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Why do we consider the urban heat island circulation ? 

When UHIC happened, the worse pollution and warmer scenarios 

generally happened compared with the windy day .  

Preconditions for urban heat island circulation (UHIC) 
 

üThermal inversion layer  

üZero background wind 

Horizontal temperature gradient  Horizontal pressure gradient UHIC 

ICUC9, Toulouse, France 

(Falasca,2013) 
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Models 

It is not easy to anlyze the air flow in the canopy or around a single 

building by coupling meothd.  

Coupling method? 

The boundary condition changes with time during the UHIC 

evolution. 



CSCFD compared with traditional CFD 

Porous model  

Meso 

-scale 

(~ 105 m) 

City 

-scale 

(~ 103 m) 

Micro 

-scale 

(~ 101 m) 

Porous model  

Building details resolved 
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Modeling the mesoscale phenomena 

ü Coordinate transformation 

ü Modifying basic equations and turbulence by 

comparing with mesoscale atmospheric 

governing equation 

ü Coriolis terms 

ü Modified buoyancy term 

ü Compressibility term for energy equation 

ü Coordinate transformed terms 

Modeling the overall city scale effect 

ü Adding porous turbulence model 

Modeling the 24-hour variation  

ü Using daily surface temperature for ground 

Improving numerical stability  

ü Using an absorbing layer at the top 

 ICUC9, Toulouse, France 

Modified CFD model -- City-Scal CFD (CSCFD) 
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CSCFD - basic governing equations 

( )
( ) ( )

0

eff 0 0

n

n n n n n n C n

d V
p V T T g F F F

dt
f

rf
f m f fr b f f=-Ð +Ð Ð + - + + +

( ) ( )( ) ( )2 2

0 0 0

0

0

  11

n

n c n n n

F

J T T g F w J p J zr b zr x z

è ø
é ù
é ù=
é ù

- + + - + +é - ù
ê ú

Coordinate transformed terms 
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Modified buoyancy term 
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A transformed compressibility term 

not existing in the conventional CFD 
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Modified heat source 

considering porosity 
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CSCFD - turbulence governing equations 
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Coordinate transformed terms Porous turbulence model terms  
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Quasi-steady UHIC ï domain 

55 km× 2.95km 5 km× 100m 

Not to scale 
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Symmetry 

Wall 

Pressure 

outlet 

Constant heat flux (city) 

50 m 

110 km 

Table 1 Mesh and other model related setting 

City 

area 

Other 

area 

Time step 1 second 

Simulation 

time 

10 hours to achieve  

quasi-steady state 

Porosity 0.75 1.0 

ICUC9, Toulouse, France 

Constant heat flux (rural, 50W/m2)  
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Comparing with othersô data 
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 Our simulation
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Simulation 

Field experiment 
(St. Louis, Missouri) 

Water tank 

experiment 

Our predicted mixing heights agree reasonably well with the field 

data, scaled lab data and computations in literature.  

ICUC9, Toulouse, France 

Mixing height(zi): the height where the maximum difference between the plume 

centerline and ambient density profiles occurs (Lu and Arya, 1997) 
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