HARE—h7 A7 RERTWIE Vol.12 (2017)
Journal of Heat Island Institute International Vol.12 (2017)

BRBEEY OB FICIBR &N DL ZEDMEREDTERER
—BUNK T I 21— 3L CFD & OERMENTFEE W - RaE—

Formation factors of microclimate around a high-rise building in winter season
- Examining by coupled analysis of heat balance simulation and CFD -

B ! iy s PR WA+
Kan Chen Takashi Asawa Haruki Oshio

* B TR Tokyo Institute of Technology
*2 [E|NLBRESAFSERT National Institute for Environmental Studies

Corresponding author: Kan Chen, chen.k.ab@m.titech.ac.jp

ABSTRACT
Microclimate in building outdoor spaces is important for thermal comfort and energy saving of buildings. This

study focuses on the formation factors of microclimate at the sunshade area of a high-rise building in winter season

by using the coupled analysis method of heat balance simulation and computational fluid dynamics (CFD). The

remote sensing and mobile observation confirmed that the surface temperature was low and the air temperature was

lower than other places at sunshade areas in the winter. These phenomena cannot be reproduced by the heat balance

simulation without coupled analysis with CFD. The coupled analysis reproduces the low temperature microclimate

in the building shade. It also shows that the low surface temperature and air temperature are caused by interaction

between cold storage of the materials of grounds in the sunshade and the cold air generated by them. These

phenomena can be confirmed not only in enclosed spaces like a street canyon but also in the open space around the

high-rise building.
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Method of the coupled analysis
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Fig.2 Airborne photograph and photograph in the target urban

area
Table 1  Abstract of remote sensing

Date 12:15-12:18, 22 December, 2009
13:06-13:10, 25 August, 2009

Altitude 500 m

Scanner AZM (Nakanihon Air Service)

Scan angle 80°

Instantaneous field of view  1.25 mrad

Number of bands 0.40-0.85 um: 5 bands

0.90-1.70 um: 5 bands
Thermal: 2 bands
Thermal infrared band used 10.1-13.5 ym
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(a) Remote sensing in winter (Dec. 22,2009)  _
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(b) Remote sensing in summer (Aug. 25, 2009) -
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(c) Mobile observation (Jan. 20, 2016)
Fig.3 Meteorological condition of remote sensing and mobile

observation
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Time: 12:15, JST Ref. Temp. (Ta'): 8°C
| (Tsuchiura Meteorological Sta. )

(a) Winter daytime
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(b) Summer daytime

Fig4 Radiant temperature for summer and winter (White line

shows the area of high-rise building.)
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Fig.5 Results of mobile observation
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Table 2  Outline of simulation cases
Validated factors

Case name Process of analysis

CASE1  Without coupled analysis Sun shading, Radiative cooling
CASE2  With coupled analysis ~ Wind speed, air Temp.

only at 12:00 distribution
CASE3  With coupled analysis ~ Time history, Cold storage

for 24 hours

Table 3 Models and conditions of CFD simulation

Calculation domain 1272m(x) X 1176m(y) X 300m(z)

Cell division 578(x) X 536(y) X 154(z)= 47million
Minimum cell size 0.8m

Turbulence model Standard k-g model

Calculation algorism SIMPLE

Difference scheme QUICK

Inlet boundary Power law 0.25

Outlet boundary Natural runoff

Side, Sky Free-slip

‘Wall boundary Logarithmic law

Fig.6 Three-dimensional model of the target site
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Fig.15 Comparison of convective heat flux, (a) first and

second step, (b) second and third step
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(a) Wind rose of the target site
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(b) Frequency distribution of wind speed of the target site

Fig.16 Comparison of the wind condition between every 1

hour and every 10 minutes
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