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Abstract

The technology of remote wind monitoring is at tteeefront of wind resource

assessment. The use of SODAR systems for rural weedurce measurements is
relatively well established; however their use wtthe urban environment is yet to
be fully explored. The wind flow within an urban v@mnment proves to be

considerably more complex than its rural countdrgae to building interactions and
increased sources of turbulence. An old AQ500 SOD#Rtem is to be re-

commissioned for use on an urban rooftop. The oo renovation is documented,
and the fault finding process outlined, to providefuller knowledge of system

operation and to eliminate any faults present. gifoposed site for the system is fully
assessed with regard to expected air flows caugéis own topography, and that of
the surrounding area. Boundary Layer theory andutban heat island phenomenon
are examined in order to assess the air flow in @wadind cities. The current and
future states of urban wind energy are discussatiflae position of SODAR systems
within the field is evaluated. Future applicati@isSODAR and remote wind sensing

techniques are presented.
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Introduction

As our ever increasing energy demand continuedutiiee of our energy generation to meet
this demand is taking shape in more new and noagbwl he anthropogenic impact upon our
climate due to the burning of fossil fuels is beammnwidely accepted as the reason for a
global warming and an increased frequency of exgreveather eventsWith global and
governmental targets to reduce carbon emissionsnaindnise the human reliance upon
carbon intensive, finite fossil fuels, the necgssit move towards more sustainable energy
generation is gathering pace.

The economic cost of exploiting the remaining fo$sels is also rising. This is due to
expensive exploration in remote environments aedddreper drilling that is often required.
Along with this cost comes an increased direct remvnental risk. This greater risk was
highlighted by the recent oil spill disaster in tBalf of Mexico. A costly mistake whilst deep
water drilling led to unprecedented amounts ofspilling into the ocean and onto American
shore$. The devastating impact this had upon the locairenment has not surprisingly
caused attention to focus once more upon greenere rsustainable, renewable energy

generation techniques.

The most developed of these generation technigueéshe fastest growing energy sector in
the UK is wind energy Previously confined to areas to areas of wellvkmdarge wind
resources, the industry is now pushing the bouadasf economic feasibility in areas of a
lower or perhaps unexpected wind resource. Thiduis the availability of suitable wind
resources being spatially finite, and the drivartmimise environmental impact. With the
majority human dwellings and energy consumption iognfrom the urban environmént
there is a strong case for developing this low @arlenergy generation within this

environment.

However as the move towards wind energy developmmentban areas has progressed, new
issues with regard to the wind resource have arigdmn wind is not comparable to its rural
counterpart, possessing rather more complex anatilolcharacteristics, due to the large
amounts of human construction. Therefore the deweémt of wind energy within an urban
environment requires new skills and poses new relsgussibilities in order to be successful

in harnessing the full potential.
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In order to take full advantage of an availableotgse, the characteristics of that resource
must be fully understood. The analysis of the wiggburce has developed as the industry has
grown and demanded more detailed, accurate, andyeaailable knowledge. This has led
to advancement in technology towards more sophisticwind monitoring devices, capable

of stand-alone operation and able to deliver lameunts of high quality data.

One of these devices is a Sonic Detection and Rgngystem (SODAR), capable of

detecting wind flow at a great distance and witkagjispeed and accuracy using sonic pulses.

This thesis will document the restoration procdsgaommissioning an old SODAR system
with the intention of successful deployment anddmvamalysis within an urban environment.
This documentation will provide the basis for fe@uesearch using the system. Along with
this there follows an in-depth analysis and revigiwthe current state of the urban wind

energy industry and the position of SODAR systenthimwit.
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Objectives, Scope and Methodology
The objectives for the thesis have been split primary and secondary status. Among these

objectives the scope and methodology of the wodissussed.

The main objective for this thesis was to succdlysfenovate an old AQ500 SODAR system
and re-commission it for use within an urban enwment. This process will involve
identifying and isolating the essential componeaitan old system that is installed within a
road trailer. The system will need to be broughtkbiato a successfully working condition
and renovated to a state where it can operate &agingle mains supply. In order to achieve
this, a sufficient fault finding methodology is mssary to identify the key areas where the
system may not be operating as required. This ndetbgy consists of employing a bottom-
up approach, where the operation of the smallerpoorants of the system is confirmed
before integrating all of the components togetieridentify the faults within the system a
process of elimination is employed to determine cbmponents that require attention and
those which are in working order. Using this applo#@ is intended that the system be
restored to original working order. By undertakitiys process of restoration a fuller
understanding of the operation of the system cagaeed, and thus documented for further

use.

Along with this renovation process a system speci§er manual can be created that outlines
the basic operation of the system and highligreasof common problems. This can provide
a troubleshooting document that can be appliednduiuture use of the system. Thus the
scope of this thesis goes far beyond the initiatkwrequired in order to re-commission the

SODAR system as it can be used for further resaasitty this device.

The secondary objectives for this thesis were déganupon the timescale that was required
to fully restore the system to a successful worldogdition. Should the system be working
with sufficient time remaining to take a periodméasurement data it was intended to assess
these results with respect to the local applicabbra wind turbine. The data could be
validated and used to assess the site of the SOD#Rregards to its wind resource and

ultimately model and predict the output of varieuiad energy applications. However, if the




12

renovation was not completed in time, the secondaigctives are set to analyse research
from the topic area and provide an insight intokimel of results that could be expected from

the SODAR at a given site whilst providing the dsr further use of the system.

The characteristics of the site of the SODAR asralwesource are to be assessed along with
the various technologies that could be appliedaméss this resource in this site. Through
research into basic wind flow principles and thee@unding area, an estimation of the wind
resource can be produced. An investigation intoctimeent state of urban wind energy will
provide an insight in the technologies suitabléhatsite in question and the applicability of a

SODAR system in predicting their output.

Research into the field of remote wind monitorinidj wrovide a basis for the classification
of SODAR systems within the renewable energy sedtoe advantages and disadvantages of
the system can be compared in order to assessr#atility, suitability and prospective future

within this fast moving industry.
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The boundary layer

In order to begin the measurement of the urban Jiliod, an understanding of its basic

principles must be gained. The flow of air over wan surface is determined by the
aerodynamic principles of a boundary layer. Theaseciples apply to boundary layers on

both a small scale (such as flow very close toréasa) and on a larger scale (such as flow

over a city).

The boundary layer is described as a layer of gmadic flow where frictional effects are
dominant. This can be found when a fluid, such as air, eis\across a surface and the
friction of the surface causes turbulence to odéouhe air flow close to that surface. This
effect occurs on a large scale when the surfacedn of the earth causes wind flow to slow
and even back in the opposite direction. The lalyat is created here is called the planetary
boundary layer. When compared to the frictionldew fthat is present at higher altitudes,
away from sources of friction, a layered effectcamused. The uppermost layer, where
frictionless flow occurs, is often termed taeninar layer. In this layer a parallel flow exists.
The lowermost layer, which is dominated by turbakgnis termed théurbulentlayer. The
flow in this layer can diverge in chaotic eddiesda frictional forces. Finally, the area of
interaction between the two layers is the termedrdnsitional zone. A simplified diagram

of the boundary layer and the associated frictiaivalow effects is shown in Figure 1.

Free Stream
T Velocity Vector N
Boundary Layer
Thickness
Surface
0/777777777777777777777777777
Velocity ——>
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It can be seen that due to the surface friction wblecity of air flow decreases as the
proximity to the frictional surface increases. Metocity decreases in a roughly logarithmic

fashion until finally at the surface the resultaelocity is zero.

The frictional force that slows the air will alsause an energy transfer from kinetic to heat
energy to take place. A thermal conduction transffiralso be present if the surface is hotter
than the fluid. In this case, as air temperatuses;i so too does viscosity. The density

however decreases with rising temperatures.

In a rural scenario the frictional effects, andsthioie boundary layer, are caused by landscape
topographies such as mountains, trees, and valldyes.overall surface is relatively smooth
and the boundary layer is therefore smaller thagr avrough surface as the air flow is less
disturbed and can return to a laminar flow morelga#&\n example of the effects of a simple

hill on the flow of air and the resulting bound#ayer are shown in Figure 2.

The typical boundary layer shape can be seen oagpmach to the hill. On the peak of the
hill, the air acceleration in the lower boundarydacan be seen. This is caused by the
increase pressure as the air moves over the raigéace. The result as the air slows due to
this change in surface as it moves past the hillrisulent back eddies appearing in the lee of

the hill. This turbulence is caused by the fricibaffect of this changing surface.

In the urban scenario, there is an increaseddnaticomponent due the construction, height
and layout of a large amount of buildings. Manytbé buildings are tall with an un-
aerodynamic box shape, and are erratically spatasbmjunction to one another. There is
also an increased thermal component due to theriadatdominant within city construction.
The common stone buildings will store radiant Hean the sun and release it again into the
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nearby atmosphere. So in this scenario, the boyndancreased, and its qualities become
more unpredictable. This boundary can be brokenndowo subcomponents which are

highlighted in Figure 3.

Figure 3 - Urban boundary layer structure and sub-ayers’

If a line were drawn across the rough outline abitreehighest rooftops of the city, then this
would give the boundary of the so called ‘roughr&ds-layer’. This layer is effectively the
meso-scale frictional component and in most ciids increase in height as air travels up
over the suburban area and up over the main ursamct (which is generally composed of
higher buildings), and will then decrease agairklmaer suburban areas, and decrease finally
as the transition back to a rural surface is cotaplEhe final transition back to a rural surface
downwind can take longer however. This is due t® time taken for the turbulence to
resettle into normal flow. There appears to beperdic height for this layer buRaupach et
al.(1991) estimate the height to be around 2-5 times thehhesfy the roughness element
measured from the grouhdBeneath this roughness sub-layer is an area krmthe urban
canopy layer, whichOke (976; 1984) classifies as the area beneath the rneiding
heighf. The air flow here is extremely chaotic betweefidings due to back eddies and
street channelling effects. It will therefore vdaygely depending upon site characteristics.

Above the roughness sub-layer, and up to the maypdioundary layer, is known as the

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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inertial sub-layer. The thickness of this layer|wiary as the roughness sub-layer does.

Another graphical representation of the layerh@s Figure 4.

g
= A
—
] Mixed
g Layer
@©
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p »
E
s}
- Inertal Sublayer
50-100 z_ (Tennekes,1973)
Suface N h +150D (Rsupach et 3l ,1880)
Layet y ' y
45nh, (Garan, 19783)
> Roughness Sublayer =3C (Garatt, 1980)
h
d ~
> & Urban Rough Layer

Figure 4 - Urban boundary layer structure'®

The urban wind therefore varies dramatically withight and is primarily affected by the
significant surface roughness, and the heat is@mhomenon. Wind within the boundary
layer is governed by temperature and pressure egresgidiurnal heating and cooling, and
surface topography. The flow of wind over varyingfaces and the resulting boundary layer
as observed b$antamourigs shown in Figure 5. It can be seen that thetiegwhich the
air flow reaches its undisturbed flow has more tdanbled as the air has moved over the

urban surface.

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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During periods of light winds, the depth of the ambboundary layer will be affected by
surface generated thermal convection. During seomgnds, the area above the rooftops has
a wind structure with a logarithmic decay profilaedto the strong winds stabilising the

temperature structure.

As previously mentioned, there is an increasednthecomponent to consider in an urban
environment. Due to the construction of the buiginand the large amounts of paved areas,
the overall albedo of the urban surface has a loefiectivity than surrounding rural areas.
These surfaces therefore absorb a greater amountarhing solar radiation. When this is
coupled with the heat capacities of constructiotens such as concrete or asphalt, there is
a large amount of heat storage in an urban area. Stbrage, coupled with the increased
energy consumption and excess heat from humaimliieban areas leads to the phenomenon
of a heat island. An urban greenhouse effect s @sised by the polluted air absorbing more
of the outgoing radiation and re-emitting it. A hesland is therefore a consequence of

anthropogenic heat and pollution.

The increased heat storage leads to increaseddiease and to higher temperatures in city
centres. The temperature difference between urbdmwaal is largest during summer nights,

when solar energy absorbed during the day is reteagain at night. These changing

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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temperatures have diurnal and seasonal effectieothickness and profile of the boundary

layer.

The air quality in heat islands is often poor. Tisislue to the increased amount of pollution
emitted in an urban environment, coupled with tfegeanentioned occurrence of back eddies
in the urban canopy layer, which effectively ‘tragt within a city. This recirculation of

trapped air leads to the build-up of pollutants amdduced air quality.

If the isotherms around a city are plotted on daser weather map, then the resulting effect
would resemble the topographic contours of an éfamiving rise to the term ‘heat island’.

This effect is highlighted in an example from Stuls in Figure 6.
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This microclimatic state is formed due to three mé#actors. The climatic zone, the
surrounding topographic features and the speaijout of the urban features present within
a city. The urban features would take into accolbmtsize and height of buildings, along with
their positioning and thermal composition. The axgan of urban areas has altered the urban
climate and ultimately reduced the quality of tham environment. In general an urban
climate is warmer and less windy than a rural ctenthus leading to stagnation and a lack of
recirculation. There can be increased discomfoettdua poorly designed urban environment,

including high temperatures, wind tunnelling efseahd buffeting turbulence.

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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As previously mentioned, this radiative heating aaeasonal and even diurnal effect on the
composition of the urban boundary layer. Measureémestorded over a two year period in
Moscow byYushkov, V. R2004) highlight these variations in a graphicahfat in Figure 7.

14th International Symposium for the Advancement of Boundary Layer Remote Sensing 10P Publishing
10P Conf. Senes: Earth and Environmental Science 1 (2008) 012004 doi:10.1088/1755-1307/1/1/01 2004
300 |

250 | Winter

200 |

150 ¢

100 | — all data
£ -=== nighttime
. S50 = s daytime
.
<
K-
@
I

01 23 45 67 8 90123 45867891

Wind speed, m/s

Figure 7 - Seasonal mean wind profiles over two yeaeriod in downtown Moscow'?

It can be seen that due to the increased heatesgpt during the spring and summer months,
the thermal storage of the city is causing a siganit change to the boundary layer profile
between night and day. There are lower mean wiregdp at low levels present during the
night in all scenarios. The daytime boundary cansken as having a more obvious
logarithmic shape. So it can be seen that therdéange degree of variability in the
characteristics of the boundary layer within anamrkenvironment as the frictional and

thermal components are greatly increased.

Wind shear

The stability of the atmospheric boundary layerl affect the wind shear in the first few

hundred metres above the ground. The wind shedeteymined as the difference in wind

speed and direction, in both horizontal and vertmamponents, over a relatively short
distance in the atmosphere. The stability is uguddiscribed in terms of stable, unstable or
neutrally stable, and it is primarily affected blyanges in vertical temperature gradients.

These gradients are caused by the radiative heatiagsurface and the resulting convective

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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flows. The rate of change of this temperature gnatdis known as the lapse rate. So the wind
shear has an increased affect in the urban enveohdue to the aforementioned heat island
effects.

In order to quantify these effects and the charesties of the urban boundary layer profile
there are a variety of techniques that can be graglo

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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Wind Monitoring

There are a variety of devices that can be useaviitd monitoring. The most conventional

and well known device is likely to be the spinniogp anemometer. However there are
variations of this device and also other varyinthteques of measuring wind characteristics.
Some of the most important wind monitoring devibaracteristics that are desired have been

outlined in Table 1.

Characteristic Explanation
Error The difference between the measured and true value
Accuracy The mean difference between the measured value and the true

value of wind speed.
Precision The dispersion of measurement values about that mean

Time Constant The time taken for a sensor to respond to a 63.2% (1-1/e) change

in wind speed
Distance Constant The time constant multiplied by the mean wind speed. Thus giving

the length of air flow required to cause a response to 63.2%
change in wind speed

Sampling Rate The frequency of the measured signals

Resolution The smallest unit of measurement that can be reliably obtained

It is obviously desirable to obtain measuremenét give a true representation of the wind
resource and thus high levels of accuracy and foeciare desirable. The capability of a
device to handle changeable conditions is defingdthe values of time and distance
constants and will vary significantly from one dswito another. Some devices will excel in
individual characteristics making them more suiafdr specific types of measurements.
Overall reliability of any device must also be colesed. This is the capability of the device
to continually produce results to the same degfeeauracy over a long period of time. This
can be affected by issues such as weather andldheerts, calibration errors or simply

device wear and teatr.
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This is the most common and well known method ofdunonitoring. The wind pushes the
cups around and the rotation will produce a smaltage. The voltage varies with the
rotational speed and can be measured to produatia for the wind speed. This device has
significant benefits due to its simplicity and isck of need for a power source as the
measurement signal is generated simply from thedmé the spinning of the cups. The
dimensions of the device can be altered to meapeeific wind aspects such as mean wind
or turbulence as the time and distance constahtveusy with the size of the cups. As these
devices have moving parts they can be prone tonigulue to dust or ice. They do however

only measure wind speed in situ and in a mono-tieal scalar quantity.

The propeller anemometer is similar to the cup ameater in principle however it consists
of a propeller that is kept facing the wind by anévivane. This has the added advantage of
the detection of wind direction with no need fors@parate wind vane. The addition of
another rotor on a vertical mount will allow for measurement of the vertical wind
component also. The propeller anemometer suffersame problems due to moving parts as
the cup anemometers. These issues can be tacklerpeysive device heating (requiring a

power source) or regular maintenance.

Ultrasonic anemometers were first developed in 18&0s, these devices use ultrasonic
pulses (usually around 40kHz) transmitted acrospgpelicular planes to assess wind speed
and direction. The moving mass of air within th@evcauses the pulses to accelerate or slow
dependent upon the flow direction. It is the tim#edence that is measured against the
relative speed of sound in order to determine tagacteristics of the wind. The speed of the
ultrasonic pulses leads to the capability of a lighpling rate (20Hz) thus these devices are
extremely useful in the high resolution detectidntuwbulence within a short time frame.
They can have considerably smaller time and distaconstants when compared to

conventional cup anemometers.
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All of the previously mentioned devices measur¢aintaneous wind speeds at a given height.
This data can be combined to produce an average fgiven site. As has been shown

previously, there can be a large variation in wapeged with height, especially in complex

topographies such as an urban environment. In daiethese conventional measurement

devices to obtain data at various heights, multipids are required to be mounted at the
desired heights. This leads to the constructioa wiet mast. A met mast is a semi-permanent
structure that is usually held in place with guyesi and that can be moved from site to site.
Met masts are used widely within the wind turbindustry. They are often deployed on a

prospective development site for up to 2 yearsreefodecision is made from the collected

data as to whether the wind resource at the s#aifable for a wind turbine. This can result

in maintenance issues with instruments on the thadthave moving parts. The height of

measurements is limited by the height of the tosred any wind speeds required above this
height must be extrapolated using estimations. grhesical footprint of these masts can be

large due to the guys required for stability.

Due to this large physical footprint and their riegd height they impose a striking visual
impact, bringing with them the connotations of gheposal for the site to be developed into a
wind farm. This can cause speculation in the sumdmg area of the intentions of the
installers of the mast. This in turn can cause stneenong a community that does not
welcome a wind farm development. In this case tistallers of the met mast will have
already created tension between themselves antirksidents. In the most extreme cases,
met masts have been torn down or vandalised by les@dents who are opposed to the
development of a wind farm in their area. Even tioa development may not even be
intended for the site of the met mast, this isd¢benotation that it brings. Further issues of
met masts include the requirement of planning p&sion for installation (which may not
always be granted) and the high associated costarsdportation and deployment.

Advancement in technology and the requirement afdwneasurements at greater heights
(due to increasing wind turbine hub heights), alatty the desire for a smaller footprint and
ease of transport has led to the development obterwind monitoring devices. These
devices are often referred to as wind profilers wuthe resulting wind speed profile across a
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range of heights that is produced. The graphicgbuuthat would be expected would be
similar to that of Figure 1. There are severaladéht types of wind profilers, each utilising a

different medium for the measurement signal.

A LIDAR device uses an infrared beam to illuminaigtural aerosols and particles and
causes a proportion of this light to be reflectedkotowards the source. It is through the
measurement of the frequency of the light, whichlisred by the motion of particles in the
air along the light beam, that a Doppler shift b@ndetermined. From the Doppler shift, the
motion of the particles can be determined. The canscan pattern of a LIDAR system
facilitates multiple readings of air motion to bakén at different angles. Through the
accumulation of measurements around this discrphaleduction of the wind vector can be
obtained. In a very short period of time, due ® $peed of light, enough measurements can
be taken to determine the desired qualities ofnteasured wind, such as horizontal and
vertical components, along with direction. Thisgass is then repeated at numerous heights
by focussing of the transmitted beam. LIDAR progidevery high resolution, along with a
high sampling rate. The most favourable weatheshiain accurate LIDAR data is during
clear air days with dry conditions. However pretpon, snow and low clouds can cause

errors.

A Radar wind monitoring device works in a similashion to a LIDAR device except that
electromagnetic radio waves are used as the beambstéct backscattering. RADAR wind
profiling is less common than other remote wind itwing devices but has a favourable

output in low cloud base conditions, and fog.

The operation of this device is again similar imgiple to the previously mentioned wind
profilers. The SODAR system however uses sound svagethe medium for detection and
ranging. The SODAR will however be discussed in endetail due to its relevance to this

thesis.
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SODAR Operation and Background

Atmospheric turbulence is caused by fluctuationsharizontal and vertical wind flow.
Temperature gradients within the atmosphere cawesental air flow and air movement over
natural (or man-made) obstacles cause mechanioal. fBoth of these sources cause
turbulent air parcels of various sizes, called esldio occur. Should an acoustic pulse be
transmitted through the atmosphere and encounteddy, its energy will become scattered
in all directions. This scattering causes reflectod the acoustic waves and a proportion of

these will be reflected back towards the sources iBcalled backscattered energy.
A SODAR device transmits sound pulses up from tteurgd into the atmosphere. These
pulses become scattered by atmospheric turbulemdesame the backscattered energy is

received again by the SODAR.

The SODAR system in question is the AQ500 SODARIiargthown in Figure 8.

Figure 8 - AQ500 SODAR*

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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This three component Doppler device is based onrbeo-static technique and consists of
three speakers. This means that the same spea&arseal as transmitters and receivers. The
transducers transmit the sound pulses, and theiohsta receiving mode and are capable of
receiving the backscattered echo signals. Most SRB@stems are mono-static due to the

simpler and more practical destgn

There is however a bi-static version. In the cdsa lmi-static SODAR system the transmitter
and receiver are spatially separate. This leadsrtmwre complex deployment, which has led
to its less common status. The benefits of a hiessystem are an improved signal-to-noise
ratio and an increased ability to measure in neatnaditions.

In the case of the mono-static system there asethpeakers, one for each wind component.
These individual components are often labelled, amd w. Longer tone pulses are used for
higher altitude readings and shorter tones are fetthe lowest height measurements. This
is due a larger signal being required to minimigma attenuation over a longer distance,

and a small signal being required for the shorigtiadce as the return time will be very short.

In the case of the AQ500 there are 3 long pulses fmm each speaker) followed by 3 short

pulses. Figure 9 highlights the configuration af transmitted pulses and their trajectories.
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Once one speaker has transmitted a pulse it switfihection and immediately acts as a
receiver for the backscattered energy signal. Atsame time, the other two speakers are
detecting background noise. These signals arepgheeamplified for correction and filtering,
and frequency spectrums of the received signalpraduced using a Fast Fourier Transform
of 1024 points. The frequency spectrum of the bemkgd noise is then subtracted from the
spectrum of the echo signal in order to obtaintthe received signal. This process occurs for

each speaker to obtain the 3 components.

From the three return signals, which each act agaor component, the intensity and
Doppler (frequency) shift are obtained in ordercébculate both wind speed and direction,
along with the turbulent character. This is done dwery height gate in order to obtain a
vertical profile. The intensity of the returned r&dd) is affected by the thermal structure and
the atmospheric stability. It is proportional t@t8;> function which is characterised by the

thermal structure that is presEntThermal structure variations include; convectieéumns

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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or thermals, sea/land breezes, ground-based @diatversions, and temperature different
air masses. The measured Doppler shift yields mm&bion about the air movement at the
position of backscattering. The frequency of thieireed signal will change dependant on
whether the turbulent eddy is moving towards oryaivam the transmitted acoustic pulse.
Along with the intensity and frequency, the radvalocity and thermal structure can be
determined. With the additional data from the ogihmal beam directions, as well as the
vertical plane, geometric calculations are usedetermine wind velocities, both horizontally

vertically, along with direction.

Measurement data is provided in mean format dubdonethod of sampling over a volume
and multiple points in time and space. This meaas @ vector measurement of the wind at
the site is recorded, compared to the scalar measmant from conventional cup
anemometers. Since the reading is integrated ov&® aninute period the vector wind
measurement takes into account directional vanatim the wind and is therefore more
representative of the available power within theflaiv. For example, in a frequently shifting
wind with extreme variations (x180°) the scalar mmeament of the average speed may be
high but the power available will be reduced dugh®inability of a modern wind turbine to
orientate itself to harness the full potentiallué tvind. Whereas a vector measurement from a
SODAR will show a much lower measurement of avenagel speed due the volumetric

measurement of air flow being integrated over theninute period.

An Investigation into the comparison of resultswestn a cup anemometer met mast and an
AQ500 SODAR system was undertaken at a site at iDsian in Dumfries and Galloway by
Airtricity *”. Although a clear correlation of results is se¢bere was also an average reading
from the SODAR system of 4% less than the met ntiaistnot clear from the report whether
the effect of vector measurements has been takeraatount. Further studies, using several
systems in conjunction with met masts do howeverfioo that measurements from a

SODAR system are now as reliable as those fromnaertional met makt

When compared with a LIDAR system, which is prolait$ closest counterpart in the
remote wind sensing field, the findings from onpart do state that the SODAR has a larger

standard deviation in error readings and a loweuacy. This report was focussing on the




29

projection of power curves for multi MW turbinfés These detrimental results from the
SODAR could be attributed to the relative age @f sigstem in question when compared to

the LIDAR systems used.

If the system is accurately calibrated howevengveelr measurement from a SODAR system
(when compared with a met mast on the same sim)ldhn fact provide a more realistic

value for the average wind speed in a constantctine and therefore provide a more
accurate projection for the available power thatidde utilised by a modern wind turbine. A
vector measured wind is therefore always lower thascalar measured wind, but can be

more representative of the available wind resource.

In order to explore the capabilities of the AQ500CAR the system specifications are

examined.

The AQ500 SODAR in question has the following cletegstics;

Antenna Specification

Power Source Battery, Solar Panel, Diesel Generator
Transmission Frequency 3144Hz
Speakers 3
Pulse Power (max) 300W
Weight 70kg
Dimensions (Width and Height) 1.0m x 1.4m

Antenna Ambient Conditions
Humidity 10-100%

Operating Temperature —40°C to +60°C
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Measurement Specification

Max Height 150m
Min Height 15m
Resolution 5m
Averaging Time 10min
Horizontal Speed Range 0-50m/s
Accuracy of Horizontal Speed <0.1m/s
Vertical Resolution 0.05m/s
Vertical Speed Range +10m/s
Accuracy of Wind Direction 2-3 degrees

One main difference between SODAR and the conwvealtioup anemometer was the need
for a constant power source. There are multiple ggogources available for a SODAR

system. The AQ500 has been designed to be poweareddiesel generator with back-up

batteries. Some modern systems have been adapidide a Solar panel to aid in power

generation. This is a positive development asisiag a renewable technology to power the
analysis required to implement further renewablehnelogies; whereas previously the

system itself had a larger carbon footprint duthtoreliance upon diesel fuel.

The operational frequency of the system is 3144kt this lies in the lower range of the

audible spectrum.

The system weighs around 70kg, which is quite hdmythe relatively compact dimensions

allow for transportation within a road trailer.

The operating conditions can handle extreme temyr@s and the speakers themselves
incorporate a heating system to avoid icing.

Some of the main advantages and disadvantagesdfABQystems are outlined as follows;
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The systems can be installed in a fraction of itine taken to install a met mast. Once
installed, the physical footprint will also be sifgrantly smaller than that of a met

mast, as will the visual impact.

They are generally cheaper than other wind prafililevices (for example LIDAR)

and can be transported just as easily.

The height range of wind readings from a singleéesyssis significantly higher than
conventional wind measurement devices or met megéitsd measurements can also

be taken as low as 10 metres from the ground.

They can have a very high accuracy of horizontalvipeed. (see Table 2)

There can be a lack of valid data during periodsheévy precipitation due to

unwanted backscattering from water droplets.

Excessive background noise can cause the signdletaundistinguishable. The
frequency of the transmitted pulses is around 344 &nd is therefore in the audible
spectrum and susceptible to interference from elarybackground noise. This

becomes increasingly apparent in a noisy urbarr@emvient.

Ground clutter can affect the signal so suitablsitmming of the system is crucial.
Due to the upwardly expanding beam trajectory cawet be taken to avoid side lobe
energy radiating from buildings, trees, towers a#cthis can cause zero-biasing of the

return signal.
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As previously mentioned a SODAR system is subjedhterference from background noise
due to the operational frequency lying within thalible range. This becomes an increased
issue when a SODAR is considered for use in annuenaironment due to the considerable
amount of extra noise from people, cars, musicwhen compared to a rural environment.
Ground clutter from nearby buildings causing dising echoes may also overwhelm the
return signal. The weaker the return signal, theenlikely the signal is to be lost in the
background noise. This will lower the height frorhieh data can be measured successfully
and increases the possibility of biased data. Comealgorithms may be used to enhance the
filtering of the background noise, and the avallgbiof data could also be increased by
altering the scan rate, FFT size and number ofa@esr taken. Failing this, positioning of the
SODAR away from direct noise sources may be reduire order to achieve reliable
measurements. Data from a SODAR system in an emaeat with complex terrain such as
the urban surface may differ when compared to #ta ftom a met mast in the same position

due to the increased levels of turbulence that beagresent.

The audible spectrum noise emission from the SOBpdRem itself during normal operation
my also become an issue if it situated close toliputr residential areas. Any work
undertaken near the SODAR cone during operatiounires| ear protectors due to the noise
intensity. However, positioning the system on & moenclosed area away from busy public

places could help to tackle this issue.

Powering the system becomes easier as it closeatty direct mains sources. Although the
system may require some form of protection in ortlercomply with public safety

regulations.

There has been a limited amount of easily availabtearch found on the operation of
SODAR within an urban environment. As it has besadufor wind resource analysis, this

has mainly taken place within a rural environment.
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Wind Energy

Knowledge of the characteristics of the wind reseuat a particular site is essential for
assessing its potential for wind energy utilisati@tankovicet al highlight this in the
statement “assessing on-site resources in the pip@i® manner is vital for any turbine

feasibility assessment and its importance cannenfighasized too strongfy”

The selection of a suitable turbine for a site meguknowledge of the average wind speed
that is expected along with associated charaateriséf direction, standard deviation,
turbulence and any extreme wind occurrences. Arageespeed of above 5.5Mmsn a site is
usually considered suitable for wind energy apfilice(NREL)'’. Energy prediction from a
chosen site leads towards a performance evaluatithre site based upon the expected output
and economic value of the turbine in the expected wonditions. Detailed knowledge of
the site specific wind patterns will also influenite siting of turbines with respect to the
surroundings and also any other turbines withinredviarm. The characteristics of the wind
resource also provide information to allow effeetivad management, along with turbine
maintenance predictions. SODAR systems can be tsemllect all the necessary data

required to make such an assessment.

The basic equation for the available energy fromirad resource is proportional to the cube
of the wind velocity ‘U’ and it this becomes thendimant factor in determining the possible
energy available. The other determining factorsadse outlined within Figure 10.

Air density
Sweptarea
= U =Wind velocity

P=
p:
A=

A SODAR system measures a volumetric average wiedd over a ten minute period and
thus gives an accurate estimate of the availabte wnergy resource with respect to a wind
turbine. This is because conventional measureneehhiques are from a point source,

whereas the SODAR measurement is averaged oveeanAs can be seen from the above
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equation, the output power is proportional to twet area and thus a volumetric
measurement gives a more accurate representattbe af/erage wind speed and the
potential power available over that area. As wavipusly seen from boundary layer wind
profiles, the wind speed can vary greatly overriicad distance, thus proving the need for a

measurement that is accurate over a range of Isaiggtead of a singular point.

The use of SODAR remote measurement technologglasively established within the
development of rural wind resource assessmentsifat turbine applications. Wind speed
probability density functions can be created frowva dverage wind speed measurements over
a period of time and thus a distribution of expdatend speeds can be created. This plot will
outline the likelihood of certain wind speeds ocig over the specified time period. This

distribution is likely to similar to the form of\Weibull distribution as shown in Figure 11.
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The median speed has been highlighted and is elyddightly greater than the most
common wind speed. This is due to commonly lowesesls that have been outweighed by

significantly larger, but less common, high wineésegs.

From this distribution a velocity exceedence cuwae be deduced. This curve provides an
estimated projection to the number of days of wisigecific wind speeds will be exceeded.
This curve is used to aid in the choice of turlaseassociated cut-in, cut-out, and rated power
values for the chosen turbine can be assessedsagamamount of days in which these
values are likely to occur. From this curve andaharacteristics of the chosen turbine, the
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associated power output curve can be plotted aedriated with respect to the limits of cut-
in, cut-out and rated power to produce an estimpbeeer output for the turbine at the site.
This process has been simplified in this explamadioe to its relative acceptance within the
industry of wind turbine development. SODAR systaresaccepted as suitable wind

resource measurement devices for such a wind sidemelopment assessment.

The prediction of the expected power output frorbittes in more complex, and perhaps
turbulent, locations is less well developed howeVee application of SODAR systems in

such environments is yet to be fully explored.

The future of the onshore siting of wind turbingdikely to move increasingly towards areas
of high roughness, as there are limited areaswofrtmighness that can be utilised. This leads
towards more turbine development in extreme lamussasuch as cliffs, mountains and
forested areas, but also in urban or industrisdar&éhe move towards urban wind energy has
the benefit of the generation of power at the p(ntnearer to the point) of the consumption
of the power. This minimises the need for large ani® of energy to be transmitted over
long distances. This not only reduces the expensamsmission costs, but minimises the
power that is lost to heat in transmission. Thisi@oloss is relatively small in high voltage
lines, but becomes more significant as lower vatdgtribution networks are utilised. The
development of wind energy in the urban environnumt also be considered to have less
environmental impact as it is being implementedlneady built up areas. There is therefore
a lower biodiversity impact and the need for accessds and construction of added

transmission lines is negated.

The development of wind energy in the urban envirent has not been as successful as that
in rural areas however. This is primarily due te generally lower wind speeds and a lack of
understanding of the unpredictability of urban witalv, thus causing turbines to produce a
lot less power than initially predicted. Manufaeis are quoting turbine power outputs that
are not being met due to the poorer wind resouratis available in many urban locations.
This leads to disgruntled customers and a negatiage for the applicability of urban wind
energy.
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Very small home mounted turbines require a conalderamount of prior knowledge and
understanding of the available resource to avoichpdizations or relatively poor energy
yield. Structural issues can also occur with theofitting of existing buildings and the
associated planning permission can also causeckstiidormally they only produce a small
amount of energy due to their generally smallee.sizealing with this production of smaller
amounts of energy can also raise efficiency isguggrid connection is sought. The smaller
size is a consequence of the lack of available esptde aforementioned structural and
planning issues and also the need for the turlzireetable to react to quickly changing wind
directions. A conventional horizontal axis windUdime is less efficient during changeable
wind directions as it does not operate to its outiapacity whilst it is adjusting to a face a
new wind direction. The expected output will onlgcar if a constant air flow is present
directly onto the face of the blades. High levdisupbulence within the urban canopy layer
often causes the output of home mounted turbinésltbelow expectations. Research during
the Warwick wind trial$' was conducted into 30 sites of small scale urbiaml &pplication
and found the output to be poorer than was orityirthbught due to low wind speeds and
high levels or turbulence. Some capacity factorseweund to be as low as 0.85%. This is
astonishing when compared to capacity factors ofiradt 10-30% that would be expected
from a good turbine site.

Ineffective home mounted turbines run the risk @dming nothing more than an aesthetic
gimmick and this could in turn be detrimental te tmage of urban sustainability and small

scale energy generation.

A novel approach to an urban wind energy that isensoiited to changeable wind directions

is the vertical axis wind turbine. An example ofAWT is shown in Figure 12.
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Figure 12 - Vertical Axis Wind Turbine??

This style of turbine is able to harness lift frehe wind from multiple directions allowing
for energy generation more of the time as it doesneed to spin to face the wind. The
performance is therefore improved in turbulent warbeonditions. They incur less
maintenance due to fewer and slower moving pardstlagy emit less noise. These qualities
perhaps make them more suitable for urban deployrhemwever there is added cost due to
the greater amount of material required per mdtssvept area.

As has been previously discussed, the average wefeed in the built environment is
generally low and this is a significant factor reniehg the development of urban wind energy.
However the wind may be channelled by urban togagrathus increasing its potential in
certain areas. Certain sites may benefit from vaoceleration due to surrounding buildings
and any turbine situated there would become a BigildAugmented Wind Turbine
(BAWT)Z. In most cases the area that benefits from thelaeted wind is considerably
smaller than the area of building surface requicegroduce that accelerated flow. By careful
positioning of the turbines they can be best placethke advantage of this higher speed
augmented wind.

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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Rooftop wind turbine

In order to develop BAWTs the airflow around stwres must be understood so that the
maximum potential from a site may be realised. Mtailyurban buildings have a standard
box shape due to simplicity and structural stapillowever, this shape is not particularly
aerodynamic and blocks the flow of air forcing #iearound the sides and over the top. This
causes an accelerated wind flow in some arede#a®nshas shown in Figure 13.
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Figure 13 - Air flow around box building®*

The accelerated wind flow over the leading edgthefroof can be seen clearly in Figure 13,
as can the associated back eddies on the surfabe obof caused by sheltered areas where
there is a lack of air pressure. When this is a®rsid with more similar surrounding
buildings (a typical urban environment) there viaé# more turbulence present as the flow
incident upon the building will not be purely laramas is shown in Figure 13. When
considering a standard rooftop for wind turbinelegapion the height of the turbine hub must
be great enough to overcome the area of back eddiesheight must also be great enough to
overcome turbulent areas and take advantage ohigtesr velocity wind flow present at
higher altitudes. The angle of the wind flow oviee trooftop also has a significant vertical
component due to the early separation on the uptiniding edge. This will decrease with
the height of the turbine installation but is uelik to be factored out due to height
restrictions. The aforementioned VAWT, or a HAWTthwthe face angled towards the flow

would be best suited to utilise this upwards wiloavf
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The installation of turbines upon rooftops howeleads to added issues in which vibration
transference from the turbine to the building osc@hould the vibrations that are transferred
match the Eigen-frequency of the building thenctrtal damage could occur. A high tower
will also incur greater effort with regards to tavexection and maintenance, and will have a
more striking visual impact. The greater yield fr@tmonger and less turbulent winds at
higher altitudes will however be significant if perly implemented as the wind energy

equation of Figure 10 highlights the cubic impdct@ocity upon energy available.

If the leading edge of the building were to be sthaand rounded, there would be added
natural wind acceleration due to the reduced &wmal component and therefore a reduced
resultant vertical wind componéht There would also be less turbulence as there dvoell
less flow inhibition. This would mean that a lowarbine hub height could be implemented
without compromising the output performance as db&imental effects at lower altitude
would be improved by the rounded surface.

Further research into BAWTSs has also led towardlglings that have turbines at the heart of
their structure and design. Whereas retrofittingssentially an afterthought, in these cases
the building has been designed in order to capgheeair flow and direct it towards a turbine
that is part of the building. This inherently hagr@ater output potential. One of the first
large scale commercial example of this would bewtoeld trade centre in Bahrain which
incorporates three 225kW turbines in between twosbaped structures that act as wings to
increase the wind flow. The building is shown iguiie 14.
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Figure 14 - BAWTSs at Bahrain World Trade Centre®®

This design takes advantage of the prevailing wetddthe site and the structure accelerates
the wind flow through the turbines which are pdrthe building itself.

The relative immaturity of such designs means tiar productivity and efficiency is yet to
be fully understood. They are very site specifictibe local wind conditions and their

applicability is therefore currently limited.

Environmental impacts

The issues concerned with the placement of urbad wirbines are relatively similar to that
of rural applications. There are, however, soméufea that demand more attention. Public
safety is of greater concern due to increased pribyxito a large amount of people. This must
be considered during both construction and operati@ilure of either the tower or the
blades that results in the shedding of parts coaladse considerable damage to anything
nearby. Although the amount of turbine failureggnerally small, the risk to human life is

considerably increased within an urban environment.
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The noise created from the operation of turbinetralso be considered. This noise will be
both mechanical and aerodynamic and its effectseamby residents or public areas will need

to be assessed prior to construction.

Since turbines are likely to be installed in highed more exposed areas of urban regions
they visual impact becomes significantly greatdanRing permission becomes a greater
issue in the instances where the visual impairn@nnationally or locally designated
buildings or monuments is considered. The effectlamal property values will also be

factored into this assessment.

The output of a turbine that has been succesdfigibygned as part of a new building will be
significantly higher, as will its aesthetic appaall sustainable image. Indeed this may have a

positive impact on the surrounding area.

As well as the environmental impact of the increlaagplication of BAWTS, there also arises
a social impact. The significant amount of invesimequired in design, and the return on
investment from sustainable power generation p@aténtreates new legal issues. Should the
surrounding area be altered in any way that resnlthe reduction in performance of an
already installed turbine, the question of liakilifbr economic loss could arise. This is a

complicated area of law that is constantly evolving
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Position of the SODAR unit

In order to the assess the initial positioningled SODAR unit for the application of urban
wind energy, basic analysis was undertaken of sofrte key factors of the site and the

surrounding area.

The SODAR was installed on the roof of the Uniugrsof Strathclyde’s James Weir
building. The aim of this siting was to assesswhed flow in the urban canopy and also
identify the components of the urban boundary lay8mce the minimum height
measurement that can be observed by the curregtgmoin the AQ500 is 20m, any accurate
assessment with regard to wind turbine placementidvbave to consider a turbine with a
minimum hub height of 20m. This is considerablygkar than most urban wind turbine
developments for rooftop application but providdsaeline for research within this area.
The height of the building is thought to be aro#@80m. The shape of the building is

square sided, so it is relatively similar to thedmlan Figure 13.

Using an urban model that has been created by @Ghaijty Council gives an accurate

impression of the topography of the city centreaarehe urban model tool is a 3D digital

representation of the city centre of Glasgow thed heen developed in order to allow the
public to have greater access to, and understarmfinthe structural development of the
city?®. The model can be downloaded for free from thesiteb Through its use, a greater
understanding of the physical characteristics efdity centre was gained. Analysing the tool
proved useful in assessing the surface topograptigeoarea surrounding the deployment

position of the SODAR system.

The average height of the city centre buildingsd@duced from the urban model) is around
45-50m and therefore defines the urban canopy lagigght for the area. This would lead to
the formation of the roughness sub-layer for theaato be around 150m according to
Raupach et alThis gives a comparative measurement to relaelteefrom the SODAR
against. Even though the siting of the SODAR wil bn the edge of this location and
considerably higher in altitude, the relevance aocuracy of the model is extremely useful.
The James Weir building is to the north of the cintre east (as shown on urban model) and

will have a greater height than most surroundingdings due to the steep slope of the
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Montrose Street hill and the height of the Jamesr\Weilding itself. The view from the

rooftop to the east and west respectively is shiomFigure 15.

Figure 15 - Views from rooftop

It can be seen that this is obviously one the galliildings in the area and thus should
extend slightly above the standard urban canopsrléor the area. This should in turn result
in a slightly less turbulent and stronger wind flttvan over surrounding buildings, but it is

likely still to be dominated by turbulent flow.

The kind of flow that may be expected around tie sf the SODAR (this has been deduced
from Mertonswind flow information) is shown in Figure 16 whettecker arrows indicate a

stronger wind flow.

\ 4

I

///>J 7 J

Figure 16 - Relative position of the SODAR system
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It can be seen that there is expected to be afis@mi vertical component to the wind flow
due the shape and position of the James Weir bgildihe flow should return to laminar
flow at higher altitudes. This simple analysis basn conducted purely from site inspection,
analysis of the topography of the surrounding ardarmation of the wind flow over square

sided buildings and knowledge of the compositiothefurban boundary layer.

Using the Government Department for Climate Chamgend database tod) rough average
wind speeds for the area can be found. This databas been put together through a
culmination of data from weather stations and wiegburce assessments throughout the UK.
It gives a very rough average expected wind speedaif area. For the grid reference that
covers the SODAR position the average wind speegisteown in Table 3.

DTl Wind Database

Height (m) Wind Speed (m/s)
45 7.1
25 6.4
10 5.6

Although this database does not take into accdumtcomplex nature of the urban surface
topography it does provide a baseline for the ayeemaind speeds that could be expected in
this area. Although the value of 7.1m/s is expectked5m, due to this being the average
height of buildings in the area, the profile of theundary layer is expected to be pushed
upwards due to the friction of the urban canopgtayhis means that lower values would be
expected for the heights stated. However, due t® specific effects from urban wind
channelling this may not always be the case as antgd wind may cause acceleration.
Extra turbulence created by the surface topograplayso likely to alter the values stored in
the database.

With the proposed site of the SODAR unit explored assessed for expected outcomes, the

next step was the renovation process.
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Renovation and re-commissioning

The main part of the project was the renovation emdommissioning of an old SODAR
system, with the aim of taking measurements froenrtof of the James Weir building. The
SODAR system was acquired by the university fronSREeotland having reached the end of
its commercial working life. The system was ingdlin a trailer and powered via a diesel
generator and back up batteries. The intentiorigfthesis project was to bring the system
back into operation and power it from a single reaaurce so that it could be positioned on
the roof and used for urban boundary layer analydtbough the system had been working
previously, there were components removed and dinéents of the trailer were obviously

well used and not in good condition.

During this practical part of the project, thereswagular communication with the project
supervisor, Dr Matt Stickland, and there was alsoosdary communication with Andy
Oldroyd of Oldbaum Services, who has significanpezience in the practical operation of
SODAR systems. There was also some email commioncavith Kalle Wikmyr of
AQSystems, Stockholm.

The first step was to study the circuit diagranat there provided with the system in order to
establish where the system could be isolated tmglespower source. The documentation
that was provided was edited and added to and hyesans correlated to what was present
within the trailer; this is likely to be due to tlage of the system. The system components
were identified through research into similar degsi@and through analysis of the supplied
documentation and service manuals. A point powercgowas identified where the main
system was powered from a combination of a diesekerator and back-up batteries. The
required components of the system were isolated tie rest of the system and the trailer at
this point. The components that were removed frbenttailer to the room M4 where they

could be worked upon were as follows;

e PC Unit — holds the program for the operation @& $ystem, handles the inputs and

outputs, and computes the required calculationth®production of results

* Power Amplifier — amplifies the outgoing pulses dhe received signals
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¢ SODAR Junction Box — provides the interface betwélem PC unit, the power
amplifier and the SODAR cone

« Communication Cables — long cables that allow tREAR cone to be positioned

some distance away from the main system and pavwecs

« SODAR Cone and Speakers — the main baffle thatdsotise speakers and provides

sound and wind protection

AppendixA shows the initial email that was sent to AQSysteémsask for advice for

connections and highlights the various componehthe system in picture format. At this
stage the components that were removed did nothnbhée supplied documentation. Hence
there was initially a degree of doubt over the @mtion configuration and the required
power supply. After establishing the connection fgumation through the study of the

relative components in the operation manual thieviehg set up was achieved as shown in

Figure 17.
24Vdc
24Vdc
Transformer
12vdc
24vdc | ¥
a—
PC Unit SODAR Junction Box Power Amplifier
Output Signal SODAR Cone and
toPCor Speakers
Laptop

Figure 17 - SODAR system block diagram
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It can be seen that a single power supply is cdedeo the SODAR junction box at 24Vdc.
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This is then stepped down by the transformer tod2¥6 power the amplifier. A more

detailed circuit diagram highlighting these conim@d is shown in Figure 18. It is annotated

to highlight the variations between the suppliedudoentation and the actual system.

®-

Figure 18 — System circuit diagrarf
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The system circuit diagram is labelled as follows;

Power Amplifier

SODAR cone and speakers
SODAR junction box

PC unit

Output signal to PC or laptop

The differences between the circuit diagram and dleual system configuration are

highlighted as follows;

A)

C)

E)

This power source to the amplifier is labelled adiract 12Vdc connected from the
SODAR junction box. However, on the system it ip@ied from a 12Vdc output
transformer that is located directly underneath @neplifier and is supplied with
24Vdc from the SODAR junction box.

What is labelled is an 18 pin signal cable is ict tavo signal cables. One of which is

a 10 pin cable and the other is a 6 pin cable.

This single point power source for the system lieli@d as 12Vdc. The actual power
source required for the system in question is 24Vdc

This serial connection does not exist. It was oadly used for temperature, pressure,

and moisture sensors.

This is the serial connection for the modem andiitenna. This can also be used for
a direct serial connection. There was no modem thighsystem when it was removed

from the trailer.

This external power cable for the original senstwras not exist.
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G) This is the slot for the Compact Flash drive buirdarnal connection directly to the
PCB can be obtained.

With the correct connection configuration obtairied system was ready to be powered up.

This was done using 24V, 2A desktop power supply(@8U).

When the PC unit was initially powered up it endt# short beeps. After inspection inside
the unit, the model of the BIOS was obtained tAAMIBIOS 586. Research into the pattern
of beeps coming from the particular BIOS found tted was likely to be a RAM error. By

removing and replacing the RAM card, the beepspgisared and the PC unit powered up
with no beeping. It is expected that a loose cotmedetween the RAM card and the printed
circuit board (PCB) had caused this error, perlthpsto it being dislodged during transit of
the system. A boot failure error was now displagadstart-up; by ensuring within the BIOS

menu that the system boots from the compact flaske the program will run.

With the system connected as shown in Figure 17pancered by a 24V PSU the SODAR
speakers began to emit random pulses. At this staties project the expected output from

the speakers was not clarified.

In order to examine the program operation a PCescreas connected to the PC unit via a
VGA cable, and a standard PC keyboard was alsoect@t to allow navigation. The screen

in Figure 19 was seen.
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1.00:3144 PL:150 EF: 18 17:3144.65 An:2 He:29 199 1000

Figure 19 - Program Screen

This was confirmed, by Andy, to be the expectedouthat is likely to be seen during a
standard program. The next step in the SODAR masupplied by AQSystems was to
collect the SODAR parameters by using the suppB@DWIN 5.1 software and obtain a
serial connection via an RS232 serial cable. Thosld determine the parameters that were
stored in the system, but more importantly it woptdve the existence of a successful serial
connection to the system.

Initial attempts at collecting the SODAR paramefeosn a PC via serial connection resulted
in a ‘runtime error’ message. Research into theiipeerror found that the message meant
that ‘the handle is invalid’. By installing the sofre on another PC this problem was
bypassed. By ensuring that all files are copied dweing installation (including files that are
older than system files) then this error is avoided

Serial connection
With the software running on the PC and the programming on the SODAR PC further
attempts were made to collect the SODAR parametexs obtain a successful serial

connection. The resulting message from the SODWdRwsre was ‘Updating Failed'.

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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Consulting the AQSystems manuals recognised thissage as a connection error but
offered no diagnosis of the issue so a fault figginocess of elimination was undertaken.

The first area to examine was that of the seriat ponfiguration. The PC was swapped to
ensure that there was not a faulty serial portt@ndriginal PC. This had no effect so the
serial ports were assumed to be operational. Thesw@as confirmed by using another serial

device on the PC.

Using the port configuration suggested in the mhiaa borne no success so multiple
combinations of baud rate, parity, flow controltaddits, stop bits and buffer levels were
attempted, with no successful connection obtaindte voltage level of each pin was
checked to determine the high or low status of gmcltand the status configuration matched

that of a standard ‘ready to transmit’ serial port.

The next step was to examine the serial cablef itsetnsure its compatibility. RS232 null
modem cables have 9 pins and are sold in a nunilfermats and pin configurations so that
they can be compatible with numerous devices. Tipplged cable was found to be the ‘full

handshaking’ configuration. This pin configuratisrshown in Figure 20.

RS232 null modem with full handshaking

DBS connector
(female)

DBS connector
(female)

The handshaking modes determine how the two dewcesiestion initially communicate
with each other in order to secure a connectiatialrattempts at purchasing different cables
from local suppliers were unsuccessful so in otdetest the connection with varying pin
configurations a sample cable was made. The calnsisted of 9 separate wires and a
solderless breadboard interface so that connechetween the pins of the two serial ports

could be altered. Multiple serial connections wiasted using different handshaking modes

Renewable Energy Systems and the Environment MSc Thesis Roger Carter
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such as loop-back, partial and no handshaking lebihat result in the desired connection;
‘Updating Failed’ was still shown upon attemptingannection. It was ruled out then that the

serial cable and the associated port settings marthe source of the connection error.

In order to check that the error did not lie wittie SODAR PC unit, the decision was taken
to transfer the program to another PC unit. The édid and the bespoke AQSystems analog
card were transferred to the backplane of an diel U86 PC. The two cards can be seen in
their original position within the SODAR PC unithigure 21.

CPU card
= A/D card

~ Analog card

Figure 21 - Cards within SODAR PC unit*

Along with the physical cards, it was also requitedransfer the SODAR program across to
the 486 PC. The MS-DOS platform was used to rurptibgram. This involved altering the
autoexec.bat and config.sys files within the 486t@@atch the files within the SODAR PC
unit. This was done using the DOS edit commandiwitfie root drive of the PC. These files
contain the necessary information to execute theired programs within MS-DOS and also
ensure that the operating system runs as expdgyealtering the autoexec.bat file to include
the batch file that initiates the SODAR prograng #86 PC will attempt to run the SODAR
program when it is booted up. By copying the fuU[FAR program from the compact flash
drive onto a floppy disk and ensuring the corrdet $tructure was maintained, it was then
possible to run the program on the 486 PC fromfkhygpy disc. This was an extensive
process requiring low level DOS manipulation th#tmately resulted in the successful
transferral of the SODAR program and operationaicstire to a separate machine. With the

program running as expected on the 486 PC anottegnigt from a PC was made to obtain a
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serial connection and collect the SODAR paramefEngs attempt was again met with the

response ‘Updating Failed'.

This led to the conclusion that the connection [@mwobdid not lie with either of the

communication ports, the SODAR PC unit, or indeéith the null modem cable.

It was thought then that the problem may lie with SODAR program itself on the compact
flash drive. Two more programs were acquired fromdyA These were not of the compact
flash format but of the DiskOnModule format. Byabsinecting the compact flash drive from
the CPU card within the SODAR PC unit, and attagltime new program cards directly to
the CPU card, the new programs can be run in theesaay as previously. This was
confirmed by the DOS screen that could be seememuatput of the SODAR PC unit being
similar to that of Figure 19. Attempting a connentwith one of the program cards yields the
response ‘Updating Failed’. However, with the otbard a connection was obtained and the
response ‘Parameters Ok!” was seen on the scréemwhs the first stage of connection and
identified that it was a compatibility issue betwedne SODWIN software and SODAR

program that was initially causing connection issue

With the direct serial connection established thgtrstep was to explore the possibility of
obtaining a modem connection so that data coulddilected remotely. This would negate
the need for a direct connection and make the systatable for deployment where direct

access was not always required.

A Wavecom Fastrack Supreme 10 modem was acquitdd.riodel can be seen in Figure
22.




54

Wavecoan® smac
SUPREME

This modem connects to the serial port of the SODXRunit via a VGA to RS232 adaptor
and can be powered in parallel with the power dimepliby the 12Vdc output from the

transformer. A standard GSM aerial is also conmketighe modem. The first attempt to dial
the modem was made by inserting a standard molbhit;me SIM card (with pin code

disabled) into the modem and phoning the nhumben feomobile phone. A ring tone was
heard, but after one ring it was disconnected. heved that the modem could receive
incoming calls on a voice SIM card but that a ddfeé approach was needed in order to

obtain a secure connection.

It was found during further research that in orkeuse the modem for data transfer, a data
specific SIM card is required. The first attemptswe take the SIM card out of a
commercially available wireless internet donglewsdwer, the format of this SIM card was
3G and the Wavecom Modem does not support dataféraim the 3G format, so the
connection was unable to be established. Furttsmareh into data transfer SIM cards, and
contact from AQSystems led to the conclusion th@irauit Switched Data (CSD) card was
required. The SIM card service provider was coetatd see if this option could be activated
on either the voice SIM or the 3G SIM but appaseiitivas not available. The commonly
used General Packet Radio Service (GPRS), whict tesde standard within the mobile
phone network, did also not seem suitable for #ugiired connection for data transfer. After
contacting most of the major mobile network senpeeviders it became apparent that only
3G data SIMs were now commercially available as iki the current standard for data

transfer.

In order to obtain a CSD enabled card it seemsalamintract would need to be undertaken

with a Machine-2-Machine company that specialisesomputers communicating with each
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other over a mobile network. This niche area of tharket seems to be expanding in
industrial applications, and as remote sensingess®s in wind resource assessment it is

likely that these SIM cards may become more widekilable.

It was decided that the project should go aheadowitusing a modem connection to retrieve
data, but simply use a direct serial connectioretdeve data when required. Although this
hinders any remote placing of the system, this sm¢grove to be an issue if the system is

placed on the roof and certainly does not affegtrasults obtained.

Another area of research into this area would Bising a 3G modem and SIM card for data
transmission however this data transfer rate is almwe the specifications required for the

relatively small amount of data that is being tfaned.

This research into the modem connection was dongarallel with the renovation of the
SODAR cone. The side of the cone baffle requiredcsiral reinforcement with a metal
panel that was screwed into place where it had apthe join. Also, the re-attachment of a
rubber joining strip on the base of the cone, usnystrial strength glue, to allow a proper
fit between cone baffle and the base was required.completed repairs to the cone can be

seen in Figure 23.
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The screwed on metal The strip that was

reinforcement strip re-attached

Figure 23 - Cone Repairs

The solid metal box that held the electronics ef slgstem within the trailer was removed so
that the necessary components could be housedeseeuithin it whilst in position on the
rooftop.

The system was now ready to be moved on to theafoibfe James Weir building. The siting
of the system, next to a LIDAR device, can be sadngure 24.

Figure 24 - Siting on the roof
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The two systems were positioned close enough tiegt are measuring roughly the same air
flows, but not close enough to interfere with eater. It is intended that the LIDAR data
can be used in conjunction with the SODAR datacmgare the output of the two systems

for the same area.

The main system components of the SODAR were howsthth an outbuilding on the roof

for protection from the elements.

When the system was first tested on the roof thesef pulse tones that could be heard was
erratic. Upon consultation with Andy it was confechthat the pulse pattern should be 3 short
tones followed by 3 long tones. This sequence aldov the lower altitude readings with
short pulses and higher altitude readings withlahger pulses. A relay clicking sound could
be heard from the system, and a dimming light cts@ldeen on the amplifier, on each pulse.
It was assumed from this that the system was dingyfpr power, thus causing the relays to
switch the amplifier on and off, and consequently producing the required pulse output.
The standard pulse power of the system is set @V38nd if this is supplied at 24V then a
current of 12.5A will be drawn. The PSU used to pothe system has a capacity of around
2A at 24V; obviously this is well below what is eged. Since there was no readily
available, large enough transformer, the solutethis was to connect two PSUs in parallel
to provide more amperes. In addition to this, the 12V back-up batteries from the trailer
were connected in series (to make 24V) with the #&Uprovide a buffer. Since the pulses
only require a high ampere output for a short meobtime, the fully charged batteries can
help to absorb these spikes in power. The pulseep@valso adjustable within the SODAR
parameters. With the configuration described, d®dpulse power set to between 50-100W
the system can output the correct pattern of pulddbough this is below the standard
output, the system should still be fully functioralthis power, but may result in a lack of

data if there is large amount of background noresent.

It was thought that there may be a suitable transfo located within the SODAR trailer,
however after an extensive search this was notdfiokiar future use of the system at its full
rated power, a suitable transformer that can supgl from a standard 240V mains power

source and handle 12.5A current spikes should behpsed.
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With the system set up on the roof and producimgréguired pulse sequence, the next step
was to collect and retrieve data. After allowing 8ystem to run for 10 minutes so that one
batch of integrated data could be recorded, amattgvas made to transfer the data file from
the SODAR PC Unit to the Laptop PC used to coltietta on the roof. The file transfer
process could not be completed however due to enawn error. The correct process of file
retrieval was completed but no file was receivethmfolder on the laptop. This led again to
the conclusion of incompatibility between the SODW4oftware and the SODAR program.
A newer version SODWIN (SODWIN 6) was acquired frégmdy. This required copying a
newer executable file into the existing SODWIN pweog folder and replacing the parameter
files with the newly supplied ones. With the newgnam a direct serial connection could not
even be obtained. It was decided that all threehef supplied program cards should be
examined for their compatibility with both versioosthe SODWIN program. This involved
taking the PC unit apart to insert each card, reeoting the whole system back together and
then analysing the connection that is possible frieeaptop. The results of this are shown in

Figure 25.

SODWIN Parameter Current data Spectrum  File list File
Program card Format Version collection? collection? collection? collection? Transfer?
Original Flash card Compact Flash 5.1 X X X X X
Original Flash card Compact Flash 6 < < < < X
Disk with no sticker DiskOnModule 5.1 « < « <
Disk with no sticker DiskOnModule 6 X X X X
Stickered disk  DiskOnModule 5.1 X X X X X
Stickered disk  DiskOnModule B < < < < <

As can be seen in Figure 25 the only program thatvad a full connection was the
DiskOnModule stickered disk, and only when accessdith the SODWIN version 6

software. The file transfer of from the disk witle sticker using SODWIN 5.1 has been
highlighted, this is because the files transfer stomes but are Okb.

The contents of each program card were examinedy 3DS commands as they were each
installed respectively on SODAR PC unit. The progi@ards contained similar files, some of
which only vary with respect to the company invalysuch as tempdRES and tempdNEL

which contain ANSI data prior to conversion. Thdiudual program files were identified by
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the format AQLC####.EXE. On examining the file stire of the compact flash drive in
comparison to the other program cards it was fahatithere was a program within a folder
named ‘new prog’. Since this was not in the roaveltike the other program cards, it was
thought that it was not in use. It was copied itite root drive, from which the existing
equivalent program file was removed, using DOS camas. This new program however
still had connection issues.

So it can be seen that the only suitable option wasse the stickered disk and access the
files using the SODWIN 6 software.

In order to examine the signals received by theéesysand to check that the system was
operating correctly, the frequency spectrum wasnexed. The frequency spectrum displays
the individual spectrums that are received fromhespeaker at each height gate. There
should be a correlating spectrum that varies in |lénte for the various height gates.
However, on analysis of the retrieved spectrunsfilebecame evident that only one of the
spectrum components was present. When viewingpgbetsmim with the software, only the
first channel showed any data. This can be seé&mgure 26. It did however show a similar
spectrum for each height gate.

- SPICTRUM

The graphical format on occasion showed an outipat Wwas comparable to an expected

spectral output (a Gaussian distribution similathat of component ‘A’ in Figure 26) but
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this was erratic as sometimes the spectral outpstsporadically spread. The data collected
did however show some boundary layer charactesistiat were expected of valid data.

E - [ofx)

Transitional region from
140

turbulent to laminar flow
12

100

%
L]

It can be seen from Figure 27 that the resultingdwprofile shows an increasing average
wind speed from 20-80m. At 80m a clear transitian be seen from an increasing average to
a steadier average between 6-8nag heights above 80m when a return to laminar flow
occurs. Given the height of the building at arodfe80m this seems to display the formation
of the roughness sub-layer at around 150-160m. dhiselates with the expected height
range of 2-5 times mean building height as estichaieRaupach et agiven that the mean
building height is around 50m. Although this wasught to be a promising output, the lack
of a full spectral input meant that this was likébybe only one vector component of the
desired data. The fact that the average wind spe@®m was only 2nisand it was very

windy on the roof at the time of measurement backethis theory further.

Due to presence of only one spectral componenas thought that perhaps only one of the
speakers was working correctly. In order to exantims, the speaker membranes were
replaced. Two replacement speaker membranes wevidpd with the system. Changing a
membrane involves removing the back of the speaiag a hex key, and the replacement of
the membrane with great care due to their thin &md fragility. This process is highlighted

within the AQSystems service manual. In order tsuea that all membranes in question
were working, the two membranes of the supposediyworking channels were swapped
with the spare membranes, but also the membratieeaforking channel was swapped with

the other two channels. The result of this proseas that the output was unchanged. The
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same channel (channel ‘U’ as denoted by the martherspeaker) remained as having the
only spectral output. It was then deduced thatpeblem did not lie with faulty speaker

membranes.

The next check was to the transmission cables otingethe SODAR PC unit to the
SODAR cone. The wired connections between the tvas ef the cables were checked using

a voltmeter and were found to all be functional.

Some of the SODAR parameters including pulse p@amdrgain were altered, and periods of
data collection undertaken, to assess any effeth@mesulting spectral output, but this was

to no avaiil.

In order to assess whether the error was in theslaon of the raw data into a readable
format by the SODWIN software, the raw data filesrevto be examined. Within the
SODWIN program files folder the raw data exist®\SI format before it is translated into a
readable format. For the spectrum data, the filenath ‘spekbin’ contains all three
components in ANSI code before being translated ihé files named ‘uspek’, ‘vspek’ and
‘wspek’. On inspection of these converted fileslyarspek contains any values, whereas the
other two files contain only zeros. This is expddéter the spectral output showing only one
component. In order to examine the spekbin AN, fil piece of specialist software called
‘viewfile’ that exposes the raw data within a file numerous formats was utilised. The

output of this program is shown in Figure 28.




F:\STRATH~1\Thesis\FILETH~1\READIN~1\VIEWFILE. EXE
LSB-Binary—MSB

Address
10 228
11 207
12 209
13 224
14 22
15 149
16 112
17? 239
18 125
19 235

B

R4l |k

Byted(s)> ASCII

11100100
11001111
116106801
11180600
00016110
16016101
91116000
11181111
91111161
111910811

a5 )5 e 1505 ]%)
150515151515 1%)
15515151505 ]0)
15515151515 ]1)
5151515151515 N
0BRnBRn1
nBRnBa16
A0000a11
90600161
$B0ne1106

Word
228
207
209
224
278
405
624

1007

1405

1771

Integer

1807
1405
1?71

280 254 11111110 90080111 20846 20846

21
22
23
24
25
26
27

43
285
12
198
189
174
28 131
29 83

v+ mMMovvog o
. . . . . . . . . . . .

b ek e =S NN AW SO0 ®

11181110
081010611
11001101
00001100
11060110
18111161
10161110
10000011
91016011

#Bvnn110
0006161
nBRnBa16
nBRnva16
A00RnBA1
0000001
51515151515 5N
nBRnBRn1
5121515151515 5 8

17?74
1323
217
524
454
445
430
387
339

1774
1323
7217
524
454
445
430
387
339

Offset

Format : TWOBYTE File
Esc = Command $ = Select line

: F:\STRATH™I\THESIS\FILETH“1\SPEKBIN
#+ = Select field H = Hel

3609 words.
p

It can be seen that integer values increase to pahle (highlighted) before decreasing
again. This pattern was consistent throughoutitkethird of the file, following the expected

spectral output. The first third contained numdrinteger values stored in two-byte packets,
whereas the remaining two thirds merely containesz This matches the output pattern
shown within the individual ‘spek’ files. It coulde concluded from this that it was not this

conversion process from ANSI to decimal that wastyeand causing erroneous data.

The ANSI format data file was also examined usheg\tiewfile program. The integer values
within this file did not exactly match the valuespglayed within the SODWIN converted
data files, however there was some correlations Téads to the conclusion that either the
SODWIN translation is incorrect or the method usedview the data with the viewfile
software is not correct. From this conclusion thenslation process was to be further

examined by Andy.

It was at this point that the re-commissioning psxwas ceased due to time constraints. It
was decided that Andy would be brought in to arelye system in order to solve the final

compatibility issues.

In order to discuss the method of operation ofdineent system and any common problems

encountered, a user manual has been created.
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The power source for the system is currently cotateas outlined in Figure 29.

12v 12V|

SODAR
Unit 28V o 24V o

-

With the power supply connected to the SODAR juorctiox, the system is powered up via
the switch on the SODAR junction box. As the systawers up the speakers will begin to
emit pulses that gradually increase in power uhtl specified pulse power is reached. The

pulses should emit in the pattern of three long@aifollowed by three short pulses.

With a laptop connected to the SODAR PC unit via $lkrial cable, the SODWIN program
should be started. The setup tab should be access#dhe communications should be
viewed. Ensure that the correct com port and batelare set to match the laptop being used
for communication. Typically this will be com1l a®$00 baud. Direct connection, along
with no automatic collection should be selectedhmsame tab, the path for data files can be
viewed and should be set to the desired destin&tiothe SODAR data files.

The SODAR parameters can be collected through @BVBIN software by accessing the
tools tab and manual connection menu and sele&@DBAR parameters. A description of

the parameters is shown in  Table 4.
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Parameter

Integration Time

Antenna Orientation
Measuring Modes
Frequency
Limit Wind
Store Spectrum
Gains u,v,w
Pulse Power
Pulse Power Control
Noise Limit Wind

Noise Reduction

Description

10min for wind energy

15min for air pollution

input compass direction during set-up
defines height gates typical 2

pulse frequency

factory set, either 20,21,22

'y' to store spectrum

range 0.05-0.3 typical 0.15
standard 300W

'n' to define using Pulse Power value
range 3000-8000 typical 6000

'y' to activate background noise
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subtraction

Reduction Figure range 0.1-1.0  typical 0.8

The list of SODAR parameters will be updated with values stored in the current program.
On the first set-up of the system the antenna taiem should be updated. The method for
calibrating this can be found in the AQS manuak fteasuring mode will usually be linked

to the program card in use. The operating frequeresd not be changed unless there is
constant source of noise nearby around the sangedney, as this may result in signal

interference. The pulse gain and power can beealtdependent upon available power and
higher values should be selected in areas of hagikdround noise to ensure that a strong

signal is obtained.

If the serial connection has now been confirmeeckhhat the speakers are transmitting and
receiving correctly by collecting the frequency apem. This is collected via the same menu
as the SODAR parameters. On viewing the collecpsttsum there should be a frequency
distribution present on each channel. The distisimst should resemble typical Gaussian
shape. With the spectrums identified the SODAResysshould now be left running for 10

minutes to acquire the first integration periodadakfter the first 10 min integration period
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there will be a data set stored in the SODAR PQ@. diiis can be viewed using the ‘collect
current data’ command and can be viewed in eitilaular of graphical format. The graphical
format will resemble something similar to that ofjire 27. The system can now be left to
collect data for the required period. The data tdlstored in daily files and can be accessed
using the File List command. In order to transfex files from the SODAR system the file
list must be collected and the desired files setkécthe files names will start with WA and
will then be followed by the date in numerical yeawnth/day format. After selecting the
desired files they should be transferred and wipear in the folder selected in the
communications tab. The transferred files will agpé& numerical format, their ANSI
counterparts can be found in the SODWIN root faldene numerical data files can be
viewed in notepad. Once saved in a notepad fiy tan be opened from the notepad file in
Microsoft Excel. Upon opening the file, delimitedrinatting will have to be selected with
commas selected as the limiters. The file can theerviewed in Excel. There may be no
headings for the data columns however a samplesgaia shown in Figure 30.

Date/Time Interval mode Voltage Temp Null Press spd20 dir20 std20 vert20 stdv20 s/n20 spd25 dir25 std25 vert25 stdv25 s/n25 spd30 dir30 std30 vert30 stdv30 s/n30
cm/sec deg cm/sec deg cm/sec deg

20080516 9:10 10 1 1330 -400 0 600 245 87 92 13 56 95 272 87 86 12 55 104 281 97 83 4 48 118
20080516 9:20 10 1 1330 -400 0 600 245 82 95 30 64 88 267 83 92 33 58 89 275 85 89 32 61 87
20080516 9:30 10 1 1330 -400 0 600 193 75 9999 40 55 105 285 77 95 41 56 107 303 76 94 34 59 105
20080516 9:40 10 p 1 1330 -400 0 600 205 78 78 29 51 103 315 78 91 30 52 100 325 79 98 30 55 94
20080516 9:50 10 1 1330 -400 0 600 204 57 9999 62 75 98 293 58 104 61 78 103 302 58 113 64 78 100
20080516 10:00 10 1 1330 -400 0 600 223 43 86 6 64 101 251 44 92 5 67 102 261 a4 95 6 60 100
20080516 10:10 10 1 1330 -400 0 600 287 75 95 9 55 101 317 74 96 8 52 95 326 76 98 11 55 100
20080516 10:20 10 1 1330 -400 0 600 273 64 95 23 61 116 357 65 96 24 60 113 364 64 97 24 64 106
20080516 10:30 10 1 1330 -400 0 600 334 82 99 21 64 97 386 81 104 21 64 95 399 78 107 22 67 103
20080516 10:40 10 1 1330 -400 0 600 281 75 94 23 61 90 362 75 100 26 63 92 368 76 102 25 68 86
20080516 10:50 10 1 1330 -400 0 600 337 77 91 15 61 103 358 78 93 15 62 100 359 79 92 17 64 90
20080516 11:00 10 1 1330 -400 0 600 298 84 83 13 50 109 318 83 87 15 52 107 320 85 90 15 57 101
20080516 11:10 10 1 1330 -400 0 600 236 79 73 21 54 88 335 78 82 23 54 91 341 79 85 21 54 103
20080516 11:20 10 1 1330 -400 0 600 244 70 86 11 55 100 345 69 88 12 52 108 350 70 89 16 57 109
20080516 11:30 10 1 1330 -400 0 600 260 69 98 23 70 88 288 69 97 22 72 82 295 69 98 19 66 90
20080516 11:40 10 1 1330 -400 0 600 197 36 77 18 49 103 217 37 79 20 51 109 226 37 84 23 57 113

The date and time for each measurement period esedn at the start of each row. With the
temperature and pressure sensors not connectedhlines of -400 and 600 are shown in
these cells. The data is set into separate heabksgstarting at 20m then increasing in steps
of 5m up until 150m. Data availability may varythis height due to weather conditions or
pulse power. For each height gate there are vdbreaverage horizontal wind speed, the
direction, and the standard deviation about thenm&here is also the average speed of the
vertical wind component and the standard deviatioout that mean. Finally there is a signal

to noise ratio which outlines the amount that tléadhas been influenced by background
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noise. Data in this format can be easily plotte@xnel by selecting the desired columns for

analysis of the wind resource.

This section will outline a troubleshooting methbdt incorporates a process of elimination.

If upon powering up the system there is a clickbognd coming from the amplifier in time
with the pulses, then it is likely that the pulsemer is too high for the power supply. This
can be easily reduced in the SODAR parameters ndemn to a value of 50W. Lower
values will however result in a higher signal toiseoratio and thus reduce the data
availability. This could become more of an issuamurban environment due to the greater
amount of general background noises. Another cafiselack of data availability could be
during periods of heavy precipitation as this cawsdra unwanted backscattering from water

droplets in the air.

If there is no clicking and the correct pulse semeeis not heard then it is likely to be one of

three causes.

1. There is an inadequate connection between the SOk and the control box for
the system. The two connecting leads should bekeldeto ensure that they are fitted
correctly, and wired a connection should be corgnimsing a voltmeter.

2. One or more of the speaker membranes may be damapede are two spare
membranes currently with the system. They can ptaced by removing the back
panel of the speaker using a hex key. The membsanielicate and must be handled

with care.

3. The PC unit is not functioning or the program i$ nmning. Connect a PC monitor to
the PC unit and ensure that the screen in Figutie $8en. If this is not case then the
program is not running, this could either be dua tack power to the PC unit (check
connection), a lose connection somewhere in thiesygéa BIOS error may be heard

or the program card may not be connected propearthe DOS program not loading
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from the specified path (ensure that the correieteds selected in the PC unit setup

menu).

If when trying to access the SODAR PC unit throupe SODWIN software a serial

connection is unable to be obtained then thera &e® possible causes.

1. The correct RS232 null modem cable should be uBkd.cable currently with the

system is of the full handshaking variety.

2. The correct communication settings should set for selected com port. This
includes 9600 baud and the default com1 port ggttior no parity, hardware flow
control, 1 stop bit and 8 data bits.

3. The correct program card should be selected sattiatompatible with the version

of SODWIN in use for communication.

If using a modem to obtain a remote connectioratgrare should be taken in order to ensure
the suitability of the SIM card and modem. The Sidtd should be CSD-enabled to allow
the data transfer. This is likely to require a tcact from a specialist provider as most
commercial network operators have progressed axelysinto 3G data transmission. A

suitable modem should also be chosen that supip@$SSD format.
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Intended research

As previously mentioned, it was intended to use 8@DAR system to collect data
concerning the air flow over the roof of the Jarésir building. From this data an analysis
of the possible output from a wind turbine at thite could be conducted. The intention was
to create a probability distribution function frotime wind speeds present at the site. This

could in turn be used to analyse the projectedudstipom various turbine heights and sizes.

The work would have also taken into consideratioranalysis of the urban boundary layer
throughout various weather conditions and time &anirhis could be used to predict the

flow rates under varying circumstances.

The results would be compared against those of.lDAR system positioned at the same
site and would give a representation of the validit the results and information regarding

the operation of the SODAR system in an urban enwment.

However, due to the many obstacles encounteredy almexperimental restoration process,
and a continual reliance upon external sourceadwoice and information, the project did not

reach completion.

What has been created however, is a documentedegsoeport and a base from which the
intended future research can be conducted. Witlsyeem near completion towards a fully
working state, input from an expert in the fieldshd see it producing reliable results. It can
then be used for analysis of the wind flow overribaftop and an investigation into potential

turbine installations could be conducted.
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Further Application of SODAR

With the government’s ever increasing targets ef plercentage of the nation’s power that
should come from renewable sources, there will ubtedly be a large amount of wind
power as it is already the most developed renewtaislenology. As the application of wind
power continues so too will the use of remote wsedsing techniques such as SODAR. The
benefits of a SODAR system over conventional windnitoring techniques have been
highlighted throughout this paper. But there areaarwhere there is further potential
available for the application of SODAR that havd&ofully examined.

The ability of SODAR to measure vertical wind compots gives rise to the possibility of
mounting a system horizontally near, or even uponyind turbine hub. The originally
vertical components would then produce a horizonmtadd speed cross section as it
approaches the sensor. This would allow a sensicigntque that could be used to measure
the actual wind speed upstream and track its pssdsefore it reaches the turbine itself. This
would be useful in the operation of a turbine tgwee that it is set up correctly in order to
maximise the potential energy captured from theonmiag wind. The speed range of the
vertical component on the current system is onlm/B0so this would have to be adapted in
order to accommodate a greater range. Issues rsayoaktur with the backscattering of
signals from the ground at readings of greateadst due to the radial trajectory of the pulse
beams. Noise and vibration transference betweesystem and the turbine would also need

to be taken into consideration.

The issues regarding the use of SODAR systemsmthiurban specific environment have
been discussed. In order for a system to produeabls results it is likely to need to be
positioned on a rooftop or away from any sourcesidé lobe interference. The minimum
height gate measurement of around 15-20m also faitgnlimits its use for the wind
resource assessment for turbines with a hub hefglround this value.
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But an approach that incorporates these facts mayant further research as the
development of BAWTs continues. Should the windbuese assessment be conducted by a
SODAR system on the site of a potential new bugdithen a wind profile of the expected
winds above and around the site of the new buildiogld be created. Armed with the
knowledge of the air flows above the potential,sités profile could be used in conjunction
with the designing of the building to model the ezfed flows around the building. This
would ensure that any integrated wind turbine tetdyy should perform to expectations.
This becomes increasingly suitable for SODAR systasithe height of most modern urban
buildings will outstrip the measurement capabdit@f a conventional met mast. Also the
large footprint of a met mast may not be suitabl#hé plot of available land is restricted.
With the measurements from SODAR systems beingnveltic, the values should also be
more representative of the available wind poweouese due to the associated accountability
for directional variations resulting from large ams of turbulence. Not only could the
design of BAWTs be enhanced and include more radiced augmentation that utilises this
fuller understanding, but the design of any natweaitilation systems planned within the

building could also benefit from the knowledge lod Expected air flows.

Should a SODAR system be used in this way thensawnyces of background noise would
have to be considered. Even if a similar LIDAR systwere to be considered instead, there

may be issues with regard to significant urbantldilution.
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Conclusions

The conclusions have been spilt into their primamg secondary objectives as described in

the initial methodology.

The process of restoring an old AQ500 SODAR sydiera working condition that can be

powered from a mains supply is almost completen@d\gh issues remain with regards to the
final compatibility of the system and the accedbnsare, a considerable amount of diagnosis
work has been undertaken. This work has resultea documented investigation into the

main components of the system and their respecpeeation.

In addition to this, a substantial amount of piitiwork was required in the removal of the
system from its old state to bring it to its cutrstate, and into its new position. A significant
amount of fault finding analysis was undertakenomer to determine the areas of fault
within the system. This has resulted in the creatiba troubleshooting step-by-step manual

that outlines key areas of possible concerns.

Although it was felt that the significant amountrefiance on external sources has hindered
the progress at some stages, this could not bedweds such is the nature of an experimental
project. Even though there was no opportunity ttaiobany analysable data, what has been
created is the basis for further research both thithSODAR system in question and into the
topic area. It is hoped that the detailed analysithe operation of individual parts of the
system and the system as a whole can be usedvm@ra deeper understanding for future

researchers.

The successful renovation and relocation has beleieveed and the proposed work needed in
order to bring the system into full operation hasrtoutlined.
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The global scene has been set for the continueelamwent of our renewable energy
generation techniques. Wind energy is currentihatforefront of this development but it by

no means being utilised to its full potential.

An analysis into the field of urban boundary laykas been conducted. The results of which
clearly highlight the important characteristicstbé various layers and corresponding wind
profiles that would be expected to be encountereé inumber of urban scenarios. The
influence of topography and surface friction upbe air flows have been discussed, along
with the effects of the phenomenon of the urbant idand. The urban heat island is an
anthropogenic consequence of city construction dliabately dictates thermal structure and
the thickness of the various levels within the ark@mospheric boundary, thus in turn

affecting the air flows within it.

The main methods of wind measurement have beengdied in relation to each other and to
the wind energy industry. The conventional cup ammeter met masts are slowly giving

way to more modern and powerful remote wind momitpdevices. The advantages of the
remote sensing techniques are numerous, mainlgké®ir increased accuracy, mobility,

subtlety, and inherently more representative veateasurements. The place of SODAR
systems within the field of remote wind monitorirggestablished, although older systems
may not have the same accuracy as a more soptesticiDAR system they can match the
accuracy of met masts and the reduced economiotdse systems make them attractive to

wind energy researchers.

The conventional method of wind resource assessima@mntbeen outlined, along with the
different challenges that apply to wind energy aapion in urban environment. The need to
develop in regions of greater surface roughneskimglease as areas of available lower
surface roughness become depleted. The air flowsnwihe urban region are significantly
more complex and turbulent. Although this hindensdrenergy application it should be seen

as an area of emerging potential and one whickrng different from its rural counterpart.

Various methods of wind harnessing within the urbamironment exist and are evolving all

the time as the understanding of this area in aging. Although initial attempts at urban
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wind energy have been somewhat unsuccessful, m®gsebeing made with newer, novel
devices. One of the most promising areas is thaudfing augmented wind turbines which

utilise the potential for air flow acceleration kit the urban environment.

The proposal for assessing the current site of SBOAR for wind energy application

required the assessment of the local topographyrigrstanding the air flow around similar
objects, and the topography of the surroundingased, a depiction of the expected
characteristics around the site has been creatdtbugh very small home mounted turbines
have experienced very little success, the apptinatif a larger turbine here, perhaps tilted

towards the prevailing flow may result in an impedwoutput.

The suitability of SODAR within an urban environmdras been discussed with regards to
the potential issues of background noise and side Interference. Although such systems
have been rarely used in an urban context due teeges and the minimum height that can
be measured, cases for the application of SODAR: hmen proposed. The use of wind
profiling at a prospective site before any buildidgsign has been created allows for the
significant integration of wind turbines into oroand the building itself. This in turn
provides a better prospect for the turbine to peeda larger output and hence increase the
sustainability of the building and its projectechige.

The environmental impacts of SODAR are minimal dhe small physical footprint.
However, the energy consumed during operation shbel factored into any embodied
carbon assessment for a wind turbine. The apphicaif solar power may also improve this.
The environmental impact of urban wind developmsrthought to be lesser than its rural
counterpart due the reduced need for transmissind,the already developed installation
sites. The implications of building accelerated damust be fully assessed of course, as their
impact on residents and the local ecosystems maighéicant.

To conclude, the basis for future research has lmeated through considerable fault
analysis and documentation along with researchtimcatopic area of urban wind energy in
an applied theoretical manner.
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Appendix A

This is a copy of the email that was sent to AQ&wyst once the components were initially
removed from the trailer. At this stage the confegion of the system was unclear, hence the

guestions within the pictures.

Here is the system | have, separated from the |dggm®eerator, batteries and associated
circuitry. There are also two cables to the SODARec(highlighted in diagram below).

sensor input? \

cone

DC Power
Supply,

12V or 24%.7

25pin connection 24V DC Power
between PC Unit Supply to PC
and Sodar Unit

Control Unit
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Power
Amnmplifier

DC/DC
Converter,
12V Output.
24V Input?
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25 pin connection to
SUpPply Sodar Control Unit

Cunrently Unconnected
Connected 25 pin
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. What's this
‘e )
connection?

6'-
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