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Predicting the yield of small wind turbines
In the roof-top urban environment i an
update
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A Description of methodology

A UK wind at

as

A Urban wind profile

A CFD mode

ling of wind around buildings

A Prediction of mean wind speeds at WWT sites
A Increasing energy yield on flat-top buildings
A Conclusions
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A methodology for predicting urban turbine energy yield
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UK wind atlas
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Data from UK met. stations

Mass consistent model:
NOABL

1km I 1km grid

Output: 10m, 25m, 45m
Uniform low roughness
No buildings

Not really suitable for
urban wind resource
assessment | N
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Urban wind profile
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A Scale profile using
wind atlas at site of
Interest

A Resultant profile
function of:

A Surface roughness
A Building density
A Av. building height
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Computational fluid dynamics (CFD) modelling
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A ANSYS CFX RANS using k-Uturbulence model

A Flow simulation around an array of buildings
A Representative selection of different layouts/building types
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Example simulation

Speed Change Factor, s

A Speed-up factors calculated for different directions
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Isolated house vs. house in a urban area
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A Pitched roof of isolated house causes wind speed-up

A This speed-up is reduced when embedded in a urban
area (depending on building spacing)




Loughborough
University

7 W

Matrix of speed-up values

Wind Moniker Heath Ref Fltr Flat Semi Trc Inline Crvd FrNbr SGdn InckE IncS
Optimum Mounting Positions: z' = 1.0 -
N Max S @ Cnr SE/SW Frt W Cnr SE Cnr SE Cnr SE Cnr SE Cnr SE Cnr SW Cnr NE Cnr SW Cnr SE Cnr NE
Max S 1 0.97 1.09 1.17 0.97 0.95 0.97 1.05 1.19 0.99 1.87 0.92
w Max S @ Frt W Frt W GbIN Cnr SW Gbl S GbIN Gbl S Gbhl s Gbl' S Frt W Frt W GbIN
Max S 0.5 0.62 0.60 0.58 0.78 0.67 0.77 0.99 0.83 0.49 1.07 0.96
NW Max S @ Cnr SW Cnr SW Cnr SE Cnr Sonty Sonc Cnr SW Cnr SW Cnr NW Cnr SE Cnr NE Cnr NW
Max S 0.8 0.91 1.13 3m m a.St 7 0.73 1.18 1.03 0.79 1.79 1.17
Even Location CnrALL Cnr NE/SW FrtE/W Cnr WCnr NE/SW Cnr SW  Cnr NE/SW Cnr SW Frt W Cnr NE
Av S 0.6 0.75 0.88 VRS U.l 4 v.ol 0.74 0.78 0.86 0.70 1.22 0.90
Av UH' - 0.35 0.34 i) 229 Qs Qs Q24 220 Q24 aSals 0.36
Av U' (sic) - 0.26 0.2% 0.27 . 0.32
Optimum and Central Mounting Positions: 3m Mast MaX . S p eed u p - Centre m O u nt
N Max S @ T e Gbl S Cnr SE Gbl's (€12 cnr Sw cnr NE Gbl's Gbl's Cnr NE
Max S 1 1.52 1.62 1.30 1.35 1.47 1.66 1.51 2.10 1.32
ctr S NW WI n d 1.51 1.54 12 ) 1.65 1.50 2.09 1.30
W Max S @ . L VY Frt W Frt W Fr onr SE Gbhl S Frt W Frt W Cnr NE
Max S 0.9 1.16 1.22 1.25 1.32 1.30 1.12 1.78 1.44
C s - 1.13 1.22 1P 1.31 1.05 1.08 1.68 1.27
NW Max S @ Cnr SW Cnr SW Cntr Cn Ghl S Cnr SW Cnr SW Cntr Cnr NW Cnr NE Frt E
Max S 1.1 1.50 1.69 1.44 1.36 1.24 1.58 1.55 1.38 211 1.58
ctr S - 1.37 1.69 1.75 1.06 0.90 1.15 1.49 1.55 1.38 1.70 1.58
Even Location Frt E/W Cntr Cntr Cntr Frt E/W Gbl N/S Cnr Gbhl S Cntr Cntr Frt W GbIN
Av S 1.0 1.34 1.53 1.56 1.20 1.21 1.18 1.30 1.45 1.34 1.71 1.44
Av UH' - 0.35 0.34 0.33 0.39 0.45 0.44 0.34 0.38 0.34 0.36 0.36
Av U' (sic) - 0.47 0.51 0.50 0.47 0.53 0.52 0.44 0.55 0.45 0.61 0.51
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Validation using WWT data

A Use Google Earth to infer urban fetch by direction

A Calculate urban profile based on fetch assuming
10m mean building height

A Use Birmingham Airport (Elmdon) wind rose

A Scale ElImdon wind rose to urban site using ratios
of wind speed values from NOABL database

A Scale urban profile by direction

A Use CFD speed-up factors to account for position
of turbine on building
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Results

E Actual

® Predicted

Mean wind speed (m/s)

Standard Deviation of the % Errors = 13%
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Some observatlons

A Height of some buildings was unknown
A Orientation of turbine relative to some

vV

A

ouildings was unknown
However, methodology gives reasonable

orediction of expected wind speed

A Urban profile is dominant effect
A Precise geometry of building not so important

as height of turbine above building

A Urban canopy layer
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Urban canopy profile
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Speed up over pitched roof house

A Relative to wind speed of upwind urban profile
at building height H, speed-up Is typically:
A 40% at 0.8H
A 70% at 1.0H
A 130% at 1.3H

A Emphasises importance of mounting turbine
above the top of the building
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Wind flow around tall buildings




