rafresh bitwap
ariging defined
northy not defined
szaling: .50 pixcladmetrc
gridding: @ 0,5m
shap-to ¥» on

made > pick floor alar
flooe @ 30,0000
celling By 33,0000
nb. of valls 4
start (type & end 7 pan)

1=t roardinates
creats anothsr zohe

halp
exit

[ev [e1ev] [o] [o] [szs][ol[e] [oapture]

Point @ pizel # 72 ¥156 is close to point ( 1) 79 196, That data
will be used LMLESS you TYPE "d” nou,

Carner

40K

0,000 Y 4000 diztanze 4,000 and @ aimuth 270,000 & ele

Figure 3.5 After finishing the second zone.

Project: Test GP office uzing shap to grid input Dptf-]i.:ot!

Figure 3.6 Another view of extruded model.
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Note that three of the corners of the examination room are at the same grid points as used by
the reception and unless you specify otherwise, those coordinates will be used. Note also that the
edges of the reception are still visible so that it is easy to create new zones adjacent to (including
above or below) prior zones. Since you are extruding a floor plan you will proceed anti-clockwise

from the origin typing the character e when you have done all four corners.

Examination roomQ| M| TS reception =0 AI2E=l Ziup ZH0| grid point0f| o0 EHAIO|CE
£ A2 XA @e o 22 ztE7t AA8E Ao|2ts AE 7|YStEl ESH reception?| edge

=== AL
SESE 2 4 9o0z oHe
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o) MZ& zone

z 3t
S #A DS 4 Ak HEBZ JAERYT o7 LR orignQ2RE WAIAYgos
x

When you started clicking on each subsequent zone, a message is included in the text feedback
to remind you of the keyboard control options. When you signal that you have finished selecting
points for the examination room (by typing the character e) you will be presented with options to

save or repeat the zone definition.

2to| L} zone2 clickg 0= text feedbackO| messageZt EBHE|0| keyboard control &M

mo 1M

MTIANF FELCL (Et=7] e2 U2435}0]) examination room?| point M HES TLHOXAF & fOf|, X

[0a!

et AQKX| zoneQ| HoIE LAl & AQAX|Of| CHTt optionO| LIEHE Z{O|LCt.

As the examination room is the last zone, exit from the click-on facility and you will be presented
with a wireframe view of the zones you have created (Figure 3.6). These zones still require surface
attribution as well as the addition of doors and windows and raising the roof in the examination
room. Such tasks can be accomplished by using the geometry & attribution facilities introduced
in the previous chapter. And this would also be a good time to revisit Exercise 12 in the

Cookbook Exercises volume, generate a QA report and compare it with the original model.

Examination roomO| OtX|2F zoneO|2 2, click-on faciltyZ8EH LIAH Z[H MMHE
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3.2 Clicking on a bitmap

A variant of the click-on-grid approach is to supply your own bitmap (plan/section/elevation/site-
plan) and click on points found in that image to create one or more thermal zones.
Click-on-grid 82| ELHE &2 AFEAIO|A HE(EHUE/CHHE/YHEE/HXE)S XS5t
o 2l
= =

™ 2
2 11 0|49 thermal zoneg MAMA|Z|7] 2810 O]t O|O|X|0A HE

LV <l I P S| a3}
= AO|C.

In Figure 3.7 an UK Ordnance Survey map has been converted into an X11 bitmap file and used
with the click-on bitmap facility to create ground topography surfaces to associate with a model.
Note that the solid lines (representing the contours selected) is an approximation of the contours
on the map because ground representations supports several hundred surfaces rather than
several thousand surfaces. The options used to within the bitmap facility were points with

different Z.

& 370 Mt Z0] UK Ordnance Survey mapS X11 H|ER md=Z HSSE 3, click-on bitmap
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Figure 3.7 Using a contour map bitmap

Several tactical warnings should be given:

« try a small portion of a map until you are comfortable with converting such contours into
surfaces.

« there is an automated triangulation facility but many users report that complex arrays of points
can be problematic.

« using a click on bitmap approach is no excuse for skimping on the planning of your model!

associated with the clicking.

Che2 HE4Q 22 S ¢le daAgsolt
@ Sils EHOR HRE A A=HE WK X=0M B8 52 SH2E A=t
@ XI5 AlZt=2¥(automated triangulation) 7|50| QUOL}, B2 O|RAIEE pointS2| 2XsH HY

20| EH 2t ofof7| st RALH.

@ click on bitmap HZ @2 Z& A=0| MLz =|X| HAS Me AESHN RE=F otrf.
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It is far to easy (bitter experience) to get carried away with the clicking and
» include more complexity than necessary
» get lost while doing the clicking
» collect points in such a way that the time taken to post-process the surfaces is greater

than that that associated with the clicking.

. TeY AEC O SEYR 2D
. 22 ok 5ot 22 Yl @n
. 2o HE AIZHECH Bo| ZX20| Zalks AIZH0| B LOjKlE Aoz S0l K
7| ot
So ALWAYS...

« mark-up your image with indications of the critical points you want to capture and the
bounds of the zones you will be creating,

« if you have bitmaps for more than one level make sure you can keep the points in-
register and that the scale can be setup to be equivalent,

» sketch your model in three dimensions so that you can plan how partitions between

zones work,

S|AL

If you have ceilings and/or floors that are not level there are several possible approaches, some of
which will save you time and some will not. Experiment with constrained models to see what
approach to the click-on-bitmap works best for you. Keep a note of what works so that you can

follow this tactic when confronted with a similar project in the future.
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3.3 Examples of approaches to take

Once you have the requisite skills it should be possible to create substantial models with some
speed. In the examples below there were two issues - creating models which the client would

recognise and also models which captured the spacial characteristics of the building.

UCH WATOl J|HES UL AF BEYS T 0= FO WA T 4+ U2 Holch of
of Fols & FHx| Ol%7t ULk SiLb= S2O|AET} Yobs 4 Y RS DIEL I, E O
2 djLhe 1 BHo| ¥Yo| BN SYES YESES ot Holch

An example of using a scanned image to import information that is only available in hard-copy
form (no CAD data). The theatre shown in was initially constructed in the mid seventeen hundreds
and the last set of drawings available were from the mid nineteen seventies. It is also notable in

that almost nothing is rectilinear.

|0|X[E O|&3t= OlM& ot= 7th| Y42=0 Jts

0 =
SICHCAD data= £7ts). L8O 20l 382 17000 St HEE A2=2 HOotls OiA|
9 =ES2 197040 el AO|Ch o7|oA F=F ot £22 HEHQ £90| Aol Gt
= ZAO|Ct

The model in Figure 3.9 was initially composed by clicking on a set of points from Figure 3.8
which were placed in dummy zones. Surfaces and points from those dummy zones were then
used to build up the model zones. There was a detailed plan of the zoning worked out prior to
the use of the click-on- bitmap facility. Even with this, considerable care was required and post-

processing and reconciliation of the partition surfaces was required. This is an example of what
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can be accomplished by an experienced user and is just the sort of project which would be cruel

and unusual punishment for a novice.
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Figure 3.9 Bitmap image from historic building.
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The model in Figure 3.10 and 3.11 was largely composed by a clicking on a mix of Ordnance
survey maps, old planning documents and drawings. The model, including zone geometry,
shading obstructions and ground topography was created and initial simulations commissioned
within 12 hours of the completion of the simulation planning phase. It would have been faster,

but one drawing was off-scale and several zones had to be adjusted to bring them into alignment.

gl 3103 3% 311 2 Ordnance survey mapidt il A= ME 2 EHE9| I3

clickingg 22N WMoz gt REO|Ct Eo| dyut A K A A

= HASHASH, X[ A2 082 ZE AlEY 0] A=l B = 12A[ZF 0
2o| K== [ YROOF YLt ot =HO| AHYLO| SX| Giop HH ES0| =FEO{0F ALt

Project: Assessment mode] for New Walk Museum

Figure 3.10 Layout of a museum and park.
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Figure 3.11 Rendering of a museum and park.

If you want additional practice (highly recommended) try to complete Exercise 11 in the
Cookbook Exercises volume. It describes a four zone model to create. See how much time it takes
you to create that model. There is no exercise that explores clicking on a plan image from a CAD
tool - make up your own exercise!
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These facilities are useful for many models and the fact that they have not been ported to the
GTK interface is a limitation which needs to be addressed. The next chapter approaches the topic

of model geometry from a different perspective.
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Chapter 4
3D MODELLING

- 22 v ferskeling pr X0mv o st
H i 138 e g
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Figure 4.1 Section and view of house.

The geometric forms discussed thus far use polygons as the building blocks of our virtual built
environment. While modern (thin) constructions, such as those used in Figure 1.5 are often
approximated by conventional polygons, historical buildings (see Figure 1.6) and the thick walls

and insulation seen in Figure 4.1 highlight the limitations of this convention.
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Focusing on Figure 4.1, there are several aspects of the section which need to be considered
during the planning and creation of models:
» the thickness of insulation is substantial and at the edge is somewhat less thick
« the wall section comprises a number of material types
» there is an overhang which will act to shade the facade of the building
» the overhang is thermally isolated from the air within the roof space
« the overhang forms a boundary for the upper section of the wall.
» there appears to be an air space below the tiles which is separate from the air within the
roof space.
» the portion of the roof with the tapering insulation is in direct contact with the layer of
wood below the tiles
« itis not clear from the section whether the roof space is well ventilated.
« the area at the top of the insulation layer is somewhat different from the surface area at
the ceiling.
« The list of bullet points could be much longer. We need strategies for ranking

thermophysical issues and deciding what needs to be included in our model(s).
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4.1 Modelling approaches

The geometric and compositional resolution of a simulation model depends on the questions
being asked and the resources available. Some thermophysical relationships may require
simpliation and other might not be possible to represent within our model. All virtual
environments are abstractions. Simulation tools support one or more levels of abstraction for each
of the domains they solve. Options allow experts freedom at the cost of a steep learning curve for

novices.
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A tactical approach to simulation uses the planning phase to constrain options. The following is
one possible ranking of what to preserve while abstracting a design into a model:

» the volume of air

+ the slope of the roof

« the location of mass within the roof

« the surface area in contact with the air
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A low resolution model might treat the overhang as a solar obstruction and ignore the different
thickness of the insulation. It might assume the air is well mixed within the roof space (i.e. there is

no temperature stratification). It would also not explicitly represent the overhang as a boundary
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condition for the upper portion of the wall. A medium resolution model might subdivide the
surfaces to represent full thickness and the partial thickness insulation and extend the roof zone

to allow it to form a boundary at the upper wall section

_g- AN o [ o= A 1 HA
= A2 7tY). LHAES & gH o] 34 U2z 25| oA ¥E +& ALt
=7t U ZE2 N FHeE BHEMe #EHQ FHE B o #ES L=
AW XS E= &F M HHAM A= Fgotr| Al =2d + ULt

A high resolution model might represent the overhang portion of the roof as a separate zone or
zones because there will be times when the air temperature in the overhang is different from that
of the main section. A high resolution model would have an upper and lower section so that the

temperature near the peak of the roof can be different from the air adjacent to the insulation
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By default, ESP-r assumes one-dimensional conduction. The thickness of the insulation in Figure
4.1 poses a challenge in comparison to a suspended ceiling. Do we choose to ignore the ceiling
thickness when defining geometry? Use of physical co-ordinates would help to preserve the

volume of the roof space and the surface areas and takes more time to describe.
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Many example models distributed with ESP-r appear to ignore the thickness of partitions while

other example models indicate a separation between rooms. Such differences are typically related
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to the method of data input. Geometry digitized from CAD drawings will have rooms separated in
space. Zone geometry created from dimensioned data or sketches may tend to have partitions at

the centre line of walls and the inner face of a facade.
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The good news is that such differences typically have little or no impact on predicted
performance. The solver knows from the thermophysical composition of the partition whether or
not the two faces are separated in the coordinate system or lie in the same plane. There are
exceptions which are covered elsewhere.
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If the user is constrained in time, the user could form the base of the roof space by copy and
invert the existing ceiling surfaces and then create the sloped roof above that (see Figure 4.2).This
approach results in a model that is crude visually. The surface of the roof is at the correct slope,
but the height of the building is not correct.
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Cibstrisction

Figure 4.2: Constrained model

Given a bit more time the user could add a number of perimeter surfaces so as to raise the roof

(at the expense of an inaccurate air volume) as in Figure 4.3. Such trade-offs might not alter the

overall performance of the building but may be useful to make the model less crude visually.
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Figure 4.3: Variant placing roof at correct height
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To move from treating the ceiling as a geometrically thin plane towards a model that uses explicit
coordinates requires an additional step. The initial copy and invert of surfaces is followed by a
surface transforms (along the surface normal). This facility, and several other types of rotation and
transform are available in the interface (see Figure 4.4). If you find it difficult to see all of the lines
or labels in the wireframe view use the GT7 view facility to rotate or highlight portions of the

model (see Figure 4.5).
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If there is a gap between the roof zone and the occupied zone (as in Figure 4.6) this might be
visually confusing to some users and their clients (if the ESP-r model was exported to Radiance).

This gap could be filled with an appropriately sized solar obstruction block.
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Figure 4.4: Surface transform options.
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Figure 4.5: Wire frame control dialogue.

Figure 4.6: Variant using coordinates.

The above approach might be a reasonable thermophysical representation. It is, none-the- less
quite abstract for users expecting a CAD representation. To approximate the 3D geometry of an
actual roof requires that the initial copy, invert, transform of the ceiling polygons is followed by

the addition of surfaces to represent the roof overhang as in Figure 4.7.
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Figure 4.7: Variant extending overhang.

Note that the surfaces forming the overhang do not (in the current version) shade the wall.

Shading requires the use of solar obstruction blocks (as included in the earlier figures).

eHAS Hgot= H(surface)O| (R} HTOME) HH O S
=)
o=

qe
o=
IS = A RHEH 255 ARESHOF SHCHOIT™ 80| ZehEl At Z0]).

r
—_

m
-

—
-
N
Ho

And this more-explicit approach introduces a problem for the occupied space. The overhang, as
drawn in the building section is in contact with the upper portion of the wall. The geometry of
the walls should be adapted to sub-divide the wall into surfaces that face the outside and
surfaces which connect to the overhang. Clearly this would be tedious to retrofit into the existing

zones shown in Figure 4.1.
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As mentioned in the introduction, the air within the overhang could be at a different temperature
than the roof space. If such temperature differences were an issue, the overhang could be
represented as a separate zone as in Figure 4.8. This overhang zone could wrap around the main
roof space zone (one overhang zone could represent the overhangs on the North, South, East and
West. Again the existing wall will have to be revised to represent the connection to the outside

and the connection to the overhang.
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One could be pedantic and argue that the temperature of the North overhang might differ from
that of the South overhang and require separate zones. Few users would be confronted by

projects where such detail is warranted.
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Figure 4.8: Variant with separate overhang.
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Investing resources to increase model resolution is a decision that should not be made lightly.
Some differences in performance predictions can be subtle rather than dramatic. A user who

wishes to explore this could define variant models at different levels of resolution to test the

sensitivity of predictions
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4.2 Steps to create a roof space
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A tactical approach to simulation reuses existing entities where possible. This roof is one example

of using the existing ceilings to compose the base of the roof space. Experienced users plan their

work for maximum re-use!
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A low resolution model of a roof space over the occupied rooms shown in Figure 4.1, and making
use of the existing ceiling surfaces, and which follows the pattern of Figure 4.2 has the following
critical dimensions:

» the height at the peak of the roof 4.35m

» the lower face of the ceiling 2.35m

» the width of the overhang 0.6m
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The following sequence will minimize keystrokes and limit the risk of error. Other sequences are

possible - so try variants until you evolve a sequence that works for you.

Chgol Bl JIHE MYES Alast on oK WOl PSS N B

= -5|.|:|§ EI-A|()“7~” I—l'c'é'lk'c's

= [

+
20
o
n
i
m
N

=
AS W7EX| o2 S-S Ao 28 =lCh

n
X
i
ne

ol
>
Y
4>

o

Enter the menu browse/edit/simulate -> composition -> geometry & attribution menu and select
each of the existing zones and review their contents and ensure that the ceiling surfaces are
attributed (to save time in later steps). Next in the geometry & attribution menu select
add/delete/copy. After electing to add a zone, select input dimensions and enter a name such as

roof_space as well as a description to clarify to others the intent of this zone.
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Because most of the initial surfaces will be borrowed from the existing zones it saves time to use

the general 3D option for the initial shape.
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The initial X Y Z position of the first surface is not applicable so just accept whatever is included
in the dialogue because this surface will be deleted later on. Ignore the warning about the
volume of the zone being zero. An initial wire-frame image with a single surface will be displayed
(see Figure 4.10). Your first task is to go into the surface list & edges menu and select +
add/insert/copy surface. Use the copy surface(s) from another zone option several times to form
the base of the roof_space zone. It does not matter what order you copy the surfaces as long as

your work pattern avoids duplication and ensures that all of the ceilings are copied.
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Projzct: Abstract Version LaegehusStenlosedyd

. Figure 4.9: Occupied rooms in house (to place roof over).
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Figure 4.10: Initial dummy surface in roof_space.
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Figure 4.11: After import and inversion of a surface.
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Figure 4.12: roof_space with imported ceilings.
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Project: &bstract Version LaegehusBtendosedyd

Figure 4.13: roof_space with two ridge vertices

Project: Abstract Version LaegehusStenlosedyd

Figure 4.14: Sone with roof surfaces.
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Figure 4.15: Better QA via combined wireframe and text report.

When you select a surface in another zone you will be asked if there are any transforms to apply.
The key transform is ‘invert’ which takes the polygon defined in the other zone and reverses the

order of the edges so that it faces the correct way within the roof_space.
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For each surface being copied, the wire frame view is updated to show the other zone as an aide
to selecting the correct surface. It helps if the surfaces in such lists are clearly named. Remember
to select the ‘invert’ option as seen in Figure 4.15. After the first copy the roof space will look like

Figure 4.10.

2t2to| B A=l H(surface)0f| CHSHO wire frame viewe ZHFE MH(surface)o| MEHES EHXSH7|
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Figure 4.15 The invert dialogue.

During the import you might find a source surface with a duplicate name. You will be asked to
specify a new unique name. Tactical hint: if you follow a clear naming strategy, subsequent tasks
will go faster. At some point remember to remove the initial dummy surface. When all of the
ceilings have been imported the roof_space will look like Figure 4.11. Each surface name provides
a clue as to what is on the other side of the ceiling. Typically, each imported surface will require
between 5 and 10 seconds for an experienced user and if there are name clashes it might require
20 seconds per import.

e
[
—

ne
=)
ajn
o

Z}El H(surface)

import’7t +AE[= S FALE & g
7 Hstst o

%2 + Uk 02 M2 o
x

o =
Ct. Y dEes 2 Ao ojY

E2 Yge AUX| E0/E AoICh MEFXQI JIE: OHY Hetol 1

K= %ol o #e| TdE 4= ACE o A|Fo| 7tM= 7| dummy surfaceE AHA|SHOF &2
714gj{oF Bt 2E FMAO| ‘import’ &1 LIH roof spaces= Figure 41130F Zo| 2L Zo|Ct
2to] B9l O|F(surface name)2 HFo| CIEFR B0 F30| U=X|0f ot B2S A &t &
H

Mo 2, KEAS2 442 S 'import’ St=0| 5~10= FEI7t LRSHH, HO| 0|50 F=0t

A =™ ot HE ‘import’ Al7|=H 20 &= ZF AO[Ch

There are a number of steps which you can take at this point which will prevent the propagation

of errors. For example, the wire frame image will have open circles drawn at each vertex that is
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referenced once - so open circles are to be expected at the borders. The wire frame image will
have solid circles at vertices not referenced by any surface. You will see four such circles in the
wire frame - these are orphan vertices associated with the initial dummy surface. It will save time
and limit confusion if you exit from the Surface topology menu and go into the vertex
coordinates menu and identify vertex 1, 2, 3 and 4 for removal.

Of AIHOIM 2X7F S0fLE AS BXI5H7| fIsiAl o2 THAZE ERSICL O] =3, wire frame
o[O|X|= ot H 42 oA 3
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coordinates U2 7 = LX|FE(vertex) 12345 AHSt= A0 AlZtE EoStn =282 E0|=

YR O|Ct

While you are in the Vertices in menu take a note of the Z values. The current position of the
surfaces is at 2.35m. We want the ridge of the roof to be 2m above this point. The roof is a hip
type and the imension from south to north is 7.2m so the so the ridge will start 3.6m from the
East and West edge of the building facade. These two coordinates are then:

» left ridge point X=3.6, Y=3.6, Z=4.35

» right ridge point X=15.77, Y=3.6, Z=4.35

Brel Vertices D470 QUCHR Z 32 7|=8HSE HO|
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C}. S(surface)l| x| {|X|= 2.35mO|LC}.
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2|2 26 36mo|M AIZHE/0{0F BICL O & JHo| FHELE CHemt ZCk:

o XZE 17| M X=3.6,Y = 3.6, Z=4.35

A%l

B’y M X=1577,Y = 3.6, Z=4.35

-2

For a gable roof the X coordinate would not be altered to form a pair of triangular walls. The next
step is to '+add’ two more vertices to the roof_space zone. The result should look like Figure

4.13 (look for v17 and v18).
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bjo

%S XS2l 0= oA HA 2712 HE=2 HHYY| fI8f X=0| HHHX|= @f=Ch Ct
C

CHA = roof _space Z=0f vertex &= 7|E '+ add’ &t= ZO|Ct. Z1t= Figure 4.131f ZHCHv171f

The next step is to compose the South, East, North and West surfaces of the roof by creating new
surfaces made up of existing vertices. With reference to Figure 4.14

» south surface should include vertices 9 14 18 17 1 and 2.

» east surface should include vertices 15 16 18 and 14.

« north surface should include vertices 6 7 17 18 16 12 and 13.

« west surface should include vertices 8 1 17.

Ct

N

r

ojo
re
rlo
B o oam T
>
bl

HA= 7

(surface)g #+AS
L|

NPz FdE= M2R2 B(surface)ls 495t X|82 & M, &, =

Z10|LC}. Figure 4142 #E=xdfet

_'_

I.

° =

™

rlo

XA 91418 17 1 22 msts{of shC}.

5 15 16 18 142 m&tsfop i,
XA 671718 16 12 132 Zts}oF Bhe}.

Hr on
1 O T
e e

rlo

rlo

X

K™ 81172 Z3tslioF StCt.

There are patterns in the above definitions. What are they?
» Each surface is defined in an anticlockwise order (looking from the outside)
« the first edge is horizontal and the second edge is not horizontal

« intermediate vertices (e.g. 2 and 9and 15 etc.) are included in the list

oj¢el golof= &8 mEHO| ctk. AARS0| FAOIHETL?
o A9l B(surface)2 HHA[A ek =M= Fo| EO{TICHHZZOM HiEtEs )
« HEW 2XM2[(edge)= +FO|0 FHM ZAMZ|= £EO[ OfL|Ct
« U e FXNFHOIE S0 29,15 5)2 S50 ZE[Of UGt

The first edge horizontal rule is required by the shading and insulation analysis. Look at the
surfaces in any of the simple exemplar models and you will see this pattern. With simple shaped

surfaces there is usually only one edge along the base of a wall and for such surfaces the normal
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rule of ‘start from the lower left edge going anti-clockwise’ applies. In this case because there are
several edges in sequence so the rule has to be adapted. If you miss out one of the intermediate
vertices (e.g. vertex 15 along the east facade) ESP-r will detect a mismatch and warn you to check

the polygon edges.

HER ZM2| 3 HA'2 SFo|L SoE BN S QoA ZoiCh ZHEHSH oK REoA 9|
of HE AMEM O|2{st IHO| JUASS & = US AO|Ch ZIESE YO HOME ES HA
£ a2t T otLtol EAME|TH ol O2{st H2 OfgfE XF ZAZ|RH A|RISHA BEA|A| gk
OS2 7tz '"#M #X|(hormal rule)0] MEEICL OHY F7HY| Y= HBXE F SILIE sX[H(OE
£0] 8% Ho| BX|H 15), ESP-r2 FXotatE ZX|stn LY (polygon) BAE|E XA stetn
2]

If you followed these steps, the interface should look like Figure 4.14. An experienced user will
require about 10 seconds to create a new surface from existing vertices and will also be double
checking that data glitches are caught early and corrected before progressing to the next task.

Practice until you feel confident with the technique!

o|2{et THAIE Wat7tA =/, CIEHO|A= Figure 4149 20| HO[A & ZO|Ch =3AXtS| B2
71 EXNEESERRH M2 Bs ddot=h 10 = ZF Ao|H HojH ZEsS MASHo
Chg EHAZE ZHE7] Hof 8RS & 5+ ACh HAHO| xpo] 42 WK AE5SteE!

Notice the enclosure: properly bounded message at the top of the menu. This signals that all of
the edges in the zone are following the rules of syntax and order and that the zone if fully
bounded by polygons. A further check could be done by turning on the surface normal arrows in
the wire frame drawing (in the X11 interface this is found in the ‘wire-frame’ button and in the

GT7 interface the option is within the pop-up dialogue(as in Figure 4.5).

M MEHO A Enclosure: properly bounded MA|X|E HE2f O] HA|IX|= &9 ZE ZAME|7}
M AZE HAZ MED JAE=X| EO0| ChAHO| QsfM 2AXS| M A=X|0f| CHD

$0 rulru HO

HLfECH Wire frame EE2Q0AM Dol M ot stHduE Z2|H OHE ASE HIAY =
Ch(X11 QIE{m|O|AO|A ‘wire-frame’ HHESZ LIEILIH GTK QIE{HO|A0ME ZMO| pop-up
dialogue BfAOQ|A MEHSIEE |0 QCHFigure 4.5 & =x).)
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Almost finished. Now is a good time to contrast the visual information in the wire frame with the
zone & surface details report (see Figure 4.14). The few seconds that it takes to generate this

report and review it with the wire frame will typically save tens of minutes later.

O|N| Ho| BYLCl O|X| zone & surface details 2| ZZEQ} wire frameO|A A|ZHE QI HHEHE CXA|
712 AlZto|Ch (Figure 414 £%) 0| 2|ZES MM3lE Hole ¥ & B H2|0f wire frame0]

N HED A2 B2 #4E 20 MFECH

Having created the polygons and given them names, the next task is to attribute the surface
composition. A copied surface already has inherited attributesd. The new surfaces of the roof are

partially attributed at this point.

JEEN =
S42 22 G0t M2 XE Bi(urface)2 0f AIMOIN FEHOR SHX YL

o
o

ChztH (polygon)S d-g3sta Yot o3, H(surface)Q| &9

4o

Remember that there is a automated process which looks at the co-ordinates of each surface to
find thermophysical adjacency. It may be quicker than attributing each surface in the roof_space

manually. Generate a QA report and check the contents before you continue.

7]}
8lat Ol roof spaced A +502 2tzto| To| 442 Hojsts AWC O WE 4 Tt AL

57| Mo QA 2[ZES Y&t &S MAste)

4.3 Shading obstructions

The roof is formed and attributed but the walls will not be shaded until obstruction blocks are
added to the model. This section is incomplete. Other attribution such as casual gain and air flow

schedules are covered elsewhere.

E0| F7te7| Hols HHoM Y A

L

= o = %
| 4 QiCh O] 222 0j2Mo|Ct YLHHOl A So[Lt 7|7 AHFD 2 o

— —

M

EAPS
= o
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Chapter 5
SCHEDULES

The form and composition of a model is one part of the simulation process. Many users think
they have almost completed their work when the geometry is done. Far from it, buildings are
almost always places where people are coming and going and lights are being turned on and off

and all manner of electrical devices are found.

ol o)

*E

o] AEf(form)2t T4 (composition)2 AlZg0|M ZEZMAo| ot EFO0|CH T2 ALEXIER
2 ef(geometry)0| PHEOIX|H A|Z20|M 20| Ho| ERCI MZIICt d2iLt EEe| HE

o
=2 A S0| St =Y0| 2ZEH B2 TR TAY|7|S0] A8

—

Ir
]
\d
o
o
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Usually we lack both the detailed information and the resources to undertake an exhaustive
definition. It is, however, in our interest to define the essential characteristics of what goes on in a
building and learn from the performance patterns that emerge sufficient clues to imagine the

circumstances where the building would perform poorly.

oM dfxl= 22X EFSS Folst, d=0| MU=z & 3455 2=
SHA| S B8R E O5sted S2¢ &oelE F& A9l I E(performance pattern)S Ot= 20
C

ESP-r supports zone operational characteristics in terms of weekdays and two separate weekend
days (typically labeled as Saturday and Sunday). Work is underway to implement more day types
but for this exercise lets stick with the basics. It is also possible to define unique values for each
timestep of a simulation, but lets not go there yet. Casual gains (e.g. people, light, small power)
are one operational characteristic of a zone and schedules of infiltration (air from the outside via
intentional sources such as fans or unintentional sources such as cracks in the facade) and
ventilation (air from another thermal zone) and there are a limited number of controls you can

impose on infiltration and ventilation schedules.

ESP-r 2 WAUW £ JjR TEE FUYUHOR £ AeAR Hoo| I 5o =
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|
3
(casual gain) (0 & =T, AIH, =8, &2 WH) H7|(W 52| o[=H0|AHLt Qufel 33 59|
Hol=HMol felez Ql5tof ol FoM WRE=Z S0 = &7)) & &7|(CHE 25 E0j|A

o

L=}

gE= 7)o 2AHE2 EO0M LiEtLE StLte] 2TEFE0| =1, of7|A H7|et g|e] A E
L=

§2 XlHettt B B2 2% S8(day types)2 7tsoH oH7| ¢

E
XHQI0] +YET QUOLY, O7INE TR0l FAUSkDA BICh E3H AIBOIM 2AZto| YA
z 2

Q_

x|
Ed¢t ghunique values)s Felot= 20| 7hsobX|Rh OtX2 HE 7tsoHA| BLh. WREDS

= Motzl #Hel Lol =Zg = UCh

What are casual gains in ESP-r? The lower portions of Figures 1.9 and 1.10 show the attributes of
the casual gains - each has a day type (Wkd/Sat/Sun) a casual gain type label
(Occupt/Lights/Equipt) a period (start hour and end hour) a sensible and latent magnitude, and
for the sensible portion the fraction of the gain which is radiant and the fraction which is
convective. The convective and radiant fraction defaults should be adjusted to reflect the

properties of specific light fittings and occupants.

ESP-rOfAf Lj -2 8}(casual gains)2t 27k 12
2te 29 /ERY/9eY), s 8 =
WD} Yol ¥ HOFEM, 221 HYAo| AOME ZAle fEO| o) YSEE 22

I
S3iCh CiEel BAF 2Eo| 7|27 (default)2 EX3 xBI|7|ol MAKIS EMS HHAEE

2| 199} 1.102 LEE3slo EMS HOZECL 2t

SMER/ZZ/2170), 712HAE R SRAIZ), &

°
m

°
o
uo

ZHE|0f0} BHC}

Just before creating a schedule be aware that groups who frequently work with a particular
building type will likely have historical data as well as prior models which could contain useful
patterns of occupancy and small power use. There are several techniques for helping to re-use
such information and this will be covered later in this section.

To give you more practice with creating zone schedule also have a look at Exercise 13 in the

Cookbook Exercises volume.

2AES U=V ol oS d= RYS Cf AHYet
a
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Just before creating a schedule be aware that groups who frequently work with a particular
building type will likely have historical data as well as prior models which could contain useful
patterns of occupancy and small power use. There are several techniques for helping to re-use
such information and this will be covered later in this section.

To give you more practice with creating zone schedule also have a look at Exercise 13 in the

Cookbook Exercises volume.
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For the current building a brief description was given in the 'How the building is used’ section,
specifically Figure 1.10 and 1.11. Re-read that section. Also look at Figure 53 for reception data.
Before we define the operational characteristics of the reception and examination room within the
Project Manager a bit of planning will (you guessed it) save time and reduce the chance of errors

later on.

SN H=°| 2 E 'How the building is used” MM0j| Lt U, OAE 1101 1118 XasHH
EICH O NS CHA] AojE2f £t O3 539] reception dataE &Skt Project manager 9|
reception, examination roome| 2JEES Fol5t7| T, A=S MRAE= A(FN0| of&st=

Q)0 AlZtE BUMA =1 F2 2RO JhsdE E0FE AO[Ct

In the reception there is ‘one staff and up to 3 visitors with 10W/m? lighting and 150W'. From the
figure it is clear the occupancy changes throughout the day (ramping up from 7h00 and with a
dip for lunch and almost nothing happening after 17h00) but the lights are on during office hours
plus some time for cleaning staff (8n00-19h00). In the examination room there is one staff and
one visitor with 10W/m? lighting and 1100W computer’. From the figure it is clear that occupancy
varies during the day and that both lights and small power (labeled as equipment) are on from

8h00-19h00 and nothing happens on the weekend.

Ja]
40

ReceptionOf|= st Fo| 2ot #|Cj 3YO| WEAZL Qo 10W/m2o| ZHEAE T 150W 7|77

- 142 -



of A 2AHZS| HSHTAREH S7tot
7
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oj=0l= & ®3t g3)
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Yk 1100Wm2| HREZE ALk & A2 SQHof= RA
HME(equipmentZ X|HE)2 SAIEE 19A|I7tX] HAXN U1, FLo|e IHX| ALk

Why bother with varying the occupancy during the day? Several reasons - full time peak loads
usually do not happen in reality so a bit of diversity is more realistic, reducing the load during a
lunch hour allows us to check whether the building is sensitive to brief changes in gains and the
ramp-up just before office hours and the ramp-down after office hours approximates transient
occupancy. The peak demands are long enough to indicate whether heat will tend to build up in
the rooms. Such patterns will also exercise the environmental system and perhaps provide an
early clue as to the relationship between building use and system demands. Quite a lot of value

for a few minutes thought at the planning stage.
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In the reception the peak occupant sensible gain is 400W and in the examination room the peak
is 200W equating to 100W per person. The latent magnitude is roughly half the sensible value.
Such assumptions, if documented, really do help clarify the numbers held in the file and can

speed up later QA tasks.

ReceptionOf| A= MAXtS| X0 HE2 400WO0|L1 examination room 200WO|CkeH & &
100w). &2 ofjgF e

oot ot 8% =80 E Aol LE0 QA Yol H=F FYAIZE AO|CH

gt FLeolct 2ot 78 S0| EAStEICHE
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One of the first questions you will be asked when you begin to define the operational
characteristics of zones is the number of periods for each day type and the start time of each
period. For weekdays the reception has 8 occupant periods and 3 periods for lighting and 3
periods for small power. According to Figure 1.9 the occupant periods would start at 0, 7, 8, 9, 12,

14, 17 and 21 hours. On Saturday and Sunday there are zero periods.

To| 2E5ds 8ot A0, R BM EE2 422l day typeO| Cigt 7|ZH(period)2| 7=
o ztZfol 7|Ztof et A%} AZHE Z{O|Ct FRO| E% reception2 8742| A2 A} 7[Zkat 3712
717|712k 2|1 3742 7|7] 7|Zts Z3 QACh OF 190 EX0|, MAR 7|ZE2 0, 7,
89,12, 14,17, 21A|0f A|%fotct EQUuL R U2 OrFH 7|7t: 20 QUX| BiCh.

In the Project Manager go to Model Management - browse/edit/simulate -> composition ->
operational details. Select the zone reception and you will be presented with an initial file choice
with an option to browse for an existing file within your model (you could use this if you have
several rooms which use the same pattern). The file name is suggested based on the name of the
zone. Accept the suggested name and then you are presented with a number of options for how

to define the schedules (Figure 5.1).

Project ManagerOfA] Model Management - browse/edit/simulate -> composition ->
operational details 2 7}2}. Zone receptionE MEHSIAH T|H D LHOA ZXstD Y= TS
el Sk R

MEbSE &~ Q= EO| YA HOICHO|A2 Y WEHS Ze= H 7o 48 Z1n S8 [
¥ A

U i
= QUEb). O Y2 E2| o|F0 mar A et Azs delst|

r
=

0| L}EFLCHAE 5.1).

rIJII'I

Oparations File Options

define from zcratch

air flow < another zone
zazual oaine < another zone
air & gainz < another zone
air flow < from pattern
cazual gaing < from pattern
air & gainz < from pattern

LI o (R o O R v 1]

zahccl oporations
T elp

Figure 5.1 Option for generating schedules
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For this exercise we will use the start from scrach option. You can also import patterns from other
existing zones in your model as well as from zone operation files that have been placed in a

standard ‘pattern’ folder.

AE5S Flotd, NSRE FE A HAL £ standard ‘pattern” SEHO| 2|X[S}

|-J
$0
rir
N
o
S
o

operation IIUSS 7IM QAL THAIO] TE Ljo| EXjéte CIE Zo| EHS JHHS £ & Qrf

You will be reminded about planning your schedules (do read this because it is a useful reminder).
And then for each of the day types you will be asked for the number of periods for occupants,
lights and small power. This will be followed by dialogues which ask for the start hour of each of
the periods for each of the casual gain types (get this from your notes).

Do the same for Saturdays and Sundays. You are now presented with the menu in Figure 5.2.

2AES Asts Aol oM &7IA7 & A0tk (F ER35t22 1 o7ty High. d2|a
LtM Zt2fel day typesOf siidst= AL 7|2He] #= =F7[ZEe] = & 7[7|9] +0f Oieh 2=ES
e 2 AO[CL O|=0f L7t FA(casual gain types)E 7|Zk2| A[ZPA|ZHO| L3 2+& CH=tE

O] g Zolct (F4 =EZRH 0] &S5 HOOF ottt

EQdet Yol ZR0 e D72 +A5tH, 18 529t 22 HiF7t 22 Ao|C,.

Zone Operations

] zonet recephion
a description: no operations no-
] tes (yet) -

c edit scheduled air flows
d edit cazual gains

I lizt air flow & casual gains

> save air flow & casual gains
T help
- exit this menu

Figure 5.2 Opening zone operation menu.

Fill in the description of the zone operations using words and phrases which will clarify what is

happening (note the X11 editing box has < > arrows so you can scroll to a more text). Next select
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option c to fill in the rest of the casual gain period details. You will be presented with a menu

with period data which you need to fill in based on your notes.

CHOQF 22 AHYEHX11 HE A9l <>

AN
St HE 0|8510f O B2 MAES A3EY 4 UCH). I OfF option ¢ £ WESHY, LIRS
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(casual gain) 7[ZHO] Cieh &Mlet §2& Melet 22|20 LiEH, Lol ES HIE22 R0f

n

7|2t HIOIH w7t LtEFE Z{O|Ct

As you were filling in the period data you will note that you have a choice of units. From the
notes occupants are Watts, lighting would be 3.75 W/m2 if we used that unit (the notes say 150W
and the floor area is 40m?), and small power as Watts.

After you have defined the magnitude of the sensible and latent gains and accepted the default
radiant and convective split you should see something like Figure 5.3.

Using the information on your notes you could also define the casual gains for the examination

room.

7|17t g (period data)E iH™, THe| MEHZ A EICL MAXtE Watts, ZHS 3.75W/m?
(40m?22| HtEF X0 150W), 7|7|=(small power)2 Watts& Ar23|A =ICt
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HUYI HYTS AWADL Bt OfF 7o)

—
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for

(accept)st 12l 530| LIEHS

H

EAOl notest] LIRIQYeE MEE A0 examination roomQ| LjE E S} (casual gains) EEBH H 9|
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X| ESP-r Project Manager: enquiries to esru@strath.ac.uk
Cazual gains for reception Lasual gains in reception
Total szensible ———— --------  Total latent 1 impart from profiles database
Equipt szen=zible —mMWM—  ------- Equipt latent 2 electrical data >» not included
Lighte senzible Lighte latent -
Occupt sensible ——— —---—--- Ocoupt latent 3 loads > Weskdaus (14)
leekday Caturday Sumday Ctart End Tupe Senzib Latent
a 0 7 Ocoupt W 0, 0,
coo] TG e 7 Bosewety B0, 40,
G = 14Ji,‘lll)‘_;l c 8 3 Ocoupt W 240, 120,
a E0H L 12,00 n d 9 12 Ocoupt W 400, 200,
i * e 12 14 Occupt I 240, 120,
n 4007 10,00 ¢ f 14 1¥ Occupt W 400, 200,
L 1} g 17 21 Occupt W 40, 20,
[ 300 B0 R 2t 24 veecpt 0, o
3“ 200 —, ] | - B.00m i 0 BLights W 0, o
Lo 4,00, || 4 B 13Lishts 150, 0,
1060 - ] k 13 24 Lights W 0, o,
[ H o200 1 0 B8 Equipt W 0 0
0 S O —— —— 0.00 m B 19 Equipt W B0, 0,
0,0 10,0 o0 00 10,0 20,00 0,0 10,0 20,0 n 19 24 Equipt W 0, 0,
Time (hrs) -
B edit type labels
|E| El E| E| [capture] [image control + add/del etedcopyd impart. gains
weekends, * zzale existing gains
# check/remove overlaps
The current zone baze area iz 40,000 I list current information
The current zohe base ares iz 40,000 7 help
The current zone base area iz 40,000 - exit thiz menu

Figure 5.3 Weekday casual gains.

5.1 Scheduled air flows

Early in the design process building details may not support a detailed description of how air
moves within buildings or how tight the facade might be so engineering approximations are often
used. The brief didn't actually mention anything so an initial assumption needs to be made. In an
actual project discussions would be made within the design team to quantify this figure. For
purposes of this exercise lets have a rather leaky facade and assume that the doors are closed

between the reception and examination room.

HA 7] AN E HE W 7|F &, 4o 7|Z2: S0 ofst dAst Q27 glenz =
™dZt(engineering approximations)=0| 38| AIEEICL AA 7|2 A(design brief) = AXMZE= OIF
A WS|FX| o2, x7| 7HE0| ERSIC MY Z2ME|ME= o|2fst =0 st E9|

o
1o, elml= 7|Zotx] . 7Pgsta,

7t A 8 WolM O|FO0X|7|= ot YT HES ¢ 4
reception} examination room AtO|Q] 252 E&QCt ZtHSHAL (For purposes of this exercise

lets have a rather leaky facade and assume that the doors are closed between the reception and

examination room.)
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We can represent this with one period each day covering the 24 hours with a value of 1 ac/h in
infiltration and no ventilation (see Figure 5.4). Use the add/delete/copy import flow option and
select add for all day types. Later we might decide to lower the infiltration rate to see if the

building is sensitive to an upgrade in the quality of the facade.

=

L22|= lac/ho| E7|, 2|1 &

[

Jle Qe Ao= JPEBIY] 24A|1Z7H SQtO| J|Ztof| CHEH A L}

Etd 4= QUACHZ 54 #=X). add/delete/copy import flow SME A3 2= day typesE
Qs addE HeEfsial £ g QAU O 7|UHE FLolE O H2 HIISS MBY +& U
S o|ct.

Other sections of the Cookbook outline options for treating air movement via mass flow networks
which can assess pressure and buoyancy driven flows between thermal zones or via

Computational Fluid Dynamic Domains.

Cookbook outline &M9o| CtE HEL2 (1) €A ZE(Thermal zone) 7to| A =HO|Lt EHXIE 0| &,
A2UQE HELA (mass flow network)E

=
Computational Fluid Dynamic Domains) & 0|&%t 57| §&& CtECL

) x| ESP-r Project Manager: enguiries to esru@strath.ac.uk

Scheduled air flows for reception Air- flow in reception

Infiltration _ - Ventilation 1 air flow control (none)

> oair flowrr Weekdays { 1)
a period: 0- 24

Weekday Saturday Sunday b infil rate; 1,00

¢ went rate: 0,00 nda

FooL,00 003 F

: Eoo,03 l + add/delete/copyd import £lows
" 0,80 F o | list current infaormation

' : E o003 ? help

g 0, BiH ? 0,02 5 - exit this menu

C Eo0.02 .

/ 0.407 Eoo,013

h E 5

T 0207 £ 0,009

T E 0,005 )

(0, 00r T T T T T T T T T T T T 0
0,0 10,0 o0 00 10,0 .0 00 10,0 20,0

Time (hrs)

(=] [4] [A[e] [capture] [inage contro

Figure 5.4 Weekday infiltration schedules.
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5.2 Importing operation schedules

Creating zone operations from scratch is time consuming so many users will collect their best

zone operation patterns and store them in the pattern folder (located with the training models).

g2 Bs0 & 22 HEs 2ot mE SHo| Mg =4 =t

If you have already filled in the schedules for the examination room repeat the process but
change the name of the file slightly so as not to mess up your prior work. When the selections in
Figure 5.1 are shown pick air and gains < from pattern and a list of files will be shown. Select
one of them (remember which one) and look at the summary and answer the questions about air
flow and then about casual gains. Since it does not know the volume or the floor area associated
with the pattern file it needs information from you. If the author of the file you are getting the

pattern from was really clued-up such information would be included in the documentation.

ra

o0l examination room?| AEZ 0|0| YHMCIH HmAUOCIES A7t HHY AA HE =t
ZELX (A E 2t 8 519 MEHO| EO|H air and gains < from pattern 2 12 njg
7

2|AET 2 ZO|CE a5 oA otLtE MEstA(MEet AS 7|YsiFel) fefs et =

You will have an opportunity to edit the documentation and this is your chance to ensure that
what is included in your model is clearly defined, especially if you need to scale some of the
values. Figure 5.5 is the result of importing a pattern file. Such patterns can be altered easily -
note that the peak value for occupants and lighting and small power are each 100W. To upscale
the small power for use in your current zone would require only that you select the scale existing

gains option and provide a scaling factor.



=28{27]) otA= Wel Zno|ct J2fot WEH2 EA ME =+ ALk WAt =8 8 7]7]9

—

I3 100Waks %E 7lofstal ¥R Zo| 71718 S7HAIZI7| YIefAlL scale existing gains

SMg MENSI0] H|8(scaling factonE K|St EICH

Once a model includes the zone geometry and the thermophysical data files and the schedules of
use it is possible to run a simulation. If you think you are at this point then have a look at
Exercise 15 in the Cookbook Exercises volume and see if you can assess your models performance.
If you have not defined environmental systems then the assessment will be based on a free float
assumption.

2t ZEO0| Fo dyur Fst Hojy mY AU AR AFAHES Zctn ACHH, A2 0|8 S
TdlSt= Z40| 7tsSICt 2HeF O A|™Of| RUCHH Cookbook Exercises volume 2| Exercise 15& #f
sty ZEo| d5= EUoto] 22t THef OfA 2hg Z=F A|AEO| Cieh Yol E SHXA| RRUACHH

AlZ2 01 Zutgt2 AhrEl(free float)7t & Z{O|Ct

O ) (O [x] ESP-r Project Manager: enquiries to esru@strath.ac.uk
Cazual gains for examination Cesue]l goilus b SEmiREien

Total senzible — 8 ——— = ---o-- Total latent 1 import from profiles database
Equipt sensiblg ——m—— - ------- Equipt latent 2 electrical data »» not included

Lights sen=zible Lights latent _

Occupt senzible —m4m8 — == - - - - -- Occupt latent 3 loads >3 Weskdays (14)

Weekday Saturday Sunday Start End Tuype Sensibe Latent
- on 0 a 0 10 Decupt 0, .
200, (H — UG b 10 12 Occupt W 100, 50,
0 M a c 12 15 Occupt I a, a,
S 250,0 L 4500 ||| @ 15 17 Dccupt w100, S0,
i e 17 24 Occupt W a, 0.
no 200,05 { f 0 7 Lights W 0, 0.,
- 1} g ¢ 18 Lightz W 100, 0.
h(J 150, 01 || e 1 s Lights W B0, 0.
- i i 19 24 Lights W 0, 0,
b ’7- H - 5.0'2‘ i 0 10 bquipt W o, o,
50, 0 - 3 k 10 12 Equipt W g0, 0.
| L ’ 1 12 1% Equipt W 30, 'R
0,0 T — T — T T T —T 0,0 m 1% 17 Equipt W 100, 0.
0.0 10,0 20,0 0,0 10,0 20,0 0,0 10,0 20,0 n 17 24 Equipt W 20, 0,

Time (hrs) -

@ edit type labels
|E| E |E| |E| capture| |image control + add/deletes/copydimport gains
[[sat 1 Occupty 0 - 24 0,0 0.0 0,50 0,50 * scale existing gains

Figure 5.5 Imported pattern file data.
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Chapter 6
CLIMATE DATA

Unless we find ways to focus and constrain our models and the assessments we carry out,
simulation tasks risk demanding more computing and staff resources then we have available. In
this section the focus one way to deliver information faster (and without exhausting ourselves) by

resisting our impulse to run long assessments early in the design process.

F St= ZE0 +=WEOF St= H7Hassessments)0f| X|0| o™ AlZ0|MHS
Aap QIMALRAES 27g AO|CL O FOo|ME= Z=7| CIXtQl EHAOA B2 A[Zt0] &

LS —

fEHe 2240 AlZ0|84s L5ty [ #e| JEE TEote o o) S AX; St

ESP-r has a number of facilities which allow us to scale our models and assessments - so we get,
for example, annual heating and cooling for a whole building without simulating every day of the

year or every floor of an of office building.

ESP-r2 REo| 27|S AW 1 2US B £ Y B 52 XL Utk ¢S SO
J8ln RE B0 CfefA AIBROIMS SIX| %nE FH AHE

For many building types there is a strong correlation between predictions over one or two weeks
in each season and seasonal demands. If we can establish that this is the case for a building,

scaling of performance predictions becomes an option.

B2 HE RYNM Z AE F 1-2F S02| o|F Xt A™ETK 2l =8 (seasonal demands) A}O|
Ol= 2%t &2AZF QUCE Y 22|7F 0|2{s A S HAEO HEAIZ = A2, 4s500FS
et AAHLE XA FM0| E o ALt

The ESP-r climate data sets can be supplemented with information about seasons (early-year

winter, spring, summer, autumn, late-year winter in the Northern Hemisphere, early-year summer,
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autumn, winter, spring later-year summer in the Southern Hemisphere) as well as typical

assessment periods.

ESP-ro| 7| H|O[E0f A= CHet YE(SEF2l HE AF M, & & 7t= d2HS ZM,
gitFol Hx OF EM, 7tS AE = 9T oF M), el Fo 7|ztof ek d

—

28 37h g & At

Seasons are partly based on local conventions and partly on science. We possible the demarcation
between seasons is based on input from the simulation community. There are several approaches
to deriving a typical assessment period from the climate data file and then placing it where it is

easy to access.

AZE
community)S2| inputtf] ALt 7| HOE HO|H mUZLRE LErHQl ot 7|17ts =&Y}

= B Eol= o3 ZiX[7F Uk

rlo

FEHez gt dfetof Z|ESthh AEZEel FE= AIEY 0o AR AK(Simulation

6.1 Importing climate data

To better understand how this works our first task is to install a new climate file and specify the
days in each season and then use clm facilities to discover typical assessment periods in each
season. After this we will derive scaling factors for heating, cooling, lighting, small power etc.
demands to use in our model.

229 AW M= M2 7IHH0H mMYE X5t Z4 A”AM EFE 252 XFstn
cdm 7|5 AESHY, 2t AZBYE Hot7|¢tE = AOICL O|=0l= ZEO| 47| o = Y,

29, 7|7|(small powen&2| 270 Ciot AAH Y WE{(Scaling factor)& E=ZESHCt.

Downloading a new climate data set from a United States DoE web site (on one line)
<http://www.eere.energy.gov/buildings/energyplus/cfm/weatherdata.cfm>.
The site offers US locations, Canadian Locations and International Location. Lets choose an

international location - Geneva Switzerland. The file for this site is CHE_Geneva_IWEC.zip.
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Download it and save to a convenient location and unpack the zip file. One of the files will be
CHE_Geneva_IWEC.epw. Most current EPW files can be imported directly into the ESP-r clm

module.

O|= Dok HAIO|ENAM M=z=2 7[HO0lH MEE O FA0|AM Ch2EESHCL
<http://www.eere.energy.gov/buildings/energyplus/cfm/weatherdata.cfm>.

Of AIO|E= Ol= X|HE, ZHHCt X9, 2| FMA X[HE 7[LHO0[HE MSetoh M A
X|dd 7|44 0lE &0 Geneva Switzerland X|¥& MEHSIH, CHE Geneva IWECzip IS CH
ZE g & UGt Of zipoteES AMEA AFHO MISHY =S EC EH0| 28 MYS &
CHE_Geneva_IWEC.epw LS 2 4= QUCt CHEEO| epwo| =EXIO| AL EPS-r cdm module

2 HIZ import7} 7}53tCt.

N«

For Linux/Mae/Unix use a
command window, go to the
location of the EPW file and
1ssue the command (as one
line): elm -mode text
-file CHE Geneva IWEC
-act epwzbin silent
CHE_Geneva_IWEC.epw.

This creates a new ESP-r climate file CHE_Geneva_IWEC. The message error reading line 1 is
sometimes seen when doing the conversion, but does not usually affect the conversion. The
command given to the clm module includes the name of the new binary climate file to be created

after the key word -file. The words -act epw2bin silent tells it to undertake the conversion without

further interactions.

242 CHE_Geneva IWECEZl= MEZE& ESP-r 7|4 Ol mfee THELCE ol HAIX|e] A HERY
[m]

E2 7|YHOIHE g g I X5 & 5 A= 02{0[Ch SHX|TL Of o2 HEto| FeS O|X|
Xl =0 O] cdm moduled] FO{X|= FFO0= key word -fileO| 20 W& M2 O|TIm

HEjO| 7|AtH|O|Ef O|&0| =BtEICt words -act epw2bin silent= 71 wzt @io] Hatal 4~ QCtH
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For the Native Windows version vou
will have to start up the clm.exe mod-
ule interactively and set the new
ESP-1 climate file and and provide
the name of the EPW file and use the
import option.

For the Native Windows version you will have to start up the cIm.exe module interactively and set

the new ESP-r climate file and and provide the name of the EPW file and use the import option.

Windows AF2 A= cm.exe moduleE AldMSiA, ME& ESP-r 7|40l LtYES THED O7]|0

EPW fileQ| O|E= X|H$t = import options O|&3|OF SIC}.

To check that the conversion worked, invoke the cIm module with the new file or use the file

browser to locate the new file:

clm -file CHE_Geneva_IWEC

2EE HHS 25| flsiME M2 Stat g7 dm moduleg E22{2ALL 22 LiEQ

AXIE X|™HS7| 25K file browserE O|&3|{OF SHC}.

clm -file CHE_Geneva_IWEC

If the conversion was correct you should see the lines in the text feedback area of the interface.
Climate data: GENEVA CHE
46.2N 8.9W: 1984 DN

OroF H3t0| & 0|20 FCHH QIE{HO0|AQ| text feedback areaOjAf Of2fQt ZH2 MMXIE &
Climate data: GENEVA CHE

46.2N 8.9W: 1984 DN

And for good measure try to graph temperatures and solar radiation. If there is an issue with the
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file then open it in a text editor (nedit is used in Figure 6.1). There are several changes we might
need to make in the file.

dg(d 7|23 EfeF SAE d=E O =els sj22, THef I =X 7F ACHH, Figure 6.1
1t 20| neditE 0835104, text editorOf | FO{EzEl 27t AN +=oioF SR ZE= H

eb7t s Aotk

Line 6 include a t character before the WMD number and this should be replaced by a blank
character. Line 6 is also 702 characters long and ESP-r can only read text lines that are less than
248 characters. After reading the ASHRAE notice, edit the notice text shorten it. The last change is
that some EPW files have a blank line at the end of the file (line 8769). Remove this line and save
the file. Further instructions for working with EPW files will be found in the ESP-r source

distribution in the climate folder.

6HA =(line)o] WMD =X} Q0| Lmtl t7} =0, 0| t2 22 A(blank)E WA OFSHC) 6HRY
Z0| 702 RHcharacters) Z0[|9] ZXtE(?)0| U£=G|, ESP-r2 248 Xb O|stEE Qg = QRUCh

ASHRAE noticeE 2 % noticeE BA £=™sICt. 2|0 O{H EPW file2 mQ OFX|2H8769EH T

E)0| S Z(blank line)0| AS = JYLBE, 0| EE X[ MFDCL EPW Iy =70 Cist
FIIHOl MH2 J|AHO|E ZC(Climate folder)Q| ESP-r source distributionOf Al =0l & = QI

6.2 Defining seasons and typical periods

Our next task is to define the days associated with each season. There are any number of
approaches one might take and we will use a combination of looking at the patterns of
temperatures over the year and the solar radiation. In the climate module choose graphical
analysis from the menu options. Then pick dry bulb temperature and draw graph to get a display

similar to that in Figure 6.2.

0
o
|o
ml
ojo
B
>
rr
N
X
nx
=2
>x
ne
A
njn
0z
1o
ot
rir
Pt}
o
aml
pie)

7ER| ROl UKW, LE[= A2

—

climate module2| &5 S MOj|A

b. a
i E EXM(Graphical analysis)2 MEHSICH 2|0 HAF 2 E MEHStD gz O2{EH

- 155 -



% CHE_Geneva_IWEC.epw - (Users/jon /Documents/ conkbook/
File Edit Search Preferences Shell Macro  Windows Help
AUsersonDocument cookbook CHE _Ganeya IWEC apw DOS byle 0 of 1412272 L1 o

1'LEII'.‘J\'HDN EENEVR, -, CHE, IWEC Dok, OBF000, 46 25,612, 1 0, 416.0 ;
2 DESION CONDITIONS, 1, Climate Te=ign Data 2005 ASHRAE Handhocok, . Heating,1.-F, -4 9, -11 1,1 5. -4.9,-9.1 8, -2. 810 4.2

3 TYPICAL /ENTREME PERICDS, 6, Swnnec - Week Hesrest Max Tempersture Por Peciod Extcene, T/ 5, 7/LE Sumner - Wesk Hescsst
4 GROVND TEMPERATURES. 3. .5....2.70.2 05.3.37.5 43,10, 84,15 02.17. 83.18. €0, 17 23,13 09.0.56. 5. 64.2.,..5.53. 4. 20.4. 48,
a H'O'LIDB\"S."DJIYLIEHT SRVTHEE, NO.U;U.U

& COFMERTS 1, "IWEC- WADSOEIO00 - Furcps -- Original Scucee Data (o) 2001 Anecican Society of Heating, Refrigerating
T COMMENTS 2. - Dxnund keags :prod.used vith o standard soil diffusivity of E. JZZSTEOE-DI (m*+E/day)

9 DATA PERICOS, \:mdas 1,12/31

21984.1.1. 1, 60 EOCQGQCQ’D’O" 1999?999?9,\?;\?,\7“;\?#."01:9’0‘0

10 1084, 1, 1, £, &0, LACDEOC0+070707070 707070+ 0B CRARIG =0+ i-0+0, -1, 8, -

11 1084, 1, 1, 3, &0, LICOCOCO+079707970707070+00ERGRERA+0+0ER+040, -1.

12 1964, 1, 1,4, 60, CICECHCE+07AFR7ITITAFITOATATATATATAT+OER+040,

131984, 1, 1, 5 60, C9090909’0’9°9’9"979"97‘9 UB&BSBBBS‘U’EEB’U‘U,

14 1984, 1, 1, 6, 60, 07378737 OEA+0*0.

15 19841, 1.7, &0, RTH'.'EBIE'D?Q?QTQ?!797!79&?&7}\7&?&?&?'0‘[5}\7‘

15 1984, 1, 1.8, 50, ?999?9‘75 9707

17 1984,1, 1, 9, 60, U 1.0, -

18 1984, 1, 1, 10, 60, a?ﬁ?EE!S*DG989091919101’91‘?i!?a?ﬁ'?a?k‘?!018*0’0 iR, Se R Ah, mEinn 211 11115 2-14 99 53 81 a0, 3800 OUU
19 1984.1,1, 11, 60, BECAEERA*IHERIHST19191A18 +OEEBEEARE* 0+ [EA+0+0, 0. 1, -1 3, BY, 92000, J&0, 13400, 2R300,
20 1984,1,1, 12, &0, BELAE 121918 [E3+0+0,0.%,-0.4, 51, 36000, 455 .1.4.].5, 2?2 ].9'[ IJU 155 2.14"0 11500

Figure 6.1 Editing of EPW file.
Figure 6.1 Editting of EPW file
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Figure 6.2 Annual bry bulb temperatures.
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Figure 6.2 Annual dry bulb temperatures

The axis at the bottom of the graph is weeks. There are extreme low temperatures in weeks 4, 9,
46 and 52. There is a late cool period in week 12. In week 14 it reaches 22°C. The warmest period

is between week 26 and week 32.

a2jz=of of2f =2 F (week) THP|O|CE 4,9, 46, 528 M FOA £3| H2 228 =2 & &+ A
Ch. 22|20 128K == =2 F2 7[Z0|Ch 14HW F0o|= 22°COo| -5t ULk 7hy ot

712E2 26%RY Fof 32#R = ALO|of RALCY.

Another way to look at climate information is to look at weekly heating and cooling degree days.
To to this select synoptic analysis and then choose dry bulb temperature and then degree days
and then weekly. Take the default base heating and cooling temperatures. This will produce a

table as Figure 6.3.

°

71 HOlH FES =Ql5t7| Y £ CHE YE2 F tg=gn 4y =2s =2l 5t A

—

Ct. O|F {eiMe synoptic analysis& MEHSIT CHSO 2 AT 2% (dry bulb temperature)& M



, L2 2 T Y(degree days)2 MEH, OHX|TS 2 FZHweekly)S MEHSIH EICH T

ne

Attof &

ot 7|& ek, WHER o (default base heating and cooling temperatures)E MEHSIH, Figure

Figure 6.3 Heating and cooling degree days

The average heating degree days is roughly 15.0 for the first nine weeks and then drops to
roughly 8.0 (except for week 13). Weeks 27 to 34 have cooling degree days between 10 and 23.
This follows the same pattern as seen in the graph. If we set a winter heating degree day cutoff
point of 12 and a summer cooling degree day cutoff of about 10 then the definition of seasons is

straightforward.

AN OBE 9F7te| Ha HE =2 oF 150 HEOo|d, O CHEol= < 8022 EO{RICHA3HR
FOIA 34Hm FOHK|= dE =UO0| of 10-23 AtO[O|X, d2fjZo= &2 If
I AL Lk = cut off pointE 122 MEHSIT O WHdb Liub

=9 cutoff pointS O 1022 Mefs}el AHo| Mol 0fe A ok,

Hg stols 4 QUrk g 227

Before we actually set the dates, note that 1 january is on a Sunday and the start of each
subsequent week is also a Sunday. Later, when we search for typical weeks they will begin on a
Sunday. Some practitioners prefer to run assessments that begin on Mondays and end on

Sundays. If we wanted to enforce that preference what we need to do is to change the year of
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the climate set so that january happens on a Monday (e.g. 2001). This change can be found in the
edit site data menu option of the main clm menu. Once this is changed, return to synoptic

analysis and ask for the weekly degree day table again.

AR AIB2OIMO| HHEL URES oty Mol 18 1€0] A A02tE A CFg F7t AlXist
£ U5 Aadojzts WS YOHCH F, RE FO A2 UQAOITL BHOF AIZHOIM BIE
YR ANN ARSI AR YN Bl HO= GBI, 7|4 seto] AES HHst0l, 18 10| ¥

3

=
20| A BHCE (0|2 =0f. 2001EH) O|AL main cIm menul| site data menu optionOj| A
2 QT oHH HETL HHY ™, synoptic analysis2 CHA| SO0IA &l FYH =Y H (weekly

degree day table)E CtA| 24 =ICt

Using these cutoffs the seasons are as:
* early-year winter 1 nanuary - 11 March
* spring 12 March - 24 nune
* summer 25 nune - 26 August
* autumn 27 August - 18 November

* late-year winter 19 November - 31 December.

CutoffE 0|&5dt0] #+Z¢t AZ2 L3t ZLk:

« WX g 19 1Y -3¥ 119

- = 39 129 - 69 24
- o2 6% 25Y -8¥ 26Y
. g 8% 279 - 119 18Y

u]

. L=

—

P2 11¢ 199 - 128 314

Il

To record this information go to the manage climatelist option on the main menu. You will be

presented with the options shown in Figure 6.4.

0] MEE 7|E3}7] 8= main menul| manage climatelist optiong Z2/5}™ Figure 6.42}

#2 optionsE =olgt 4 Uk
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What is shown are initial default dates for seasons and typical periods which you will need to
update. If the menu string item and the menu aid are not clear then start by editing the menu

selection and documentation text.

Of J30IAM LIEtLT U H2 AZEDt ACOIEZL 27 &= LEHXQl 7|7t X7 -4k
O|C}. TFQF menu string itemZ} menu aid7} YESIX| LCHH menu selectiontt documentation

textS +got= AFH A[Xgiot

For example the menu aide memoire could be Geneva CHE was source from US DoE. Menu
option c is the full path and name of the climate file that ESP-r will access after it has been
installed in the standard location. For the file we have been working with this is /usr/esru/esp-
r/climate/CHE_Geneva_IWEC. Menu option d is a toggle which tells ESP-r whether the file is
ONLINE or OFFLINE. Set this to ONLINE. If it is OFFLINE then others will not see this file.

OlE =0 menu aide memoire= US DoEZEEH B2 Geneva CHEQ == UL} Menu option c&
X’ X0 ESP-r = o 20, ESP-r0| T ZX(access)st= 7| OO mY2l =Lt 00|
Ch. 2217t Xl 0] U

Ct. Menu option d&= It 0| ONLINEQIX| OFFLINEQIX| EPS-r0f| ZoljF== E-=(toggle)O|Ct. Dok
OFFLINEO|Z2}™ O|ZAdS ONLINECZ M7MS|2f. OFFLINECZ £|0f QoM™ CHE AtEHE0| O] mbel

o AL
2 = & 9tk

|0
ro
| >

oo M
Of
[

= 09| AZ(path)= /usr/esru/esp-r/climate/CHE_Geneva_IWEC Of

HJIO

uk

Clinate list 1ten

a menu sty GEMEYA - CHE
b menu aic: GENEYA - CHE was sourced
cocim file:
d available: OFFLINE
SECH; days

& st wir Mon-0l-Jan  Wed-28-Feb 53
2 spring Thu-OL-Mar Mor-Z0-Apr B1
g sumner Tue-Ol-May Fri-31-Aug 122
b aulumn Sal-01-Sep  Wed=31-0c. 6L
i Ind wir Thu-01-Now Morm31-Dec 61
————typical periods—————-—-——- days
i Ist wir Tue-09-Jan HMorr15-Jan 7
kb spring Tue-06-Mar HMore12-Mar 7
I sumnsr Wed-11-Jul  Tue-17-Jul 7
noautumn Tue-02-Oct  More0B8-Ocz 7
n 2nd wir Tue-20-Mow NHon—26-Yow

< scan climate for best-fit weeks
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Figure 6.4 Menu for creating a cii-
matelist entry.

Figure 6.4 Menu for creating cli- matelist entry
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The section of the menu under seasons allows us to edit the beginning and ending date of each
season. After defining each season we can then use the scan climate for best-fit weeks to search
for weeks that are closest to the seasonal average conditions. Notice that in this case, each
season begins on the same day of the week. You could also define seasons that do not start at

the same day of the week.

ML

AR of2f menusolH 22l 2 A™el AT LW OiR|Y EAE $EY 4+ QU

—_

4 AR
= 89 gt 20| ?E|& scan climateE ALESHO] AES| Ea HEO| 7tE 712 FS(weeks)S

= QUCE Ol FR0= Z AZHO| Z2 Y2 ANEX[T, 22 220 AXHEX HES

The criteria for heating and cooling are based on a combination of heating and cooling degree
days and solar radiation. For example, the seasonal average weekly heating degree days and
cooling degree days (102 and 0 for early year winter) as well as the solar radiation (11.05). It will
then look for the week with the least deviation after confirming the weighting we want to give to
heating DD, cooling DD and radiation. These are initial set to 1.0 to give an equal weighting (but
you can change this if you want). It finds the smallest deviation (0.14) for the week eight which
starts on Monday 19 February. This method can result in a good estimate of the energy use over

a season although it will be less accurate for worst case peak assessments.
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Use the scan climate for bestfit weeks option to search for the typical weeks. After confirming
each of the seasonal suggestions and selecting the graph ambient T and seasons option the

interface should look like Figure 6.5.
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Figure 6.5 Seasons of the year

6.3 Climatelist entries

The final tasks are to record this information via the list/generate/edit documentation option
initialise option and then use the save option to write out the data to a file. It will give it a name
based on the original climate file with a .block extension. The block of text that was generated is
listed below. It needs to be pasted into the so-called climatelist file. There is an edit option. Also
open the block file, check the entries and to add any text you want to have displayed to users (in

the uhelp_start to uhelp_end).

OfX|2t Jtxf|= list/generate/edit documentation option, initialise option 2 Edj 0| YEE MZ
St1, save optiong O[&3510] dataE IO 7|Eotct A& 7|&4HO[H mIES| 0|2 7|x& d}

=
of 0150 MWD block XS 2= THUO| MIYELL YYE text22L OF2f 220 X
QICt. climatelist file Off 20{'@7| T|0{OF BIC}. edit option0] Y=0| O] option@ Z T block filex
G AL, EE(entries)2 QIS ALEXOA EOX|E= textE F7H & = UCE (in the

uhelp_start to uhelp_end A3 Z Q)

Insert the text (carefully) between an existing uhelp_end and uitem line and save it. Don't forget
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to copy your newly created climate file to the standard folder. The next time ESP-r is used the

new climate file should be available and the seasons and typical weeks should be registered.

uhelp_endd} uitem line AO|Of textE 4AMUStD XMEsiEE AEA e 7|AGHO|H OYs

standard folder0f SAtsH 5= A= LK et CHS B ESPr ALSY I, MER 7|&H0[H It
AES AR = U1 seasonst typical weeks7t X Zf(registered)0| E|O| Ye= HE =0l T £
UL

Before closing the cIm module, it is useful to save the ESP-r climate data into an ASCII format file.
Do this via the export to text file option of the main menu. Accept the default file name
CHE_Geneva_IWEC.a and the period. The climate file CHE_Geneva_IWEC should be placed in the
standard folder (e.g. /usr/esru/esp-r/climate) and the ASCII version CHE_Geneva_IWEC.a should be
kept as a backup in case the binary climate file becomes corrupted. Again, on some systems, you
may have to ask administrative staff to copy to file to /usr/esru/esp-r/climate (or wherever the file
climatelist is located on your machine).

cIm moduleg Et7| M0 main menul| text file option2| exportE O|&35}0 ESP-ro| 7| MG|0O|H
£ ASCI =% It HEfz XNYS of 52T He|Sit. Dokof|M Cr22E %2 Genevall 7|&H|
O|F| mUo| AL CHE Geneva IWECaZ}l default file name22 AZXo| EICt 12|10 7|AH O|E
mtQ CHE_Geneva IWECE= standard folderOff QUO{OF Sl (GA|] ZAZE /usr/esru/esp-r/climate),
ASCII mEoio| CHE_Geneva_IWEC.a= binary™EfQ| 7|AMHO|E HiQ 2F7F MAMS 4L
£ ChiHlet Y8 oY=z MZOo| Froh o O SHH O ARH A2HOME LiES
/usr/esru/esp-r/climate(82 ZAFHO| climatelist THAO0| 2|X|3{ A= RO)2LE EALE 7| 25t

O AAHE 22| XHadministrative staff)0j| Al £E&S Sf{OF & == RUCH
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Chapter 7
ZONE CONTROLS

7.1 Introduction

The role of simulation is to provide information that allows the design team can understand the
intentional and unintentional impacts of design decisions as the project evolves. The use of

simulation can test the beliefs of the design team.

AlZgo]d2 CIAIQl =2 MEQS| T Al CIXtQI0f TSt ol=X 3 OfL|2t H[S|=X O[AZHO|
OE = s S0l st Aol olgie = A=F JEE M F= I ottt 24
B2 AlEdolds gz 24 Z2UE 43 = Utk

For example, some Architects and Engineers operate on the assumption that buildings constantly
require mechanical intervention. Is this assumption true? Rather than assume that buildings do
not work, lets test how often buildings work well enough to satisfy occupant requirements

without intervention

g =8 oF AF7tE AXLOo 2 A=0| XFH2=2 7|AHQ =70| ERditts 71
otoil ZFASIC o2t 7hE2 WA 22 AEN? 23|28, #=0| 7|AHL =80| gtk 7hgst
O, 71AFel = |0l AFAS afArd S 0L BEAZ 5+ UA=X[E HLE oi2AL

Many design methods focus on extreme conditions and ignore what happens at other times.
What is the cost of this? Instead of ignoring transition seasons, lets explore the nature of the
buildings response to these transient climate patterns and, by understanding the pattern of

demands, devise environmental control regimes which work well in part-load and intermittent

scenarios.
e M7 7|YS0| 33 ZAN AHS WED 1 90| A7t YojLbs HEL AL OfF
of 20| X|2= 7= FAQ

217t SIS, 7t8)E FAISkE 4l ol t=>| £t miH
7



2710] LofLt= AlUE(2 BlofjM 2atE 2RY = A= SFHQ Mol YES Lok =X
Some design methods assume that changes dictated by value engineering have little or no impact
on systems and control response or running costs or comfort. Folk-lore suggests there is

considerable risk in this assumption.

ofd &A 7|g2 value eng/heeflhgoil oot Bzt A|A”M Moo BhE =22 27 H|EO|Lt 3
oo Aol Fes OX|X| §Fettd 7pgetot. d8ju Rz olget 7b80=s odet 2ol

QICtD BhC.

—

We can test whether a particular design variant alters performance criteria that are important to
the client. And assessments have a cost so we need criteria to guide us in determining when a

design variant warrants attention.

22l S8t 274 BES0| SA0|AUETL S5 d4sts 45 fUsS =HEtAA SteX

1 =
ot X|of CHal BIA~ES 4= QUCh Ol2iph F7hs HIES FESIER, O A0l Fo/8 &
St=X| OfLIEH FO|E ERZ K| XS TS| fIet 7|&0| ERstht

Are there methods to approach assessments that limit design costs as well as providing

opportunities for breakthroughs?

2AHES 8ot d 2 OfL2L 2T Mz2 A 2ol tigt 7[=|E MSste 7MY ROl

QA=T}?

X

[

o

Understand options for controlling a building by observing how it works without mechanical

intervention.

1AMl =ER0l AE0| OfEA HSot=Xx HESA=N A=S =HH7| st M=

S o/g)dlat
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Focus on demand side management - exploring architectural options and alternative

operational regimes.

i
o
¥
>
rot
o

Focus on transition seasons and environmental controls that can efficiently cope with part-

loads and intermittent demands.

Fotet

[~}
Mo ot
fot

Mol Hoto| 28HoE MY 4 U

A

4 Ho{eb =Zt7|(transition

=
e

r

seasons)0|| X&EZ 2L

Discover patterns that stress the building and explore how interventions that mitigate the

extremes can be integrated with the results of the prior steps in the methodology.

o
[>

=0

o

EYAE = WHE EAo/Z ScHdHE 2=cte =E0| @M HAel 2t

=
oM oA ST = UASK Botet

to
rhu

Re-check demand-side management options and iterate as required.

=8

rk

t2| S8 CHAl A/=2f2 ERoICHE o] 18-S Hh=3tat.

Continuous product assessment was once a dream. Current simulation tools, and the working
practices discussed in Chapter 14, allow us to get much closer to this dream. The box above
suggests one possible method of discovery. This chapter focuses on how to use zone controls to

test ideas early in the design process and as the design evolves.

AEHoz ME@H2) & B/ote A2 o M 0| AL AlZ20]d Sat 140 A =2
g dH d5S2 222 Stolg ol2et FO| o 7ol 2 = YRS BCh 99 HAE Jhstt
Y S otLtE Moot QUL Oof ZoMeE 24 =7| tHAe 2Aeto] & E= a-goA 24
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7.2.1 Abstract representations

In ESP-r, environmental control systems can be represented as either idealized zone controls or as
a network of system components (often called a plant system within the interface). The choice of
which approach to take is dependant on the stage of the design process, how much detail is
needed to assess performance and how much information is available. There is also the issue of
time. Control based on system components tends to take longer to setup and can be more

difficult to calibrate.

=
A a-gel BHA, 5 ds Boto 2ast ¥

oIxl= & S = S HE2E
g = A=X|of wap SEpEICh ESE AIZHf| TS M= n2{3{OF St A[AE HEEEO
HE S & Mols, 28t o B2 A0 28251, 2Y(Calibration)0] 0f2{E = ULt

The first step in understanding how ESP-r deals with idealised zone controls is to decode the
jargon. The interface does not present you with a list of entities such as perimeter trench floor

heating. What you see are choices relating to:

ESP-ro| OlgstEl & HEES OB/ CHRE=XIE Oloiste WM THA= U280 E di=dts
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* what is sensed e.g. temperature, humidity, radiation, flux

e
o

SEEE7 08 20, 25 558 €A EF

40

* where is the sensor e.g. zone air node, within a construction, within a component

o MAM= Lo A=t ®E 20, & 7| L&, #ZH W F(construction &), HIE

s

ro
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* what control logic is applied to the sensor signal at different times of the day

« Y AU g2 AN Mz HEY Mo 2H2 FATt

* what action is taken e.g. flux injection or extraction

* O actionO| F3iE A7t 0l =W 2F T EF HMA

* where is the point of interaction e.g. zone air node, within a construction, within a system

component

e interaction ZQEE= OC|IQ7} OE S0, & &7 LE, +ZH LE(construction =),

HEHUE s

Sensor (location) Actuator (location)

.

~

Control Law

(schedule)

Figure 7.1 sensor-law-actuator.

Together these form a control loop. Zone control loops in ESP-r are abstract. Control engineers

would view the approach as idealised because there are no time lags.

O|E0| &4 MO &= (control loop)E HMSICt ESP-rO| zone control loop= H|AK|ZO|Ct O

7|0l= EfR=O] 7] WEM MO AXLI0= O] WZYS O|dotel WOz HOtof oot

* heat injections and extraction are based on user supplied capacity ranges rather than

performance curves and fuel flow rates.
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« €O FYI MAE dsJUHOILL AEA FEHECHE, AMEAZE MEeh 8 gelol 2

* there are no attributes such as the spacing of fins in a fan coil unit, rather you define the

location and the radiative and convective split associated with the actuator.

El

oj3oloL
° W3 EI'IT |O| I

—

|-\I

PAL Z2 £Hd(attribute)S T 2L XLt F357

—

x

o =

(actuaton 2| 9| X|2F 2 ZA/LIRS| HIE2 oY 5+ ACH

* performance is in terms of flux added or extracted at the point of actuation. Parasitic
electrical use and part load efficiency is a postprocessing task.

*  d50[g #S(actuation) X|FHO| 7tHE= 752 AHOM FelECh £ FX[el T

o
AbgolLt #2 F3t mE2 1 L3S0 X2(E Zolct

There are basic controllers which can be used to identify demand patterns. Other controls

represent real-world scenarios such as equipment with minimal cycle times or multiple stages of

capacity.
8 IEZ olst=0 AMEE = s 7|& HEE2(basic controllers)S0| ULt 1 29| AE
2 XA AMO|Z A|ZtO|Lf, 8o CIEHA 22 717|582 MM AtE AILIZ|RE EAHTICL

Zone control loops can exhibit near-real-time response. With a one minute, the response of a PID
controller to a step change in demand may demonstrate many of the artifacts which would be
observed in a real control device. A controller which is critically undersized can provide useful
clues as to whether the building is capable of absorbing brief extremes in boundary conditions or
building use patterns.

ZX0f FIZ(Zone control loops) = HA|ZF gt HOFELCH 12 Wof| =20 2} #st= PID

olo
mjo
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HESeo| W32 MX UEES UNOIN BHEE B2 AUSS OIS E SUCh Yot
CHRAOIY E0f BAE HESE W20 IVERA E= WS ABHHO| 0fS FH5AXf
et K83 THHE RS B 4 Ak

In buildings where air movement is important models may require a mix of zone controls and air

flow controls. This is especially true in buildings with hybrid ventilation systems.

7|15 850 Q% HE 2 E 2 zone control 1} air flow control?] ¥=0| ER3 ZI0|Ct. E73|

hybrid ventilation systemsO| 2% HZE0| 0|0f s =ICt

ESP-r's abstract approach was initially designed for flexibility and the ability to represent the
performance characteristics of a number of environmental control systems at an early stage of the
design process. In a European context, where there are few standard approaches to environmental
controls, such flexibility was pragmatic.

ESP-re M7 A7|THAOl QAN CiYT #F IH AAHO| 45 S42 LELT| 93 55
= EUSH7| fASHAM CIAtQl =IACE REOAME, 28X Z=ZH(environmental contro)of Cist 7|&

O] 5= ¥2E0l Aol gleEz o2gt FAg2 2&H0[Ct

— -Hor d —

If one were to look at the code of simulation tools which do not use discrete components to
represent environmental controls, one would see that their system template descriptions are being
translated into instructions which are roughly equivalent to the control loops of sensors, control

logic and actuators used in the ESP-r's zone controls.

etd ZH(environmental control)& LIEILHZ| @5t 22|E HAEHEE AESHX| gt= Al 0|H
AT

DES MHEH, AAH YB3 Cfg SYO| Y ESP-ro| zone HEBOIA ABELE MAS
o 7iE2 2I, 7EZ 22X 12|10 actuatord] ot MFOR HHME0f UThs US Y 4
2g zo|ct

You are asked to manually define what other tools infer from high level descriptions. So what is

this process like and how does it compare with a component based approach (see Chapter 13)?
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O|XE &% CHAZRH =250 HE Fo| WE + A= £ HE E7(too)E Fojgd a7t
ULk O|F 2ot Z2=MAE OfFA E=X 2|1 o2t YZEO| HEHE [Fo| 2t H]

@B}0) OfEA| CHEX|Of CHSIMES 13%2 &msial

7.2.2 Abstract example

Imagine that you wanted to test the idea of a floor heating system which was capable of injecting
"40W/m?2 into the middle of the top layer of the floor slab during office hours and which sensed
the air temperature of the room as in Figure 7.2. Your other option might be to use radiators in
the room. Although the boiler and thermostat might be the same, the two choices required
different components and different controls. We could either define networks of components for

the two designs or we could represent their general characteristics via sensor — law - actuator

definitions.
SHAO| 2 AlZtCHof| HEEF SefEol F7F ¥ EE20A 40W/m27tX| FUEl= 82| HiE gt

|.|-|
mu o
r>|
_l'_|_
B
OF
=

AAEIS HAE SOt A XL Od2|0 a8 728383 dMs A9l 37| 2
ECHE SM2=2AM 20 2HHoolHE 2X & & Ut

HIE 2229 MEABHD} EtC|O0[H2| MEABH0| S MRAEMO|E; StHet: & /O] M
= of0] M2 OE HEHEY Mz OE HNOE X8g Ea7 Aot Rl F ZHX CIAtelof
o

Chotol HEHES HEXIAS ZoISt L, Sensor-law-actuatore| Fo|of oot detHol 545

The component based approach is complicated by the dozens of possible combinations of boiler,
pump and heating circuit layout and is burdened by the need to attribute each of the
components. At an early design stage such details are a distraction from what is essentially a high
level decision. An abstract approach allows us to delay our investment in detail. It also allows us
more time to understand the patterns of demand and thus make more informed decisions during

the detailed design stage.



(abstract approach) A= CIE|Q0| Theh Laof =22 XIHAIZ £ UCh 0|HL
=8 MEES O|sist CIH Y C|Atel ChAOAM B2 HEO| 245t 28 & = U
AlZtE Qtetot
zone_node | Zone node zone_node |
-@ -
: window : window
1 ! 1 —
1 1
1 1
1 1
| e~ P ——
y y
Sensor (location) Actuator (location) Sensor (location) Actuator (location)
N N
Control Law ol Control Law
(schedule) (schedule)
(2AE)

Figure 7.2 representing an abstract floor heating system.

w3t 227
= o ge

The data required by a control loop is as in Figure 7.3. In the case of floor heating the sensor

location is at the air node of the zone, the schedule is a free float at the start and end of the day

with a ramp-up period in the morning prior to the occupied period. The control law during the

occupied period could be an basic controller with 4kW of heating capacity and a set-point of 20°C.

The actuator is in a specific layer of the floor surface of the zone. During the simulation 4kW will

be injected until the room air temperature reaches 20°C and then a reduced flux will be injected

to maintain the set-point.

control  loopdf| &gt HOH= I8 7.31F Zrot. HE HEol FL2 A2 Mo
2IX|= zonelf| air nodeO|d, AHZL A|Z CHAHOAME free float2 MEHSIH SIE7F &
=2 O ZFE MY A ® OFEMX| ramp-ups HEHSICE HAAIZES] HMO{@2 4kw o
B S528& 7JIXl basic controller& AI25tH A™ &L= 20°CO|C}. Actuator= zon
e HIE Hol EF Jo| QUct. A2 oME HA & Ao 4kwrt Aol 2ETJH 20°
C7b E WX 3sE0 420 20°CH ==t 4 2EE ®X5H| fSiM E0=
heat fluxE Z323%ICt.

Although it is abstract, it has many of the characteristics of a floor heating
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lag and the altered radiant environment of the room are part of the simulation. If the response is
not optimal then altering the control attributes allows design variants to be checked. For example,
if the response is slow, the position in the slab of the heat injection could be raised by re-defining

the location of the actuator.

HIZ JHZFNOIXIBH, 0|2 IS W AAHO B2 S48 UEHMCE time laget A
H

—_

o SAtet #EHE F2 ZF& AIZ ol ot FZO[Ch. &eF AlZ ol Zif H9

—

2

HYStR| BCHE, BHE MO £452 CIAtel BHsSS CiAl MA8ior otttk Ol =
H

1S AIZHOl =2t SEiE0Mel E8g fIXI= actuatore] IX[7F MEZE 2f9

==

Once the required characteristics of the floor heating system have been assessed then these can
be used in the detailed design stage if the resources and goals of the project warrant it. The
down side of this abstract approach is that some performance criteria are not available and some
aspects of the thermophysical response are simplified. For example the time taken by a real
system to alter the temperature of the working fluid is absent. The minimal time-step for a zone
control is one minute so systems that respond in the order of seconds are not well represented.
There are some control regimes which cannot be represented - e.g. a chilled ceiling would be
controlled both for the room temperature but limited so as not to cause condensation. Some

control combinations found in BEMS are difficult, if not impossible to represent.

, ZEMEQ AL FmI 2T &

o o= OE ds Sgs Zt
CHbA DEERAs + Utk AOICE OE =0 ZS2= fAQ 28 HH7| flsto] 2X
MO ZEl= AlZt2 135X @=Lk zone HOE et xapte] AlZh-2AHE2 12
ojf A|&EO] Z=(second)0 o IJEdt= A2 LIEHE =+ BICh LEE = Bl=

(
Mol E9gol & UsHl dE =¥ A2 HBHO A 220 QlshM Moo=l 22t
21X EEE SAM Moo=

eot7| 27hseh A2 OfL{L} OfECh
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Figure 7.3 data requirements.

Delaying details until after we see the pattern of demand and interaction with an abstract
environmental control can help us make informed choices of system type and components.

Conventional approaches force us to be specific before we have reached an understanding of

JH2FA Ol =t A XA (abstract environmental control)0f Q|50 A|AE! EfRIa HZEHEO CHSH
MERS 2ot EE ¥S WM7HX| CIH Yol it A2 0|F&= A0 L} 7|&EQ| HI2HE %
27t St a7 WEHE o[ty o e[ofA ClH Y PSS Zdooh /Nl 73
of oot HAEE= $tdX Hojet 230 o & z=3tE = U= 7[2E selA =Lt

Readers who are working with other simulation environments may also have options in how they

approach environmental controls. There are almost always options to delay detail.

CH2 AB2OIM BYOE Yes SXE =3 OfFA B oo YISHEX0 O S4B
L CEYS =

X2 AS

>
H1
i

M

7.3 Zone control laws

The following is a summary of the most often used control laws.

ofgiel LHEE 7% =3 AFEE|= control law?| CHEE S Q95 Zi0|Ct.

»  basic controlis an ideal controller which will exactly maintain a setpoint if it has sufficient

capacity. This is often used to identify demand patterns. The attributes are: maximum and
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minimum heating capacity, maximum and minimum cooling capacity, heating and
cooling set-point. Humidity control is optional and is achieved via moisture injection or
dehumidification at a maximum g/s rate. There is an option to relax temperature control

in order to maintain humidity control.

basic control2 &%t 82F(capacity)0| QULCIH setpointE M| UFE = U=
= SH

O| &2l controllerO|C}. Ol= 23t WHES 2057 5 FF ALEEILE Basic controlQ|
o2 £40= CtEdt 22 A=0| RJULE maximum and minimum heating capacity,

maximum and minimum cooling capacity, heating and cooling set-point. Humidity
control2 MEH Apgto| =&

2 32SAL X 2 WBEKg/s rate) 22 MESS
Sto2M O|FO0ZICE &= MOE |XIsH7| Qs 2% NOE 23st= 40| UL

free float disables control for the period. There are no attributes for this controller.

free float= di'd 7|2t S¢ O MO StX| @A ottt O] controllerdf= £-g0| BiLY.

fixed injection or extract implements a control which reacts at a fixed rate if the logic
requests an ON state. Many heating and cooling devices are not able to adjust their
operation and respond to transient conditions with an ON/OFF control action. This
controller is sensitive to the simulation time-step (which should be modified to represent
the response of the device). The attributes of this control are heating injection, heating

set-point, cooling extraction” and cooling set-point.

fixed injection or extract= logicO| ONAEIE ¥ I DHE HESZ oS

olnjottt. B2 Y 77|17 ON/OFF MO|SHUM 152 HES MU= Z=EOHKA

X5t ONO|Lt OFFZF Ot 1tk HEHOI| CHOl SESHA| REHCE. O controller=
simulation time-step(0|= 7|7|2] SES LtEILH7Z| ?lof BHALEOOF SHCE)O| ZLSHA
HSSHEE O] X[O0{2Q| SH2 &£/d0|= heating injection, heating set-point, cooling

extraction, cooling set-point0O| RQILC}.

basic proportional control is an proportional controller which works within in a throttling

- 174 -



range and optionally implements PI control with an integral action time or a PD control
(dangerous) with a derivative action time or a full PID specification. This control can be as
stable as a badly tuned real controller. The attributes are: maximum and minimum
heating capacity, setpoint and throttling range, maximum and minimum cooling capacity,

cooling set-point and throttling range. Integral and derivative times are optional.

basic proportional control2 Z=7 8 2|(throttling range)Ctoj Al ZtZ35t11, MEKX O Z
M 2 S AH(integral action time)O| X &H=l PIX|O, &2 0|25 2Hderivative action time)O|
Z3HE PDAO], 22 PIDYME HS3t= H|IZH A O controllerO|C}. O] X|Oj&= H|CHZ

R H2 2N AEES et Hxxot =2 FEE & ULt ot9l £d2 o3t
2

ZECE maximum and minimum heating capacity, setpoint and throttling range, maximum
and minimum cooling capacity, cooling set-point and throttling range. Integra 1}

derivative= MEHXO|LC}.

linkage with plant component is a zone controller that is used in conjunction with a plant
component network to identify interactions between the plant network and zones. The
attributes of this control are the component in the network and the node of the
component and the type of coupling. If the air stream of the system components
interacts with a zone then the source component and down-stream components are

identified.

-

?lel

linkage with plant component= plant network®?} zonel| &S A28 201517
plant component network@} #2310 A2 E[= zone controllerO|Ct. O] M09 &#£M0=
the component in the network, the node of the component, the type of couplingO| Q!Ct.
Atk system componentQ| 7|57t At MSEESIH, source component?t down-

stream components S YStAH ZtFEICH

multi-stage with hysteresis implements a staged controller in which additional capacity is
brought online if the set point is not reached. There are three stages for heating and
three stages for cooling. The attributes include a heating and cooling set-point as well as

a delta temperature for heating and cooling capacity changes.
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multi-stage with hysteresis= staged controller2 H|-Z3}H, O|= set point7} = E|X|

X W AZ0|d S0 F7tHQl ¥ (capacity)s THANCZ FLf 7|0 ddS
AT M EHALL dyS et M BATE Atk H92 oy dE 8 gstof oiet
=& Ap #20F ofLf2}, thyi dY 4 25 ZESICh

separate ON/OFF flux is a controller which implements a heating-on-below and heating-
off-above logic as well as a cooling-on-above and cooling- off-below strategy. This
approximates a classic thermostat response pattern. The attributes are heating and

cooling capacity as well as two set-points for heating and two set-points for cooling.

separate ON/OFF flux= cooling-on-above®} cooling-off-below BfQt 20t OfL|Z,
heating-on-below®} heating-off-above logick H|&$tCt Ol IMA thermostato| HH-S
D EOf H[SICE 5 £40= HES 2o F set-pointet WS 2|ot & set-point

gl Htdbo] 22F0| QIC}

temperature match (ideal) implements a controller which will attempt to match the
evolving temperature at another location or a weighted temperature at several locations.
This is useful in design of- experiment studies where recorded boundary conditions need
to be matched. To represent a well ventilated roof space, a control can heat or cool the
roof space to match the current ambient temperature. Another example is to force an
abstract boundary zone for a ceiling void to match the current temperature of a fully
defined ceiling void found elsewhere in a model. The attributes are a maximum and
minimum heating and cooling capacity, the number of sensors to pay attention to and

their locations.

temperature match (ideal)= CIE XA MMS| BHISte 2L HH 2
IHBE 22 Ax7| Q% controllers H|SStCL Ol= 7|ZEl(recorded) A Z740|
HHE TRt As oM HEH A0 o EAE 2 If R85t E etU|E=

LIH} LHHIS SF A
oy deds g

=
A& SUS ZAH] Q8 Xlg S 25 27| 220 %
UL CHE Ol2=, O S 2258 22 Wil of CHE RO|M LiEtLtE

25| HolE MY SAEel 220 7] s, 7HEE Rl boundary zoneS forcedsts=

rIr

Z0|Ct. 32 42 Z+= maximum and minimum heating, cooling capacity?t §9o|g
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sensorQ| it X7t UL}t

temperature match (ON/OFF) implements a controller which will attempt to match a
temperature at another location via an ON/OFF control action. Attributes are similar to
the above control.

temperature match (ON/OFF)= ON/OFF X0 S&%& Sdl CIE QX|0AN 2EE HF

rir

s
controllerE XSttt 5t 92 212 HMO{et H|==StLt.
optimal start implements an optimal start heating controller which attempts to reach a
desired temperature at a specified time. This controller works by trying one scenario and
if it fails it re-winds the simulation to the start of the day and then attempts a different
scenario. It can be operated with a 4h00 start or a user defined start or an start time
tested by iteration. The attributes are heating capacity and set-point, the desired time of

arrival, minimal time difference and temperature difference for testing.

optimal start= K3 =l A|ZH0|| 3|Asl= 2 & SFF= XA 7|5 4 controllerE

M &gttt Of controller= SLtO| AILIZ[RE AlEdt= A2 XfEotn, Brof dujst

0

x|
d% 1 29| 7|5H AE0|8S &0t CHE AlLIZ[2E AlETtT
H A

o
MER Eo| 7|8, e WEAtE Sl & 7ISAo HSEC off £d0=

o o — or -

heating capacity, set-point, the desired time of arrival, minimal time difference,

temperature difference for testing0| QUCt.

multi-sensor controller is designed to implement a control in one location based on
actions taken in another location. An example of this is to represent a HVAC system as a
mixing box which is controlled between a range of temperatures in order to control
conditions in another zone linked to it via an air flow network. Another use of this
control is to abstractly represent a floor heating system as a geometrically thin thermal
zone into which heat is injected in order to control the temperature of an occupied
space. The attributes of this controller are minimum and maximum heating and cooling
capacity, heating setpoint, cooling set-point and number of auxiliary sensors and their

locations.
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multi-sensor controller= CHE fIXI0|A 0{th 20| 7[2I5HK] oF (X0 M 2] X|ofS
HMEot7| A DA ERACE O|ZLof Tiet stLtel o] S, air flow networkE &3
AZE CHE zonel| =AZ HOfSH7| ?lof 2= Bl WA HO{Zl= mixing boxd
HVAC systemz LtEfLYZ| ISHAOICE O X|oje| CHE ALE2, ERE S 2=8
Hofstr| 2o E0| Sukls 7[5t ez §f2 EX zoneL=A{Q| HiE HE
AAELS LIEFLEZ] I8HAIO|Ct. O] controller®| 3t £ minimumil maximumo|
heating, cooling capacity, heating setpoint, cooling set-point, number of auxiliary sensors,

2|1 o] MMEQ| locationO| RALCE.

slave capacity controller implements a common residential control strategy where in a
thermostat in one part of a residence controls the operation of HVAC in other rooms.
Typically such controls, if not carefully balanced, will result in poor control in some of the
slave zones. Several control loops are required to implement a master-slave control in a
building. One control loop represents the master control and there is one slave control
loop for each of the slave zones. The attributes of the controller are the index of the
control loop that represents the mater controller and the slave heating capacity and slave

cooling capacity.

slave capacity controller= CHE AME9| HVAC 232 X|0ste FHO| 3t 220
thermostat?t = ROIM LEE FH Hof H2S HISLh LI =Z O HOiS

= =
HHE THH(slave zone)oA| LHE MO{E 7t A & Z0|Ck

ro
T

T2 F UFEX $oH,
HEH H| Ol loope HAELHS| master-slave M| O|E XSot= ZA0| RFEILCE o O
loop= F

X0 (master control)& LIEtL|D, St Z£4Al(slave zone) & SFLIO|
ZX| 0f(slave control) loopZ} QUCt St &£M40|= FKX 0 7|(master controller)?} the

LtEtLH = index of the control loop7}

mlm

slave heating capacity and slave cooling capacity

ALH.

variable supply temperature implements a controller which constant volume air supply
which adjusts the supply temperature to maintain a room set-point. This controller
represents the energy impact of such an air supply without actually moving air in the
room. Details of the performance are available if the simulation trace option is invoked.
The attributes are maximum supply temperature, minimum supply temperature, air flow

rate, room heating setpoint, room cooling set-point.
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*  variable supply temperature= 49| set-pointE {X|5l7| 28l 3828 XHSI=
(0]

-
o
2 33 controller& X|&¢HCt O] controller= AO|A AKX QI
=
H

82 57| #30| 80|
37| 320 CHst oL X| impactE LFEFHCE. simulation trace optionO] ASME|UCHH
A

M& detailo] 7hsdtEt 612 £d40l= maximum supply temperature, minimum supply

temperature, air flow rate, room heating setpoint, room cooling set-pointO| QUL}.

* VAV with CAV heating implements a controller which uses VAV for cooling and CAV for
heating. This controller represents the energy impact of the air supply without actually
moving air in the room. The controller assumes a constant supply temperature and uses
a terminal reheat. It is intended for early design stage studies of VAV characteristics.
Details of performance are available via simulation trace functions. The attributes are
reheat capacity, air supply temperature, room set-point, maximum air flow rate, minimum

air flow rate.

o VAV with CAV heating2 HHE 2|3l VAVe} HEtS 2|8 CAVE AtE3t= controllerE

-—

o
StCt O] controller= AO|AM AXAOl F7|

A

OH

7&0| 20| 37| 350 ChEt ol X
impactE L}EFHCE O] controllers IME 22 2%

AFESICE O|= VAVEMO| 7| MACHH AFE o|O|stC}. simulation trace

£ J1-dstn 2Lt X7 (terminal
reheat)2
7|52 9l H& detail0o| 7ts3ICt. &40 2 = reheat capacity, air supply temperature,

room set-point, maximum air flow rate, minimum air flow rate7} QUC}.

7.4 Exploring building control issues
The ESP-r distribution includes exemplar models which implement various zone control regimes.

Example models are a good starting point for exploring the use of zone controls as well as

understanding interactions between buildings and environmental controls.
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After selecting an exemplar and studying the documentation, run assessments at different times

of the year to characterize the temporal response of the building and controls.

StLtS| A ZES MEStd 1 HEo| H EAM A=RE HEE CHEo, 7|2t E A=t
A

=
AEES SH 5482 7| %oty 14 & LfE 7[¢s

Remember, an exemplar model is one expression of the attributes of a control loop. Attributes can
be adjusted to better approximate the characteristics of environmental controls. Sometimes
performance is best understood by altering the control description and looking at how predicted

performance evolves.

2olxF= oM7L Ethe AS 7YYot
o

o

=
o 2 £452 B7 ZW| SHO| BO JIAUXES FREY 4 Utk YHE SF 458 of
SH5t7] ISHAE, HES S Sof & §lof, 0|H0| ofFH wafel

Explore controls with simple models before implementing them in full scale models or using them

in consulting or research projects.
full scaleo| RO HEA[7|HL ALY £ Z2ZHMEQ 0|8dH7| O7H0| HA Eheo REZ

HEES dHEC:

Spend time with the results analysis module. Look at a range of performance metrics and forms

of reporting.
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Those who have experience will be looking for confirmation of expectations, whether it needs

calibration or is unsuitable.
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Working practices in simulation groups should ensure that each likely control is tested and notes

on their use is recorded so that it can be available for review during the planning stage.

AlZgold DE0M e Mols 4242 7ts
O] 7|E&lEs AS =] sfiof ottt O|AHE2 &

+ 9 =,

7.4.1 Basic (ideal) control

Lets have a look at the zone control facilities by exploring an example model which uses a
combination of free-float and basic controllers. The model configuration file is cellular_
bc/cfg/cellular_bc.cfg and in the list of exemplar models it is in the technical features menu as the

first item.

free-floatd} basic controllersE ZTetsl0] 0|25l QY= 742 TEHES e 202N & 7AEE
AHlE2 AMELCE oA 0] 2E 9| configuration W2 cellular_ be/cfg/cellular_bc.cfgO|H

=
exemplar model 2|AE Qo] A HF S E0I technical feature M 70X &S £ QULCL

|
|
|

Mo

N

Project: base case model of two adjacent cellular offices

Figure 7.4 Basic mechanical ventilation system
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The intent of this environmental control is to heat each of the rooms to 19°C during office hours
and 15°C at other times of weekdays. On Saturday the timing is different and after 17h00 the
temperature is allowed to free-float. On Sundays there is only a frost protection heating to
maintain 10°C and an overheat control which cools the room if the temperature goes over 30°C.
There is 2500W of sensible heating capacity and 2500W of sensible cooling capacity and no

humidity control.

Of gtd =7 AAHo| HE2 Chai 2o 424 &5 22 g5 Azt s¢to= 19C=, &
2o OHE AlZtof= 15°C2 sttt EQ 0= AlZh 2F0| Ct20, 17A] O|=20& 227t

free-floatd] oloff ZEE-E HAHECH LRUNE SEZFHO EZE ot HHO 2 10°CTt
OX|EEE SlH, 27 30°C O|AloZ 2a17t2 Mo A2 WZtSl= overheat HEES ALt

Ct. 2500We| & e E1f 2500We| o1 g ¢ &S 7HXH & MOol= otX| H¥=Ct

The control loop that implements this specification has a number of attributes. These are held in a
file in the model and both the interface and the model contents report uses a standard reporting

convention to describe control loops (see next report fragment):

ojgigt §5& sdst= ZHEE FZ= B2 542 7HX1 AUALE O|AS2 ZE 2ro| MU0 A
o 7- 7

87| {I3t0] standard

mu
r&

[

i

H

[m
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>x

rir
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The model includes ideal controls as follows:

Control description:

Ideal control for dual office model. Weekdays normal office hours,
saturday reduced occupied hours, sunday stand-by only. One person per
office, L00W lighting and 150W small power.

Zones control includes 1 functions.

this is a base case set of assumptions

The sensor for function 1 senses the temperature of the current zone.
The actuator for function 1 is air point of the current zone

The function day types are Weekdays, Saturdays & Sundays

Weekday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 3 periods.
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Per|Start|Sensing |Actuating | Control law | Data

1 0.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling
capacity 2500.0W min cooling capacity 0.0W. Heating setpoint 15.00C cooling setpoint
26.00C.

2 6.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling
capacity 2500.0W min cooling capacity 0.0W. Heating setpoint 19.00C cooling setpoint
24.00C.

3 18.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling
capacity 2500.0W min cooling capacity 0.0W. Heating setpoint 15.00C cooling setpoint
26.00C.

Saturday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 3 periods.
Per|Start|Sensing |Actuating | Control law | Data

1 0.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling
capacity 2500.0W min cooling capacity 0.0W. Heating setpoint 15.00C cooling setpoint
26.00C.

2 9.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling
capacity 2500.0W min cooling capacity 0.0W. Heating setpoint 19.00C cooling setpoint
24.00C.

3 17.00 db temp > flux free floating

Sunday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 1 periods.
Per|Start|Sensing |Actuating | Control law | Data

1 0.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling
capacity 2500.0W min heaing capacity 0.0W. Heating setpoint 10.00C cooling setpoint
30.00C.

Zone to contol loop linkages:

zone ( 1) manager_a << control 1

zone ( 2) manager_b << control 1

zone ( 3) coridor << control 1
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The contents report parses the data associated with each control loop and expresses this as a

short statement.

<
o

HHX 2|mEL 2240 HES Toot HAUE HO|HE 2AsD 0|HS He 2¥oz

—

rok

H

ct.
Some abbreviation is needed because the length of each statement is constrained. The use of
abbreviations also happens in the interface - there is not enough room to display many words so

the menu presents numbers and echoes the longer phrases in the text feedback area.

=dE Msste Hlof Aol &F Zo| o] 7| = Sl= Mol 7| WEo BF
=

AA
ot 0| QRECH %ate A2 QIE{HO|A0A EB 2 4 9t - B2
(o2

H =
23t 2710| OO Olfe £AE LEHYD HAE oW ZZH0|M O 71 BROR LEEHHC

Each control loop is divided into sections that describe the sensor and actuator as well as data for
each period in each day type. What you might notice is that there is repetition of the capacity
information at each period. The data structure allows all attributes to change at each period
although most models only alter set-points. Notice that on Saturday, the last period of the day

uses a different control law to signal a change from controlled to free floating conditions.

2tzto| 71EE R 247ko| day type QHO|A2| 2t2to| 7| 7ho| THH CO|E| o O]l MAjet
Wele SEO= LHO|TICt 2tzto| 7|Zho| M2t 8% HeJ} BHEsls A
) O|Ch CHS O] BEO| set-pointBtS HARSOIE 27811, HO|E TEs
2tzto| 7|zto] et RE E40| HBIA Bk £QUS| AL, 32 F2| OX[T 7|z AlA
S &0 AEHOIA free floating AEHZ Q| BIStE 2a|7| $/310] CH2 control lawE ARSI £

stet.

The last item in the report is the linkages between the defined control loops and the zones of the
model. In this case one control loop is defined and the pattern it represents is used in all of the
zones of the model. Note that the description of the sensor and actuator in the above control
loop uses the phrase in the current zone.

2 ZEO| OIX|T L|8S HolEl 7HE

—_ ——

EE RS 22O £S5 Ato|e] HZ gt HOoIth X5
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ofdlel B0 stLte] HEE Bt Folk| 0|Z0| LiEtL= HE2 Z&Eo| 2 ES0M O

SEICL 9o AEE B 2o MAMet f1&7|(actuator)Off LS A2 X2l & AoM2] &+
£ Ar8elttt= A FEstet

The column in Figure 7.5 marked day type allows the user to implement different control actions
based on the concept of day types. A hospital emergency room is a classic example of a single

day type. Often it is convenient to treat weekends differently from weekdays and ESP-r offers this
option. Day types can be used to define, for example, a different control pattern for each day of

the week, but doing this for a period longer than about ten days is impractical.

Figure7.59| day typeO|2t2 EA|Zl FOM= AFRX}7t day typel| 7HE0| 2} CtE HEES £
W 4+ A=Z SECH A STAUL single day typeo| HEHQI of7t HCh FF FUS
ol
=

Ct2A CHRE= A0l HE[5tH ESP-r2 0]2{et M43 M-St QUCt Day type2 o F 240
A

f
2ol 2o M2 CHE HEE miEHES Z28Y o 0/8Y + A=, oS 10¢ ol 7

x

Work is underway to link the concept of day types to the calendar of the model. A holiday day

type could then be assigned to specific days of the calendar.

day typeSo| JHHS BHo| 2O MW AW & A=E st Felo] IY Fock o] 7|50

of

AXN
Ne £29| day type2 20| S L2 XFY + UL Ho|ck

To explore how this basic control appears in the interface go to browse/edit/simulate -> controls

-> zones and the interface will look like Figure 7.5

Of basic controlO] QIEE|O[A QHOA] O{EA 2OX[=X|E HEHE7| {50

browse/edit/simulate -> controls -> zones2 7}H figure 7.52F Z2 CIHLO|AE & = UL

There are menu items for describing the included controls, linking specific controls to specific

zones in the model and managing the controls (add/delete etc.), checking controls and saving the
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control definition to file. As with other facilities in ESP-r, documentation is an integral part of the
model. Working practices should enforce documentation to set the context of the many arrays of

numbers that make up control loop definitions.

o S50= L2l 22 AS0| AUCH =St U= HEES BASHE A, 23 oo £3
=0 £ HEES 9%t A UEES T XSh= A(add/delete etc), HEES MASt= A,
2213 AESol YOIE MAZ MFSHe 20| ULk ESProl THE J|522N, B4 K27t 29
of 4ol HEO|CE Mel HEE 2To| HolE TAI U= UL A HAS M|
2stol BMRIRE MEsHo} BT}

| Controls

a control focus »» zones

b dezcription: Ideal control for dual offi
o dezcription: thiz iz a base casze zet of
il loops 1

d link loops to zones

cntll sensor lactuatorlday Iwalid [period
loopllocation! locationl typelduringlin day
1 0 0 0 0 0 owkd 1365 3
Sat 1365 3
Sun 1365 1

—+

w

add/deletescopy control loop or day type
list or check current control data

zave control data

help

exit thiz menu

3 —

T
Figure 7.5 Top level zone control menu.

The is a centre section of the menu which allows access to the specifics of the each control loop.
On first glance it is difficult to make sense of the numbers and abbreviations. The three numbers
under the sensor location column and the actuator location columns define the specific location
based on user selections. Selecting the control law brings up the choice of sensor details, actuator

details, period of validity and period data.

£ 2ol EYE0 M2 4 UEE HFE HFO Y RRoCh R0 BS

AXES LOLET|7F 0{2{E 4= UL} Sensor locationl} actuator location E2| Of
E

= Ml =Xtz ALEAIS] MElS HtEo 2 FoiTl £ /XS FLlBtL,. Control laws M
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Each control loop has one defined location for its sensor (although some control laws will
supplement this definition) and one location for the actuator. There are a number of choices for a
zone control loop sensor (shown in Figure 7.6). Once you select the choice and answer some

supplemental questions the three indices are generated.

2Zto| ZIEE RFos AME I StLte| Z2EE /IXIE 7HX2(RE control law= 0] 2 S

i

ZtEICE & HEE B A0

— — =

T&7|(actuaton) & @Iot StLEC| AH™El (K]
CHgh Bf2 MEHO| QUCHFigure 7.6 & =x). YT A0 MEHS st & J49| F=T7HHQl AHE0| CHE

M 7iel 50| 4dE AOo|Ch

fone sensor

a =zensez cur-ent zone db temp
—| b =en=ez mix of zone db temp and MRT
sgnzes an ambient condition...
dry bulb temperature
zol-air temperature (not for flow)
wind spezd
wind dirsction
diffuze torizontal solar radiazion
direct narmal solar radiation
external relative hum:.dity
references temporal file item
uzes value from function gererator
changez thermophyzical properties

— F = D h @O0

o senses Ltemo in @ specific zone

? help
- exit thiz wenu

Fiqure 7.6 Sensor choices.

There are two choices senses current zone db temp and senses temp in a specific zone which
need clarification. Some controls are generic and could be referenced by many zones. If you have
a control that senses conditions at specific surface then the latter is needed. There are some
control laws that also require that a specific zone be identified for the sensor and actuator

location.
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Some models will be able to use generic control loops and other models will require separate

control loops with specific location information for sensors and actuators.

HE DE2 LEEQl control loopsE ALEY = U1, DX @2 CHE ZES2 sensorlt
actuator®| EX QX| MEZ 77l £2|=l control loopE TR E & Z{0|C}

And you can also define control loops which are not linked to any zone in the model, but which
are available as alternatives to link to at a future point in time.

Jgld SXh= EP DUl ofH ENE HZALX| @2 control loopE Fod =& U2LL, 1

control loopi= OJ2fo| Of AJFO|N @Zo| Cjotoz 0|8 7Hs3iLt

The references temporal file item allows you to associate a sensor with time-step based data e.g.

from an experiment.

AHZO| UA| mY2 A7 MY Zutet 22 OO0 7|Et5H0] time-stepOf sensorE EA|Z
= JEE o}

There are fewer choices for the actuator of an ideal zone control loop.

Ideal zone control loopQ| actuator0f CHoH MEHES HE XL}

—

Unlike other domains which might control two phase flow or a damper position, a zone control
either adds or removes flux from a node within the simulation solution matrix as shown in Figure

7.7.
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2¢9| S 50| HEHO| fXE MAY = A= CHE Yt |, figure 7.70|M EO[= zone

=
control2 simulation solution matrix LIS A =EZ2EEQ| HEES HSIHLL K| 7{SHCT.
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— (| & at current zone air poirt
1| b nix o corvect.on aid rediation
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d air point ar surf ia marager_a
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foair puinl or ozt iocor idore

Y ohelp
- exit this menu

Periods (Figure 7.8 and 7.9) are defined by their start time and the control law to use during the
period. Control logic is used until there is a subsequent period statement or until the end of the

day (which ever comes first).

Control 7|Zt2 A|ZF A|ZtD} control B X0 Q|810] ™O|=ICt O control 7|22 CF29Q| control

7|Zk0] LIEFLEZ| M s OEo| EMA| HE &L,

Some control laws have few attributes and other have upwards of twenty attributes.

HH MO BH2 £90| 7ol glen, thHE Mo 8A2 2071 ojdel £d& 7t Utt

7.4.2 Interpreting control predictions

The winter performance of this model should indicate rooms are controlled during office hours
and a set-back temperature is maintained overnight with a free float from late Saturday till early
Monday. Most of these expectations are confirmed in the performance data included in Figure

7.10.

= REOl AHE U9 452 =F A 3 MOEH, otF0= set-back2rz FX||H
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O &2 figure 7.100] Z2tE ‘95 GIOIHO|A =QIEICE

Note that the set-point in the two offices is maintained or slightly exceeded on most days and
the night time temperature drifts down to the setback. The corridor is warmer than the heating

set-point and even reaches the cooling set-point for a few hours.

T APRAO| HF T} 51RO LIEE AIZHSOH RXIEILL %47t £ |XIED OfZto] 2EE
setback 222 WOIXIE {2 QUsE BEo| REE WY HFeE WO &1, HXO ¥

AlZ d Y2 MK =25k EC

—

Ol
9
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rir

There are two deviations in the control which need to be explained. Why is Wednesday
sufficiently warm in the room to reach the cooling set-point and should the free-float condition
on Sunday coincide with the warmest predicted temperatures in addition to the expected coldest

temperatures?

Moo 2FE0{0F & FIHX| HAE QUTh +=2Y0= A Fo| 2E7t dYT| 27 H2UA
O
O

EEe e 29 Mo, Ead S| free float =AM 2[7|20] 7ty H2H= 20
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Lib: cellular_bc_winl,res: Resultz for cel.ular_bc winter

Period: Hon-05-Feb@O0h15{1967) to Sun-12-Feb@2ZHd5(1967) : =imB30m, outpuz@30n

Lonest mahager_a

0.0

20,0

++T =2 @0 —

15,04

10,04

o o

5.0

zoridor
binter perfcrmance of basic control

and this?

what. iz th-=%
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Lib: cellular_bec_winl,res: Results for cellular_bo winter

Period: Mom—0E-FebROOK15(1967) to Sun-12-FebBE2Zh45(1967) : =im@30m, outputEZ(n

fones: manager_a

coridaor
Winter =zaolar and environmental contraol lqﬁg%fW?LijkM

—L1400,00
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=
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Libt cellular_bc_winl.res: Results for cellular_bc winter
Period: Mon-0E-Feb@OOWIG(1967) to Sun-12-FebR23h4G(1967) + =im@30m,
Zone zenzible load (ki)

Description fa imum finimim
valug  ocourrence valug  ocourrence
manager _a 0,52775 08-FebROEh45 -0,7I06E 08-Feb@llhdh
manager_b 0,52753 03-FebROEh45 =0,79104 08-Feb@llh4h
coridor 0,06318 08-FebRO7H15 -0,16820 08-Feb@l4hlh
All 1,1181 08-Feb@iEhd5 -1,6361 08-Feblllhd5

Lib: cellular_bc_winl,res: Results for cellular_bc winter
Period: Mon—-06-FebROOK15{1967) to Sun-12-FebB23M45(1967) : =imB30m, outpud

Zone total senzible and latent plant used (kbhes)

fone Senzible heating Sensible cooling Humidification

id name Energy Mo, of  Enerogy Mo, of  Energy Mo, of

(klbes) He rqd CkWhes) He rgd (kbbes)  He rod
1 manager_a 13,78 102,50 -2,93 7.0 0,00 0,0
2 manager_b 12,78 102,56 -2,93 7.0 0,00 0,0
3 coridor 0,23 ¥.h -0,32 7.0 0,00 0,0
All 27,79 212.% 6,73 21,5 0,00 0,0

Strategies for what-else-do-I-look-at are covered in Chapter 10. Essentially, we are looking for
something that is happening at the same time that might cause the thermophysical state that we
are trying to explain. Those with experience will have opinions as to the usual suspects.

W7t 2= Z(what-else do I look at)of CHSF M2F2 10&O0|A CHREOl ZICH 2EXNOZ 22|

rir

o

2|7t 2otk otz E=EleH HEIE OF7|AIZIH O Asah SA0] Zdst= of A
o

mjo 0

= —
X AY Qe AIRES B3| RS & Qs S0 Cf

= [== RPN

rot

oHES }E 4 YL

_

In the case of this model, the lightweight construction and the large area of glazing would
suggest that one of the usual suspects for overheating is solar radiation. The graph in Figure 7.11
shows that there is a peak solar occurrence that coincides with Wednesday and Sunday. One

might conclude that these offices are sensitive to solar gains.

EE 2 tel peak?t ZdsHE A=
HOlELh 2 MFE2 gA Fotof RsiCin 22 UWE = QUCE

If we want to evaluate the capacity required in these rooms we can use the Summary Statistics ->
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heat/cool/humidify report which is reproduced in Figure 7.12. The information in this report
should be used in conjunction with the early graph when considering the capacity needed. The
statistics provide a value and a time of occurrence. As in most buildings the peak condition
happens at different times in different rooms. The total is a diversified total which is based on the
simultaneous peak rather than a summary of the individual peaks.

ofop 9@zt = MojM WRE e SUS B

—_

N
o
ot
=

SECHM  figure 71200 EOX|=
Summary Statistics -> heat/cool/humidify reportE& At2% 4= QUCt TQ 82F A A| Reportdt9|
HEs O ol dsfjz=et ZAEE0f AEE0MOF othf. SAl= S40] Zdst= AlZtat O o
US MSotoh tiRE2l HS0M peak =2 CHE HOf

peakgio| etO|2t7|ELt= SA| peakgtof 7|gbet CHFSH FEO|CY.

The graph is important because the shape of the response of the environmental control allows us
to better interpret the statistics as well as providing an early clue as to likely equipment choices
or architectural interventions. The heating pattern is an early morning peak which rapidly

decreases. The cooling demand is also a brief peak which decreases over several hours.

g =+ 7| WE2O|ct e TE2 O OtHOoll peakgts LtEtLDR 525| ottt dof st
f7E FAHSQ peakgfE LEfLD R A[ZHO| 2N ZAotCt

In this case there not a sustained demand for either heating or cooling. The graph indicates a

classic pattern for which there are several classic approaches.

= BR0e XHHQ 2 £= QLo tiet 277 Stk d2zs HEHO| M HIHO|
VS

The other report which may be of interest is the energy demand over time which is found in the

Enquire about -> energy delivered report (Figure 7.13).
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CtE2 = 0|Qe= report= Enquire about -> energy delivered report O|AM EOX|= A|ZH0]| ZZ
Ol 4 X] +=R0|LC}.

In this report is the heating and cooling expressed in kWhrs and the number of hours that
heating and cooling were active. Those with experience will be looking for options to deal with
intermittent system use. There are stand-by costs and start-up costs which may need to be
considered. Where the average rate of delivery is considerably different than the peak then there

are a number of classic approaches which experienced practitioners will want to begin to consider.

2 reports LHUTH WHS kWhisE EHS0 Ywo| oLk AlIZHE LEHACH ZFEO| Uk
AES ZHEXQl NAH ASS CHR7| 9i8h M2 &A| © ZO0|Ch 13{E/0{of 2 stand-by

a a
81t start-up H[EO| UL} Fw O|F H[EO| peakgtlt &&3| HHE XM= B0l U=

n
5

o o
SAAZE AB45h7| AASe A |dotes w2 TENHQ Y2YO| AL (Where the average
rate of delivery is considerably different than the peak then there are a number of classic

approaches which experienced practitioners will want to begin to consider.)

If we turn our attention to a typical spring week we find that in Figure 7.14, there are few hours
that heating is required (briefly on Wednesday morning and Friday morning) and, depending on

the temperature outside, quite a few hours when cooling is required in all rooms.

Figure 714014 927t st MYHel B 7|20 FoIE JlgATy, ol BeR HE

—_

AMZb2 Aol gla(=¥ Ol 8¢ otdo &7 27l 220 oJESH0 2 AlZ SQ

— —
2O M dgo| Zasict

The graph in Figure 7.14 indicates that there are only brief requirements for heating and there is a
short time between the demand for heating and the demand for cooling. This poses several
issues for the design team. An experienced practitioner might consider several alternative

scenarios for spring:

17 714 J3EE WS 9leh DA S Q700 U S LIED YD, HY 27725 Y

o
4 277|Zt Atojof 2 HO|7|Zho] ASS & 5 ALK O|AH2 AXHENMAH A2 7HX| Olf =

ﬂJI



= YAISHCE B0l B2 AE2 & 7120 o7k AlLt2| CHeRSOo CHoiM 12 & ZO|Ct.

» disabling heating other than as a frost protection on days that start above 5C.

« FU0E HES XML, SLERE 28 5°COStoA = )

» altering the area of glazing to limit the solar radiation entering the room

. Yoz YNEE EBYBAURIS HeHe| Yo felol HHE Wy

=

* adding an outside shading device to moderate solar radiation falling on the facade

« A=SUzZ YAEE ELFMUHXIE =H=517| {3 2R xHFE F7heh

* adding internal mass to the room to reduce the rapid change in temperature.

o AR29| ZATt B3E F0[7| ol ¥ M0 LHEOjA(internal mass)E F=7t+et

The pattern of the corridor is also after the control period indicates that there is excess heat
stored in the fabric of the corridor. On warm days (say above 15°C) the subsequent day finds the
corridor temperature just below the cooling set-point. It is likely that this pattern will also be

found in the summer and thus cooling will be required from the start of business.

Ch. 23tet E(EHoz of7|5t= 15°C Old) Lt & O, |2
b efzh ofgf =X oM s AS

E7|¢E DI 2 2E LD W2t O 0= YFAINEE dY0o| 2asdstA ECt
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Once a model exists the marginal cost of testing ideas drops. It takes only moments to run
focused simulations. It also only takes moments to use the results analysis module to generate

and capture a sequence of graphs. Such patterns of performance can be valuable feedback to the

design process.
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In the early chapters of the Cookbook the planning process included a review of climate patterns
and if the selected periods are included in the model then it is easy to re-run assessments as the
design and the model evolve. Experienced practitioners use such techniques to support interactive
explorations.

Cookbooke| FHEIE MESO= 7|2 IjHE HESHE A= €0l ZoEof D, HEE A&

o
=
ofojd 7|ZhS0] 20| = AT 4

Aet REO| Tstojof M2 AlZ2fold BIHE
dtEdqoz A= Aol A =tk BHO0|l B2 MEAE HYHE2 ZHAkinteractive
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Libt cellular_boc_zpr,res: Results for cellular_beo
Period: Mon=17-fApr@00H15(1967) to Sun-23-AprE23hd45(1967) @ =im@30m, outputE30m

++ 0 =2 @

Lo RV s (]

fonest manager_a coridor
Spring performance predictions
20,0
heat stored in coridor
28,0
20,0

15,0+ night chill

10,0+

0,0

I I I I I I I I I I | I I ]
012 24 35 43 B0 Y2 84 95 108 120 132 144 156 163
Time Hrs

Figure 7.14 Spring performance predictions.

Lib: cellular_bc_spr,res: Results for cellular_bc
Period: Mon—17-Apr200k15(1967) to Sun-23-Apr@23hd4501967) : =imB30m, outputE30m
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Figure 7.15 Spring switch from heating to cooling.
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7.5 Controls implementing boundary zones

One of the strategies of the Cookbook is the use of focused models. Models which represent a
portion of a building are predicated on robust boundary conditions. A classic case is a office
building with a suspended ceiling which acts as a return plenum and which has gains from ducts

and pipes and lighting fittings. Below the occupied level is likely to be another ceiling plenum.

Cookbook?| H2f & dtLt= YR ZHOIZ =FHO| HF0H U= FEZES A8SI=
ZOITh. 7180 YRE UEfE oY A

o #HO|AL return plenumeZ EEE|T, , ZYC2RE EZ 2 S5t= suspended
ceiling®| AtREA HEO| QUCH IjAZZH df X Zydo| fle de

7t BCh

The temperature in the ceiling voids will tend to deviate from the air temperature of the occupied
space. Thus the standard boundary condition of dynamic (similar) which is offered by ESP-r is less
accurate than the boundary conditions provided by a fully described zone.

Ceiling voids?| 2k IAHStD U= 72| 37| 2Eet= CHE Zd¥S 29 O[Tt ESP-rof| A
Mot Ae #EHQ FAZAC dynamic(similar) =2 S5 MESHA 7|&& Z(fully

described zone)0f| 2|3l MS&l= BA =HELE =7 HO{TIL

Indeed, if the design question focused on whether a night purge of the ceiling void might provide
useful structural cooling, the boundary condition above the suspended ceiling is critical.
One technique to reduce the number of fully defined zones is to define an abstract representation

of the lower ceiling void as well as the upper occupied space as in Figure 7.16.

M2, gol| Ceiling voidse| #3515 HAHst= A0l #MAZLS MSot= AA7t0| s A
(=2f) Zele| =70| &3 TICHH, suspended ceiling 9|2 A =2 2% AFg0] & ZAO|Ct
Szol MESHA FelE Eo 7i+E F0|7] flet stLtel HAY2 a8 7160 20jX[= Hiet

=
20| MmBo| YUBZ O OFL|2t Of43F ceiling voido] 2N RHYS Yoot Ho|ck
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If the occupied space and the ceiling void above it are well represented we can use a control law
to force the lower ceiling void to follow the predicted temperature of the well represented ceiling
void. We can define another control which take the mean temperature of the manager_a and
manager_b rooms and conditions the upper low-resolution occupied space to follow the

predicted temperature of the defined occupied space.

e

otoF MAZZHa O 29| ceiling void7} & ZREZO| HLOHH o2, O A Host ceiling
voidZ} M| ceiling voidOj| A O &El= 2EE M2I7HEE St MO ZAE ALY & Ut 2
2|= manager_a?l manager b 7te| B 2L E FII=F St £ CHE MO E Hog =k
AL, IHHESZH 45l 7tESHA Folgh E CHE TASZHO 437t QIS Zhel 2 =7t FolE

f

>

=
UM AutEls 228 2R =3Y = AUCL

=
OH

The approach is as follows:

* Create a basic (ideal) controller for the occupied space manager_a which is the same as

that used in the previous example.

.
>
=

o 32 managerag et 72Xl HMO7|E§ TECL O[A2 OfF 0|2 MEER

=
SANL

n
ol

&St

* Create a variant of the manager_a controller for manager_b which uses a smaller dead-

band.

e HC} Z2 H2|9| dead-bandE At23l= manager bE |3t X 0{7|= manager.a =
m}

oto] BHECH

* Create a control law for floor_below which uses an ideal temperature match controller

which pays attention to the current temperature in ceiling_above and forces floor_below
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to the same temperature.

* ideal temperature match controller& A}F23}0 Ceiling_abovel| #HX{2 = E floor_below

of eEEOE YHE FEE St HO[HWOIS AMBICE

* Create a control law for boundary_up which uses an ideal temperature match controller
which pays attention to the current temperatures in manager_a and manager_b and

forces boundary_up to the mean temperature.

* ideal temperature match controller§ A23}0f manager_a?t manager_bo| Qto| HHIY2

SO BRREE 9 37 2EX0E YHE FE=E ot HojYee My

[ O O

To demonstrate the temperature match, the temperature in boundary_up is show in Figure 7.17 as
the mean of the current temperatures in manager_a and manager_b. The use of a mean
temperature of several rooms for the boundary condition above the slab is one approach. If there
are substantial differences in temperature expected it might be necessary to create multiple upper
boundary zones. For those who are attempting to push the boundaries of simulation such

flexibility may be useful.

2571 OfX[(match)E|l= AE S| 510 boundary_upl 2%=7} manager_all manager_b
7

of #X =0 BRo2M 13 7170| HOiTICL £2t8 99| FA IUS AT T U Yol F
o

r

w220 AFE2 ofLtel F2EO| =t Trero| et ol 2=X0[7F QUEHH multiple upper

2
o r
e
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fo
0z
o

boundary zonesg Tt W4 oIt ojyfst s&8EE &3t AlZY0|Me BA

—

=
ZUE I Z AEdts A2 20UA=(FED) Lotk
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South elev ofy Two adjacent cellular offices with upper and lower bounding zones

4 This zone controlled to mean
boundary_up ~=—— temperature of manager_a &
manager_b.
ceiling_aby
3—
- Manager_a & Manager_b
2 controlled to slightly different
u setpoints.
P manager_a ridor manpoer_b
1_
iy This zone controlled to the
Floor_below - .
temperature of ceiling_abv
| 1 1 I | |
0 1 2 3 4 5 [
East {m} >

Classic issue in simulation: definition of dynamic boundary conditions while limiting model complexity.
Approach is to create simple thermal zones above and below the focus of the simulation. In this model
the suspended ceiling (ceiling_abv) is free floating and the bounding zone (floor_below) is controlled

to track its temperature. Bound.lr\ _up is controlled to the mean of man: ager_a & manager_b. This model
could easily support questions about a night purge in ceiling_abv and the - structural slab would have
appropriate boundary conditions.

Figure 7.16 Bounding control logic.

The summary report of the controls are listed below:

Control description:

Ideal control for dual office model. Weekdays normal office hours, saturday reduced occupied
hours, sunday stand-by only. One person per office, 100W lighting and 150W small power. Tighter

setpoints for manager_b (so the mean control in boundary_up works).

HMofof CHet Q92 nE ofefet Zot

HMof 29

7 2OA ZES ot O[YNY Mo Y LM ALRH AZL EQRYES A0 EY
X1, e x{ARIIL QiCHstand-by only). THQ| AFRAO|A Bk ApZtE, 100WO| ZHub 150W
o 7|7|'ZE0| AL Manager bE ¢let A ZQIEE [ EfO|ESIAH $HCh(A2{A boundary_upof

M B mHolg s

Zones control includes 4 functions.

The floor_below zone is controlled to the temperature of the suspended ceiling zone (to act as a

- 201 -



boundary). The boundary_up zone is controlled to the mean temperature of manager_a and

manager_b.

47X 7|52 =gt &2 Hof.
Floor_below && suspended ceiling zone2| 2= 0| M2} MO ECL(EAAETHSZN IS 17|

2151%). Boundary_up =& manager_a®?t manager bQ| B+ 2L 2 X O =ICt

The sensor for function 1 senses the temperature of the current zone.
The actuator for function 1 is air point of the current zone

The function day types are Weekdays, Saturdays & Sundays

Weekday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 3 periods.

7|5 12 /g MME SX &9 28 Mttt
7|5 12

HSAZl= 7IE2 &M &9 air pointO|Ct.

Function dayQ| ¥Ej= T, EQA, A 0|Ct

T2 Mol= 19673 13 1Y L U0M 128 31 LQ UMK 37tX| 7|7tz HiSHE Ch
Per|Start|Sensing |Actuating | Control law | Data

202k 7 AE 7 AE B 7 Mol Y / HlolE

1. 0.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity

2500.0W min cooling capacity 0.0W. Heat setpoint 15.00C cool setpoint 26.00C.

1. 0°C AF2E > flux 7|2 HO|
712 Hof : AT L ALY 25000W, A4 g PRI 0.0W, ACf WY PRI 25000W
S 2

2
o
A e A2 0.0W. HE AYer 15.0°C, dE M¥ex 26°C

2 .6.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity

2500.0W min cooling capacity 0.0W. Heat setpoint 19.00C cool setpoint 24.00C.
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2.6C AT L > flux 7|2 | of
712 HOof : xof ek FE&2F 2500.0W, XA HE FEEF 0.0W, X|Cf A8 HEZF 2500.0W X
<

=
A dH A2 00W. i MYer 190°C, Wt MERT 24°C.

3.18.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 15.00C cool setpoint 26.00C.

3.18°C AF2E > flux 7|2 H|of
712 Mof - At} =Y @& 25000W, & ol 2
X

22F 0.0W, F|Cf Het g82F 2500.0W %
A Wy Q22 00W. Y MH2E 150°C WY MHLE 2

6°C.

Saturday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 3 periods.

EQ% Mo= 1974 138 1¢ 220N 128 312 LR UINX| 37tX| 7|ZHez YJECh

Per|Start|Sensing |Actuating | Control law | Data

P EARVARN k= A L= BVARS s SRV AR (1 k== IVAE 812

1 0.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 15.00C cool setpoint 26.00C.

1.0°C H7eE > flux 7|2 Mo
712 HMof : x|of g & 2500.0W, (A HEE EEEF 0.0W, F|Cf HgE HEZF 2500.0W Z|
NHMQE

o
A ek Fg2F 0.0W. HEF A2 E 15.0°C, e d™2E 26°C
2 9.00 db temp > flux basic control
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basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 19.00C cool setpoint 24.00C.

2.9°C AFRE > flux 7|2 Hof
712 HOf : X|CH eb Hg82F 2500.0W, XA et

T 0.0W, x| Het HEF 2500.0W %
4 WHHb glgar 0oW. HE AL T 19.0°C, Wet MH T 24

o
5 24°C.

3 17.00 db temp > flux free floating

3.17°C AF2r > flux XAI| 85

Sunday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 1 periods.

2R g MHoj= 1967E 18 1€ LQU0M 128 312 LR ENA| 17tX]| 7|Zte2 USECH

Per|Start|Sensing |Actuating | Control law | Data

P EARVARN k= A L= BVARS s SRV AR (1 L= WVAE N 1=

1 0.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 10.00C cool setpoint 30.00C.

1.0°C AFeE > flux 7|2 Ao
712 MOof @ ZCi e HEFF 2500.0W, x4 et HEZF 0.0W, ZOf W FEE 2500.0W Z|
Mo 3

o
A Heh dg2F 0.0W. i dF=2E 10.0°C de A™2E 30°C
The sensor for function 2 senses dry bulb temperature in floor_below.

The actuator for function 2 is the air point in floor_below.
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There have been 1 day types defined.
Day type 1 is valid Sun-01-Jan to Sun-31-Dec, 1967 with 1 periods.

7|s 28 fIst MM floor_belowZEQ| AT 2= & FHSICL
715 28 AsA7|e 7|22 floor_belowQ| air pointO|LCt.
=

AlE2{0]4d2 1 dayO|LCt.

Day type 12 1967 18 1 L2 A0|A 128 31 L AN}IK| 1F7|0|LC}

Per|Start|Sensing |Actuating | Control law | Data

2028/ AE 7 AE A 7 Mot E / H|olE

1 0.00 db temp > flux senses dry bulb tem
match temperature (ideal): max heat cp 2000.W min heat cp 0.W max cool cp 2000.W min

heat cp 0.W Aux sensors 1. mean value @senses dry bulb T in ceiling_abv. scale 1.00 offset 0.00

1.0°C AFLE > flux A HAF 2%

DD LR FRE 2000W, A4 L AR OW, AT Wu dg

~

OHX] 2204l A
2000W, X2 et 282 OW

Aux sensors 12 offse 0 X|H, scale 12 ceiling_abvo| AR 9| WA ESH3IC

_

The sensor for function 3 senses dry bulb temperature in boundary_up.
The actuator for function 3 is the air point in boundary_up.

There have been 1 day types defined.

Day type 1 is valid Sun-01-Jan to Sun-31-Dec, 1967 with 1 periods.

7ls 38 st MM & boundary_upl| AT 2= & MABICH
715 32 &sAZ|E 7|22 boundary_upl| air pointO|LCt.
=

AMlzef|0]d2 1 day7t o= RACt.

Day type 12 19671 12 12 AQA0|A 122 312 YQANK| 17HX| 7|7t 2 YUSEIC)
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Per|Start|Sensing |Actuating | Control law | Data

2028/ AE 7 AE A 7 Mot E / H|olE

1 0.00 db temp > flux senses dry bulb tem
match temperature (ideal): max heat cp 2000.W min heat cp 0.W max cool cp 2000.W min heat cp
0.W Aux sensors 2. mean value @senses dry bulb T in manager_a. & senses dry bulb T in

manager_b.

1.0°C AFLE > flux A HF 2%

OiXl 2=(0l¢Hel 2=

~

DA WY S 2000W, A4 HY ST OW, D WY ISY
2000W, E|A Ltdl HE2F QW.

Aux sensors 2= manager_al| 7472 % Zfat manager bl| AR L2 X Zio| WAL =SHBICt

The sensor for function 4 senses the temperature of the current zone.
The actuator for function 4 is air point of the current zone

The function day types are Weekdays, Saturdays & Sundays

Weekday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 3 periods.

715 4E flet M= current zonel| 2 & L.
7ls 48 EsA7|= 7|F2 current zoneQ| air pointO|LC}.

Function day?| YEjl= EY, EQY, A AUAZ HO|L|JALCt

Y Hols 19674 18 12 LR UM 128 31 LR YK 37tK| 7|ZtO|L}.

Per|Start|Sensing |Actuating | Control law | Data

2128/ AR AY 7 AS 7 Molg i / HIOolH

1 0.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
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2500.0W min cooling capacity 0.0W. Heat setpoint 16.00C cool setpoint 26.00C.

1.0°C AFeE > flux 7|2 Ao
712 Mo :oxch 2 E8T 2500.0W, x4 HE EETF 0.0W, Ao e E&TF 2500.0W X

[e: k=2
= O
A WE 22 00W. L MELET 160°C, WY MFELL 26°C.

2 6.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 20.00C cool setpoint 23.00C.

2.6°C AFeE > flux 7|2 H o

712 MO : EFCy HEE G822k 2500.0W, XA HEF D22F 0.0W, X0 Wel G82F 2500.0W %]

4 Y YBY 00W. Y HYSE 200C WY HYSE 23C

3 18.00 db temp > flux basic control

basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 16.00C cool setpoint 26.00C.

3.18C A2k > flux 7|2 Hof

7|2 A0 : ZF|CH ctEb @E22F 2500.0W, XA HEF F22F 0.0W, X|Cf dHul F82F 2500.0W %
A et Hg2k 0.0W. i -2 E 16°C, WhH ™2 L 26°C.

Saturday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 3 periods.

EQY Hoj= 19674 18 19 LA 128 31 A ANKX| 371X 7|2t 2 S EICt

Per|Start|Sensing |Actuating | Control law | Data
2127 AE S AY S AS 7 MO’/ HIolH

- 207 -



1 0.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 15.00C cool setpoint 26.00C.

1. 0°C A7L2E > flux 7|2 Hof
2

712 MO : EFCy HEE G822k 2500.0W, XA HEE D22F 0.0W, X0 Wel G82F 2500.0W %]

A ek AZF 0.0W. Y MFP2L 15°C, dY 4F¥2L 26°C.

2 9.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
2500.0W min cooling capacity 0.0W. Heat setpoint 19.00C cool setpoint 24.00C.

2.9°C ARLE > flux 7|2 R|of
2

7= Hof : x| oy & 2500.0W, X oY FEF 00w, A0 4L EEF 2500.0W Z|

A 4 ASY 00W. Y MFSE 19°C, 4 HESE 4°C
3 17.00 db temp > flux free floating

3.17°C AF2x > flux X8 85

Sunday control is valid Sun-01-Jan to Sun-31-Dec, 1967 with 1 periods.

YUY ROl 19674 12 12 YUK 128 31Y YQYNK 174X 7|7tes YSEC

Per|Start|Sensing |Actuating | Control law | Data

2128/ AR AY 7 AS 7 MolgE / HIOolH

1 0.00 db temp > flux basic control
basic control: max heating capacity 2500.0W min heating capacity 0.0W max cooling capacity
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2500.0W min cooling capacity 0.0W. Heat setpoint 10.00C cool setpoint 30.00C.

1.0°C AFeE > flux 7|2 Ao
712 HMof . xof e EE2F 2500.0W, x4 HEb FEEF 0.0W, Z[COf e HEF 2500.0W |

(o]
=
A WHE 2223 00W, W MFLSE 10°C, WY MFLE 30°C

Zone to contol loop linkages:
zone ( 1) manager_a << control 1
zone ( 2) manager_b << control 4
zone ( 3) coridor << control 1
zone ( 4) floor_below << control 2
zone ( 5) ceiling_abv << control 0

zone ( 6) boundary_up << control 3

Hol 2= AZ= 9

Z(1) manager_a << H|0{ 1

rot

= .
— -

iz

(2) manager_b << X0 4
(3) corridor << A0 1

4) floor_below << H O 2
(5) ceiling_abv << HO{ 0

T

i

(6) boundary_up << H|0f 3
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Figure 7.17 Mean temperature in boundary_up zone.

In summary, the flexibility of zone control loops has both costs and advantages. There are
currently no wizards to automate the process so some tasks are tedious. Care and attention to
detail is needed to ensure that the control logic is working well under a variety of operating

regimes.

The advantage of a flexible approach is that the facility can support the early exploration of novel
design ideas. It may also reduce the complexity of other aspects of the model and support scaling
of focused model predictions. And by delaying the requirement for specific details it may allow for

a broader exploration of design ideas during the early design stages.
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Chapter 8
FLOW NETWORKS

This Chapter focuses on airflow modelling techniques in ESP-r:

o overview of network air flow modelling;
o the art of planning flow networks;

o defining and calibrating flow networks;
o control of flow networks;

0 project management.

o HEYA Z7|85(irflow) ZHZ e
o 85 HEYAflow network)e| Azl 7|
o §5 HERIS Ho| % 2F

S HEHAS H o

N E
==

o
40

(@]
I=
il

rk

12|

At the simplest level, air flow within an ESP-r model can be imposed via schedules of infiltration
and ventilation. For example a user could stipulate 0.5 air changes of infiltration for all days and
all hours or a schedule that changes at each hour for each day type. These schedules may be
subjected to control (e.g. increase infiltration to 1.5 air changes if zone temperature goes over
24°C). Scheduled flow is appropriate for engineering approximations, initial design studies and

basic operational regimes.

ESP-r REOM J7|RSS FOst7| flet 7t Hast SEezZE UL &Y 2AAES
28ot= AOItE OE =0 AEAZE T2 3¢ 05 3o Hulgs AEoHALL €8 Al
42 Fulgs 2als 2HES 28Y + US Aotk olgfst AFHE2 MOAE == ALk (o
20| 24°C O|gdez ¢S55tH H7|80| 15ACH =2 HEF) 24 &0| 248E R332 SI¢H
TAL Z=7| CIAtQl AL 2 7|25 2E8YM22 XSt



8.1 Limitations of Scheduled Flow

The critical word above is imposed. Schedules impose a flow regime which may

have no basis in the physics of buildings. This is particularly true in the

following cases:

o

floM 2
ZSEHOZE 2

0

o Where there is strong coupling between heat and air flow, e.g.

wind driven flow

o Where there are highly dynamic variations in ventilation rate, e.g. natural

ventilation

stack and

o Where control strategies are important, e.g. opening or closing windows based

on temperature and/or wind speed.

If these are descriptive of your design then consider flow networks as a way to

better represent the dynamics of flow interactions.

7t AFRXZF CIRHQISH XL St

o
°
LIEtE &= Ues 7S HEJIE 1243}i0F ottt

8.2 Fluid Flow Networks

Fluid flow networks offer considerable flexibility in describing a range of

=
=]

designs and the potential to increase the resolution of models to support

assessments which are dependant on the movement of mass or flux or power within
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a model.
M f& UESRI= Y5 S Aol HRIE 7|l = U2l 22 o T |k,
Z X

AX
npelo] HE0| S&E= B7HE floto] RAQ EEE S7HAZE & Us HHMEHO| AL,

Rather than imposing flows, a network describes possible flow paths (e.g.
doors, cracks, fans, ducting, pipes, valves), points where boundary conditions
apply (e.g. an opening to the outside) and locations where measurements of flow

performance are required (e.g. internal and boundary nodes).

—_

7Es FOY ED oLt HERI= LY TIsT RESER(: & A, ™ HE, Ljoj=
Cl 2 X[ e == A FA

r
Ho

ESP-r's flow network solver dynamically calculates the pressure-driven flows
within zones and/or environmental control systems that are associated with the
network. The flows at nodes are a function of nodal pressures and the
connected components' characteristics. The mass balance at each node is solved
using a customised Newton-Raphson approach. The solution iterates until it
converges and the pressure at each node and the mass flow through each

connection are saved.

ESP-r o] S5 EQ3 Solver & Zone E= HEQ AL UHE SUAXE A|A

I:I
control system)0 M2 2HETL FSS SHE 7ottt LMo fRE2 LEo ¢©F,

kl

BEE THRL SN

—

r

ot ot2 LIELOIZILE 2t LE0Mel =2EY2 L +3E
Newton-Raphson &S ALESHO] ALttt o7t &g W7HX| A L0| BEEDH 2 LE0AM2
& HZE(connection)E &t EHFSO0| MEECE

The solution takes into account the change in driving forces as conditions

within the building and boundary conditions evolve. Information exchange

between the domain solvers ensures that changes in flow will influence

conditions in associated zones, controls, systems and CFD domains within a

model. For example, opening a window on a cool day introduces cool air into a
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zone, which depresses the temperature of the walls which then alters the

buoyancy forces driving the flow.
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Although the flow of air in real building continually adapts to conditions and
self-balances, simulation re-evaluates conditions at fixed intervals. Thus

there is the possibility that differences in temperatures can build up during
the simulation time step which would not be observed in real buildings. This
results in exaggerated air flows, or oscillating flows, especially for large
openings between thermal zones. Thus the choice of simulation time step is a

topic worthy of discussion.

H

2H d=0Mel &7 70 X[HH2z Chefet =dnt A EY0| Wt #Hottole =0t
=
=

A
= o

rir

Alggold2 e A2 =USS ME7ketth ojet Z0| dA H=0M=
t

AlZgo]d EfYAE St 2EXH0|7) 2dY =+ A 7tsd0l AULL o2 ME2 S7|FSE
WAL FE52 HSAZ|IA EH 53] X zone AO|2] AL{jeh 7715 0|A O|2{et HeE0]
detE =+ QUCE olet 20| AlE o] EtFA”e HME2 FR51H =2|F0{0F St= Atero|tt.

Those who wish to know more about the solution technique should look at
publications page on the ESRU web site. For example, On the Conflation of
Contaminant Behaviour within Whole Building Performance Simuilation (A Samuel,
2006), Energy Simulation in Building Design (J A Clarke 2001), The Adaptive
Copupling of Heat and Air flow Modelling Within Dynamic Whole-Building
Simulation (I Beausoleil-Morrison 2000), On the thermal interaction of building
structure and heating and ventilating system (J L M Hensen 1991) are books or

PhD thesis which discuss some aspects of flow simulation.
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SHE Tot= Z1™of ChSE O AfAM[S| A SHCtM ESRU ALO|EC| ZEAtE H|O|X[E =+Qlsh
27| HtEtCL ofE =0, "On the Conflation of Contaminant Behaviour within Whole Building
Performance Simulation (A Samuel, 2006)", "Energy Simulation in Building Design (J A Clarke
2001)", "The Adaptive Coupling of Heat and Air flow Modelling within Dynamic Whole-Building
Simulation(I Beausoleil-Morrson 2000)", "On the thermal interaction of building structure and
heating and ventilating system(J L M Hensen 1991)"Q} Z2 XtE2= {5 A|EH0|M0| &5t H

7t ZHOM =25t e HlE EE gAb=E0[0h

An ESP-r model may have one or more de-coupled flow networks - some describing
building air flow and others representing flow in a hot water heating system.
In models which include separate buildings the flow network can include one or

more of the buildings.

The solver is efficient and thus, even with scores of nodes and components,
there is only a slight increase in computational time. Assessing thousands of
time-steps of flow patterns in support of natural ventilation risk assessments
is one use of flow networks. Flow networks are often used as pre-cursors to CFD

studies.

Sove o 20| Ho|LtSE 44 Jjo| Lo THRAT AL FROE AMAZS o4
Zobe wolct Aeigvlel risk BIIE 9ol 4 EIYAHO S5 WHS EME A=
QEUEYT AgHO dLfolct REUESYIE CFD AR0| UM AEI WHoz I3

AFREICH

The flexibility of flow networks brings both power and risk. The discussion

that follows presents methodologies to help you decide when networks are called
for, planing tips for flow networks and techniques for understanding the

predicted patterns of flow within your model.
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ESP-r differs from some other simulation tools in that it asks the user to
define flow networks explicitly. An explicit description allows knowledgeable
users to control the resolution of the network as well as the choice of flow

components and their details.
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This approach assumes that the user has opinions about flow paths as well as
access to relevant information about the flow components used in the network.
As with the geometric resolution of a model, creating flow networks is as much

an art as it is a science.

of2{gh Yy AEAZL HERIO AHBEE & 788220 et 23 JEE 7M1 UAs &
otH2r #SB 20 Chiet X|40| ACHE 7HF0IIA L2 Z0[C). REo| 7|stetH ol YR =t

FSHER/IE Yt L2 WSO0IRL ol FHolzt & 5+ ALK

Scaling up skills and working practices to cope with the level of complexity
found in realistic projects has traditionally been accomplished via mentors or

workshops. This has limited the deployment of the facility.

2H Z2HENM = + A= ST &S SfZsH7| flgt Scaling up 7|1l Y
ZQALE IS SOAM HiE &= UCks A LetHolt mat =2Sof F 02t
7|2t EX| BCE
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The Cookbook aims to de-mystify the topic of flow networks as well as providing

hints about where the dragons tend to hide.

O] Cookbook 2 E2d A & =+ fl= AMESYod L32E MIY #E Ot}

o
reHEHIS FHE A L21Xt & FH2=R st bt

8.3 Building blocks

The building blocks we can use to define a mass flow network are flow nodes,
flow components and flow connections. The least complex network that the
solver will work with includes a zone node and two boundary nodes connected by

two components (see Figure 8.1).

28 22 f3 UHERIE o W MEsls= LEEFE2 /S LE(flow node) 7S
A4 (flow component), 85 HZQA(flow connection)O|Ct. SHE H5t7| foff 7H& &
4ot HERIE otLte| E(zone) =E F 7|2 f& Tdaat HZEH F el A
TEE 2S5t s ZR0|th (A7 81 HXE)

component component

boundary node zone_node boundary node

Figure 8.1: The least complex network.
Flow Nodes
{8 &£

Nodes in a flow network are measuring point for pressure, temperature and rate-
of-flow. These bookkeeping entities are of four types:

73 HERINM =Es o8 2k 7S 5T%s ?AXH(point)O|Ct. o2t HI7|&82

1

4 7}X| E}QIO|LC}.



o internal unknown pressure;
o internal known pressure (rarely used);
o boundary known pressure (rarely used);

o boundary with wind induced pressure (air only).

o Lol Djx| 3
o Lol eE(o| ABEX| B8)
o A YCIC| AFBEIX 22

o YEO s F& HEFD AR A ES7IFSAUMT AEF)

A flow node has one temperature just as the volume of air associated with a
thermal zone has one temperature. Typically there will be a one-to-one mapping
between thermal zones and flow nodes. Internal nodes can either take their
temperature from a thermal zone or they can be defined to track the temperature
of a specific flow node. Lets call the former real nodes and the latter extra

nodes.

EH ZE(zone)OilM Z7[E02[7} StLte| 2=F M= Al 20| & LEE SfLiS] 2EE
o

o1 X
HEl

N
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Loetdez 2 E(one)lt RE L= AtO[el MY CSO| 7tsd AHOILh W&

[
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H ZE(zone)oM BtLte| 2EE F AL EF RSEEQ 2EE FHY & UARE

(o]
= "1 o
E £ QICt MXE A LE(real node)z} 21 XS A0 L E(extra node)ztn HE27|2
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Wind induced boundary nodes represent wind pressure at one point on the facade
of a building. It is a function of the wind velocity, direction, terrain,

building height, surface orientation and position within the facade. Typically,

a flow network would include a boundary node for each location where air may

flow into a building.

HHEOl Qlgt BALEE A= Qmel o AXFoAMe| SeS HEHE o|H2 S5, S XY,

d==0, BEHY 3 2o uWel IXjof wmat FpRich LEHez FIHE

[X|of CHBHO] BALEES ZRSHA
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Good practice places a boundary node at the height of each opening to the
outside. If you follow this pattern the process of locating flow components

representing the opening is simplified.

Qo Bt Zt JfFRSl =O[oAM FALEES XS Ste A0 F2 HEO|Ch e
AHEALZE of2{eh WS Wt SCHE VR E HEHE ReTdRaS HXSts YRl Hest

Pressure coefficients

JERES

The jargon we use to express changes in pressure due to changes in wind
direction is a pressure coefficient Cp. In ESP-r, Cp values for standard angles
of incidence (16 values to represent 3600) for a specific location are held as

a set.

22|7F S| gsto| ofgt AHHSE BT [ MEdts HEE0= YA+ Cp OILf. Esp-
(0]

=]
rode 58 /XMl BE

ESP-r has a database of Cp coefficient sets for different types and

orientations of surfaces derived from the literature. Lets be clear about this,
one of the greatest points of uncertainty in flow simulation is in the
derivation of pressure coefficient sets. Some groups reduce this uncertainty by
undertaking wind tunnel tests or creating virtual wind tunnel tests via the use
of CFD. ESP-r offers a so-called Cpcalc function to generate pressure

coefficients but it is one of those places where dragons live.

X A=LR0 oiet Cp Al HO[EHO|A~S
cojMoM el B2 2=dY T StLiZE YA
C

FD £ A8t S=dgs S ol



SSAMS Z0|7|E BHCh ESPr £ YHSE MAS Cpalc e 7|52 HEBSHAIL
A2EIO|E L 10| 2 SHAZIe| RSHE S7AF|E Yolo| &7|E Bt

Wind Speed Reduction Factors

zag

oftl
Ip

The ratio of the climate wind velocity (usually at a standard height of 10m)
and wind in the locality of the building is known as the wind speed wind
reduction factor such that

V = Vclim x Rf

Rf is calculated from some assumed wind speed profile and accounts for
differences between wind measurement height and surrounding terrain (urban,

rural, city centre) and building height and surrounding terrain.

QF SHEUH2=Z 10m HEFO0|0AMS ghHt A= =7HQ HES HE2 Lt 2

rlo

S5 dL82 LIEE = ok
\

Rf = &5 =% 7P8X0 2o AMEH &5 58 =0, FEHAZG (AL uel, AWSY),

d==0| W FH XYl X0|§ {otLt.

Wind profiles can be calculated using three different models: powerlaw, LBL,

logarithmic.

Z& Bnl 374X 2 (power law, LBL, logarithmic)& AR23F0] AHAbSH 4= QILCH

Caution is advised in the use of Rf values as the profiles they are derived
from are invalid within the urban canopy. In such cases, it is advisable to
use a small value for Rf in cooling/air quality studies and high values for

infiltration heating studies to represent worst case conditions.
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8.3.1 Flow components

Flow components (e.g. fans, pumps, ducts, cracks, valves, orifices etc.)
describe the flow characteristics between flow nodes. Flow is usually a non-
linear function of the pressure difference across the component based on

experimental and analytical studies taken from the literature.

ESP-r has a set of in-built flow components including ducts, pipes, fans and
pumps as well as cracks, orifices and doors. Generic fixed volume or mass flow
components as well as quadratic and power law resistance models are also
included. Details of the methods used are included in the source code in the
folder src/esrumfs. Some commonly used components (reference numbers in

brackets) are:

ESP-r © S, RO, B ®Ob Ozt HE, MO|Z, W, BZZ E3Y 4EEH 95 748
H

o Power law volume flow (10) can be used where flow is well described by a
power law
o Self regulating vent (11) is a European vent to embed in a window frame which

moderates flow across a range of pressures
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o Power law mass flow (15 & 17) can be used where flow follows a power law.

o Quadratic law volume (20) and mass (25) can be use where flow follows a
quadratic fit.

o Constant volume flow (30) and mass flow (35) are abstract representations of
a fan (can be controlled to approximate variable speeds).

o Common orifice (40) can be used for openings with a user defined discharge
coefficient

o Specific air flow opening (110) has a fixed discharge coefficient and only
requires an area.

o Specific air flow crack (120) is useful for openings up to 12mm wide.

o Bi-directional flow component (130) is useful for doors and windows which are
door shaped where temperature and pressure differences can result in flow in
two directions.

o Roof outlet/cowl (211) is based on measurements of typical ceramic units
found in Europe.

o Conduit with converging 3-leg (220) and diverging 3-leg (230). There are lots
of parameters needed to describe this and dragons live here.

o Conduit with converging 4-leg (240) and diverging 4-leg (250). There are lots
of parameters needed to describe this and dragons have been sighted here.

o Compound component (500) points to two components e.g. an opening and a crack

with parameters needed for control actions.

o Power law volume flow(10)= §&0| power law Of o8l & HHE = U= 20 A=

ALY

o Self regulating vent(ll)e UH H9lo| ¢ Atojo] RES YUt HE E0

European vent & ZsiC}.

o Power law mass flow(15 & 17)2 3&0| power law & FJFl= 20| ArHEE = UL}
o Quadratic law volume(20)1f mass(25)= S5=0| quadratic fit

o Constant volume flow(30)1t mass flow(35)= HH(HL| HZOS
#90|CH

o Common orifice40)2 ALt Ho| HHZEA 40t S| 20| Al
o Specific air flow opening(110)2 1™ HIEA+=E 7tX|H HA Dt

o Specific air flow crack(120)2 Z|CH 12mm 50|29 7|0 {2}t

° ol
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o Bi-directional flow component(130)2 2=Q Y HXIII UHT @58 UoZ £ U= B
HEfe| 20t 20 FEStC)

o Roof outlet/cowl(211)2 FEOM 23] & &+ U= TIHL M2ty fHo FYo| 7|=otot.
o Conduit with converging 3-leg(220)1t diverging 3-leg(230). O|ZHE2 HMolst7| eiMe B2
Mot ERotl ZusiMe Rods SHAIZ|= |00

o Conduit with converging 4-leg(240)1t diverging 4-leg(250). O|ZHd& Holgt7| {eiMe HE2
Mot ERotl Ao Rods SHAIZ|= |00

o Compound component (500)2 2

W4k Qe JjTeet 2

A 8eaE ZIEZRL (O HosiHs fld 2t

8.3.2 Flow connections

Flow connections link the nodes and the components via a descriptive syntax
that takes the form: boundary node 'south' is linked to internal node 'office’

via component 'door".
QEAZesE 421 22 ¥4

"AALE ‘south'= #+A4Q24'door

A connection also defines the spacial relationship between the node and the
component e.g. that a floor grill is 1.5m below the node. If nodes and
connections are at different heights, then the pressure difference across the
connection will also include stack effects.
HEQAE Bt Fdea o SUEAE Felstv|= oot (O HIEHIE2 T=E OfZf
15m O @X[StCh) BHef LEof HZERAYF CHE 0|0 ACHH AZEL2A AO|9] &F Ks

stack effect & Of7|&t &= QULCL

Good practice places a boundary node at the height of each opening to the
outside. If you follow this pattern the delta height is zero for components

from the point of view of the boundary node.
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In the upper part of Figure 8.2 is a crack under a door that connects to zones
(where the zone nodes are at different heights). In the lower part of Figure

8.2 is a representation of a sash window (where there is one flow component
representing the upper opening and another representing the lower opening. The

sash window is associated with two separate boundary nodes.

2l 82 o MAEOAM zone & WASI= E Ofzf IS LIEILHD ULt (zone =EE0| CIE
=00 2). Figure 8.2 ©| 3}EFE sash window = LIEFLT QUCH(AE JHTEE LIEH|E QE
TEeAal otF JHFREE LEUE fesFE2a7t QUCh sash window = F 749 EE9

BA =Rt ABHEILH)

door
Zone_node
zone_node REEEY |
: ® -
: - ; —1.5m
-1.2m

crack under door

v . I sash window
T @ Doundary node

zone_node !

Figure 8.2: A crack under a door and a sash window.
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Some people find the syntax used to describe the relationship between nodes and

components a bit of a challenge. Here is one technique that works for quite a

few users.

Ct.

(o]}
A

Offf MES2 o #9824 A0|2] AE 7|&5t7| flof 20| M8E= AS & &
a

o MEAS gl eH7tX| 7| 0| RUALH.

—

Imagine yourself at the position of the flow node (e.g. in the centre of the zones air volume) and
looking at the component. If you are looking horizontally then the height difference is zero. If you
are looking up then the height difference is positive. If you are looking down (e.g. to the crack
under the door) then the height difference is negative.

LEo] RX|(HE =W zone air volume 2o FYO| M [Us AHUES dYHED
255 2otk PO Hi2t2OH FO0[XtE glen, +8H 2§ d4H2OH F0[X:=
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For example, if a zone node is at 1.5m above the ground and the lower window

opening is at 1m above the ground and the upper window opening is at 2.1m above

the ground. Look at the lower window opening from the point of view of the zone

node it is 0.5m below the zone node and at the same height as the lower

boundary node. The upper window opening is 0.6m above the zone node and at the

same height as the upper boundary node.
€ S0] zone =EJF X|HOIM 15m =0|0f U1, S5HF & HFLF7F XM Im =0[0f
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o
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Path to boundary
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The other rule about creating networks is that every internal node must somehow
have a path to a boundary node. The solver treats air as incompressible (for

all practical purposes) and the solution is of the mass transfer within the

network. When the temperature changes the volume must change and if the

pressure has no point of relief then the solver breaks.

HEYIS BHS W AFHOF B E CHE FAS BE P =k Fwcof HRFRE Mo}
Sithe ZOlch solver £ Z7|S HIUZHOR JHESG(RE U8F BHO| CHA) she
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ZO|EX| Y=CIH solver = HX[SHA EIC}

The design of the network must take this rule into account, especially if

control applied to components would have the effect of totally isolating a

node. The risk of breaking the rule increases with network complexity so the
Cookbook emphasises working procedures which are robust enough to scale with

the complexity of the models we create.
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Parallel and sequential connections

21 0O =
EERUEL R

Figure 8.3 is a portion of a network which uses a common orifice to represent

the window when it is opened as well as a parallel path with a crack. If the
window is controlled and open then the crack has little or no impact on
predictions. When the window is closed then the crack becomes the connection to

the boundary node.
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Recent versions of ESP-r support the concept of a compound component which is
made up of, for example, an opening and a crack. The use of compound components

can simplify flow networks by reducing the need to parallel connections.

ESP-r of Z[MHH2 OE S0 JI#Re M2 Fd&E 5 #daxo /gs Aottt =8
T3R5 MESHH YEAUZS HRYES S0/ o 5 HERRE U=t & =+ A =t

zone node

compoufd window & crack
.............. @ boundary node

zone_node

_5_

Figure 8.3: A crack & window and a compound component.

Up to this point the networks have been linked via a single component or
components in parallel. Suppose we wanted to open a window if the temperature
at the zone node was above 220C AND the outside temperature was below 190C. How

might we implement the above AND logic? One technique is to use components in series.
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If zone_node is linked to boundary_node by component window and we wish to insert a second
component control it would be necessary to create extra_node, assign it to track the temperature

of zone_node.

zone LEJt &2 FER20 o3 FALES HELOY AN £ CHE FEYREE FIIS

o
rir

HQO| £ 2 LEE MAB0] zone wEO| SRS HSIEE 0O LEE e et

The new flow component control should be of a type that would present little resistance to flow
when open. The existing connection would be re-defined and the second connection in the
sequence would be created as in Figure 8.4. The window component would take one control logic
and the control component would take the second control. The original window crack connection

would remain.

L

*window crack
. boundary node

@ .. indow ¥ ] |(j

l -
zone_node | control
exlra node

Figure 8.4: Use of additional nodes and components for control

When control is imposed, consideration should be given to adjusting the

simulation time step to take into account the response of the sensor and flow
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actuator. If we observe flow rates oscillating it is usually in indicator that

we need to shorten the simulation time step.

Mozt 28EIE T MM RF actuator 2| BHSE 2ot A[E20[d EtYLAES HESIER
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8.4 Steps in creating a network

The ESP-r Cookbook recommends a methodical approach to the creation of network.
It is possible to design networks of dozens of nodes and components which work
correctly the first time. Plan carefully and then implement the plan!

Successful practitioners use the following set of rules:

ESP-r Cookbook OfA: LIEQZ0| MNS S8t YHEXN MD2 FHSR 9UCh XSEEH
g2 HSote SUMY k9 THRAR THE LEYIES BN HS TH53 Uo)

Rule one
sketch out the network either as a 2D layout or as a 3D overly of the

wireframe view of the model

2D &= 3D REE HEQ3IE 18 2 A

Rule two
give informative names to the nodes and components on the sketch and use

these same names when using the interface
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Rule three

identify portions of the network where control will be applied

4 3
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Rule four
if there are likely to be design variants, use overlays on the sketch to lay
out alternatives and ensure that the sketch provides a summary of the intent

of the overlay
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Rule five
if there is room on the sketch include critical attributes of the components,
if there is not ensure you separately record component attributes before you

start on the interface

x

5

=1

A7 Hol R4RA0 442 RN 7152 %

A good sketch is worth hours of debugging - trust us on this!
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ESP-r does not graphically represent the network (yet). The sketch makes it

easier to interpret the story told by the names of the nodes and components.

ESP-r 2 OrY2 HESRIAE diHe= HSHK| XotCh D82 =EF 78849 O|E0M &
L)

+ 9 W82 o & ogle & %

When we plan a network we should account for how flow is induced or restricted,
where control might be imposed as well as where we expect there to be

differences in air temperature within a building.

HERAE A= M, ds0Mel d2X017F 2dE Aoz odkls XD OfL2f o7t
HEE XM 30| OfEA Ydot= X| = AN E=XE 2SI =T SHOF St
For example, if you believe that a perimeter section of an office will often be

at a different temperature consider creating a separate zone for the perimeter.

=0 AMRR9 QFRVF OE 2EE2 {fAE A2 HYeCidE, FF2l zone =

Some practitioners include additional vertices in the model and subdivide floor
and ceiling surfaces in their initial model so that it is easy to subdivide a

zone at a later stage.
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Experience indicates that last minute subdivision of zones can take longer than

one might expect and require time for testing that has not been budgeted for.
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The design of the flow network should take into account what-we-want-to-

measure. Typically there is a one-to-one matching of internal nodes and thermal
zones. However, if there were many openings in a room on the east and to the
south facades and we were interested in the aggregate flow at each facade then
we might plan a network which had extra internal nodes as shown in Figure 8.5.

In the sketch the west node and east node nodes take their temperatures from

zone_node.

F& HES®ZAS HA= 227t FESLA St AS DofsfoF it MYz LR EQ
on ol Ui ool YTk ST SHI HE BHO| AXF Mo B HP=IF Y@ %
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boundary node

@
bomdaij node

east_node boundary node

Zone :mdreD@ H
wesl |1Udv:‘: H

H IZI bomldan node
O boundary node

® boundary node

Figure 8.5: network with extra nodes

Linking the nodes and components is a critical step which benefits from a

methodical approach as well as consistent pattern for typical relationships.
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A good sketch is still worth hours of debugging!
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In deciding which components to use our initial task is to review the features

of the available components and control options which can be applied to them as

well as their data requirements.

ot Fdaags AEY AKX ZFE mo| =7[o oiof & 2 2 Ho[EED oLt

= =
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There is also the option of browsing existing models which include flow
networks and running assessments and reviewing the predictions. A great way to
understand how flow works is to take these exemplar models and systematically

adapt the network and/or control description and observe the changed

performance.
FSHERA B/HEY ZAnt HEE Edte V/|E ZREE HEHEs 2: It 20|tk
QEO| O YoILIEX| OsE & Y E2 wHe ojF S ARG HANo=

HEZL HOW&S HHOED HEE 45 #&Est= LO|Ct

[Pl

@ Mode

_II|F Crack_under_doal

|"|. Crack_al_wingow

o Window

Figure 8.6: simple network for doctor's office

8.5 A simple network

To illustrate the process lets create a simple network for the doctors office that you worked on

earlier.
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Where could air flow

Air can flow under the door between the reception and the examination rooms. When we created
the initial zone a decision was made to exclude the door as being unimportant in terms of the
overall heat flow in that portion of the building. An entrance to the reception would be place
where air would flow. Does this require that we go back into the geometry and add a door? Not

necessarily.
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Consider if there was a 5mm crack in the wall. The handful of missing mortar would not change
the thermophysical state of the wall, but the air moving through the crack might be noticed. In
ESP-r the description of the zone and the flow network can differ as long as we remember the
intent of the difference.
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Air can also flow around the frames of the windows. It is difficult to know if there are differences
in the leakage paths of the three horizontal windows. For this project lets assume that they have
the same leakage characteristics. There are three locations on the facade with these windows -
but each can be represented by the same crack component. The north window is a different size
and lets assume that it has a different leakage characteristic so that needs to be a different

component.
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The next issue is how long is the typical crack and where is it. If we wished to be pedantic there
are cracks at the top and bottom and left and right of each window. For this exercise lets assume

the crack is along the centre line of the window and is the same length as the width of the

window.
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What kind of window opening?

If someone was to open a window then there might be flow IF there was someplace for the air to
go. A mass flow network has limitations when attempting to represent single sided ventilation. In
some cases it is possible to use a bidirectional component to represent a window (there are
arguments in the community about the validity of such an approach). If two windows are opened

the driving forces are better represented within a mass flow network.

Depending on the size and physical details of the opening there are several flow components
which might be useful. And before we look at the component details it is worth considering
whether the windows in this doctors office will be operated by the staff and whether they will do

this with a predictable logic (e.g. will they open the window if it reaches 22°C and will they open
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the window fully)?
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For this project lets start with the assumption that we will eventually want to test out a window
opening regime that involves opening the windows twenty five percent. We can include the
relevant components in our planning so that they will be easy to include at a later date. How the
window operates will determine the types of flow components we should use as well as the

connections we establish within the flow network.

H3ict.

ESP-r offers a pre-defined window component which only requires the opening area, it also
includes a common orifice which requires an area and a discharge factor. If one had the data the
opening could be a polynomial or a power law. A sash window is two openings and some users
also represent a horizontally pivoting window as two separate openings. Some windows have a
width to height which is similar to a door and in that case some users may decide to use a bi-
directional flow component (more on that later). For now, lets use the air flow opening

component and assume that the component is centred within the window surface.
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What kind of extract fan?
Air can be induced to flow by an extract fan. And here our choices begin to expand because there
are both abstract and explicit components for the extractor. And since there are times when the

extractor is not required we will need to control it.
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Early in the design process our tactic should be to confirm whether forced ventilation in the
doctors office will help and the magnitude of the flow required and perhaps the turn-on set point.
This is most quickly accomplished via an abstract volume flow rate component and a simple
control law. Once we confirm the general characteristics and response of the building we can

consider whether a specific fan curve should be applied to the model.
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What kind of room?

What else might require our attention? Looking back at the dimensions of the doctors office the
sloped ceiling of the examination room increases the volume of the space and raises the centre of
the air volume in comparison to the examination room. The earlier decision to represent the
examination room as a single volume of air which is wellmixed (i.e. at a single temperature) does
introduce an element of risk because there will be times when the air near the peak of the ceiling

is at a different temperature to the occupied portion of the space.
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Given the initial design brief the single volume decision was appropriate. If the question becomes
occupant comfort and fine-tuning of window opening or extract fan use then a subdivision of the
physical space into multiple thermal zones could be done. For the current project lets not alter
the zones.
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When we sketch out the network we will need names for the nodes and the components (Figure
8.6). At some point we must record the attributes of the components so that this information will
be available when we create them network and we will also want to pass our notes to the person

checking the model.

2287 HEYIS 1 Oe =9 PEHUEQ 0|24H0| Q7L 86) 5F AN
= & Sattribute)2 7| Ze0fTt STt O|a{St MEL 927 YEYAS AA

g M o8 &+ An ZH HEXOA 7IES HE == ULk

This is also a good time to get out a calculator and focus the project manager on the geometry
of the zones so that we can record the height differences between the nodes and components.

The table below provides several of the relevant dimensions:
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Component names and locations.
node name- type height
reception - internal 1.5m
examination - internal 2.25m
south - boundary 2.375m

north - boundary 2.375m
exam_north - boundary 3.75m
exam_extract - boundary 3.0m

east - boundary 0.1m

component name - type data
long_win - air  ow opening 1.0mw2
long_cr - crack 5mm x 3.0m

door_cr - crack 10mm x 0.8m
upper_win - ori  ce 1L.5mw2 0.5 coef
upper_cr - crack 5mm x 3.0m

extract - volume ow "1 air change

node - to - node component

south to reception via long_win

south to reception via long_cr

north to reception via long_win

north to reception via long_cr

east to reception via door_cr

exam_north to examination via upper_win
exam_north to examination via upper_cr
reception to examination via door_cr

examination to exam_extract via extract

height differences:

long_win is 0.875m above reception
long_cr is 0.875m above reception
upper_win is 1.5m above examination

upper_cr is 1.5m above examination
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door_cr is 1.5m below reception

door_cr is 2.25m below examination

Which connection comes first?

In addition to what we include in the sketch we also need to consider the order that we link the
nodes and components. The connection associated with the extract fan should being at a zone
node and end at a boundary node so that the flow is outwards. For other connections the order

is not numerically important.
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It does help to have a consistent policy with openings to the outside because a flow along a
connection is reported as a positive number if it is in the same direction as the connection
definition and negative if it is flowing from the end point to the start point. If you conceptually
consider air entering the building as positive flow then you would choose to define connections

with the outside as beginning at the boundary node and ending at the zone node.

ALt HES FHES e LBHUE WO

1

= 4 =0| ECf. AU A= flows HHYM
olof map Z2 Wl A Tz FoToh 2|1 ojAH0| EFUAM AHEeE S2H F
T2 Yoz Uef A=z Soee 7|5 S YT2= ool et HHYHS FA

= =
B LEOA ARSI ELE0AM ELHEE FOISHT,.

Our task is to record our decisions and attributes on the flow network sketch and then to use the
interface to first define the nodes and then the components and then to link the network

together.
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8.6 To the keyboard

Having planned and recorded the information associated with our network we can now use the
interface to increase the resolution of the model. In the Project manager look for Model
management -> browse/edit -> network flow and choose flow network (menu) and confirm the
suggested file name and then choose make new file and then specify that the network is all air.
And you will be presented with the initial menu as shown in Figure 8.7. At the start there are no
nodes or components or connections and no nodes have been linked to the zones. The
descriptive sequence is to define the nodes first and then define the components and lastly the

connections between the nodes.

A2lg ML HEHI 2EE dEE 7|EWCH O/N ZHe| UEZE J7MA7Z|=E IHI|
O|AE AT £ QL Z=2ZHME OfL| X0 A Model management -> browse/edit -> network

flow and choose flow network (menu)S AMOIA A|QH=El mAO|ELS =QlstD Aot

dgja HEKAZ BF 37|12 ALz X|getet. a8 L=

0

a
LIEfHEE MB3o= L& HEEHE, AHYMO| gl L= Z0 HZE AKX L.
E Z

£ N30 8elgt = H=d

— T

|

Fluid Flow Metwork

] a Metwork i, ./netz/doctor_office
air bazed network
b Metwork title @ <MNAR>

Flow network status,,.

Mo, of nodes,,, )
c Modesz

Mo, of components,,, © 0)
d Components

Mo, of connections,,, ( O
e Connections

Wind reduction factor (1,000
f Set wind reduction

g Link nodes and zones

B Browse network
I Save network
? help

- Exit

I

[
—

I

Figure 8. 7 Interface at start of process
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Initial nodes

Select the nodes option and allow an auto-generation of the nodes for the current zones. The
initial list includes the two items shown in Figure 8.8. The auto-generate assumes that each
thermal zone will have a node and the zone name is given to the node and the centre of the

zone becomes the height of the flow node.
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Boundary nodes

The next step is to define the boundary nodes. Do these based on the information in the table
above. For each boundary node you will be asked to nominate a surface where the opening is
found. This sets the orientation of the boundary node so that wind directions can be resolved.
The centre of the surface becomes the height of the node. When asked to confirm the height
check the notes (aren’t you glad you made a note of this). You will also be asked about which
pressure coefficient set to use and for this exercise select 1:1 sheltered wall for each connection.

The result should look something like Figure 8.9. This is a good time to save the network!
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@strath.ac.uk

1if Hodes
Mame [Fluid | Type I[Height | Datal |  Data2
a reception air internal 1,50 0,0 120,0
b examination air internal 2,25 0,0 60,0

+ add/delete/copy node
? Help
- Exit

Figure 8. 8 Auto-generated nodes
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@strath.ac.uk

E; Hodes
MName IFluid | Type IHeight | Datal | DataZ
a reception air internal 1,50 0,0 120,0
a reception air internal 1.50 0,0 120,0
b examination air internal 2,25 0.0 E0,0
|| zouth air bound wind P 2,38 9.0 130,0
11| d north air  bound wind P 2,38 9,0 0,0
ﬁ§ e exam_north  air bound wind P 3,75 9.0 0,0
iﬁE f exam_extract air bound wind P 3,50 3.0 30,0
q east air bound wind P 0,10 9.0 90,0
thl|
+ add/delete/copy node
-~
? Help
- Exit

Figure 8. 9 Adding boundary nodes

uiries to esru@strath.ac.uk

;' Components
Hame ITypel Dezcription ...
-J| a long_win 110 Specific air flow opening m = rho,f(A,.dP)
b long_cr 120 Specific air flow crack m = rho,FW,L,dP)
¢ door_cr 120 Specific air flow crack m = rho,FIM,L,dP)
d upper_uwin 40 Common orifice flow component m = rho,f(Cd,A,rho,dP)
& Upper_cr 120 Specific air flow crack m = rho FO0,L,dP)
~|| f extract 30 Constant wol, flow rate comporent m = rho,a
"=
+ add/delete/copy component
? Help
| - Exit
I - Il

Figure 8. 10 The completed components

Components

The next task is to create the components. Do this based on the information in your notes. Each
component requires a name and, depending on the type of component, there will be one or more
attributes to define. The order you create the components is not important. When you define the
extract fan as a constant volume flow rate component note the various ways you can define the
flow rate. The air changes per hour is particularly useful at an early stage so use that (which is
equivalent to 0.01667mw3/s based on the volume of the examination room). When the
components are completed they should look similar to that shown in Figure 8.10. Save your
network again. You may also want to use the browse network option to review the data that you
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have provided.

1S QP HEHUEES MAA7IE HOICh 20| Yt HEE E0j2 Fus|el 2 AEHES
0|2 W= ®h d2|n HEHEQ| EFYO) [t stt w1 of4o] 40| Ho| I Ho|
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Ch. O|MO| WMAIZI HEHES FRHA Ut YEYOR Hi7|MS HoY I Crst w
2 S5t £7] AN S8 S8HCh TEtA O[S AFBBIF
(RIEAO HEO| 2| 0.01667mw3/s). HEHETL e o= 12 8103 HZoHA Lt
EFLIOF BHCh WIEQTE CHA MIsHeh AHHE GlO|HE HESH| 9o browse network

option2 AL8% 4= QICh.

Connecting nodes and components

The next step is to link the nodes and components together to form the network. Each
connection has an initial node and component and a second node. You are asked to specify the
height difference to the component from the point of view of each node. The order you give is
not critical except for the extract fan. Flow in the direction of the initial to the second node is

reported as a positive number.

Che AHS WEYAES WYAZIY| o) =EO HEHUES AZAZIE HolCh 2 e A

>

[=]
MR CCof ZEUWE Jg|n SHA L2 JbX|3 QICH ZH = COo| MEo|A HEEEQM

R U | =
O[XE A F3H7|E 278 Lk YHe=Me Hi7[HE Melstns S2SHA| RO REW =&

H
oM FHW =29 7|F Hake ¥

It does help to have a consistent pattern when defining connections. One common pattern for
connections which involve boundary nodes - use the boundary node as the initial node so that
flow into the room is reported as a positive number. Some users define all of the links with

boundary nodes first and then they define links between internal nodes.
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Another pattern is in the definition of height differences. The boundary nodes were defined at the
height of the opening so that the delta height from the position of the boundary node is always
zero. And if a connection uses a component where buoyancy will not be an issue (like the

constant volume flow component) give zero as the height difference.

£ OE IE2 =0/xtel oo AL BALEE W2 =O0[0A FolE AL DA FA
Eo /X Z2FHO| HO0[Xt= &4 00|Ct O2|1 AHYMO| £H0| EX|7 il HEHE(ZSE

A
o
HEHES Z€2)5 AFEYCHE =O0[NE 022 =Lt

Take your time to avoid having to redefine connections. For this exercise there are three sets of
parallel connections involving the windows and the cracks. The interface will ask for confirmation
when you define the parallel connection. The interface will ask you if you want to auto-generate
the connections. For this exercise say no.

Hint: as you create the connections, mark your sketch so that your progress is recorded. It is

easy to duplicate a connection, or even worse, to miss out a connection.

SE: AHEES HGotEM AAX0 ®AISIEE O2iA TAO| 7| FBE=F otat. HEHS A
C

LoAdMe wemals 12w EX|

Checking your data

The last step is to confirm the linkages between the flow nodes and the thermal zones. Look for
the link nodes and zones option in the interface. When you have completed this it should look
similar to that shown in Figure 8.11. Save the network again. After exiting the network menu it is
also a good idea to generate a new QA report. When looking at the QA report pay particular
attention to the S values for the components. If the two values differ you might have made a

mistake about the delta height from each of the nodes.
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3 ME Hot2h O 2+otH 17 8114 ZO| LtEtHCE HEIE CHAl MEdeh WES
3 HRoM L2 =, M QA BZEE dJA7I= A0l L. QA HEZEE & [, E3 H=EHE
o| sgtof Fo|E 7[S0jet TE F Ol 23 G0 4 LERRHO 0K d+5 o A

trath.ac.uk
7] Connections
13
Mode +uve |dHght. [ tal MNode -we ldHght lvia Component
a =south 0,0 == reception 0,3 long_win
b zouth 0,0 —=» reception 0.9 long_cr
& horth 0,0 —=> reception 0,9 long_win
d north 0,0 == reception 0,9 long_cr
Al e east 0,0 —=* reception -1.5  door_cr
f exan_north 0,0 —=» examination 1.5 upper_uwin
h g exam_north 0,0 - examination 1.5 upper_cr
Al h reception -1.5 == examination -2.2 door_cr
ij i examination 0,0 —=» exam_extract 0,0 extract
+ add/delete’/copy
? Help
- Exit
I'T
Figure 8. 11 The completed connections
7 6 9 1.000 (nodes, components, connections, wind reduction)
Node Fld. Type Height Temperature Data_1 Data_2
reception 1 0 1.5000 20.000 0.0000 120.00
examination 1 0 2.2500 20.000 0.0000 60.001
south 1 3 2.3750 0.0000 9.0000 180.00
north 1 3 2.3750 0.0000 9.0000 0.0000
examﬁnorth 1 3 3.7500 0.0000 9.0000 0.0000
exam_extract 1 3 3.5000 0.0000 9.0000 90.000
east 1 3 0.10000 0.0000 9.0000 90.000
Component Type C+ L+ Description
long_win 110 2 0 Specific air flow opening m = rho.f(A,dP)
1. 1.
long cr 120 3 0 Specific air flow crack m = rho.f(W,L,dP)

1. 0.00499999989 3.
120 3 0 Specific air flow crack

door cr

1. 0.00999999978

0.800000012

m = rho.f(W,L,dP)

upper_win 40 3 0 Common orifice flow component m = rho.f(Cd,A,rho,dP)
1. 1.5 0.
upper_cr 120 3 0 Specific air flow crack m = rho.f(W,L,dP)

1. 0.00499999989 3.

extract 30 2 0 Constant vol. flow rate component m = rho.a
1. 0.0166670009

+Node dHght -Node dHght via Component

south 0.000 reception 0.875 long_win

south 0.000 reception 0.875 long_cr

north 0.000 reception 0.875 long _win

north 0.000 reception 0.875 long cr

east 0.000 reception -1.500 door_cr

exam north 0.000 examination 1.500 upper_win

exam north 0.000 examination 1.500 upper_cr

reception -1.500 examination -2.250 door_ecr

examination 0.000 exam extract 0.000 extract

Figure 8. 12 The Esp-r flow network file
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The description of the network is written to an ESP-r file in the nets folder of your model. The file

shown in Figure 8.12 is for the doctor’s office.

HEQAS MHE ZAl DEHO| nets folder Q0| QU= ESP-r mU0| M04QUCH 12l 8120 EO

Simulation Contraoller

simulation presets ( 1 of 1)
zet namel spring

start-up days: 3

zone timestepshi B each ts saved
plant timestep/(bldg t=): N/A
result save level: 4

fraom: Sun-01-Apr - Sun-15-Apr
zone resultst doctor_office.re
flow resultst doctor_office.mf
plant results: N/A

: NAA

moisture results: MNAA
electrical results: N/A

IPY report ¢ N/A

o save or dereference parameters

= T o @D 0 O

integrated simulation

fluid flow only

vizual impact

integrated performance wiew
HCH compliance checking NAA

L A = |

[~
|

? help
- exit this menu

Figure 8. 13 Simulation parameters for a spring assessment

8.7 Calibration flow models

Having added a flow network to the model, lets see if the model will run and then if the

predicted air flows make sense. What might we look for? The windows are open so we would
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expect significant flows, especially on days with some wind where up to one air change per
minute might occur. We want to include in our assessment days that have a variety of wind

speeds and directions.

2 YEQAE @) AJFSE R0 SOphER Eolsi:, o5E 7|87t MAEQIX ol
Sixh 2olg o Ammiop @ Holvp BEo| FaiYomz, Lot AUt J|RE o4 A &

ChE3|

We might also wish to identify some days where overheating is likely so that after we add
controls to the windows and extract fan we can simulate the same period when we are looking at
how window opening or the use of an extract fan might improve conditions. For the initial
assessment, select a simulation period of a week in April and reset the simulation time step to 10

minutes.

woh EUMO| AEE 22 HISAA ¥ 45 UCh D2jM HED Mo HESS
5 £ 7|

o Z=7] BItE flof 482 o F& A0l 7[ZHez MESt A

We ask for an integrated simulation a number of checks will be carried out on the model to

ensure that it both syntactically correct and that the model dependencies are correct.

SgE AlEHoldo| oisiM 2RO FEH2=2 ZHELN HEAO| FH/Y(dependency)O| SHHE

=
|12 2B Qs E of2] ®o| &olo| g LEICt.

—/

b

During the simulation, if the monitoring is turned on (as in Figure 8.14) the inside temperatures is
close to ambient (black line) in the reception (where there is cross ventilation) with higher
temperatures in the examination room where the flow is constrained by the single sided
ventilation and the crack under the door. Clearly there is a need to control the opening of

windows to prevent chilling of the room.
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Graphs and tables
Before adding control to the flow network, have a look at the predictions of flow to see which of
the reports or graphs provide useful performance information. Start of the results analysis module

and the last simulation predictions will be used.

71F HEHION HEES F7t5t7| Mol o H=ZE Jjzrt REY d5 SEE EHF:

o
XNE 7] ol 715 H=ZaE MIEHEXL Results analysis 2&E92| A|&d} last simulation
7

£l

predictions7} A2 E! Z40|C}.

0fo

Project: Exploring ESP-r suyntax via an initial model
Temnp FPeriod Sun-01-fpr to Sun-15-Apr Year 2007

d pl:

Q.

Eal 257
reception
247
207

167

F
0 43 5 144 192 240 288 236
Time {h)}

Figure 8. 14 Temperatures during spring assessment
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Lib: doctor_office.res: Results for doctor_office spring network
Period: Sun-01-Apr@O0h0S{2007) to Sun-15-Apr@23h54 (2007 ¢ sin@lOm, output@lm
Zones: reception
Load W
15.,0M 2000, ()
—1500,0
10,0
T 1000, 0
&
" ABRBTER R 500,0
. £l
P — 0,0
I ST
e L8
q 'Y reception Inf —500,0
C T ; |
I B oy 1000,
-5.,0- '
1500,
-10.0 — T T T T T I T T T T T T 1 . —2000,
024 48 72 96 120 144 168 192 216 240 264 288 312 336 360
Time Hrs

Figure 8. 15 Temperatures and air cooling during spring assessment

A good place to start is the graph facilities and the Time:var graph where we can look at the
energy implications of the air flow. Selecting climate -> ambient temperature and temperatures ->
zone temperature and zone flux -> infiltration will provide an overview (Figure 8.15). As expected
the infiltration cooling in the examination room is minimal. The infiltration cooling (the energy
implication of the air movement) in the reception varies between OW and 1000W. As the

temperature differences decrease the energy implication is reduced.

ARz MAESH AL 7|79 oK LS & £ &= d2i= facilities@t Timewar J12j=
O|C}. climate -> ambient temperature and temperatures -> zone temperature and zone flux ->
infiltrationg ME{gfe2M FHHQl 712E & + UCL(AE 815 HFoiiz TEAMAM F7|
of ofet d#z+2 Djojstot. oA H2I0f 2lgh 22 OWOjAl 1000WALO[Of|Af Hstotrt. 2

[ - o

EXZE A0 wEt oK WA EE ZAST.

And it is also the case that the volume of flow changes the magnitude of the energy implication.
To look at that we need to use a different graphing facility. Use the Network flow -> option and
request volume flow rates ->total entering node for the two rooms. The flow rates shown in

Figure 8.16 should be similar to the pattern you see in your model.
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St 7|Re ROVt oA WISl A7|E HA|F|= BRE JUCL Ol QY| M=
Ct2 Ogfj= = FE A2 T Q7 UCH Network flow -> optionS MEHSIT volume flow rates -
>total entering node for the two rooms2 MEHs|EL. 18 8160|AM EOX|= 7|52 HAlol ©

2o 2= mEIF B|=o§oF SOt

Lib: doctor_office.mfri Results for doctor_office spring network
Period: Sun—01- ﬂpr@UUhUECEOUJ) to Sun-15-Apr@23h54 (20071 ¢+ simB10m, output@lOm

€0 =T

oot

~rreception m”3/s

1,04 n\
40

Time Hrs

—rexaminatio m™3/s

Figure 8. 16 Temperature and air cooling during spring assessment
Consider that time spent in the results analysis module working out for yourself which reports
and graphs help you to understand the patterns of flow as an investment. Many a practitioner has

be caught out by a cursory inspection of flow data!

=4 E28 F= ZIZEQ O2f=E 5 results analysis 20| AH|E|l= A|ZHS

It is now time to introduce some control into our flow network so that windows are only open
when appropriate. And if we find that flows are insufficient then some control of the exhaust fan

will be added.

|F HE/AIN RH HEES HENEA 7|77/t 258

7
oI HESS ) b & Qck
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8.8 Flow control

As with ideal zone control, flow network control uses a sensor > controller > actuator structure to
define flow control loops. A control loop senses a specific type of data at a specific location, the
sensed value is evaluated by a control law and the control actuation is applied to the component
associated with a specific flow network connection. A day can be sub-divided into several control
periods with different laws or control law details. A number of control loops can be used in

sequence or in parallel to implement complex control regimes.

Ideal zone control0f IS =, 7|/ UEXHI HEE2 7|7 Mo FEZE Fo5t7| 5t A
> HMoi7| > F&7(e] FXRE AMBSICE MO R T /X[0|M £ HOlH EfRES ZX|
oot ZX|E 22 Mol Ao o EtE|n HMojsZEe EFo J|F UEHI AH4Ud A
Z AZHEo MEECH SHREE CHE MO HAZ 7IX= 2 e HEE 7|72 NEY =&
UCL Hof REE2 SFst HEE SAE Fo6Y| /610 =XHeR £ HHE ABE =+

At each simulation time step the flow solver takes the current conditions and predicts the flow.
The flow predictions are passed to the zone solver which then generates a new set of conditions

to be used by the flow solver at the next time step.

Control logic is tested at each time step. If we are approximating fast acting flow actuation
devices then the simulation frequency should reflect this as far as is possible within the
constraints of the project. Currently a one minute time step is the highest frequency that is

supported by ESP-r for the zone and flow domains.

Mol 242 Z EtYAHOM HAE FCL WEA HSsts 7|7 #3718 ZAHE 4% Al
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In terms of the doctors office, a 10 minute time step was used in the uncontrolled version of the
model. This will result in a slightly sticky control so we should pay close attention to the

predictions to see if this is an issue.

MO oA T AZYO[M0ME EfRIAE 10=0] MEE[RACE Of= Bt FEH A

Q
i
L

— 4
ZIANZE = A2l ofgjgt B7t M7t Hle 8% Mdet 27t &l

—

Flow sensors and actuators

In ESP-r a flow sensor is defined by its location and the values which it can sense. These include
temperature, temperature difference, pressure, pressure difference, flow rates, humidity, etc. at
nodes within the network. It is also possible to sense temperatures in zones or climate data.
ESP-rofl M 7|/ M= AAMel fX[et MM7L ZX[ete ez FoELh ZAg = U= 2=z
= HERA el =EoMe 28, 25X}, &8, LA, 2V|E, 5= 50| Uy Eot & L=

JI4HOIHZRH 28 AT + ALK

Most flow components are able to be controlled. Control is expressed as a modification to an
attribute of the component. For example, a control actuation value of 0.6 applied to a window

with an area of 1.0mw2 would result in an opening area of 0.6mw?2.

Control is imposed on specific instances of a component so it is possible to control the south
facing window in the reception using different control logic from that used for the north facing

window.

Fz0 HEE + Atk M2t 55 ol A8E At CHE MOzES
7

£ 2
Agste BTl E5 B8 FMojske HE Thsoich
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Flow control laws
The range of control laws includes on/off, range-based and proportional control as well as a

multi-sensor control where the control law can include AND or OR logic from several sensed

conditions.
MolgRe % JHo| AXIE EUSHEH AND i OR 22 m3fs & 9le HE| MA Hof &
OtL|2t on/off X0, H¢|7} M E H|HAOE ZetotCt.

An ON/OFF control has a single set point and attributes that determine if the control is direct-
acting (ON above set point) or indirect (ON below set point) as well as the fraction of the nominal

area to use when ON.

On/off ®Oj= dtLtel @S A=C0h £ on/offHoj= QM HE AX| 2¥Y I AEEE
2t

S BHo| Hg #T OfL
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£0| direct-acting(d& 7t Q10 FHE)QIX| indirect(d& 7} Of

oA ARLUAXIE 28t A

o

HduUE 7HXD AT

A multi-sensor flow control is an ON/OFF controller which includes the definition of more than
one sensed location as well as and AND or OR logic to apply. In some cases a multi-sensor flow
control can replace a series of individual controls (as described in Figure 8.4).

HEIMAM 7|7 Xojl= M8 AND = OR ZZ2|E OfL|2} StLtofaol HX|E X[ Holg =
&t5t= on/off HOj7|o|Ct. HE A0 HEMAM 7|7 XMoo= LEHE =7 HO=Z HE = A

— =21
Ch(a2l 8.4%} Zt0))

Range-based control uses the nominal area or flow rate of the component - but switches to an
alternative rate/area as a function of the sensed condition - low rate if below low set point; mid
rate if above a mid-range set point; high rate if above maximum set point as is shown in Figure

8.17.



In terms of the doctors office, the initial flow network included window flow components that
represented a full open state. In reality, occupants would probably open a window only as much
as was necessary. Unlike automatic controls, occupants would tend to implement a sticky control

(i.e. they delay adjustments). What types of control could approximate this?

ol R0, 7| 7|7 HERI= 2 /WYLHZ & ¥= 7IF FEZHEE =&t Ut
2HZ AFAsE 2o UFYU G2 ACh XS Moo Hal, AFAE A =2 HOoE ot
e 80| JUth(E 152 =2S ==L o IFL| MO7t ot H|=zetot?

* ON/OFF with ON expressed as a fraction of nominal opening area - this would be
equivalent to closing the window below a set point value and open to X percent of

nominal area above this value.

. 3 JpYuwEol HEoz EHE ono| Yk onjoffs M OfFfolM HES e A
Tt ol 3t QoM B BINO| XHMES ol Ho| 4SCh

*  Proportional control where the percentage opening area varies between two values.

Some occupants would not exercise such fine (and continuous) control.

—

«  HYHO= NLHHS HUETL & gt AO[o|M Biotch HEO| AHFX= ol st
=
=
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Range based flow controller details

Mumber of items for range controller = B
1zt iz low setpoint,
2nd iz mid setpint
ind iz high setpint
which yields 4 rangez as follows:
low range < low setpoint.,
default range between low and mid setpoints,
mid range between mid and hi zetpoints,
above high setpoint,
d4th iz low range ratio {of rate or areal,
5th iz mid range ratio {of rate or areal,
Gth iz high range ratio {(of rate or areal

][4l [&]

L 0

If within default range then the nominal rate or
4 byg| area is used, 1997 wi
~15t3
L 0| MOTE: this controller works with sensed conditions
~ per| such as node temperature and can be used with
1,0|| components 30 35 40 and 110,
ren [elick ta dis‘:ﬁiss |
3t to chanae this re-edit the flow zensor
Low High range
range .
rate or Noruinal flow Mid range rate or

rate or area rate l.'lll' area area

(fraction) °f component [fmm_““) (fraction)

v

v | V|V

Low Medinm High

setpoint Setpoint Setpoint

Figure 8. 17 Overview of range based control
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@ Range based control could be used for a control that reduced the window opening area if the
temperature in the room is close to the heating or cooling set points. In the dead-band between
heating and cooling it would allow natural ventilation cooling by first using the nominal area of
the window and then additional opening area if required. It would be necessary to re-define the

nominal area of the window to represent slightly open rather than fully open.

@ range-based X|Oj= 20| Y £= e ME ZQEQ JIHeH ¥E WYUHS FO0l=
MO E 2l6h AFEE = QUCE hgdh d AO|o] HEMENM M YE2of SETHHS AtEst
, HRotH FIhE EEHo 2 XA d24E 7HsotA ottt 2E JHYECE =g E2

rr ot

A0| ol =8 YE2of SYUHS MFY2lst= A0l ERdtr,.

If occupants are manipulating the windows then the control periods should match the occupied
period with an alternative control law for the unoccupied period. Some building may operate a
policy of limiting window opening after hours to limit the potential for rain damage. If automatic
dampers are manipulating the openings then it would be necessary to find a combination of

control law and simulation time step that reflected the regime.

Ot TRV HE22 ZESD YO8 HO{ZIZH2 HIRATIZE Soto| thHEel Mo wyoz
TWAIZIZIE Grotop HCh OfF HBL Hl 40| JHsHS %7 Yo TAZ ol MRS o
HE MBS HMO| YSEXE DECH B XIS YT HTSS EHOD YW regime2
stgots HES FA O T AIBOIM EFYAYES FE HO| R

Hint: once you specify a flow control loop it can be copied and then associated with other flow

connections.

SlE: PAO| YR VIR FEES TEE KWOR EAR £ YD OE J|F UMl azg 4
Ji=

For our first implementation of flow control lets use an ON/OFF control for each of the windows
allowing them to open 25% of their defined area if the temperature rises over 22°C. We will

define the control once and then copy the control loop and associate it with the other windows.
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And lets turn on the extract fan if the temperature in the Examination room goes over 24°C. At

night we will keep the windows closed by setting the set point for the windows to 100°C.

227t M2 Aot 7|F HMOE Qg 2&=7t 22°C 20t =O0RX|H 2t =0 Fol& BHHQ
HAEE ROE SASIAM Cf

25%E FEE Ste onjoff HESS ABHEA HESS HolsE
2 BEI §ZfEl 12D WM M0 24°CS Ho

gzl ME ZQEE 100°CzZ M Est0o] F=0| ASKHAM HAUEE oLt
8.9 To the keyboard...

First things first. Make a backup of your model. To define flow controls use the Browse/Edit ->
Controls network flow and accept the suggested control file name. Begin by editing the
description line for the flow control and give a synopsis of the flow controls included. Add the
first loop which will be used to define the window opening regime (closed at night and weekends

and open 25% if over 22°C) during 8n00-18h00 weekdays (Figure 8.18).

DOolHCE @M BHAo| TES BHASIEL Flow controlE H2|5t7| {8 Al Browse/Edit -> Controls
network flowE 0|3}, HQtEl control file 0|28 ©rOFEQICE Flow controld CH3F description
lineg HESH=E AL Z A|ZSI0, ZTtHEl flow controlo] 7HRE X O0{2f. 08A|00Z~18A|002 =&

H32 Fo(ME =0 ofzZtut FHOo|l= a1, H20] 22°C7t 2 Alo|=
25% 744h) St AFRE A R loopE F7tst2t(Figure 8.18).

Controls

-
=

a control focus »> went/hydronic

b description: no overall control descript

¢ description: ON/OFF control for windows
loops 10

U, .,
— |7 .

cntll sensor lactuatorlday lvalid lperiod
loopllocationllocationltypelduringlin day

+ add/delete/copy control loop or day tupe
I list or check current control data

> =ave control data

7 help

- exit thiz menu

Figure 8.18: control loop interface

Select the 'wkd' day type and define the sensor and actuator for the flow connection for the
window on the south of the reception (Figure 8.19). The sensor should be located at the reception

flow node. And when asked about the flow actuator pick single flow connection and then the
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relevant connection that uses the long_win flow component.
day type & 'wkd' 2 MEHS|IA, receptionQ| HZ0| X[TH &9l flow connection2 ol sensor
Qt actuatorg Holslzt. M A= reception flow nodeOf {X|sjof StCt. 12|11 flow actuator Of
st @2 82 [, single flow connection2 MEHSI, long_win®Q| flow componentE AtE3SH=

2t connection2 MEHS}EL.

Contraols

a control focus >» wvent/huydronic

b descriptiont no owverall control descript

c descriptiont ONAOFF control for windows
loops 1

= 2
=y |

chtll sensor lactuatorlday lvalid lperiod
loopllocation|locationltypelduringlin day
g 1-4 0 0-4 0 0wkd 1365 3
f Sat 1365 1
q Sun 1365 1

+ add/delete’/copy control loop or day type
I list or check current control data

> zave control data

? help

- exit this menu

Figure 8.19: control loop interface after adding periods

Next edit the period data for the 'wkd'. The first period is an unoccupied period so use a high

temperature for the set point. After editing the interface should look like Figure 8.20.

-

Ct2o 2 'wkd'0f Ci$t period dataE HRISIEE A RHHR| 7|72t2 H|AYAT7|ZIO|EE set pointZE =
2 2L(Ot2fel 2= 100°CE He|)E AtETICt HE = interface= Figure 8.201t Z0| &
o{of BtC}.

o
-r

rot

iger: enquiries to esru@strath.ac.uk

Control periods

function 1 day type 1
number of periods: 3

perl startlsensed lactuated | control law | data

no,| time |propertylproperty | |

a 1 0,00 dry bulb > flow on / off 100,00 1,00 0,25
b 2 B.00 dry bulb > flow on / off 22,00 1,00 0,25
c 3 18,00 dry bulb > flow on / off 100,00 1,00 0,25

¥ add/ delete a period
? help
- exit

VAS B L

| I Il

Figure 8.20: control loop period details
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When filling in the data for Saturdays and Sundays there is no need to redefine the sensor and
actuator (flow control loops use the same sensor and actuator location for all day types and
periods). Once all the day types have been defined save the control file. To use similar logic for
the north window in reception copy the first loop and reassign the sensor and actuator. To use
this logic again for the Examination room copy the second control loop and re-assign its sensor

and actuator. It is a good idea to keep a note of which control loop is for each of the windows.

aar Ao Cist HojlEE LT If, sensor@} actuator= Xj™O| = ZLIJI ¢ CHflow
control loopsOiM= 2= day type(FE, EQY, L)1}l periodd|Al sensor?t actuatorP|X|7t
ZC}h. Lt day type=0| CHSH 25 ™MOL|QUCHH, O] control filed| XHASICE reception®| 5%
Ao H|==%t logicg AtE3H7| A, A W loopE S AISID sensor?t actuatorE X|&EStCt.
Examination room0 O] logic& O|&3}7| 28fM, & HR| control loopE SEAISD sensorlt

actuator& X ESICE 2t control loopZt O &S QIst ZHQIX| 7|HEL7| 8l 7HEHS| =EE
7

The extract fan is probably a simple design with a simple thermostat that does not know what
day it is. The control should reflect this by having one day type and one period. This control will
sense the temperature at the Examination node and the connection related to the extract fan will

be where the control acts.

Bxtract fan2 day type(FE, Y2Y, EQUS TEGX RoiE)z UX Rote o

rot

thermostat@ 2 O|F0{ %l ZtCtst design® ZAO|Ct O] X|O{= BlLtQ| day typedt SFLto| period

T

Z=0| 0|t Z&Ee AtEE Ht™S|Of SiCh O] A|Oj= Examination node?} extract fannf &

connection?| 2= & ZX|g 0|1, Xoj7t LojLt= =0 fIXg ZAOo|LCt.

Update the control file and generate a new QA report and look at the details and your notes to

see if the data is correct.

Control fileg QIOO|ESI, M2 QA reportE THE1, GO|H7t HEstX| H7| 23t JEE S

1f EA9| noteE HOE}
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Re-run the simulation. If you turn on monitoring during the simulation you might see something
like the Figure 8.21. Now the temperatures in both rooms are much closer and they are both
warmer than ambient. If we use the results analysis tool and look at the flow entering the
Reception the flow rate is based on the crack component because the temperature did not go

above the control set point.

Simulationg LCtA| Aaisizl Ttef HAO| simulationg @t monitoringg ZACHH, ZHAI2 Figure
8211t &2 RAQVE & £ US AOICL O/M F wo| 27t W 7YX, BF 2|7|&Ct
OFOF result analysis tool2 AF23}0| Reception@ 22| flow S ELCIH, 27t X 0f

9| set point(22°C) 2Lt =OIX|X| &LU7| {20, flow ratee= crack component0f| 2 K32 &

e

olct.

Project: Exploring ESP-r suntax via an initial model
Temp Period Sun-01-fpr to Sun-15-Apr Year 2007

deg.C
EX 28
reception
297
20

Time {h}

Figure 8.21: spring simulation progress with controlled windows

Select a warmer period of the year e.g. the first week in July and confirm the control is working.
When monitoring the simulation (Figure 8.22) we can see that Examination seems to peak at 24°C
(which happens to be the set point for the extract fan) and there is some rapid changes in the
reception near the 22°C temperature point. Because Examination is constrained by flow under the
door it has almost no air movement until the extract fan turns on.

AT 2 7|IHME =8 7E2 AW FS dHStL, M7t ASSte AS =Hlokat

rot

Simulation2 monitoringg [fj(Figure 8.22), Examination0| 24°C(0O|&= extract fanQ| set point7}f &

7| 2l LO{LCH)IA] S2t7bd, 22°C £Z 0| M= receptionOfAf HE A Hatsh QUL ALt
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St™H Examination2 2 OF2jQ| flowd| o8l &AM E|=0|, O|= extract fanO| Z4Z& |77}X|= O|=29|

&7 #3801 A2l fle ¢Ef0|7| W=Zo|ct.

Project: Exploring ESP-r suntax via an initial model
Temp Feriod Sun-01-Jul to Sat-07-Jul Year 2007
deg.C

EXT 28

recggtioh

0 T T T T T T T T T T T T T 1
0 24 43 T2 96 120 144 168
Time {h}

Figure 8.22: warm period with controlled windows

The energy implications of the window opening is clearly seen if we plot zone flux -> infiltration
in the results analysis module. The windows open briefly except for the last day where they are
open for several hours. The extract fan is also on for brief periods except for the warmest days

where it also runs for several hours.

HOo| energy
2

Ct. Extract

8.10 Window representations

This section of the Cookbook is workin-progress.

Cookbook?| O|® e ZHo! =o|Ct.
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The first exercise used a simple representation of window openings. Many window types require
that we adapt the flow paths and components. The following discussion uses a model with three
adjacent zones (Figures 8.23 and 8.24) which differ only in the window details. The zone named
manager has a simple window opening and component. The second zone has a sash window and
uses an upper and lower connection to represent this. The third zone has a tall thin window

where bidirectional flow is possible and a bidirectional component is used.

N OB AE2 UEet F WFRO BEE O|ESHRALL A2 f2l= B2 Fof Cish flow path
QF componentsE FO{Of oLt O|O{E =2|0|M= H2| detail?t CHE QUETH M| zone(Figures
8.23 and 8.24)2 AE23%ICL managergt= O|E9| zone2 Chast & I HEQ} componentE 7+
Ct. & YA zone2 sash windowZ 7}X|11, O|E L}E(LHZ| Q|8 an upper and lower connection
£ AZ3TICE M YR zonel bidirectional flow7} 753t =1 £ %2 7}X|1, bidirectional

componentZt A& EICE

Project: Three offices with different window representations.

Figure 8.23: wire-frame of three test rooms

Basic network with windows

@ boundary node

@ internal node

Figure 8.24: network in three test rooms
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In this case we will create an initial model in which the windows are in their open position.
Because we may later add control the network includes two connections per opening, one for the
window and one for a crack that can act as a bypass in case the window is fully closed. These
window and crack combinations are seen in many of the example models. As long as the window
is open (even partially) the crack has almost no influence in the solution. If the window closes
then the crack ensures that the closed state allows a constrained flow so the solver does not
crash. And since windows which have no frame-related infiltration are rare the crack component is

a better representation of the flow path than defining a very small orifice.

O] #O|A0M, 22[= E0| EAS Wl =7| R&AS s AOILE Ol X=20f I8 & F

o
7§l connection(StLt= & H, StLh= cracks flgt Z40[1, Of= HO| 2{S| HIAS W

o o
o
do

o 5

bypassi g g &

+
£0
_|T|_

S Z3oSl= network0f| CH3E controlg F7tgt Z0|7| O{fEO0|LC}.
O|2 F1t cracke| =52 H2 example model®M = = ALt HO| &
2tE), crack2 SO 7o Hek

flowg 3{&%tCts AS =5

=

Of glct. 2hY FO| EIIH, crack2 0| Eel HEf7

OF

F solver= HSSHA| @=Ct 2|0 =y o s &7|7t
ole &O| Aol gi7] W0, flow pathE LtEtHO| QU0 crack componentZt Of =2 orificeE

Ho5t= ARLH RLt

» Each zone has a window-crack connection to the outside. The crack component (window_crack)
is 2.0m x 5mm and is used many times

» Each zone has a door-crack to an adjacent space (which is not geometrically defined). This crack
component (door_crack) is 0.8m x 10mm and is used many times

» The adjacent space node should be defined as using the current temperature of the flow node
in the first zone.

« Manager has one window opening (window1.67) which is 1.67m? is defined once and used once
+ Manager_t b (with upper and lower windows) needs 2 windows (win_up_884 and
win_low_.884)which are separately defined.

» Manager_bi (with a bi-directional flow opening). The component (win_bi) is Xm wide, Ym tall,
has a discharge coefficient of 0.6 and the distance from its base to the adjacent node is X.
Because the distance from the base of the door to the adjacent zone node may differ it is
necessary to define difference bi-directional components for use in different contexts.

» Boundary nodes are defined at the specific height of the opening or crack they are associated

with. This allows a zero difference in height between the boundary node and the component.

- 265 -



o Z ne2 2|80 CHPt window-crack connectionZ 7}ZICE Crack component(window_crack)
£ 2.0m x 5mmO|1, 20| AR =L
@ Z zone2 QIF™ Z2ZtUI%lEtE oz ™Oo|x|0| UYX|= ULCH)0| CHet door-crackS ZHZEICE O]

crack component(door_crack)2 0.8m x 10mmO|11, Bf0| At E=ICt

@ 2 Z7t node= A B zonel| flow nodel| HX| 2= ArEdmfh MO k| 0{OF StC}.
@® Manager= 1.67m?Ql &tLto| & 7 (windowl.67)E 7tX|2 U1, 3t H Hojx|n ot H Al
ElC,

@® Manager_t_b(upper and lower windows?t U=)2 zb2b ™MOl=l 2749| FH(win_up_.884 and
win_low_.884)0| & Q3s|LC}.

@® Manager_bi (bi-directional flow openingZt {!=). Component (win_bi)= 72 Xm, &0| YmO|
O, S=7%=(discharge coefficient) 0.62 7}X|04, 7| E2EE Q™ LENX|Q HE|= XO|Ct &
o Z7IEEHE O9I™ zonef| nodeltX|o] H2|= CIE £ 7| 20, CIE SZHOAQ AtEE
2|8l CtZE bi-directional componentsE Ho|gt EQ 7t QICL

@® Boundary nodeE2 ZAztEl 7 ELt crack®| =0|2F ZH HO|EICt O|= boundary node2t

component AtO|Q| =O|XI&E 022 & = UA THCL

Nodes can be automatically generated for each zone; data is inferred from the zone (volume,
reference height, etc). Internal nodes are usually at an unknown pressure. Define the boundary

nodes to reflect the position of the openings in the facade.

NodeS<2 Zt zoneO| Cisf Atz =2 MAMEICH OB = zone(volume, reference height S)0f A
TEEL W& nodes2 F2 LXK @2 LEHO| ULt 2m) TRl KX|E BHESHY| st

boundary nodesg& 42|5}z2t.

Ensure your component names match the sketch! A component can be used several places. If
control is to be applied - unique names of components and some duplication of components can

be helpful (e.g. win_low.84 and hi_win.84).

Component2| O|E& sketchQt Ux=&= A

mjo
ot

FOISHEH Bt component= H ZOOAM AFRE %=
QUL DHoF X 07t HEEICtH — componente] Bt 0|21} componento| 27to| EXl& =&

O] E £ QULCHOE &H, win_low.84 and hi_win.84).
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Connections should tell a story! Parallel connections e.g. an opening and a crack - are useful if

control is to be applied.

i
md

Connectiong2 o7} 8l|OF StCH parallel connectionE(0|E M, 7 5Lt crack) — HO{ 7t

HEEOHH, RESICH

Hint: mark you sketch as connections are made.

5| E: connectionS0| SHSO{Zl 2 7|

Figure 8.25 is a copy of the completed file which includes the attributes of the nodes and the

components and connections. When you are working on the network refer back to this listing.

rir

Figure 8.25&= nodes, component=2| /41t connectiong E3sl= M El OOl copyO|L}.

0| 2Nz Y o, of listinge2 FOotet Fusiat

a8 [ 7 1.000 (nodes, components, connections, wind reduction)

Node Fld. Type Height Temperature Data_1 Data_2

manager 1 0 1.5000 20.000 0. 40.501

manager_t b 1 0 1.5000 20.000 0. 40.501

manager bi 1 0 1.5000 20.000 0. 40.501

gl _ext - 1 3 1.9500 0. 5.0000 180.00

low_glz _ext 1 3 1.1500 0. 5.0000 180.00

hi glz_ext 1 3 2.7500 0. 5.0000 180.00

ki _gl=z 1 3 1.9500 Q. 5.0000 1280.00

adjacent 1 0 0.50000E-01 manager 0. 40,501

Comp Type C+ L+ Description

door_crack 120 3 0 Specific air flow crack m = rho.f£(W,L,dP)
1.00000 5.00000E-03 0.800000

win_1.68 110 2 0 Specific air flow opening m = rho.f({A,dP)
1.00000 1.68000

win_low.84 110 2 0 Specific air flow opening m = rho.f(A,dP)
1.00000 0.840000

hi win.84 110 2 0 Specific air flow opening m = rho.f(A,dP)
1.00000 0.840000

bi win 130 5 0 Specific air flow door m = rho.f£(W,H,dP)
1.00000 0.880000 1.88000 0.600000 0.600000

win_crack 120 3 0 Specific air flow crack m = rho.f(W,L,dP)
1.00000 5.00000E-03 2.00000

+Node dHght -Node dHght Comp Snodl Snod2

gl _ext 0.000 manager 0.225 win 1.68

low_glz _ext 0.000 manager t b -0.175 win low.B4

hi glz ext 0.000 manager t b 0.625 hi win.B84

bi glz 0.000 manager bi 0.225 bi win

adjacent 0.000 manager -0.725 door_crack

adjacent 0.000 manager t b -0.725 door_crack

adjacent 0.000 manager_ bi -0.725 door_crack

Figure 8.25: ESP-r network fille for window opening model
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8.10.1 Component selection
Which window definition works best?

of ol Hol7t Y REUIN

—

- an air flow opening does one-way flow only, so in cases of single-sided ventilation, flow can be
restricted;

* a bi-directional component is intended for doors D care is needed in using it in locations such
as windows;

« bi-directional flow can be approximated with a pair of air flow openings. Stack effects are

accounted for if heights are correctly defined;

@ 3t air flow opening2 CHX| CHEISE flowZE 3t2 2, CHH 3t7|9| A0 flows H|$HE 4= QICt
@ bi-directional component= door D& 2|0|st1, &t 22 20| A2 [j0|= F2|s{OoF StCt.
@ bi-directional flow= 3 #9| air flow openingsZ 7{2f3} = = QULC} Stack effect= 1 =0|7}

g5 gold I dFE o

None of the available components takes into account high-frequency pressure changes which are
one driving force in single-sided ventilation. When an assessment is carried out with this model,
the simple window opening in the zone manager results in almost no flow. This is an artefact of
this component type - flow is only supported in one direction at each time step. The limiting
component is the opening under the door. The flow rates predicted for the sash window and the
bidirectional flow component are more in line with expectations. This does not imply that simple
flow components should not be used. Only that they are a poor representation in the case of

single sided ventilation.

7ts%t components®| 1 Rz Zt2 43 Hzp(0|= CHH 2H7|o] =T F SILIO|CH)E 12

=
SHA| @t Of 222 F77t =22 M, manager &9 ZHEhoh H 7= A2l flow7t QiCt. Of

rir

O] component typeE O|&%0f [E Z}(artifact)O|Ct. — flows Z} time stepOf| A 2% o dt

2k0Or LIECCE O] & H$tsle= A (Limiting component)= & 02| 7 0|Ct Sash window2t

Ho
=2
0

=l 20| WhECh o|Ctn ZHEH

bidirectional flow componentE 2|5 0| &=l flow rates O
o flow components7} ALRE|X| O[O} SHCHs AL OfL|Ch Chisl #h7]o] AL oM HEiC)

= Z0|Lt.

—



Project: Office model for network flow stndies

Figure 8.26: portion of an office building

8.11 Schedules vs networks

This section of the Cookbook is work-in- progress.

CookbookQ| 0O|®f %2 work-in-progessO|L}.

Now we turn to a practical application of a network within a portion of an office building (which
includes a reception, conference room, general openplan office and cellular office). Except for the
cellular office, each of the spaces are substantially open to each other (the conference room is

only occasionally closed). The facade is an older design and is assumed to be somewhat leaky.

O|H|, AtREA HAEOl 22 L network®| AXE Moo=z 'HO0{ZtCHreception, conference room,
QHLM Ol openplan AFZAlT} cellular office Z3). Cellular officeE M| Q|std, 2t 572 MEO

CHoll &F &S| E2{RUCHconference room2 7+8 ErBICt). Qo= QefE|0 Cta F£7(7F o & EICt

In terms of learning about air flow networks, the design is a good candidate for exploring options
for conditioning of the space, including forced and natural ventilation.

Air flow network®| CHsli Hi= [, & design2 ZXNA, XIAA 27| E Eost 79| 3 E HZ
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The client observation that there are many hours when outside conditions are suitable for
mechanical ventilation rather than air conditioning. Are these conditions also suitable for

mechanical dampers embedded within the facade to allow fan-free ventilation?

oro A|ZHoA 28 =740 2XHCLCt 7|AH=7|0] MADSICH= client observation. O] Z=Z10| 7|H|

B (fan-free 2t7|5 S &ot7] 28 2ol L DHEIENO| Hetehot?

The other feature of this design is the treatment of mixed open plan and cellular spaces. Many
simulation teams and some simulation tools pretend that there is no air movement between
perimeter and core spaces or across open plan spaces. This isolation of the perimeter discounts
air transport which allows under heated spaces to borrow heat and spaces that are slightly
undercapacity for cooling to borrow cooling

from adjacent spaces.

Of A9 & EZ2 open plan2t cellular space 222 CHE= HHEO[Zt= AO|Ch B2
simulation teamdt HH simulation tool2 2IFEQ} L{FE AtO| EE&= open plan &7t
a1

o
=
JPESCh O|EA AFHE AHAIZo 2N, HEO| KX @2 30| F

In evaluating whether a flow network rather than a flow schedule is appropriate:

Flow networkZ} flow schedule 2C}  MASHX| Q| THEHOY| A

« there can be considerable differences between imposed infiltration and the predicted infiltration
rates.
e in an open plan office there are large inter-zone flows, resulting in heating/ cooling

being ‘borrowed’ from adjacent spaces.
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@ Fik(imposed)E H7|et O&E H7|IE Atolof d2fgt Frok(y el XHo7F AS & UL
@ openlpan ALRZH0= 2 WRZO[ flow?t A0, FH HREH /40| K= 2uE

7t 2Lt
There are three stages to investigate

CHE2 ZAbo7| glet Ml EHAO|CL

« the model with scheduled flows and the assumption that there is no intrazone air movement
« a model variant with zone-to-zone linkages and infiltration paths (Figure 8.27)
« a model variant with zone-to-zone linkages, infiltration paths and controlled dampers on each

facade orientation (Figure 8.28).

@ A = E flowof| 23t modelll zone LF0| 57| F&0| gitts 7HE
@ zonelll zone ZA%td} 7| ZZ20| Cist 2 B (Figure 8.27)

@ zonell zone 2%, F7| Z=et 2t U] o0 Chst #MI Moo Cet =& B (Figure 8.28).
Past

— SFing hox 3
o~ H"-\-. - -~
. . "'\-\.\_\_\_ " 4
T
i e )

EHE

wesl_nix

south gen

Project: Office model network for dynamic infiliration

"' Un-used node
% Node

Component — aack

Clomnponent — oxifice

Component — door (hidirect onaly

Figure 8.27: infiltration model within office building
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yemi_iulx

FProject: Office model neiwork for dynamic infiliration and facade vents
' Un-used node
@ Node

Component — arack

Comyonent - oxifice

H Component — door (hidivectionaly

Figure 8.28: vent model within office building
These three variants are included as example models. If you are interested use these models to

explore flow issues. Review the model documentation, especially the sketchs of the flow networks.
Compare this with the contents of the flow network file and the interface.

O] M7ZtX|] HE 2 example modelsOf| Zat=ICt THQF A

-1 — 3

0] QUCHH flow issue S0l CHEH ZAFSHY|
Qs o] RHESE ArEdtet 2E EAM(59| flow networkOf| CHot 7HEHE &HHEZL O|F flow
network®} interface0f CH3H |21 H| wstet

Scheduled flows in an open plan office

Open plan AFRAIS| A=l &l flow

The version of the model with scheduled flows will yield predictions where the energy implication

of infiltration is dependant on the temperature difference and independent of wind speed, wind

direction and facade position. Predictions will follow the pattern seen in Figure 8.29.
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AEE flowst e 2| version2 A|9 BAUE OUX|7t L5 Aot A UL, B4, B,
olm| gix|ots A SUTHs CIAS ECh OfAH2 Figure 82901 M EO{X|= TjES M2 Zo|C

Offi ce model with "scheduled” infiltration — energy implications of imposed infiltration

—_

Libt office_ventapril.res: Results for office_vent {mid-april?
Period: Tue & Apr EO0h4D top Tue 15 Apr E23R45 Year:l397 @ =im@ 30m, outputid 30m
fonest manager general conference reception ceil_woid mixing_box

Load: b
_[:l
_ A ey N Yg
"'"'-"'"E"-'\.. _---"EI-_..-".--_.I."..-E._ .-'...-"“'-..E|'-_."' et L____manager‘ InF
e ' fE R 100
¥ i 'r {2 I';‘I .:' -
I B (7 ' Sy
. II :'hn S E:' .; M
EL'_’L. ) - . i '\..“';“; .‘,: L o0
g .E‘J, !_,---E{ - . L B I'w,cu:nnFer*ence Inf
L faT 200
I“-I.
400
| T | | | | | | 1 500
0 24 43 T2 96 120 144 168 192
Time Hr=
Heating and cooling demands and rmuning hours (per zone and total)
fohe total sensible and latent plant uzed (kWhes?h
Zone Senzible heating Sensible cooling Humidification  Dehumidification
id name Energy Mo, of Energy Mo, of  Energy Mo, of Energy Mo, of
CkWhr=} Hr rgqd  (kWhrs) He rqd (kWhrz} He rgd  (klkrs)  Hre rgd
1 manager 2.73 B0 -14,93  GB1.0 0,00 7,0 0,00 (1,0
2 general 22,00 44.5 -83,67 B2.& (1, ) 0,10 (1, (1,0
3 conference 26,87 G454 -h3,97  Bh.G 0,00 7,0 0,00 (1,0
4 reception 16,95 44.5 =24,00 49,5 £, ) 0,10 (1, () (1,0
5 ceil_woid 0,00 (1,0 £, 00 0,0 0,00 7,0 0,00 (1,0
B mixing_box 0,00 (1,0 £, 00 0,0 0,00 7,0 0,00 (1,0
All 4,61 -176,56 0,00 0,00
Heating and cooling capadty for each zone and diversfied totals
Lib: office_ventapril,res: Results for office_wvent imid-aprily
Period: Tue 8 Apr E00h45 to: Tue 15 Apr @23R45 Year:1337 ¢ simld 30m, outputid 30m
Zone zenzible load <{kW»
lescription M i mum Mini mum Hean  Standard
wvalue  occurrence walue  occurrence value deviation
manager 0,42 8 Aprothds -0,65 12 AprEldhls —0,03 0,20
general 1,22 9 Apriochls -2,92 15 Aprildhls -, 32 0,58
conference 1.28 9 Apr@oghls -2.60 15 Apri@l4hdn -0,14 0,53
reception 1.25 9 Aprioshls -1,34 15 Aprildhls -0,04 0,38
ceil_woid 0,00 8 Apra0ohls 0,00 8 Apre@0oklh 0,00 0,00
mixing_baox 0,00 8 Apreoohls 0,00 8 AprRoohls £, () 0, )

All 4,26 3 Apreochih -7,34 15 AprEl4hdh

Figure 8.29: scheduled flow performance
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Infiltration and inter-zone flow

E7|9F LI zone flow

The model variant with infiltration and flow between zones transforms the predictions in several

ways (as seen in Figure 8.30): wind speed and direction are now taken into account and there is a

moderation of demands as heating and cooling is distributed between zones.

zoneg ALO[0f A 7|2t flowd| oot BEH HH2
8.300|AM EO|X). O|N E&1 2

oEMN Qo 2Asi7t ULt

2 St oIZ2 WeA|ZICHFigure
SHof| CHst o

H80| zone AtO|Of ZHfE
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Office model with dynamicinfiliration and interzone flows — energy impli cations of infiltration

Lib: office_vent_netinf_apri Results for office_vent_netinf
Period: Tue 8 Apr BOOKSZ to: Tue 15 Apr BZ3R5Z Year:1997 ¢ siml 15m, output@ 15m
Zones: manager general conference reception ceil_woid mixing_box

Load: W
Y B ’
Pl o :
; ;F :“.ﬁ; : ponference Inf =500, 0
. | :ﬁ _',E a L
v iy V)
| i nfilrataion related loadsare i —~1000,0
P = different in magnatnde and 5
; ,' (- . . . ;
b 3 in distribution : | 1500.0
¥ ! -
; —2000,0
I T T T T T T T 1 —=2000, 0
] 24 43 72 96 120 144 168 192
Time Hr=
Heating nse reduced, cooling slightly increased.
Period: Tue 8 Apr BOOKSZ to: Tue 15 Apr B23R52 Year:1997 ¢ siml 15m, output@ 15m
Zone total sensible and latent plant used Cklhrs)
fone Senzible heating Senszible cooling Humidification  Dehumidification
id name Energy Mo, of  Energy Mo, of  Ernerad Mo, of Energy Mo, of
tkbhrz? He rgd  (kblkrsd He rgd (kWbes? He £qd Cklbrs)  He rgd
1 manager B.00 41,8 15,27 53,0 0,00 0,0 0,00 0,0
2 general 15,09 32,2 -a4,16 &7,2 0,00 0,0 0,00 0,0
3 conference 24,09 41,8 -09,24 40,8 0,00 0,0 0,00 0,0
4 reception E,.43 26,0 -34,14 &l,h 0,00 0,0 0,00 0,0
5 ceil_wvoid 0,00 0,0 0,00 0,0 0,00 0,0 0,00 0,0
E mixing_bosx 0,00 0,0 0,00 0,0 0,00 0,0 0,00 0,0
All 51,60 -192.81 0,00 0,00
Heating capadty increased while cooling capadty the same
Lib: office_vent_netinf_apri Results for office_vent_netinf
Period: Tue & Apr EO0KSZ to: Tue 15 Apr B23H52 Year:19937 @ zim@ 15m, output@ 15m
Zone senzible load (kW}
Description Mz i mum Mini mum Mean  Standard
value  occurrence value  ococurrence value deviation
managet- 0,52 8 ApriE0shs7? 0,66 12 Apr@ldh22 —0,05 0,19
general 1.65 & AprE0gho? -2,81 14 Apr@ldh22 -0, 36 0,86
conference 2,99 9 Aprl0gh22 -2.80 15 ApriE14hh2 -0,18 nre
reception 1.52 &8 AprE0gho? -1.54 15 Apr@ldhhz -0,14 0,39
ceil_wvoid Q.00 8 AprEoho? 0,00 8 Apr@igh07 0,00 0,00
mixing_box Q.00 8 AprEoho? 0,00 8 Apr@igh07 0,00 0,00
All E.24 9 AprROSkOT =751 15 Apr@El4ki7?

Figure 8.30: predicted infiltration performance
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Controlled vents and inter-zone flow

H =l Ventet LHE zone flow

Using the model variant with controlled vents and flow between zones and running an
assessment (as in Figure 8.31) indicates that the vents are open slightly longer than necessary and
this has performance implications. The data also indicate that the conference room is over
ventilated, perhaps because it has two facade orientations and the cross ventilation is more than

is required.

& HEQL M A0|9] flowd| ofst D& HHEO| A2t It XA (Figure 831)2 vent7} EeH

A

o
=3 O e 2|1 o7 85 S JHEICHE A2 LtERHCE HO|E = 3 conference
roomO| 1}5tAH| =t7|(over ventilated)SCH= 242 LIEFLHRACE Ol Otof & W2 QmE 7HX
o

M cross ventilationZ7} Z e HC} 0fo| AojLt7| 2L Zi0|C|
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Offi ce model with controlled facade vents — clasdic on—off switching characteristi cs
are (primarily) an artifact of the smulation timestep.
Lib; ol ice_vent_ne-wventc_a; Results Mor ofTice_wsnt_nebwventc {ctld:

Period: Tue & Apr BAORSZ to: Tue 15 3pr @B23K52 Y2ar:1937 @ sim@ 150, output@ 15m
Zones: manager general conference reception ceil_woid wixing_box

s Load: W
B T g i e e i conf erence Inf
sl e I?':.I!::ﬁ E;ﬂ. 3 ﬁt'?ﬁ .{’t&?ﬁ nihhe L0080, 0
L0 i A M ¢
b . I3 3000, 00
b oy
] & |
4 ."'-'E SO, (0
t 5;5\' ! 7000, 00
1 |= !
¥ i 000,00
Iy &
Iy :
:i IE 11000, 10
! §
[}
Y L3, 0
I T T T T T ] —=15000,0
] 24 43 72 96 120 144 168 192
Time Hr=
Mode south_gen with node general day & month 4 €1937:
to day 15 of month 4 (1997}
— MNcde south_ger entering
—— HNrde =nith_ger Trawing open contnnons
9000
2000 flow via south facade of general
offi ce showing switching paitern
Fllelig
m
3 .
y, hriefly on
h
r
T T
] 24 43 T2 a6 120 144 168 13z

Timestefs

Figure 8.31: predicted facade vent performance

Take your time when exploring flow results. Discovering approaches to the use of the results
analysis module which yield clear indications of flow performance is an investment well worth
making. The quantity of information can be large and there are several different views of the flow

prediction data as well as reports on the energy implications of flow.
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Flow result® T A [Off, 27t0| A|ZHS
analysis moduleg AtE3dt= XA BH

2t flowet 2H&E OHX[0f Ciet 2AM0M R 7HX| CHE

_'_

%= Q1 flow prediction data 2 OfL
20| ULt

There is one substantial omission in the reporting of flow. It is not at all easy to get an overview
of what is happening throughout the network at a single point in time. Such a feature would
speed up the discovery of patterns within a network. Currently users must manually collect this

information.

Flowo| E1O|A ATSH £2t0 StLf QUCEH A[ZEQ] EFY pointO A networkE ol F20| 0
7] O{ZLCL O] EXE networkLfO|l A THEE Zh=0 7I&S 20

Z Zo|ct. YetXoz ALBAIER O HEE 58X =2 DOLoF $ict

—

2}
LI=X|0f| CH3t overviewes ¢

Flows that oscillate at each time step are sometimes an artefact of the simulation process. If the
magnitude of the oscillation is likely to decrease, but there is not time (or disk space) to run
assessments at a shorter time step, some users choose to integrate the results when running the

simulation. This removes the oscillation but preserves the general trend of flow.

Zt time stepOtCt TIFSt= flows M E simulation 2P| Q1ZX 4AF0[Ct THY FIE=0| F0
Es X SHXTH O EE2 time stepOlM HWILE HASh= A[ZHO] OfL|2tH, FHE ALEAt=

simulationO| XIMEZl [ ANE ETst= HS MEHSICE ol T

8.12 Limitations of Network Airflow Models

Network Airflow model2| stAHX

Although network flow models are useful, they are limited for some applications:
« Large volumes represented by a single node, implying well-mixed conditions.

» Temperature distributions within air volumes cannot be determined (e.g. stratification).
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« Momentum effects neglected.

« Insufficient resolution for local surface convection determination.

bC}.

e
o
—

Network flow model0| FE&0|= =75t HE0| UM X|+0| =X

@® o}L}°| nodez LCf

olo

©. §8)
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4

ol
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@® air volume Lo &= B
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Chapter 9
PLANT

9 Plant

In ESP-r environmental control systems can be represented as either so-called idealized zone/flow
controls or as a network of system components which is often called a plant system. The choice
of which approach to take is partly based on how much you want to know about the detailed
performance of the environmental control system and partly on how much descriptive information

you can acquire about the composition of the environmental control.

ESP-roj| Al 2tAZHAEZEA|AHl(environmental control systems)2 22| O|&XQl zone/flow ZHAEEZ
HAE|AHL £ BEUE A|LHO2L 22l A2 Fda4 HEYJIZN ®HAHE = UCh ofH
£ 2 SHEHMOAARSl HAMTt 50 CHSt HOopL; ol Xt

—

of ot OpLt B2 7|&X(descriptive)dl J2E B = U

The Cookbook does not cover the theory of component networks or the solution techniques used.
It provides an outline strategy for using systems network facilities. Readers might treat this
Chapter as an initial draft as there are many dragons lurking with this portion of ESP-r and there

remain many gaps in the strategies.
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Networks of components offer the following facilities:
1. the psychrometric state within components and at points in the network is explicitly computed
and is available for inspection

2. interactions between components and/or controls are computed at subminutely intervals can
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be inspected in this time domain

3. those who have an interest in fine-tuning the response of particular components or control
devices within the network have many options for creating models which are close
approximations

4. those interested in high resolution of both system components and mass flows can link both

the system component solver and the mass flow solver

7382 HESRIE g2l 7|sE MSetth
1L HE/AIoAMS Y 8 24 #de20Mel §57] SEli(psychrometric state)= A AHEH 2

S Al 8T 4 Ut

A
2. 2 Pyeazio] ¥R Jo|n(Es) HESLS RO O[ste ZHOR AMED, O A%
2ol LolA HY eMg & Aot

3 UEYIN s % TYRASC SY Eb HESYNE OMSH IYSHRK ot A
St Be M2 Sd TAHel BYS 1YY 4 AUrt

4 NAY RHQaet BOISH L3t HUS HAS SHOR oo ABRHE AIAH RHaL o
N(solvenot B 0[S Sf42E HEY st HO| Fh5oict

ESP-r provides feedback on the composition of such networks and a wealth of information about
what is happening within and between components during simulations (via trace facilities) and

different views of the state variables within the res module.

ESP-r2 Ol 22 LEYI FHQA T3t TS}
TYRA WYEL THRL S AO|0] WHoHs US| i3 BE Y

H0f OiEE CHE AiE

=

OH

ShCt

—

Those who master the use of system components are able to address a range of questions that

are not possible with other approaches and have access to a rich store of performance indicators.
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Tactical users of simulation do not rush to create networks of components until they have learned
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all they can from ideal controls. And they do this because creating networks of components:

« tends to take longer (more descriptive information and more linkages between components)

« such networks need tuning like real systems

« such networks fail in similar ways to real systems

» some system interactions are in the frequency of seconds or fractions of a second and so the
volume of information increases greatly.

» much performance information is in a form that it difficult for many users to interpret

« the facility requires you to assemble a network that is both syntactically correct and physically

correct

In comparison with most of the ideal zone controls the use of networks of system components
involves a steeper learning curve. Many tasks and much of the quality assurance in models with
system components is the responsibility of the users. A methodical approach is essential.

» Rule one: start with zone and/or flow controls learn as much as possible about the pattern of

demands and the likely control logic that is appropriate for the design

Rule two: planning and sketches are essential.

Rule three: walk before you run - test out portions of the network and control options on a

simple model before scaling the network.

Rule four: document what you do.

Rule five: leave plenty of time for testing.
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For readers who are approaching the use of system networks in ESP-r with prior experience with
component based analysis be aware that all components are entities within a single network. In
ESP-r there is no conceptual difference between components representing a duct, a valve, or a

cooling tower. There is no concept of central plant and zoneside components.

THRAE V2o st £ o FHS XD ESPr o] AAH YEYAS ABERK
e SRES, BE THRAT 42 UEYUI Ho| AUChs HS HESH FO[0f Bk ESP-rof A
E

o
¥, WAE 502 fiwEt THRAS2 HENOR Xo|7t Qict 5Y BUse =
(o]

9.1 First exercise - using a component network to represent mechanical ventilation
Mechanical ventilation is one aspect of building design which simulation can play a role. We will
create several models of a mechanical ventilation design to explore such systems respond to

changing demands and boundary conditions.

7| Algt7|= EA Al AlE20]80] Ztset A & SHLOICE R2|= 2724 BA=H Hoto

Eots AL"EE ZAfS] 25 7|A2t7] SA0 tigt R 7t 2=2S S0 2AL

The first approach is to represent all aspects of a mechanical ventilation design within the
component network (i.e. it uses a component as a simplified representation of a thermal zone).

Although this will not provide a full accounting of the interactions between supply and demand

- 283 -



sides it is an approach suited to early design stage questions where little might be known of the

e Y22 7484 HESRR o 7[AZ7|242 2 B #osts AOICHE, #3882
22 MHES Chesdl 29 oftth) HE o] 22 38 A 274 42488 25+ 239t
K= ZSHA|RF =0 gt YRt fFok =7 A A of Hetsiot

Figure 9.1 shows a standard mechanical ventilation system which has a supply and an exhaust fan
and a heater coil just up-stream from the supply fan. Two zones are supplied and the extracts

from each zone are combined in a mixing box just before the exhaust fan.

Figure 9.12 &7| & Hi7|HI} LI A0l U LEHQ 7| AV AL S LIEHHD ALk F+
Z0l 2717t O|ROIX|2, 2} =O0|M HiEE S7I= HIZ7|H™ H2 o IX|ph 222 (mixing box)
oM ZgetElch

duct ret b

heater
zone_b |:|_|
inlet_duct  supply_fan || supply_duct [.* duct_mix_fan exh_duct

(A = bor | —— (A

box

) exh_fan
zZone_a

duct_ret_a

Figure 9.1 Basic mechanical ventilation system

Planning is essential, even for a simple model. Sketch out your network first and decide on names
for the components. Most of your work within the project manager will involve names of
components and numbers representing component attributes and your sketch is essential for

keeping track of your work, supporting QA tasks and communicating with clients.

]

G BYONE A2 BAHo|CH BN HEYUIS AAKGD % B4Rl 022 B
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rot

f. project manager QtO|A{Q| CHEES| AU FERA0 O[E FH2A°| £dZ LIEIHE=
AE HAE & AO0|Ch AA XK= AlE20|MS SX|X| 0 M2t7t4, QA XHYS X|EA|7|1

=

M

A0F HRJLA O Bt7] 25k0] BHEA| fOf SHLY.
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After sketching the network gather the component information. The list on the next page contains
component information for the 12 components and you should refer to this as you create your

network.

HEHIE 2A K 7o #8220 §2& ettt g Ho|X[el S50 127tX] #824
(Figure 9.2 Components)of| CHot FE7} Zotx(0f UL HEYJIE YGL WO O|AS E=s0F

L},

—

Components have a sequence - the initial group goes from the returns from the zones to the

exhaust and then come the idealized zones and then the inlet_duct to supply_duct. Adopting a

sequence which proceeds from the return to the supply can make subsequent tasks easier.

(Figure 9.200| M) T8 QA = YFHO| =ME 7FHX| D QUL — Z9|(initial) IS 'Z=9| return'0f| M
o

il T35
Z=E50| @1, inlet_duct2 &£

S| exhaust2 FIE|0], CH2OlE (0|48} EI) B supply_ductz %
SEIC retunO MEE| supplyE RISt =AE e U2 CH2o| AYS BO[34H BHSOf
s

After the name of the component is a number in () which is the component index within the
plant network. Include this number on your sketch in addition to the component name. Why?
Because there are a few places in the interface where you have to type in this index rather than

selecting from a list of component names.
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Most components include an attribute for the total mass of the component. For these exercises
this need not be exact. There is also a mass weighted average specific heat which tends to be
either 500.00 or 1000.00. Each component also has a UA modulus. These parameters support

calculations of how the casing of the component interacts with its surroundings.
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R IMHQAES AN QAO| total massOf| CHSH £AMS matstn QICH 0] AL0| YAME
0|Z{0| Hetst WoE QICh LBk 40| 500.00 E£& 1000.0091 2k 7k B H|Y(a mass
weighted average specific)= E&SIC} 242f0] M QAL E3F UA ZES JHX|1 QULC} 0|23t
MaES2 1H2409| casing0| FHI OfEA HZEES St=X|0f ot AitS @[3 50t

Ducts have additional parameters, including the length of the duct, cross-sectional area and
hydraulic diameter. If you pre-calculate these it will speed up your descriptive tasks as well as

reducing mistakes (see Rule two).

= = | C 2 o =X A2 o =Eo
HE= HEQ| ZO|, tiHA, =X Fu Z2 F/HEQ BE JtX|12 UCL O|ASE Ol2] ALt
S 2 AHSe A= Sil= BHO AIAE =EH=
SIOHEH, M=HQl( HYS S E HEHA siF 20 ot 2t ¥+ E9ZF ZO0|CHRule 2 &)
A Projact fanzgar anguinias to asrucusieai.zs i & NEE
[ Components _I
PP
7 glev =] rer no, ype
[=][e] [ [=] ll Iref no.l T
Cross sectional face area (n"2) + 0,12270E-01 a duct_ret_a 6 air conditioning
b duct_ret_b 6 air conditioning
Component: duct_ret_b { 2) code 2, db reference B o mixing_box 1  air conditioning
Mo Control data d duct_mix_fan B air conditioning
Modified parameters for duct_ret_b e exh_fan 3 air conditioning
Component. total mass (ka) 1 L,B500 £ axh_duct 6 air conditioning
E;ss Ee;ght\?a{;\;erage specific heat (J/kgh) H gogogg q zone_a 95 splar and other
moculus Wk P h b 25 solar and oth
Hydraulic diameter of duct (m) + 0,12500 i T?;:E duct g :‘i:ra;o:zitjon?;g
Length of duct section (m) s 10000 i supplufan 2 air conditionin
Cross sectional face area (n"2) + 0,12270E-01 i he::er%_ 5 air condit.mnin:
Component: mixing_box ( 3) code 3, db reference 1 1 supply duct € air conditioning
Mo Control data e
Modified parameters for mixing_box + Add/Delete/Topy
Comporent total mass (kg) + 11,0000
Mazs weighted average specific heat (J/kgk) 3 500,00
A modulus (LK) + 3.5000 ? Help
- Exit
Component: duct_mix_fan ( 4) code 4. db reference 6
Ho Control data
Modified parameters for duct_mix_fan
Component. total mass (ka) 39,2500
Mass weighted average specific heat (J/kak) 800,00
UA modulus (W) o 14,000
Hydraulic diameter of duct (m) 1 0,12500 —_—
Lergth of duct section (m) ¢ 65,0000 € comtroil
Cross sectional face area (n°2) 1 0,12270E-01
Component: exh_fan ( 5) code 5, db reference 3
Control data: 0.060
Modified parameters for exh_fan
Comporent. total mass (kg) t 10,000
Mass weighted average specific heat (J/kgk) o BO0,00
UA modulus (W/K) s 7,0000
Rated total absorbed power (W) 50,000
Rated volume flow rate (n"3/s) 1 0,10000

Figure 9.2 Components (with attributes shown)
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Connections

Sending comp €@ Mode to Receiving comp @  Hode | Conn Type | Mass Diw

a outside air ambient - inlet_duct air node 1 zones amb 1,000
b inlet_duct air node 1 - supply_fan air node 1 to compt 1,000
o supply_fan air node 1 -—-> heater air node 1 to compt 1,000
d heater air node 1 -—> supply_duct air node 1 to compt 1,000
g supply_duct air ode 1 -——> zohe_a air node 2 to compt 0,500
f supply_duct air node 1 --> zone_b air node 2 to compt 0,500
q Zohe_a air node 2 --» duct_ret_a air node 1 to compt 1,000
h zone_b air node 2 —» duct_ret_b air node 1 to compt 1,000
i duct_ret_a air node 1 --> mixing_box air node 1 to compt 1,000
J duct_ret_b air node 1 -—> mixing_box air node 1 to compt 1,000
k mixing_box air node 1 —> duct_mix_fan air node 1 to compt 1,000
1 duct_mix_fan air node 1 --> exh_fan air node 1 to compt 1,000
m exh_fan air node 1 ——> exh_duct air node 1 to compt 1,000
+ add/delete/copy

Figure 9.3 Connections between components

The pattern for creating components is similar (see Figure 9.5). When you have finished defining
the components you should see something like Figure 9.4. Save your network and take a moment
to review the components listed in the interface menu with your sketch to ensure they are

consistent.

Figure 9429t 22 otHE B/ &M HESIE Mot AHMO|A Hw0 SHE FH2a7t
=

2K Qb HX| =X
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Network definitiontedit

a Problem name :,,/nets/mech_vent_2i
—| b Simulation type ¢ Energy + two phase.
| ¢ Project title : mech extract via mix

Problem status,,.

Mo, of components ... (1213
d Components

Mo, of commections ... { 13)
e Connections

No. of containments ... ( 12
f Containments

Mo, of comp, + electrical data (0 )
g Electrical data

h Link to fluid flow network

Mo, of lirked zores ... {0
i Link plant to zone(s)

I Update plant config file
? Help
- Exit

[

Figure 9.4 Finished network

The next task is to link the components together. Linking plant components together is different
from linking flow network components together. Clear your mind - the pattern is to begin your
focus at a component that receives flow and Figure out which component is sending the flow.
Referring back to Figure 9.1 - the heater is supplied by the supply_fan so when you set up a link

the first component in the link is the heater and the second component in the link is the

supply_fan.

Cheol 22 2ol FHeAES HAA7|s AOILh EHE FHRASS HEANI|= A2
EER HERA 82458 HZA7|= A= CI20L - HZDEHE H4mEDH, AZo| X B
deas 7S e 788401, FHN Fda4s RES EUD UAs FH24E LEHWH
Ct. Figure 9.12 CHA| EXSIH S|H= supply fanQ 28 EH {2 sa=Ct M2t A2 4
g m, Ao R vii fde4= SIEIF EU £ HK 7924+ supply_fan0| E Lt

Look again at the list in Figure 9.3 and draw this (a coloured line works well) on your sketch of
the network. When this makes sense, start the process of adding connections and noting them on

your sketch. The mass diversion for supply_duct ->zone_a and supply duct ->zone_b are 0.5
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because each takes half of the output of the component supply_duct. Except for the receiving
component inlet_duct, which takes its supply from ambient air, each of the other connection is

with another component. When the connections are complete save the network.
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Component: duct_ret_a ( 1)

db reference 6

Modified parameters for duct_ret_a

Component total mass (kg) : 3.7000

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 5.6000

Hydraulic diameter of duct (m) : 0.12500

Length of duct section (m) : 2.0000

Cross sectional face area (m"2) : 0.12270E-01
Component: duct_ret_b ( 2) db reference 6
Modified parameters for duct_ret_b

Component total mass (kg) : 1.8500

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 2.8000

Hydraulic diameter of duct (m) : 0.12500

Length of duct section (m) : 1.0000

Cross sectional face area (m"2) : 0.12270E-01
Component: mixing_box ( 3) db reference 1
Modified parameters for mixing_box

Component total mass (kg) : 1.0000

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 3.5000
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Component: duct_mix_fan ( 4) db reference 6
Modified parameters for duct_mix_fan
Component total mass (kg) : 9.2500

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 14.000

Hydraulic diameter of duct (m) : 0.12500

Length of duct section (m) : 5.0000

Cross sectional face area (m"2) : 0.12270E-01
Component: exh_fan ( 5) db reference 3

Control data: 0.060

Modified parameters for exh_fan

Component total mass (kg) : 10.000

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 7.0000

Rated total absorbed power (W) : 50.000

Rated volume flow rate (m”3/s) : 0.10000

Overall efficiency (-) : 0.70000

Component: exh_duct ( 6) db reference 6
Modified parameters for exh_duct

Component total mass (kg) : 5.5000

Mass weighted average specific heat (J/kgK): 500
UA modulus (W/K) : 8.4000

Hydraulic diameter of duct (m) : 0.12500

Length of duct section (m) : 3.0000

Cross sectional face area (m"2) : 0.12270E-01
Component: zone_a ( 7) db reference 25

Control data: -500.000

Modified parameters for zone_a

Component total mass (kg) : 10920.

Mass weighted average specific heat (J/kgK): 1000.0
Wall U value (W/m”"2K) : 0.40000

Total surface area of walls (m"2) : 78.000

Zone space volume (m”3) : 45.000

Inside heat transfer coefficient (W/m”2K) : 5.0000
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Outside heat transfer coefficient (W/m”2K) : 18.000
Outside air infiltration (ACH) : 0.0000

Component: zone_b ( 8) db reference 25

Control data:-1000.000

Modified parameters for zone_b

Component total mass (kg) : 7560.0

Mass weighted average specific heat (J/kgK): 1000.0
Wall U value (W/m”"2K) : 0.40000

Total surface area of walls (m"2) : 54.000

Zone space volume (m"3) : 27.000

Inside heat transfer coefficient (W/m~2K) : 5.0000
Outside heat transfer coefficient (W/m”2K) : 18.000
Outside air infiltration (ACH) : 0.0000

Component: inlet_duct ( 9) db reference 6

Modified parameters for inlet_duct

Component total mass (kg) : 9.2500

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 14.000

Hydraulic diameter of duct (m) : 0.12500

Length of duct section (m) : 5.0000

Cross sectional face area (m"2) : 0.12270E-01
Component: supply_fan (10) db reference 3

Control data: 0.060

Modified parameters for supply_fan

Component total mass (kg) : 10.000

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 7.0000

Rated total absorbed power (W) : 50.000

Rated volume flow rate (m”3/s) : 0.10000

Overall efficiency (-) : 0.70000

Component: heater (11) db reference 5

Control data: 3000.000

Modified parameters for heater
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Component total mass (kg) : 15.00

Mass weighted average specific heat (J/kgK): 1000.0
UA modulus (W/K) : 3.5000

Component: supply_duct (12) db reference 6
Modified parameters for supply_duct

Component total mass (kg) : 1.8500

Mass weighted average specific heat (J/kgK): 500.00
UA modulus (W/K) : 2.8000

Hydraulic diameter of duct (m) : 0.12500

Length of duct section (m) : 1.0000

Cross sectional face area (m"2) : 0.12270E-01

Plant comp : duct_ret_a

a Comporent total mass (kg) T E,7000
b Mass weighted average specific heat (J/ksk) + GO0,00
o UA modulus (WAK) + 5,000
d Hydraulic diameter of duct (m) 0 0,12500
e Length of duct section im) s 02,0000

f Cross sectional face area (m°2) 0,.12270E-01

* ALl items in list

? Help
- Exit

Figure 9.5 Typical component menu

9.2 Defining containments
Components exist in a context (or containment), such as surrounded by a fixed or ambient
temperatures. For purposes of this exercise we want to attribute each component with a fixed

temperature of 22°C. Figure 9.6 shows what you should expect to see.

THOASS DHE 2L 7] 220 SNl HI 22 MY 0| EXICL

S f
HE floto] R2le A4 78248 22°Co| ¥ EH 2= =2 2T, Figure 9.6 40| £
=
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Containments

fi

Component. | Containment descr, | Type

—{| a duct_ret_a fix tempy 22,000 2

wh b duct_ret_b fix temp: 22,000 2
o mixing_box Fix tempy 22,000 2
d duct_mix_fan fix tempy 22,000 2
e exh_fan Fix tempty 22,000 2
f exh_duct fix temp: 22,000 2
g zohe_a fix temp: cL.DUO 2
h zone_b fix tempy 22,000 2
i inlet_duct fix temp: 22,000 2
J supply_fan fix temp: 22,000 2
k heater Fix tempy 22,000 2
1 supply_duct Fix tempy 22,000 2
+ Add/Telete/Copy

Figure 9.6 Containments for each component

9.3 Finishing off the model and testing
At this point your interface should look like Figure 9.4. Notice that there is a place for you to

include notes (Rule 4) before you forget what this network is about!

g AEOM S4lel eIHH0|A= Figure 942F 0| £0]& Z0|C} O] HESA7t a0 2

o =
oF A2XIE dojHe[7] Ho| 7[EE & + A=(Rule 4) 0| RACt= AS AKX|5H0]2H

Next we need to test the model to see if it is complete and syntactically correct. In the simulator
interface look for the Simulation parameters option and provide the name of the results file, the
period of the simulation and what sort of time step to use. This allows you to re-run this
assessment without having to look around for scraps of paper. The parameters shown in Figure

9.7 are a good starting point. Once these are set commission an interactive simulation.

Che CHAOM = 2-d0| EA=X], MAXS HA0| /A=K 2Qlst7| 250 2 EES HAES
LTIt ALt Simulator QIE{I[O]|A OtO|A| simulation parameters M2 A, A4 O0jeo| ol
Aol Z[Zh A8 time stepE UL O| A2 POl ZAM A3ME SEEX #1k

Of 715 LAl HAAZ = UEF SHELf Figure 9.70] HO|= H452| &2F0| HZ HHEE o

AIZ7Holct ot O|4S0| 285, =Xl AZd 0|38 HSAIAHEOE,

—
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The simulator will notice that the model includes only a network of components and will solve
only a system only simulation. It will request confirmation for using zero startup days (accept this),
the default climate and the name of the results file to be created (write this name down, you will
need it in a few minutes). The simulation should take a few seconds. Exit from the simulator and

invoke the results analysis module.

Simulator= 2

i
o
1
0x

2459 HEHIAUS Zolstn s AS AR AO|H, 2F AL

o
[
rn
=
[>

L
mjo

E0{d AOo|Ct. 222 zero startup

o o

Default climated} Z1} mfelo] 0|20| MME|= Z{(0]

Note for some versions of ESP-r the initial results file name in the results analysis module is

incorrect and needs to be edited.

ESP-ro| Z1t 24 mg Qto] x7| Znt ot HH

—

of

L= A= 7I55tE)

Simulation contraoller L

& simulation presets { 1 of 1)
b set name; default
c startup days: 0
d bldg timestepzs/hr: 1
e plnt timesteps/hr: 10
f result save level: 4
g from: led 39 Feb - Sun 20 Feb
zone results: N/A
flow results: N/A
J plant results: mech_vent_2izn,
+ NAA
noist results: NAA
elect results: NAA
ipv report ¢ NAA
save or dereference parameters

o

system only simulation
fluid flow (stand-alone)
visual impact
integrated performance wiew

o W T o

=

help

- exit thiz menu

Figure 9.7 Simulation parameters
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The results analysis facilities (see Figure 9.8) for network components allows you to toggle
between tabular, psychrometric chart, summary statistics, histograms and graphic plots. Items

selected will be re-displayed as you switch views.

HERIS daa0 et 20t &4 7|52 & 537 dk, S, S|2EQY Jaiy EX
AOJO M HEHSID & 4 AEF 3f TCf HEE OtO|-S2 viewE TH&StE 2 CHA| RO

HAIE AO|Ct.

Figure 9.9 shows the temperatures at return ducts a & b and Figure 9.10 statistics of temperature
and enthalpy at return_duct_b.

Figure 9.9= return duct aQt bOAQ| & & L}EILYL, Figure 9.102 return_duct_bOf| A Q| 2% Qf

ANE LS LiEtL= SAHZDO|C

Spend a few moments browsing the reports and graphs in search of patterns that indicate how

the ventilation system is working.

7t St 27| AL”-O| OEA HSoheXE EolFE IES HOtLZ| {5ty 2|ZEQt Jaj
Z
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Timestep listing i

2 result set L
3 display period

5 output >» tabular
node related..,

a temperature

b 1zt phase flow

c 2nd phase flow

d relative humidityd

g specific humidity

f enthalpy

g dew point temperature
special...

h additional output

i outside dry bulb T

j ambient RHZ

> output >» screen
format >> 10h30

delim > normal

list data

clear selections

help

- exit -

E

|

Figure 9.8 Results analysis menu

The diversion ratio of 0.5 from the supply duct to zone_a and zone_b results in the return from
zone_b being cooler than from zone_a. Edit the diversion ratios and see if the differences in

temperature might be reduced.

supply duct2 2 E{ zone_a®} zone_bZ2| diversion ratio 0.5= zone_bZ £ E{ 9| return0| zone_aZ
BHO9| return2LCt O X718 X|= & L} Diversion ratioS £=835t1 22X 9| X[0|7} E0EE=X|

= 2}0I3}a}.

= &

To save time, note the information for the two connections before starting the edit. And
remember to save the component network file to a slightly different name when you make such
changes so that you recover the original file. After saving the changes and commissioning another

simulation check and see the change in performance (Figure 9.11).
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el AZof tiet §2& 7IFotek A2l

|y

— = " = T
S0l 184 HESRD oo R 7t HotE FAS 0o, oj MU= CHA =8 + A
=E CHE 01522 MyFste A 7|9stat Hatel Mes Mot £ CHE AlEYolds &

Period: Thu 9 Feb BOOhOZ to: Mon 20 Feb B21hS7 Year:1367 @ sim@

duct_ret_a nl deglC

rlll
!N_ﬂvﬁLJVJt\
25,0 Al

e T =D~
-

20,04 [/

[l =
b=
o
b
1

10,0

5,
0 480 912 1352 1824 2304 2784

Timesteps

Figure 9.9 Graph of return duct temperature

| 47 | capture

Selected duct_ret_b nl degC
Selected duct_ret_b nl EI/Kg

Mz 1 mum Mindmum Mea
value oCCUrrence value oCCUrrEnceE wal
duct_ret_b nl degC 26,56 20 Feb@Z1h4E 13,16 3 Feb@O1k50 21.7

duct_ret_b nl KJ/Kg 45,32 20 Feb@21hdb 21,64 9 FebROIWSO 31,5

capture text |

Figure 9.10 Statistics at return duct b
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Period: Thu 9 Feb BOOWO3Z to: Mon 20 Feb @21hG7 Year:1967 3 sim@

duct_ret_a nl degC

MWMFL‘\'J

27,0

=T B
o
3“:—

Ll
z

7.0

Ow o9

0 450 912 1344 1524 2256 2633

Timesteps

Figure 9.11 Temperatures in return ducts after adjustment

9.4 Moving from ideal demands to thermal zone demands

In the initial model demands that the mechanical ventilation had to respond to were via
component representations of zones. You can also associate a network of environmental system
components with thermal zones. In this case we need to add two zones to the model which will
have the same volume and surface area and overall thermophysical properties as the component

representations.

Z719] ZHEO|M Z[AEI|7F HYOF St 7 E52 FERAE BEAREN 2oLt
T2 EDH SHF A|AHS AHaA HEYIE thermal zonedt ASA|Z = UCL O3t E2,
fEl= ZEO Z2 Fuot BHE, 2|0 FHeA0 BAZMO HAO| ZX EESHE It
T i E2 oY EaIt At

The component zone_a has a volume of 45m~3 and a zone which is 4m wide x 4m deep x 2.81m
high will be equivalent in volume and surface area. The component zone_b has a volume of
27m”3 and a zone which is 4m wide x 2.4m deep x 2.81m high will be equivalent. If all surfaces
in the rooms are attributed with the construction external_ wall and face the outside then the
overall UA will be similar to that of the component representation. These zones are rectangular
and have no windows or doors, so the process of creating the geometry and applying attribution

is straightforward.
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o d
— = T

A4 zone_as 45mA39| EI|E JHX|MH, 4m wide x 4m deep x 2.81m high9| el

HEHAO| AN SSIICE FH2A zone_be= 27mA39| BIO|E 7HX|11 4m wide x 2.4m deep x
2.81m highe| =1} S SoIC} B9 BE HEMHE construction?| external_wall0f| SiiE L0 2EE
HiEtE 0 QUCHH, TH VA= 8842 UAQ Hlxg AO|Ct. O|2{st E252 A4 20|

Y=0|Lt 20| gich Mt M E ddstn £42 YHSs E2 =E9| TdE Ao[CH

One option is to begin a new model and to build up both the zone and component network to
match the requirements of the exercise. A second option would be to upgrade the existing model
to include the zones and to adapt the existing network of components. Both options have
benefits and drawbacks and it is well worth exploring both.

22 HERIE

+85t0] 7[E2

controller type

senzes dry bulb actuates flux

SeNsSes
BENIES
SENsSes
SENIES
SENsSes
E2ENZES
FENSES
TENSES
senses
SENSES
SENSES
SENSes
SENIES
SENSES
SENSES
SENSES
SENSES
TEnzes
SENSEs
TENIET
sENSes
SeNsSes
senses
SeNsSes
SENSES

MIE X € € C ¢ 70T 0 I 2 = T o T @ L0 0@

o

-3

Help
Exit

Page --- Part:

dry bulb
enthalpy
enthalpy

1st ph mass flow
1st ph mass flow
2nd ph mass flow
2nd ph mass flow
adl plant output
adl plant output
RH

RH

actuates flow
actuates flux
actuates flow
actuates flux
actuates flow

actuates
actuates
actuates
actuates
actuates

flux
flow
flux
flow
flux

actuates flow

dry bulb
enthalpy
1=t ph flow
2nd ph flow
plant output
RH

dry bulb
enthalpy

actuates
actuates
actuates
actuates
actuates
actuates
actuates
actuates

mass
mass

variable
variable
variable
variable
variable
variable
ratio
ratio

actuates
actuates
actuates
actuates

1=t ph flow
2nd ph flow
plant ofp
RH

mass
mass
mass
mass

ratio
ratio
ratio
ratio

temp diff
abs temp diff

actuates flow
actuates flow

1of 2-—

T

T

Figure 9.12 Component control types
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For this exercise lets modify the existing model and the first task is to make a backup copy of the
model. If the original model folder is named mech_vent then give the following command:
cp -r mech_vent

mech_vent_2z

Oof g&5S flotd 7|&EQ REAS oAt A HRY X Y2 o] ZEo| WYy 7tujE TEE A0
Ch. 7|&9| 22 EE7F mech_ventZtl FHEO QUCHH CHZak 22 X[AE =L

cp -r mech_vent

mech_vent_2z

Then go into the configuration folder of mech_vent_2z and restart the project manager with the
configuration file we want to modify. As soon as the model loads change the root name to

mech_vent_2z and alter the model description phrase (as a reminder that this is a different model).

1 Z0f, mech_vent_2z configuration 20| 7tM, L2|7l £838}7|& fl=configuration ItZ
project managerE CHA| A[Zf3ICt ZHES 22 5 REO| 0|§& mech_vent 2z& Hift1 ZE

9| description 25 HZFSICHO| RAO| CHE REAO|ZHE AS FAIBHEE).

The model has no zones, so go to the zone composition and create zone_a and then zone_b
based on the information given above. At the end of this process you would see something like

Figure 9.13 for zone_a and something like Figure 9.14 for zone_b.
HElo]| £0| gieoZ, zone compositiond| 7kA O|HO| FO X MEE HEHOZE 3t zone_aQft

zone_bE st O] 1Yol OpX|atof| UM YA zone_adf CH$H Figure 9.131} zone_bdj|

CHst Figure 9.149 Z+2 3tHE EA E ZO|Ct
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P W L T e R L

[¥1}

e |

stathacuk

Zone 1 Composition

a name; zone_a

b desc: zone_a describes a 45m3
origin @ 0.0 0,0 0.0
volume? 45,0 m"3

¢ basefloor areat 16,0 m™2
opaque constr,: 77,0 m™2
transp, constr,: 0,000 m™2

d vertex coordinates o a
e surface list & edges ( 6
f surface attributes

g =olar distribution
h solar obstruction

i rotation & transforms
J

At N NP N NP N L Y N N A L L L L b D L L U S

* list surface details
> zave
ot . t reporting >> summary
? help
| Adelevl@@ lE”E] [image control - exit this menu
Surl Area lAzimlElev| surface lgeometryl construction lerwiro
| m*2 ldeg ldeg | name ltypelloc| name lother
1 11,2 180, 0, Surf-1 OPAD VERT extern_wall 1< ext
2 11,2 90, 0, Surf-2 OPAD VERT extern_wall |1< ext
3 11,2 0, 0, Surf-3 OPAD VERT extern_wall |1< ext
4 11.2 270, 0, Surf-4 OPAD VERT extern_wall 1< ext
5 16,0 0, 90, Surf-5 OPAD CEIL extern_wall |1< ext
B 16,0 0, -90, Surf-6 OPAD FLOR extern_wall |1< ext
wid Eedan

Figure 9.13 Zone a details
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Lev 1w =

|

Zone 2 Compozition

[adelev][v][4] [a=i][[e]

Surl Area lAzimlElev] surface lgeometryl
| m*2  Ideg ldeg | name Itypellocl

1 11,2 180, 0, Surf-1 OPAQ YERT
2 b6,74 90, 0, Surf-2 OPAD YERT
3 11,2 0, 0, Surf-3 OPAD YERT
4 6,74 270, 0, Surf-4 OPAD YERT
5 9,60 0, 90, Surf-5 OPa0 CEIL
£ 9,60 0, -390, Surf-B OPAD FLOR

image control
construction lenviro
name | other
extern_wall |1< ext
extern_wall 1< ext
extern_wall |1< ext
extern_wall |1< ext
extern_wall 1< ext
extern_wall |1< ext

Figure 9.14 Zone b details
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a name; zone_h

b desct zone_b describes a walum
origin @ 0,0 5,0 0,0
volumes 27,0 m*3

¢ baze/floor areat 9,60 "2

opaque constr,: 99,2 w2

transp, constr,: 0,000 m"2

vertex coordinates {8

surface list & edoges ( B

surface attributes

- 0 Q

solar distribution
solar obstruction
rotation & transforms

e IO

list surface details
zave

reporting > summary
help

- exit this menu
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Schedules and other attributes
The two zones need to be fully attributed in terms of composition and operational details. Keep

these descriptions simple — 200W during office hours and 0.2 air changes of infiltration will suffice.

MYE £ Zo| THRA U 2F MMES WY FO(OF S 07| ME ZHERA ARA 2
2k S0t0] 200we| Hot7t U, HIIS Sof #IIHS 028F DEGHE HOR HHGEE

ch

Modifying existing network of components takes several steps: first make a backup copy of the
existing network, second change the connection to supply_duct -> zone_a (a connection between
components) to supply_duct -> duct_ret_a (a connection between a component and thermal

zone_a).

ST WHE RHRL UEYAE £TeY| ME B IR D27 Baotch HE BHEoiH
HEQI9 #e BAEg BIEC

=

supply_duct -> duct_ret_a (714 2 A2} thermal zone_alto| HZA)Z9| HZAZ HR L

o
o
o

In this case the receiving component becomes duct_ret_a, the connection type is ‘from a building
zone' and then zone_a is selected from the list of available zones. The next question is about the

supply for the zone and this remains component supply_duct with a diversion ratio of 0.5.

oM RS B

zone'O|0, zone_a= MH 7t5%t & 2|AE FO|M MEE 5= QL CHFL2 A FO0F &

0x

rir

Q4+& duct_ret_ aZt &1, HZ Q3 (connection type)2 ‘from a building
=

A2 E220| 350 st Z40|, supply_ductE Sl diversion ratio 0.52 Sg%= A2 A
i

The same needs to be done with the connection supply_duct -> zone_b to become supply_duct -
> duct_ret_b (a connection between a component and thermal zone_b). After these changes have

been made the interface will look like Figure 9.15.

supply_duct -> zone_bE& supply_duct -> duct_ret_b (#4222} thermal zone_b2to| &Z)o| A
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Zdut Yot oz dF™otC}) O|QF Z0| A7 StH Figure 9.152F 2 3tHE & = ULCL
Connections
Sending comp @  Naode to  Receiving comp @  Node | Conn Type | Mass Diw
a outside air ambient -=» inlet_duct gir node 1 zone/anb 1,000
b inlet_duct air node 1 --» supply_fan air node 1 to compt 1,000
o supply_fan air node 1 --> heater air node 1 to compt 1,000
d heater air node 1 --> supply_duct air node 1 to compt 1,000
£ ZOne_a zone air -=» duct_ret_a air node 1 zonedanb 0,500
f zone_b zore air --» duct_ret_b air node 1 zone/ anb 0,500
g Zohe_a air node 2 —» duct_ret_a air node 1 to compt 1,000
h zone_b air node 2 --» duct_ret_b air node 1 to compt 1,000
i duct_ret_a air node 1 —-» mixing_box air node 1 to compt 1,000
J duct_ret_b air node 1 --» mixing_box air node 1 to compt 1.000
k mixing_box air node 1 —--» duct_mix_fan air node 1 to compt 1,000
1 duct_mix_fan air node 1 —--» exh_fan air node 1 to compt 1,000
m exh_fan air node 1 —» exh_duct air node 1 to compt 1,000
+ add/delete/copy

Figure 9.15 Connections after editing

The next step is to remove the now redundant connections g and h in the above Figure and to
finally go into the list of components and remove the ideal components zone_a and zone_b. The

result will be a network of 10 components, 11 connections and 10 containments.

CFS Bl LK AZS0l 9| Figured| HZ gof hE ARIsHs HOIM, RAR4 2AER £
O{7tM ideal 4R A9l zone_alt zone bE AMKNSIEE SICh DA SHH 10749 fHeA

(components), 117§2] A Z(connections), 107§2| containmentZ THE=l HEQZIL MM EICE

9.5 Links to zones and controls

At the bottom of the network definition menu there is an option link plant to zone. Before we can
use this facility we need to define two zone controls and that requires saving the network of
components and changing to the zone controls menu to initialize the controls and then return to
the network component interface to complete the process. Perhaps a future version of ESP-r will

include a wizard to sort this out...

38 al ol =2
HEES 288 FO0f otH, 1884 HESRA ofHeR F0tet oiy Z2MAE OiF 2| otk



= oIk o= Lt ESPro| M HEOIME O] 2t8S flot 28 D@ Akwizard)E Z2E O F

—

Controls

a control focus >> zones

3| b description: no overall control descript

d| ¢ descriptiont no zone control description
loops ¢ 2

d link loops to zones

cntll sensor lactuatorlday |valid |period
loopllocationllocationltypelduringlin day
e 11 0 01 00 1 1365 1
£ 2200 2 00 1 1365 1

I[N

add/delete/copy control loop or day type
list or check current control data

save contraol data

help

exit this menu

3N —

TT

Figure 9.16 Initial zone control settings
The first zone control senses the temperature in zone_a and actuates at the air node of zone_a
and has one day type and one period in that day and the control type to flux connection

between zone and plant but skip filling in the details.

M HE = HEEE zone_al| M| &7 2k (air temperature)E ZEX|St1, zone_al| air noded|

M ZtSotCh Lok A HK E HEEN = L2t FH(one day type) R Y 2ol L 7[ZH(one
period in that day)0f 2ot H7F0| lonf, Eut ZWEZO| flux JZAO| et HEE [FHO| U2

=
Lt 07|10l M= XtMIS| CHEX] HE=F ottt

The second zone control should sense the air temperature in zone_b and actuate at the air node
of zone_b and have one day type and one period with the flux connection control law (see Figure
9.16). While you are in the control facility there is an option to set (another type of) linkage
between the control law loops you just created and the relevant thermal zone. When you have

done this save the zone controls.

rE
E=)
A

U
[m

= E2 zone_b2| &7| 2k (air temperature)E ZX|St11, zone_b2| air nodedj| A At
Seith T3 £ WA E HESS flux B HEES W] T2 (Figure 9.16 AZ) Uzt K (one

day type), 27 7|ZHone period)df Lot RHES @YY + UL HUEE 7|52 E85= SO
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d9E HEE YA FZ(control law loops) AfO[0 HZS 2ot 2AE MHES 278517 ¢

3t §M0| Gt 0|8 B OXB Z HESS NPT

—_

== Linkages
connected | connection | connected | connected I
zohe | type lemmiters/supply | extract I
a zone_b convective zupply_duct duct_ret_a
b zone_b convective supply_duct duct _ret_b

+ Add/Delete/Copy

T U-1~

Figure 9.17 Completed linkages between zones and components

Now return to the network of components and select the item link plant to zone. The control file
will have been scanned and there should be two entries, the first for connected zone zone_a and
the second for connected zone_b, both with a convection type connection. The remaining fields

define the nature of the supply and whether there is an extract.

O[H CtAl F+d820| HERJAIZ =0tetM SUEN M =222 AZA(plant to zone)S HEISHE

4
il
W

£ COiCh ZEE MU0 AtsXHoz AMELCH AME AEFE M2 2&F convection type A
2 Ko Aol A W= zone a2t HAE|O U= mAO|

PN
o
—

=
1, & HRj= zone bQt HZAE m0|
__I.L

Ch. OfX H2 A 770 et 278olct

2 AL 38 EM(nature of the supply)1} F=

The link for zone_a uses the component supply_duct as the supply and the duct_ret_a component
is the extract. The link for zone_b uses the component supply_duct as its supply and the

duct_ret_b as the extract.

zone_a0AQ| HZAL2 ZZOZA supply_duct 2H8QAE O|&d5IH, FEFEAME duct_ret_a T
MQAE 0|2%tC} zone bO|Me| HZAL S22 ZA supply duct +ERAE 0|235IH FE=1 2

ME duct_ret.b tHQAE 0|30}

The interface will look like Figure 9.17 when this is completed. This is a good time to save the

network of components. You will be asked whether the zone controls should be updated to reflect
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the recent changes in the network of components (say yes).

o g RSt LtH Figure 9171t Z2 2SS & = UCE 7ML HERIE MESIE
£ ook ZxtE FEaa HESRIANM X2 HetE HYsty| s & HEES YUO|ESHOF
ob Sh=Jtof oiet B2 €Xle ZECH (E2 2L o|o})

Almost finished. The zone controls need to be adjusted. The linkage function guessed at the
capacity of the heater component and will have set the heating and cooling capacity of the zone

control to a value which is incorrect (the actual value of the heater 3000W and OW cooling).

7ol L7t ULk & HEES =FO0| Eastht. H7| #daxsl 8= F HEs
(linkage function)of| Al EX YH& & HUESO U & 4L 8= 2o F0{0f ot

Up to this point we have used zone controls to establish the link between the thermal zone and
network component domains and some of the parameters in the zone controls (e.g. the capacity)

are based on information used during the definition of the network of components.

Ol 7|7HK| WMHEL 824 HERIE AHZ of7| ?lof & HEES 23S dten, & HE

£9o| HH HaS (O ¥ (capacity))2 #3224 HERAT FoM ALES dUSS HZESIRAL

We now have to define the logic which will drive the heater component and for this we must
define a so-called plant control. There will be one control loop, it will senses node one within the
duct_ret_a component and it will actuate node one within the heater component. The controller
type is senses dry bulb actuates flux (from within the list shown in Figure 9.12). There is one day
type and three periods during the day. From 0h00 to 7h00 the control will use a period switch off
control, from 7h00 there will be and on-off control with a heating capacity of 3000W and a

cooling capacity of OW and from 18h00 a switch off control.

OlF| 7| +daaE 2HY logice 283 F0{0f StH, O0|Z4S fISHAM plant controlO|2t1

St=Zdg ™MOl8| FO{OF Lt StLtO| control loopE M| FE & 3iCl HEE F

I=!
rir

duct_ret.a 28 A L{O| node oneS ZHX|StHH, HHEt7| A QA LHO| node oneS M*X0|0|EdI
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Figure 9.18 Component control laws

The selection of control laws (see Figure 9.18) is somewhat terse, but the help message clarifies
the relationship between the control law and the control type. These relationships are required

because some components work on flux and some on flow and the actuation needs to reflect this.

£ S(Figure 9.18 & xX) MEH0]| CHot 42 OCI7t E=3f EQIC} SHX|TH help messageE
SOl ZHEE YR HEE RIS A0 Ozt =82 W2 = UCL HEE Y HEE
FY7tol A MFo| Easth, o= ofH F+HeAE fluxo| 2&stn, £ CHE Fd2as flow

A word about the data for the on-off control period. There are seven parameters:
Mode of operation (1.00)

Off setpoint (23C)

On setpoint (19C)

Output at high (3000W)

Output at low (OW)

o v kA w N o

Sensor lag (zero) actuator lag (zero)
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When the plant control is complete and saved it is a good idea to generate a fresh QA report for

the model. This will provide additional feedback for checking that your model is consistent.

plant control& &tZsl1 MZESIGOH, &

ne

= ?lgt fresh QA reportE Ygot=5 ottt 0| &

o
5 g + 9t

sl RHMEl mElof Q271 QeX| HIAZ st =7

—_

ro

| c ey

o
ne

After you have reviewed the QA report adapt the simulation parameter sets. Use a 15 minute
timestep for the zone solution with the plant simulation at 10 timesteps per building timestep

and ensure that there are names for the zone and plant results files filled in.
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Commission and interactive simulation. If all went well the simulation will take a few minutes to
run (the plant is solving every minute). When you go to look at the performance prediction look
for performance graphs such as in Figure 9.19. The upper olive-gree lines are the heater
temperature and flux output (labeled as other). The lines below are the temperatures at various

points in the ducts. It also worth looking at the performance characteristics reports for the zones.

M5 0|52 21% T o Figure 9199 2
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Figure 9.19 performance predictions within model with thermal zones

One of the reasons one might need to use a network of components is to inquire into the
internal state of the components so this is a good time to review what is on offer and,

importantly, what information about the components are required to recover performance data.

a4 YEYAS WA st 01f 39 siLts THeL0 U dejE 27| Agolct o
2Hd O X2|8 SfFOI0F SHEXI, T2 FRSE THRA0 BE ofuY FEIt 45 Ho|

S CiAl &7 ?lof 2RotX[E &MEoF SOt

One way of discovering the performance sensitivity of networks of components to changes in
control parameters is to run a series of simulations typically changing one aspect of a control or a
component parameter at a time. This process works even better if a friendly control engineer
takes part in the exploration. Certainly an on-off control will result in different performance

characteristics to a PID controller, but remember to walk before you run when it comes to PID

controllers!.
HEE BlF S0A HROOF & 2 HaA HERAS Mes BIZE(performance sensitivity) &
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HOtLYZ| QA otLte] @2 HESOILE O AIZICHe| #8924 HaE LUHo 2 HIHA|7|HA
o] Ho| A|BY0|MS $8st= Zo|C}. O It friendly control engineer?t JHEtS St [ A}
85IH LS &L & on-off HEE2 PID ZHEE2{Qt= CHE d5 S4(performance
characteristics) Z1tS 2 ZO|C}. SFX|2 PID ZHEEZE CHE Wo= F7| TO| Z0{0F ohct
Y &SHAL

S |
— [ |

o
OF

Judging the additional resources needed in comparison with ideal zone controls is best done
once you have defined a couple of component networks and developed some proficiency at the
tasks involved. The goal is to employ the most appropriate approach to a given simulation project
and only using complex facilities where a less complex approach does not support the

requirements of the project.

OlHQl & HEED HlWsjM FIHHQ 225 = A2 R /M9 424 HEHYIE F
o|5ta, FOfTl MA|Of CHsiM <2t SEEUS W 71 B 8 + AL SHE FOT A&
o o] 9 g Mgt 2 ¥ = (ool HEWEe R Y Z2RNE
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Chapter 10
INSTALL APPENDIX

10 Install Appendix

ESP-r is available on a number of computing platforms and this section provides
information on how to acquire ESP-r pre-compiled distributions or to checkout

one of the current ESP-r distributions from the Subversion repository.

ESP-re ChSH ZBE BYOIN TE7HSSHD Ol FolMs A A ESPr HEES o
= =1} Subversion A& A(ESP-r EE= source codeE TE|St= Z)O|Al XAl ESP-r HiZES =
oI5t #E AYSHX} BiCt

ESP-r was initially a suite of tools running on Sun workstations and then with
the advent of Linux running on lower cost personal computers the code was
adapted to also run on Linux. There are a few lines of code which required
adaptation for Solaris and Linux platforms and there are almost no differences

in user interactions and in administrative tasks.

ESP-r2 Z7[0= Sun YIAAHO|FEMM FEE= EFIUSLE o 7ielE HARHUME 75

X7t
Fs$t Linuxe| S&It 87 LinuxOIME F&0| 7H538tE2 IE7F $HEUCE Solaris@t Linux

i |

N

EEZO| X8tV i ERd R FOo AEI AoM ALEX E W | 2HFo| Xo|7t

[

M
1o
£Q
iul

ESP-r implicitly assumes a range of operating system services and protections.
For example, that corporate databases and example models are held in folders
where normal users can read but not overwrite such files. On other computing

platforms such protections are either enforced in a different way or absent.

ESP-r2 LiAI{ez FSAAHO ME[Aet B9 HelE 7Pdotd UL 0§ =0 82| H|0|
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Note that ESP-r assumes the computer environment is using a USA or UK locale
and that real numbers use a period as a decimal point and that a comma, tab or
space is a separator between data. There is also a restriction that names of
entities use an ASCII character set rather than extended character set. These
dependencies are related to the underlying Fortran source code read and write
statements. ESP-r has been observed to have problems with some, but not all

Asian keyboards and locales.

ESP-re ZEE BHO| USA i UK XI0|M AFBED USS 71Ysin M4s 24Hoz o

& "art Aot =
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(0]
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AtEotth= Mefol RACE. o|2fst Z&HE2 2@ O| Fortran AAFEO| 97| AT7|FZar AE0| ULt

=
QstnE ofztel EMTS 7HA Us Aoz Eagd UL,

Solaris supports an F90/C/C++ compiling environment as well as the GNU compiler

collection. The former is particularly useful for development work as Sun

supports IEEE floating point exceptions and array bounds checking.

Solaris= GNU ALtz & 2ot ofL|2} F90/C/C++ ZAmea zlAS X|sICt MA= £3| Sun

0| IEEE floating point exceptions (HXt ZF: (0f) 022 Lt A2)2t array bonds checking (¥ X}
Z: 00| A 1077kX|2| arrayOfl M B9 BtO| arrayE Q5=

of §3| #&5}ICt.

o
she 21t 20| LY

Linux supports the GNU compiler collection. Note that recent Linux
distributions tend to have version 4.2 of the GNU compilers and ESP-r currently
works better with the older 3.4 version of the compilers. There is also a

general issue with 64 bit computers - some users have experienced difficulties
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running ESP-r in graphic mode on such computers and ESP-r is thus more robust

in 32 bit computers.

Linuxe GNU ALt z{ &2 X|3CE XMl Linux HIEZH™M 2 42H{TO| GNU ALY E K|

1 9lo0f ESPre T 45 MO HIIUOIN © LS| HSECL 64H|E HREME CrST

Z2 UuHQ 2HIt U2 4 UCh - OfF ABAES I3 HEHOM 1T 2Eo| ESPr2
=

T&ot=0 o2gS 7= SIRAS AO|H ESP-r2 32H|E HFHOIM O Moot

With the advent of OSX, Apple computers offer many of the same compilers and
low level operating system services as Linux and so it has been possible to

port ESP-r to Apple computers.  There are a few minor differences in operating
system services (file name case sensitivity is incomplete and users folders are

found in /Users rather than /home.

OSX, AppleQ| =2iat & Apple HRHE W2 +2 Lo AoLet Linuxet #2 X7t 2
AL S HSOHA2D O|= ESP-r2 Apple AREHOIM AIZE = UA SHACE SAILH A
HI20ME Cho XfO|F2 EMICh (WUOIE case HE7E =2HFSHH ALEXA EC7G

—

/homeO| Ol /Users2 X EICE)

In terms of use the interface is the same as is offered on Linux. Because it
does not follow the full OSX look and feel rules, some users find this

confusing.

'.

—

OIE|T0] 20| AFRO| BSMS Linuxol A FIBE HTH EASICE O|HS HBH OSX YA 2]
o

A @0 A3 e X ez R AEXS

OSX supports the GNU compiler collection as well as X11 libraries and source
code conventions. For development work it is necessary to install the so-called
fink facilities as well as X11 support. A full list of requirements can be
found in the ESRU web pages. The pre-compiled distribution is made on a PPC
rather than Intel Apple computer. It has been reported to run on Intel based

Apple computers.
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OSXe X11 2t0|22{2|9t AARE P ot O3} GNU ZLYe 28 X|stct uziele
Ste{™ A2 X11 supportet &2 AnO|(fink) ZT2IHZ HAX|g €7t QACL HX| QFAEE2
ESRU RUARO|EOIA ROMHE 4 QICh APKO| ZIIYE HjZEE Intel Apple HEE

oM BHEHM2H Intel 7|HH2] Apple HFE{OAM AT Aaprt 25| UACH

Because of the differences in compilers and operating system services it took
some time to realise a version of ESP-r that runs natively on Windows
computers. The initial approach to ESP-r running on Windows computers was to
use an emulation environment called Cygwin. Cygwin provides the compilation
environment required by ESP-r as well as translating many operating system
requests and providing a similar command line interpreter (shell scripting) as

one would find on a Linux machine.

Anotdeiet SIAABMH|AQl X0 MHZ0] Windows ZFE{O|A Z2{C{E HHO| Z|= ESP-r
HHS HHSt= o= Tk AlZHO| ZRICE Windows ZAFHO|A ESP-r& HAlst= x7| F2Y
#2 CygwinO|2t= O] Z2|0|d =HE S AH83te AOIULCE Cygwin2 2 RIAAH Q@75 H©
SHSLALE Linux ZAFEHO M = = A FAFSH B E(shell scripting)S XMS5H0, ESP-rof ER3t

Again there few code differences required for developemnt and use of ESP-r on
Cygwin. In terms of user experience, ESP-r thinks it is running on a Linux box

and the same user interactions apply.

EESH JHZOILE CygwinOf M2 ESP-r ALES fISHAl ERot BE=9| Xto|= Ho| GiCh AMEAL 3¢
o HTO|A ESP-r2 Linux box0|M F#30| &= AME 20|0 St AFEXAF AHH|O|ATF
gl ULCt

Cyginw supports the usual GNU compiler collection and X11 graphics libraries
and the development tasks are essentially the same as on Linux. File
permissions are less strict than Linux and thus care should be exercised to

avoid overwriting files that ESP-r assumes have strict permissions.
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Cygwin2 =50°| GNU Zuoteg| #3t X11 J2§T 2jo|=2{2|S X|stH THL%
2 LinuxOf Mot Sttt oY 5182 LinuxOMELE & HASIE=Z malol HOof

+ =2 Fo|g Qi

The native Windows version of ESP-r is an almost complete port of the
facilities available on other computer platforms. This version works on Windows
2000 and Windows XP computers. There has been little or no testing on Windows

Vista or on 64-bit versions of Windows.

=2f2| ESP-re| Windows HT™2 CtE ZAFH EHEZOAME 0|&0| 7ts3t ol 2tHH3t port
of facilitiesO|C}. DI {2 Windows 20001} Windows XP ZEE 0| Ao Zr= kL) Windows Vista EE
= 64H|E H{ O] WindowsH A= 7He| HAEE HZF QICT

The underlying graphic libraries currently restrict some functions (this is
work-in-progress). The major differences are found in the facilities provided

by the operating system and in the layout and conventions of the file system.

LR =l 22fe 2to|22i2l= X R 7HX| 7|52 Metotn QUth (i) HYTY SOoIth) Faeh
bt

xd
AHo|g2 2BAILE0 o3 MSEE 7IsSa THEHAL| 2o[otRD

ESP-r currently has a limited ability to cope with spaces in file names and it

also has limits on the length of file names. These limit where ESP-r can be
installed as well as how deeply nested model folders can be before file names
become truncated. For this reason, pre-compiled versions of ESP-r are designed
to be in C:WEsruWesp-r rather than in C:WProgram FilesWEsru. ESP-r models work
better in C:WEsruWModels rather than C:WDocuments and SettingsWFredWCurrent
Models¥

ESP-r2 oiX{| mUFHS| Sar Zo|of MeotES Z=Cf ol2{et Atd2 mMAYHO| S9X|7| FIHX|
= ESP-ro| dX|E|l= T4t oLt #2 X0 oF REO| X = A= X|of HMtE =Lt O
2ot O|RE AP ZmMAE ESP-r H{FO|AM= CWEsrutesp-r rather than in CWProgram
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FilesWEsru O AX|E =& AA L QULCEH ESP-r ZE-L CH#WEsru#Models rather than C:#Documents
and SettingsWFredWCurrentModelsW O Al O & ZtZSHCt

Development for Native Windows currently requires the MSYS collection of tools

in addition to MinGW, a port of the GNU compiler collection.

Native WindowsOf|A{2| 7H2 X GNU ZAme & A E2l MinGWLt &/i MSYS E1&=2 E
22 BICt

Environment variables and files

EHot ot

[

When ESP-r is initially compiled several types of information are embedded in
the executables (e.g. where ESP-r is installed) and other types of information
(e.g. where to find example models and what databases to intially load) is
scanned in from text files. One of these text files is called esprc and the
standard version is assumed to be in the installation subfolder esp-r. Its
contents are listed in Figure X and the meaning of the tokens is presented
below.

ESP-rO| Z=7|0f ZHuotuE O HIHX| g =7 Ad/AX|(C: ESP-ro] &X|& )0 FHX|H

CHE Rdel FE(O: ofd 22| A= b HIO|EHO|A7F 27|10 2ESH= A)7t HAELIY

0

oM &5{ZICE Ol2{ot HMAEMAO| StLts espre2 Z2[X|H BEEHTS 2X| SIFZH esp-r

of Y A= 7Pdstct LHE=2 Figure X0 S£0| A2 token2 Ofzfet Z Lt

The file is in tag - data, data format. Typically the first token is a label
and the second token is either an executable to be invoked or the name of a file to be used. To
alter this initial specification use a text editor and change the relevant token as required. Look in

the preferences menu of the Project Manager to access the details of this file.
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22 tag-data ZOHO|CL FHEH= HHR token2 ZHAO|D| FHIRY token2 LI

-

=2

olct. olgfet =7|2ES HHY| floiM= HAE HIYJIE ALESHALE ERT
o

Al

= =
2+ tokenZ BZSIO{OF oFCt O] mo| XtAst LHES E7| fIsHAM &= Project Manager®| 22

o7& £otet

The intially created version of the esprc file is held in the ESP-r
installation folder. If a user wants a custom version of this file to use they

should copy it to their home folder with the name .esprc.

Z7|0 esprc Lo EX|E BT ESP-r &X| ZE0| QUCH AMEXZE ALEY O] Hp&O| 7 QlH

=
e Jotth® a4 52 home EH0| Lh2F.esprc 2 SALSHO{OF ohCt.

o *ESPRC - this is the file type tag. It must be the first line

*ESPRC — O|Z{2 mYURH EfI0|0{ KR =0 QLofof shC.

o *gprn - commands associate with capturing a rectangular section of the
screen. The 2nd token import is the executable which captures a section of
the screen. In this case the esprc file was created with a Linux computer and
the executable name would be different for a different computer operating

system.

o *tprn - commands associated with dumping the current text feedback buffer to

file will write to the file identified in the second token.

“tprn - #XO| HAE DS HHE Hols YO
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o *gxwd - a variant of *gprn but which captures the whole screen.

‘gprne| By, JBLt 2E StES PNttt

o *cad - instructions for a CAD tool to invoke. The second token is the

executable and the third token is a key word describing the type of file it

creates.
22HE CAD = E 2ot XAAtR. FHIY token2 MIUIUOIH AMEHF token2 e mUF
o

o *image_display - commands related to the display of model-associated images.
The second token is a key word identifying the format of the file and the
third token is the name of the executable to invoke to display that type of

image. There can be several *image_display lines in the esprc file.

QU sl o|ojX|o] EAIQH BEE B0l SHR token2 IIY EUS FHEE 7|Y0l

[

O, MW token2 O|O|X| RS HEAUSHY| I3 A== ZALFALFO|Ct esprc TpA0| HIHK|

0!

*image_display =0| UL}

o *journal - turns on a time-stamp facility which logs user actions and the key

words are ON and OFF.

AFBRIAMO|LE 7|YE on/offE 7|Z23H= AIZH7|2 7|52 #Hot

o *editor - which ASCII text editor to invoke if an external application is

required.

o *report_gen - not used
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o *exemplars - the name of the file to read which includes a list of models
which can be accessed and where they are stored. The initial contents of the
exemplars file is for use in ESP-r workshops but the contents can be edited
to include other models.
719| exemplars It 9|

H27IsotM MEEOX|s B2l S5 Zootn e 8 Tl

o J

= x
o g
LHES2 ESP-r A3 ZFOM ALK LEE2 CHE RES Zedot=E HYUE + UCh

r

o *validation_stds - the name of a file to read with information needed to

comission standard tests

BE HAES ?(Y¥5H7| fldf 2ot 2 & HE oted

o *db_defaults - the name of a default file which holds a list of initial
databases. If you want to use an alternative list of initial databases edit

this file or include a reference to an alternative list of databases.

x7| HO|EHo|AL] 22S JHX|1 Y& default THUY. &7| HO|E{HO|AL| CIE BEZ AR

Ste{® o] mus HYSHALL HIOIHH 0|0 CHE FEo| & Zelst= X Bt

o *db_climates - the name of a climatelist file which holds a list of climate
data sets and their location. If you want to use an alternative list edit the

file or provide the name of an alternative file.

=

7|SHOIH Mo SE5 7HXLD e 7IHHOH LtEE. OE =55 AESHHE o s H
o

Yot7 Lt CHE ntEE S MSoHo{ofF ootk
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Default file assumptions

default L 744

The second file which is commonly scanned when ESP-r modules start is the

default file. The name of this file is included in the esprc file. The file is

a tag - data format and is typically found in the installation folder. ~ An

example of this file is listed in Figure 10.2. Note that the path

/Users/jon/esru_prj_dev points to an installation made for testing purposes and

this path was generated as the test version of ESP-r was compiled based on the

directives given at the time.

ESP-r BES ARl 0 B3| ZMEs SHA DYS default THYO|CE 0] THAYL esprc THe
ool #tg|0f QUCt THYS tag-data EHO|H HE Mx| EC{ojA LHEICH 0] IO OfAl=
& 10.20f LtEtLE QUCE /Users/jon/esru_pri_dev AZE7t HAE SEZ s =0T X[ K]
£ 7IEZXH O] d2& ATl ESP-rO] FA|Of FO{T X|A[Z0f 7|8t5t0] HoUE At 2

o] d-dgECt

As with the previous files the name of the file is associated with a specific
topic and/or dialogue within the user interface. These dialogues associated
with specific types of model files require a default name and the default file
names are scanned in via the default file rather than being hard-coded into the

interface. The name of the file can be altered by editing the file.

ojdel mant g M2 ST =N E= AHEA AHE0[ALLS| CHohyu &0 ULt

o — - AN
EY fYol AN HBE CiotE2 default 0|22 278IH default THYYHS OIEHO|A
of HE=7tet ZEZ £ UX| @D default THHS SoiM AMECE LfF2 nies HES

o0 *ESP-r Defaults - this must be the initial line of the file.
0|42 mol MW Z=0|0{0F Lt

—
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o *ipth - this is the path to where ESP-r has been installed based on the

specific commands given during the installation process

ol A

ro

X8 o FoT

Am

o *cfg - this is a default file name for a model configuration file (useful for
demonstration purposes)

0|74

A

DHO| SATIAY Tf3t default THAHO|CLEH B 2Nz L8iTH

Mo

o *ctl - this is a default file name for control loop definitions

O A2 MOZL Folof tiet default T HO|CH

o *mfn - this is a default file name for an air flow network

O|AdE 37|95 HEYAO Cist default LU HO|LC}.

o *dfd - this is a default file name for a CFD domain description

0|42 CFD =OjQl 7|=0j 2ot default It FHO|C}

o *res - this is a default file name for a zone predictions (results) file.
This file should be created during the install process so that it is easy to

demonstrate ESP-r.
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o *mfr - this is a default file name for mass flow predictions

o] A

ro

EAHQ=E 0=0f Cist default T HO|LCE

0 *cIm - this is a default file name for climate data. This climate file should

be created during the install process.

0|42 7| HEIOIEOf CHet default mtAFOICE. Of 7|YHO|HE XIS 4-G5/0{0F Brf.

[eNe)

o *prs *prm *mlc *opt *evn *pdb - these are default file names of
databases (in case the user request a default database. Many users will
change the name of the database files to suite the needs of their work. This

file can be accessed via the preferences menu of the Project Manger.

O|ZH4=2 O|O|EH|O|A(AEAL7L default TIO|E{HIO|AE 270t B2 B2 AMEAE 1529
Y 270 A HolEH oo mUFS P AO|CL O L2 Project Managere| 2HZ |
7E Sof B2 &+ AUACH) Lt default Tp2FOILCH.

*ESPRC

*gprn,rectangular dump,import
*tprn,Text dump,/tmp/tx_dump
*gxwd,screen dump,import -window root
*cad,CAD package xzip,ZIP
*image_display, TIFxv
*image_display,XBMPxv
*image_display,GIF,xv

*image_display, XWD,xv

*journal OFF

*editor,editor,nedit

*report_gen,Reporting tool,xfs
*exemplars,Exemplars,/Users/jon/esru_prj_dev/esp-r/training/exemplars
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*validation_stds,Validation standards,/Users/jon/esru_prj_dev/esp-r/validation/s
tds_list

*db_defaults,Defaults,/Users/jon/esru_prj_dev/esp-r/default
*db_climates,climatelist,/Users/jon/esru_prj_dev/esp-r/climate/climatelist

*end

Figure 10.1 A typical esprc file.

*ESP-r Defaults

*ipth /Users/jon/esru_prj_dev/esp-r

*cfg /Users/jon/esru_prj_dev/esp-r/training/basic/cfg/bld_basic.cfg
*ctl /Users/jon/esru_prj_dev/esp-r/training/basic/ctl/bld_basic.ctl
*mfn /Users/jon/esru_prj_dev/esp-r/training/basic/networks/bld_basic_afl.afn
*dfd /Users/jon/esru_prj_dev/esp-r/training/cfd/template.dfd

*pnf /Users/jon/esru_prj_dev/esp-r/training/plant/vent_simple/cfg/vent.cfg
*res /Users/jon/esru_prj_dev/esp-r/databases/test.res

*mfr /Users/jon/esru_prj_dev/esp-r/databases/test.mfr

*clm /Users/jon/esru_prj_dev/esp-r/climate/cim67

*prs /Users/jon/esru_prj_dev/esp-r/databases/pressc.dbl

*prm /Users/jon/esru_prj_dev/esp-r/databases/material.db3.a
*mlc /Users/jon/esru_prj_dev/esp-r/databases/multicon.db2

*opt /Users/jon/esru_prj_dev/esp-r/databases/optics.db2

*evn /Users/jon/esru_prj_dev/esp-r/databases/profiles.db2

*pdb /Users/jon/esru_prj_dev/esp-r/databases/plantc.dbl

*ecdb /Users/jon/esru_prj_dev/esp-r/databases/elcomp.dbl
*mcdb /Users/jon/esru_prj_dev/esp-r/databases/mscomp.dbl
*icdb /Users/jon/esru_prj_dev/esp-r/databases/icons.dbl

*mldb /Users/jon/esru_prj_dev/esp-r/databases/mould.dbl

*sbem /Users/jon/esru_prj_dev/esp-r/databases/SBEM.db1

*end

Figure 10.2 A typical default file.
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*CLIMATE_LIST

*group ESRU standard climates

# WARNING: Keep this file up to date with current directory structure !
*item

*name Default UK clm Climate

*aide  Climate data as distributed with ESP-r for testing purposes.
*dbfl  /usr/esru/esp-r/climate/cim67

*winter s2 1 12 3 30 10 3112

*spring_.s133 14 5 4 9 2910

*summer s 155 3 9

*winter t6 2 12 2 20112611

*spring_t 174 23 4 210 810

*summer t3 7 9 7

*avail ONLINE

*help_start

Location is 52.0N and 0.0E. The solar radiation is Direct Normal.

Month Minimum Time MaximumTime

Jan -6.4 @20h00 Sun 8 12.7 @14h00 Sun 29 3.8
Feb -1.9 @ 5h00 Tue 14 12.2 @13h00 Thu 2 5.2
Mar -0.8 @24h00 Fri 31 16.1 @15h00 Tue 21 6.8
Apr -19 @ 2h00 Sat 1 19.4 @15h00 Mon 17 7.1
May 0.0 @ 3h00 Wed 3 22.7 @14h00 Thu 11
Jun 50 @ 2h00 Fri 9 21.1 @15h00 Tue 6 13.6
Jul 94 @ 3h00 Mon 3 27.7 @12h00 Mon 17
Aug 7.7 @ 4h00 Sat 5 244 @12h00 Tue 1 15.6
Sep 5.0 @ 6h00 Thu 21 22.2 @12h00 Tue 26 135
Oct 2.2 @ 5h00 Mon 30 19.4 @13h00 Sat 7 10.8
Nov -0.8 @ 5h00 Mon 27 144 @14h00 Sat 11 5.2
Dec -42 @ 1h00 Sat 9 12.7 @ 9h00 Sat 23 38

All -64 @20h00 Sun 8 Jan 27.7 @12h00 Mon 17 Jul 9.5
Typical winter week begins Monday 6 Feb,

Typical spring week begins Monday 17 April,

Typical summer week begins Monday 3 July.

Typical autumn week begins Monday 2 October.
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Typical winter week begins Monday 20 November,
*help_end
*item
*name ALBUQUERQUE NM USA iwec 723650
*aide  ALBUQUERQUE NM USA iwec 723650 was sourced from US DoE web Sep 2005
*dbfl /usr/esru/esp-r/climate/USA_NM_Albuquerque_iwec

Figure 10.3 A typical section of a climatelist file.
The list of available climate files

Ao 4T 22

—

The last ASCII file which is used by ESP-r modules on a regular basis is the
so-called climatelist file. This file is referenced by the esprc file (see

above discussion) and includes a list of the climate data sets that were
installed on the computer. When the interface of one of the ESP-r modules

presents a list of available climate data it scans this file.

HEO| ESP-r 2E0| o8 A= OrX|2H ASCH I climatelist ItO|Ct O] YL esprc
AR =9 EX)0AN HEEH AFHO| HX|El= 7|SOO0IH MES 552 Zastn ULt

1=

ESP-r 25 & ofL{o| QIHH|O|AT} AHEZtstt 7| HH Ol SE& LiEtE Of O] oS HMot

1=

c}.

Each time you want to add climate data to your computer you should edit this
file with a text editor so that the listing will include the new file. There is
a detailed discussion of how to use cIm to add new climate files in Chapter 6.

A portion of this file is shown in Figure 10.3.

o
=
= HYSOFRICE 60 cdmE AEStE WEIF MZ2 7|dLeE S Fotots Y=o tish XAe



=9|7t AL}t O mo| A2 Figure 10.31f ZC}.

The climatelist file includes the following types of information:

climatelist It 2 CtEo| ME

i

st ATk

o a display name for the climate data (as seen the the interface list)

7| SHO|E 2| EAIO|E(QETO|A B|AEMM EOX|= Al Z3)

0 a brief documentation about the climate data

7| ¢HOlEOf et ZHEeh 29

- = =

o its location on the computer

AREOM 2K

o the start and end dates of each of five seasons (winter from 1 Jan, spring,

summer, autumn, winter ending 31 Dec). These dates typically were supplied by

a person who knows the climate of the region and the social customs of the

region.
SEVIIEREHS As & K8 7t2 128 31E€MtX|2] A2) & A4 AR B8
Mo

K= BYHoR X[Ho| 7|25 &1 A= A0 23 MS = UL

o the start and end dates of a typical week in each season. There is an

facility in the cIm module which searches for typical weeks based on heating
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and cooling degree days and solar radiation patterns.

Zb "o|o] MEHl F=7ho| AZ Br ERh A= A0 LA DiEO| T|gtel ddE™el F2t
S AMBIE cdm 2E 9o facilityZ} QCt.

0 a block of text up to 60 lines which provides a summary of the climate. This
block is auto-generated within clm and you can edit it and extend it if

required.

1
mjo
>
OH
FIF
C)
Y
>
10

m
|>
|m
(][
i
=)
][
i
ro
o
3
ro
=2
Ral
ofn
0z

%
m
=
rkl

A ZSHALE
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Chapter 11
VERSION APPENDIX

11 Version Appendix

In addition to its multi-platform capabilities, ESP-r has three possible styles of interaction on most
computing platforms: text-mode interactions, a legacy X11 graphic interface and a newer GTK
graphic interface. In most cases the command menu selections are the same. Differences are
found in the layout of some types of dialogue, in the file browser facilities, in sensitivity to mouse

clicks and keyboard input shortcuts.

oz SF2 EHZANM #3El= 55 0[20, ESP-r2 HREES EMZM CHZ M7HX| Fo
interaction2 S3 +5& = UL HAE 7|8tO| interaction, legacy X11 J2f& QIE I 0|A, &

GTK 124 OIE{mO|A 7} 1Z{0|C} Lol AL O[3t QIE{HO|AO0|E command
ol %2 SO Cizkeol 2fo[opx oLt m EAMIIQt 22 7|S0M Xfo[7t & = U

0, F2 0124 2 IR0} JHE 9 YR OE & ULk

First a brief review of the interaction styles. Text mode operation is the most geeky on offer. It is
primarily used by experts who are commissioning a series of standard assessments. The interface
is driven either by user supplied keystrokes or commands included in a script. This mode is also
useful for working on a remote compute-server or when only a slow internet connection is
available.

N2 =2 AJ|St= interaction HAIOl HIAE QDC= AREE Q0| CHRE = AlEH(geek: AFHE)
= flgt ZEO|CE A=9| ofHX| 452 E7I%ts HE27t0 QlshM F= AMEEILh ALEAIG 7
HEE SCoAL, BYOISS A3FE FEICL 0] BEE 9

o
=
2 server2 O|83}7{LE, QIE[H Mo =2l A0 S8H 0|8 + ULt

The X11 interface has separate regions for graphic feedback, text feedback, menu selections
and user dialogues for editing entities and selecting files. Menus items are selected via mouse

clicks or by keystroke. This interface is available for all operating systems except for Native
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Windows. User interactions are uniform across all machine types and each of the ESP-r modules

follows the same layout although some take up more room on the screen.

X11 QIE{H0|AL DEO| JHK(entities) 2 HEIS

[
H
ne
mjo
rx
u
0%
=2
$0
2
R
[
L)
H
mjo
>
ol
Ot
N
H

=
S0 HAES ALBSIIIE BICh T8 2F 7152 OiolA

_

EHSEY| = ST 0ROl Qe 2 =2 O0RAE ZESIAL 7|2EE FE{M MEistA E=Ch
0] QIE{H|0|A L= Native Windows (e.g. Windows 2000, XP)2 X Qst1= ZE OSO|N 0|8 %
ULE ofH AFHE AESHEX| AHEX} AHEO|AE Y5t ZE ESPr B52 AFH A3

2o XtX|St= BHAH2 CHEX|EtE, =

J|'n
r|o
o
o
_C,>_
o
|0
u
H
ret
rm
o

The GTK+ based interface was selected as a replacement for the X11 interface because it can be
deployed

across a range of operating systems, including Windows. It also has a richer application
programming interface and a larger number of in-built features that previously had to be written
from scratch in X11.

GTK+ 7|gte| QIHHO|A= =25 ZESI0] Ciet OSOAM HEE &+ A7 HE0| X11E
O|£9| CHM QIHHO|AZ XHEHE|RACE. GTK+ AHI|O|A= ED S&

—

I

a2 AE Mo A7t
ST, oo X110|Me XMFHXK(scratch)E S 7|FE|00F2t HE XN WY 7IsSS

oro| ®93tn ULk

o

11.1 Text mode

Text mode operation is available as a command line option for users working on Solaris, Linux,
Cygwin and OSX. To use text mode on Native Windows ESP-r must be compiled without graphics.
As it is difficult to have two versions of ESP-r on a Windows computer this usually necessitates
the use of a second (or virtual) Windows computer in order to have access to wireframe views of

models and graphs in the results module.

HIAE DELE Solaris, Linux, Cygwin, OSXZ 2tsteE AFEXAS0| HHOE 2 8T = U
£ 3|=LC}. Native Windows(Window2000,XP)O|A EIAE DEE AIE5}7| {8iA= ESP-r& Hi:=
Al e SO0| HIHAE[0{OoF St StLtel HREOAM F 7HX| HFL| ESP-rg 0[83H7(7} O F
7] 20, ZEO| wireframe viewES QI 7L} ZDtO|AM D=2 ENX} SICIH EAXMOZ L}
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In Figure A2.1, the project manager has been invoked from a command window (the same
command syntax applies in Linux, Solaris, OSX and Cygwin). The list of user options is shown in a
double column (options which start with a character or number are activated by typing that

character). The prompt is seen at the bottom of the figure.

Figure A2.18 E M HEH X (command window)2 22 E project manager7t 5= ZHE 2 £+ Q
=3
H

CHLinux, Solaris, OSX, CygwinQ A= £ Zt2 2HO0| MEEIC}H). TETE= 219 ™ oo &
i},

twocy-2:"testing/cel lular_shd/cfg jon$ prj -mode text file cellular
ESP-r Project Manager (pril.
Thiz iz a development copy of prj. based on ESP-r releaze 11,4,

Copyright 2001-2007 Energy Systems Research Unit,

Build informationg
- SVN Source: prj_dev@r2634 (locally modified)

- Platform: Power MacintoshiDarwingB,11,0

- Compilers: qoo-3, 3 g++-3,3/977-3.3

- Graphics Library: #11

HML output: unzupported

Model Management:
a introduction to ESP-r

b database maintenance vess IMport & export L....iee.

c validation testing
vess Model selection .,..s.es
d open existing
e create new
vess Current model (ronel ...,
cfg ¢
path
root
title?
variants

- exit Project Manager

Model Management:?> []

n import CAD file
export
archive
veee Model location ,,.eses
folders & files
vees Mizcellaneous ., vuee
zave model
zave model as
v feedback >> summary
* preferences
? help

Figure A2.1 An example of invoking the project manager in text mode.

Production work often requires a specific sequence of tasks be carried out. To reinforce these
practitioners will often create a script to drive ESP-r. For example, during testing a standard set of

assessments need to be run and then a standard report should be extracted for each assessment.

FOLE WEoU= L(F A7|Tef iR ES TUELIEX] ot A)2 LB HYS0| S8
TAUZ sdE= AS 2R otk

ESP-r& 713AIZ 23BEE s a7t 474 L oE =0 0%

ol2fet MEAS0[ Atiel =XE HF5H|
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EE StOX SICHE A|ZY0|ME ok, 222 7t &=0 tHshAl 22t report?t FEE O]

Below is a portion of a script called SIMULATE.wc is used to run a standard assessment (with ideal

controls active). The script invokes an ESP-r module (bps) with a suitable set of command line

parameters and then passes a sequence of keystrokes to the module to control it.

Cte2 SIMULATEwcEl E2l= A3EES YR ofdHel HMojE HESHAE 812 U=
=]

M
S

7t AMgdoldE FSot=H AHg It

#!/bin/csh -fb

set CONFIG=$1

bps -file $CONFIG -mode text <<XXX
c

$CONFIG.wc_res

91

151

31sy

ESRU Standard test: $CONFIG

yy--
XXX

Having run the assessment, a second script in the source code
validation/benchmark/QA/model/cfg folder named ANALYSE_4 is invoked to start up the results

analysis module and cause a sequence of reports to be generated.
F2l5l 1 LI, validation/benchmark/QA/model/cfg Z4 2t0f| = ANALYSE 42}

o
=
= 0|29 AARCY U= F BHRY AFZET ALY At 24 2 E(results analysis module)

O] #+&&|1 L&A report=0| BZO{X|A| L.
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#!/bin/csh -fb

set RESFILE=$1

res -file $RESFILE -mode text< <XXX
d # enquire about

>

$RESFILE.data
$RESFILE results

a # summary statistics
h # sensible

a # heating

hb

# cooling

b # temperatures

a # zone db

be

# zone resultant

bd

# zone control pt

--d

# enquire

a # summary statistics
f # zone flux

a # infiltration

fb

# ventilation

ma

# real power

mb

# reactive power

jb

# convective casual gains
“jc

# radiant casual gains

-d
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# solar processes

a # entering from outside
dc

# solar absorbed

i # zone rh

j # casual gains

a # all

-jb

# convective portion
-jc

# radiant portion

-je

# total occupant gain
i

# total lighting gain
-jm

# total small power
---C

# timestep reports

g # perf metrics

j # casual

e # total occupant

i

# total lighting

jm

# total small power
-l

# list data

--df

# energy delivered

g # casual gains distrib
h # zone energy balance

bbi

- 334 -



# surface energy balance
bb*

# all surfaces in reception

*

# all surfaces in office

*

# all surrace in roof
-l

# monthly

ab

# frequency

b # of temperatures
a # zone db

y>---
XXX

Seasoned users of ESP-r often use the Perl language to compose a sequence of assessments and
data recovery tasks. Indeed, it is possible to use a script to modify the shape and or composition
of a model. Anything that can be done via an interactive session in text model can be included in

a script.

Iy

BEO| B2 ESP-r AFEAt= Perl Q1015 0|83t AlEgo[d 8 HIO|H 24 XHYS ot7|= o

o M

oh AFE A3YES 0/8ctel RO WO PHZ FWY & YTk HAE DHOYA

st

interactive session(ZAEE7} HH nl
8 O|RO0X|= BE& A2 23EE 20| =g =+ Ut

mjo

11.2 Legacy X11 graphics

Mk UL, MU Loy i
; cEt |
‘ Folder permizsion prevents modificaton! ‘ (_:
capture _-Cour‘i-h‘t 5
I
System configuration file? [m.-'model.f’cf-;/b]d_basm.ch_ ||_—I| i

Figure A2.2 Specifying a file name.
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The system configuration file holds the definition
of the building/plant to be simulated, including
references to the various files comprising a model,
If the name given matches an existing file then that
model iz loaded by the Project Manager and becomes
available for browsing and editimg (if you are the
owner, If the file does not exist then a new one is
created and loaded with a set ofdefaults that can

subsequently be modified, The default model is ot
Copyrigh| Alsers/jonfesru_prj_dew/esp-r/training/basic/cfe/bld_basic,c
Build if| Mote that before this model can be edited, it must
= SYN|| be copied to your user area to give you write
- Plal| permission, Other example models are available
- Comj| wvia the ‘exemplars’ option,
- Graj
- ¥HL
Folder permission prevents modificaton!
caé{

Sustem configuration file? | 0A/model/cfarbld basic.cfg,

Figure A2.3 Pop-up help for a dialog.

\ ‘

copyright

Site latitude? | 51,70 |F‘

Figure A2.4 X11 real number dialog.

When reading the model description, ‘
do it |si]entlg |uith synopsis |Full reportl[j:

Figure A2.5 X11 radio button dialog.

This style of interaction supports the most complete graphics input functionality. It is also dated in
appearance and has limited file browsing facilities. The current plan is to depreciate and

eventually remove X11 graphic dependencies as and when the newer GTK library code (see below)

are in place.
Of RE= 7rg ot Oafy 7|ghe] &8 J|s& X @ottt. gL}t 2f@tydez = s ekl
Of 20|11 m HM 7|50| HMSHHO|7|= St o MER GTK 2tojE2{2] ZE (OFfZ&t=x)7

=
42 d2A713, BRH2o 2= MAHSHE AO| A2l A =oltt.
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| rrrr = timme—- yrrTTTEFTTT

‘ cfg ¢ bld_basic.cfg

Image Control

eye pointi-100,0-100,0 100,0
view point: 4.4 4.4 2.2
angle of wiew: 40,0

display >> perspective

o0 o

o

display »» surfaces & obstruct

f highlight »* normal
g view bounds 2> optimum
h zone names s> display |
i surface names »» hidden
J vertex number 27 hidden
k zite origin 2> display
l zite grid s» digplay
m grid distance opt 1mum
Lo | nosurface normals > hidden
zones to include in image — |

refresh image
hidden line view
views from sun
help

exit thisz menu

I =2 D= == %

I —

Figure A2.6 X11 wire-frame control menu.

Figure A2.2 is an example of a text dialogue (asking for a file name). The layout is similar to all
X11 dialogues - there is a prompt above and/or to the left of the editing box. On the right is an
ok box, a ? box and a default box. Clicking on the ? produces a pop-up dialogue (see Figure
A2.3). If there are more than about 20 lines of text then up and down arrows will be included to
support scrolling. Figure A2.4 is a dialog requesting a real number. Such dialogues usually have
range checking included and you might be asked to respecify the number. Figure A2.5 is the X11
equivalent of a radio button (only one item can be selected). Figure A2.6 shows the X11 control of
a wire-frame view and Figure A2.9 is for the GTK interface. In this case a menu dialogue has been

used to approximate a proforma.

Figure A22= HAE=Z O|20|Z Ofizto] L O|CHIIEYS &= A). O ojorR2 EE X11
CHefd A FARSIEE - HIAE 8yl 9f = 2 . YEEe 2ERNE=

ST
ok box, ? box, default box7t QUL ? boxE Z=lStH EHE0| =ELCf(Figure A2.3). HIAE T} 20&E0|

B
2
|H
dhu
I=
[m
N

o
kl



HOoM AJEZ QA I ot2fl SHatEIF LIEFCICE Figure A24= AMa=(real numbenE 2K st=

CH=bgolCt. o|2{et Loty 2 SdXC2 YHE= A= HASE HIAY = UEF = ANA

AMEXE RHAO| Y= =Xt ot 2 2olgt 5= UL Figure A25= X11 2EQ9| 2L HE
=

2 Sl= 7). Figure A262 X11 ZEO|M

>
uL
L

of d&8dt= Aol (StLtel orol =T

wireframe viewE ZXESl= [3}IAZ, Figure A2.9= GTK R EO|M wireframe viewE ZE3st= L

Selection lists where you are able to select more than one entity e.g. Figure A2.7 shows a list of
surfaces in a zone that have been selected and the selected items have a * in the right column.
There is an * All items option which will select the whole list. If you want to remove and item

from the selection then select it and the * will be removed.

StLE Ol 2| 7HHE MEiE 4= A= selection list, S S0f Figure A272 Lt EOfAM HE4E

BERE0| 2AES HOFD, MY Of0|YSS Q2% Fo| *2 EAECH MY 2AES M

gl
ot
g

*
Hl
>
N
>
if]
™
il

Surface name

Wall-1
Wall-2
Wall-3
Wall-4
Wall-5
Wall-6
Wall-7
Top-8
Baze-9
zouth_glz
north_glz
door

All items

* % K ¥ ¥ ¥ ¥ ¥ ¥

Fo—= F L o= W o D oD O @

? help
- exit this menu

Figure A2.7 X11 entity selection(s) list.
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11.3 GTK+ graphics

I

' X/ System configuration file?

JUsers/jon/S5rc/cvsdude/prj_dev_branch/src/validation/benchmark/QA/model/cfg = | ‘

- -
Folders |— Eiles | J

-/ TEST_dev

! TEST_joe J
H bld_basic.cfg
: bld_basic.cnn

bld_basic.ipv

bld_basic.log

— -

bld_basic.notes J
- v

Selection: /Users/jon/Src/cvsdude fprj_dev_branch /src/validation/benchmark/QA/model fcfg
200 |bld_basic.cfg

on;nr: xgancel ‘ &QK |

ers:

3 Library: GTE -I_m

Figure A2.8 GTK file browsing dialog.

EIUJEGL SIS AL ¥ BISLL LG R LTI G Y I |au||u|..t: LIPUIUY Y Ul Tuu spe

i Wireframe control =10 x| nde
Wieny nrentation ntio
Eyopoint {1y .zl [EEY [2][-102 [Zl[roo =
“Wiewy paint (,y,Z): |1D |:||4 |:||2 |:| h7
Vigw bounds: [+ optirmurn angle (deg): 40 =l
312
I% Display information toggles Xk
T o |I¥ Zone names [« Warex numbers [+ Sile grid 15
\\“ [7 Surface namas [~ Sufface normals [ Site arigin b 15
' Display rid 17
Spacing: [ optimum digtance (m): 0 = B4
Zones 1o display BiE
[ Rooms_w [ Klichen I~ Entry [~ bath_Brygyge 7
[ living_room ™ rooms_ne ¥ roof_zpace r e
e_fr
210042 Display options
3;272258;;? View type: 8 Perspective ) Plan © East elevation C South elevation ¢ View from sun
smdwest | ncluder @ Surd0bs © Sud O Extrn © Partn € Similar O SurbiObs+Gend O Ground topn
204535 Highlight: & Defaull © By constuction © Opague C Transparant © Partially attributed |} top
1 BemReRa
41435703 -
——  [EHep ‘ o Apply | ok ‘ —

Figure A2.9: GTK wire frame control dialogue.

This style of interaction is more in keeping with what the user community expects. The port is
incomplete, however, many users find that they can work around the limitations. The current plan
is to continue coding until the full X11 functionality is in place. The development community will
then review how the layout of ESP-r might evolve to take advantage of the functionality in the
GTK graphics APL The following Figures are the GTK equivalents to the file specification dialogue,

pop-up help message, real number dialogue and a radio button dialogue. It generally takes fewer
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lines of code to implement a dialogue in GTK than it does in raw X11.

GTK 2E= AM8ASO0| {st= Ao FH 28 ULt Port (=Y ZE)= S2ATSHADL B2

AEXHE0| O] REE ARESHY Aol HMeh 9o Zreig = UArtn dzfstct X119| 7| 550 &

TSHA AE[E &S W7HA] (GTKe|) RES AlESt= A0l Mol A=lo|ch. dg[1d HEXE2

ESP-rO| GTK graphic 7|8t9| &8 =ZZ 13 QI 0|A(AP]) 7|2 O

A LHAZ AQXE HEY AO|C COH2 A-E2 GTK MM mtY FE Oty Y =

o OAIX, H 28 Oizhy, 2002 HE CH2HEO|C GTKO|M CHetdE FHst7| fIet ZE
0

= =
£3e X11g

| mect o mMch

=

X! Information

/l NN |

i
\)

This too] prevides project management facilites for

\ the ESP-r systemn and related tocls. Tutormls are
"~

avaibble - accessed vin the “tuternl butten en
the right - that provide detils onall aspects of
the defiribon, performanc: apprasl and evolition
of erengy ysem models

In usig the Project Maneger, you might typrally begin
by checking the system detabases to see if they are
npproprinte jo your requirements. If not, you will

need 1o create one or mor: project-specific datnbase.
Thereafter you might preceed by commencing a new
project or, i you are new to ESEr, by accessme an
exaisting exemphr model aad study its composgtion as
“rekat| anax to understanding the different model parts and ﬂ

Int. R Close |
wdified
0

Figure A2.10 GTK popup help.

N [

X| Real number request

Site latitude?

51.70() =l
K @ﬂalp ‘ Use dafault ok | ¥ cancel

1
Figure A2.11 GTK real number dialogue.

]

X
When reading the model description, do it:
( silently
{® with synopsis
(" full report

@ﬂelp ‘ &QK ’ x Cancel [
T
Figure A2.12 GTK radio button dialogue.
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Figure A2.12 GTK radio button dialogue. ESP-r dialogues normally use English, however GTK does
support locale specific text in buttons that are used in some dialogues. Once the X11 code is
depreciated it should be possible to consider revising the code structure to support multiple

languages if resources could be found.

Figure A2.122 GTKQ| 2tC|2 HE CHSFAO|CL ESP-ro| Cisi&2 HE FOjE ALESIX|T GTKE
27 Oiet8o AME8E= HEM 1 X9l S8 A0fE XK@ttt LT X11 ZEQ| JHX|7t off
A
M

EH, Ch=0& XJot7| ?ls 2EQ =& +Fots AS 2ol =

The table below provides a summary of differences. This is followed by specific examples where

you might encounter differences.

orgf ®Of Z+ 2= & Xto|Fo| F2|=of ALt of ®E Fol= &4 Xo|FE Ol

mot
+
30
rir
Am
okl

AtES0] 270%[0f RACE

<dL HEN 2= US>
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Chapter 12
CAPABILITIES

12 Capabilities

This Chapter is a review of the capabilities of ESP-r for representing the virtual physics of
buildings and systems as well as what can be measured and reported. Some of the information is
similar to the publication Contrasting the Capabilities of Building Energy Performance Simulation

Programs by Crawley, Hand, Kummert and Griffith of July 2005.

Ol 2 7= I Al2HO Z2|H HMZ 7HYCeE HH, F7Y, 2|ZY57| ot ESP-rel 852
2| 57|22 Bifh YE T LEE= Crawly, Hand, Kummert, Griffith7} £ “Contrasting the

Capabilities of Building Energy Performance Simulation Program” (2005 7&)4dt H|==3}LC}.

In that publication the summary of ESP-r is:
ESP-r is a general purpose, multi-domain (building thermal, inter-zone air flow, intra-zone air
movement, HVAC systems and electrical power flow) simulation environment which has
been under development for more than 25 years. It follows the pattern of simulation follows
description where additional technical domain solvers are invoked as the building and
systems description evolves. Users have options to increase the geometric, environmental
control and operational complexity of models to match the requirements of particular
projects. It supports an explicit energy balance in each zone and at each surface and uses
message passing between the solvers to support inter-domain interactions. It works with
third party tools such as Radiance to support higher resolution assessments as well as

interacting with supply and demand matching tools.

Of =0fA ESP-rof Cigt 29 L{E2 Chaah ZCh.

ESP-re 2510] HES JHE|0jRn s ¥8o L8N (U2 FBF E 2o J|ROIS,

= LjEo| 7|8 0|5, HVAC system I M3 A Eo| SZ) Al A|S30|M SHZ0|C}. ESP-r

2 AEHOo|ME2 A0 Cfst HEO oo =L =ICHsimulation follows description)' = If &

r

2=, o] IfHU M= HE0 AAEO0| CHSE M=(description)O| ZEBHO| M2 A2

Ho mjo
0R
19
o

siA6t7| 9I8t solver7t £7pHo2 QRELL ABAISS §F Z2MEC Q7
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A7I7] Qloh 2™l JjokyE, B Mol U HUB 2Ol BUEES HeXo=

=

=
S7tAIZ & QUCH ESP-r2 ZiZto] E=ar #HOMS ofHX] BY &A= M
= A

mjo
Rl
40

dAH7to| AT EHE(inter-domain interactions)
St= BIA|X|E O|&%tCt ESP-r2 £=R0| &0 352 AESH| fIet =7 (supply and
=AOILE @ MO E OfEA St=LIE

A™sle E)E O|8E & ofy et 5 M AsH 84 (higher resolution assessments)S ¢

demand matching tools: £ HEZ X|H 23}

8l Radiance @} &S WEDE| =2 130 A= Z 4= QUL

ESP-r is distributed as a suite of tools. A project manager controls the development of
models and requests computational services from other modules in the suite as well as 3rd
party tools. Support modules include: climate display and analysis, an integrated (all domain)
simulation engines, environmental impacts assessment, 2D-3D conduction grid definitions,
shading/insolation calculations, view-factor calculations, short- time-step data definitions,
mycotoxin analysis, model conversion (e.g. between CAD and ESP-r) and an interface to the

visual simulation suite Radiance.

ESP-r2 Zt& EE£09| 32 ¥E|(suite)2 HIEEZIC} Project manager= ZEO| XMoo 2H0jd}
T, ME IHE| &7 OtL|2t suite QHO| U= CHE ZE0| +=X|siMa HHE 758 2¥F

ook XY RE2 LEa 22 7lss sdSth 7I2HO/H #e W 24, S AlE 0l
M AT, 2hE B 24, 2xHE 3 3KR FE iAol O2|E Fel XL/ LA A, view
factor A&, AlZhZtA0| E2 CIO|EHS2| go| 50| 24, 22 g (0§ =% CADL

A
ESP-r Z&Zt Bigh), Aletd AlE20[d =72l Radiancefo] HZ.

ESP-r is distributed under a GPL license through a web site which also includes an extensive
publications list, example models, cross-referenced source code, tutorials and resources for

developers. It runs on almost all computing platforms and under most operating systems.

ESP-r2 GPL license (General Public License)2| %50 HAIO|EE &iA S/HE2Z HY

Zo0, YA FHE 22E HME RE Hx9 &2 I, AT OA, JHEXE fle
AESA A BHEECE ESP-r2 Aol 2E HRH SUFAM #3EH1 HEECl 2SH

HMolM 32 & UL
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Although ESP-r has a strong research heritage (e.g. it supports simultaneous building
fabric/network mass flow and CFD domains), it is being used as a consulting tool by
architects, engineers, and multidiscipline practices and as the engine for other simulation
environments.

ESP-r2 MEXoz AAHQ J40| 0 L5 (& =0 dE #+=HM, HEHR 7IF
84, CFD2| SAlsid S X|&SH= A), =7t AX[L0f, CietMA (mutidiscipline) € 2AHE
ot AEE EFEAM AEEL Aon, THE A2 0|8 =752 oM AdTcz: HEL
f.

i

A

General modelling features

This section provides an overview of how ESP-r approaches the solution of the buildings and
systems described in a user's model, the frequency of the solution, the geometric elements which

zones can be composed and exchange supported with other CAD and simulations tools.

O ZOME AFEAIZE Folot A=at A[ABO| T3 ESP-rO] OfEA HIZotH &RME MHESE
A 2ME7|= ottt ot ESP-rof M &2M0] tiet SA, 7Istety 24, o8 &5 4, CAD

X CHE AlE 0] Sate Euzh SO siME HdHEY| 2 S

e ESP-r employs a partitioned solution approach. Simultaneous loads, network air flow, CFD
domain, electrical power and system component solution is via custom domain solvers.
Interactions between domains are handled with message passing between the solvers at each

time-step.

* ESP-r2 2% df{4d(partitioned solution) HAlS E&3ICL sA| &35, HEYI 7[FHM, CFD,
2 ZAZHE CHt sfAd2 2t sfA FY(domain) 1RFO| EH{O| 2lsiA O|F 0T
A(domain)7Zte| =2 Of EFJAFOA ZH7He| OAIX] M E(message

passing)0| o|siiA =Tt

» The building solution is based on matrix partitioning and Gaussian elimination. Partitioning is by
thermal zone and zone coupling is handled by message passing at each time-step. This

- 344 -



approach conserves memory in the case of large models, but requires resources for message

passing.

* dE0| oot sfME2 W E(matrix partitioning)dt 7hRA AAHBO| Z2AHStD JUCh 2
(Partitioning)2 thermal zone0f| 2|8 O|FO{X|11, Zt &=52| AZ(coupling)2 Of EFAAE A
HA|X] ™ E(message passing)Of 2|sff O|FO0{TICt O|2{st HH2 RHO| 2 4% HZ22E H

EEARSEC S

NI

orgh &= QUAX|TH HA|IX|] M EFH(message passing)0f B2 2|AaA

« Entities in ESP-r are represented as control-volume heat-balance nodes (finite volumes). Such
nodes are distributed throughout the fabric and air volumes of the building and within system
components. An explicit energy balance is maintained at each zone air volume, at each face of

each surface and at each finite volume of used in system components.

* ESP-ro| 7l H|(entities)= MO MHo| Y LES STSULHF, 7ot MHES 0[8). ol
EES2 d= RN 71 MA, A" HdEHE YR 1T ZEEY ULk 4 EO| F
71 MY, 2 7Y, Al2E FZHEN M8 2ZE 7 MYSHM= HHX] EHO| 7X&

.

« System components support temperature, two component (mosit air and steam) flow, heat

injection/extraction and electrical characteristics at each component node.

*OAN2” HEHE LEMe= 2&F 0lYd ®3({wo phase flow) & FY/HiE(heat

injection/extraction), F7|& EMO0| 12{&IC}

« Electrical power solution supports mixtures of DC as well as three phase power with real and
reactive power. The electrical network can link to casual gains in zones and surfaces which

include electrical characteristics as well as system components.

* U8 oMo ANMe RETH/FRTUH(eal and reactive poweno| S8 XE 3¢ UHE

=
ofL|2r X F HHO| et s 7tSotth H7) HEHI= =9 e TE A2 = X

ct 2
ol S4g XD Y& EHOE AZY 4+ At

Ao H=xzHE & ofL 2 F7[H el



« The mass flow solution works with mixed air and water flow networks of nodes (at zones,
system components and at boundary locations) as well as a range of flow components. Control
logic can be applied to flow components to approximate mechanical or user interventions. The
solver is highly optimized and can solve networks of hundreds of nodes with minimal
computational overhead. It typically runs at the same frequency as the zone solver with the

option to iterate (useful for models with large openings).

C WY 95 SN2 REI BAE B2 HEHE ¥ Ol =SS (F ALY WmUE, FY
Sflo] Y =ES)E PNE BEE Z7/2 RS UEYIES HuoE B I £E A
2o HYS AR SISHA FO| LTBIFS K5 BY HEHEO| MY 4+ Uk aHE
D AXSIEOf UM, LB AM HEHOR 44 Jjo| LE2 TYE YEYIS B 4+ Y
Ch 95 M2 BE = aHol £ 2L HITE AAED, ARSI sHEA MO Cfst Mug
o 4+ AUCHFICH HREE JHH 2Yo| K83

» Iteration supported in system component and network flow solution domains. Zone solver can
be adjusted from fully implicit to fully explicit but defaults a Crank-Nicolson formulation.

Conduction defaults to 1D and models can include 2D and 3D conduction (if additional data is

supplied).
*AAE HAZHER HERYT F5 offA 7tol Ht=EAAtof Cst LHE2 Ch3ab ZCh & SHe
2t A=Al (fully implicit, = STIXE)MEE 208 HAZ A (fully explicit, £ HEIXHE)
k-Nicolson) Al o|g3iCt A

MR BE 018% + UK|Y JlEHo2E AYA-LBE(Cran
e Jjgxeoz :

V2o k0|0, HO[E{7} Z7tel

« Domain interactions supported e.g. mass flow solution feeds system component and zone

solution at each time-step.

&S(mass flow)oi| CHSH s{A A= OjEHY

» Zones can be assessed with a mixture of environmental controls, including free float and user
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undersized controls as well as supporting radiant gains and injection of heat into layers of a
construction.
olg7tx B =
0010 Y2 FQ(inject)dtn EAISZ

float)stBIA] ALRXF7L QICIMO|RISH R|Oj2 M8E 4L QCt

Aol Zof ths) BikE 4 Uk FEMQ B

o

=

2ogd = A2 ¥ otL2}, RAAYEZ FX[(free
o

Simulation frequency is one minute to one hour for zone and air flow domains. System and
electrical components solved from one second to one hour. Time-step controller with support

for rewind to start of day for exploring optimal start regimes.

Zone geometry is based on 3D polygons of arbitrary complexity (including explicit
representation of internal mass). Shading devices are block shapes. There are a number of
geometric rules: a) zones must be fully bounded, b) surfaces must be flat, ¢) edge ordering
defines outward face of surface, d) unbounded edges detected, e) internal mass requires back-
to-back surfaces, f) zones can be embedded within other zones. All zone surfaces take part in

the zone energy balance.

Zo| JIoHdEE 7oz Yol SHEE 7Y X3 OAYO|HE WH Us iAE
Z). AYHK= =5 ZYOICh 7[SPFIL0| oist B2 A0l JA=H thHEat 2L a) E2
HF2(7F 20 MM RANOF (fully bounded) Strt. b) EH2 HESHOF otLt o EA2[Q] &=
Mz OfC|7} BtZZE BBQIX|E “golottt. d) AMMRUX @2 B2ME= AHsHez FHEH

e) & YR A= 2= BHSO0| M= AHO[Y AO{OF otLf. f) E2 CHE & oo ¢eld =
==

Eo| #HS2 9| UK EHo| 2oict

Glazing is a surface with optical property attributes which supports solar transmission and

absorption at each layer in addition to the convective, conductive and radiant exchanges of

- 347 -



opaque surfaces. Optical properties can be subject to control action. Frames can be

represented explicitly or via adapting the properties of the surface representing glazing.

* glazing2 =F%ot #HO| 21 QU= UF T=, SAF STE 020 Zt 2 0]0{o A LAL2
(0]

E
E
20iLt= FotH 42 71 #BO|CL X £42 control actionf 2t

« Surfaces can have attributes for phase change materials, temperature dependant conductivity,
electrical characteristics (e.g. integrated PV), moisture adsorption, contaminate emission

properties.

mln
ro
H
=2
E
Fl'F
ne
r>|
1
1o
|'>|
N
1A
m
oA
)
Q@
-
%
=
ofm
ot
0%t
H
HM
Mz
/ot

Facility to import DXF files (V12) which confirm to specific standards of layer naming and use of

3D entities.

*

golole] 0|2 =0l 58 #E

o

it

un
rir

DXF o2 & A importg &= U1, 3Kt

o

A O]
™ M

HHE Ar8E =+ UE

—_

Facility to export DXF files (V12), EnergyPlus (geometry, constructions, casual gains), VRML

worlds, Radiance visual simulation models.

* DXF Itg, EnergyPlus(Z|stHE, K|, LB L), VRML(Virtual Reality Markup Language: 74
o

=
SiAl K28 o10), Radiancelf exportat 4= QUCt.

Measured data (one minute to one hour frequency) of temperatures, set-points, weather data,

casual gains can be associated with a model.
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2k,

= O
OlEE =& AAAZ = ALt

—

182, 7|YO0lH, WRELE et 53 HOolH1ZMAM o Azt ZtHe=2 £33 o

« Ideal environmental control systems can be defined (in addition to component based system

descriptions).

*O|MAQl StE =E AAH”ES Folg £ QUL 22 HAZUE 7|Hto] A& REIT THsSH)
Ch.
Zone Loads

This section provides an overview of ESP-r's support for solving the thermophysical state of rooms:
the heat balance underlying the calculations, how conduction and convection within rooms is
solved, and how thermal comfort is assessed.

O 22 ESP-ro| Ho| SN HEHE OfEA siMst=X[0| THet HQE ATHSICE Atel 7|2
Of = ZEHHO e, HUiFe M= S tiF/7E OfEA sHM=l=X0f CHs, S2HHO0| H{EA H
7bel=X|0f CHB{ OR=LC.

» An explicit energy balance is maintained at each zone air volume and at each face of each
surface. The default treatment is to use three finite volumes for each layer of each construction.
Typically, materials over about 200mm thick are subdivided into multiple layers to increase the

efficiency of the solution as well as providing additional points for recording temperature.

2 B MM mE ®BEHOAMC| OHX| Yol AXLL SEECE V|2HeRE 2 TN
o 2= dlojofof CHal Ml 7He REtMAS A&ttt YEH 22 200mm O|¢e| FHE 7H

Mze 228 7|55 ZRE +& s2le o Al 28ds S7HAZ|17] {8 & 712
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» The minimum size of a zone is ~1cm”3. Rooms with dimensions greater than 100m probably
should be subdivided. Minimal surface dimensions are ~1lmm and there is no specific
maximum size. Surfaces can include ~24 edges but complex surfaces or surfaces with large
dimensions may not be well represented by 1D conduction. Minimum thickness of a
construction layer is ~0.2mm although care should be taken when thin and thick layers are

adjacent.

* ZO| ZA AV[&= 2 1em3FEO|CL 100m O|4e ZO[E 7ITl 42 Oo|ECt ¢ A2 A7|=
HHO XA A7|= 1mmo|1d, StLte| B2 EME[E 24747HX| 7HE

= UX|T ST mHO| 1KY M2 & SfME 5= JU=X|0f CHSHA D2{siEtop otof &
HS

M 2ojofel X FH= 0.2mmOX|2h GFALE FIH2 20]07 AP A= B0
;

_|_|

rir

E
=

» A number of boundary condition types are supported in ESP-r: a) exterior, b) other side has
similar temperature and radiation, c¢) other side has fixed temperature and radiation, d) other
side is a surface in this or another zone, e) standard or user defined monthly ground
temperature profile or a 3D ground model, f) adiabatic (no flux crosses), g) other side is part of

a BASESIMP foundation description, h) CEN 13791 partition.

“ESP-rOf Al B2 ZA|EZI0| XIS a) QU b) WTHHO| SAISH 250 BAEAS T4
S o gojEO| 1HE 2ot o 2l d

E0] AALL Lf

Y XZLE, LE 33K8 XF ZE f) o
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=
o
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« Air gaps are typically treated a resistance layers which are sensitive to surface orientation.
Glazing using alternative gasses or with coatings must be approximated by altering the air gap
resistance. Air gaps can be explicitly represented as thermal zones and optionally included in
an air flow network (such explicit treatments do not scale well but do support explicit

treatments of radiation and convection across air gaps).

OH
Ol

ro

7| getfoz BHO| o =RE= EXT 0|02 FIECH N 7tAE ARED
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ALt |2 X83% glazing2 37|52 MY HHA ZAHo=2 mEYS|of St 7|52
thermal zoneC 2 AT DEYT = 1, Mo MEtM= 7|F HEXIO ZAIZ = ULCE
AgNoz DHEASHE A2 CIEEQ A2 o H/AXAXIT, 752 &8t SALL HFE

» There are ~20 internal convection regimes and 25 external convection correlation's in addition
to user defined heat transfer coefficients. Conditions at inside and outside face are evaluated at
each time-step. Some outside regimes are sensitive to the angle of incidence of the wind as
well as whether the surface is on the windward or leeward side. Heat transfer coefficients

derived via a CFD solution can be applied at the next time-step.

*HWEE RS It 20740 RETL 1, QEH CfFSHMS ot 25740 RETL oM

X7t GHEAFE Y AEY = UCH OjEFJYAEIOICH L[S HHO|MS| Z=70| A

E AE = F(windward)O|LF 1 HiCHZ(leeward)O|LE7t
A

o
=
Tag ¥ otLz}, HrEtel YMAE F2e 240|Ch CFDE 83 AMtet EHE A7t o3

—

« Internal mass can be explicitly represented and these surfaces take part in the full energy

balance as well as solar insolation patterns and long wave radiant exchanges.

*E U oAk AFENez RAYEH o U2 O 2o HEHS AN 7Y T

—

rm

1 gop=

AtOl FgtE D& & ofuzh, THHQ oUHX| B0l 2HHSHA Tt

« Radiation view factors can be calculated for zones of arbitrary complexity and shape, including

internal mass.

i
10

¢

>
J

%
|.|-|
2
o
X
£Q

Of SAt Eughs ?lot view factor7b ALE[=H O7|o= & W&

—

 Fanger thermal comfort as well as MRT and resultant temperature reported. If sensor bodies are
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defined then radiant asymmetry is also reported.

* MRTQ} resultant temperature ¥ OfL|2} FangerQ| EajM = HIIE = QUCt MAZt Ho|=ICHH

225 2A T3 I 4 YUrk

Building envelope and daylighting

This sections is an overview of the treatment of solar radiation outside a building as well as its

distribution within and between zones. Outside surface conduction is also discussed.

of o= & UWHF == = AO|O|M LAte] M| & OfL2t HE2| R0AM LALE OfEA

Me|steX[of tial CHEC 2F HHOAMS| M= £ot =02 Zo|tt

—

» The default treatment is to assume no shading and that the distribution of insolation is diffusely
distributed within a room. If there are external sources of shading these are represented as
opaque non-reflective block shapes. Shading calculations (direct and diffuse) are done for each
hour on a typical day of each month. Diffuse shading can be based on isotropic or anistropic

sky conditions.

=
A2 of 2 HEHQ 20| TS Of A[ZPORCH = E Tk Xhfol| o gt =ity 2 S (isotropic)

« Insolation distribution (including radiation falling on internal mass surfaces) can also be

predicted at each hour on a typical day of each month.

* RYE A ZE(E USRS DjAEB FoX= LAE Zeh2 0 B HIHYU 22| 0f A
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*

*

Beam solar radiation is tracked to first absorption and then diffusely distributed. Solar radiation
passing into adjacent zones is treated as a diffuse source. Solar radiation passing out through a

facade is assessed.

AZ YA HEOls B4ET 1 CHEO| BAElof Bt EmEC, QX EoE Jhe YA}
L e MZHS XU Aoz Ui QUE S8 WALIZHe YAbE BIEIC

Optical data on transmission and absorption at five angles is typically used and can be
imported from Window 5.1 or 5.2. Data from WIS requires additional editing. Bidirectional

optical properties and control is supported for those with experimental data.

CHA JHel =0 Ciet Fots/g+& HOIE7F ¥ o2 AZEICt O] H0|EH = Window 5.1

L= 5200M importd = QUCt WIS HIO|EE 7| IsjM= HES F7t= sfoF oot &y

folel3

o
b2l (bidirectional) &stH J&at Hofof Ciet 42 AF HO|E7 Y= B0 ALY +

A
Ct

2

Seasonal adaptation of shading devices requires separate models, each pointing to obstruction

descriptions for that season.

AZO TE AMEFKXe HES ooty foiME EkRo| ZEO| RS0 2 ZE2 Y

AZC| LA XtHof Ciet 2& 1 AL

Optical properties can be switched based on a range of criteria (the number of layers is
required to be constant). There is a facility to substitute an alternative construction as well as
alternative optical properties. The requirement for a constant number of layers poses a
challenge for the representation of movable blinds and shutters.

glazing®] HBE YW WEHI|FO| HOlo| 27sto] HEF 4 ULk @0|0je HHEs UM

==

Of otCf) glazinge| &=tX dES uHMst= A & OfL2 Ot BHE F=MZ WAHSt= A

H

=
8O[stL}. 2ojoje =7t Yoottt =H22 QI3 7tH Z2telEl MEE REAYSHE
A2 MEtzE & ALt
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« Daylighting control can be based on split-flux method, user defined daylight factors or time-
step use of the Radiance visual simulation suite to compute lux on a sensor. Multiple circuits

can be treated in each thermal zone.

©OAMERHE 2 MO= split-flux Y, AMEAL Fo| FEHE0 7|2 + AW, = AMTH Y
Kot ZEE AL fI3i OHEFJAROICE RadianceE A& == RACE ZZ2| thermal

zoneO| M off 7Ho| (=) 227t AFEE & UL

« Some users choose to explicitly represent opaque blinds as sets of surfaces. In the case of
blinds between glass this is often approached by treating the blind as a layer with the
construction which has optical properties approximating the transmission through the slats and
openings. If the optical properties of this layer are switched then the absorption

characteristics of the blind layer change (as does the thermal state of the construction).

2t AR E S8 EMFED
£ A, O|F REl Atoloff 7|E2 20|02 FtN JE=Z ROl 2H S2EE 2
2ottt of 2ojofel FetX JEO| HHRCIHH, SEtele 2o[ofe] S+t HE Sd= H

slstCt.

—

» Conduction is typically represented in 1D but can be switched to 2D and 3D (the input data

requirements increase considerably).

f MELS SMXOER IXNYCER SfMEX|E 2AHY EE 3XACR My 4+ AUCKE T ¢

Infiltration ventilation and multi-zone air flow

This section provides an overview of how air movement, either from the outside or between

rooms or in conjunction with environmental systems is treated.
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of ZoME Z0M 2U=ze &7|7s & 72 &7|7s 2H A2 23 7] /730

OlE7 CHROIX|=X &HE7|2 oot

« The simple approach to air movement in ESP-r is to create schedules of infiltration (air
movement from the outside either natural or forced) and ventilation (air movement between
zones). Control can be applied to these scheduled flows based on a range of criteria e.g.

increase infiltration to 2ach if room goes over 24 degrees C.

“ ESProf A B7IRB0| T e M2 ATI(MLIN AR, MU = YHEoR Sof
oL B7I8S)0 AHES s HO|Ch 0|A AFO| RolE B7|QBM, BEI|FS

x|
Bl 7|=510] MOE HEY =+ AULL O =0 20| 24=5 H7|H H7IES 2achz

S7tA7|1& Aotk

» The intermediate approach to air movement is to create a network of flow nodes and
components and solve the leakage distribution at each time-step based on the current
boundary driving forces as well as stack and pressure distributions inside. Most of the
underlying component representation are derived from the literature. In common with most

other mass flow solution approaches there are some gaps in the provision of component types.

* 770 tigh S22 FI2YM2 RS0 #olots Lot HEHESE HEYIAS Y9t
1, dErid % U RHEE E OfHet 2F = 2ASHY Of EfUAEOL F7]9] 2
(leakage distribution)E A|AtSt= Z40|C HEQIE F4ote HEHEQ DEEZ B2 [

o
FE 7IE EYUCRRH FEEQACL CHE UHREES 7S siMat OHEVIXZ, HEHE RO
X

» Control can be applied to mass flow components to approximate occupant interactions or
mechanical flow controls. Combinations of controls in sequence and in parallel are used to

create complex regimes.

* THARIRIOl M= EHE, 7|A Mu[of ottt 37|fs HIE ZAtSHY| sl HE¥ 35 AEUHE
O CH3t controlOo] ME2& £ QUCL ControlsE B £ HIZE XTSI, S&ot 57| F&



« The highest resolution approach is to define a computation fluid dynamics domain with one
zone of the model (optionally in addition to a flow network). The CFD domain is in a
rectangular co-ordinate system with optional blockages. Solution is typically transient 2D or 3D.

There are a range of wall functions available as well as equation types.

8 % s TojSS0| ULt CFDO| Bfe
uioZ HIFA 2Ktg i 3K HAIO|Ch 0|8 4 U wall functiondt WHAl g

» The CFD solution supports one way and two way conflation. The latter takes its boundary
conditions from the zone solution and returns heat transfer coefficients. There is an adaptive
controller which re-forms the CFD domain at each time-step based on changes in boundary

conditions and the flow patterns predicted from an initial course CFD assessment.

A=A I ALY, Of EFYARIONE CFD F92 Adl(reform)stE  adaptive

—

» The CFD solution can also use flow boundary conditions from an associated mass flow network.
This allows wind pressures and flows with other zones to be assessed at each time-step.

Iteration is used to negotiate between the mass flow and CFD domain solvers.

*CFDE T3 MY |5 HEYD SHNOREE K50 B FAZUS 018 & ALk O|ZH
B Cf2 ENO| 7| 0SS Of EfYABDIC WIS 4 QTR wEAMZ Ssto] BY |
S &9l CFD £HE HBAZ & ULk
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» The CFD solution can include cells which are heat and contaminate sources. The former can be
associated with zone casual gain schedules so that there is a temporal aspect to such gains.

* CFDE €1t QASEO| 20| &= HES =g 5 QUCH HXt(heat source)s E9| LfFE &

» Zone air volumes are assumed to be well mixed at one temperature. Stratification requires either
the use of a CFD domain or subdivision of physical spaces into multiple thermal zones with a

mass flow network used to assess air exchange.

* EOl 7 HAHE stLtel 2R FH =gH(well mixed)E|0] U= AR JPIDICE 25 HER
(stratification)E SiAd5t7| @[siAM= CFD FYo| ALES O|88tALE, Z2(H el S22 Ch=2

thermal zone@ 2 M| Z3li0F SHLt.

» A mass flow network can include elements associated with natural ventilation and buoyancy
driven flow as well as components within a mechanical system. Thus it is possible to create an
air based solar collector from a collection of explicit zones and a flow network (as an

alternative to a component based approach).

* 2EY 78 HEHIE 714 A" o ZE=

St

Kl

HEEl fasE oot 322 =i

r

o
o
Hto

—

=

na

o ez M 'S7| 7|8 EiYE MEVIE USOU= A0l 7tse AHOIL,

» For models of high resolution there is a post-processor which determines if specific species of

micotoxin will grow on surfaces of a model.

© Mot 2ot 40 ERet RS fI6iM, Y RS 807t RREO| BHO| A2t X

o o5 Z¥ot= =M Kl(post processor) 7t ULt

 Architectural elements such as Trombe-Michelle walls and double skin facades are usually

composed of multiple zones with a mass flow network to support air movement assessments.
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* Trombe-Michelle 8, 0|F2|m|e} Z2 A= 45

rlo
H
ot
N
3
o
ofn
mjo
okl
d

o] glel mE
950| 9k Chho Zoz RHEC,

» ESP-r includes a database of wind pressure coefficients (at 22.5 degree intervals) which can be
associated with wind pressure boundary nodes in a flow network. Some users populate this

database with data from wind tunnel tests or CFD runs.

* ESP-rOf= 225% ZHAO® EQ A0 f3 GO[EHO|AT UeH, Ol 85 HEYZ0A

SY HE ZA L2of 2ot AO|Ch offH AHEXAE2 S5 & 0[L CFD of 4 Zntof A

Renewable energy systems and electrical systems

This section is an overview of options for representing renewable energy systems either as
components within an ESP-r model or via 3rd party tools. Including an electrical power network in

a model allows a number of issues related to renewable energy systems to be addressed.

O] EO|M ESP-r XtH|O WEE HEHES O|SL22M £ ME MtE| =715 O|8A2ZMN
M=o oisl JHEst7|=2 ooy RE Qo HE HES

—
2 ZYATIE A2, WHOILX| NAHT BAE B 0|48 ATFEES BHECE

—

Wd7tset oHX| A2BEs REBESE &

ujn

« Some system components represent components of renewable energy systems such as
generators, fuel cells and batteries. These can be tested independent of or switched into the

power grid. Mixtures of 1/2/3 phase AC and DC can be described.

* O ALY HEHEE T ARTX|, HIEZL £2 MA7Is AUHX] A[L-E Moo=
ZA0|Ct O] HEHES2 THIM FsH, & HHYO| AZEX HAME H2E
)\
[

o
Mo BE, ME S e L8Ol BAE 4 Ut

C}. CHAH/O| Al

» The electrical solvers works at the same time-step as the system components and yields real
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and reactive power flows, power losses, current magnitudes and phase, voltage magnitudes

and phase, phase loadings.

© HED BRE SHE ALY PEZHEQ 22 EIYAHOR HSHN, REN/LaWY, M
2 24, MRl 37|9t H(phase) MOl A7|9t 4, phase loadingS Aoy 4 At

» ESP-r data can be exported for use with supply and demand matching tools such as MERIT

(also available from ESRU).

* ESP-r O|O|E{&= MERITQt Z2 +=2-35 £33 EF(supply and demand matching tool)Oj A{
o

AHBE 4 UEE exportE 4 ULk

Ideal environmental controls

This section is an overview of ESP-r's approach to ideal (from a control engineers perspective)

zone controls.

O] ZoilM= ESP-roflA Of4H QKO AMXILIO2] BHFHOM) = HOIE O{EAH St=X[0f CHol 2

meo|2 it

» For early stage design issues ESP-r users tend to use ideal zone controls to represent

environmental controls as loops of sensors and actuators with a range of control laws.

* R BA EACSl HE HediMEZ sl ESP-r ALEXtE O|4E QI E X 0f(ideal zone controls)
A2 ME8sh=0 O|z{gt YA = MA, actuator, 0§2{ X024l (control law)E2 T4 &
loopE &dfl &8 =H A|A”EE FHSHA E=ICH

» Ideal zone controls can be combined with control of mass flow components to increase the
resolution of models. Mass flow components can be used to represent some aspects of duct
work in mechanical systems (ESP-r has not been designed to be used as a duct design tool).
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*O|gAHel E Mol ZHO M YHE=E SIHATI7| flo 2 75 HEHEO it Mot
zgE + UL 2 7S HEGHEE 71A 2H AL"-0M HES §Y S MHSt=H O
82 & UALL (ESP-r2 HE A =12 0|8L =T TSOX[X= FUD

» Sensors in ESP-r can be located at a number of positions within the building (the zone air
volume, at or within a surface, at a flow node or outside of the building for use with climate
variables). Actuators in ESP-r can be located at the air node, at or within a surface, at a flow
component etc. Zone control loops include a schedule of control laws are applied as required

to approximate many environmental control regimes. The zone controls include:

© ESP-ro] MM d= 22 of fXo ZXE = ULt (EL 7| MA, BE WE 75 14
2 2%t L& &= J7|Z HOIHE AMESlE HE 2F S). ESP-rQ| actuator= &7| &, H#H
L&, 73 HEZHE S0 /X = AL E MO FZ= HOf EAS(control laws)Q| A7
22 ZYSHH, Ol B2 &4 =F Y4 IAMelol=H /&t £ Mo 42 Lt
€2 A=0| ALt

 basic ideal control with maximum and minimum heating and cooling capacity, heating setpoint,

cooling setpoint and moisture injection.

* basic ideal control: X|CH/ZX|A HHtdr 22F LiE H2C, H8 M™H2E, 752 =3

« free floating control

* free floating control: At e |{X|

- fixed injection/extraction with heating injection, cooling extraction, heating set-point and

cooling set-point.

* fixed injection/extraction : & FQ(tH)/ E HfE(LY), HEY A2, dY AY2c =3

- 360 -



basic proportional control with maximum and minimum heating injection, maximum and
minimum cooling extraction, heating set-point, cooling set-point. There is a throttling range

and optional integral action time and/or derivative action time.

basic proportional control : X|C{/%X|A &€ FREF, X[Cf/XA & HiESE, HE Ao, Huh M
Her meh Throttling rangeZt X5t X & SZEF A|ZH(integral action time), 0|2 SZF A|7Zt

o

(derivative action time)2 MEHEH £ QIC

—_

A multi-stage controller with hysteresis. There are three stages of heating and three stages of
cooling. There are heating off and cooling off set-points as well as dead bands for heating and

cooling and heating and cooling set-points.

multi-stage controller with hysteresis : W-tE0] 3CHA|2 O|R2O0{ . HHHE MY LHLtHE

o
dead band, WtH0| BEtr|l= PR E EE

Variable supply controller with or without available cooling. It includes a maximum supply

temperature, minimum supply temperature, air flow rate room heating and cooling set-points.

variable supply controller with or without available cooling : Z|C{f 382%, X4& 332F, £

dite 4EeEE By

Separate ON/OFF controller which includes heating and cooling capacity, heating on below,

heating off above, cooling on above and cooling off below set-points.

separate on/off controller : 'HtHl 22F HEE A|Z 2 (heating on below set-point), el St
2% (heating off above set-point), HHl A|Zt 2 (cooling on above set-point), HH FSCH 2

= (cooling off below set-point)E& *EZ &t

Ideal match temperature controller which is given a maximum heating and cooling capacity and

a list of sensors and their weightings as well as scaling factors. A typical use is to control a
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boundary zone to a measured temperature or to match the temperature in another zone.

There is also an ON/OFF controller which can be used to match measurements or other zone
temperatures.

* ideal match temperature controller

factor, 7}=X|E 0| &.

0

PSERSEe]

- o —

o MM Sl A
£ &9 25 (™ot

=
538 2

o] 22 o5t

2k O == ME9| scaling
0|22 boundary =& =

74 c
A
| 2=2f) FZ0| &

4

rir

Ct
controller& o|g&¢%t

A E R
St 42 9tk

of =M o =2 ON/OFF

Time proportioning control which includes heating and cooing capacity, heat on and off set-
points, cooling on and off set-points, minimum on times and off times.
that has a slow cycle time.

Useful for equipment

* time proportioning control : =F LtHE on/off A2 F, HWHEE on/off AH2E,

Yt 83
. Cycle timeO| =2l MHIE 2

a4 O

2ot=H F&tL.

Optimal start logic with heating capacity, desired setpoint, desired time of arrival, minimum

time difference with optional start time. There is also an optimal stop controller.

Slave capacity controller points to a common sensor and forces the zone actuator to act as the
master actuator but with a user defined heating and cooling capacity.

* slave capacity controller : master actuator?}

EEZ1Q
slaveo| HiHtE2E2 AL XL FolBCt.

= E

| As3tz2 sle Xof YnalE a2t

VAV approximation controller which includes a reheat capacity, supply temperature, room set-
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point, maximum and minimum flow rate

* VAV approximation controller : Z{E 2%, a3 25, AW A2 /5L EHE 0|

Component based systems

This section is an overview of ESP-r's component-based approach to describing environmental
systems. There are a number of component types (some are listed below) which can be linked
together to form a range of environmental control systems. Some devices are represented by
several components - for example there is a single node radiator as well as an eight node radiator

- so the user has a choice of component resolution.

o
ux
=2
x
rir
nx
o
>
|>
o=
mjo
i
>
Ot
rir
s

HEHUE XPYOR T IOtk 012 50| 8 =C2 PAEE WAI| # OLjet stLiol
TSR PHEE WE Ut Q2o ASAHs PEUES MUSE MeelH =of YUtk

As with zone controls, system components can be included in system control loops. There are a
number of control laws available depending on whether flux or flow is to be controlled.
EOo| Mojet 2EHBI0], A" HEHEE A[LES MO BX oo ZE =+ RUACE Fluxg A Of

4 A
[} T
St=L flowE HMO{SH=Lto| a2l =52 MO gA (control law)& 0|8E == UL}

« Air conditioning steam/spray humidifier, water/steam flow multiplier, water/steam flow converger
and diverger
* SEE JUNM/ERH MsC1 /871 7 SNEK, /371 75 +EZXl(converger) Ei=

27| & X|(diverger)

» Air conditioning cooling coils with flux control, a counterflow cooling coil with water mass flow
rate control, a counterflow cooling coil fed by WCH system, a two node cooling coil with
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*

*

*

*

*

*

specific fin and tube details.
flux HOlE O|8%t= S8 WY, =2 YR E MOt iR 42 DY, WCH (Wet
Central Heating) system0j Q|slf &

SRUEIE

Air conditioning heating coils with flux control, a counterflow heating coil with water mass flow
rate control, a counterflow heating coil fed by WCH system

flux HOE 0|83t S=& Y Y, =9 ZRIES A F

oot

2 o 3, WCH

ojste

o
(Wet Central Heating) system0f| 9|3} k| = CH2E HE 3

Plate heat exchanger, air/air exchanger, heat exchanger segment, duct, duct damper

H

b €|, 371 o $7| Suety|, Sue segment, HE, HE HT

—

r

Cooling tower

r

Y2t

Centrifugal fan

el o
AMAL T

Wet central heating boilers: non-condensing boiler, with on/off control, with aquastat control,
calorifier, modulating boiler, TRNSYS type 6 WCH boiler storage water heater

SAS ZQb LdE HOlF (Wet central heating boilers): on/off M0l = 2K 0|2 3= H|
ZAdd(non-condensing) EY2{, A, 2= 0|8 E 2, TRNSYS type62| WCH Ed& =

Ty 24 7t

Wet central heating radiators: basic (one node), exponent model radiator, WCH thermostatic

radiator valve, mechanical room thermostat.

Al
all

o>
ogt

Qb b vt 7| (Wet central heating radiators): 7|2 2¥7|, X|4= 2 (exponent
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model) 7|, WCH SEXY 7| #s, 7|74 AY2=xE)

» WCH pipes: pipe, converging 2-leg junction, converging multi-leg junction, heat transfer tube,
heat transfer tube with transport delay, insulated pipe with transport delay, flow control valve
* WCH Hfj2k B2, 274 Bjgtel e/F(junction), Ch27| Hite| StFHE, EWE RE =& XA

=}
(transport delay)0| Q= @Y FE, & XHO0| U= THE HiZ, R MO 2=

«  WOCH basic chiller or heat pump, water cooler, compressed gas cylinder

“WCHE d37|, 5|EEZE, & 47|, &5 7t HEH

» WCH generic liquid/liquid heat exchanger and gas/liquid heat exchanger and water/air heat
rejector

*WCHE A4H|/HH Suetr|, 7|M/AN Sugtr|, /571 E HiE7| (water/air heat rejector)

« Qil filled electric panel radiator

* 7180 AT TI| oE YT

» CHP engine components: one node and three node representations.

*CHP oIFl B3l HEHE :1 =E /3 =EE 7%

» Hydrogen appliance (generic generator supplied by hydrogen source)

* =4 23 ZHX| (hydrogen appliance)

Environmental emissions

The emissions associated with the energy use of buildings can be tracked via user supplied
conversion factors for heating and cooling and small power loads as well as loads which are not
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attributable to a particular zone. There is a rarely used facility that allows users to define

environmental impacts associated with the assembly and transport and disposal of building

components.

A= ofHX AFar BEE HiEZ2 dHy A 7|EF 2540 oiet He A+E AR H2
goZM FHY + ALk A= BMS2 =€ 2, H77t 280 oiXls s MEXS0
gelst= A0l Y= o3t 7|52 el AHEEIX| =t

Climate data

This section gives a summary of how ESP-r uses climate data and how users access and
manipulate this data. ESP-r holds the following climate data in both ASCII and binary file format.

Solar data can be in two forms. The normal file formats support hourly data.

Of oMz ESP-rofA 7|= LIO|EE At8sts LE I AAEAS0| 7[4 HIOIEO| ofEA HZot

=Xl 71d HOIHE HEA CtE = UA=XI0| iy

mx
og
o
o

ESP-re 7|4GI0IE] K2lZ YIef ASCH HAIDH O|F THY HAl(binary file format)e D& x| sk

Ch. €At HOJHE & 7| HEY 5 ACE 282 7[YH0|HE Of AlZh BHel2 NSE L

Diffuse solar on the horizontal (W/m**2)

*
0I=I

3 =Hh A (W/m2)

» External dry bulb temperature (Deg.C)
*2f U7 2% (deg O)

« Direct normal solar intensity or global horizontal (W/m**2)

B AHE YA e 8T TJHE LA— (W/m2)

» Prevailing wind speed (m/s)

* S5(m/s)

» Wind direction (degrees clockwise deg from north)
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ST (SFR2Z58H AMALS22, degreett?)

» Relative humidity (Percent)

AU 55 (%)

« Site description, latitude and longitude difference from the local time meridian.

* SX|of tiet 29, ?l= #E A4ae] FEX

There is a conversion utility which is able to read EnergyPlus EPW weather data and extract the
required data fields. ESP-r also works with sub-hourly weather data via a so-called temporal file.

EnergyPlus| EPW 7|& CIO|EIE A0S0/ EQS HO|HE FEY &+ U= HE REE/EZL
QIC}E ESP-r2 A2 UA| mU(temporal file)g 3 st A|ZH 0|5t Ehe|(subhourly)2 7|4 H|O|E

£ Malg = Uk

There is a facility that scans a climate data set to determine best fit weeks in each season based
on heating and cooling degree days and radiation levels. It also reports initial scaling factors that

can be used to convert from short period assessments to seasonal performance data.

71¢ HOIHE S0SQ = ot =Uar AR 20| 7|20, Of AZotth 3 AZ=el £
7t & LIEtW= FH(best fit weeks)s Z2Fot= 7|s0| ALE O] 7|52 ot H7|7tel Bt

mu - mjo

AR THof 2T Botz HesteH 0]8Y = UE scaling factorg HS LY.

Results reporting

This section is an overview of how building and systems performance data is accessed in ESP-r.
The standard approach differs from many other simulation suites in that one or more custom
binary databases are created depending on the number of domain solvers used in a particular

model.

Of BOM= ESP-rofM Z=1h A[AEC] 85 =4 CIOIEO| O{EA HZot=X[0l CHsll ot=Ct.
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ESP-r2 SiM3taxt ot= A0 A& EHe| 25 o Zutof CHet Ho|E o] A7} 2HS0

o= FoM oEF AlZ20ld =Fet= XO0|FE 21 ALK

» The zone solver writes out a number of items at each time step which related to temperatures
of the zone air and surfaces as well as fluxes associated with a zone air energy balance and

surface energy balances.

“zone EH= S7| G BEHO| OUX| B 2HE SHA F oLzl 7] W BHO| 2%

» The plant component solver writes out the temperature, 1st phase and 2nd phase flows at each

node of each component.

* plant component £H = Zf componento| PE LE0 CHSI0 2=, & HEf M9 S=(1
phase flow), & HT Alo| SEQ2M phase flow) (5 7I% S5, AH S5 ZH2to] Cfe} Erte

Koz HY) oM Z2aE 7|=EHCt

» The mass flow solver records the pressure and temperature at each node, pressure difference
across each network connection as well as stack pressure and mass flows along each

connection.

“ mass flow EH= Zf EF AO[Q| stack Y Y FS& OfH 2 BFe| YEXt0|, 24 2

» The electrical power solver writes out the real and reactive power, power loss, current
magnitude and phase, voltage magnitude and phase, phase loading for each node in the

electrical network.

*

electrical power £H= ™7| HEQAQS| 2 =0 Ci5t0] fr/Fr M=, M &4 {7 2
7| ¥ AHphase), FYLQ| 27| 8 A, phase loadingE 7| &3%tC}
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ESP-r includes a results analysis module which is able to read these binary results files and, for
any of the stored variables report on the data in various formats and undertake statistical analysis.

ESP-r2 Zut 24 REs EYotd U=, o 2=2 Z2ar IiYS HE & oYt NI E 8
9ol
—

Graphs of time vs variable with option of multiple vertical axis and support for combinations of
data.

o Hel A= A HOolHe 0| st AlZE - B4 2

[l

« Graphs of variable vs variable to look for trends and correlation's between data types

* HOlH meztel B dEBAE S50 flet B - B Ogjo

« Statistics with maximum value and time of occurrence, minimal value and time of occurrence,
mean and standard deviation

©EOHZE S OEOHZE0] AT AIE, Hagt W OE[AZ0] TS AIE,

Ol
MM
=

xt

A
= 9"

» Statistics with number of hours over and under a specified value

O o 0l BF UEL A &= 71 Ee B UL HA == 7T

« Time step listings in multiple columns with various separators as required by third party
applications
* ME OE| TN 275h= Auh 20|, ChYe FEIIZZ of Fo| EN EfYARO

e 212 7[Y¥st= A

» Frequency bins and cumulative frequency bins in tables and graphs.

* gt O HAIo| HIE (frequency bins)@t =% Bl - (cumulative frequency bins)
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» Zone and surface energy balances as well as individual reporting of all contributor variables in
the energy balances.
“OEX] Yol Btofsts 2E Bl Z42Z0f oiet 7|15 # OfL|2t zonedt EEHO|AC| OfH4X| E

o1
o

» Energy demand over time including hours of use.

*AME AIZE ZEOI, 2E Al 2% X 2E

« Comfort in terms of PMV, PPD, radiant asymmetry, resultant temperature, MRT.

* PMV, PPD, €05 £ A}, resultant temperature, MRTQ} 22 ™ X| &

» Monthly gains and losses for a number of variables in each zone.
=

* 2t zoneOf M 4B BISSO| Cf3t Y7 24 O HS(O)

—

Lot
An

There is a facility which generates XML files based on a description of variables to save during a

simulation. The list of items to capture is typically generated by editing a separate specification

file.

0| Folof 25t XML ms TEE 7|50 ALk 7| Fok
B @]
= —_—

9| specification s WA

There is a facility which allows users to include a range of performance metrics for a model called
an Integrated Performance View. This description is used by the results analysis module to

generate a report based on information in one or more simulation files.

Integrated Performance Viewztd £2|=, REO| M5 AZ0 Ust Z2UtE AIEX7F MEig 4~
Qe 7150] YLk Ol Bt ZL 1 ol4o] ABOIM THY HEE S reportE BHE & Y

S AN 2N BES 0jg%oE

=

7tsSICt
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Validation

Testing of software has been an ongoing activity for the ESP-r development community and takes
several forms: assuring the quality of the code in ESP-r, testing that the underlying computations
are correct and detecting differences with the predictions of other tools. ESP-r has been involved

in the following projects:

ESP-rof Cieh HIAEE= ESP-r JHE THHO|A AL TAED A2l HAEE R JHX] HEE O
O QUCk ESP-r W& FEO Ofe Y, Z2IMO| 7|28 O|F= R|siMel F=tdoi et g
AE, CHE AlEYo|d E2f siY Zutetel Xt0|§ Hush= ZAO|Ct

Ch=ak 2L

« IEA Annex 1 (1977-1980). Inter-program comparison of 19 different tools
* [EA Annex 1 (1977-1980) : 197}|©| =21 2H0f CHSH A H|lW

» IEA Annex 4 (1979-1982). Inter-program comparison of a commercial office building with nine
tools over four years.

* [EA Annex 4 (1979-1982) : 47t 97 =23 Z2tZHof| 9|

rot

FAPRA U shA ZatH@

« IEA Annex 10 (1984-1986). Inter-program comparison of HVAC systems.
* [EA Annex 10 (1984-1986) : HVAC A|AEIO| S|A AT} H| I

« IEA Annex 21 (1988-1993). Inter-program and analytical comparison commonly known as
BESTEST.
* [EA Annex 21 (1988-1993) : BESTESTZt 0 2{7%,

[El
u
L
o
N
o
El
Nl
ot
1x
1%
o
El

» SERC validation project (1988). Inter-program comparison undertaken by several Universities and

research groups in the UK with extensive analytical tests.

*SERC A= Z2ME (1988-1993) : Q=o| O3t Q! I Q=Sof o|sff 28 Tz 1247 Hjm
L BYS AN EAE
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focused on passive solar houses

=2l oHX|

*

» UK Energy Technology Support Unit Applicability study was carried out over seven years and

71z X|AF0INM
Applicability study) : 77t

E

o
SHUEAD EJYY F

» EC PASSYS project (1986-1993) combined outdoor test facilities (in 14 locations) with model
predictions.

* EC PASSYS ZZ M E(1986-1993) : 2 EOf CHTt OFat 1474 X|FOA A2 HAEE HE

« British Research Establishment/ Electricity de France empirical validation study of a BRE office
building and a BRE house

* British Research Establishment/Electricity de France empirical validation study: BRE Af
X 2E 520 oot A+

2o UE

» BESTEST, RADTEST, Home Energy Rating System BESTEST were carried out at various times and

by various teams and focused on radiant heating systems (RADTEST) and air conditioning
systems and furnace models (HERS)

* BESTEST, RADTEST, Home Energy Rating System BESTEST :

we EE0| 27| T2 AI7lof 4.
SAb H B XS RAEYOD (RADTEST), BX AAHI 2F
2 25 (HERS).

7|(furnace) 2o =A™

CEN 13791 standard required a number of extensions to ESP-r to accommodate the unusual
physics assumed in the standard

* CEN 13791 & BEE0| 7[&%0 UX| &2 X S| &S ESP-rO] siME = U=
£ ESP- rOl QI'XI'O -9-:I"'0|'Nu:|
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Terminology

BNty = 7i | (entity)
] g T fo [C| & (strip windows)
small power load ----=========--mm oo 717125t (small power load)
heating set point-----------==-------------r oo AR
heating and cooling capacity---------======-=======mmmm oo ek e ar
boundary condition ---------=------- - BAZA
operation regime------------===mmmmmm o 274t Al (operation regime)
COMPONENTE === === o= oo oo HAEZHE
infiltration-------===-------oci oo Sy
air flow-----------ssi i oo 715
daylight distribution ------------------------s s s s - - - - i i i i ;p ;: ;p ;e e oo AR 232
performance metrics -----============mmmmmmm ‘ds M T (performance metrics)
resultant temperature -----------------=----mmm o g 2 & (resultant temperature)
daylight factor-------------—----cccccc e e e e e e e e e e e e e TEE
passive solar design----------------—--rm oo o E G MAA
glazing ======== = 2| H(glazing)
PArtition —-------mmm Z+8+0| S (partition)
sensible load ------===-=-mmm o AP L5}
latent load --====-===mmm oo HEL5t
casual gain —---=mmmmmmm L2
parasitic 108§ --======--=----mmm o &4 (parasitic loss)
o A2 2 (Esp-rof M K ESote HERE)
Wi ramMIE === o oo e Qo] o] g l(wireframe)
ideal zone control---------===m--mmmmoe O] &A™ QI =X|0f(ideal zone control)
Sun patch-----=====-mmm o EH 1A
heating and cooling degree days ----===--=-========mmmmmmmmm Mt ol
PSYChroMEetriC —==-----mmm oo 378
attribute ---—----------- e oo £ M(attribute)
solar heat gain fraction -------------—----ccrcc oo UMEFEES
FESOIULION === == K £ (resolution)
SOIVEN - &4
POt === QFE
dummy surface-----========mmm o 7tet B (dummy surface)
full time peak load ---========m= oo Z|CH £ 5t
traNSIeNt == S50l
peak demand----=-------=-mmmmmmm Z|CH==2 (peak demand)



seasonal demand -------=====-mmm o H & =R (seasonal demand)

dry bulb temperature -=---========mm- oo a2
tranSition S@@SON === == === m oo S1t7|
CONErol regime----=mmmmm oo K| o &t Al (control regime)
Part l0ad -----==mm oo S 285t
flux injection------=====mmmmmmmm o @233 (flux injection)
flux extraction -----===---------mmm & F XA (flux extraction)
aCtUAtOr——-=-m - T&7|(actuator)
controller —--------=-----memo oo X 017|(controller)
thermostat ----------==---------m 2 & ZH7|(thermostat)
heating circuit -===----=========mmm oo ek 3|2
abstract approach ------------=--------o FME H2tA (abstract approach)
free float------------------ - oo Xt &tEli(free float)
throttling range -----------—------- e ZH | 2|(throttling range)
integral action --------—---------omre e HEsE
derivative action-----------—------- e e 0232t
boundary zone ------------===- - AA E(boundary zone)
reheat capacity ---=========m=- oo ME 8
return plenum ===------- - 2t7|8 MZ(return plenum)
heating capacity ----==========-=m oo e R
€00liNg CaPACity ~======= === Har 22t
time step —=--------mm EfUAE
SENSOr lag —-----===mmmmmm o Mol EfRlzt(sensor lag)
actuator lag-------===--------m T37|2| EIe!eh(actuator lag)
floating point exception -------- floating point exception(02 2 LtE=52| O|2HE SiZdF= 71s)
array bound checking--------------- array bound checking(array2| He|E HO|LI= AR E X 3)
inter-zone air flow---------=-==-------ee oo = 7t9] 7|70|&
intra-zone air flow -------==---------- oo = &89 7|F0|&
inter-domain interaction -----------=--===mmmmmmmm ANZ2 CHE Fu7to| Mg
partitioned solution ---------------——- - 22l A (partitioned solution)
domain ------—--m e S YA
matrix partitioning ----------------—----m 2 H 2 S (matrix partitioning)
Gaussian elimination --------===--------mmmm oo 7t2A A7{H(Gaussian elimination)
finite volume —--======mmm o S ES
two phase flow -------------oome Ol F&
Mass floOW —-=mmmm oo HERS
fully implicit —---=-===mmm e tM S ZXH=Z(fully implicit)
fully explicit----------==mcmmmmmmm 2t™ MR X2 (fully explicit)
stratification --------------------- - s s i i i i i e o oo 2453t



wet central heating boiler ----------------------—-

modulating boiler

exponent model radiator

flow network

pressure coefficient
wind speed reduction factor ---------------------
single sided ventilation

range-based control

SA = chdl H A P{(wet central heating boiler)
————————————— D=20|8 EY2{(modulating boiler)
——————— X|#= RE 8-AT|(exponent model radiator)
---------------------------------------- 25 UEYD
---------------------------------------------- ERES
------------------------------------------ 22 %28
------------------- =357 (single sided ventilation)
---------------- 2| 7|8t X 0{(range-based control)
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