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ABSTRACT

KEYW ORD

The thermal environment in a small city rapidly deteriorates due to the urbanization and overpopulation. It is important

AEH2E,
BN ZALE,

to understand and predict the thermal environment in a city area. The thermal environment is highly affected by the 3t
solar radiation and temperature distributions changing over time periodically. To predict the thermal environment — M ALQ K| St

precisely, the solar radiation calculation including radiation strength, incidence angle, and thermal radiation between

HIE S SEl

building surface and ground should be considered. In this study, the computational domain includes various artificial

structures such as building, ground, asphalt, brick and grass. To consider the solar radiation, the unsteady state

Surface Temperature,
Solar Radiation,

numerical calculation is performed from sun rise to mid-day (2:00pm). The numerical methods consist of solar load and ~ Thermal Environment,
one dimensional heat conduction through the boundaries to reduce the computational load and improve the flexibility =~ Computational Fluid Dynamics,

of the calculation.

Unsteady state
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Fig. 1. Whole process of solar radiation interpretation
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1) ASHARE, 2009, ASHRAE Handbook, Fundamentals 14 (SI Edition)
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Fig. 2. Comparison of solar altitude
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Fig. 3. Comparison of temperature distributions (1D-Subroutine validation)
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2) J. P. HOLMAN, HEAT TRANSFER, McGrew-Hill Inc; 1992, p.172
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Fig. 5. The grid of Analysis area

Table 1. Surface material
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Brick Area
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Table 2. Boundary conditions

Domain Size 2500m x 2000m x 100m
Cell Type Trimmed Mesh
Cell 1,100,000

Prevailing Wind Direction East(A City summer main wind)

Velocity 1.70v/s ( Hei%I;t : 10m )
Inlet -
Temperature profile(Table 4.)
ety 51135 (6:00 26.1°C~ 14:00 33.5°C)

Pressure Outlet
Asphalt, Brick, Grass

Consider the solar azimuth and altitude,
Apply the material property(Ref. Table 3.).

Outlet Condition
Surface Condition

1D-Subroutine

Table 3. Property of surface material

Material p kg/m® | C, JkgK | k W/mK € Note
Asphalt 2120 920 0.698 0.96
Brick 2050 960 1.0 0.81
Grass 1500 1842 2.6 0.6 | +Evap.
Soil 1500 1842 2.6 0.6

3.4. 71% 48=z4

gAgge] dHFzA 7|ZxAL ARA2 2013d 8¢ 8L
Of 371t AWSH| o] E|5 A-8-5FATt. Table 4= A=A €] 912

27191 | F 2 710le},

Table. 4. Climate condition of analysis area

A City (2013. 08. 08)
6:00 26.1°C 11:00 32.4°C
7:00 26.2°C 12:00 32.7°C

Climate condition

Temperature profile 8:00 27.4°C 13:00 33.1°C
9:00 28.4°C 14:00 33.5°C
10:00 30.1°C
velocity 1.7n/s (1.5m height 1.07m/s)
Wind direction east
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ZAYA 3717 A wAUEA] ote] &7 BolAl= A
g 4 UATh W GqolA Tl AR 2709 AE Ael=
Venturi effect® Q13 A& Atolz F7|7F Zwj7] Rgo=w 4
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Table 5. The hourly surface temperature

10:30 11:30

N Temperature (C)
56. &8.

Table 6. Wind velocity and air temperature(GL+1.5m)
Height 1.5m velocity

Veloctly: Magnitude (m/e)
0000

1.6000
1.2000

0.80000

040000
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Fig. 6. Isosurface of air temperature 32.8C
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Table 7. CFD Results of CASE 1
Surface Temperature of CASE 1

30.000

Table 8. The surface temperature from CFD and measurement

Material Measurement3)(°C) CFD(°C)
Asphalt 51.8 59.7
Brick 50.5 53.7
Grass 315 28.9

Table 9.1 A4 1.5molA] A% 7]-£3} CFDa)4 Akel 7]
H| s}t A1EA)9} CEDa4] ATk Apolol] 2 2o}
U} gA1e A ot

Q.
p
0]

R

s

3) Kim, JeaGwon, Yoon, JaeOck, The Field Measurements of Thermal and Wind
Environment at Medium~-Size City Hall Outdoor Open Space, The Journal of
Research Institute for Engineering & Technology Hoseo University, Chungnam,
Korea, 2013, Vol.32, No. 2, p.109-119
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(0)
Material measurement CFD
Asphalt 36.7 34.7
Brick 35.5 33.8
Grass 339 324
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Table 10. The Cases of CFD
CASE 1

CASE 2 CASE 3

Parking Area

Matorial Asphalt grass-brick grass

Asphalt, brick,
grass

grass-brick, asphalt,
brick, grass

Asphalt, brick,
grass

Ground Materials

52, Higkd 23 9 24
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Table 11. The CFD results of CASE 2

Surface Temperature of CASE2

Air Temperature at 1.5m of CASE2

Table 12. The CFD results of CASE 3

Surface Temperature of CASE 3

Air Temperature at 1.5m of CASE 3

Table 13. The CFD results of Surface temperature and air temperature

at 1.5m (C)
. CASE 1 CASE 2 CASE 3
Earking SAtsa (Asphalt) | (Grass-brick) (Grass)
Surface Temperature 59.7 343 289
Air Temperature at
15m 34.7 33.0 324
6.2 &

AAF 7S 18617 95} 1D-Subroutines Z-835F CED A
EYo]dS HAAISHE T A EH2 T} ejFEAIEof w2 A|7HH
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