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Objectives

A typical urban domain over flat terrain

314y 1% 8 suticeloyer

In lecture results of development of the improved turbulence
model for the urban boundary layer and its verification are

stated.
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Introduction

eComplexity of simulation of urban air quality
problems consists in the necessary of
resolution the variety spatial-temporal scales
over which the phenomena originate.

eThe two most important scales include:

/A an 'urban' scale of a few tens kilometers (a
typical scale of city) where large amounts of
contaminants are emitted, and

/A a 'Mmeso’ scale of a few hundreds of kilometers
where secondary pollutants are formed and
dispersed.
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Introduction

® |n order to compute the mean and turbulent
transport and the chemical transformations of
pollutants, several meteorological variables,
such as wind, turbulent fluxes, temperature etc.,

It IS necessary to known as more as possible
precisely.

These meteorological variables can be

calculated by an improved model for the
turbulent ABL.

ENVIROMIS_2006 5



Introduction

® The two most important effects of the
urbanized surface have an influence on the
air flow structure:

] Differential heating/cooling of the
urbanized surfaces which can generate
the so-called urban heat island effect

J Drag due to buildings

e UHI effect may produce major
temporal and spatial alterations to
circulation of the urban ABL.
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The development of ABL over flat terrain
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The potential temperature 6 and wind velocity U are shown for
the convective and stable boundary layers.
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Urban Boundary Layer

A typical urban domain over flat terrain
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GOVERNING EQUATIONS FOR TURBULENT PBL
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T, ° ayu.nae the turbulent momentum fluxes
h. © au.qnare the turbulent heat fluxes

m. © au.cinare the turbulent mass fluxes

ENVIROMIS_2006 9



Turbulence equations
- Reynoldsstresses, t ;° au;u i
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An updated expressions for the pressure-strain
M, (= MM+ M,@+ M) and the pressure-
temperature
Mo (= N+ M2+ M) correlations

0 Mellor-Yamada model 1982, Mellor,1973:
M, D=Ctlb;
[,@~-ES; A most of rapid terms are neglected

M,®=0 A no buoyancy effects are included
MigM=Cghy, Mg=0, MxP=C35B<02>,

(E:1/2<U|U|> |S TKE, Slj:(Ul,j+ Uj,l)/z)
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An updated expressions for the pressure-strain
M (= M9+ N+ N,0) and the pressure-temperature
M, (= N,Y+ M@+ M®) correlations

Launder’s r%odel (1975)

Present model (2001)
M;M= C,tlh;
nij(3) = C3B;

Mg = Cigtthy;,
M, =-CehiUj;,
M6t = C3qB,<6>

The model constants of I1;; are

C1 Gy Gy, Cr, Cyg= Cyg

mKk;

Zeman and Lumley model (1979)
E

Canuto et al. model (2002)
N,H= C,t'b;
nij(3) =(1-B5)B;

M= Cigtth;,
M4 :-3/40(3(Sij+5/3Rij)hj :
Mg =y, ;<62

Zi=R;b-by Ry Bi=Bihi+ B;h- 2/30;8,hy
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Transport equations for heat and mass fluxes
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Anisotropic Algebraic Models for
Reynolds Stresses and Heat Fluxes

N
Coupled algebraic system equations for cuI ujr and h - cuiq I.

-bij = - a,Et S,j - a, (Sij Zij)+aSBij

-A..h.:-ta% —d EOTQ+atb d.ag
J 8 3 ﬂTXJ g |3a:]
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Algebraic equations system of turbulent fluxes
for the Planetary Boundary Layer : 2D Case
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Full Explicit Algebraic Models for Reynolds
Stresses and Heat Fluxes

AqU VO , . 10
<uw>,<vw>)=-K, i = Salcul T
( VW ) gﬂz avar iy g.

Tz p 1
Ky =EtS,
Ky =EtS,

{1+2alG, +5,6, Ja,(tbg)a’

thisisthe counter gradient term
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Three-parametric turbulence model

. TKE, E=(1/2)au.fi
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m Air Circulation and Passive Tracer

Dispersion above an Urban Heat Island
In a Calm and Stably
Stratified Environment
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Alr Circulation above an Urban Heat Island

(a) (b)
(a)real urban area (b} heated circular disc

t=2

Heat Iiand _
Shadowgraph picture heat island above a heated circular disc
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Thermal circulation above an urban heat island
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AExperiment

of Lu et al.
(JAM.1997.V.36)

AComputation by
three-parametric

turbulence model

(Kurbatskii A. JAM.
2001. V.40)
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1.5
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(A. F. Kurbatskii, J. Appl. Meteor. 2001. V. 40. Ne10)
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Dispersion of passive tracer above UHI
in a Calm and Stably Stratified Environment
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m Impact of Urban Heat Island
and Urban Canopy Layer
on the ABL Structure
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Typical Flat Urban Modeling Domain

A typical urban domain over flat terrain
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Parameterization of Urban Roughness

wind wind

(a) (b) %

Scheme of the numerical grid in the urban Scheme of the numerical grid in the urban
area by Kondo et al. (1998) area by Martilli (2002)

ENVIROMIS_2006

25



Governing Equations for UBL

2D case:

U, +W, =0
U +UU +WU, =- iPX - (wu) +fV +D,,
r

V,+UV, +WV, =- (wv) -fU+D,,

z

Q, +UQ, +WQ, =-|(uq). |- (wa) +D,.
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Parameterization of Effects of Urban

Surfaces on the Airflow
[Raupach et al.(1991), Raupach (1992), Vu et al.(2002), Martilli (2002)]

The extraterms D, in the Governing Equations are:

D, = turbulent momentum flux (roofs and canyon floors) +
drag (vertical walls)

Dy = turbulent fluxes of sensible heat from roofs and the canyon floor
+ the temperature fluxes from the walls

De = increasing of conversion of mean kinetic energy into the TKE
| by as, for example, Raupach and Shaw (1982)]

1/2
D, = B _E_g (c_=0.7) =t a ‘second’ dissipation
2 %

Induced by buildings
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Turbulent fluxes
AU V4 (w8)=- K 10Q

uw),(vw))=-K,, 0—,—= — =+
(< > < >) M 81'[2 ﬂzﬂ H ﬂZ gC
Ky =EtS, K,=EtS,
O =%}1+%a§GM +S6GH§a5(tbg)<q2> is the countergradient term
I
1] e \ o’ )fi
Su :B!'So gl+sGy, (S, - SsGH)H+S4SS (1+SGGH)(tbg)2%y
T .
S 1 G o t N 2,G 0 tSZ,t:E/e
S :i:'gi(1+SBGH)l"I & ( ) M ( : ) 2
Db b N2 epeQ L, aud avo
N bg J SO0 i — .t —
Tz §125 &Yz

D =1+d,G,, +d,G, +d,G,,G, +d,G}, + gd.G}, - d,G,, G, HGC,
d,s (i =1...,6) arethefunctionsof (c,,c,,C;,Cy,,C,,)
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Three-parametric turbulence model

e 2 bl s o : - &%)
E’t+é(cp/GE)(E /e)E,i . = -aqun, U +baiqgn- e+Dg

sy
eZ
/7 2 N —
=5 +g(cm/s:)(E [€)e,Hy = - EY +D,
; TU, b, 2E U,
(Y =yo+y1?11117j+y2;<qui>+y3bj?<qui>27j)

&’ fi, + ec,/s )(E?/e)&’ii, b, = -2au,9MQ,; -2e,,
D, (A=U,Q,E,e)aretheextratermsin urban areas.
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2D computational test

Z , km

Synoptic flow

120

45 City 55 S
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Computational Test

The horizontal extension , |

of domain is 120 km with a
resolution of 1 km.

In a vertical direction the
stretching of grid is used.

The geostrophic wind £
speed =3 and 5 m/s.

The atmospheric thermal
stratification equal to 3.5
K/km in potential
temperature.
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The Urban Heat Island Effect

€In this modeling, the UHI effect was specified
by an urban-rural temperature difference.

€&The ground temperature was specified as
Q(x,0,t) = 66in(pt/43200)

This Is the only nonstationary boundary
condition of the problem, which models the

24-hour cycle of solar heating of the Earth's
surface.
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Main Results of Simulation
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Vertical section of horizontal wind speed (Uz=1ms-1)
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Vertical section of potential temperature and
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Vector field of horizontal wind speed and
Isotachs of vertical velocity for 12:00 LST
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Vertical section of potential temperature and
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horizontal wind s
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Vertical section of potential temperature and
horizontal wind speed
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Temperature field above the city
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Vertical section of potential temperature and horizontal wind speed
(3 ms™) for simulation at 1200 LST
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Vertical profiles of TKE in the centre city
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Vertical profiles of ‘local’ friction velocity
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Verticals profiles of ratio u./U
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m Impact on the Dispersion of a
Passive Tracer
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Turbulent Diffusion Model

Weak- equilibrium assumption

A. ><m-=-E(bi- —Ed,J) +(1 azc)b9d|3
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e A5 e lx;

% 2
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Turbulent fluxes of pollutant
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Dispersion of a passive tracer
1c  9C TC _ féuchi  fawch
it TIx Wz i Mz

The passive tracer Is emitted in the city at
ground level with a time variation typical of
traffic emissions

a high values during day
a low values during night
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Time evolution of passive tracer surface

concentration in the centre of the urban area
with 3m s-tgeostrophic wind
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Impact on the dispersion of a passive tracer

concentration at the lowest level

for modeling with 3 m st wind speed
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Impact on the dispersion of a passive tracer:
velocity vectors and isotachs for vertical velocity for 13:00
(second day)
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Impact on the dispersion of a passive tracer:

velocity vectors and isotachs for vertical velocity for 13:00 (second
day)
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CONCLUSIONS

m Using the updated expressions for the pressure-strain and
pressure-temperature correlations, we have derived an
Improved turbulence model to describe the Urban
Boundary Layer.

m In simple 2D case are investigated the modifications in
global structure of the ABL caused by the Urban Heat
Island and the Urban Canopy Layer.

m The comparison between computed results and field
observational data on various integrated turbulent
characteristics reveals that the improved model can
simulate the turbulent transport processes within and
above the building canopy with satisfactory accuracy.
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