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Introduction

Our past work = Mechanical forcin

STUDY OF FLOW AND DISPERSION IN STREET CANYONS

> Study of the effects of ambient wind direction on pollutant dispersion by
means of the commercial CFD code FLUENT using k-€ turbulence models and
the advection-diffusion method

> Study of the influence of building geometry on pollutant dispersion

> Validation/Comparison of CFD predictions with results from an integral
dispersion model such as ADMS-Urban

> Validation/Comparison of CFD predictions with wind tunnel measurements
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Literature — Examples

eat effects

»BOHNENSTENGEL et al. (Metereologiske Zeitschrift,
2004) studied the problem numerically

» Mechanical forcing dominates the circulation inside a street : e e
canyon, i - -
»but this forcing is influenced by the large-scale thermal

stability | [l culon ) | A
»They do not give model details or limits for the presence 5 o

of the effects, nor they study the effects of thermal
gradients on dispersion

»LOUKA et al. (Water, air and soil pollution, 2002) studied the
problem by open field experiments and numerically (based on
experimental results performed on a street canyon in Nantes)

»Windward heating: a thin boundary layer develops locally
within a few centimeters from the heated wall, modifying the
vortex

> Thermal effects important for air quality in the street, but they
do not obtain the concentration profile modification




12" International Conference on Harmonisation within- Atmospheric Dispersion Modelling for Regulatory Purposes

Literature — Examples

eat effects

»UEHARA et al. (Atmospheric Environment,
2000) parameterised the problem with the
Richardson number

»>They introduced a negative Ri number when the
leeward wall is heated (unstable condition) and Ri ~#]:: - [: -
positive when the windward wall is heated (stable ~—“womomon 0
CODdltiOl‘l) a) Rb=0.79 b)Rb =0 ¢ Rb=-021

000 025 050 075 1,00
XH

»Enhancement of the primary vortex when the
leeward is heated

»XIE et al. (Building and Environment, 2005;
Atmospheric Environment, 2007)

»2D numerical study on flow and pollutant
dispersion.

> They found a strong influence of thermal gradients
on the wind and pollution dispersion, as shown by the
figure
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Literature — Examples

eat effects

»SOLAZZO and BRITTER (Boundary-Layer Meteorology,
2007) studied differential temperatures between the canyon
bounding facets, the spatial temperature distribution within the
canyon and the temperature of the air above the canyon.

»Vortex within the canyon produced a temperature distribution
spatially uniform, Tcan. The variation of Tcan with wind speed,
surface temperatures and geometry was extensively studied.

»A simple parameterisation was proposed to evaluate the 9.0 it
temperature within the cavity: e St 039
- &-- Kection ,3-

6.0 4

4.5

H
I.=0.11 (Tw — Tamp) + Tamp o M

LRI T T T T
F0 30 anz N3 I 303 11

Position (m)

Temperature (K} (]
Fig. & {a) Temperabare conbours for the simulated casz with H/W = 1, Uy = S.I:Ims-'l. Ty = F10E. The
meaning of the arrows is the same a5 in Fig. 1. (b) Temperature profiles within the canyen for five vertical
sactiors: the mid-section and far sections {03+ and 05+) nzar 1o the dowrsirsam facel iraspectively 0.3 m
and 0.5 m from the downstream facety and 03— and 0.5— pear to the upsirzam facet (at the same disiances)

»NO DETAILS ON METHODOLOGY
»INCREASE OF MORE STUDIES
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Approach

Impact of ground and wall heating on flow and pollutant dispersion
in a street canyon

> Thermal effects affect street canyon flow and pollutant transport

»>They are generally due to solar radiation on building walls and
ground surface that heats up air in the vicinity

»>The role of buoyancy forces within street canyon is particularly
relevant under calm wind conditions, when downward inertial
forces are often compensated by an upward flow due to the
buoyancy

heating at: ground level, leeward and windward (AT=10°C)

ground heating
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Approach

buoyancy moaelling

»When heating the building walls or ground, the air density changes due to the air temperature

increase. l

> Buoyancy forces are incorporated in the momentum equation

.

»The model for buoyancy forces the Boussinesq’s hypothesis is adopted (the density and the other
physical parameters do not change, except for the density in the buoyancy forces term).

»The rate change in the air density due to an increase in temperature is:

p: thermal expansion coefficient == 13 = —LM ~3300°K™
p, and T : ambient density and temperature p, T, —T,
p, and T : wall density and temperature

»From momentum equation, Ri allows to estimate the effect of the thermal radiation on the flow in the
street canyon.

Richardson number

Ri = [g (Tw _Ta)H ] — Gr g: gravitational acceleration
Tau02 Re? | H: building height
u,: ambient wind velocity




12" International Conference on Harmonisation within- Atmospheric Dispersion Modelling for Regulatory Purposes

Skimming flow

Wake interference flow

/

>4 street ca&@g aspect ratios:
W/H=0.33-0.5-1] 2

> to avoid unrealistic three-
dimensional effects, depending on
L/H, a ratio L/H=20 is chosen (after
performing sensitivity tests)

Plane: z7H=0.5
Jil

3333333

W/H=1, L/H=10
Y velocity component: leeward heating (left), ground heating (middle) and windward heating (right)

Approach

outline of the cases Iinvestigated

—  Windward

Canyon Vortex
Corner Vortex

H=10m

A
\ 4

\%

A large amount of air enters in
the canyon from the lateral
openings. Then, the problem
becomes  strongly  three-
dimensional, and the expected
single vortex structure is not
observed even in the middle of
the canyon
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Approach

- Wi Richardson number
I outline of the cases investigated

9T, ~T.JH] _ Gr

K= Tu,” Re®
‘
u,, (m/s) at domain height Ri u,, (m/s) at building height Ri,,
1 3.27 0.69m/s 6.82
2 0.82 1.38m/s 1.70
3 0.36 2.08m/s 0.76

Inlet velocity profiles for different u,.s
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Approach

numerical modeling

SYMMETRY
CFD code FLUENT
grid: hexahedral elements ” X &
- ~1,000 000

-6,=0.02H, 6y=0.1H, 8,=0.025H
RANS-Equations
turbulence closure schemes

20H

- standard k-¢

second order discretization schemes

Boussinesq approximation

o o INLET
dispersion: advection-diffusion method
line source (I=L) along the street canyon Uu. +z 2 3
(=1 along / u(z)=—InE’JE k=-=(1-2) ¢=Y0 -2
Z, 5

centerline
K /Cu ) KZ
cu ., H
e T u*: friction velocity
Q/ l k=0.40: von Karman constant

¢: calculated concentration z,=0.1 m: roughness length

u,,.: reference velocity at the top of the domain C,=0.09

Q=10 g/s: strength of line source §: boundary layer height
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Approach
numerical modeling

Computational times: about 12 hours with a Dual AMD Opteron™
Processor 2000Mhz — 1024 KB Cache — 2 GB RAM

Wall function: one of the difficulties of computation of natural
convection by the standard k — € model is the validity of the wall function
method, which is based on the local equilibrium logarithmic velocity and
temperature assumptions. The logarithmic wall functions were originally
derived for forced-convection flows and do not hold for natural

convection boundary layers.

fine grids close to the wall when
Grashof numbers (Gr) are high

M. Holling and H. Herwig, 2005. Asymptotic analysis of the near-wall region of turbulent natural convection flows.
J. Fluid Mech., 541, 383-397.
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W/H=1 Approach
windward heating - Ri=3.27 numerical. modeling

After introducing the dispersion.....
| | R A A

Mesh inside the IIIIIIIIIIIIIIIIIII
canyon

N

4226400 i o 6.14e-01
3.926+00 / / l 570801
! 3.626+00 / : 527601
3.326+00 / iz 4.83e-01
3020400 | | | | v, / ] - 4.40e-01
2720400 =4 / 3.96e-01
2820500 / / 3.536-01
2126400 { ( 3.09e-01
1 826400 / 2.66e-01
1.516+00 / / 2.22¢-01
1.21e+00 r I | e
! 9.130-01 13600
6.12e-01 | \ 9.21e-02
312001 ‘ 4.866-02
1.08¢-02 V '/ 5-1049'0°2
290001 i / :-:’990 }
-5.91e-01 / / 6-02 |
-8.92¢-01 / / -1.25e-01 /
1190400 / / -1.69¢-01 3\ |
1499400 ix / / 2.126-01 N
-1.79e+00 / | / -2.566-01 /
¥ /

*grid not sufficient to capture thermal and dispersion effects

together
*flow structure unrealistically altered: large vertical velocity

component is observed over the top of the buildings

clockwise and anti-clockwise vortex
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Results
W/H=1 ____flow field — influence of Ri_____

W/H=1 - leeward heating - zZH=0.5 W/H=1 - ground heating - z/H=0.5
. 3 08 .
04 e Clockwise vortex . Ri=3.27
+ Ri=0.82 . 06.  +Ri=0.82
02  +R=036 + Ri=0.36
I =noheatng | | e, 0.4 = no heating
) “‘igiillliillllll. ® ..00
Sy —o0™ W 3 i aees "*00,0.2 -
ey, 0| = wsssms 2s0 *e,
05 03 -0 0.1 "og,, 05 Mg,
“‘33"- . ‘o“"“l
0.2 1 s _ _ _ %o, | |
: 0.5 0.3 0, | 0.1 .,..q_.t,:.u...,g.s
0.4 - 0.4
x/W x/W

Slight buoyancy effect for all the aspect ratios and the Ri considered

W/H=1 - windward heating - z/H=0.5

0.4 . Ri=3.27
. Ri=0.82
« Ri=0.3

02 - * no he

Anti-clockwise vortex more
N vrvrrs ‘ pronounced at higher Ri for all

RELTTTTPIN - S0 1 : \___“ .
05 03  -0.1 0 ) 0.5 aspect ratios

-0.2 -
x/W
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Ri=3.27, u

ref

=1m/s

z velocity component, middle (y=0) of the canyon

Results
flow. field — influence of heating
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weak dependence
on the aspect ratio
(the vortex is
enhanced by the
buoyancy)

vortex weaker as the
aspect ratio increases
(larger vertical velocity
could break the vortex
at smaller aspect ratios)

*clockwise vortex suppressed by
the anti-clockwise vortex as
W/H decreases
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Ri=3.27, u

ref

=1m/s

z velocity component, middle (y=0) of the canyon

Res

ults

flow. field — influence of heating
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enhanced by the
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Results
flow field — influence of heating/W/H

Ri=3.27, u_~=1m/s

ref

Clockwise  W/H=1 - Ri=3.27 - z/H=0.5

vortex 0.8 | + no heating Anti-

= leeward heating clockwise >(::Ontribution tO buoyancy
s e vortex ‘ due to different heated walls

0.6

1+ windward-he

-

[}
=)
= "mg,
= 0000000!!!!!.

> Strong effect for
windward heating

0.4 -
x/W
Clockwise |eeward heating - Ri=3.27 - 2/H=0.5 windward heating - Ri=3.27 - ZH=0.5  Anti-
vortex clockwise
0.4 - « W/H=2 04 *W/H=2
s = W/H=1 = \W/H=1 vortex
St 0.2 + W/H=0.5 » W/H=0-
i M « W/H=0.33
- A.:l‘. -
® 05 03 01 01 * 0.5 =
027 B 05
0.4 - 0.2 -
x/W x/W
weak dependence on the aspect ratio (the clockwise *clockwise vortex suppressed by the counter-rotating

vortex as W/H decreases

vortex is enhanced by the buoyancy)
*counter-rotating vortex dominant at W/H=0.5 — 0.33
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Results

middle of the canyon

flow field — sensitivity. to W/H

Heatin ] .
&1 No heating | Leeward Ground Windward
. W/H
Ri1=3.27
u =1m/s 2 Two vortex:
ref clockwise and
1 anti-clockwise
One clockwise vortex
0.5 One anti-
clockwise
033 vortex
Heatin . .
WH & No heating | Leeward Ground Windward
Ri=0.36
One clockwise
uref—3m/s 2 vortex
1 Two vortex: a
clockwise above
. a small anti-
0.5 One clockwise vortex i
Two vortex: a
small clockwise
033 above a anti-
clockwise
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Results

Ri=3.27, u_~=1m/s temperature field — flow field

middle (y=0) of the canyon

leeward h. ground h. windward h. leeward h. ground h. windward h.

[

Temperature Flow field
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Results
=1m/s temperature field — concentration field

Ri=3.27, u_,
middle (y=0) of the canyon

leeward h. ground h. windward h. leeward h. ground h. windward h.

Temperature Concentration
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Summary and Conclusions

combined buoyancy and ‘ wind flow structure and pollutant
mechanically induced forces dispersion characteristics in street
canyons

Leeward heating Ground heating | (Windward heating

for all the Ri and W/H for all the Ri and W/H > cooler air from the bottom of
the canyon leads to a second
vortex close to the windward
wall

>the anti-clockwise vortex
appears at larger aspect
ratios W/H when Ri is higher

> clockwise canyon vortex
enhanced

»>its centre shifted towards
the windward

> clockwise canyon vortex
maintained

»>larger vertical velocity
occur  increasing  the
exchange with the top

FLOW

flow l
. larger pollutant
very lower concentrations .
concentrations  near

with respect to the no .
P the windward wall

heating case
8 rather than at the
leeward

lower concentrations with
respect to the no heating case

DISPERSION
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