GEOB 401 - Project 3E:

Modelling Turbulence in a
Street Canyon




Problem Statement

“To investigate the effect of canyon aspect ratio of an idealized
canyon on flow patterns using ENVI-met software”

= Qualitatively manipulate street canyon aspect ratios to examine
flow regimes relating to empirical turbulent models

m Effects and implications of pollution dispersion in the context of
canyon turbulence
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1.What is ENVI-met?

Program Background
e Developed in 1993 by Dr. Michael Bruse
e ENVI-met provides services for investors, businesses, urban
planners, architects and scientists
e Used worldwide in over 147 countries with over 4000 simulations

runs

Numerical Model
e Computational model solving differential equations for a given Source: Bostjan Grasi¢, Primo?
domain over a defined time period Mlakar and Marija Zlata Boznar
e Allows theoretical modeling of scenarios that can be visualized in 2D A
or 3D pictorial form



ENVI-met Data Flow - Flowchart
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Background Variablesj
- Time step
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-Wind Speed

e Simulation
o Data resolution limited by grid basis
o lterative time interval selected

e Leonardo - data visualization



2. Turbulent Processes in the UCL

e Surface to mean building height
Includes urban street canyons

e Affected by mean wind (pressure gradient)
and roughness elements
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Turbulence in the UCL

e Turbulent production
o Mostly mechanical in UCL
o Caused by pressure/velocity differences (form drag)
o Mechanical energy converted into turbulence through eddy formation
(sweeps and ejections)

e Turbulent Intensity

o Kinetic energy used for turbulent exchange
o Related to average deviation of all components from main flow



Turbulence in the UCL

Mechanical Energy + Pressure Change = Turbulence
(Mean Flow) (Roughness Elements)
(Eddying)



3. Prediction of Flow Regimes

Canyon Aspect Ratio should affect flow regime of turbulence...
e Isolated Roughness Flow
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Input Characterization

Building | Building | Building | H/W | L/H | Grid Size | Cell Size, dxdydz
Simulation | Height Length Width (m3)
(m) (m) (m)
1 5 30 20 0.25 6 50x30x20 1x1x1
2 5 30 10 0.5 6 50x30x20 1x1x1
3 5 30 5 1 6 50x30x20 1x1x1

Location: Vancouver
Time Step: 1h
Start Time: 12 pm

Background Wind: 3 m/s

Wind Direction: 270° (from the West)
Ground: Loamy Soil
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Input Characterization

Simulation | H/W | L/H Expected Flow
Regime
1 0.25 6.0 Isolated
2 0.50 6.0 Wake Interference
3 1.00 6.0 Skimming
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Source: Christen, Lecture 12: Flow around buildings and in the urban
canopy
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5. Results - Simulation 1

/ ——\\\ / \ A Ratio: 2
~ D\.\' 5 D\ spect Ratio: 0.25

Observed: Isolated Flow

unler -1589.76 m3/m?
-1589.76 Ds 24328 m3¥/m?

Z (m)

24328 bs 0633 m¥m?
207633 bis 3909.37 m3jm?
3909.37 bs 574241 m¥m?
574241 bis 7575.45 m3/m?
757545 D 9408.50 m3/m?
940890 D3 1124154 mi/m?
1124154 bs 107458 m3/m3
Uer 13074.58 m3/m?

BERECONNENA
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Results - Simulation 2

Aspect Ratio: 0.50
Observed: Wake
Interference Flow

unler 39261 m3/m?
35241 b= 199577 m3jm?
198577 b= TV mim?

Z (m)

35885 o 20210 m3m2
5202.10 b= 630527 m3jm?
6830527 b= 34843 mim2
840843 b= 1001150 m3/m3
1001150 bs 1161476 m3/m?

1161476 b= 1321793 m3/m?

NENCLONEERS

e 1321793 m3jm2 1 4



Results - Simulation 3

= = Aspect Ratio: 1.0

D ) ) Observed:

.. Skimming Flow

3

unter 141993 m3/m?
141993 b 283376 m3/m?

144 2833.76 bis 425980 m3jm3

Z(m)

425980 bs 6944 m3jm?
5679.44 bs M093.28 m3jm3
03328 b= 3519.12 m3/m?
8519.12 s 933396 m3/m?
9933.95 b= 1135380 m3/m3
1135330 bs 1277854 m3/m?

L { I

domr 1277854 m3/m?

X (m) 15



Compiled Results

Simulation | H/W L/H Expected Flow Regime Observed Flow Regime
1 0.25 6.0 Isolated Isolated
2 0.50 6.0 Wake Interference Wake Interference
3 1.00 6.0 Skimming Skimming

As canyon aspect ratio increases, TKE within canyon decreases
e causes vortex trapping within canyon

16



6. Applications to Pollution Dispersion

e Implications for Pollution

Dispersion within street Circulation of pollution
canyons from outside sources within street canyons

Ambient
wind
178m[75 L’J]ZSm

Leeward
Windward

43mm "~ 0 g 4.4m

Source: Christen, Lecture 12: Flow around buildings and in the urban canopy 17



Z (m)

Z(m)

Pollution Data

PM10 Concentration
uker 0.21 pg/m?

021 bs 0.43 pg/m?
043 b= 0.54 pg/m?
054 b= 085 pg/m?
085 b= 107 pg/m?
107 b= 128 pygim?
128 b= 149 pg/m?
149 b= 171 pg/m?
171 b= 192 pg/m?

JENCDORRNN

dber 192 pg/m?

e (Canyon Aspect Ratio = 1
e PM10 Pollutants released in canyon center
e Skimming flow causes turbulent vortex
e Accumulation of pollutants on leeward side
(pink area)
Implications on air pollutant concentrations
— —> ——
Ambient
wind
0.5 .4
- e e e
Source: Christen, Lecture 12: Flow around buildings and in the urban 18
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/. ENVI-met Limitations

Program Limitations
e Grid height must exceed maximum building height by twofold
e Computationally intensive
e Steady-state assumption(parameters do not change with time) - not necessarily true
in real world
e Applies only microscale atmospheric models - on spatial and temporal scales

Our Model Limitations

e ENVI-met is only as precise as the information you input into the program
There is little information to educate you on the use of this program
Greatly simplified and isolated street canyon

Complex models require extensive manual setup
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8. Conclusion

1. Using Envi-Met software we were able to demonstrate the
correlation between aspect ratio and turbulent flow regimes in
the urban canopy layer. As the aspect ratio increases, the flow
regime changes from isolated to wake-interference to skimming
flow.

2. This software can be used for small scale atmospheric simulations

such as modelling pollution dispersal within a street canyon
= Ex. Higher aspect ratio can cause pollutant trapping
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