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INTRODUCTION

High-rise buildings produce significant changes in

Pedestrian comfort

Surface temperature
Pollutant Dispersion
Street Ventilation

Carpentieri et al., Boundary-Layer Meteorology, 2009
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MODELLING BUILDING WAKES

Current wake modules in dispersion models, such as ADMS-BUILD and PRIME are built on
the classical wake theory on a simplified building geometry

Wake growth prediction:
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METHODOLOGY — WIND TUNNEL

EnFlo wind tunnel, University of Surrey
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METHODOLOGY — TALL BUILDING MODELS
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w, , Spacing between buildings:

Ws/Wg =0.5,1,2,3,4
Building aspect ratio: AR=4, 6, 8

Measurement Plane (Wg = 60 mm, Hg = 240,360, 480 mm)
o Lateral: z = 0.5H,

o Vertical: y =0
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CLUSTER VS ISOLATED BUILDINGS - WAKE

SB N = 4, WS - WB
1.2 : : ‘ J
1l#i§:~q T FRE * (1) Near-wake regime: Distinct wake
08 g 4{,1;!/‘ | behind individual buildings
0.6 ;;* M4
U 04} \¥ —v"ﬂt
Us ool % W *An‘&,' * (2) Transition-wake regime: Wakes
T -a-2Ww ) ' . .
N ¥ adjust to form a single wake
A A
0.2 -%-4W, "t
041 4N | * (3) Global-wake regime: Single wake
4 =2 4 4 1 2 B 15 -1 05 0 05 1 15 similar to behind a single building
y/WA YW

Mishra et al., BLM, 2023

(2) Transition-wake

b e,

(3) Far-wake
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Mishra et al., Flow, 2024

TURBULENT CHARACTERISTICS
Single Building
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VORTEX SHEDDING FREQUENCY Mishra et al., Flow, 2024
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WAKE IN STABLE STRATIFICATION

Approach Flow
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WAKE

Single tall building

Stably Stratified Wake shows:
o Stronger recirculation
o Accelerated flow on the
building roof

Shear-generated turbulence
dominates the flow

Mishra et al., In Prep
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POLLUTANT DISPERSION CHARACTERISTICS \

Source Location: Centre

Bi et al., under review sﬁ
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POLLUTANT DISPERSION CHARACTERISTICS
Bi et al., under review
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SUMMARY

3 different wake regimes can be identified behind tall building clusters:
* Near Wake * Transition Wake * Far Wake
The individual building effect is dominant in the near-wake region
Uniform wake advection in the transition wake region
Far Wake region is governed by the cluster width
Mechanical turbulence generated by the buildings dominates the buoyant suppression in weakly stratified
flows
The building’s wakes significantly influence the temperature distribution of the atmosphere at the
neighbourhood scale
Cluster wake causes complex pollutant plume development, with vertical spread (causing bimodality in

some cases) and logarithmic lateral growth
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Questions?
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