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As of ESP-r ¥rsion 8 Series the original usgr
unfriendly input data management progranp has
been replaced by the generalised project manager
esp-t. This nev module ofers a more coherent apd
userfriendly interlace by hiding much of the file
structure which underlies the use of ESP-r anthgi
on-line help and data definitions.

It is important to realise hieever that adanced use qf
ESP-r will require a wrking knawvledge of its data
structures and inherent relationship$ence the need
for this document.Note havever that because of the
pace of change of ESPthe file content definitions
which follow may not correspondxactly with the
version of ESP-r you are usindn cases of doubt, the
information gven by the project manager should |be
assumed correct.

O Intr oduction

Prior to commencing data preparation, thgeatuilding (or liilding portion) and/or plant (or plant por

tion) must be subdided into a number of discrete zones and plant components. This should be done in a
manner which will accommodate tharious issues to bex@amined. Br example, a space within aiitding,
represented as one zone, will allan assessment ofvarage eneagy states and comfortvds; it cannot
provide information on temperature stratification or the enhanced loss of heat due to localised heating near
the ceiling. This wuld require (at least) a bazone space representation scheme. The standastbn of

ESP-r allevs the simultaneous processing of up to 8ilding zones and up to 100 plant components. Each
zone is considered as alwme of fluid (usually air) bounded by up to 25 polygonalassig$ of transparent,
opaque or fictitious (notxésting) composition; while plant components are considered as a number of fluid
and solid rgions in intimate contact. In both cases (zones and components), a humbkereftii equa-

tions will be actre within bps to describe sub-gton enegy balance. The data required bps and
described in this section in relation to the operatioesptr, is required to establish and then mitate these
differential equations. The theory underlyiogss operation is reported in section 5.

It is possible to process configurations whigheed the upper limit in terms of zones, plant components or
both. In this case a meversion ofesp-, bpsandres must be created by changing a ‘parameter’ statement
in the appropriatedttran ‘include’ file and then re-creating the object files.

Having established the desirediloling zoning stratgy, the following 10 files (3 mandatory optional) can
be created for each zone via theilities ofesp-r(see sub-section 4.2).

Mandatory: geometry construction and opeition.

Optional: utilities, shading/insolation, blind/shutter coolyview factor, air flow, casual gains, corec-
tion coeficientsandtranspaent multi-layeed constructions.

The mandatory files contain the minimum desorg@information required for simulation purposes (that is,
differential equation coétient generation). This includes zone geometindow and door locations and
dimensions, daiult insolation schemes, constructiorall®, ceilings, floors, windes and doors) thermo-
physical properties, suate finishes, casuahims, and deifult infiltration and zone coupled airvite. The
zone utilities file holds a number of flags whictise to indicate whether or not one of the other optional
zone files will gist. If it does, then its contents will supersedg esrresponding deiult scheme held in a
mandatory file. ® summarise the data utilisation protocol:

. If a zone shading/insolation file does naist, then the defult insolation data of the zone geometry
file is used with ternal shading set to zero. If the file doest then the time-series shading and/or
insolation data held therein will be used in preference to theulieOf course, the dafdilt is only
replaced if the data of the shading/insolation file aidvfor the simulation period and sacke
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(shading) or winda/surface (insolation) being considereldh can be used to create the shad-
ing/insolation file ordternatvely, data acquired from eladere (g a nonitoring scheme) can be
inserted in the file via thagility of esp-t

. If a zone blind/shutter control file does notist, then zone windes are gren the thermopisical
and optical properties assigned to them in the zone constructions file. If this filxidbethen, dur
ing some defined period of time, or &@ame stated solar intensityvk, given replacement proper
ties are assumed. This alle windav insulation or solar control diges to operate as a function of
time and/or solar intensitA blind/shutter control file can only be created &&p-r

. If a zone cowmection coeficients file does notxst, thenbpswill assume bhoyang driven (or natural)
corvection at internal opaque and transparentas@$ and compute heat transfer fioehts from
empirical equations desd from experimental data correlations. The correspondixtgraal surce
values are determined as a function of wind speed and direction aimdusg empirical correlations.
When a cowection coeficients file &ists these computed ometive heat transfer coétients can be
replaced, at gntime within a simulation, by fed useispecified alues. Thdile is created viasp-r

. If a zone viav factor file does notast, then simplified vie factor assessment techniques are utilised
by bpsat run time. This is probably adequate for pnamulation eercises. Should greater accwac
be desired, a we factor file can be created Iyt or by esp-rusing data acquired from some other
source.

. If a zone air flav file does notxdst, then the defult air flav profiles of the operations file, defining
infiltration and zone-coupled air flowith potential thermostatic constraints superimposed, will be
used. Alternatiely, a ime-series air fla file can be created viafs(by prediction) oresp-r(if actual
data is to hand). The contents of this file is then used in preference toahk pedfiles. Note that
bpswill override both mechanisms if a leakage and pressure ditnibdescription is supplied to
enable simultaneous heat and masw ftalculations. In ay event, thermostatic constraints, as
defined in a zone’ perations file, will be applied so that prescribed or predicted airrflay be
modified as a function ofuilding temperatures or ambient conditions.

. If a zone casualgn file does notxast, then the casuabn profiles of the operations file are used. If
such a file doesxest then the time-series data supplied is used in addition to the operations file
entries.

. If a transparent multi-layered constructions file does rist ¢hen the simulation will proceed with

all constructions assumed opaque. If a file doest ehen the flagged constructions will be assumed
transparent so that capacity and short- and loageeffects will be modelledxplicitly.

At ary time after completion of the mandatory file set for all zones, the system configuration file is created.
This, and the configuration control file, are the only files passbfddat simulation time. &ur other files

can be constructed Bsp-r the configuration leakage distution file defines the air flo leakage paths;

the pressure caiétients file holds a number of cdéiefent sets which can be referenced by theiptes file;

the site obstructions file contains the geometry of site obstructions as requistgdnyl the perspeate
display file contains the input geometry required by a separate perspgeotiram. All data, as input, is
validated before being output to disk file. In additi@sp-r offers area, @lume and sudce orientation
checking as well as file editing and listin@n enteringesp-r; the first action is usually to define the ESP-r
databases for use in specifying the problem for simulatidns allovs the gent profiles database, both
constructions databases and the winsldatabase to be assigned for access during zone construction and
operation file creation. Zone profiles, constructions and wisdmn then be defined by simple code num-
ber reference.

The required input data structures are detailed in the sub-sections that Bl file formats are also
given dthough this knwledge is not required by asp-ruser since formatting is automatic.

NB. During data preparation it is important to sensibly simplify the problem in hand since end results are
often, paradoxically perhaps, only weakly related to ttierteéxpended on setting up a configuration
description. Asa smple rule, a moderatelyxperienced user should attempt to achite creation of the
mandatory zone file-set within about 30 minutes/zonethe data must be representatnd be accurately
entered (rubbish in, rubbish out!). Some simplification ideas include: zone combination to reduce the total
number of zones for processing; considering zones as rectilineary itléhiate only slightly or if the
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boundary conditions are simple (foraenple temperature only with giggible shortvaveradiation eflects);

the concatenation of geral windaws in the sameatade into a single windoof equivalent area (of course

this is not possible if detailed shading/insolation treatment is required); om#fogivbarriers in summer
overhearing assessment applications; omitting doors completely when judgedetoelggible impact;
simplifying casual gin and air flav profiles to eliminate compigty whilst retaining underlying trends; and

so on. The acceptability of such simplifications will depend entirely on the problem in hand, in terms of the
accurag expectations and the range of performance measures required from the simulation.

It should also be noted that ESP-r treats doors in a simplified manner as pure resistances with no associated

storage. Thu a problem where doors form a significant proportion of theaserfthg should be mod-
elled more rigorously as multilayered constructions.

1 General format of data files

File formatting is handled automatically lgp-rand, with the eception of the shading/insolation file
(binary random access), abp-r produced files are ASCII, sequential files written in free format. This
allows entries to be placed withoutgeed to exact positions on the line and separated by a comma or
spaces. &r example2.3,6.7,9.11,1.5r2.3 6.7 9.11 1.5

All data in ESP-r arexpressed irSl units with the gception of air change rates which aspressed in
volume changes per hounr(}).
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2 Zone geometry file (mandatory)

There are basically three mechanisms for defining zone geomké&first irvolves the creation, graphi-
cally, of primitive plygons or wlumes which can then be stored for later concatenation to form the
required shape. The seconddives plan digitizing, with@rusion to obtain the third dimension. And the
last involves the definition of body topograpbnd topology by specifyingertex coordinates and ging an
ordered list of theertex numbers comprising each body polygon. The last mechanism is theferesl diy
esp-r, whilst the first tvo are ofered as free-standing programs outside ESP-r

esp-rallows three leels of geometry data input: corresponding to rectang@®&d, regular REGQ and
general GEN) shaped zones as folls

REC

REG

GEN

Each of the 4 zone alls are rectangularertical and of equal height. The ceiling and floors are
rectangularhorizontal and of equal area.

An arbitrary site cartesian coordinate system is located so that the x-axis points east, the y-axis
north and the z-axisevtically up. The x, y and z coordinates of the bottom left-hand corner (when
viewed from the south) are specified, along with the length, DX, from tiwéopsepoint along the
easternmost pointing side, widthy,Cand internal floor to ceiling height, DZ. Note that this defini-

tion allovs the ‘length’ side to be less than the ‘width’ side. The orientation andlgjsbalso
required. This is the angle measured from due east (the x-axis) to the ‘length’ side, where anticlock-
wise is positre. Figure 1 summarises the input requirements for this zone type.

Each of the zone alls are rectangulavertical and of equal height. Ceiling and floors are horizontal
polygons.

An arbitrary site cartesian coordinate system is located so that the x-axis pointscongmient
direction lut with the x-y plane horizontal. The folliing quantities are then specified: the number
of vertical walls bounding the zone, the internal floor finish height (redat the x-y plane), the
internal ceiling sudce height and the x and y coordinates of each zone camet, wommencing

at ary vertex and proceeding anticlockwise whenwied from abwe. The angle between the y-axis
and north (anticlockwise posi#) is dso required to permit swa€e orientation determination. Fig-
ure 2 summarises the input requirements for this zone type.

Any polyhedral zone bounded by planar polygons.

An arbitrary site cartesian coordinate system is located so that the x-axis pointscongmient
direction lut with the x-y plane horizontal. Rebei © this is specified the total number adrtices
comprising the zone, the total number of boundingased, the x, y and z coordinates of eagh v

tex (in ary corvenient order), the number oextices comprising each sace and their anticlock-
wise order when viged from outside the zone. The angle between the y-axis and north (anticlock-
wise positve) is then given to dlow surface orientation computation.

Figure 3 summarises the input requirements foB&l zone type.

To ease the inputdrden, it is desirable to simplify zone geometry @sas is allwed by the simulation
objectves. For the same reason, it is also possible to change coordinate systems between zones, specifying
each zone relate © a local coordinate system as though the other zones didkistt €r example, by
considering all zones as type REC and located at the origin of a single coordinate system, the time required
to specify zone geometry is reduced to less than a minute per Bonever, if this option is tagn, it is

then not possible to conduct a shading analysis, or to produce peespieets if required, since no infer

mation is &ailable on relatre position.

Zone windev and door geometry is described relatip a local X — z coordinate system located in the
plane of the suece to which the windw or door is attached. Th&, z, DX (width) andDZ" (height)
dimensions (as shm in figures 1 through 3) are required for wingcand thex, DX andDZ' dimensions

for doors. With a REC zone, the origin of this local coordinate system is situated at the bottom left-hand
corner of eachartical wall (when vieved from outside the zone), the-axis extends along the length of

the wall and in its plane, and the-axis is at right anglesxeending along the heightoF the horizontal
ceiling and floarthe X — z coordinate system origin is located at the zone origin x, y and z coordinate with
the x -axis etending tevards the net face \ertex located anticlockwise when vied from abwe (ceiling)

or belav (floor). With REG zones, the origin orall coordinate systems are located as with type RBE. F
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the horizontal ceiling and flopthe origin is located at the x and y coordinate of the first defiadiccorner
in the REG specification, with the exetending as with a RECWith GEN zones, the origin @fad sur

face local coordinate system is located at the feestiev (in the ordereddce list), with thex -axis extending

coplanar with thedce and passing through the secoeder. The z-axis is then placed at right angles to
the x -axis and pointing in the direction of the thirelrtex.

The following table lists the contents of each record as held within the zone geometry file (normally called

?.geo).
Table 1 The contents of a zogeometryfile.

Record Descriptiownf fields

1 Zone shape typeREC REGor GEN)

2 forREC X,y & z coordinate of bottom left-hand corpkmgth, width, height and angle o
orientation.

2/1 forREG Number of \ertical walls, floor height, ceiling height andesxrotation angle.

2/2 forREG X & y coordinates of each base cornerte in anticlockwise order when
viewed from abwe.

2/1 for GEN Total number of ertices comprising zone, number of bounding ane$ and
axes rotation angle.

2/2 forGEN X,y & z coordinates of eactertex in any convenient order

2/3 for GEN For the first surdce, the number ofevtices and an anticlockwise description ¢
each as seen from outside the zone.

2/4 for GEN Repeat 2/3 for suate 2 .....

2/N for GEN and continue until last sa€e.

3 Number of windas in each susfte.

4/1 For first surhce with windws, thex & z coordinates of bottom left-hand eor
ner, width and height for each windain turn.

4/2 Repeat for ne surace with windavs .....

4/? and continue until last windosurface.

5 Number of doors in each sade.

6/1 For first surhce with doors, the coordinate of bottom left-hand corneridth
and height for each door in turn.

6/2 Repeat for ne surface with doors .....

6/? and continue until last door sade.

7 Default insolation scheme: number of internal aoefs to recee drect radiation

[1,2 or all(3)], surace 1 number (for 1 or 2 revig), surhce 2 number (for 2
receving) and surice with windavs receiing [O(no surfce) or receing Sur
face 1 or 2].

Table 1 Contents of a zongeometryfile.

=

Note the contents of record 7: this contains auléinsolation scheme to be used throughout a simulation
in the absence of detailed insolation time-series data generaiguand located in the zone shading/inso-
lation file. Firstly, the number of internal zone sacks which will share (resg) direct solar radiation
penetrating zone windes must be definedTo the question,'Number of insolated surfaces?he follow-
ing replies are permitted.

1: Meansthat only one internal swa€e will recere window transmitted shorteweradiation. r exam-

ple, if the zone represents a solar collectoe receting surice would be defined as the collector
back plate. There is then no need to utilite

2:  Meansthat the incoming radiation will be split betweerotimternal surdces on the basis of simple
area weighting. This is the appropriate choice for magtiihg zones where simultaneous floor and

wall insolation often occurs. Note that if more than oradl v insolated then it is necessary tedke

ish.
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3: Meansthat the incoming radiation will be apportioned between all internahsesf that is, treated
diffusely This is an appropriate option in the case of translucent wirtdeerings or difusing direct
gan devices in a pasge Dlar design.

In the case of one or twinsolated planes, their reference numbers are requested and the used is ask
whether or not anwindows in those sudces should recet their share of the impinging radiation. If the

do, then some of the incoming radiation will be re-transmitted to another zone or back to outside depending
on the winda/'s exposure. In the case of flite treatment, gnwindows in an insolated swate will be

treated in this wy. Note that the insolation data (in deft form or as held in the shading/insolation file)
merely seres to direct the point of application of the directly transmitted windadiation up to first
reflection. Thesubsequent processing of the reflected flux and the initially transmittesedifeam is han-

dled automatically bypps The follonving table shavs some gample dedult insolation set-ups.

Default insolation data Meaning
1,6,0,0 Default plane is opaque portion of saté 6.
1,6,0,6 Default plane is opaquendtransparent portions of sarde 6.
2,6,3,3 Opaque portion of suates 6 and 3 are insolated plus the transparent portjon of
surface 3.
2,6,3,-1 As last caseUt with transparent portions of both saagés (6 and 3) insolated.
2,6,3,0 As last caseut with transparent portiorxeluded.
3,0,0,0 Direct beam treated difsely so that all internal sages are insolated

Table 2 Example dedult insolation plane definitions.

In specifying zone codinates all quantitiesalate to internal dimension3his forms a wireline sdeton
from which internal suefce areas, containedlumes and sugfce orientations can be deduced. The multi-
layered constructions of the zone construction file are then superimposed osl#ienskE SP-adopts the
following surbice numbering schemeélhis is the mechanism by which sacés are referenced during
problem definition and results re@oy.

REC zonesave sx surfaces numbered as folls: 1 is the first ertical wall, encountered anticlockwise
from the origin point; 2, 3 & 4 are the three foliag vertical walls, anticlockwise from the first; 5 is
the horizontal ceiling; and 6 is the horizontal floor

REG zoneshave N wrfaces numbered as folg: 1 is the first ertical wall, encountered anticlockwise
from vertex 1 as defined at input time; 2 to N-2 are the folimg vertical walls, anticlockwise from
the first; N-1 is the horizontal ceiling; and N is the horizontal floor

GEN
zones hee N arfaces where the order is defined by the.uliés advisable to adopt the ceention
that all walls are defined first in anticlockwise (whenwél from abwe) order commencing at the
southernmostacing vall, followed by the ceiling/roof and, lastithe floor

In reply toesp-fs promptings a fe points should be remembered:

. Zone geometry is defined relatito some arbitrary site cartesian coordinate systenmddts and
doors are defined relaé © a local coordinate system located in the plane of thaseitio which the
window or door belongs.

. The orientation angle of a REC zone defines the gamentation elative to east.The otation
angles of the other two shape types goecified elative to north and arthere to allow coodinate
specification elative to some cernience coalinate system, with subsequeatations giving final
topagraphy: See abwe for angle definitions.

. The deéult insolation data is only used if more detailed time-series insolation data is notwdibde a
able viaish. The aailability of such data is indicated by the setting of a corresponding flag in the
zone utilities file.

Figures 1 through 3 demonstrate the acefnumbering scheme for the three zone shape types and Figure 4
shavs an &ample zone geometry file.
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27,30, 29, 28, 1, 8, 14,
9, 10, 11, 12, 13, 14,
, 28, 27, 7, 6,24,23, 5, 4,20,19, 3, 2,
15, 16, 17, 18,
19, 20, 21, 22,
, 23, 24, 25, 26,
, 27, 28, 29, 30,
, 31, 32, 33, 34,
# number of default windows within each surface
0O 0 0 0 OO 0O OO O 0 0 00O
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

# geametry of reception defined in: ../zones/reception.geo
GEN reception # type zone name
34 14 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord
1.00000 1.00000 0.00000 #vert 1
9.00000 1.00000 0.00000 #vert 2
9.00000 4.50000 0.00000 #vert 3
9.00000 9.00000 0.00000 #vert 4
5.00000 9.00000 0.00000 #vert 5
5.00000 5.00000 0.00000 #vert 6
1.00000 5.00000 0.00000 #vert 7
1.00000 1.00000 3.00000 #vert 8
9.00000 1.00000 3.00000 #vert 9
9.00000 4.50000 3.00000 #vert 10
9.00000 9.00000 3.00000 #vert 11
5.00000 9.00000 3.00000 #vert 12
5.00000 5.00000 3.00000 #vert 13
1.00000 5.00000 3.00000 #vert 14
2.00000 1.00000 1.00000 #vert 15
8.00000 1.00000 100000 #vert 16
8.00000 1.00000 2.25000 #vert 17
2.00000 1.00000 2.25000 #vert 18
9.00000 5.00000 0.00000 #vert 19
9.00000 6.00000 0.00000 #vert 20
9.00000 6.00000 2.50000 #vert 21
9.00000 5.00000 2.50000 #vert 22
5.00000 7.00000 0.00000 #vert 23
5.00000 6.00000 0.00000 #vert 24
5.00000 6.00000 2.50000 #vert 25
5.00000 7.00000 2.50000 #vert 26
1.00000 3.00000 0.00000 #vert 27
1.00000 2.00000 0.00000 #vert 28
1.00000 2.00000 2.50000 #vert 29
1.00000 3.00000 2.50000 #vert 30
9.00000 2.00000 1.00000 #vert 31
9.00000 4.00000 1.00000 #vert 32
9.00000 4.00000 2.25000 #vert 33
9.00000 2.00000 2.25000 #vert 34
# no of vertices followed by list of associated vert
0, 1, 2, 9, 8, 1,15, 18, 17, 16, 15,
10, 2, 3,10, 9, 2,31, 34, 33, 32, 31,
8, 3,19, 22, 21, 20, 4, 11, 10,
, 4, 5,12, 11,
5, 23, 26, 25, 24, 6, 13, 12,
6 7,14, 13,
7
8
1

[
ABRABAEBRDWNOOD™OS

3 0 0 0 #default insolation distribution
# surface attributes follow:

# id surface geon loc/ mlc db environment
# no name type posn name other side
1, south OPAQ VERT extern_wall EXTERIOR
2, east OPAQ VERT extern_wall EXTERIOR
3, passae PAQ VERT gyp_blk_ptn SIMIL AR
4, north OPAQ VERT extern_wall EXTERIOR
5, part_a CPAQ VERT extern_wall EXTERIOR
6, part_b OPAQ VERT extern_wall EXTERIOR
7, west OPAQ VERT extern_wall EXTERIOR
8, ceiling OPAQ CEIL roof_1 EXTERIOR
9, floor OPAQ FLOR floor_1 CONSTANT
10, glz_s TRAN VERT dbl_glz EXTERIOR
11, door_p OPAQ VERT door EXTERIOR
12, door_a OPAQ VERT door EXTERIOR
13, door_w OPAQ VERT door EXTERIOR
14, east_glz TRAN VERT dbl_glz EXTERIOR

Figure 4 Example zongeometryfile listing.

3 Zone construction file (mandatory)
The follonving table lists the contents of a zone construction file (usually held as ?.con).
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Record Descriptionf fields

1/1 - For each suréce in turn, the construction is defined in terms of| the
total number of homogeneous elements (including apsy and
separatelythe number of air @ps.

1/N Repeating 1/1 for each sade in turn.

2/1 - The position (an ingger count from outside) andreall thermal
resistance of each aiag in first construction with airags.

2/IN Repeating 2/1 for all constructions with aaps.

31 - For each element in suate 1. conductity, density specific heat
and thickness; outside to inside ordear air gaps, only thicknes
is held, all other properties being set to zero.

3/N Repeat 3/1 for all other constructions.

4/1 - Window thermoplysical properties for each wingdn turn in first
surface with windavs. Properties include shorwe direct trans-
mittance and total transmittance for each of 5 angles of incidence.
The windav U-value is also held.

4/N Repeat 4/1 for all other sades with windws.

5/1 - Thermal transmittancealue (U-\alue) for each door in first sur
face with doors.

5/N Repeat 5/1 for all other sades with doors.

)

6 Internal surdce emissity for each construction, thexternal sur
face emisgiity.
7 Internal suréce solar absorpity for each construction, thexter

nal surfice solar absorpity.

Table 3 Contents of a zoneonstructiorfile.

In useesp-rallows pre-defined constructions to bdracted from the multilayered con-
structions database for re-location in the zone construction file. In this case the number of
homogeneous elements and apg, their relatie positions, the data on thermaoysical
properties, and the sade finishes are all defined by the typing of a single coded
database reference. Specifying a zemehstruction is thenery simple. It is also possi-

ble to mix the databasadility with manual input so that some constructions are defined
by multilayered database reference, some aile up element-by-element by priniés’
database reference, and some are created by inputing the thgsicalpproperties for

each homogeneous element.

In the same manner winds can be specified bywng index values which are coded
pointers to a windes database where the incidence angle dependent, spectrally inte-
grated alues of solar transmittance, absorptance and reflectance are held, along with
standard U-alues.

In reply toesp-rs prompting, a fev points should be remembered:

» Allunits are S.I. which means that construction thicknesses\areigimetres.

* Each data item has a correspondingadéf\alue as detailed in the on-line tutorial,
which also describes the use of tlasility.

*  The total number of homogeneous elements comprising a construction inclydes an
air gaps. Note that the number of aaps is then specified separately
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* Air gap thermal resistances are combinedrective/radiatve values and will repre-
sent caity conditions. The appendix\g@s ome typical designalues.

*  When entering construction thermggical properties directly at the terminal - that
is, neither constructions’ database is being used - the appropriate entry foram air g
is 0,0,0,x ; where X is the aiap thickness.

* The windav indices are simply pointers to the windd database managed wn.
esp-rwill access this database to reeo for each windw type, the required ther
mophysical properties.

»  Surface emissity and solar absorptity values are spectrally irgeated and, in the
case of absorpfity, are assumed to be independent of incidence angle.

During zone construction file ceation it is normal to refer to the primitive
and composite constructions’ databases. Thermer database is hamed cont
str.dbl and the latter will have a rmme assigned by the user at the time of its
creation. A windows’ database can also be accessed. This is named win-
dow.dbl. Thesedatabases must be assigned via the ODEFDB command |of
the main esp-rmenu prior to commencing zone construction file @ation or
editing.

Figure 5 shws an @ample listing of a zoneonstructiondile.

# themmophysical properties of reception defined in ../zones/reception.con

# no of |air |surface(from geo)| multilayer construction
# layers|gaps| no. name | database rame
4, # 1 south extern_wal |
4, 1 # 2 east extern_wal |
5, 2 # 3 passage ayp_blk_ptn
4, 1 # 4north extern_wal |
4, 1 # 5part_a extern_wall
4, 1 # 6 part_b extern_wal |
4, 1 # 7 west extern_wal |
4, 1 # 8 ceiling roof_1
4, 0 # 9 floor floor_1
3, 1 # 10 glz_s bl _glz
1, 0 # 11 door_p door
1, 0 # 12 door_a door
1, 0 # 13 door_w door
3, 1 # 14 east glz dbl_glz
# air gap position & resistance for surface 1
3, ,
# air gap position & resistance for surface 2
3, 0.170,
# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,
# air gap position & resistance for surface 4
3, 0.170,
# air gap position & resistance for surface 5
3, 0.170,
# air gap position & resistance for surface 6
3, 0.170,
# air gap position & resistance for surface 7
3, 0.170,
# air gap position & resistance for surface 8
3, 0.170,
# air gap position & resistance for surface 10
2, 0.170,
# air gap position & resistance for surface 14
2, 0.170,
# conduc- | density | specific | thick- |dpnd| ref. | tenp. |moisture| surf|lyr
# tivity | | heat | ness(m)|type| tenp | factor | factor | |
0.9600, 2000.0, 650.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 1 1
0.0400, 250.0, 840.0, 0.0750, 0, 0.00, 0.00000, 0.00000 # 2
0.0000, 0.0, 0.0, 0.0500, 0, 0.00, 0.00000, 0.00000 # 3
0.4400, 1500.0, 650.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 4
0.9600, 2000.0, 650.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 2 1
0.0400, 250.0, 840.0, 0.0750, 0, 0.00, 0.00000, 0.00000 # 2
0.0000, 0.0, 0.0, 0.0500, 0, 0.00, 0.00000, 0.00000 # 3
0.4400, 1500.0, 650.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 4
0.1900, 950.0, 840.0, 0.0130, 0, 0.00, 0.00000, 0.00000 # 3 1
0.0000, 0.0, 0.0, 0.0500, 0, 0.00, 0.00000, 0.00000 # 2
0.5100, 1400.0, 1000.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 3
0.0000, 0.0, 0.0, 0.0500, 0, 0.00, 0.00000, 0.00000 # 4
0.1900, 950.0, 840.0, 0.0130, 0, 0.00, 0.00000, 0.00000 # 5
0.9600, 2000.0, 650.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 4 1
0.0400, 250.0, 840.0, 0.0750, 0, 0.00, 0.00000, 0.00000 # 2
0.0000, 0.0, 0.0, 0.0500, 0, 0.00, 0.00000, 0.00000 # 3
0.4400, 1500.0, 650.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 4
0.9600, 2000.0, 650.0, 0.1000, 0, 0.00, 0.00000, 0.00000 # 5 1
0.0400, 250.0, 840.0, 0.0750, 0, 0.00, 0.00000, 0.00000 # 2
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0.0000, 0.0,
0.4400, 1500.0,
0.9600, 2000.0,
0.0400, 250.0,
0.0000, 0.0,
0.4400, 1500.0,
0.9600, 2000.0,
0.0400, 250.0,
0.0000, 0.0,
0.4400, 1500.0,
0.1900, 960.0,
0.3800, 1200.0,
0.0000, 0.0,
0.3800, 1120.0,
1.2800, 1460.0,
2.9000, 2650.0,
1.4000, 2100.0,
1.4000, 2100.0,
0.7600, 2710.0,
0.0000, 0.0,
0.7600, 2710.0,
0.1900, 700.0,
0.1900, 700.0,
0.1900, 700.0,
0.7600, 2710.0,
0.0000, 0.0,
0.7600, 2710.0,

0.
650.
650.
840.

0.
650.
650.
840.

0

650.
837.
653.
0.
840.
879.
900.
653.
650.
837.
0.
837.
2390.
2390.
2390.
837.
0.
837.

# for each surface: inside face
0.90 0.90 0.91 0.90 0.90 0.90
# for each surface: outside face emissivity

0.90 0.90 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.83 0.

0, 0.0500, O, 0
0, 0.1000, O, 0
0, 0.1000, O, 0
0, 0.0750, O, 0
0, 0.0500, O, 0
0, 0.1000, O, 0
0, 0.1000, O, 0
0, 0.0750, O, 0
.0, 0.0500, O, 0
0, 0.1000, O, 0
0, 0.0120, O, 0
0, 0.0500, O, 0
0, 0.0500, O, 0
0, 0.0080, O, 0
0, 0.1000, O, 0
0, 0.1000, O, 0
0, 0.0500, O, 0
0, 0.0500, O, 0
0, 0.0060, O, 0
0, 0.0120, O, 0
0, 0.0060, O, 0
0, 0.0250, O, 0
0, 0.0250, O, 0
0, 0.0250, O, 0
0, 0.0060, O, 0
0, 0.0120, O, 0
0, 0.0060, O 0

emissivity

0.90 0.90 0.91 0.83 0.

# for each surface: inside face solar absorptivity

0.65 0.65 0.22 0.65 0.65 0.65 0.65 0.60 0.65 0.05 0.

# for each surface: outside face solar absorptivity

0.70 0.70 0.22 0.70 0.70 0.70 0.70 0.90 0.85 0.05 O.

# inside and exterior glazing maintenance factors

1.00 1.00

888888888888888888888888888

o

OC0O000O0O000DO000O0000O000O00O0O0OO00O0

.00000, 0.00000
.00000, 0.00000
.00000, 0.00000
.00000, 0.00000
.00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
00000, 0.00000
90 0.90 0.83
.90 0.90 0.83
65 0.65 0.05
.65 0.65 0.05

HEHEHHEHEEHEEEE SRS
©

HH
B e
W N e

#14

H*

Figure 5 Example zoneonstructiondile listing.
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4 Zone operation file (mandatory)

The following table lists the contents of each record of a zone operation file (usually held
as ?.opr).

Record Descriptionf fields

1 Zone character descriptor

2 Control ind (see follaving text), lower and upper control temper
atures (or wind speeds if indes 4, -4 or -14).

3 lower infiltration air change rate, zone-coupled air change rate and

coupled zone definition (2 data items, say d1 and d2 - sew{qllo
ing text) as required (depends on ingle
4 upper infiltration air change rate, zone-coupled air change rate and
coupled zone definition (2 data items, say d1 and d2 - sew{qllo
ing text) as required (depends on ingle

5 Default air flav scheme (records 3 and 4): number of distinct inter
vals within a typical weekday .....
6/1 - then for each intenl, the start time, finish time, infiltration air

change rate, zone-coupled air change rate and coupled zone (defini-
tion (2 data items, say d1 and d2 - see Valhg text).

6/N

7&8 As 5 & 6 hut for a typical Saturday

9&10 As 5 & 6 hut for a typical Sunday

11 Default casual heatagn scheme (records 9 and 10): number of dis-
tinct intenals within a typical weekday .....

12/1 - then for each inteal: the @in type, the start time, finish time, sen-
sible heat gin, latent heatan, radiant component and eeative
component.

12/N
13&14 As 11 & 12 hut for a typical Saturday
15& 16 As 11 & 12 hut for a typical Sunday

Table 4 Contents of a zonepemationfile.

At an early stage in design, it is usual to operate on the basis of desigw amdloasual
gan profiles as held in the zone operation file. As the desighes, and more informa-
tion becomes\ailable on site conditions and constructional details, it is possibleete o
ride these profiles by data placed in a zone casialay air flav file. In the latter case
the time-series data may be obtained by simulation usfsgf even greater accuracis
required, a description of leakage and pressure distsibcan be created so that eyer
and mass balance can be pursued simultaneou$lgdy

In constructing a zone operation file, the faliog points should be noted.

*  Thermostatic constraints can be imposed on zone ais.fléd\n integer inde con-
trols the type of constraint as faNs.

0 indicates that no thermostatic control isaeto that the dedult profiles will pre-
vall irrespectve d zone or incoming air temperatures.
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1 indicates that both infiltration and zone-coupled aivflall be controlled on the
basis of tests applied to the temperature of the zone air

2 indicates that both infiltration and zone-coupled aiwvflall be controlled on the
basis of tests applied to the temperature of the coupled zone air

3 indicates that both infiltration and zone-coupled awvflall be controlled on the
basis of tests applied to outside air temperature.

4 indicates that both infiltration and zone-coupled aiwvflall be controlled on the
basis of tests applied to the outside wind speed.

-1, -2, -3 and-4 are the same &k 2, 3 and4 respectrely but control is imposed
only on the zone-coupled airWpwith infiltration uncontrolled.

-11, -12, -13 and -14 are the same a%, 2, 3 and 4 respectiely but control is
imposed only on zone infiltration, with zone-coupled awflmcontrolled.

This allavs air flov to be controlled on the basis of time-dependent zone air temper
atures or ambient conditionsThe lover and upper temperature limits define the
range within which the specified airitas ON. Outside this range the appropriate
substitute air flv information is assumed as supplied by the.user

Index values 4 and -4 alw zone air flav to be controlled on the basis of the pad-
ing wind speed as foles. Note that in this case the upper amadgiocontrol temper
atures become upper anavier control wind speeds.

4 indicates that both infiltration and zone-coupled awd$lavill have a magnitude
arrived a by linear interpolation between the stated upper angérd@mbient wind
speed wlues. If the wind speed is greater than, or equal to, the ualuer then the
userassigned air change magnitudesvapite If the wind speed is equal to, or less
than, the laver value then the air fles are set to zero. No information is theretak
from the corresponding zone operations file.

-4 is as4 but only infiltration is afected.

* Addistinct intenal is an interal of time during which air fl or casual @in regimes
remain essentially constant. Start and finish timesxaessed as decimal houalv
ues lying between 0 and 24 inchkisiAn intenal is deemed to finish at the specified
finish time lut to start at the future timewoof the first computational time-step
after the start time. This strgiegives the correct number of operational houl$e
actual start time will therefore depend on the time-step size used at simulation time.

* All air change rates are specified refatio the volume of the zone in question. In
the case of zone-coupledviothe direction is from the coupled zone to the zone for
which the zone operations file is being created.

* If zone-coupled air flo is active then the coupled zone must be referencee T
data items are required to do this; siyandd,. If d; is set to a posite integer then
this is talen to be the code number of the coupled zone; as assigned to that zone in
the system configuration file (see Section 8) to uniquely identify it. In thisdgase
not required. If, on the other hardi, is set to O then this implies that the incoming
air is at the constant temperaturedgfC. All a user need do is to inforesp-rthat
zone-coupling xsts, defining the coupled zone byigg its code numbeif this is
zero then the source air temperature will be requested.
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*  When defining an air fle or casual @in regime without making reference to the
event profiles database, it is first necessary to estimate the number of distinct inter
vals which comprise the profile. This is done automatically when using database
extraction. for example, consider the twcasual @in profiles of figure 6: after
decomposition, some 20 distinct casuaing must be entered &sp-r Note that
gans for diferent sources, if tlyeexhibit different conective/radiant splits, must be
treated separatelyThe radiant/covective portions will normally sum to unitybut
need not, as with the case of antilated lighting fitting (remember theaig is
defined relatie o the zone not the source).

* Each casual @gn must be assigned an igée type inde in addition to the data
describing its time of operation and heairgcharacteristicsThe requested type
index will have ae of the folleving values: 1 for occupants; 2 for lights; 3 for
equipment.

In the case of occupants, the heaings a function of the aeity level. For exam-
ple, for sedentary awity the metabolic rate is approximately 58WM¢ per square
metre (1 MET). In the case of jogging, this will rise to about 8 METS. Verage
person is of the order of 1.7 square metres oasarérea.

In addition, each of these indices may bgaed. In this case the corresponding
heat @in may be specified in units other thamat¥¥. Wth occupants, the unit is
floor area per person, each person emitting @fdNsensible, 45 #its latent. Wh
lights and equipment, the unit issffts per square metre.

Figure 6 shas an &ample zone operation file (note that there is no thermostatic control
on air flow).

# operations of reception defined in:
# reception.opr
base case # operation name
# control (no control of air flow ), low & high setpoints
0 0.000 0.000
1 # no Weekday flow periods
# Wkd: start, stop, infil, ventil, source, data

0, 24, 0.300 0.000 0 0.000
1 # no Saturday flow periods
# Sat: start, stop, infil, ventil, source, data
0, 24, 0.300 0.000 0 0.000
1 # no Sunday flow periods
# Sun: start, stop, infil, ventil, source, data
0, 24, 0.300 0.000 0 0.000

4 # no Weekday casual gains

# Wk: typ, sta, fin, sen, lat, rad, con, pf, +/-, pwr, volt, pha
3, 0, 24, 800.0, 0.0, 0.2, 0.8, 0.0, O, 0.0, 0.0,1
3, 9,17, 450.0, 0.0, 0.2, 0.8, 0.0, O, 0.0, 0.0,1
2, 9,17, 600.0, 0.0, 0.1, 0.0, 0.0, O, 0.0, 0.0,1
i, 9,17, 540.0, 300.0,0.2, 0.8, 0.0, O, 0.0, 0.0,1

1 # no Saturday casual gains
# Wk: typ, sta, fin, sen, lat, rad, con, pf, +/-, pwr, volt, pha

3, 0,24, 800.0, 0.0, 0.2, 0.8, 0.0, 0, 0.0, 0.0,1
1 # no Sunday casual gains
# Wk: typ, sta, fin, sen, lat, rad, con, pf, +/-, pwr, volt, pha
3, 0,24, 800.0, 0.0, 0.2, 0.8, 0.0, 0, 0.0, 0.0,
# Labels for gain types
Occupt Lights Equipt

[

Figure 6 Example zon@perationsfile listing.

There are seral standard profiles within the profiles’ databasejsdel to coer a wide
range of occupanclighting and equipment usag&hese profiles can be used directly or
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modified as requiredThe profiles are as folles.

1.
2.

8.
9.

10.
11.
12.

100%Continuous. Thiss the simplest case of 24 hour bebar.

Normalworking day profile. The heat source operates at its 1009é lrom 7h00
to 18h00.

Latenight working. Asprofile 2 lut with the of time later at 21h00.

Typical ofice operation.100% level is from 9h00 to 12h00 and 14h00 to 17h00,
with a reduced Ml between 7h00 and 9h00 and between 12h00 and 14h00.

Latenight ofice operation.As profile 4 lut with a full load &tension to 21h00.

Typical factory operation.Two full load periods each of four hours duration with a
reduced lunch-time andsernight load.

In term school operationthe load increases rapidly at 9h0@Jl§ marledly at
lunch-time and terminates at 16h00.

Asprofile 7 lut with evening actvity.
Domestievening case.

Domesticworking household case.
Domesticday-time occuparyccase.

Hospitalward operation.Low night-time load, rising during the day to a maximum
during visiting hours.

The profiles database is managed via the progmanfrom which profile graphs can be
obtained.
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5 Zone utilities file (no longer used)

This file contains a series of flags to indicate tkistence of one or more of the optional
zone files. In each case 1 means that theXitese O that it does nolf a file is flagged to

exist then its name is also hel@he following table lists the contents of the zone utilities
file (usually named ?.utl).

16

Py
@
9]
o
2
o

Descriptionf fields

O©CoOo~NOUIhWNE

14

15
16
17
18

Zone air flav file flag.

Air flow file name if flag=1.

Zone casualgns file flag.

Casual gins file name if flag=1.

Zone viav factor file flag.

View factor file name if flag=1.

Zone shading/insolation file flag.
Shading/insolation file name if flag=1
Zone conection coeficient file flag.
Corvection coeficient file name if flag=1.
Zone blind/shutter file flag.
Blind/shutter file name if flag=1.

Zone transparent multi-layered construction
flag.

Transparent multi-layered construction file namg
flag=1

Zone casualgjn control file flag.
Casual gin control file name if flag=1
Zone domain flw file flag.

file

> if

Domain flav file name if flag=1

Table 5 Contents of a zonatilities file.
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5.1 Zone shading/ insolation file (optional)

Bpsis designed to use time-series shading/insolation (S/I) informattoeceed from the
zone S/l file, if onexasts. This allavs the accurate modelling of the point of injection of
the solar beam impinging onxternal and internal swa€es. The S/I file is a binaman-
dom access, unformatted file @riable length records containing the fallog data.

*  Hourly time-series ofxernal opaque and transparent, direct beamasairshading
factors (0 to 1) for apuserspecified sudce, as caused bgdade and/or surround-
ing obstructions.

 And/or the hourly time-series of internal opaque and transpareatsurfsolation
to result from direct solar penetration through tsgercified windas. This data is
held separately for ea@xernal window/eceiving internal surfaceombination.

In an attempt to restrict file size - a 10 sided zone with 5 wiedwuld require 6Mbytes

to hold the time-series data for 1 year! - the data is held only foispseified sudces.

Also, the hourly data is only retained for each sun-up hour within that day of each month
which possesses a solar declination judged to be closest todtageaalue for the
month. This means that a whole year is represented by 12 setsagesshfiding/insola-

tion data; a mechanism which retains reasonable agchwagreatly reduces disk space
demands. In the absence of a S/l file, or if the S/I file does not contain data for the period
or surbce under consideration, thiepswill default to zero eternal surace shading. The
window transmitted radiation is then internally apportioned as a function of theldef
insolation scheme held in the zone geometry file.

A zone S/l file can be created \eap-r. In this case anshading and/or insolation data is
entered manually for the sades and months of interest. Alteradliy, ish can be used to
predict external shading and internal insolation and tdothe S/I file piecemealver
time.

Building surfaces which are self-shaded - thataese in a directiomwayfrom the sun -

need not be considered since this occurrence is handled automaticlaflg dyoweve,
shading by adjacent zones is not automaticallgrtakto account, and in this case the
shading &ctors need to be calculated by setting up the adjacent zones as obstruction
blocks and runningsh. Note also that winde blinds are not treated as shadingides

but are specified by means of a zdslend/shutter contwl file (in the case of dafilt win-

dow treatment) or a zonanspaent multi-layer constructionfile (if windows are mod-

elled plicitly).
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5.2 Zone blind/ shutter contol file (no longer used)

This file (usually named ?.bld) alls windawv solar coverings or insulating daces to be
controlled as a function of time, solar intensity or ambient temperature. File contents are
itemised in the follwing table.

Record Descriptiowf fields

1 Number of distinct control inteals during a day
Also the surhice number of the radiation sensor (if orists).

2 Start and finish hours for the first intatv

3* For first intenal: replacement shorwedirect transmittance for 5
angles of incidence and visible transmittance.

4* replacement total transmittance for 5 angles of incidence and U-
value.

5 control index and actvation point for first period.

6 - Repeat records 2 - 5 for each additional control ialerv

* Note that the winde properties may define a windoarrangement which

has a blind or shutter in place. In this case the zone construction file will point

to the uncueered windav case. Cowersely, the role of the tw zone files can

be reversed.

Table 6 Contents of a zonalind/shutter contl file.

A day period is firstly diided into a number of distinct intexd¢ which may or may not
span the complete dayhen, for each intenl, a windav is defined which will be
accepted only if théotal radiation intensity (direct + diise impinging on the windgs
facade after shading adjustments on the direct component) or ambient temperature, is
greater than the specified actuation point definafrim? or °C respectiely. The control
index is used to select the controhnable type (radiation; O or temperature; By set-

ting the actuation point at -99, the winddevice can be forced to operate for the entire
intenval regardless of solar intensity or temperature magnitudeshe case of radiation
control of the blind/shuttethe surbce on which the radiation sensor is situated can be
specified, and the operation of atternal windevs in the zone will then depend on the
radiation intensity on that one sack. Ifthe sensor suate is set taeio, then eachxder

nal surfice containing windes is treated separately; only wind® in those sudces
receving greater than the specified radiation limit will inherit the replacement properties.

Internal windavs can be assigned the replacement properties if thedug-is specified as

a negdive quantity To avoid inconsisteny, it is necessary in this case to ensure that adja-
cent zones are gn the same set of replacement properties and thaththesthe same
control settings.Note that it is possible to set all internal anteenal windev properties

to be modified during a control period by specifying bothgatnes replacement U-alue
and a control &lue of -99.

The specified control scheme relates to eatéreal windev in a Dne lut that, at ap

point in time, diferent windev arrangements may be in place depending on the incident
radiation leels. If it is necessary to impose more than one control scheme on a zone, it
will first be necessary to introduce additional zoning so that each sub-zone can still



Data Model Summary: ESP-eXsion 9 Series

possess a unique wingaontrol file. As with zone\ent profile definition, an inteal is
deemed to finish at the specified finish hour to commence at the future timearof
the first computational time-step follong the specified start haufhe start time will
therefore depend on the simulation time-step.

Figure 8 shws a typicablind/shutter conwl file listing.

Record Contents
1 2,0, 6 15,18,
2 9 12, 7 0.80,0.70, 0.60, 0.50, 0.40, 0.6
3 0.70, 0.60, 0.50, 0.40, 0.30, 0.5,8 0.83, 0.73, 0.63, 0.53, 0.43, 2.00,
4 0.73, 0.63, 0.53, 0.43, 0.33, 2.5,9 1, 100.0,
5 0,-99.0,

Figure 8 Typical blind/shutter conwil file listing.
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5.3 Zone view factor file (optional)

This file allovs the transfer of difise viev factor information tdops where it is used to
improve the accurag of the intersurface longvave radiation &change calculations. In
the absence of such informatibpsgenerates approximate wigactors on the basis of
simple area weighting techniques.

Table 7 details the contents of this zone file (usually named ?.mrt) which can be con-
structed manually viasp-ror by calculation vianrt.

Record Descriptionf fields

1 Total number of bounding sages.

2 Diffuse viev factor for each suate pairing
(ltol1,1to2,1t03,1to....;2to 1, 2tq 2,
etc)

Table 7 Contents of a zoma@ew factor file.

In mary applications the use ahrt cannot be justified since the established geometry
may not accurately represent the final design, or the positioning of zone contents may
substantially modify the longave exchanges. Thidacility should therefore only be
invoked when high accuracis required and the zone geometry is correctly described; for
example in the modelling of ardmbe vall in a passie ®lar scheme, where longwe
exchanges can be a principal heatflpath. Of course it can be routinelywoked if a

zones geometry is carefully defined.
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5.4 Zone air flow file (optional)

This file (usually named ?.air) contains infiltration and zone-coupled airdita which
will be used to replace the @eifit air flov scheme of the corresponding zone operation
file. The fcility is extremely useful for programalidation eercises since measured air
flow vectors can be treated as input to eliminate the high uncertainty often associated
with air flow simulation. It also &cilitates design research studies in which a number of
guesstimated air fle regmes are to be studied in an attempt amgoerformance insight
and so generate a i design solution. Note that ESP-feo$ air flav simulation. In
this case a description of theilling’'s leakage and pressure distttiion is created via
esp-rand transmitted tbpsvia the system configuration file. The result®p$s ar flow
simulation will then supersede the delt air flov scheme of the operation filend the
time-series data of the zone ainiléile, should one»ast. It follows therefore that if such
an air flav smulation is requested there is little point in creating a zone awrffle. If

the air flavs are mostly pressure induced and naiyang driven, it is possible to &ér

the leakage and pressure disitibn description tanfsinstead ofbps The analysis of
building air flow can then be conducted independently of the ggnanalysis, with the
findings located in the zone airviidile for later use byps Mfs can automatically trans-
fer its predictions to the zone file. Alternay, the predictions can be tak for input to
the zone file viesp-r The adantage of this approach is that the predicted anrsfloan

be characterised and fed lpsin a simplified form. This will greatly reduce the com-
plexity of ary enegy simulation and so ease the analysisdbn whenres is used to
investigate the results frorops

Table 8 lists file contents (usually named ?.air).

Record Descriptionof fields

1 * Air Flow File (the first linemustbe identical to this).

2 For first simulation time-step: zone infiltration, thenrateivedby
zone from each zone in configuration.

4 - Repeat record 2 for each simulation time-step.

Table 8 Contents of a zonair flow file.

All air flows are specified in air changes per hdur) expressed relate © the Wwlume

of the zone to which the file relates. The zone-couplingvengn order 1 to x, 2 to x, 3

to x etc, where x is the get zone number; eusly x to x=0. It is important that data
exists for the correct number of time-steps as will comprise the simulation, including the
start-up period. The first data record in the file (that is record 2) will correspond to the
future time-rov of the first simulation time-step; foxample 02.00 hrs for a one hour
time-step and 01.10 hrs for a ten minute time-stépte thatbpscommences a simula-

tion at 01.00 hrs - the present timeavrof the first time-step on the first start-up day
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5.5 Zone casual gain file (optional)

This file is similar in function to the preceding ainléile but with the filed casualagn
entries acting to augment the delt profiles of the zone operation file. This aozone
casual gins to vary from time-step to time-step as a simulation progresses: a wsgkul f
ity for generating zone erggr pulses in alidation studies, or for accurately representing
process heat inputs in a finely focused design silldy file can only be created \eap-

r.

Table 9 lists file contents (usually named ?.cgn).

Record Descriptionf fields

1 * Casual Gains File (the first limaustbe identical to this).

2 For first simulation time-step: the total sensible\aotive, sensi-
ble radiant and latent heatigs (all in V\atts) for the zone.

3- Repeat record 2 for each simulation time-step.

Table 9 Contents of a zoneasual gairfile.

As with the air flov file it is important to ensure that the number of records is matched to
the number of simulation time-steps. Section 5plans bpss assumptions in this

respect.



Data Model Summary: ESP-eXsion 9 Series 23

5.6 Zone conection-calculation control file (optional)

This file is used to impose controlen the surhce comection calculations performed by
bps Three types of control may be imposed through this file, which is in addition to the
control that can be imposed using a simulation toggle.

Type lallows fixed coeficients to be specified for each soé (interior and»>aerior to
the huilding). A list of coeficients is gven for each ‘inside’ and ‘outside’ zone sack.
A -1 entry for ary surface indicates that the result frompss buoyang/ calculations
(based on the simulation toggle) will be used, i.e. no replacerakeret s ofered.

Type 2allows you to specify the correlation to use for eachaserf(only applicable for
surfaces interior to theuadlding). Thiscould allaw, for example, the use of the Alamdari
& Hammond correlations for aall, while using one of the Kha#if& Marshall correla-
tions for a winder. A number of empirical correlations andd\alues, gtracted from
the following sources, are supported:

Alamdari and Hammond (1983), ‘Impred Data Correlations for By@ng/-Driven
Cornvection in Rooms' BSER&T4(3) 106-12.

Khalifa and Marshall (1990), “"lidation of Heat Tansfer Codicients on Interior
Building Surfices Using a Real-Sized Indooest Cell', Int. J. Heat and Mass
Transfer 33 (10) 2219-2236.

Halcronv (1987), ‘Heat Tansfer at Internal Building Swaes’, Report to ETSU,
British Department of Engy.

CIBSE Guide (1988), 5th Editionalble A3.4.

CEN (1995), ‘Thermal Performance of Buildings, Room Cooling Load Calculation,
General Criteria for a Simplified Calculation Method’, CEN/TC89/WG6 N.225 /
JWG-N79, Section 6.2.2.

Each correlation is identified by an indeReferto /usr/esru/src/esp-r/esrubld/wect.F
subroutine HTRJIQY, where the indenumbers are assigned to ICOR.-1 indicates that

a aorrelation will be chosen based on the simulation toggle. Correlations chosen for sur
faces aterior to the hilding will be ignored.

Type 3allows adaptre mntrol of the calculations (only applicable for suds interior to
the luilding). Thismethod allavs the cowection calculations t@adaptas the simulation
progresses. & must assigoontmol law for each interior sudce, which defines othe
calculations will adapt. The foNang control lavs are sailable:

Law 1: two correlations specified for each sacé; one correlation used when plant
is heating zone (radiation or agction); other correlation used when zone is
unheated. Appropriate when plant system altersemtion regime within zone.

Adaptive a@ntrol is only applicable for interiorudding surfices. Controlaws specified
for exterior surbices will be ignoredAs well, a control lav specified for an ‘outside’ sur
face which &ces the aipoint of an adjacent zone will be ignored: the gpecified in the
neighbouring zone will takprecedence. Specifaw ‘99° in these cases where adagti
control is not applicable.

A typical day is drided into a number of distinct time intaitg. Adifferent control type
can be prescribed for each time insdrvThefollowing table lists the file contents (usu-
ally named ?.htc).
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Record Descriptionf fields

1 Number of distinct interads.

2 Number of zone suates,N (must be the same as the correspond-
ing entry in the zone geometry file).

3 For the first interal: start and finish hours.

4 Calculation control type (1-3)

If type 1control ....

5 For the first interal: corvection coeficient for each internal sur
face.

6 For the first interal: corvection coeficient for each ernal sur

face.

If type 2control ....

5
6

For the first interal: correlation indices for each internal swod.
For the first interal: correlation indices for eackternal suréce.

If type 3control ....

55 4+N

6o N+1 -

For the first interal: eight data fields/swate, one record for each
surface. Thdfirst and fifth fields identify the controlva for the
‘inside’ and ‘outside’ sudces, respecitly. Fields two to four are
the associated data for the ‘inside’ and fielde foveght are the

14

associated data for the ‘outside’: the significance is dependent on

the control lav. For law 1, fields two and six hold the correlatign
index to use when the heater is on; fields three amérskold the
correlation indg to use when the heater isfofields four and eigh
are unused.

Repeat records 3.... for each subsequent @terv

~+

Table 10 Contents of a zomervection-calculation contd file.

As elseavhere in ESP;ran intenal is assumed to finish at the defined finish haurtd
start at the future time-woof the first simulation time-step.
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5.7 Zone transpaent multi-layered constructions file (optional)

This file holds the spectrally irgeated shortaveproperties for one or more zone multi-
layered constructions comprising one or more transparent elementsa¢h homoge-

neous element the incident angle dependent absorptance is required. Then, for the com-
bined multi-layered construction thevepall transmittance cuevis necessary The file

also contains control information onyablind/shutters that are associated with the trans-
parent multi-layered constructions, together with the requisite replacement optical and
thermoplysical properties.

If zone windavs are defined in the normaklw (via a zone geometry file) then no nodes
are used to represent the windi@yers. This means that wind@onduction is calculated
from
90 - 9i

R

whereg is air temperature, o and i refer to outside and inside regggctnd R is the
overall resistance at grtime as gien by

Qc =

1
h, + h,

whereh, is the time dependent ogettion coeficient andh, is a fixed radiation codf
cient determined from the initially specified standarddlise (lut remember that if the
U-value is ngaed then it is treated as being timeamant).

This conductre flux is applied at the zone air point. Therefore, wnfikilti-layered con-
structions, windws are treated as resistance pniygh an approximate treatment of long-
wave radiation. Also, because no windamode is present, it is not possible tqkcitly
model shortwveabsorption. Instead, a technique is used which calculates, ditaatly
portion of the absorbed shodweflux which would be transmitted inard to the zone air
point.

The transpaent multi-layer facilityallows windavs to be treated with more precision.
Now all surfaces (including windes) bounding a zone are entered as multi-layered con-
structions, with layers being declared transparent as appropriate. This means that win-
dows can nw be assigned a nodal scheme so thatveotive, conductve and longwave
radiatve exchanges are handled separately arudigtly, with solar absorption treated in

an acting manner

The followving step-by-step procedure should be fotd to mak use of the transparent
multi-layered constructioratility.

Step1 Define zone geometry by enteriad) bounding sudices whether opaque or
transparent. This will probably mean defining the zone shape as GEN {or per
haps REG). There is mono need to define windes separately so your
response should be NO in reply to the question, 'Are theyewamdowns ?’
(unless of course you also wish to include winddandled in the dafilt man-
ner).

Step 2 When defining zone constructions simply define the transparent multi-layered
construction as if it were an opaqueallv That is by defining the
k, p, C, andsx values for each layer



Data Model Summary: ESP-eXsion 9 Series 26

Step 3

Step 4

Step 5

Remember to create a zone utility file with the appropriate flag set to indicate
the presence of a zone transparent multi-layered constructions file.

Create the zone transparent multi-layered constructions file. The dialogue will
go like this

Number of surfaces in zone ?
Answer by gving the number you input to the zone geometry file.
Transpaent multi-layeed construction indefor ead surface ?

If a surface is not transparent, enter 0. Otherwise enter avgositeger which
defines a set of properties whichvbaet to be entered by yolkor example, if

there are six suates in the zone and the 2nd and 5th are both transparent and
of the same construction, then yoowd enter 0 1 0 0 1 0. Alternedly if the

two transparent constructions were offeliént construction you euld enter O

1 00 2 QInthe first case you will be as#t for one set of properties, in the sec-
ond case tw.

In response to the folldng prompts, you must moenter the @erall transmis-

sion cure (by giving the usual data for the 5 angles of incidence) and the

absorption cure for each construction element (called a substrate). Note that
bpswill check to ensure that the number of substrates in this file, and the num-
ber of elements in the constructions file, are the same.

Blind/Shutter Contl ?
Answer 1 if there is control, O if not.

If the answer is 1 (yes), the program prompts for the number of control periods,
and then, for each control period, the details of the control and the replacement
properties (see belofor further discussion).

You are nav ready to simulate usingps(of course you must ka aeated your
zone operations file, the system configuration file and, perhaps, the configura-
tion control file).

Table 10a details file contents (usually named ?.tmc).

Record Descriptionf fields

1 Total number of multi-layered constructions in zone.

2 For each construction: an ingestating whether or not it is transparent| (0
opaque; >0 transparent).

3 Number of elements (including aiag if ary) of first transparent mult
layer construction (TMC).

4/1 - For first TMC: direct transmittance at 5 angles of incidence; @b by
the absorptance for each element - outside to inside - in turn aimdfewy
the 5 angles of incidence.

4/N

5 Control flag. If flag is zero then records 3 to 5 are repeated for each [ TMC.
If flag is 1 then the file contains the fallmg records 6 and 7.

6 Number of distinct control periods in a day
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Record Descriptiownf fields
Also the surhice number of the radiation sensor (if orists).
7/1 Start and finish hours for the first period.
7/2 Sensor type and ac#tion point for period 1.
713 - Replacement optical properties: direct transmittance at 5 angles of inci-

dence; folleved by the absorptance for each element - outside to inside -
in turn and agin for the 5 angles of incidence.
7/IN
7IN+1 Index to replacement thermophical properties (zero if no replacement).
7IN+2 . Replacement thermopsical properties read in here if inG®.
7/M
7/M+1 - Repeat 7/1 to 7/M for each control period.
8 - Repeat records 3 to 7 for each TMC.

Table 10a Contents of a zoneanspaent multi-layeed construction§ile.

With regard to control, each TMC can bevgn a replacement set of transmission ¢nef
cients and absorpities in each control period (maximum three/day). The TMCs are con-
trolled independent|ywith the folloving control options:

(i) If the control ariable is set to -99, then the blind/shutter vgags ON in the control
period, irrespecte d radiation or temperaturevds; that is, the control is otime
only.

(i) If the control sensor is temperature (type 1), then the blind/shutter will be ON when-
eve the ternal temperaturexeeeds the predefined/&.

(i) If the control sensor is for radiation (type 0), then:

a) If the eternal surhce number is gen, then the blind/shutter will be ON for
each TMC for which the (shaded) radiation on the specifieireal surce
exceeds the predefinedvit for that TMC. This will simulate the case when
there is a sensor on only onde¥nal suréce.

b) if the extternal surhice number is notggn (set to zero), then the blind/shutter
will be ON for each TMC for which the (shaded) radiation on tktereal
TMC surface aceeds the predefinedsk for that TMC. This will simulate the
case when eachkxiernal TMC surice has a sensor

In addition, it is possible to replace the thermggital properties of the TMC.oF each
control period, an indepoints to an alternate st of thermopisical properties from a
construction in the multi-constructional database. It is important that the number of ele-
ments in the replacement construction is the same as for the original constriitt@on.
replacement alues are read in and stored in this filethe inde is zero, the thermo-
physical properties are unchanged.

Some points to remember:

* The standard thermopsical properties of each element in the special multi-layered
construction are specified in the zone constructions file as before.

« The inde of record 2, if positie, points to the set of shortwe properties to be
associated with a gen construction. Thigneans that, forx@mple, more than one
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transparent construction can point to the same set of propdni#ss case, it will
also inherit the same control periods and control setti@gsversely each construc-
tion can be associated with a unique set.

* Itis possible to mix transparent constructions and ordinary wisdo the same

zone; it is gen possible to hee an ordinary windav within a TMC. This means that
some glazing systems will be treatexhetly while others are processed at the

default level.

Figure 9 shws the typical contents of a TMC file.

# transparent properties of reception defined in ../zones/reception.tmc

14 # surfaces
# tmc index for each surface
0O 0 0 OO 0O OO O 1 0 0O

3 DCF7671_0tb # layers in tmc type 1

# Transmission @5 angles & visible tr.
0.611 0.583 0.534 0.384 0.170

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

0.760

Figure 9 Typical zoneTMCfile listing.
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5.8 Zone casual gain conul file

Beginning with \ersion #6.4b of January 1987 ESP-r hasidex a number of control
schemes for casuaams which represent artificial lightindeSP-r lept track of the day-
lighting contritutions from all the x@erior windaws in the zone and whether or not direct
sunlight was flling on each sensor

ESP-r has traditionally made use of sensors located atpeseified points, calculating

the daylight &ctors separately for each zone wiwvdd&hortwaveillumination is included

in the algorithm and the split flux method used to assess the internal reflected component.
This is a typical engineering approach to the problem of predicting daylighting when
insufficient information is @ailable to allav a more &plicit method.

Over time thesedtilities hae been gpanded and from Project Managearsion 2.9a (of
April 1995) the follaving are ofered:

O  The user may define up to 4 lighting zones within a thermal zone, each with up to 9
sensors. Each lighting zone then represents avidio@il lighting system.

O  Vertical (unobstructed) and horizontadternal illuminance sensors anesgable.

O In the case of multiple lighting zones within a thermal zone, an gagreasual
gan may be obtained by summing the conitibns from indvidual sensor/ gin
combinations or by determining thegesage of all sensors controlling one lighting
system.

O The illuminance from adjacent rooms is ged via ESP-r§ dhortwave radiation
tracking proceduresThis process is ralst enough to takinto account the &dct of
blind opening/ closing on the daylighting in adjacent rooms.

O Provision has been made for user supplied daylightdr data to be included in a
casual gin control file.

O A new qotion for coupling lighting and thermal simulation has been introduced.
This feature supports both data file based and concurrent application coupling
between ESP-r and some separate lighting simulatienoements. Atthe present
time coupling with the Radiance lighting simulation progranvadable.

The following table shws the contents of the zone casualngcontrol file (usually
named ?.cgc). Currently this file has to be created xtaetditing fcilities. Theproject
manayer editing facility is under deelopment.

Line Descriptiorof fields

1 Identifier (three intger type numbers) of the casuairgs to be controlled during &¢kdays, Saturdays and Sundays.
Default identifier for casualain from artificial lighting is "2".

2 Number (an intger type number) of distinct casualig control periods during a typical dagaximum three con-
trol periods currently allwed.

3 For each control period in turn g the start hour (0-24) and finish hour ¢hinteger type numbers) on separate
lines.

4 Number (an intger type number) of lighting zones within this thermal zone. Maximum of four lighting zones
allowed.

5 For each indvidual lighting zone:

5.1 Numbers (four real type numbers) indicating respelgti reference light beel (set point) (Lux), switch-df light
level (-), minimum dimming light output (-) and switchfafelay time (-).
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Line Descriptiorof fields

5.2 Percentage (a real type number) of total zone controlled casinaagsociated with this lighting zone (-), number
(an intger type number) of internal illuminance sensors and calculation type (garitgpe number 1-4): 1 ESP-
internal daylight &ctor preprocessor; 2 user supplied dayligistdrs; 3 external sensor; 4 coupling with lighting
simulation.

5.3 For each defined sensor: x, y & z coordinates (re¢ath zone origin) defining location of sensor
for calculation type 3: suste number fgernal only) that the sensor is placed on, flag specifyangjcal mounting
(1.0) or horizontal mounting (0.0), dummglue,

5.4 For calculation type 2 (user supplied daylightfors) additional info:

54.1 Number (an intger type number) of windes (transparent multi-layer construction).

5.4.2 For each defined windwe its TMC surfce identification number (an igir type number) and corresponding day
light factors for each defined sensor (a real type numbers).

55 The control lav (-1 ON regardless; 0OFF regardless; 10N if sensed condition is beloset point (otherwise OFF);

2 & 1 hut with step den/upaction (0%, 50%, 100%); 3 as Withwith proportional action; 4 as Lbbased on the
Hunt probability switching function; 5 as Utowith a top-up control and fed ballast).

Table 10b Contents of a zowasual gain contl file.

The relationships betweenveeal combinations of control \@ sensor placement and
analysis techniques are discussedwetothe worked out @ample.

As an gample we are using a one zone model of a simple room 4m wide, 5m deep and
3m high with a windw on the south dce. Thecasual gin control files acts on a com-

mon operation file which sets up a caswhg@f type 2 (artificial lighting) with 864W of
radiative/ cornvective flux between 8h00 - 12h00 and 14h00 and 17h00 on weekdays:

# operations of Room defined in:

# Room.opr

nil_opemtions #opemtion name
# oontrol(no contol of air flow ), low & high set points
0 0000 0.000
3 #no Weekday flow periods
# Wkd: start, stop, infil, ventil, sooe data
0, 7, 0.500 0.000 0 0.000
8,16, 2.000 0.000 O 0.000
17,24, 0.500 0.000 0 0.000
1 #no Satuday flow periods
# Sat: start, stop, infil, ventil, soog, data
0,24, 0.500 0.000 O 0.000
1 #no Sunday flow periods
# Qun: start, stop, infil, ventil, sooe, data
0,24, 0.500 0.000 O 0.000
4 #no Weekday casual gains
#Wk: typ, sta, fin, sen, latad, con, pf+/-, pwr, volt, pha
1, 8,11, 1890.0, 1215.0, 0.8, 0.2, 0.00, ®.0, 0.0,1
1, 14, 16, 1890.0, 1215.0, 0.8, 0.2, 0.00, 0,0, 0.0,1
2, 8,11, 864.0, 0.0, 0.4, 0.6, 0.90, 1864.0, 240.01
2,14, 16,864.0, 0.00.4,0.6,0.90, 1864.0, 240.01
0 #no Satuday casual gains
0 #no Sunday casual gains
# Labels for gain types
Occupt Lights Equipt

Consider a zone lighting system comprising twentrol stratgies: daylight linking and
manual switching respeedly. The casual gin control file for this control stragg is

listed belav:

222 # QGasual gain type to be coolted
1 #Number of contl periods

816 #Start and finish hour

2 #Number of lighting zones

# Information for eery lighting zone
# Lighting zone 1

50015.11.
0541

# Lux set point, switcof light level, minimum dimming output, switoff delay time
# % o casual gain, number of sensprcalculation type
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229 #x, y z mordinates of sensor location

239 #x, y z mordinates of sensor location

329 #Xx, y, z mordinates of sensor location

339 #Xx, y, z mordinates of sensor location

3 # Contmol law for all contol periods

# Lighting zone 2

5001.1.1. # Lux set point, switcof light level, minimum dimming output, switoff delay time
0512 # % o casual gain, number of sensprcalculation type
249 #Xx, y, z mordinates of sensor location

1 #Number of windows

7 015 #TMC surface numbgdaylight factor

4 # Contol law for all contol periods

Note that casualagn type "2" will be controlled during ¥ékdays, Saturdays and Sun-

days. Onlyone control period is definedhis is usually adequate for most lighting con-

trols. Start and finish hours "8 16"vap a ime span from 8h00 to 17h00 when occupants
are present and artificial lighting may be necesshnorder to allav for the simulation

of two individual control stratgies, two lighting zones are required.

As can be seen from the information defining the first lighting zone, a reference light
level (or set point) has been set to 500 Lbhe switch-of light level is 150% of the ref-
erence light leel and the minimum dimming light output is set to 10% (i.e. the dimming
range is 100% - 10%)The switch-of delay time is set to 1 which represents 60 minutes.
Note that at the present time sub-hour delay time delay times are not possible.

The first lighting zone will control 50% of the total zone controlled casaml. gThe
number of sensors has been set to 4 and the calculation type to 1, which calls f& ESP-r’
internal daylight &ctor preprocessoMultiple lighting sensors are used to account for a
variance in illuminance within the space in terms of what ceiling mounted photocells
would "see". The werage of these sensors will be used within the simulattomally, the
control lav identifier is set to 3, which represents proportional (dimming) control.

The second lighting zone has a reference lighdl lef 500 Lux, with the switch-dflight

level and minimum dimming light output set to 100% which is adequate for a simple on-
off control. For this case only one sensor is specified and the calculation type is set to 2,
which calls for user specified dayliglatctors. Br this type of calculation additional data

are required.These include the number of winde (or TMCs), in this case 1, the TMC
surface identifier here 7, and the list of daylightdtors, here only one set at 1.5%.
Finally, the Hunt probability switching control function, type 4, is selected.

In order to illustrate the structure of a casughgontrol file consider the ab® lighting
zone 2 with anx@ernal sensorPart of the resulting file folls:

# Lighting zone 2

8000 1.1.1. # Lux set point, switcof light level, minimum dimming output, switoff delay time
0513 # % d casual gain, number of sensoicalculation type

110 # external surface numbggensor position, dummy value

1 # Contmol law for all contol periods

For the case of anxéernal sensorthe x,y and z coordinates input line has ded#nt
meaning. Thdirst number is the suate identifierhere 1, the second number is the sen-
sor position (1 meaningevtical) and the last is not use@nly one sensor of this type
may be defined per lighting zone.

The calculation type "4" represents a coupled lighting and thermal simuldtos facil-
ity is currently under testing and so has not been released with the preston wvf
ESP-r
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5.8.1 Diagnostics

To assist the user inerifying the description of casuahig controls and sensor place-
ment the ESP-r tracadility has beenxpanded to gie the user information before and
during a simulation.The trace diagnostics for\seal zones are reproduced b&land
include a summary of sensor locations, associated wmdeoontrilutions from outside
and calculated daylight€tors. Notehat the internal reflected component is calculated
via thesplit fluxmethod as defined isrchitects durnal, \61.120 1954

The diagnostics for a case with dimming and Hunt probability switching:

Subpoutine INTLUM  Trace output 3 Zone 1

Day No. = 4 (i.e. 4th of &n.), Tme 9:00Hours
Light|Sens|sun |via|daylight|visib|sun/dir|si/dif|sensed|set }&vert
zone|num.|seen|window|factor% |trnsm|contrib|contrib|l{point|ilum(Ev)
1 1no 7 6.34 0.76 0.0 132.7132.7 500. 1047.
1 2no 7 364076 0.0 76.276.2 500. 1047.
1 3no 7 5.47 0.76 0.0 114.6114.6 500. 1047.
1 4no 7 3.41 076 0.0 71.4 71.4 500. 1047.
Light zone 1 Rsp ESP-r calc dfZFRAC= 0.40
2 1no 7 1.50 0.76 0.0 31.4 31.4 500. 1047.
Light zone 2 Hunt: ZFR®=0.50 Occup arrival fist elum( 31.) piob(0.80) r(0.00)
Fraction of lighting "ON" FR&=0.90

Ext: Dir.horrad. W/m2( 0.0) Difhorrad.( 18.0)
:sun light lux( 0.0) sky light lux( 2093.3)
: sun/dir eficacy ( 0.00) sk/dif eficacy ( 116.30)
: solar azi dg( 138.0) solar alt dg( 5.0)
Subputine MZCASI Trace output 4 Zone 1

Day No. = 4 (i.e. 4th of &n.), Tme 9:00Hours
Casual gain summary for weekdays

| Radiant | Corvection |Fraction |

| Present Futue| Present Futue | Pres Futr]|
Uncontolled | 0.00 1512.00] 0.00 378.00| |
Contolled | 0.00 345.60| 0.00 518.40[.00 0.90]|
Summation | 1823.48W | 845.22W |

Zone: 11
Electrical load summary for weekdays
Real Pwer Reactivéower
|Present|Futue| |Present|Futue|
0. 779. 0. 377.
Ctrld |Unctrld|Ctrld |Unctrld|Ctrld |Unctrld|Ctrld |Unctrld
0. 0.864. 0. 0. 0.418. oO.

Typical simulation diagnostics for case with dimming axiegmal sensor:

Subpoutine INTLUM  Trace output 3 Zone 1

Day No. = 4 (i.e. 4th of &n.), Tme 9:00Hours
Light|Sens|sun |via|daylight|visib|sun/dir|si/difsensed|set }&vert
zone|num.|seen|window|factor% |trnsm|contrib|contrib|l{point|ilum(Ev)
1 1no 7 6.34 0.76 0.0 132.7132.7 500. 1047.
1 2no 7 364 0.76 0.0 76.2 76.2 500. 1047.
1 3no 7 5.47 0.76 0.0 114.6114.6 500. 1047.
1 4no 7 3.41 0.76 0.0 71.4 71.4 500. 1047.
Light zone 1 Rsp ESP-r calc dfZFRAC= 0.40
2 L1ON/A N/A 1 N/A N/A0.0 2093.31046.7 8000. N/A
Light zone 2 ON/OFFx@ sensqrZFRAC= 0.50
Fraction of lighting "ON" FRE=0.90

Ext: Dir.horrad. W/m2( 0.0) Difhorrad.( 18.0)
2 sun light lux( 0.0) sky light lux( 2093.3)
: sun/dir eficacy ( 0.00) sk/dif eficacy ( 116.30)
: solar azi dg( 138.0) solar alt dg( 5.0)
Subputine MZCASI Trace output 4 Zone 1

Day No. = 4 (i.e. 4th of &n.), Tme 9:00Hours
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Casual gain summary for weekdays

| Radiant | Corvection |Fraction |
| Present Futue| Present Futue | Pres Futr|
Uncontolled | 0.00 1512.00] 0.00 378.00| |

Contolled | 0.00 345.60] 0.00 518.40[.00 0.90]
Summation | 1823.48W | 845.22W |
Zone: 11

Electrical load summary for weekdays

Real RPwer Reactivéower
|Present|Futue| |Present|Futue|
0. 779. 0. 377.
Ctrld |Unctrld|Ctrld |Unctrid|Ctrld |Unctrld|Ctrld |Unctrid
0. 0. 864. 0. O. 0. 418. 0.

5.8.2 Result analysis

The results analysis modules provides the possibility to analyse the controlled casual
gans and electric pmer consumptions (if electric data arevagi in the zone operation
file) in a\ariety of ways.
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5.9 Zone CFD Domain File

dfsis the ESP-r CFD module capable of modelling indoor ai.fl® zone or group of
zones can be defined in order to predict internalsfldn such a case all boundary condi-
tions must be proded - \entilation and/or infiltration rates, internal sacé temperatures,

etc - via configuration file. The user can simulate laminar omukemb flovs k-«
model). The solution is based on the SIMPLE algorithm and TDMA Gauss-Seidel. The
differential equations are discretized using tiibrid scheme and the implicit formula-
tion. As most of the lilding geometries are gelar, dfs deals only with cartesian coordi-
nates. The CFD model can also begnéed within bps (zone basis). In othesrds, one

zone is chosen to be modelled by CFD and the remaining otitldénly is simulated by

the cowentional mixed approach. the irgeation is optional and a CFD flag is placed in
the zone operation fileTwo kinds of intgration rgarding the engyy equations arevail-

able: Option 1 - Intgration by cowection coeficients; 2 - simultaneous solution of a
zone endgy equations (you should include 1 or 2 in the zone operation file). As soon as a
fluid flow network is defined, the coupling of masswil@and momentum equations will
exist. This intgration consists of simultaneous solution of the equatioos.ffther
details about the inggation theory consult Ngao (1995).

5.9.1 Domain Flav Definition

The input data are pvaled via a configuration file which contains instructions about the
zone geometrygrid distribution, boundary conditions and some simulation control
parameters.

5.9.2 Geometry and Grid

An automatic grid generation could locate, feample, an integce between a solid sur
face and an opening oceuing inside some cells. A fraction of thelume of such cells
would then be made solid and some fluid. In ordentidathis, and to conform the cell
distribution with solid boundaries, openings, furniture, etc., grid and geometry are defined
together This procedure consists ofviliing each dimension of the rectilinear domain
into a certain number of geons. or each rgion, the direction, the length and the grid
distribution is defined. The cells are independently distet) in each igion according to

a power lawv equation and the parameters necessary amgrshoTable 1. D illustrate the
process, consider the case where a door is located oraees(a shen in Figure 1) and

a gid must be distribted wer the surlce in the longitudinal direction. Threggi@ns in
such a direction are identified; ongien located left of the dopone at the dooray and
the last one placed to the right of the ddkrthe left rgion, the paer lav parameters
are setto: n >0, |c| 2 and c > 0 in order to makthe cell sizes increase from left to
right. The cells are uniformly distibed at the dooray (c = 1) and the cell sizes
decrease from right to left on the laggion using the parameters n >0, |c| > 1 and ¢ <O.
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Table 1 Grid and geometry definition.

| Dir. | N. of cells in the rgion| Dimens.| Reer lav coeffic. |

| X | >0 Cellsdistributed | |1 Uniform |
| | overthe whole rg. | | distribution |
[------ | region | L>0 |----m-mmmmmmememem oo |
[ | | >increase* if c>0|

I A B | ||c|>1 Grid size| |

| |n<O Cellsdistributed | | >decrease* if c<0|
|------ |  symmetrically | f-mmmmmm e - |

| Z| overthergion | | [>decrease* if c>0|

c|>1 Grid size| |
>increase* if c<0|
* increase/decrease from theimming to the end (or middle if
n<0) of the rgion.

The grid can be specified in one,oter three dimensiondepending on the type of air
flow to be analysed.

Figure 1 Example of dfs grid definition.

5.9.3 Equations

The user is able to define the nature of the flam- inar or turhlent, two or three-
dimensional) by choosing the equations to beesbhEnegy and concentration equa-
tions and buoyang/ effect areincluded or not in the simulation depending on the prob-
lem. The z direction is assumead bevertical (direction of graity) and uoyang is
only con- sidered in this direction. If awo-dimensional simulatiors running in the
X-y plane no hoyang is taken into account. & example, if U, VT, k and ¢ are
specified, the fl is two-dimensional turblent, the eng@y equation is sokd lut no
buoyang is invdved.

5.9.4 Openings

Four types ofboundary conditions arevalable torepresent openings: pressurgss
flow rate, \elocity and zero@locity gradient. Themust be chosen according to the situa-
tion (usually elocity is fixed at the inlets and pres- sure, masw fto zero \elocity
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gradient atoutlets). Sixplanes, designateiVest" and "East" (hormal to x), "South"
and "North" (normal to y) and "' and "High" (normal toz), are used to define the
cell faces. The openings are then located at one o$ithg@lanes according to the grid
definition in a certain number of cells. In othewrds, the plane name and the indicds
the first and last cellmserted in theopening (in each direction) are specifiethe
definition of the plane is onlyelevant for welocity and zero gradient boundary types.
For pressure and mass \iadypes this information becomes redundant. If@ening is
introduced ina certain plane (say Wét) the indices of the initial and final cells in the
direction normal to the plane (say-direction) must behe same. Additionallythe air
condition at openings must be pided in terms of mass florate (masdlow, velocity
boundary type) or pressure (pres- sure boundary type). In the caslafywvboundary
types, thevelocity atthe opening is based on the specified massrtte, air density at
the opening andpening area. Aositve mass flov rate indicates that the ¥lois enter

ing the domain and an outlélow is denoted by a rmive value. Also, temperature
and concentration only are defined, if necessarhe inlets, since at the outlet it is
assumed that the difsive erms are wercome by the corec- tive rms and the gradients
of such properties can bmade equako zero.To darify the opening definition, consider
the following example

Vel West 5 5 3 7 5 8 1.0 20.0 0.1

This indicates thatelocity is fixed at theWEST face ofthe 5th celin the x-direction.

The opening is located at éwells (3rd, 4th, 5th, 6th andth cells) in the ydirection

and atfour cells (5th, 6th, 7th, and 8th cells) in the z-direction. 1kg/s of air is entering
the domain at 20’C and with a 10% pollutant concentratiahlel2 presents the informa-
tion necessary to describe apen- ing and the air condition at such a position.

For transient simulations, dynamic boundargnditions canalso bespecified. In such a
situation, the air condi- tion inable 2 is substituted by an identifier (ard or a num-
ber). The identifiepoints to three diérent files where time-series of massafldor
pressure), temperatuamd concentration fazach opening are defined. Each time- step,
during the simulationdfs reads the correspondifigs and up-dates the boundary con-
ditions.

Table 2 Opening definition
| Type | Loc. | Initial and| Initial and| Initial and| Air condition |
| | |Final cells| Final cells| Final cells| |
| | |inx-axis |iny-axis |in z-axis | |

|-Press|-Wst | | | IMass flav] | |

|-Mass |-East| | | Ikafs) | | |

| flow FSouth| IXi IXf | IYi IYf | 1Zi 1Zf | | -Temp.|-Conc.|
|-Veloc|-North| | | |-Pressurg’C) | (-) |

|-Zero |-Lav | I | lea | | |

| veloc|-High | | | | I

lgad | | I I 0
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5.9.5 Solid Boundaries

The boundary conditions for solid sackes arecharacterised bythree types: figd tem-
perature, fied heat flux or symmetric planeorihe first tvo types, only temperatue

heat flux are specified and for the symmetric plane type no condition is specified since the
gradient normalto the plane for all ariables is assumed zero. The solid boundaries are
positioned by applying the same procedure fas an opening. The information
required to describe a solid boundary is introducedalslel 3. If a dynamic simulation is
performed, an identifier (which can be a aad name or an ingesubstitutes the bound-

ary condition in Table 3. Similarly tothe openings, a file containing time-series of tem-
perature or heat fl@s must be created.

Table 3 Solid boundary definition
| Type | Loc. | Initial and| Initial and| Initial and| Boundary conditiof
| | |Final cells| Final cells| Final cells| |
| | [inx-axis |iny-axis |in z-axis | |
e R R i oo T |
|-Temp.|-Vést | | | FTemperature (C) |
| East] | | ] |
[-Heat [-SouthXi IXf | IYi IYf | 1Zi I1Zf | |
| Hux [-North| | | FHeat Flux (W) |
| FLow | | | | |
|-Sym- |-High | | | | |
| metry| | | | I I

5.9.6 Heat/Concentration Souces

Solid objects, partitions, solid or non-soligkat orconcentration sourcesn be inserted

in the domain at this point.olr types of sources can be chosékred temperaturdieat

flux, concentration and concentration flux. The sources are characterised as a group of
cells with a cuboid shapeand are define@xactly as for openingsxeept that the
boundary planesare not specified. Furthermore, th@urces can bblocked (repre-
senting furniture or a partition, fox@mple) or not. @ble 4.5 shws hav sources caibe
specified inside the domain. &g, in transient simulations, an identifier indicates that
temperatures and concentration are read froodifferent files.
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Table 4 Heat/concentration source definition
| Type [Initial and]| Initial and| Initial and| Boundary condit.|Bledk
| | Final cells| Final cells| Final cells| | Cells?|
| |in x-axis | in y-axis [in z-axis | |
oo S [ e oo .
|-Temperature | | | I Temperature ('C)| -&s |
I I I | I ||
[-Heat Flux | IXi IXf | IYi LY | 1Zi 1Zf | | -No |
| | | | FHeat Flux (W) | |

5.9.7 Iteration Control

The cowergence process is controlled by the uspecified number of iterations
and the maximum source of residuals\afld. The simulation stops whethe tolerance
of residuals or the defined number of iterations is reached, wistabexurs first.

The user has also the contreknthe relaxationfactors. Linearand fictitious time-step
relaxation &ctors can be selected for each of the transpoiables (U, YW, T, C, k,
Epsilon) and also a linear relaxation can be chosen fanlambviscosity If arelaxation
factor is not specified, a dailt alue is assumed.

Corvergence is also a function of the initighlues of thevariables. Asolution can be
achieved or not depending on thealues assumed at thegoening of the iteration pro-
cess. Initialvalues (uniform for the whole field) for each transpoariable can be
selected in order to speed tipe cowergence.

A previously corverged solution seed to file can also beused to initiatevariable \al-
ues for a n& simulation. Thisfacility is named re-initialisation because after being par
tially run, thesimulation can be re-startedorFexam- ple, a zone may be subjected to a
one day simulation anafter 12one hour time-steps the solution proces®rdes. ©
achiese mrnvergence the relaxatiora€tors canbe resetind the simulation re-startedjtb
instead of bginning from the first time-step it can be startedm the last converged
time-step without repeating tladready cowerged hours. This is possibleecause both
present and futureaues are set to thaitialised \alues. Initialisation fields are only
feasible at the firssimulation time-steince afterthat the initial alues for a certain
time-step are the cearged solution of the last time-step.

5.9.8 Results

The \elocity component and scalaanable fields arsaved to file for post-processing.
dfs uses 3rd party codes to yide visualisation ofthe temperature and presstiedds
and \elocity profiles. The results can be selected to be stored at spetiesteps to
avad uninteresting results fromverloading the disk.

The \alues of pressure aneélacity components at moni- torgabsitions, and the cor
responding residuals, can be obsergraphically as the simulation progresses or through
a nonitoring file after the simulation has &akplace. The user is able to choose a cell
inside thedomain where theariables are monitored.
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All the information introduced in this section @o- vided for dfs via a configuration
file. To darify the definition process, consider the zone Kitcherwshio Figure 3, The
configura- tion file for this problem ipresented in Figur@. Comparehis file with
Figure 3 and obseevthat the grid is defined to conform with the openings (one imuhet
one outlet),the equipment anthe windav. The non-isothermal (indicated by T), turb
lent (denoted bythe \ariables kand epsilon), three-dimensional ildexpressed by
the grid definition in X, Y and Z and by the thredocity com- ponents, U, V and W) is
solved including lmoyang (indicated by Bugangy). Two types of boundaries weraesed
to definethe inlet (near the ceiling) and the out{eear the floor): ¥locity at the
inlet and Mass flw at the outlet. Sincéhe problem is dynamic, the air condition at the
inlet and outlet are supplied in ille as a time-series (thielentifiers Open_1 and
Open_2 indicates that).

Unlike the bps problem where all conditions welefined at the outside sade in

the dfs problem, the boun- dary conditions are defindtietinside suefce. Aparfrom

the West vall where heat flux is imposed, all sacé temperatures aredok Obserg that

all surace conditionsare denotedy an identifier Deliberately the identifiers are the
surface names shm in Figure 2. Those temperature are obtained frothme- series
included in a file. Not¢hat 4, 2 and 2 suate boundaries were necessary to define the
Back, the Rrt_kit and Vst walls, respectiely. That is because the wingoand the
openings are located at thosalls.
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# Smulation Title
Kitchen mechanicalentilated.
# N.of x-Regions  N.of y-Regions  N.of z-Regions

1 3 1

# Grid X-direction N. of cells Length Pav. law wefficient
X 7 3.00 1.0

# Grid Y-direction N.of cells Length Pav. law oeficient
Y 4 1.50 1.0
Y -3 1.00 1.2
Y 3 1.00 1.1

# Grid Z-direction N. of cells Length Pav. law meficient
Z 9 2.80 1.2

# \Variables:

UV W T k Epsilon Bugang
# Number of openings
2
# Opening type location i If Ji Jf Ki Kf P(Pa) or m(kg/s) T(C) C(-)
Vel South 116 7 8 9 Qren_1
Mas North 10 101 2 1 2 (pen_2
# Number of solid boundaries

12
# Solid Bnd.type location li If Ji Jf Ki Kf T('C) or Q(W)
Heat West 11 110 1 9 Front
Temp East 7 7 1 4 1 9 Eck
Temp East 7 7 5 7 1 3 Eck
Temp East 7 7 5 7 4 6 Whdow
Temp East 7 7 5 7 7 9 Eck
Temp East 7 7 810 1 Back
Temp North 3 710 101 9 Rart_kit
Temp North 1 210 10 2 9 Rart_kit
Temp South 1 511109 Rght
Temp South 1 7 1 1 1 8 Rght
Temp High 1 7 110 9 9 Caeiling
Temp lov. 17 110 1 1  Floor
# Number of heat/concentration sources
1
# Source type li If Ji Jf Ki Kf T('C) or Q(W) or C(-) or CF(kg/s) Yes(blocked) or No
Heat 232413 Ejuipment es
# Max. n. of iterations Max. source of residues
200 0.01
# Number of relaxationdctors
5
# Relaxation &ctor type variable \alue
Linear U 0.5
Linear \% 0.5

Linear W 0.5
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Inertia k 1.0
Inertia E 0.1
# Number of \ariables to be initiated
2
# Initial conditions ariable initialvalue
Vv 0.10
T 20.0
# Time-step interal to print results result file name
4 Kitchen.res
# Monitoring position IMONJMON KMON monitoring file name
3 1 3 Kitchen.mon
# Re-initialize simulation ?Yes a No
No
Kitchen.flw
Kitchen.otp
Kitchen.wtp
Kitchen.egp

Figure 2 Example of a dfs configuration file.

Differently from bps,the equipmentan beplaced geometrically within the Kitchen
and the heat released more precisely located. Additiomaltige equip- mentis apiece
of furniture, some cells of the domain are bletko represent it. Th&entifier Equip-
ment in theconfiguration file indicatethat a time-series of coec- tive heat is resident
in a file.

The simulation stops after 200 iterations or if the sunthef residuals itess than 1% of

the inlet momentum or masswilorate. Five relaxation &ctors are specifietinear for
velocity components anthertia for turlulent \ariables. The @locity component in the y
direction is made equal to 0.1m/s for all cells in the domain and the tempera- ture field is
initialised equal to 20'C. Thevari- able fields are storedrery four time-steps within the

file Kitchen.res. The monitoring position is located at t&dl 3,1,3 and themonitoring
results, consisting of simulation residuals and monitonalyies, are sad to the file
Kitchen.mon. The re-initialisatiofacility is not invoked in this case.
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Back Back
/ /
/ /
::::::l|:::::::::::::::\\\\\:::::::::::::::::::|| ---------
I 1 | [Window| | | |[<-

Pa_kit [|--------------==m-mmmmmre e <-- Open_2
| O Y O A I NS
I — —

O
|I-------------------::::::::::::::: .......... ”
11 111 Il I Right
[ I-Equipment—| - |
Sl A A I T A I W

Open_1 <-----s-me-mece-ee-SSSSSSSSSssssSssees It

<t rrrrrrn "X
/ Y |
/ <--me- |-
Front

Figure 3 Geometry for the configuration file of Figure 2.

The last four lines in the file supplies the file namestle time-series of fle rates
(kitchen.flw) at the open- ings, inlet temperatures (kitchen.otp)acirfemperatures
(kitchen.tmp) and Equipment heat sources (kitchen.wkpg time-series of swate tem-
peratures containedh the fileKitchen.wtp are shen in Figure 4. Obseevthat the first

line in such a file indicates the saté name which musbtatch the names prioled

as boundary conditions. Eacblumn, therefore, contains the swoé temperatures or
heat flwes (inthe case of Fronta#) at each simulation time- step. At each time-step (in
this case 1h), the file iread and the swa€e temperatures up-dated. The other time-series
files have the same format as the sacé temperature file.

| Time(h) Front Back Whdow Part kit Right Ceiling Floot
| L0 0.0 11.0 10.0 15.0 10.0 15.0 9.0 |
| 20 0.0 115 104 15.2 105 153 10.0
| 30 0.0 12.1 11.0 155 11.0 157 11.0

Figure 4 Tme-series of suaice temperatures.

5.9.9 Combining bps and dfs

After the discussion of the problem definitiafi bpsand dfs, the problem definition of a
combined domain becomes an easy tasgaideng the ther mal couplingand momen-
tum coupling approaches, the combined method runs as an optional featureaatid is
vated duringspecified time-steps.
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Considering the definition of zones, the problem can be spedifigle same manner as
introduced in bps and dfs configurations.wéeer, instead of specifying the boundary
conditions in the dfs required configuration, the identifighich is emplged for
dynamic simulations, musbe definedas surbhce names, connection names and source
names in order to match the names specified irbfte configurationln the case of the
simple approach, bps creates a time-seoie$low rates, inlet temperatures, sacé tem-
peratures, heat sources, etn.the format of Figure 4. If one of the thermal coupling
technique is imoked, surice names and source identifiers are matched within the simu-
lation andthe models xchange information accordingly

In the case of momenturnoupling, some other nodesymponents and connections
in the flov network must be defined. Theseweonnections representhe link
between theflow nodal netwrk and the CFD domain. Considering the combined
domain as in the diagram of Figurethe nev network file assumes the format of Figure
6. It should be noted that thedwonnections in the original netsk file are not replaced

by the nev connections bt are added to the connection list. In the dfs file, on the other
hand, eachconnection is represent&ég one opening. Instead of defining one identifier
as the openindgoundary conditiontwo identifiers areequired: one for the connection
which represents the opening, and one for dmmnection in theoriginal network
which is replaced. As can be seen, connections in theorlefile are defined by fie
items (two nodes, one component and otkeights). Each identifier in the dfs file
comprises three items (bwnodes andone component)The first node of the first con-
nection must avays be the node which represents tife cells inthe netvork (see Fig-
ure 5.15). No order is required for the definition of the second identifier

The approach ofreplacing original connections onlgluring the coupling alles
switching between the netrk and combined approaches during the simulatiorather
words, if the combined approach is requested atlgpecific time-steps during the
simulation, the originalnetwork canbe emplged before and after the required steps.
Outside the requested time-steps, the replacedonetwodesare reactivated and the
coupling connectiondetween dfs and the flonetwork are de-actisted. Wthin the
required timesteps the opposite tek place. Also, if at the specified time-steps the dfs
calculations does not cearge, the com- bined netark is switched back to the original
nodal netwrk and the simulation can proceed withaamaging the wholsolution.
This is also walid for the thermal couplings, although, the replacing mechanism is not
necessary becausach linkage betweesurface temperatures and air nodes is substi-
tuted by just one join of sa€e temperature andfs cells.
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C
/
::::::I|:::::::::::::::\\\\\::::::::::::::::/::|| ---------
[ | | |Windov| | | |e/—--Duct_1Duct 2
[|--=-=-mmmmmm e e | o--/--0
| O B B
[ B onere
| T O A
||-------------------::::::::::::::: ---------- ”
| | I A O (W
e I-Equipment-— -]
Lounge | A [ [ [ [ Il 1
0--/—-0---===m=mm- === == === === === T - ”
O

9 5 8 1000 (nodesgomponents, connections, wind reduction)
Node Fld.Type Height Temperature Data 1 Data 2

Duct_1 1 2 2.9000 0. 50.000 1.0000
Duct 2 1 029000 20.000 0. 0.
Kitche 1 0 1.5000 20.000 0. 0.
Lounge 1 01.5000 20.000 0. 0.

Out.n 1 3 15000 0. 1.0000 0.
Out.e 1 3 15000 0. 1.0000 270.

A 1 0 03000 20.000 0. 0.
B 1 0 29000 20.000 0. 0.
C 1 0 29000 20.000 0. 0.

Comp Type C+ L+ Description

duct 503 OLaminar pipe wl. flow rate comp. m = rho.f(L,R,mu,dP)
1.00000 5.00000 2.50000E-02

open 403 0Common orifice al. flow rate comp. m = rho.f(Cd,A,rho,dP)
1.00000 2.00000E-020.650000

openl 403 0Common orifice vl. flow rate comp. m = rho.f(Cd,A,rho,dP)
1.00000 1.00000E-020.650000

windowv 35 2 0Constant mass florate componentm = a
1.00000 0.500000

door 1305 0 Specific air flov door m= rho.f(W,H,dP)
1.00000 0.8000002.10000 1.000000.650000

+Node dHght -Node dHght CompSnodl Snod2

Duct_2 0.000 Duct_1 0.000 duct

Duct_1 0.000 Kitche -0.700 open

Kitche 0.700 Lounge 0.700 open

Lounge 0.0000ut_n 0.000 door
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Lounge 0.0000ut_e 0.000 windo
B 0.000 Duct_1-0.700 openl
C 0000 Duct_1-0.700 openi
A  0.000 Lounge0.700 open

# Smulation Title
Kitchen mechanicalentilated.
# N.of x-Regions  N.of y-Regions  N.of z-Regions

1 3 1

# Grid X-direction N. of cells Length Pav. law wefficient
X 7 3.00 1.0

# Grid Y-direction N.of cells Length Pav. law oeficient
Y 4 1.50 1.0
Y -3 1.00 1.2
Y 3 1.00 1.1

# Grid Z-direction N. of cells Length Pav. law meficient
4 9 2.80 1.2

# \Variables:

U V W T k Epsilon Bouyang
# Number of openings
3
# Opening type location i If Ji Jf Ki Kf P(Pa) or m(kg/s) T(C) C(-)
Vel South - 11 6 6 9 9 CDuct_1 OpenlDuct 1 Kitche Open
Vel South 11 7 7 9 9 BDuct 1 OpenlDuct 1 Kitche Open
Mas North 10 10 1 2 1 1 A Lounge Open Kitche Lounge Open
# Number of solid boundaries

12
# Solid Bnd.type location li If Ji Jf Ki Kf T('C) or Q(W)

Heat West 11 110 1 9 Front
Temp East 7 7 1 4 1 9 Bick
Temp East 7 7 5 7 1 3 Back
Temp East 7 7 5 7 4 6 Whdow
Temp East 7 7 5 7 7 9 Bck
Temp East 7 7 810 1 Back
Temp North 3 710 101 9 Rart_kit
Temp North 1 210 10 2 9 Rart_kit
Temp South 1 51119 Rght
Temp South 1 7 1 1 1 8 Rght
Temp High 1 7 110 9 9 Caeiling
Temp Low 17110 11 Floor

# Number of heat/concentration sources
1
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# Source type li If Ji Jf Ki Kf T('C) or Q(W) or C(-) or CF(kg/s) Yes(blocked) or No

Heat 23 2 41 3 Ejuipment es

# Max. n. of iterations Max. source of residues

200 0.01
# Number of relaxationdctors

5
# Relaxation &ctor type variable \alue

Linear U 0.5

Linear \Y 0.5

Linear W 0.5

Inertia k 1.0

Inertia E 0.1
# Number of ariables to be initiated

2
# Initial conditions ariable initialvalue

\ 0.10
T 20.0
# Time-step interal to print results result file name
4 Kitchen.res
# Monitoring position IMONJMON KMON monitoring file name
3 1 3 Kitchen.mon
# Re-initialize simulation ?Yes o No
No

Figure 7 dfs file for a combined approach simulation.
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6 Fluid flow network description file (optional)

This file (usually named ?.mfn) describesudding and/or plant fluid mass flonetwork.
Based on this descriptiohpscan pursue mass flosimulation in tandem with the erggr
balance computationsThe fluid mass fi simulation assumes one-dimensional steady
flow in a iilding and/or plant configuration which is subjected to certain boundary con-
ditions. This iwolves calculation of mass flothrough the connections of a nodal net-
work. The nodes of the netrk represent either internal or boundary pressures; the con-
nections represent flopaths. The unknen fluid flovs and pressures are found by an
iterative mass balance approach in which non-boundary nodal pressures are adjusted until
the mass residual of each internal node satisfies some criterion.

Information on potential mass Ws is gven to esp-rin terms of fluid type (presently
only air and vater are supportedubthis can easily bexpanded), node descriptions,wlo
component types (pipe/duct, pump, opening, crack, dmpralve dc.), interconnections
and boundary conditions. In thisawa nodal netark (or perhaps seral decoupled sub-
networks) of connecting resistances is constructed. This may then be attached, at its
boundaries, to pressure cih&ent sets which represent the relationship between free-
stream wind ectors and the zone sack pressures to resulfhe file to emage is refer
enced in the system configuration file for transfleng with the pressure cdigients file

(see follaving section), tobps Alternatvely, the mass fio network description and
pressure coétients files can be input tofs This allovs independent mass Wastudies

of building and/or plant configurations which are predominately pressweandmfs does
include loyang effects, It aginst fied nodal temperatures. If this option is selected
then the predicted mass\ile can still be transferred tapsvia the mechanism of the
building and plant fluid mass fiofile.

There are seral important points to note when describing a fluid massrigtwork:

* A mass flav network may consist of seral sub-netwrks and is not restricted to
one fluid. Hevever, dl nodes and components within a sub-rekwmust be of the
same fluid type. The possibilities with respect to node type awensimoTable 12,
and the fluid mass flocomponent types currently onfef, are summarised inable
16 at the end of this section.

Code Type Supplementargata
0 Internal; unknarn pressure None

1 Internal; knavn pressure total pressure @

2 Boundary; knan pressure 1) total pressure @

2) fluid temperature flag, indicating
0 = node temperature is constant
. 1 = node temperature equals outside air temperature
3 Boundary; wind pressure 1) wind pressure coifients inde
2) surfice azimuth®(clockwise from North)

* only allowed when fluid type is air

Table 12 Mass flov network node types
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Record Descriptiownf fields

1 Number of nodes, components, interconnections and wind reduc-
tion factor

2 A list of titles for the node data which folis

351 For each node: name/identifiefluid, type (internal or boundany

with known, wind induced or unkman pressure), height abe
datum, temperature, and up totaupplementary data items

+1 A list of titles for the flav components data which foiks

[+2 For each flav component. name/identifiertype code (for
duct/pipe, pump, crack, area, doagywetc), number of component
level supplementary data items for that type, number of connection
level supplementary data items for that type (ie. additional node
names), and short description

[+3 Component Ieel supplementary data items

+4 - J Repeat records 1+2 and [+3 for each additional ftomponent in
turn

J+1 A list of titles for the connections data which falo

J+2 - K For each interconnection in turn: name of node oe stle of con-

nection, height of +& linkage point relae o node on +e dde,
name of node on evdde of connection, height of edinkage point
relatve © node on -e sde, name of connecting component, and
up to two supplementary node names

Table 11 Contents of thenass flow network descriptidite.

* Itis quite easy to define a masswilmetwork which has no unique solution. One
requirement for solution is that at least one of the node pressuresnis. khsec-
ond requirement is that all nodes must bedakthrough some path, to a ko
pressure node.

 The nodes of the netwk represent either internal or boundary pressuheghis
contet, internal and boundary does not/éd be the same as inside and outside (a
building). Internal in terms of the nebsk means that these nodes are subjected to
the mass balance approach, whereas for boundary nodes, a mass balance is not
established. Thpressure at a node may be unknor knavn; wind induced pres-
sure is a special case of the latt&he defined netark is then arned a by con-
necting a number of internal and boundary nodes by branches which represent some
resistance to intezone or intra-plant fluid fle. For the case of use byps the
established mass flonetwork need not match the multi-zone and plant component
network referenced in the system configuration file to define thielibg and/or
plant for eneggy simulation. At the time of system configuration file construction, it
is necessaryif a mass flov simulation is required, to define the mapping between
building zones and plant components on the one hand and nodes defined as part of
the mass flw network on the other hand. This alle some flgibility in problem
description since the emgr and mass fle systems are not constrained to the same
boundary conditions. df example, it is possible to generate a partiglding and
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plant model, of 5 bilding zones and 10 plant components $alyenegy simulation
purposes, and then to depla geater number of nodes, say 50, to represent an air
flow network which accurately>g@resses the leakage distriton of the entire nld-

ing and flav characteristics of the mechanica&ntilation system.Some of the mass
flow nodes - 15 or less in thiskample - will correspond to theulbding zones or
plant components, the others are merely present to enhance the fluid mase-flo
dictions. Of course the schemes canscty matched if required. Miin bpsonly

the temperatures of matched zones or plant componentsamlwith time. All
other nodes in the massvilmetwork will retain, throughout a simulation, the tem-
peratures assigned in the massvftetwork description file. Note that the tempera-
ture of a node may be defined to be equal to the temperature of some other partici-
pating node. This is achied by entering the name of the other node instead of the
current nodes temperature. Byhis mechanism more then one masw fletwork
node may be (temperature) letkto a hilding zone or plant component.

The node reference height is used as part ofubgang/ calculations. It defines the
mean height of the associatadlting zone or plant component.

*  To determine wind induced pressure requires that the "free stream" ity (as
read from the climate file) be mapped onto theaméfas a function of the wirsd’
vertical velocity profile and the shelteringfe€t of remote and locahtade obstruc-
tions. The latter ééct is usually accounted for by a dimensionless pressuré-coef
cient:

_ P

Cp,|,d - 1/2pvrd2 ( )
whereC,; 4 is the pressure cdefient for a suréce location corresponding to wind
from directiond, P; is the surfice pressureP@), p is the air densitykg/ m®) and
V.4 is the wind speednf/s) a some reference & r and from directiond
(expressed relate o the external surbce normal gctor). Thewind speed reference
level is usually equal to thewlding height. The ratio between this local reference
wind speed and the wind speed as read from the climate file, is called the wind
speed reductionattor The mfsuser input module &érs seeral possibilities with
respect to input of this reductioadtor The first one is to input the wind speed
reduction &ctor directly Alternatively, the user must supply additional datagére-
ing terrain roughness etcgo as to calculate the wind speed reductamrolr from:
(1) "powerlan™ wind profile, (2) logrithmic wind profile, or (3) LBL air infiltration
model wind profile.

*  For each boundary node with wind induced pressure, a reference must be made to an
appropriate pressure céiefent set as held in the pressure @onts file (see sec-
tion 7). Ary number of sets may reside in this file, with reference codes gim-
ply as 1, 2, 3 and so ot is the pressure cdefient, appropriate to the wind direc-
tion prevailing at ary time, that dictates, as a function of thevaréng wind speed
at roof height, the generated boundary (ixtemal surhce) pressure.

*  For wind induced boundary pressure nodes, the azimuth is required to define the
zones aientation relatre o the huilding configuration. The required response is
degrees from north, clockwise posii © that north is zero, east is 98nd south is
18C. In the case of an ‘up’ or ‘den’ zone, the azimuth has no meaning and may be
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set to zero.

*  Connections are defined by the nodes on either side. Note that a connection joining
node A to B is dilerent from one joining B to A. More then one connection may
exist between tw nodes. The relate heights are a caenient way of expressing the
flow component inlet and outlet heightBor example, it is quite common for flo
components in theudding fabric to only difer with respect to inlet and outlet
heights relatie o the zone heightslf the flow component is part of a duct or pipe
network, the relatre heights will be zero.

« Some component types need additional data at the connection descripéon le
These supplementary items may be the names of the nodes which play a role in the
functioning of that component. Oin case the component is somewflgontroller
which receves a sgnal from the plant side (sensed property = 0), the data item is a
pointer identifying a plant control loop in the system configuration file. At present
supplementary items are only needed for the component types indicatdalarl.3.

50

type

description

supplementary data

220

conduiending in cowmerging 3-ley junction

name of node to which the other

entrance of the junction is co
nected

230

conduittarting in dverging 3-leg junction

name of node to which the other

exit of the junction is connected

240

conduiending in cowmerging 4-leg junction

name of nodes (2) to which th
other entrances of the junction g
connected

e
\re

250

conduittarting in dverging 4-leg junction

name of nodes (2) to which th
other «its of the junction are con
nected

e

410
420
450
460

generallow corrector

flov corrector with polynomial resistance
idealopen/shut flar controller

fixed flav rates controller

in case of a fie controller which
receves a sgnal from the plant
side (sensed property = 0), the d
item is a pointer identifying a plar
control loop in the system config
ration file;

and the supplementary node nan
are: in case of a temperature

ata
nt

nes
or
the

pressure sensor the name of

referenced node, and in case o
temperature diérence, pressur,
difference or mass florate senso
the names of tavreferenced node

Table 13 Component types and requirements for supplementary
node names and data items.

* Like mfs esp-ris endeved with interactie rode, component and connection defini-
tion and editing dcilities. If a node or component name does not correspond to a
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11
Node
living
kitche
w_ctl
bed
bath
south
north
roof
t_junc
fan_in
fan_ou
Comp
crack
1.00
stairs
1.000
door
1.000
window
1.000
grl_ex
1.000
grl_in
1.000
fan
1.000
duct_1
1.000
1.000E-02
duct_2
1.000
-0.8000
duct_3
1.000
duct_4
1.000
w_ctl
1.000
+Node
living
living
bed
south
south
south
bath
kitche
kitche
w_ctl
kitche
bath
t_junc
fan_in
fan_ou

Fld.

RPrRPRRPPRPpRrRpRPRRPR

Type
120
3.000E-03
110
1.000
130
2.000
40
1.000
40
0.020
10
5.000
310
0.
220
0.125
0.
220
0.1250
2.970
210
0.125
210
0.1250
450
7.000
dHght
0.000
1.500
-1.000
-1.300
1.300
3.500
0.500
1.200
0.000
0.500
0.500
0.500
0.000
0.000
0.000

15
Type

COO0OWWWOOoOOo

w?

5.000

5
2.100

3
0.650

3
0.700

3
0.500
7
1.000E-01
13
1.227E-02
0.

13
1.227E-02
-1.090

6
1.227E-02

6
1.227E-02

8

16.000

-Node
kitche
bed
bath
living
living
bed
north
north
w_ctl
north
t_junc
t_junc
fan_in
fan_ou
roof

0.438
Height
15000
15000
15000
4.5000
4.5000
15000
15000
7.0000
5.0000
6.0000
6.0000
L+

0
125.000
1
2.500
1.500

1
2.000
0.

0
1.500
0
2.000
2
20.000

dHght
0.000

-1.500
-1.000
-1.300

1.300
0.500
3.500
1.200
0.000
0.500
0.000
0.000
0.000
0.000
0.000

(nodeszomponents, connections, wind reduction)

Temperature Data_1 Data_2
21.000 0. 0.
20.800 0. 0.
20.800 0. 0.
21.000 0. 0.
21.000 0. 0.

0. 18.000 180.00

0. 18.000 0.

0. 20.000 0.
21.000 0. 0.
21.000 0. 0.
21.000 0. 0.

Description

Specific air flav crack m= rho.f(W,L,dP)

Specific air flov opening m= rho.f(A,dP)

Specific air flov door m= rho.f(W,H,dP)
0.920

Common orifice wol. flow rate comp. m = rho.f(Cd,A,rho,dP)
Power law vol. flow component  n¥ rho.a.dP"b
Power lav vol. flow component  n¥ rho.a.dP"b

General flevinducer component dP= a0+Sai(m/rho)"i

0. -12500.0 0.
Conduit ending in carerging 3-leg junction & Ccp = f(g/qc),
1.500E-04 18.000 7.853E-03
-0.970 0.
Conduit ending in corerging 3-leg junction & Ccp = f(g/qc),
1.500E-04 36.00 7.853E-03
0 0

General flov conduit component m = rho.f(D,A,L,k,SCi)
1.500E-04 0.2500
General flov conduit component m = rho.f(D,A,L,k,SCi)
1.500E-04 2.900
Ideal (frictionless) open/shut flocontroller
0. 2.000 20.000 0.
Comp Snod1 Snod2
door
stairs
grl_in
crack
orl_ex
grl_ex
crack
crack
w_ctl kitche north
window
duct_1 bath
duct_2 kitche
duct_3
fan
duct_4

Table 14 Example of anass flow network descriptidite.

name already specified then avnentry is created. Otherwise it is assumed that an
existing entry is to be edited. During connection definition, the connected nodes are
referenced; if the connection alreadkistés then it can be edited or an additional

connection created.

51

For most mass fls component types, uni-directional fluidffowill result (in either

direction). Havever, some component types - foxample in case of a dooay due
to the action of small densityasations @er the height - may shw bi-directional
fluid movement.

During results analysis, the time-dependent masssfiithrough each connection

may be recalled from a masswiaesults file generated blgps or mfs As an
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example, a piece of a massviloesults file is shon in Table 15. This file holds for
each time step: climate data, number of iterations (It), indication of iteration process
success (OK), node and connection data and restihls. node results comprise
pressure (&), mass flo residual (kg/s) and the sum of the absolakies of all

node coupled mass ¥l (kg/s). The connection results comprise total pressure dif-
ference across the connectiora)Ppressure dérence due to stackfett (Ra) and

one or tvo mass flavs (a positie \value indicates that the ¥lois from the node
defined as posite bwads the node defined asgagve).

Date: 9/ 1/196712.00 Dryb=1.0 Wdir=345. Wiel= 1.4 It= 7OK=1

Node Fld Type Temp Hght Pressue Residual Sabs(Flw)

living 1 0 210 15 -23.150 0.51258E-06 0.42086

kitche 1 0 208 15 -23.154 -0.52800E-07 0.40522

w_ctl 1 0 2.8 1.5 -18.796 0. 0.

bed 1 0 210 4.5 -57.997 -0.15738E-03 0.39116E-01

bath 1 0 210 45 -57.997 0.46190E-07 0.48436E-01
south 1 3 -1.0 1.5 -19.835 -0.45106E-01 0.45106E-01
north 1 3 -1.0 15 -18.331 -0.12443E-01 0.12443E-01

roof 1 3 -1.0 7.0 -88.818 0.57706E-01 0.57706E-01
t_junc 1 0 21.0 50 -124.63 -0.71409E-06 0.11541

fan_in 1 0 21.0 6.0 -141.52 0.64808E-06 0.11541

fan_ou 1 0 210 6.0 -46.206 -0.17658E-06 0.11541

From To Comp Typ Fid Pi-Pj Pstack Flw 1 Flw 2
living kitche  door 130 1. 0.39953E-02 0. 0.19456 -0.16930
living bed stairs 110 1. 34.847 -34.847 0.20067E-01 O.
bed bath grl_in 10 1. 0.11370E-04 0. 0.19963E-01 O.
south lving crack 120 1. 3.9248 1.4580 0.10021E-01 0.
south lving grl_e 40 1 3.9248 -1.4580 0.35434E-01 0.
south bed orl_ex 40 1 38.772 -38.772 -0.23101E-03 0.
bath north crack 120 1. -40.119 38.772 -0.42940E-02 O.
kitche north  crack 120 1. -5.2753 1.3363 -0.82791E-02 0.
kitthe w. ctl w ctl 450 1. -4.7185 0. 0. 0.
w_ctl north  window 40 1 -0.55680 0.55680 0. 0.
kitche  t_junc duct_1 220 1. 101.67 -40.682 0.33541E-01 O.
bath t_junc duct_2 220 1. 66.823 -5.8078 0.24256E-01 O.
t_junc  fan_in duct_3 210 1. 16.905 -11.616 0.57797E-01 0.
fan_in  fan_ou &n 310 1. -95.216 0. 0.57797E-01 O.
fan_ou  roof duct_4 210 1. 42.710 -11.616 0.57797E-01 O.

Table 15 Example of somenass flow networlesults

type description "formula” supplementar;iatél)

10 Paver law volume flaw resistance m= p aAPP 2. coeficienta
component 3exponentb

15 Paver lav mass flov resistance m= aAPP 2. coeficienta
component 3exponentb

17 Paver lav mass flov resistance m’= ayp APP 2. coeficienta
component 3exponentb

20 Quadratidaw volume flav resistance, . 2 Zoeficienta
component AP =am/p +b(m/p) 3coeficientb

25 Quadratidaw mass flav resistance AP =am+b i 2. coeficienta
component 3coeficientb

30 Constanvolume flow rate componenh = p a 2. wlume flav ratea

35 Constanmass flav rate component m=a 2. mass flo ratea

40 Commororifice flov component  m'= p f(Cd Ap AP) 2. opening aredA
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type description

"formula”

supplementar;iatél)

3. dischage factorCd

50 Laminarpipe flov component

m=p f(LRuAP)

N

. length of flav path L
. radius of openingR

w

110 Specifiair flow openindz)

m=p f(AAP)

2. aeaA

120 Specifiair flow crack

m=p f(W LAP)

N

. crack widthw
. crack lengtho

w

130 Specifiair flow door

m=p f(W H Hr CdAP)

. door widthw
. door heighH
. reference heighﬂr(s)
. dischage factorcd®

a b wnN

210 Generaflow conduit (duct or pipe)

m=p f(Dn ALKZC,vAP)

. hydraulic diameteDy,

. cross-sectional arefa

. conduit lengtho

. wall roughnesk

. sum of local dynamic
loss factorszC;

o wWN

220 Flav conduit ending in
corverging 3-leg junctiort”

m=p f(Dn ALKEZC,vAP)

dp Qp
Ce,p = f(a0-s, P ,i)(e)
Qe

A

2-6. see type 210

7. cross-sectional are®.
of common section

8. coeficient ag

9. coeficienta;

10. coeficient ay

11. coeficientag

12. coeficientay

13. coeficientag

230 Flav conduit starting in
diverging 3-lgg junctior{s)

240 Flav conduit ending in
corverging 4-leg junctiorfs)

m=p f(Dy ALKICjvAP)

_ 9 9p )
Cep=flaps —,——
c, p (aOSq qc)

c
= p f(Dy AL KEC;vAP)
9 Aqp E)(U

Cep = f(ag-0, —,
“P (aogqc Oc Qe

2-6. see type 210

7. cross-sectional are®.
of common section

8. coeficient ag

9. coeficienta;

10. coeficienta,

11. coeficient ag

12. coeficienta,

13. coeficientag

2-6. see type 210

7. cross-sectional are®.
of common section

8. coeficient ag

9. coeficient a,

10. coeficientay

11. coeficientag

12. coeficienta,

13. coeficient ag

14. coeficientag

15. coeficientay

16. coeficientag

17. coeficientag

250 Flav conduit starting in
diverging 4-leg junctior{s)

m=p f(Dy ALKEC;vAP)

2-6. see type 210
7. cross-sectional are®.
of common section
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54

ype description "formula”

supplementar;iatél)

9 9 Gy

Cop= a0 g g

8. coeficient ag

9. coeficienta;

10. coeficientay
11. coeficient ag
12. coeficienta,
13. coeficientag
14. coeficientag
15. coeficientay
16. coeficient ag
17. coeficient ag

310 Generallow inducer (pump oran) 3
AP = 3 a(r/p)
i=0

Qmin < MVp < Amax

2.min. wlume flav gy,
3. max. wlume flov ¢,y

4. coeficient ag
5. coeficienta;
6. coeficient ay
7. coeficient ag

410 Generallow correctof>®

H/H100 = f(day timeS H; S, Hy)

m = p f(poAPg Kys Kyo kyr H/H100)

2. gandard densityg

3. standard pressufP

4. inde for characteristic

5. wol. flow if fully-openkyg

6. theorflow if closedk,q (%)
7. min. flov for charack,, (%)
8. control period day type inde
9. control period start hour
10. control period finish hour
11. H/Hqgp outside period (%)
12. sensed property indle

13. signal lever limit S

14. H/H100 at§ (%)

15. signal upper limi§,
16.H/HgoatS, (%)

17.ASto overcome lysteresis

420 Flawv corrector with polynomial

m= f(pAAPC)
flow resistanc®

3 )
c =Zoﬁli(|'|/"|1oo)I
i=
H/H100= f(daytlmeS| H S, Hu)

2. area A of section

containing corrector
coeficientagp

coeficienta;

coeficienta,

coeficientag

control period day type inae
control period start hour

9. control period finish hour
10. H/H1gg outside period (%)
11. sensed property inde

12. signal laver limit S

13. H/HIOO at§ (%)

14. signal upper limi§,

15. H/HIOO at Su (%)

16.ASto overcome lysteresis

©N oG~

450 Ideal(frictionless) open/shhr‘ts) m=0orAP=0

flow controller

2. control period day type inae

3.control period start hour

4. control period finish hour
open(1)/shut(0) outside control period
sensed property inde

open(1)/shut(0) wheB = S,

460 Fived flow rates controllér®
flow controller

M p = go 0r = or =g,

5.
6.
7. signal set poingg
8.
2.

control period day type inge
3.control period start hour
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type description "formula” supplementaryatél)

. control period finish hour

. wlume flav rate outside control periodd)
. sensed property inde

. signal set poinssp

. wlume flaw rate @) whenS < Sgp

. wlume flav rate o) whenS= S,

© 00N U b

Notes
(1) first supplementary data item isvays fluid type (1 = ajr2 = water); unless indicated otherwise, all dataxjgressed in SI
(derived) units, ie. s, m, kg, N
(2) identical to type 40 witd = 0. 65[-]
(3) often set toHr = 1.50[m]
(4) often set toCd = 0. 92[-]
(5) this component also needs supplementary data at the connection descuigtion le
(6) C¢, p is the local lossdctor representing the dynamic losses due to the junction. Sulastriitates common fie path.
Subscriptp refers to the junctios’sction which is connected to the conduit being described and indicates either straight
or branch flav path; subscripp’ then indicates the other entrane@/ef the junction.p’ is defined by the first supplemen-
tary data item at the connection descriptiomileThe expression for the local dynamic losfor is:
[ﬂpl] [ﬂplﬁ [ﬂpl] [ﬂplﬁ [ﬂp Qp’D
ao+a1[h 0 azmc +ag D?CD a4ch
(7) Cc, p is the local lossdctor representing the dynamic losses due to the junction. Suleseriftates common fie path. Sub-
script p refers to the junctios’ ction which is connected to the conduit being described and indicates either straight or
branch flev path; subscriptg’ and p" then indicate the other entrancest® of the junction.p’ is defined by the first supple-
mentary data item at the connection descriptioslJand p" is defined by the second supplementary data item. Xpees-
sion for the local dynamic losadtor is:

[ﬂpl] mpﬁ Eﬂp |:| Eﬂp ﬁ mp qp’D
+ a + a —— _ tag_— [~
fa, 0" g, 0 " *0g, 0" Mg, 0 "

Cep=a+ay
M0, Opd, Oh Gp0, Oy G0

+ +az Dﬁ O

aﬁDq 0“0, O aBch q. 0 aquc e O

(8) "standard" here refers to conditions implicikig, kyg, Ky

index for characteristic: 1 = linear behaur; 2 = logrithmic behgiour

H/H 190 denotes the percentagalwe position H, ie. stem displacement or blade angle) redait fully open positiorH oo

day type inde: 1weekdays only; Baturday only; Sunday only; Saturday+Sunday; Wweekdays+Saturday; vBeek-
days+Sunday; 7very day

sensed property inde0 sensor defined in configuration control filenddal temperaturé,, (°C)(5); 2 signed nodal tempera-
ture diferenceT,; — Tpo (K) ®. 3 absolute nodal temperaturefdience Ty — Tro| (K) ®: 4 nodal pres-
surePy; (Pa) (5); 5 signed nodal pressure fifenceP,; — P, (Pa) (5); 6 absolute nodal pressurefdifence
|Pn1 — Pro| (P@) (5); 7 signed mass fl@ rate kg/s) in the connection from nodel to n2(5); 8 absolute mass
flow rate kg/s) in the connection from nodel to n2®: 9wind speed 1fVs); 10wind direction (dgrees
clockwise from North); 1diffuse horizontal solar radiatiorW(mz); 12direct normal solar radiation
(W/m2); 13 relatire tumidity of outdoor air (%)

whenS <S< S, H/H;qgis found by linear interpolation betweéh) andH,, and taking into account thesteresis

Table 16 Currently supportdtuid flow component types
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7 Pressure efficients file (optional)
Prior to creating a description of aiiloling’s leakage distrilition, it is necessary to
ensure that a number of pressure ficieht sets arevailable to represent the relationship
between free stream winctlocities and the pressures generated ondheus hilding
surfaces. A codicient set is comprised of 16ales, each corresponding to wind
approaching within a 22°5ompass sectoAn individual pressure coitient then gres
the surfce pressure generated by wind approaching fronvea girection in terms of
ary intervening site obstructions:

Pig
3 PV?

Cig =

whereCy is the pressure cdefient for some sudce location i and corresponding to
wind from direction dP,4 is the surfice pressureNm?), p the air density Kgm=) and

V the free stream wind speed for directiomust).

The folloving table summarises the contents of the pressuréaesefs file. If the pres-
sure codfcient for an &ternal suréce is independent of wind direction - as in the case of
an unobstructed horizontal roof - then 16 eqadlies must be entered.

Record Descriptionf fields

1 Number of codicient sets held.

2 For first set: pressure cdigient for 16 compass directions.
3 - Repeat record 2 for each additional set.

Table 17 Contents of gressue weficientsfile.

The 16 compass directions argeessed relate © the eternal surhce normal &ctor
The first codicient therefore corresponds to wind impinging normally on theaserf
with the follaving values corresponding to 22,515°, 67.5°, 90°, 112.5°, 135°, 157.5,
180, 202.5, 225°, 247.5, 270°, 292.5, 315° and 337.5 progressing clockwise in plan
from abae. A coeficient set can therefore be used for more than onacgyrif appro-
priate, since it is independent of absoluteazeforientation.

A standard _pressure cdefents collection is wilable with ESP-r and is called
pressc.db1The following table shws the 29 sets.

Database Thpressure coétient sets
Reference ofhe file pressc.dbl
1 0.700 0.525 0.3560.075 -0.500 -0.450 -0.400 -0.300 -0.200 -0.300 -0.400 -0.450 -0.500 -0.8%6 0.525
2 -0.800 -0.750 -0.700 -0.650 -0.600 -0.550 -0.500 -0.450 -0.400 -0.450 -0.500 -0.550 -0.600 -0.650 -0.700 -0.750
3 -0.400 -0.450 -0.500 -0.550 -0.600 -0.550 -0.500 -0.450 -0.400 -0.450 -0.500 -0.550 -0.600 -0.550 -0.500 -0.450
4 0.300 -0.050 -0.400 -0.500 -0.600 -0.500 -0.400 -0.450 -0.500 -0.450 -0.400 -0.500 -0.600 -0.500 -0.400 -0.050
5 0.400 0.250 0.10€0.100 -0.300 -0.325 -0.350 -0.275 -0.200 -0.275 -0.350 -0.325 -0.300 -0.100 0.250
6
7
8
9

-0.600 -0.550 -0.500 -0.450 -0.400 -0.450 -0.500 -0.550 -0.600 -0.550 -0.500 -0.450 -0.400 -0.450 -0.500 -0.550
-0.350 -0.400 -0.450 -0.500 -0.550 -0.500 -0.450 -0.400 -0.350 -0.400 -0.450 -0.500 -0.550 -0.500 -0.450 -0.400
0.300 -0.100 -0.500 -0.550 -0.600 -0.550 -0.500 -0.500 -0.500 -0.500 -0.500 -0.550 -0.600 -0.550 -0.500 -0.100
0.200 0.125 0.0560.100 -0.250 -0.275 -0.300 -0.275 -0.250 -0.275 -0.300 -0.275 -0.250 -0.080 0.125

10 -0.500-0.500 -0.500 -0.450 -0.400 -0.450 -0.500 -0.500 -0.500 -0.500 -0.500 -0.450 -0.400 -0.450 -0.500 -0.500
11 -0.300-0.350 -0.400 -0.450 -0.500 -0.450 -0.400 -0.350 -0.300 -0.350 -0.400 -0.450 -0.500 -0.450 -0.400 -0.350
12 0.250-0.025 -0.300 -0.400 -0.500 -0.400 -0.300 -0.350 -0.400 -0.350 -0.300 -0.400 -0.500 -0.400 -0.300 -0.025
13 0.5000.375 0.2560.125 -0.500 -0.650 -0.800 -0.750 -0.700 -0.750 -0.800 -0.650 -0.500 -0.226 0.375
14 0.6000.400 0.2060.350 -0.900 -0.750 -0.600 -0.475 -0.350 -0.475 -0.600 -0.750 -0.900 -0.260 0.400

15 -0.700-0.700 -0.700 -0.750 -0.800 -0.750 -0.700 -0.700 -0.700 -0.700 -0.700 -0.750 -0.800 -0.750 -0.700 -0.700
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Database
Reference

Thpressure coétient sets
ofhe file pressc.dbl

16

-0.700-0.700 -0.700 -0.700 -0.700 -0.650 -0.600 -0.550 -0.500 -0.550 -0.600 -0.650 -0.700 -0.700 -0.70
0.2500.125 0.0060.300 -0.600 -0.750 -0.900 -0.850 -0.800 -0.850 -0.900 -0.750 -0.600 -0.800 0.125
0.2500.150 0.0660.150 -0.350 -0.470 -0.600 -0.550 -0.500 -0.550 -0.600 -0.470 -0.350 -0.060 0.160
0.4000.300 0.2060.200 -0.600 -0.550 -0.500 -0.400 -0.300 -0.400 -0.500 -0.550 -0.600 -0.200 0.300
-0.600-0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.600 -0.60
-0.600-0.600 -0.600 -0.580 -0.550 -0.550 -0.550 -0.500 -0.450 -0.500 -0.550 -0.550 -0.550 -0.580 -0.60

0.1500.035 -0.080 -0.240 -0.400 -0.575 -0.750 -0.675 -0.600 -0.675 -0.750 -0.575 -0.400 -0.24®-03EB0
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0 -0.700

0 -0.600
0 -0.600

0.060-0.030 -0.120 -0.160 -0.200 -0.290 -0.380 -0.340 -0.300 -0.340 -0.380 -0.290 -0.200 -0.160 -0.120 -0.030

0.1800.165 0.1560.075 -0.300 -0.310 -0.320 -0.260 -0.200 -0.260 -0.320 -0.310 -0.300 -0.036 0.165
-0.490-0.475 -0.460 -0.435 -0.410 -0.435 -0.460 -0.475 -0.490 -0.475 -0.460 -0.435 -0.410 -0.435 -0.46
-0.490-0.475 -0.460 -0.435 -0.410 -0.435 -0.460 -0.430 -0.400 -0.430 -0.460 -0.435 -0.410 -0.435 -0.46

0 -0.475
0 -0.475

0.060-0.045 -0.150 -0.190 -0.230 -0.420 -0.600 -0.510 -0.420 -0.510 -0.600 -0.420 -0.230 -0.190 -0.150 -0.045

0.9000.700 0.500 0.2060.100 -0.100 -0.200 -0.200 -0.200 -0.200 -0.200 -0.100 -00LR00 0.500 0.700
-0.100-0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.10

Table 18 Pressure co#i€ient sets of th@ressc.dbTatabase.

0 -0.100

The collection is comprised of 29 cbefent sets.The first 27 are tan from a publica-
tion of the IEAs Air Infiltration and \éntilation CentreAir Infiltration Calculation &ch-
niques - An Applications GuijleThese sets can be used (with care) fertdige luildings

(up to 3 stores).
The follcwmg table describes each ci@ént set in terms of sua€e aspect, dimensions
and posure.
Database facade Lengthto width Exposure
Reference Description Ratio
1 Wall 11 Exposed
2 Roof, pitch > 10 dg 11 Exposed
3 Roof, pitch 10-30 dg 11 Exposed
4 Roof, pitch > 30 dg 11 Exposed
5 Wall 11 Semi-Exposed
6 Roof, pitch < 10 dg 11 Semi-Exposed
7 Roof, pitch 10-30 dg 11 Semi-Exposed
8 Roof, pitch > 30 dg 11 Semi-Exposed
9 Wall 11 Sheltered
10 Roof,pitch < 10 dg 11 Sheltered
11 Roof,pitch 10-30 dg 11 Sheltered
12 Roof,pitch > 30 dg 11 Sheltered
13 LongWall 2:1 Exposed
14 Shortwall 1:2 Exposed
15 Roof,pitch < 10 dg 21 Exposed
16 Roof,pitch 10-30 dg 21 Exposed
17 Roof,pitch > 30 dg 21 Exposed
18 LongWall 2:1 Semi-Exposed
19 Shortwall 1:2 Semi-Exposed
20 Roof,pitch < 10 dg 21 Semi-Exposed
21 Roof,pitch 10-30 dg 21 Semi-Exposed
22 Roof,pitch > 30 dg 21 Semi-Exposed
23 LongWall 2:1 Sheltered
24 Shortwall 1:2 Sheltered
25 Roof,pitch < 10 dg 21 Sheltered
26 Roof,pitch 10-30 dg 21 Sheltered
27 Roof,pitch > 30 dg 21 Sheltered
28 Wall 11 Exposed
29 Roof,no pitch 11 Exposed
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8 System configuration file (mandatory)
This is the file which is passed lbps, adong with the configuration control file if one

exists, to define theuilding and/or plant problem for simulation processing. The file con-

58

tains site details, a reference to tlagious zone files which define theilding problem, a
reference to the plant components which comprise the planorigtand information on
how the huilding zones and plant components interlock. The Wolig table summarises

file contents.

Record Descriptioof fields

1 Configuration type (1, 2 or 3) defining ailding only, plant only or Hild-
ing/plant simulation.

2 Site latitude and longitude i#frence.

3/1 Site xposure type and ground refle/ty.

3/2 If exposure type=8, three user specifiedwiactors are held; in orderuitd-

ings, sk and ground.

Then if a hilding simulation is required .....

K+1

K+2
K+3
K+4
K+5

* Building (this record may be omitted)

Title of kuilding configuration.

Number of zones.

For first zone: code numher

For first zone: operation file name.

For first zone: geometry file name.

For first zone: construction file name.

For first zone: utilities file inde

For first zone: utilities file name if the record 11 irdie 1
Repeat records 7 through 12 for each additional zone in turn.
Total number of zone bounding saicés in hilding configuration.
For each bounding suatte: zone numbgsurface numberconnection type (1-5)
supplementary data (2 items).

Sets of ground temperature profiles if indicated by the supplementary data for

type 4 connections.

Air flow simulation index (0 or 1). If 0, no lilding air flov simulation is per
formed. If index 1, the following 4 records are entered.

Configuration mass (=air) flonetwork description file name.

Wind pressure cogééients file.

Name of mass fl@ results file.

For each luilding zone, an air flw node is referenced by name or number

Then if a plant simulation is required .....

K+2 or K+6, say L
L+1
L+2
L+3

L+4
L+5

L+6 - M
M+1
M+2 - N

* Plant (this record may be omitted)

Name of plant components’ databasiantc.dbl.

Plant configuration title.

Number of plant components, required matrix type (1fgnenly; 2/enegy &
first phase mass; 3/eggr& second phase mass).

For first component: code numbeatabase reference code.

For first component: number of controlledriables and associated data array|
each.

Repeat records L+4 and L+5 for each plant component.

Number of component int@onnections.

For each interconnection receging node: component numbearode number
connector type, supplementary data (2 items), masssdin ratio.

for
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Record Descriptioof fields

N+1 Number of plant containments.

N+2 - P-1 For each containment: component numbeontainment type, supplementary
data (3 items).

P Plant fluid flav simulation index (0 or 1). If 1 and lilding air flov index equal
to 0, the follaving 4 records are enteredf. 1 and lilding air flov index equal
to 1, enter record Q only

P+1 Configuration mass fl network description file name.

P+2 Wind pressure cofifients file name.

P+3 Name of mass fle results file.

P+4 or Q For each plant component intepnnection recging node, a mass flonetwork
connections referenced by number

Table 19 Contents of th&ystem configationfile.

A number of important points arewaliscussed in relation to describing a configuration.

By smply changing the configuration type, from 3 to 1 fgample, the same file
can be used to describe a combineiiding/plant configuration and aildding only
configuration. This wuld allov a gudy of the performance of we&al building
design elements prior to the introduction of mechanical control.

Site latitude is +e if north of the equatorve if south. Thelongitude diference is

the difference between the site longitude and some reference longitude located
within the time zone. It is used to determine théed#nce between local mean time
and solar time. If the Greenwich meridian is used as the reference, then the longi-
tude diference becomes the absolute longitusiges to the east of theaference
longitude are assigned a +e differ ence, sites to the west aewulifference

The site &posure type is used to determine the appropriate surroundirygandk
ground viev factors to be used irxernal longvaveradiation calculations. The fol-
lowing types are aate

1: city centre, normal case2/ urban site, normal case/rural site, normal cased/
city centre, normalposure /5: city centre, shelteredxposure /6: isolated rural
site /7: totally enclosed configuratior8! user specified vig factors.

When specifying the zone files it is recommended that the full file address, including
sub-directory paths, bewvgn 0 that simulations can be initiated from another disk
area.

The information of records 1+1 through J define zone interlocking.eBch zone
bounding suice a connection type is defined as fetio

0: defines the suaite asxernal. No supplementary data is required.

1: the sur&ce is connected to a zone which is not participating in the configuration
but which is erironmentally identical to the zone to which the aad belongs. No
supplementary data is required.

2: the surfce is connected to a zone which is not participating in the configuration
but whose emironmental conditions are knm and constant. The 2 supplementary
data items are used to define the constant temperé&@iref(this zone and to pro-
vide an estimate of grradiation YWm2) absorbed by the outermost boundary of the
surface in question.
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3: the surlce connects to another participating zoiide 2 supplementary data
items then define the coupled zone and theasartherein which altts the suece
in question (remember at this point only geometric zom¢esdns are being inter
locked).

4: the suréce is in contact with the ground. In this case, the first supplementary data
item is a positie integer or zero.

If the former then it points to one of a set of temperature profiles already installed in
bps. Each of these represents the annaaiation in ground temperature, month-by-
month, for diferent geographical locations. Figure 14wghdhese temperature sets.
The second supplementary data item is then zero.

Profile ~ MeanMonthly Temperature°C) Description

1 7.28 6.5 6.56 7.33 9.06 11.39 Typical UK: level open terrain a
13.5 14.33 14.11 11.72 10.721.3m depth.
8.67
2 6.0 8.0 10.0 12.0 13.0 14.0 15.0Characteristic step-wiseakiation
14.0 13.0 12.0 10.0 8.0 of 6-15°C.
3 494.4416.49.012.9 155 15.5Temperatures set at ieus
16.4 15.29.48.7 month aerage: data from Bw
1967.
4 3.5 3.61 5.22 8.11 11.39 14.6112km from Glasge at 32.2m
16.22 15.78 13.39 10.22 6.72altitude, 0.305m depth beneath a
4.78 short grass suate measured at
9h00 each day
5 6.72 6.11 6.28 7.39 9.28 11.3912km from Glasge at 32.2m
13.11 13.72 13.28 11.78 9.72altitude, 1.219m depth beneath a
7.89 short grass suate measured at
9h00 each day

Figure 14 Ground temperature sets.

If the latter then a usespecified ground temperature profile will be usedps: In

this case the second supplementary data item is aveomsiteger which refers to
one of (perhaps) seral userspecified profiles. After all connectionsviealeen
specified, the temperature profiles are entered.

5: the surfce is adiabatic.

e If air flow simulation is to be performed by the incorporatedsion ofmfs, the air
flow simulation index of record K+1 has to be set to 1. In that case, record K+2
identifies the mass flo network description file, and record K+3 identifies the file
holding the wind pressure cdiefents. After abps run, the mass (=air) flo results
file of record K+4 will hold all time dependent massvofor each netark branch.
These results supplement those of the simulation results file also produbpd by
for analysis viaes. The mass fl results file can be inspected by terminal/printer
listing or, if tables and graphs are required, via the ouguilities ofmfs. The data
of record K+5 defines the relationship betweaitding zones and the nodes estab-
lished for mass fl@ simulation purposes. Theubding zones and the massvilmet-
work nodes may or may not match. If ailding zone does not ke an mass flav
network counterpart then @is entered. In thisvent, the dedult air flov profiles of
the zone operation file, or the time-series aws$laf the zone air fle file should
one &ist, will be assumed.

» If a plant netvork is to participate in the simulation, it is necessary to decide on the
number of componentsFor example, a simple air conditioning system may be
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comprised of a mixing box, humidifiesupply fan, cooler and heate®dr it may be
considered necessary to append a return air plenum egrdlsguct lengths to rep-
resent the distriltion system. Once a decision has been npaltbemust be used to
examine ESP-s pgant components’ databaselgntc.dbl) to determine if the
required components are orfesf Should a component be missing, a mathematical
model must be created and installed in ESRete that since ESPs’dant models
are not confined to the steady state, this procedure may not bialeotre. Section

5 details the formulation and installation of a dynamic component model.

» Atthis stage an indds entered to specify the type of simulation required asviglo

1: indicates that an erggr only simulation is required. This is an appropriate option
for all simulations in which circuit mass Warates can be prescribed.

2: indicates that an ergr plus one phase mass balance is required. This option is
appropriate for a simulation in which a single phase fluidwater) is to be con-
trolled on the basis of the predicted temperature at some point in the plantknetw
In this case tw matrices are established for the plant raky one to represent
enegy balance, the other to represent mass balance.

3: indicates that an ergr plus tw phase mass balance is required. This is an
appropriate choice in the case of air conditioning systemsxé&n@e, where it is
necessary to control theaver \apour leel within the air stream. In this case three
matrices are established for the plant mekyone for enagy balance, and one for
each of the tw phase mass balances.

Of course, the installed mathematical models must be capable of generating the
information required by the requested matrix typer &ample, it is possible to
install an enagy only model inbps and then to request a mass balance for that com-
ponent. Such a mis-matclould be detected and disalled byesp-r.

*  For each plant component a code numbeniengind the component is then defined
by a coded reference to its entry in the plant components’ database.

*  When a component model is formulated, the author must define waiables
may be subjected to control actiorarfexample, in a gs-fired vater boiler model,
the heat flux injected to the comgtion chamber may be an elected contasiable.
When the configuration control file is established (see section 9), a control loop may
then be assigned to determine thigiable on the basis of some sensed condition
and actre @ntrol lav. In the event that such a loop is not established, each control
variable associated with a component must be assigned a readiktec \Record
L+5 does this. Consider the case of an air conditioning cooling coil. In a simple
component model, the heat fluxteacted from the air stream by the coolant may be
treated as a controlviable. A control loop is then established, which in terms of
some control system behaur, acts to determine the required fluxchange to
achieze me stable dfcoil condition. If such a control loop is not set up, then the
flux exchange will remain constant at thalie assigned in the system configuration
file as the defult.

 The plant components arewanterconnected, similar to theultdding zone cou-
pling. Note, havever, that connections are only defined for receg nodes. Each
plant component is referenced in terms of its code number and its connected node,
then a connection type isvgnh followed by supplementary data to define the



Data Model Summary: ESP-eXsion 9 Series 62

connections:

1: the node is connected to a component which is not participating in the configura-
tion but which is emironmentally identical to the component to which the node
belongs. No supplementary data is required.

2: the node is connected to a component which is not participating in the configura-
tion but whose evironmental conditions are kmm and constant. The 2 supplemen-
tary data items are used to define the constant temperatpredged in A °C) and
constant humidity ratio (in I6 kg/ kg) of this component.

3: the node connects to another participating componBm. 2 supplementary data
items then define the coupled component and the node therein.

4. the node is connected to ailding zone air point. The 1st supplementary data
item defines the connectedilding zone.

The 3rd supplementary data iterways defines the massveision ratio (ie the ratio
between mass flooriginating from connected node and total mass fieeving that
node). Note that in case of massvieetwork simulation this data will be obsolete.

* The containment information of record N+2 is optional and is used to define the
immediate boundary condition of a plant componenthWhary components, the
exchange of heat ergy with the surroundings is ghkygible relatve © the internal
enegy processes.df these components no containment information is required and
no ervironmental interaction will ta&k dace. Wth other components a containment
type can be entered as folls:

0: outside air temperature is used and the 1st supplementary data item defines the
variation from this alue (de- or increment)

1. containment is at temperature of a specified plant ndde 3 supplementary

data items define the component, the node and some constant temperature shift (de-
or increment) respeetly. The selfcontainment case can be identified by setting the
first 2 items equal to 0.

2: containment is at a constant temperature, #leevof which is in the 1st supple-
mentary data item.

3: containment is auolding zone where the 3 supplementary data items define the
building zone, the suaice number and the node number therein (counting from ‘out-
side’) respectiely. If the latter tvo are both zero then the zone air temperature is
used. In case only the last item is zero, then thasairiode temperature is used.

Note that the connection betweenuilding
zones and plant components - in terms df
delivered plant energy - is specified ag
part of the zone contol function as
explained in the bllowing sub-section.

The mass flw smulation inde of record Rindicates whether or not massifleém-
ulation will be performed by the incorporateersion ofmfs. If not, the mass flo
balance will be based on massatsion ratios of record M+2. In case the aimflo
simulation ind& of record K+1 is zero, records P+1 to P+3 identifie the maas flo
problem description files and the massvftesults file respeately. After abpsrun,
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the mass fl results file of record K+4 or P+3 will hold all time dependent fluid
mass flavs for each netark branch. These results supplement those of the simula-
tion results file also produced byps for analysis viaes. The mass fla results file

can be inspected by terminal/printer listingibtables and graphs are required, via
the output &cilities ofmfs.

If the mass flav index of record P is 1, then the data of record P+4 or Q defines the
relationship between theceiving node®f the plant componeninter-connections

and theconnectiongstablished for the massvilmetwork. In contrast to the uild-

ing zones, each plant component irtennection recging nodemustbe assigned a
mass flav network counterpart.

e It should be noted that it is quite easy to define a maasrgtwork which has no
unique solution. One requirement for solution is that at least one of the node pres-
sures is knan. A second requirement is that all nodes must bedinthrough some
path, to a knan pressure node. It is advised to firsamine a mass flo network
with mfs, to see if it is sohable, before it is linkd to the hilding and/or plant con-
figuration.

Figure 15 shas some xample liilding/plant system configurations and some altevaati
system configuration files that could result fromeap-r session. Figur&6 shaevs a typ-
ical configuration file listing (here for a simple one zone problem).
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* CONFIGURATION3.0

# ESRU system configuration defined by file

# bld_simple.cfg

*date Wed Jun 6 17:23:56 2001 # latest file modification
*root bld_simple

*zonpth ../zones # path to zones

*netpth ./ # path to networks
*ctlpth ../ctl # path to controls
*radpth ./ # path to radiance files
*imgpth ../images # path to project images

*indx 1 # Building only

51.700 -0.500 # Latitude & Longitude (diff from meridian)
2 0.250 # Site exposure & ground reflectivity

* DATABASES

*prm /usr/esru/esp-r/databases/ constr.db2

*mlc /usr/esru/esp-r/databases/multicon.db2

*opt /usr/esru/esp-r/databases/optics.db2

*prs Jusr/esru/esp-r/databases/pressc.dbl

*evn /usr/esru/esp-r/databases/profiles.dbl

*clm Jusr/esru/esp-r/climate/cIim67

*pdb /usr/esru/esp-r/databases/plantc.dbl

*vew -80.0 -100.0 100.0 4.4 4.4 1.540.0

*year 1967 # assessnent year

*img GIF FZON ../images/simple_montg.gif

# prim energy conv (heat,cool,lights,fan,sml pwr,hot water)

*pecnv 1.250 3.600 3.600 3.600 3.600 1.250

*ht emis 190.000 0.200 0.100 # heating enissions CO2,NOX, SXX
*clemis 612.000 2.060 7.500 # cooling emissions CO2,NOX, SOX
*|1temis 612.000 2.060 7.500 # lighting emissions CO2,NOX, SOX
*fnemis 612.000 2.060 7.500 # fan/pump emissions CO2,NOX, SOX
*spemis 612.000 2.060 7.500 # small power emissions @02 ,NOX, SOX
*hwemi s 190.000 0.200 0.100 # dhw emissions CO2,NOX, SOX

# sim setup: no. sets startup zone_ts plant_ts save lv

*sps 1 2 1 10 2
9 1 15 1 def # period & name
*sblr bld_simple.res
*end_set
*end_sps
* PROJ LOG
bld_simple.log
* Building

L-shaped reception, convective heating, ideal control
1 # no of zones

*zon 1 # reference for reception

*opr ../zones/reception.opr # schedules

*geo ../zones/reception.geo # geanetry

*con ../zones/reception.con # construction

*tmc ../zones/reception.tmc # transparent constr

*zend

*cnn  bld_simple.cnn  # connections
0 # no fluid flow network

Figure 16 Example system configuration file

9 Configuration control file (optional but usually required)
All building and plant control details are held in one file -dbefiguation contol file.

This holds details on all sensor and actuator locations and defines the time dependent
operation of the aate cntrollers which link a sensor and actuator throughout a simula-

tion.

The hiilding’s control stratgy is comprised of one or mocentol functions. These are
then associated withubdding zones to define the time dependent control olbgEsctiA
plant system, if acte, is governed by one or moreontrol loops. In essence, control
functions and loops are the samefetifig only in the types of controlus used to link
the sensor and actuator

The following table summarises the contents of the configuration control file (usually

named ?.ctl).
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Record Descriptionf Fields
1 Identifying character string forverall control € 12 characters).

Then if huilding control functions>ast .....

2 * Building (if no functions, go directly to record 13).
3 Identifying character string foruilding control rgime & 12 characters).
4 Number of control functions.

For each control functionyxle to record 12....

5 * Control Function

6 Sensor location (3 data items).
7 Actuator location (3 data items).
8 Number of control day types.

For each day typeyxle to record 12 .....

9 Start and finish dates oéldity (year day numbers, January 1st = day 1).
10 Number of distinct control periods.

For each control periodycle to record 12 .....

11 Controller type, control l&, period start time.
12 Number of data items associated with the contre) faen data alues.
13 List of associated control functions for each zone in system configuration.

Then if plant control loopsxést .....

14 * Plant
15 Identifying character string for plant controgmme & 12 characters).
16 Number of plant control loops.

For each control loopycle to record 24.....

17 * Control loop

18 Sensor location (3 data items).
19 Actuator location (3 data items).
20 Number of control day types.

Then for each day typg/cle to record 24 .....

21 Start and finish dates oéldity.
22 Number of distinct control periods.

Then for each control periogde to record 24 .....

23 Controller type, control l&, period start time.

24 Number of data items associated with the contse| faen data alues.

Table 20 Contents of theonfiguation contol file.

Several important points should be noted.

A configuration control file may containyanumber of control functions, some of

which may be referenced to dictate zone conditiofisis matching is undertak

by the user withirbpsat runtime. All specified control loops will act on the defined
plant netvark. Of course, if a plant netwk is not defined (in the system configura-

tion file), then ap defined control loops will be ignored s

If no configuration control file is ééred tobpsthen the entire system configuration

as defined will ‘free-float’ throughout the simulation period. In the same amy
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building zone or plant component not assigned a control function or loop will ‘free-
float’ under the influence of the other zones and componentg acttihe simula-

ieans

eans

ieans

eans

eans

eans

eans

eans

eans

tion.
* A sensor gists to measure some contralriable for transmission to the controila
representing some aati ontroller Sensors location is defined by four data items
I, 15, 13 andl, assigned the follsing meanings.
I I2 I3 Iy
‘alue Description lue Description ®ue Description ®ue Description
>0 Sensor measuring =8 Zone air temperatured ie not used. =>0 Supplementary or nested control function (0 m
zone-side  temperature. sensed. none).
Numerical \alue defines
zone.
>0 >0 Indicates that the sense® Sensor measuring sadel, temperature. =>0 Supplementary or nested control function (0 m
is located at a swuate or none).
within a construction.
>0 >0 >0 Sensor measuring internal construction state>0 Supplementary or nested control function (0 m
defines location: position 1 is outermost aod, 2 none).
is centre plane of outermost homogeneous ele-
ment, 3 is at boundary betweenotvoutermost
homogeneous elements, 4 is at centre planextf ne
to outermost homogeneous element, and so on.
F0 Sensor measuring &0 ie not used =0 ie not used =>0 Supplementary or nested control function (0 m
temperature of whiclver none).
zone the control function
is associated with at sim-
ulation time.
t1  Sensor measuring the [, identifies the plamO |3 identifies the location (node) within the compe-0 Supplementary or nested control function (0 m|
temperature of a plant component. nent. none).
component node
t2  Sensor measuring a MR I, identifies the zone.>0 |3 is the comective weighting fictor (percent), sa 0 Supplementary or nested control function (0 m|
of zone air and mean C. The sensed temperature is then determinednone).
radiant temperature. from: 6 = ‘)laoi WO (110000' C); where g is tem-
perature and s, a and r indicate sensed, air and
mean radiantalues respeatély.
-3 Sensor measuring amb®  Dry bulb temperature.=0 ie not used. =>0 Supplementary or nested control function (0 m
ent conditions none).
-3 =1 Sol-air temperature. =0 ie not used. =>0 Supplementary or nested control function (0 m
none).
-3 =2 Wind \elocity. =0 ie not used. =>0 Supplementary or nested control function (0 m
none).
-3 =3 Wind direction. =0 ie not used. =>0 Supplementary or nested control function (0 m

none).

eans
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Iy I I3 Iy

eans

eans

‘alue Description lue Description ®ue Description ®lue Description
-3 =4 Diffuse horizontal radia0 ie not used. =>0 Supplementary or nested control function (0 m
tion. none).
-3 =5 Direct normal radiation=0 ie not used. =>0 Supplementary or nested control function (0 m
none).
-3 =6 Relative humidity. =0 ie not used. =>0 Supplementary or nested control function (0 m
none).

eans

£-99 Multi-layered construc>0 Zone air temperatur® Zone air temperaturealue belav which substitu=> 0 Supplementary or nested control function (0 m

tion thermo-plsical vaue abee which sub- tion is required. none).
property substitution  stitution is required.

mode.

eans

Table 21 Sensor location definition.

Thus 0,0,0,0 wuld indicate control on the air temperature of whieheone was
assigned the corresponding control function (no nested control function); 5,0,0,4
would indicate zone 5 air temperature control with control function 4 nested (that is
called after the current control function); 3,5,0,6ud indicate zone 3, construction

5 aurface temperature control and no nested control function; 2,6¢lil@wdicate

zone 2, construction 6, outermost sigd temperature control and no nested control
function; -1,15,3,1 wuld indicate plant component 15, node 3 temperature control
with control function 1 nested; -2,7,65,@wd indicate zone 7 med temperature
control with a 65 percent air temperature weighting, 35 percent mean radiant tem-
perature weighting and no nested control function; and -99,25, @ wndicate

that the associated zone shoulgengp to three of its constructions substituted if the
zone air temperature rises &bd5°C or falls belav 10°C.

The 0,?,?,? sensor location atlothe same control function to be used for more
than one zone. This will greatly reduce the size and coditylef the configuration
control file in the case of lge multizone problems.

Actuators gist to transmit the output of a controller to sonadding zone or plant
component, usually to reduce thevidéion of the sensed contrahnable from some
userspecified alue (or set point)Like the sensgractuator location is defined by 3
data items (say,, J, andJ;). Note havever that actuators cannot be placedieenal
to the uilding.

Jy J, Jg
Value Description lue Description ®ue Description
>0 Actuator located in zone. =0 Zone air point. =0 ie not used.

Numerical \alue defines

zone.

>0 >0 Indicates that the actua- =0 Actuator located at swateJ,.
tor is located at a swate

or within a construction.




Data Model Summary: ESP-eXsion 9 Series 68

Ji J2 J3
Value Description lue Description ®ue Description
>0 >0 >0 Actuator located inside a constructiokh, defines

location: position is specified analogous to that|for

a ensor

>0 >0 >0 Alternatively this definition, when used in conjung-

multi-layered constructions for thermoygical
property substitution throughout a simulatign.
Either or both of thel; and J; definitions may be

zero if only one or tw constructions are to be sub-

stituted.
=0 Actuator is located at the =0 ie not used. =0 ie not used.
air point of whicheer
zone the control function
is associated with at sim-
ulation time.
-1 Actuator located withina >0 J, identifies the plant >0 J; identifies the location (node) within the compo-
plant component. component. nent.
-2 Actuator is a special type >0 J, identifies the zone. >0 Js is the comective weighting fictor (pecent), sa!
which will input a con- C. The injected covective flux to the air point i

_qc\c

vective and radiant flux then determined fromg, = o

and the injected
to a zone.

radiant flux to the zone sades is gien by
_ o (1_C)_ . .
= 00 where ¢ is flux and ¢ and r ind

cate cowective and radiant flues respectely and
dq is some flux quantity produced by an eet
control lav in response to the sensed contraliv

able.

Table 22 Actuator location definition.

Again the 0,?,? option permits the same control function to be associated with a
number of diferent zones.

* The actual property sensed by the sensor and actuated at the actuator is controlled
by the controlletypeof records 11 and 23. The folng possibilities rist:

Index  Sensed property Actuated property
0 temperature hediiux
1 temperature fiy rate
2 enthalpy heat flux
3 enthalpy flow rate
4 1st phase mass florate heaflux
5 1st phase mass florate flav rate
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Index  Sensed property Actuated property

6 2nd phase mass florate  heaflux

7 2nd phase mass florate  flaw rate

8 additional plant output heat flux

9 additional plant output  flow rate
10 temperature variable pecting numericalalue
11 enthaly variable &pecting numericalalue
12 1stphase mass florate \ariable gpecting numericalalue
13 2ndphase mass ﬂmra{te \ariable &pecting numericalalue
14 additionaplant outpu variable expecting numericalalue

Table 23 Actve mntroller types.

»  Control day types are days during which some specified congiohees in force.
Any number of day types can be specified in terms of a start and finish date. This
allows mairy control possibilities: seasonal requiring 4 day types, monthly requiring
12, weekly requiring 52, summer and winter with holidays treatdéereliftly from
both, daily requiring 365!, and so oiif. the number of day type is\gn as 0 hen
this implies the special case ofe®kday/Saturday/Sunday control in which only 3
day types are as® @rresponding to weekdays, Saturdays and Sundays.

» Day types are then subdied into distinct periods during which the control action
is fixed. For each period a control type is specified as defined in thgdiogetable.
Reference is then made to a contral.|&his defines a control algorithm which,
throughout the period, will represent the logic of some controller (real or imagi-
nary). ESP-r allevs the insertion of ve control lavs. The procedure to be folled
is detailed in section 5. The follang tables lists the controlva currently on dér
for use within lilding control functions and plant control loopk each case the
required dataalues of records 12 and 24 are als@mi

Control law Description

1 Ideal control dfering different heating and cooling set poinhen irvoked will cause the sensed conditior) to
attain the specified set poinitleating and cooling capacities can be restricted so that the set points may not be
attainable. Suitabl®or use only with a type O controller
6 required data items:

1; maximum heating capacity (W)/ 2; minimum heating capacity (W)/ 3; maximum cooling capacity (W)/ 4;
minimum cooling capacity (W)/ 5; heating set point for contafiable ¢C)/ 6; cooling set point for contro
variable €C).

2 A free-float controller imposing no control action.

No required data items.

3 An ideal pre-heat or pre-cool algorithmihen actvated, the control ariable will e/olve, eponentially

towards some gien et point, arving there by the end of the period for which this control action is defined.

Suitable for use only with a type 0 controller

1-Type 14 is also the appropriate choice in case of a sensor type -3 and seiadde other than tempera-
ture or enthalp
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Control law

Description

6 required data items:

1; maximum heating capacity (W)/ 2; minimum heating capacity (W)/ 3; maximum cooling capacity
minimum cooling capacity (W)/ 5; heating set point for contariable ¢C)/ 6; cooling set point for cont
variable €C).

Ideal fixed heat injection orxgraction. Ifthe sensed temperatuil$ belav the useispecified heating actu
tion point or rises ahe the cooling actuation point, then the specified flux is addedtmaoted comectively.
Suitable for use only with a type 0 controller

4 required data items:

1; heating flux (W)/ 2; cooling flux (W)/ 3; actuation temperature for heatidy ; actuation temperature

cooling €C).

Proportional+intgral+dervative (PID) control action suitable for use with a type 0 controller
Care must be ta&n in the selection of the maximum and minimum heating and cooling capaEiresxam-|
ple, if the maximum capacity is too ¢g, then the controlled temperature will remain at ovaloe uppe
limit.
9 required data items if P only control; 10 required data items if Pl or PD control; 11 required data iten
control.
1; control mode: 1 if P control; 2 if PI;3 for PD control;4 for PID./ 2; maximum heating capacity (W)/ 3
mum heating capacity (W)/ 4; set point temperature for heati®y b; throttling range for heating@)/ 6;
maximum cooling capacity (W)/ 7; minimum cooling capacity (W)/ 8; set point temperature for c6Ql)h§;
throttling range for cooling°C).

If control mode = 2: 10; intral action time.

If control mode = 3: 10; dardtive ation time.

If control mode = 4: 10; inggal action time, 11; destive ation time.

Determines the flux connection between the zone and speeified plant componenSuitable for use on
with a type 0 controller

5 misc. data items (note: 7 misc. data items required if ‘Control Point’ option requinedin ’

1; coupled plant component identifier/ 2; node location within this component/ 3; anspedafying type o]
flux coupling calculation. 1 means amCy(6s — 6,) calculation; 2 means plant component model calcu
heat @change based on pagling building zone conditions. This heat flux is 'pezkup’ by this control \& and
transferred to theuilding zone according to giractuator type.No other indices are agé & present./ 4; max|

mum heating flux permitted (W)/ 5; maximum cooling flux permitted (W)/ If ‘Control Point’ option requi

‘res’, then tvo ather data items are required: 6; controlled plant component identifier/ 7; cariedile for the

controlled plant component.

A multi-stage controller with ysteresis. Suitabl®r use only with a type 0 controller
12 required data items:
1; heating supplied when unitfefbase load stage 0 (W)/ 2; heating supplied at stage 1 - musithge 0 (W,

3; heating supplied at stage 2 - mustlstage 1 (W)/ 4; heating supplied at stage 3 - mustdiage 2 (W)/ 5;
cooling supplied when unit bf base load stage 0 (W)/ 6; cooling supplied at stage 1 - masstage 0 (W)/ 7;
cooling supplied at stage 2 - mustbstage 1 (W)/ 8; cooling supplied at stage 3 - must bage 2 (W)/ 9;

heating set point temperatur€}/ 10; heating dead bant(}),  0)/ 11; cooling set point temperatuf€}/ 12;
cooling dead bandC), & 0).

A variable supply temperature system with limit constraiSsitable for use only with a type 0 contraller

6 required data items:

70

W)/ 4;

o]

ns if PID
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f
ated

ed in

/




Data Model Summary: ESP-eXsion 9 Series 71

Control law

Description

1; maximum supply air temperatur&Cj)/ 2; minimum supply air temperaturéCj)/ 3; air wlume flov rate
(m®s™)/ 4; heating set point temperatutC)/ 5; cooling set point temperaturkC}/ 6; cooling aailability

index (0 - cooling, 1 - no cooling).

A heat pipe model which operates by transferring heat from some outermost construction node to sg

most construction nodeThe algorithm iterates until the danodes are within the stated temperaturéedince

tolerance and the flux required to aekighis is within the flux diierence tolerance relaé © that flux calcur

lated from a Ust model which represents the heat pipggits. Comergence may require small simulat
time-steps. Suitabl®r use only with a type 0 controller

9 required data items:

1; an iteration inde (0 - no iterate, 1 - iterate) usually 1/ 2; construction containing the heat pipe/ 3; out
heat pipe node/ 4; innermost heat pipe node/ 5; critical tempera@)fes( maximum number of iterations/

temperature diérence tolerance/ 8; flux fi#rence tolerance (W)/ 9; trace flag (0 - no trace, 1 - trace).

10

Allows separate flux ON and flux OFF set points to be specified for both heating and cDalimg the ON
periods the maximum specified flux is injectetfter the OFF condition the flux input is not reaated until
ON condition is reachedCare must be tan in the setting of the input flux. Suitable for use only with a ty
controller

6 required data items:

me inner

on

ermost
I8

pe O

1; maximum heating capacity (W)/ 2; maximum cooling capacity (W)/ 3; heating ON set point temperature

(°C)! 4; heating OFF set point temperatut€)( 5; cooling ON set point temperatuf€}/ 6; cooling OFF set

point temperature®C).

11

This multi-sensor ideal controller will bring the temperature of the associated zone to the gneatest/lo

est/mean/weightedalue of the auxiliary sensor(s). Heating and cooling flux constraints are permitted. $uitable

for use only with a type O controller
Up to 16 required data items:

1; max heating flux capacity (W)/ 2; min cooling flux capacity (W)/ 3; max cooling flux capacity (W)/ 4; min

cooling flux capacity (W)/ 5; number of auxiliary sensors for control function/ 6; sensor ‘'mode of operation’

flag:-

= 1: (ref sensor)-(greatesalue of auxiliary sensors);

= 2: (ref sensor)-(leastalue of auxiliary sensors);

= 3: (ref sensor)-(meanalue of auxiliary sensors);

= 4: (ref sensor)-(weighting of auxiliary sensors)./ 7-10; sensor details for 1st auxiliary sensedsl¢a1).
11-14; sensor details for 2nd auxiliary sensors @der21)./ If type 4 sensor mode; 15,16;sensor perce
weightings for the tw auxiliary sensors

(note: these weightings must sum to 100.0, e.g, 40 60).

12

This multi-sensor on-éfcontroller will attempt to bring the temperature of the associated zone to the
est/lovest/mean/weightedalue of the auxiliary sensor(sHeating and cooling flux constraints are permi

Suitable for use only with a type 0 controller

Up to 16 required data items:

ntage

great-
ted.
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Control law

Description

1; max heating flux capacity (W)/ 2; min cooling flux capacity (W)/ 3; max cooling flux capacity (W)/ 4; min

cooling flux capacity (W)/ 5; number of auxiliary sensors for control function/ 6; sensor ‘'mode of operation’

flag:-

= 1: (ref sensor)-(greatesalue of auxiliary sensors);

= 2: (ref sensor)-(leastalue of auxiliary sensors);

= 3: (ref sensor)-(meanaue of auxiliary sensors);

= 4: (ref sensor)-(weighting of auxiliary sensors)./ 7-10; sensor details for 1st auxiliary sensaisli¢al].
11-14; sensor details for 2nd auxiliary sensors @ser21)./ If type 4 sensor mode; 15,16; sensor perce
weightings for the tw auxiliary sensors

(note: these weightings must sum to 100.0, e.g, 40 60).

13

This is a time-proportioning onfofontroller. It is witable for use with a type O controlleeating and coo
ing restrictions are aleed.

12 required data items:

1; max heating capacity (W)/ 2; max cooling capacity (W)/ 3; heating ON set point tem&)(d& heating

OFF set point temp. (deC)/ 5; cooling ON set point temp. (I€)/ 6; cooling OFF set point temp. (U€)/ 7
total heating ycle period (minutes)/ 8; minimum heating Oicle time (minutes)/ 9; minimum heating O
cycle time (minutes)/ 10; total coolingde period (minutes)/ 11; ;minimum cooling Olicte time (minutes

12; minimum cooling OFFycle time (minutes)/

14

This is a floating action tfiree-position’) controllerlt is auitable for use with a type 0 controlledeating and

cooling restrictions are alleed.

14 required data items:

1; heating set-point (deC)/ 2; heating deadband (d€)/ 3; heating "shut switch" dérential (dg.C)/ 4; heat-

ing "open switch" dierential (dg.C)/ 5; cooling set-point (deC)/ 6; cooling deadband @€)/ 7; cooling
"open switch" diferential (dg.C)/ 8; cooling "shut switch" dérential (dg.C)/ 9; maximum heating flux (W
10; minimum heating flux (W)/ 11; rate of change of heater actuator (time-steps)/ 12; maximum coo

(W)/ 13; minimum cooling flux (W)/ 14; rate of change of cooling actuator (time-steps)/

99

ntage

)

ling flux

Multi-layered construction thermo-psical property substitution modét the specified times, the references

multi-layered constructions will be substituted by the specifiédaoastructions as a function of tests app
to the zone air temperaturélp to three zone constructions can be substituBdce the associated contro
type has no meaning, ymalue may be input (usually 0).

4 required data items:

1; flag to indicate whether substitution is required (o, no; 1, yes)/ 2; multi-layered database construc

lied

ler

ion refer

ence for first construction for substitution (as defined by the actwidtovalue/ 3; multi-layered database con-

struction reference for second construction (if actustbrvalue not zero)/ 4; multi-layered database cons!

tion reference for third construction (if actuasai; value not zero).

Table 23a Actve mntrol lavs for use as part of aiitding control function.

The data of record 13 ofable 19 allocates control functions teilding zones.For
example, if 3 control functions kia been defined then for a three zone problem "1 2
3" would indicate that zone 1as to be allocated control function 1, zone 2 control
function 2 and so on; "1 2 0"amld indicate that zone threeaw/to be uncontrolled;
while "1 0 1" would indicate that zones 1 and 8wid share the same control func-
tion, while zone 2 wuld be uncontrolledClearly the defined control functions can
be arbitrarily allocated to zones - foraenple "1 004 02 0 0 0 3" is allocated each

ruc-
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of 4 control functions to some of 10 zones as requifedpecial case»asts with
control function 99 which cannot be directly allocated taidding zone. Instead it

is referenced by (or nested within) another control functibinis ensured that the
system control action precedes the construction substitufitwis, if 5 control
functions hae been defined, with the fifth relating to construction substitution (a
"-99 ? ?" sensor) then a 5 zone control function allocation of "1 2 3 4 0" yor an
other permutation) auld be lgd while "1 2 3 4 5" (or ay other permutation
including the use of 5) euld not. Instead, control function 5 should be nested
within control functions 1 through 4 as required (this is done vid tlsensor data
item of control function 1 through 4)To indicate that control function nesting is
active the afected control function should be gaed. Thus,if some of the zone
three constructions were to be substituted, then "1 2 3 H0ldvwecome "1 2 -3 4
0", with control function 5 referenced from control function 3.

Index

Control law description

0

All plant component controlariables set to zero. Thisowid also be th
appropriate choice in case of a control loop which is set up to defin
sor location and sensor type for a mass florrector component.

No required data items.

D

-

e sen-

PID control action for use with a type of controller which actuates
flux.
Number of data items depends on PID algorithm selected.
1: PID algorithm types:-

1 for heating - Non-recunge Rositional PPI, PD, or PID.

2 for heating - Recurge Positional PP, PD, or PID.

3 for heating - Recurgg \elocity PI [rectangular intgration].

4 for heating - Recurge \klocity PID [rectangular inggation].

5 for heating - Recurge \elocity PID [trapezoidal inggration].

-1 for cooling - Non-recurse RPositional PP, PD, or PID.

-2 for cooling - Recurse Positional PH, PD, or PID.

-3 for cooling - Recurse \klocity Pl [rectangular intgration].

-4 for cooling - Recurse \klocity PID [rectangular inggation].

-5 for cooling - Recurse \klocity PID [trapezoidal inggration].
2: maximum flux )/ 3: minimum flux W)/ 4: set point for controlari-
able SU)/ 5: throttling range for heatings(J)/
If PID algorithm selected is type 1, -1, 2, or -2, then:
6: integral action flag (flag = 1 if inggal action required; O otherwise).
If integral action flag is 1, then; 7: ingal action time$secy 8: dervative
action flag, and if this flag is set to 1 then; 9:héive action time.
However, if integral action flag is 0: 7: dentive action flag, 8: dexiative
action time (if flag set to 1).
If derivative action flag is 1: 8: devative action time
Else if PID algorithm selected is type 3 or -3 then:
6: intggral action timefseck
Else if PID algorithm selected is type 4, -4, 5, or -5, then:

heat
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Index Control law description
6: intggral action time$secy 7: dervative action timeSseck
2 PID control action for use with a type of controller which actuateg|flo
rate.
Number of data items depends on PID algorithm selected.
1: PID algorithm types:-
1 for heating - Non-recungt Rositional PPI, PD, or PID.
2 for heating - Recurgg Positional PP, PD, or PID.
3 for heating - Recurge \elocity PI [rectangular intgration].
4 for heating - Recurge \klocity PID [rectangular inggation].
5 for heating - Recurgg \elocity PID [trapezoidal intgration].
-1 for cooling - Non-recurse Positional PP, PD, or PID.
-2 for cooling - Recurse Positional PPI, PD, or PID.
-3 for cooling - Recurse \klocity Pl [rectangular intgration].
-4 for cooling - Recurse \klocity PID [rectangular inggation].
-5 for cooling - Recurse \klocity PID [trapezoidal inggration].
2: maximum flux W)/ 3: minimum flux W)/ 4: set point for controlari-
able SU)/ 5: throttling range for heatingsU)/
If PID algorithm selected is type 1, -1, 2, or -2, then:
6: intggral action flag (flag = 1 if inggal action required; O otherwise).
If integral action flag is 1, then: 7: igeal action time$secy 8: dervative
action flag, and if this is set to 1; 9: detive action time.
However, if integral action flag is 0: 7: destive action flag, 8: dexiative
action time (if flag set to 1).
Else if PID algorithm selected is type 3 or -3 then:
6: intggral action timefseck
Else if PID algorithm selected is type 4, -4, 5, or -5, then:
6: intggral action time$secy 7: dervative action timeSseck

3 Basic proportional numericalalue generator for use with a type of cpn-
troller acting on a ariable which gpects such a signal
5 required data items:

1. outputO, whenS= S, (-)/ 2: outputO, whenS< S (-)/ 3: upper set
point for control ariable S, (SU)/ 4: lower set point for controlariable
S (SU)/ 5: ASto overcome controlles hysteresis $U)

4  Optimum start controller generating eithex (ie. 1) signal or heating
flux, when time is past the optimum start time necessary to reach desired
temperature l&l at a ecified tim
5 required data items:

1: output, ie. either "1" or heating fluwf{/ 2: time when desired tempera-
ture should be reachethdur)/ 3: desired temperaturevieg 6, (°C)/ 4:
coeficienta, (s)/ 5: coeficienta; (s/K)/

O  For control lavs 1. and 2. the upper set point equals the set point plus half
the throttling range, and thewer set point equals the set point minus half
the throttling range.
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Index Control law description

The recursie dgorithms should be selected in the case of (direct) digital
microprocessebased PID control. The choice between positional or
velocity PID controllers is determined by the form of actuator: positional
for analog actuators (e.g., pneumaticides); \elocity for incremental
types (e.g., stepper motors).
Integral action is added to proportional action to reduce sustained-de
tion from the set point. Desgtive action is added to reduce thdegits of
system time-lags. Thealues for the inigral and/or deviative action time
constants (together with the maximum and minimum fluw/fl@lues
must be selectedt(ined’) with care. ¥pically for kuilding services plar
the intgral action time will hee a \alue of about 200 seconds, and |the
derwative ation time constant aalue of up to 500 seconds.
0  SU stands forfSensor Unitsndicating that the units are assumed to cqrre-
spond to the sensor
0  Behaviour of control lav 3. is dmilar to relationship sétched in Figure ...

~—+

Table 23b Actve @ntrol lavs for use as part of a plant control loops.

Figure 17 shas an @ample configuration control file.

bld_simple.ctl # overall desa
* Building
convective heating # bld desa
1 # No. of functions
* Control function
# measures the tenperature of the current zone.
0 0 0 0 # sensor data
# actuates air point of the current zone
0 0 0 # actuator data
0 # No. day types
1 365 #valid Sun 1 Jan - Sun 31 Dec
4 # No. of periods in day
0 2 0.000 #ctl type, law (free foating), start @
0. #No. of data items
0 1 7.000 #ctl type, law (basic control), start @
6. #No. of data items
3000.0000.000 0.000 0.000 15.000 100.000
0 1 9.000 # ctl type, law (basic control), start @
6. #No. of data items
3000.0000.000 0.000 0.000 20.000 100.000
0 2 18.000 # ctl type, law (free foating), start @
0. #No. of data items
1 365 # valid Sun 1 Jan - Sun 31 Dec
1 # No. of periods in day
0 2 0.000 #ctl type, law (free foating), start @
0. #No. of data items
1 365 #valid Sun 1 Jan - Sun 31 Dec
1 # No. of periods in day
0 2 0.000 # ctl type, law (free foating), start @
0. #No. of data items
# Function:Zone links
1

Figure 17 Example configuration control file

From ESP-r ¥rsion 8 Series it is also possible to impose control on a fludngoaork.

The procedure is similar to that outlined abdor the lwilding and plant, with the defin-

ing information appended to the configuration control fillsing the &cility, a mwnnec-

tion or set of connections of the same type (i.e. defined by the same component model)
can be assigned a timarying control schedule.
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Sensor Location

The sensor can be placedahere in the model to senseilding, plant or flev network
conditions. Br the lilding- and plant-side, the sensor definitiongegipreviously are
valid. In addition, the sensor can be located within the flietwork as follavs.

i ]k

|
| Identifyingumber of the second node

I
|
| (when sensing property éefences).
I
I

Identifingmber of the node or connection.

Sdnsing property of gmode or connection
in the netvark depending on controller type.

Examples:
1 2 0
| undefined

I

I

| sensor located inesarP.

| sensor located in zone 1.

| node or connection number of sensing property

I
|1 | undefined
I
| sensing property of a node or connectionarknetw

Actuator Location

Two actuator types are possible: one acting on a specifwdionection, the other act-

ing on a specified fl® component which is used to define one or more connections.

the latter case, it is possible to actuate all the connections defined by the controlled com-
ponent or to restrict the action to a sub-sipported definitions are as falls.
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]k

| if 'i=’ -3 - Undefined

|| 4 - Number of connections associated

| | i the component to be actuated.

||

| | if 'i=" -3 - Connection number to be actuated.

| -4 - Component number to be actuated.

I

| '-3’ - Actuating in a connection
-4’ - Actuating in a component

Examples:

-3 5 0

. undefined

|| massvflmnnection number ’5’.

| actuating a connection.

-4 5 3

| | | 3 connections related to component 5
|| massvflammponent number '5’.
| actuating a component.

Note that it is not possible to apply control to component types 220, 230, 240 and 250
when actuating a component. Instead the control action must be applied to a connection.

Contwoller types
The following controller types arevailable for flov control.
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index Sensed property Actuated property
1 temperature flw rate
3 enthalpy flow rate
5 1st phase flow rate
7 2nd phase flow rate
9 additional plt output flow rate
11 relatve humidity flow rate
24 temperaturdifference flov rate
25 absoluteemperature diérence flov rate
26 pressure flow rate
27 pressurdifference flov rate
28 absolutgressure dierence flov rate
29 absolutenass flav rate flov rate
30 windspeed flov rate
31 winddirection flav rate
32 difuse horizontal solar radiation  flow rate
33 directnormal solar radiation flow rate
34 relatve humidity of outdoor airflow rate
Control Laws

The following control lavs are gailable for selection.

Law Definition

0 ON/OFF controller

It can be used with gmmass flev component in order
to open or shut it. If sensinglue is greater than
set point open it otherwise close it.

Supplementary data
1 - Sgnal set point

2 - =1 direct control =-1 imerted control

1 LINEAR controller with lysteresis.
Generally for using in conjunction with components

type 410 and 420.

Supplementary data
1 - d9gnal lower limit Sl (?)

2 - relative position H/H100 at Sl (-)
3 - 9gnal upper limit Su (?)

4 - relative position H/H100 at Su (-)
5 - dS o overcome lysteresis (?)
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10 Site obstructions file (optional)

Beforeish can be used to predict time-series shading for transfer to a zone shading/inso-
lation file for use byops it is first necessary to establish, witlgsp-r, a cescription of the
various site anddcade obstructions which will cause the shadifgis description is

held in the site obstructions file. This is the file which is transferrezhia addition to a

zone geometry file. The folldng table details file contents.

Record Descriptionf fields

1 Site latitude and longitude tirence.

2 Total number of site obstruction blocks.

351 For each obstruction block in turn: x, y and z coordinates of
block origin, block length, width and height, and orienta-
tion angle.

I+1 Opaque suece x and z grid inteaV, transparent swate x
and z grid interal.

Table 24 Contents of thate obstructiongile.

Important points to note include:

Site latitude is +e if north, -\e if south of the equatot.ongitude diference is rela-
tive o :ome local time zone and is e¥f east, -\e if west of the reference meridian.

Site obstructions are restricted to the REC shape type defined in section 2. This
means that compteobstructions will require decomposition prior to geometry spec-
ification. The requested dataveathe same meaning as set out for zone geometry
definition.

Note that the geometry specificatiotustbe expressed relate o the same coordi-
nate system as used for zone description.

The record I+1 entry alles the user to control the accuydevd of ish's predic-

tions by allaving the user to specify the grid sizes for opaque and transparent sur
faces. Specifyind20,20,10,10, for xample, will result in 400 opaque sack grid

cells and 100 grid cells for each windoAccuray levds will then be high bt at the
expense ofsh computing timelsh has a minimum acceptable grid corresponding to
arecord I+1 entry of 5,5,4,4.

Note thatish is equipped to perform shading prediction for wdlial windavs sub-
jected to @erhangs and side fins. In this case no site obstruction file is required.

Figure 18 shes an @ample site obstructions file.

# site obstruction file defined in ../zones/reception.obs
# associated with zone geanetry file ../zones/reception.geo
0. 0. # dummy values for site position

# or

'
(G20 e (e &) B

8

# no obstruction blocks

igin X Y Z width depth height angle descr matr

200 -7.000 0.000 5.800 1.000 2.950 0.000 blk_1 extern_wall # block 1
.200 -7.000 0.000 3.600 1.000 2.950 0.000 blk_2 extern_wall # block 2
.200 -7.000 0.000 3.600 1.000 2.950 0.000 blk_3 extern_wall # block 3
.100 -7.000 0.000 10.800 1.000 2.950 0.000 blk_4 extern_wall # block 4
. 900 -7.000 3.100 5.800 1.000 2.900 0.000 xblk_1 extern_wall # block 5
.200 -7.000 3.100 3.600 1.000 2.900 0.000 xblk_2 extern_wall # block 6
.200 -7.000 3.100 3.600 1.000 2.900 0.000 xblk_3 extern_wall # block 7



DataModel Summary: ESP-r Version 9 Series

9.100 -7.000 3.100 10.800 1.000 2.900 0.000 xblk_4
# grid opg X opg Z win X win Z
20 20 5 5

Figure 18 Example site obstructions file listing.

extern_wal |

# block

8

80
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11 Operation of esp-r

esp-remplgys interactve dalogue techniques to prompt a user for information, applying
range checks to each repMary data items hee defaults irvoked by smply selecting
the appropriate uiton. Insome cases a repeatiiity is actve. This allovs previously
entered data to be recalled for current use.ekample, if a construction is the same as
the prerious one. The dalilt and repeatfilities are signalled when acgi

esp-ralso ofers a range of editing options to permit intergetrodifications to ay pre-

viously generated disk file. In most cases titing levels exists. The first allas global
changes to a file; foxample respecifying all windo dimensions in a zone geometry file

or all constructions in a zone constructions file. The seamilitdtes specific file modifi-
cation; to respecify one windofor example or change a zoselkientation. It is left to

the user to decide on thedat file corresponding to each design modificatiam.dam-

ple: the system configuration can be relocated geographizaflgs or plant components
repositioned, or zones earth badkby editing the system configuration file; zone shape
and windav specifications can be changed by editing the zone geometry file; thermo-
physical properties can be redefined via the zone constructions file; zone operation via the
zone operations file; shading altered by changing the shading/insolation file; leakage via
the leakage distrilion file or air flav directly via the zone operations file or ainiidile;

and so on.

Sub-section 4.2 details the operational featurespfr.
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12 Adaptive Gridding

12.1 Linear Thermal Conductwvity

Via this option, the thermal condudty of ary layer of ag surface, &cept air @ps, can

be defined to be linear function of temperature and/ or moisture content. All the required
data for such a definition will be pnoed by the primitte @wnstruction database to the
zone construction file without wadditional efort by the user Note that you should tak
particular care in defining the layers within partitions, otherwise the schemeauilltiae

user of mis-matching linear thermal condvityi definitions. These thermal definitions

will remain in efect until iting from the Simulatgr(re)loading a configuration file, or
changing them via this option.

12.2 Nonlinear Thermoplysical Properties

This option can be used to define the therngeal properties of layers Xeept air
g0s), to be polynomial functions of temperatuiidere are tw ways of specifying these
functions: theuser may enter the required information within the Simulator or supply a
"system thermal configuration fileThe latter may be created after entering data manu-
ally and is useful if multiple simulations are anticipated. The vioilg table details the
contents of the system thermal configuration file .

Table 3.20 contents of the system thermal configuration file

Record Descriptionf Fields
1 Number of thermal functions
For each thermal functionycle to record .... 5

2 Thermal function number
3 Thermal actuator location
4 Number of thermal equations

For each thermal equatiorycle to record .... 5

Thermal equation numhedhermal property type, Weer and higher
5 mean temperatures ,and eight thermalfaoents,
(A,aB,b C,cD,d),respectiely .

Important points to note include;

*  Each thermal function contains one thermal actuator location and up to nine thermal
equations.

*  Thermal actuator location: indices to zone, acefand layeif any of these are zero
then it means all the selectionsidable at its leel (i.e. 1 3 0 means all the layers
in the 3rd surhce of the 1st zone).

*  The thermal equation describes the change in thermal produty by the follav-
ing equation:
AP = AAT?+BATP+ CAT®+ DAT®

 Thermal property type is used to define the thermsighl property whosealue
changes as a function of temperature will be estimated by the associateibotef
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in the thermal equation.The folling types are acte: 1-thermal conductity,
2-density 3-heat capacity

Each thermal equation isakd for the layers, defined by thermal actuator location,
whose mean temperature is equal to or higher thanwer lemperature range, and
lower than higher temperature range .

* This type is also equipped with a code for detecting thgdlitatements such as
mis-matching definitions of partitions from each sides, un-acceptable temperature
range, ... etc.

» if thermal conductity of ary layer is defined by both types of thermal definitions
the linear thermal conduetity is assumed for that layer because of the more fle
bility available at the linear condugtty menu for defining the types of layerrate-
rials ; havever the other tw properties will not be &kcted .

* The thermal equations can bersan a hermal equations data file (araenple is
shavn belav) as a data base from which the user can pull as/ regumation as
required for completing thermal functions which in turn gk the system thermal
configuration .
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2 #TOTAL THERMAL FUNCTIONS

1 #thermal function No.

1 4 2 #thermal actuator location

2 # Total thermal equations

#No T MIN(Temp.)MAX A a B b C c D d

1 1 -30.00 25.000.001000 1.000.000034 2.000.000000 0.000.000000 0.00
2 1 .00 100.00 0.0001001.00 0.0000082.25 0.0000000.00 0.0000000.00
2 #thermal function No.

2 1 1 #thermal actuator location

2 # Total thermal equations

#No T MIN(Temp.)MAX A a B b C c D d

1 1 20.00 125.00 0.001000..00 0.0006002.09 0.0000053.00 0.0000000.00
2 2 80.00 200.00 0.00001Q.20 0.0000032.07 0.0000000.00 0.0000000.00

Figure 3.16 System thermal configuration file

# cement block conduatity

1 1 -30.00 35.000.001040 1.000.000034 2.000.000000 0.000.000000 0.00
# cement block conduatity

2 1 3$.00 100.00 0.00010QL.03 0.0000282.20 0.0000000.00 0.0000000.00
# cement block density

3 2 -45.00 100.00 0.000004L.00 0.0000022.00 0.0000000.00 0.0000000.00
# cement block heat capacity

4 3 40.00 75.000.000035 1.000.000005 2.030.000000 0.000.000000 0.00

Figure 3.17Thermal equations data file
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Appendix

Repesentative data forualding
enegy analysis

85
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Table Al Casual gins.

86

From peopie ...

Degree of Typical Wperson® Radiant Co
actvity apgllcatlon Sensible Latent portion ol
edentary es 95 45 0.2
_ Restaurant
Light work Factory 125 100 0.2
Heavy work Factory 180 255 0.2
From fights ... T - _
Type lllumination Wm Radiant Co
lux Sensible portion o]
Tungsten 200 25-35 0.8
400 50-80 0.8
Fluorescent 200 10 0.6
65W white 400 15-20 0.6
1000 35-55 0.6
Fluorescent 200 15-20 0.6
65W delue 400 30-45 _ 0.6 _
rom other SOUICES [SEEe nw uide Boo 70, Sectior
Source Radiant Con
_ portion o]
High temp. 0.8
Medium temp. 0.4
Low temp. 0.2
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Miscettaneous
Source

Wni* (of net useful area

N

~General dice areas 25
Word processing 45
Computer rooms >2007 550
Computer rooms <206 350-550
Classrooms 10-25
Terminal rooms 50-250
Copying 175
Vending 20
Mailrooms 20
Conference rooms 10
Storage areas , 9 .

M- person-

~General dice 10
Managers dice 14
Secretary dice 7
Terminal’room 9
Word processing 10
Cafeteria 3
Conference rooms 2
Laboratory 25
Classrooms 2
Store areas 100

87
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Table A2 Owerall resistances of ciies.
Unventilated cavities .....

Thickness o Sueice Resistancerf°C/W) 1
(mm) emissrity Down Up
5 high 0.11
low 0.18
20 high 0.21
_ o low 1.06
High emissrity planes and corrged 0.11
sheets in contact. o _
Low emissvity multiple foil insulation 1.76

with air space on one side.
Ventilated cavities 20mm minimum .....

Airspace in ceaity wall. o 0.18
As grenous ut with high emissiity 0.11
surfaces. _ o

Airspace between high emigiy surfaces, 0.88
one corrugted with unsealed joints.

As previous lut with plane sudce of 0.26
low em|SSV|t¥]._ _ _

Airspace behind tiles on tile-huncal 0.12
Airspace between tiles and roofing felt 0.12
on pitched roof. -

Loftspace between flat ceiling and 0.11
unsealed pitched tile roof.

As previous hut with sealed roof. 0.18
Loftspace between flat ceiling and sealed 0.25

pitched roof, sudces of high emisaty.
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Table A3 Thermoplasical properties of materials.

Material Conductivity Density  Specific ~ Emiss. Solar
(W/m°C) (kg/m®) heat absoptivity
(J/kg°C)
ASBESTOS
Cement 0.36 1500.00 1000.00 0.90 0.60
Sheet 0.36 700.00 1050.00 0.96 0.60
ASPHALT & BITUMEN
Asphalt 0.50 1700.00 1000.00 0.90 0.90
Bitumen felt 0.50 1700.00 1000.00 0.90 0.90
Roofing felt 0.19 960.00  837.00 0.90 0.90
Asphalt mastic 1.15 2325.00 837.00 0.90 0.90
BRICK
Outer leaf 0.84 1700.00  800.00 0.93 0.70
Inner leaf 0.62 1700.00 837.00 0.93 0.70
Insulating 0.27  700.00 837.00 0.93 0.70
CARPET
Wilton 0.06  183.00 1360.00 0.90 0.60
Felt underlay 0.04 160.00 1360.00 0.90 0.65
Rubber underlay 0.10 400.00 1360.00 0.90 0.65
CONCRETE
Heavy 1.40 2100.00 653.00 0.90 0.65
Light 0.38 1200.00 653.00 0.90 0.65
Aerated 0.16  500.00 840.00 0.90 0.65
Aerated block 0.24 750.00 1000.00 0.90 0.65
Refactory insulating 0.25 10.00 837.00 0.90 0.65
Vermiculite aggregate 0.17  450.00 837.00 0.90 0.65
INSULATION
Fibreboard 0.06 300.00 1000.00 0.90 0.50
Woodwool 0.10  500.00 1000.00 0.90 0.50
Glasswool 0.04 250.00 840.00 0.90 0.30
Urea Pormaldelyde 0.03 30.00 1764.00 0.90 0.50
Thermalite 0.19 753.00 837.00 0.90 0.70
Polyurethane board 0.03 30.00 837.00 0.90 0.50
Polystyrene 0.03  25.00 1000.00 0.90 0.30
Sipore 0.12 550.00 1004.00 0.90 0.40
METAL
Copper 200.00 8900.00 418.00 0.72 0.65
Aluminium 160.0 2800.00 896.00 0.22 0.20
Steel 50.00 7800.00 502.00 0.12 0.20
PLASTER
Dense 0.50 1300.00 1000.00 0.91 0.50
Light 0.16 600.00 1000.00 0.91 0.50
Gypsum 0.42 1200.00 837.00 0.91 0.50
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Material Conductivity  Density  Specific ~ Emiss. Solar
(W/m°C) (kg/m®) heat absoptivity
(J/kg°C)
Perlite 0.08  400.00 837.00 0.91 0.50
Vermiculite 0.20 720.00 837.00 0.91 0.50
Gypsum board 0.16 950.00  840.00 0.91 0.50
Perlite board 0.18 800.00  837.00 0.91 0.60
SCREEDS & RENDERS
Light concrete 0.41 1200.00  840.00 0.90 0.80
Cast concrete 1.28 2100.00 1007.00 0.90 0.65
Granolithic 0.87 2085.00 837.00 0.90 0.65
White render 0.50 1300.00 1000.00 0.91 0.50
STONE
Sandstone 1.83 2200.00 712.00 0.90 0.60
Red granite 290 2650.00 900.00 0.90 0.55
White marble 2.77 2600.00 802.00 0.90 0.45
TILES
Clay 0.85 1900.00 837.00 0.90 0.60
Concrete 1.10 2100.00 837.00 0.90 0.65
Slate 2.00 2700.00 753.00 0.85 0.85
Plastic 0.50 1050.00 837.00 0.90 0.40
Rubber 0.30 1600.00 2000.00 0.94 0.82
Cork 0.08 530.00 1800.00 0.90 0.60
Asphalt/asbestos 0.55 1900.00 837.00 0.90 0.70]
PVClasbestos 0.85 2000.00 837.00 0.90 0.60
WOOD
Block 0.16 800.00 2093.00 0.90 0.65
Flooring 0.14  600.00 1210.00 0.91 0.65
Hardboard (medium) 0.08 600.00 2000.00 0.91 0.70
Hardboard (standard) 0.13 900.00 2000.00 0.91 0.70
Cork board 0.04 160.00 1888.00 0.90 0.60
Chip board 0.15 800.00 2093.00 0.91 0.65
Oak (radial) 0.19 700.00 2390.00 0.90 0.65
Weatherboard 0.14 650.00 2000.00 091 0.65
Fir (20 perc moist) 0.14 419.00 2720.00 0.90 0.65

These are the materials held in granitive constructions’ databaseNote that the refer
ence codes are notvgn here since these will change asvimeaterials are added. Current
database contents, and the\acteference codes, can be listed atm
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Table A4 Properties of selected windarrangements.*1

91

Window arrangement Thickness& t ype Light Direct Total U-value

(mm) transmittance*2  transmittance*2  transmittance 0/\/m‘2°C‘1)

SINGLE GLAZING

without blinds:

Clear float 4 0.89 0.82 0.86 5.4
0.87 0.78 0.83 5.4
10 0.84 0.70 0.78 5.3
12 0.82 0.67 0.76 52
Spectrafloat ®ronze 0.51 0.54 0.66 5.4
Antisun 6green 0.72 0.46 0.62 5.4
6 blue 0.54 0.46 0.62 5.4
4 bronze 0.61 0.58 0.70 5.4
6 bronze 0.50 0.46 0.62 5.4
10 bronze 0.33 0.29 0.51 5.3
12 bronze 0.27 0.23 0.47 5.7
4 grey 0.55 0.55 0.68 5.4
6 grey 0.42 0.42 0.60 5.4
10 grey 0.25 0.25 0.49 5.3
12 grey 0.19 0.19 0.45 5.
Reflectafloat &ilver 0.33 0.43 0.53 5.4
with internal \enetian blinds:
Clear float 6 0.09 0.47
12 0.08 0.46
Spectrafloat ®ronze 0.06 0.43
Antisun 6green 0.05 0.42
6 blue 0.05 0.42
6 grey 0.05 0.43
10 grey 0.03 0.39
12 grey 0.02 0.38
6 bronze 0.05 0.42
10 bronze 0.03 0.40
12 bronze 0.03 0.39
Reflectafloat &ilver 0.06 0.37
DOUBLE GLAZING
without blinds:
6mm clear inner pane:
Clear float 4 (+4mm inner) 0.80 0.67 0.75 2.9
6 0.76 0.61 0.72 2.8
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Window arrangement Thickness& type Light Direct Total U-value
(mm) transmittance*2  transmittance*2  transmittance  (Wni2°C™)
10 0.73 0.55 0.66 2.7
Spectrafloat ®ronze 0.45 0.42 0.54 2.8
Antisun 6bronze 0.44 0.36 0.49 2.8
10 bronze 0.29 0.23 0.38 2.7
6 grey 0.37 0.33 0.46 2.8
Insulight HP 6 0.44 0.24 0.33 1.4
10 0.42 0.22 0.31 1.6

6mm Kappafloat

(Champagne) inner pane:

Clear float 4 (+4mm inner) 0.63 0.50 0.66 1.9
6 0.60 0.46 0.63 1.9
10 0.57 0.41 0.58 1.8

6mm Kappafloat

(Neutral) inner pane:

Clear float 4 (+4mm inner) 0.76 0.52 0.65 1.8
6 0.74 0.50 0.62 1.9
10 0.72 0.45 0.57 1.8

with venetian blinds
between panes

+ 6mm clear inner:

Clear float 6 0.07 0.25
Spectrafloat ®ronze 0.05 0.23
Antisun 6bronze 0.04 0.23

with internal \enetian blinds

+ 6mm clear float inner:

Clear float 6 0.07 0.47
Spectrafloat ®ronze 0.05 0.38

*1 Data from: Glass andr@nsmission Properties ofikMdows, 7th Edition, Pilkington Brironmental Advisory Service, Febru-
ary 1988.

*2 For normal incidence.

ESP-r requires the direct and total transmittance for each of 5 angles of incidem@ntal), 40, 55°,
70° and 80. These data can be obtained franm on input of the normal incidencealues as gen in the
previous table. The follving table gves values for some typical windoarrangements. Aeasonable
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estimate of the &ct of angle of incidence of gparticular glass can be made by substituting thelséd
values of direct and total transmittance for ttadues at normal incidence, and calculatiafues at other
incidence angles using ratios obtained from theigfig table.

Table A5 Window properties as a function of incidence angle.

Window arrangement  Direct transmittance br ..... Total transmittance for

0° 40° 55° 70° 80° 0° 40° 55° 7° 80°

4mm clear float 082 081 075 059 036 086085 080 0.65 0.47
6mm clear float 0.78 0.76 0.72 058 035 0.83081 0.77 0.64 0.40
6mm Antisun (green) 0.46 044 040 030 0.16062 061 057 047 031
6mm clear float 0.09 0.08 008 0.07 0.04 047043 040 033 0.23

+ internal blind
6mm clear float 061 058 054 038 0.17 0.720.70 0.66 050 0.25
+ 6mm clear float
6mm Antisun (gre) 0.33 030 026 0.18 0.09 046 043 038 0.28 0.16
+ 6mm clear float
6mm Antisun (bronze) 0.04 0.04 0.04 004 003035 033 032 028 0.20
+ 6mm clear float
+ internal blind

6mm clear float 0.07 0.06 0.06 0.05 0.03 025023 021 0.17 0.11
+ 6mm clear float

+ blind between panes




