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Development of an assessment tool for outdoor thermal environment
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Abstract — — _

Since most of the existing CFD simulation about thermal environment was limited as indoor environment,
it is not appropriate to adopt the same method for external thermal environment, because the solar radiation
highly affect the outdoor thermal environment. Thus, in case of assessing the outdoor thermal environment,
the radiation calculation is very important. In this study, as a new method to evaluate the outdoor thermal
environment, coupled simulation of convection and radiation will be proposed.

Keywords : Outdoor environment(-%$]2}7), Solar radiation(E] FE-AF), CFD(HAR-A]8]47)

.M 2 @shs 5 =AFUE 071FE 94 ks a gk

wepd dEAE FHeR vs]F ghsbl 0a
sol Aol tie o] olutol weh Auper of DT ET TTFL AT

Uk 9 e@ael tig B w wojun g, oo EHH 4B AN <5/ 476

SR, FAT mASAE mAzel Qg T TUE A9 2RI At AT

2 Ao u2/nAndls waAx Yo =z @ A4 BAsted oA wg o fA o

e AaF oblstgon, o) sk Ay T T AT

2 A% 5 QU Astel =AU 4RE &

o W] olFolHA o} A W W o] & 12 AT HH %

CFDE 288 29879 ay/de F2 4



Hpgo 2

=

=

CFDAl %

3]
t}. CFDAF Az

€}

=2
1

=X
&

hsl

al

al

=
Ak

I

A7
FERS

o Lo mu :
mm_m i E._ m - P
T m e 85 | i — — I
o or m g g3 - s b mw_ o & e (- ~ o
Y _ -§_3&5 Lo E <5 z | o —= — O o o
b |s82883 | 1 I E|  £: g | = =T O g wmEH I
o o i E88Ewxw i E =0 £ i i « ol = B <
- o ! 5828358 | 1 T 32 S|t ] n ~ B 0 K
H TEX=TET | I s 32 £o | i L — s B X
ﬂum_.ﬁo m EaTaTTE ¢ 1 E ummﬂv,fm b ) o %Eufi o o A
oo | i3 BEE | ER| 3 e
5 ol m 5 - £ES5o 8o |1 o ~ o i
O “ g IS e | T 2R LY 4 wt o W

) oy | = oL El zg8s 3 . o o X ry
m- . | a2 [ g5¢¢k i i z o aum.%uf ﬂnr -

- ! a5 PR Bl 8280 Pop . <
_mliﬁ | | Esf ) 2= - LHV“ a ZIETe® o T o

H ~ ! Pmm \ [ | | B ‘m_;

z o “ 25a@ Pl ° @ YL - B R T o o B K
_w | 18 MR- T gaogw o m®g
< W L e P E = ! 18| 86 or ) of T N e =
ny < = Eoh 2 £ 18 i . ! o} 4 o R

® 12| g% ol | I o B W BT = T
oo ' 8 |. 555 P 1ol §s L E g = U B ==
I w P2 |-88E I & | B8 - 5 = e B, =D
) - i 10| S3 I N - = . ) X T % =
~ - 1,Dr| e Wm%mm Pl 3B S5 i 'O |8 88 - ~ K W T T 5
Toar 18 23995 -2 L B |¥EfEsg| ®™ B T ) o8 =

3 = ] P i 1 E|lse8282 o B m B R AR Kl
< W COR P18 |1 g [¥2ezos| 0 Mo oy B T
O N P . ' im _ ) TR

............. R IR e .
TG o W o — = o T oo e w® oW 0 H
o oy o ® W o Mo mb g o
I w N R T = a o_H o L._—___ OME o T .A_l - _
cr P B gy T R oOE e ) o oN "
W R CEl < el W_,._ 2% . o el 9 O o i ol v_]_n_ o o o M .
hrdEg ¥ 2 AT Preley 5 <F I

~ ! 1 0N i) i Hﬁ =) o L <2 —_ Fe .

. o~ T O LT > = o} 9%‘.@&% W R _,,AL urmdl_/n_
CllEny Mﬂ“ o o = 9 o X x B B I B o -
o o’ =3 2% W " I S = g
%R - L < G T NS B Mo T =T iy o
R T g Yo T gy T W - DR ] T F X
g R O o ° :]o@.on__]%ﬂwaﬁo s Moﬁooﬂﬂr.ﬁ_wﬂu oi,rOAéw‘_ ﬁﬁ_ofﬂu#
ﬁW%:%ATa__umEﬁn_/n%wh_%_q% ) - ﬂﬂwﬂoﬁ.,_;_umﬂ%o_i_.gu_ ﬂa_wEA

;ox_ —_ \H“l D = r —_ 3o | ﬂ . —_ QL n_mﬂl \.L.E N MI | T W ° ) 0

; ; ° B g BB o o WK T S 0
m ol X2 o gy ol = o of Bl ol o SRt o _ 2w M o T o
o X T M R < g ERTE T Ra R R A
4 1 — —_ — - XK - — mo T = K 7 <
5 N T:HZLﬂWWXEWA_HLﬁVdﬂ 20 .“Loq.wl___._oTo .A]oﬂw@dﬂy_ﬁ]daﬁx ﬂﬁ]ﬂuuT
T B oo < T T o T el PR ® 4 g O
i y J == T L e - oln
RN S I S C L RL_DETTMESR & T¥RE
H_faﬁmre_anwlo._ﬂ._ﬂuAW_WﬂV = %HWEQ]M@M%@N#AQO e
SiEREeleRlERRL. 7 firziiaiiizidey [iPF
N — T o O ) . O N T P By X 0 e B~ . Jat
w%kgwﬁﬂ7@wjmm%m 1 g%%@MHaaEE%@a%a TN
X B o = N g < o Qlll, ~ 09 RN T zl —
] = - < T —ax SN G =3 o
Ao T o B R oy Ko o o oy BB L o = BT 70
o X I HT BTN AW o i of Aww___/ duﬂAE_,_wiZ_oNrﬁ#EHo EWU@,_”_AI
B we Nr T ok ®e T g ) IR =
[T o W o wnArO \HA_IaD

-39 —



O3 3 XEHHEEH

Aol @A 2d

S;+R+H,+C+L E =0 1)
o] 7] A,
SitEax ol E A A5 AU [W]

Ri: AA 384 A5
Hi: g9 (W)

A9 A [W]

G A% 2 AZ) dF 4D [(W/m’)
LE : A%e) Fuael o8 3Quaaw]
v 77t

< A EsHA @ﬂ%’éﬁ F shzdl ol & sl
2} BAlH O A A BAE Hehe FE
A 7| H A =
Carlo method& °©] &3 FEeAT A& &
@k’ Monte Carlo method® E3 7+ W&
TAsE ZF des (2R UEHE A4 oy
A (Nisow) FNA BRA& jol E=EstE o =] 9]

H &S NyEb ald, 2(2)9 deAlF Fije v
O EELES
/ total (2)

S 7 We koA BHEE duAe HEWHE
Ao glelel wWolA wabEol AFL T
| g4 FEG oW HE WEdowm nkatd
g 5 T WEHe Aer FEa,
W QA4 (oA WESe] Was jo FFHE o
AL e atel YA Su Gebhart] &5 AG Bys
ol g8l e A ol AL T 4 Yrt?

SAU = BijSRz (3)

o171 A,

Ski * oA WhALE = BAHW/m’]

3. M7 - SAL dMAISE0lH JHS

$23 of 2AsY A A

2 Gl A= giF - BAF A AlEEelA 7
g83 g 2498 A dE HoqFa

. AE Caser 9F 24937 &4 o],
oA AAEHE W - BAF AXAEH ]
S’Jr T ST AlEd o)A uiFAL
1A g 7 §-9ke] Aol S EA S
oA o] mA o] M go] &9 2AFA
= G s AES A s

o ;2 e

n}

39

o}
a7
At
\;Irl.
,91_
v

Green Space

(
=

31 4 e

A4 > 29 33 o] WA dd &
ofgitor AdAsdt 18mx18mx9m
E A8 vied 1S 24 e 3m F9
=2, 3m %9 o}fAYE LRE =3

hnl =

=
A O TEHFAGSD) = 5A9
A A %ZJ
Case 12 W+
3, 4, 5+ Ul§ - P—’\]' a4
Case 2, 3, 4, 55 A9H9 %741%01
50%, 60%= F7tete 9ol sl etk 1 /‘LZ)

al, Case 2,



A 3m/sE AASIG T CFDAAS A4k, 1
J‘*é 5oz 7M. e;eng; A3 &
<2 SIMPLES Ab&stdor, diEde

standard k-¢ @8 A3t

E 1. A Case

Case 1 Case 2 | Case 3 | Case 4 | Case 5
o) 5 54 - BA A e
w2 | =4 | =2 | 54 | 54
10% 10% 20% 50% 60%

& 2. Case dA=A

Case 1 Case 2, 3, 4, 5
only CFED coupled with
CEFD radiation calculation
surface solar
termp. | albedo[-] | radiation
[°C] [W/m’]
Buildi
uilding | o ¢ 0.25
(concrete)
Street 434 0.10 750
(asphalt)
Green
29.7 0.35
space
3.3 A4z

¥ 4 7 WAatole] HEAbE wde] AR
of W EULEY Aol RFE A Al
th 2" 49 (a), (hE H5AME wdg 1y3kA
F2 dFANTE AAE Ao, (o), (e
Bad wgs med AxbAdeth. Iy 49
(0, AME (a), (bt G2 A& F97
Feol welel wE ggEAbe] gaFe] nbgE o
LT vt dEidE g SRR
7b v g & glvh 1 Aol 53
A 49 )¢ (e #o] 15m=o]e 7]
A& dEbdth 29 4904 A E wdks
(0), (e Ax7t AA &3 &4
g FAEHA vEhd Row, 9 2
Aol ol dAbe] G, F
Axbets o] dAnpd FodAE
ot 1% 5+ EAME ud AAHE

!ﬂm&u&tﬂﬂﬁ

o
i, & ogo ox oﬁ o L2

Temperature(C)
43

36

(@) Case 1 - EH2Z(CH /A AR AA)

Temperature(C)
43
D 41

38

33

(b) Case 1 - 7|2=2%

(5=0[1.5m, CH FH LFekalAl)

(=0l

a3 4

Temperature (c)
65

Temperature (c)
65

56

48

31
(d) case 2 - 7| RE=%
1.5m, CH&F - SAF A A AH



Temperature (c)
65

(f) Case 4 -7| 22 Z(=0[1.5m) (h) Case 5 - 7|22 %Z(=0[1.5m)

O 5 EXH =Xg detel mH2z @ 37I2=(01.5m)ol ojxle g



ARz, FA 9 Frte] wWE THLE Aol9}
15mizolol A e 7| =BT Aol YEhdith
- BAL AANE A3 O 54
7} Aol W Qa0 W=/ AF/F5ASF
o AAAe wE F/amEAg Fo] Aty
o, dAate] 93 gako] THEEo wrgH Zo]
ok 2% 5olA HAHo]l 10%< Case 2
A&S 20%, 50%, 60%2 7t A9, Ax9
Texs 717} 1T, 4T, 5CAE *3Ee 43
& YeERldh of&d AXWHORHRE 15m =
ole] Hit F7|LE ZHA L] 20%, 50%, 60%
2 743l whel 27 37T, 45T, 47C9 2%
A8t A3 vebio

ol i

4 BE

S Fe Aot dE HAshgo] 243
el WA= ggo] Ay Wi, diFsAe] F
7tE & e CEDAAHS 933 483 4
9 2dsh Aol Wt AE3 A Z/Htel AL
ATk wWEkA 2 ATl = BEHAN T
At STt A EALEA o] & 7MEd &
& A5k, o] & 71E] CFDE 7|22 & oiF
Algdel Ay AGe SQ2ddE HIEHS
Nk ok

B oE=RdAE UF - BAF AXAEEH A
MeE A9etal, Case StudyE 3 Fde o

FANE FH ewF ANABsE B wFod
PR

AICE RN

A
g 4 QST ob&E Wi - FAF A EEolA
=
|

4
R
4

Fal SeEtelM A% A& S7HF

AEW % FV)eE wxe nAE Ggd ol
ARt
F5oe

1. Kazuya et al, Measurement of thermal
environment in Kyoto city and its prediction
by CFD simulation, Energy and Buildings,
Vol. 36, No. 8, p.p. 771-779, 2004

2. FH G, HEEEUETIC L 2 BAMREAGRE D
SR & oM R E TR I B B e, fELER ST, )
FOREC BB, 2000

3. Rayner, J, Dynamic climatology : basis in
methematics and physics. Wiley-Blackwell,
2000

4. Yogesh Jaluria, Computational Heat Transfer
(Series in Computational and Physical
Processes in  Mechanics and Thermal
Sciences), 2nd Ed, Taylor & Francis, p. 364,
2002

5. 23 o], EXo] & W =A 7]
A d 37F AlEdA, ded s 1=
3, 2348 9%, 2007

6. Yoshida et al, Influence of Green Area Ratio

with
coupled simulation of convection, radiation
and moisture transport, J. Archit.
Environ. Eng. AlJ. No.529, 77-84, 2000

7. Mochida et al, Optimization of Tree Canopy
Model for CFD Prediction of Wind
Environment at Pedestrian Level, Journal of

108, pp. 561-564

S

on outdoor thermal environment

Plann.

Wind Engineering, Vol.



