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DAPPLE – EPSRC & HO 2002-2010

Wind tunnel work to address:
• What controls the air flow through city streets?
• How does this transport and dilute pollutants?
• What is the pathway from source to receptor?
• To what levels of pollution are individuals exposed?
• Can these question be adequately answered through 

modelling?
Demonstrated value of street network dispersion models.

DAPPLE àDispersion and penetration of pollutants in the local 
environment, 2002 – 2010
Marylebone Road – Gloucester Place field site



A tale of two sites – compare and contrast
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Metres

DAPPLE – rectangular street network 
with modest variation in building 
heights – skimming flow except for 
Marylebone Road

MAGIC– irregular/radial 
network with large range of 
building heights – street 
canyons and large open spaces



MAGIC, South London

The wind tunnel model

… and we now address outdoor-indoor exchanges

81 m 134 m



1:200 scale wind tunnel model



The EnFlo wind tunnel

Flow field – LDA and flow 
visualisation

Dispersion – combined LDA 
and FFID

Surface pressure transducers

Temperature – cold-wire 
anemometry, thermistors

Fully automated for long, unmanned runs
Working section: 20 x 3.5 x 1.5 m Air speed range: 0.3 to 3.0 m/s
Neutral, stable and unstable boundary layer generation with inflow and 

surface temperature control



Overall objectives of wind tunnel work

• Understand flow conditions at field sites
in-canyon and urban canopy
in the flow above
including effects of atmospheric stability

• Characterise flow around and surface pressures on test buildings as 
function of wind direction

extend to study wind-driven ventilation
• Characterise dispersion conditions

in-canyon and above
as affecting test buildings

• Investigate impact of ‘special’ features at field sites
- railway embankment & tall buildings near St George’s Circus

• Provide data sets for model evaluation
• Compare with results from the DAPPLE site



Tall buildings – Marylebone Road



Isolated tall building: near-field dispersion
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Blackfriars Rd

London	Rd

Wind	direction	=	0°
along	X’	as	shown

X	(east)

Y	(north)

X’	Site	East
(parallel	to	Clarence	Centre	street	face)

Y’	Site	North
(normal	to	Clarence	Centre	street	face)
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Orientation and axes system



Westminster 
Bridge Rd

Waterloo Rd

NW courtyard

Blackfriars Rd St George’s 
Circus obelisk
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London Rd 3

London 
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St George’s Circus – profile locations

Keyworth Centre



Waterloo Rd

Borough Rd

Clarence Centre 
courtyard

Wind direction = 
0°

St George’s Circus – profile locations

Keyworth Centre

Selected wind and turbulence 
profiles for wind from NW

Bldg 45 
H45 = 405 mm



Mean flow

Normalised wind speed, U/Uref
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Longitudinal turbulence

Longitudinal turbulence intensity, u/U
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Wind direction = 0°

X = H/3
X = H/2
X = H

X = 1.4H
X = 1.8H

X = 4H

Lateral profiles at 
distance X 
downstream of 
trailing edge of 
building 45

Wind direction 0˚

at z = H/2, H

building height 
H45 = 405 mm

Locations of lateral profiles for Bldg 45

Bldg 45



X/H
0.33 blue
0.50 grey
1.0 grey
1.4 red									+
1.8 blue								X
4.0 green					�

Lateral profiles, U and W, at z = H

Model scale: 1:200
Building height, H = 405 mm (81 m)
Results at z/H = 1

U/Uref W/Uref

Lateral position, y, mm



Lateral profiles of turbulence at z = H
X/H
0.33 blue
0.50 grey
1.0 grey
1.4 red									+
1.8 blue								X
4.0 green					�

u2/U2
ref

Lateral position, y, mm

Wake persists beyond x/H = 4
- that is x > 320 m



Aspects of tall building aerodynamics

• Down-flow on front face
divergence in upwind streets

• Up-flow on rear face
convergence in downwind streets

• Enhanced exchanges
• Locally, high street level wind speeds and turbulence
• Recirculation in near-wake
• Persistent wake above urban canopy

wakes that may contain ‘trailing vortices’
wakes that may contain ‘vortex streets’



Dispersion

Characterise dispersion in the street network at the MAGIC site.

Key results from DAPPLE – maximum concentration at range, R: 

which seems to fit some other data sets as well – does it still hold?

Beyond that, do street network models work well in the very different 
geometry of the area around St George’s Circus?
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C* = 12/R*2

DAPPLE – wind tunnel

Separation, R/H

C
on

ce
nt

ra
tio

n,
 C

*



C* = 12/R*2

DAPPLE – field
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MAGIC – wind tunnel
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What next?

Pressure measurements 
over the faces of the 
Clarence Building to 
support ventilation 
analysis.



Further MAGIC spells in the wind tunnel

Sensor network studies
- network design
- for data assimilation studies
- 4 FFID simultaneous output

Detailed flow and dispersion measurements in-canyon

Studies of the effects of tall buildings

Studies of the effects of open spaces, trees, etc.

Test case compilation



… and then?

How to integrate the effects of

tall buildings
open spaces

in operational (street network) dispersion models?

Can the ADMS BUILD model for flow and dispersion around 
buildings be adapted for this purpose and used in conjunction 
with a network model?  What are the limits on this? What other 
approaches are useful?



Thank you.


