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Simulation of Vegetation and Building Layout Optimization Effect on the
Wind and Thermal Environment in Residential District
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(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract A good wind and thermal environment of residential districts can speed up the outdoor
heat and pollutant dissipation, as well as ensure the comfort and hedlth of residents. The thermal
environment in residential districts is affected mainly by layout form, building shape, underlying surface
characteristics, etc. A residential area located in Qingdao is studied. Numerical simulations of the wind and
temperature distribution of the residential district in summer are adopted to evaluate the rationality of the
original design. Then, an improved design is proposed to meet the relevant provisions of evaluation mark of
the green building on residential wind and thermal environment through appropriate adjustments of the
building layout and the underlying surface characteristics. From the comparison between the simulation
results of original and improved designs, it can be concluded that: (D Setting ventilation aisles in the
residential area by adjusting building layout can improve the comfort level of wind environment. (2) Changing
the thermal performance of underlying surface materials (such as tree, artificial lake, lawn, eic.) for
increasing the reflectivity of the ground material could reduce the ground surface temperature and the
sendible temperature in summer to improve thermal comfort of the residential district.
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Fig.1 Schematic diagram of the optimal design with
CFD simulation for the residential area
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Fig.2 Location layout of the residential area
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Fig.3 Wind rose diagram of Qingdao
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Table 1 Detailed meteorological data of Qingdao
/ / /
(m/s) C (W/m?)
5.3 - -
4.9 25 950
2.2
2~3
5~6
15
5 o
1 650 mx1 250 mx250 m
o 4 o

4
Fig.4 Geometric model and computational domain of the residential area
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Fig.5 Monitoring points arrangement and the velocity and
temperature distribution of monitoring points
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Table 2 Thermo-physical parameters of building
wall surface and ground surface

/ / /

Wi(m-K)]  (kg/m?)  [kI/(m*-K)]
0.25 0.95 12 2100 1600
0.22 0.95 1.2 2000 1600

[10]
o

12:00

950 W/m?,

3
Table 3 Boundary conditions of the numerical model

velocity-inlet UDF £=0.25 £=0.0067
outflow -
wall 950 W/m?
wall 2
wall 2
symmetry -
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Fig.6 Thermal and wind distribution of the residential district
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3.2 4

Table 4 Green vegetation parameters in model

/
: [kJ/(m?-d)]
0.9 0.65 0.95 0.15 3000
° 0.8 0.6 0.95 0.20 6 300
° 0.8 0.6 0.9 0.15 5200
3.3
R:(Voptimum_Voriginal)/ Voptimum(V 15 m
8 )
5 o
@ " 36.8% 34.7%.
D=t )
k o]
l
@ ( )o 5
Table 5 Comparison between simulation data with or without vegetation
/ / / /
(mf/s) (mfs) (mfs) (m/s)
6.92 51 6.31 4.50
4.37 3.15 412 3.01
R 36.8% 38.3% 34.7% 33.1%
) [y
Fig.8 Simplified model of tree
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Fig.9 Thermal and wind distribution of the optimum design
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