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Study on Thermal Environment Validation Affected by Solar Radiation in Urban Street Canyon
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Noboru YAMADA Takeo S. SAITOH

Abstract

In contrast to interior thermal comfort for humans in residential and office buildings, urban outdoor thermal com-
fort is significantly affected by intense thermal radiation coming from surfaces of buildings and other structures, as well
as solar radiation during the summer months. This paper describes the assessment of thermal environment strongly
affected by solar radiation in an urban street canyon in summer. Computer simulations for a radiant environment in an
urban street canyon including solar radiation are conducted, and the results of simulations are discussed. Three-
dimensional radiation model of urban street canyon is used for these simulations. The simulation results show that the
characteristics of radiant environment in an urban street canyon.

F—0U—k: EEAHN, HMALHG, #WREL, - 705 R, 8BS, HHA M) -

voAT, BB, MEETIL, Bttt

Key Words :  Direct Solar Radiation, Diffuse Solar Radiation, Urban Heat Island, Urban Warming,
Thermal Environment, Urban Street Canyon, Thermal Radiation, Human Body Model,
Thermal Comfort.

DHBZET>TND. £z, Kb, #2220 iEHE
Eafi, RESHzHREL, BREERCLLFTMET-

1. #

i

4, HEREO KA T, TRIVF—EBROH
KM ER T IR O Y E 28T ZHEH E BB (Urban heat
island, or Urban warming) 2SSEfE(LL THY, #Ezeficd
JHRRBEOBEANMRSINTOS, M1, EEME TS
BIBI2EHOREELAED A THEESTES B
DBFZERLTHD, MFICITHBEERERHZZENDD
5. EIZ2001FIFEBTHO, 628 ADEBRFEALL T
L. BEQBERELTE, KUBET TR, BE, A,
HELGEOBHENEEEZBIEL TWELDEEZZLN
S, EUTH T OE R ZEM (AN— Yy =4 >) Tk, a2y
D=rT 2T 7 b o e B ERMBHC JAREH B O
RITEo T, AMES H B Z 5580 BURIC SN 2 R AE K
MEBNIC LR THREBICES, B SNy B NS08
Bat, BRES, HERRSOBEL, BRI 2<HY
ERIILTWBBOEEZSND,

DX EH AR ZE I BT D AEAD BB
BLTit, BRSO B TELOWENRIN TS, flE
LT, msMig, metsso ZRETD, H9E EER

¥ RICRETHHEITF (79808579 BT FER HATHED
e-mail : noboru@cc.mech.tohoku.ac.jp

2 FALRBETEEEIR (79808579 AT EERTRTFHFEN)
(BAE5 0 2002481 A28 H)

Vol.28, No5 — 65 —

T, oo, BmERP IOE KRB 235
MAEIEBIFTEEICOWTHREL TN, 352, BF
5@, BN EBEOH AT HEEIL TIRTRE SRS 2574
ERFELTVWS. LOLAENS, INETOMETHE, EHo
HRZEMTOHREEIAENDOHRF T Ty I ADEER
AR E OB DWW TIRZIAREI oo Thizia.

~

i=3

i=1
W
&3

}ﬁNu%berof Eméi’éeﬁcy C;seé By Heatstroke

600 | (Tokyo Defense Agency)

| =e=fonthly Mean Daily Maximum Temperature
___(Tokyo Meteor. Qbservatory)

w
&

Y

[=]

(=]
w
nN

N o

Q =

(<] <
n
L

Emergency Cases by Heatstroke
N
D

-
o
S
@
&
Daily Maximum Ambient Temperature’C

(=]
N
B

1990 1991 1992 1993 1994 1995 1996 1937 1998 1999 2000 2001
Year

Fig.1 Relationship between  daily maximum ambient
temperature and number of emergency cases by heatstroke

during summer in Tokyo

KB FLF—




WHE A - Bk

AT, 3IKITARNI—IFv =4 > 5 )V (Street canyon
mode)iZ LB HBED S 2L — 2 as %175 T, #AT3K
TLEMIIBIIDIAEANDOHREZETICDETBHF TV IA
DORE, BEOFRE—HIZDWTHBAL, &M O BNR
PREED — R R REICHHIEEERH TS,

2. WHIRTEFED BHESUMHRE Zalb—ar

2.1 3RFAM — b F ¥ ZAEFI

¥, HEHHERO L& (2.8 B IERRE
BEEOTF —50%58E 10 UTR2IC R 57 1 BI10723
KTEAN = A BTN EELT.

ki T
i) T T T
i T
T !
SESEREESSS ESEEZ=ESS
T | O
--llll--. 1---lI-IlI
T e O B B
mEmEnEEE A O O
N T z-.%‘---I---
e T
o I i
M T
Ill-ll-=--.- 1 ..------
T T - R
F 1 ]
RN i N
i i A S
waawuREEENT T T
I i1 T
O - ]
F |
A e
gy O A O N
el SN RN
. 171 1 ]
o B ]
= T 1
ESscsEEas R mEmmE=
e e

Pavement
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Fig.3 Rectangular solid as a model of human body
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Table 1 Thermophysical properties for the present simulation

- Convection
Therrr}aI. Thermgl heat transfer
conductivity  diffusivity coefficient
A a
W/(m*K) mm¥s “f/ (j:lf"g )
Concrete 15 0.66 18.5
_ (Building)
Asphall 0.74 0.38 185
_(Pavement)
Soil layer 0.9 0.26 -

Table 2 Long-wave emittance and albedo of building,

pavement and human body

Plane element Long-wave Albedo
ane emittance (Reflectance)
Building 0.90 0.4
Pavement 0.90 0.2

Human body 0.98 0.29

Table 3 Conditions used for the present simulation

Tokyo (Lat. 35741’ N,

City for Simulati
1y for simuration Long. 139° 46’ E)

Date and time 14:00, July 27, 1999

Weather Fine (Cloudiness : 0)

Direct solar radiation at 14:00 855 W/m?
Diffuse solar radiation at 14:00 284 W/m®
Ambient temperature 33°C
Relative humidity 70 %
Air velocity 0.1 m/s
Total surface area of the model . 2
of human body 1.36*m

* Average value of the Japanese is about 1.7 m?
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Fig.13 Urban street canyon model for actual urban area
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