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Study on assessment of outdoor thermal environment with coupled

simulation of convection and radiation

Minkyung RYU , Jong-Yeon Lim, Hyo-Keun Hwang, Doo-Sam Song*Jr
Department of Architectural Engineering, Sungkyunkwan University, Suwon 440-746, Korea

ABSTRACT: Deterioration of the outdoor thermal environment in urban areas such as heat

island has become worse due to urbanization and overpopulation, etc. In this study, a new

method which is coupled simulation of convection and radiation to evaluate outdoor thermal

environment in urban area will be proposed. Because the solar radiation affects on outdoor

thermal environment massively, therefore the radiation calculation is very important in

outdoor thermal environment prediction. The coupled simulation proposed in this study can

assess the outdoor thermal environment with accurate.
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Fig. 2 The heat balance of surface
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Fig. 1 Outline of Coupled Simulation

I
= i
£ |
@ |

> F i

= I

8 &2 |

nvuP.mm E

.meub..nﬂv |

IFXxIO= |

B Thermal Comfort Prediction

|||||||||||||||||||

ﬂ
sy
Tz
o =
X
Gy
=T
mEmﬁ
N
w oL
= X
_
T w
=0
& X
of ®
il
B &

- 967 -



[W]

Hi

" £l 5 %
= =2 S ook 3 ©
A7 2 = Fo e = R R
vt — juy ol
.nu@vv = < 03 Mv = ‘mﬂ; X — = 9 9° o
by g z ﬂan_/s 1_roa s 2 B Woﬁl.nﬁ
& & . — o =z = = —_
M S oor 03 lq ST G <3} T D
, 2 T8 o R TELEET
© [ &La@r. Eo"_ﬂrzwg ooy B
- _ S < o = = <~ T B w b o o | o
& = o o~ 2 ﬁJo_EPL = o R ooy T w o oF 1
7 = o X = ° N 2 o & X0 <
SR NerE,Nﬁ Mﬂ]owa lkﬁii ~ W@-@&
5 = oW Tzl R p TRl
a o o] 7 X ol ) . I 760 w AR R e R 4
L& B Tatgo W EN 2 R
- —_ ~ loH 03
e = ® o B ES A%%SW)Ln ﬂiﬂlo%_%#? ovwﬂme
SE wIX 2 @Hﬂ%ﬂa_, L el iy
= ~ X g = W SH S T oz ™ g
o ° < =N <~ o < < o ) = P LE o < ., 0 B T
3 o o%ﬂ%oiﬂ o ® 4 LR o X g
4 AJF., a9 P C H%ﬂlﬁnﬁ = L
o0 W oo 2 = = Lﬂr(\_ = T g — ﬂauloﬁn_tuurm
s ToE ) TSy § e L T
SR o8 <o .1@E%ﬂ%7ﬁ TR %
T BN og@¢ams - e T 8 4@@4@%
cliny B LR ou_mré.zf we 1 x ¥R R
SRS - el o 5 TR 3 ﬁni_c&ﬂ -
g = N B n Tl ol 0 4R s T oo i
g = 1o N o ﬁ
S o 2 o BT oo Q S 5o o O 2 Xy i
EE Jm‘_ooLdmv _,Tﬁ@ —~ x.sjoﬂ;ﬂu @mﬂ]é]F
%wh w3 B C o O " e ok
@aprmz_ T 5 E W A # ol & - T 7oA R
S T = 9 uh%wm Vbﬂogﬂmvmﬁi < Mﬁﬂumuﬂjl
o B Lr? El_ — ﬂu 0 i) ‘._Flg_mo io,l \W./ Lf ,Wuﬁ Z..* o OTHM«W“@H]
w 1w - @q%%ﬂ Q.J%HMM ﬂﬂﬁﬁ@oi%?a s T A
e o o = %0 X 9 T o o . N rl
= 7 ﬂ_-}rMMe.sMﬂnme .NFb‘;,_ 7‘maWd.,_¢| mH@wmomOo#aﬂrMmﬂ}M _,fm_mx
=2 ﬂﬁ%lm%%ﬂﬂ e F e o o B s
o B 5 <3 ° o = 7 4w M =T P G2 oy i lﬁL_N% T R o
= = : FE 2Bl ;.%1%ﬂt%. S WM
~ G RIS %%5 iy uxdxﬁfa Y N — Z o = L
No =7 M o N o LW}EO — 7+
K o M X JJE S m A = w - T o | o N ™ =" G =
% LﬂlAH%hE%a‘ Topm B BRT % G
NG . Mwlyaﬁjw B Ho T % T R g _ o
i mﬂmﬂslﬂémi}u‘f T o o F o° mwmﬂ@um@} w % ST B
Sl o B no 3 =® < = o ST O I S o
AT OE o T ﬁl A_I < H.Tl EE = HL —_— N =) .o OME _— q TH TH o X ©
R ﬂjux X = B X == 0 oF 2 4 T T RS - = N X o« %
W,Aﬂo ﬂ@.ﬂ@ﬁ@F/ L.ﬂElmoﬁgawﬂE> A._erIonliﬁﬂ =
lH.l Mmul #E ‘.Wn.vﬂﬂ.o \mu ‘WE AT = | N ,muLJ|_AU MU OL\)IA ) N Hoﬁ =0 T bdlll
543 NS i wE T CRC @%%m%ﬁ¢1%iﬂ E
¥ T EE LHTL BT T T 2 Fommap” N S
W T .%M 3 o & " %A e Il W o UG v of o leo%
T o » o g ;Hoko%%%u@z? Eay. T *E
o < o) SFEEﬁﬂ;uL;o%r oﬂﬁ@rmﬂaﬂogﬂﬂ;@(/ ﬂ,o_aﬂa
o= ) ﬁ_ 3 Y < - !
el Lm“ﬂ LWL. = urrcﬂﬂ‘u}rﬁomﬂou B ,A_lN i n
ol ewﬁ%ﬂﬁﬂiﬂﬂ% gz
o mp & AN ,uelﬁam o X
4 o) r T
B X o ,mﬂizo
=
;O:AL

- 568 -

=

=

T3t

=

=

Fis

2=
e

& e Al

=
L.

& nhehn



2o AAEAFEE 6 ol gale], Was ish
ATe =

135 =3¢ 2 8 24 j949] Abel9] Gebhart
o] & AF Bijg Edch ol FAES
gt Max i FFHE dUIEAE 2T
& AA AIEAIUA Ris A10)o2 A
+ Ao

R, = ) B(e;,4,0T)) — ;A0 T} (10)

7) EAIY A o]ele] & Hi, Ci, L - Ei

;= A-sac(Ta-s_ T;) (1n
C=—AMT,— 1)/ Az 12)
L ¢ Ef :L * A-Sau‘ﬁ-f(fﬂ_fs) (13)

232 i FAH L
B Ao = standard k-e ZES AFE3Ho]

E] L
£33 g dHFEAL Table 13 2t}

Table 1 Standard k—& model

D Continuity equation

alu;y

ar; -
(@ Reynolds equation
D(u;) 1 olp

D, p O;

a a<‘”"§> ror
3_'1"; VT’I.'J-_ <i‘.‘._5 i‘.'..;- >
_Q-xﬂ(<9>_90)

(3 Transport equation (temperature)

DOy _ a8 [ 8<8 <'”--;’9'>]

D, 5—"'} “ oz; B

@ Transport equation (absolute humidity)

Dqy» _ 9 [D3<Q'W> —<i‘f—,(}‘, >]
D, ar; o, e

(® Transport equation (k)

%=PA.+ G.+D,—¢

® Transport equation (¢)

D
EP: ‘Dz' + %( Cz'l‘P.l' + Cr3G.(l' - 0328)
(@ standard k-¢ model
1t a<0> Vf
—<{u 0" = q, oz, (o, = R
K2
v = Oﬂ?

3. HR-SA dMAIZHOM JHE E8
B olg edsd A

e O o
o,
i
M
-
[~
rr
to,
4o
o ot
e >
riet
o,
%
1

Avkel Feel A
T2 AEIH

31 ML

Fig. 4 Simulation Domain (Mesh
Generation for Radiation
Calculation)

El

ox
iy
AL ol T

A A F3He Fig. 43 o] H]
3 SoFre AAs AT A
18mx18m>x9me ZIAYE AHE s
EHMI 3me] FOoR X g 1 upgEo
3m olATEEZR A E o] Qlth Table 20l
Zt AEHelAY AAZRAS AHPsI Y. Casel

RO
o rlo

=1

A gk Ao A Al dd JheetE &85k
20073 8¢l A A])& Table 33 2t}
Case 29 AAzA e 712 289

7
o
)
2
o
=
7
rol
ne,
>
>,
oft
rlo
(@
Q
w0
@)
®,
lo
of HT > b

A Og
ol
8
o
=
N
AN
o> e K
fo X v ok

- 569 -



B o EL ﬂ_OI OE H.__; Ot o \Iv_Al O._ ) %o -
- o 7 X H B oof = -~ o ,l
T ER oy .ﬂEEE_bﬁwa%% 7%1 M@uamﬁoﬂwwamﬂ@%@ oo TR ol T
3 X ol 1H = o ol) o} e i~ o ok 2K 70 73 T T oF 0o s B- \(.m/\ T o ‘EIL o o ~ E/ W o B/
I T we W R m B W 150ﬂdr.mﬂmrmﬂﬂaﬁxiﬂo Evmﬂ%%mfwrww
X0 N TR oy 7 W T s % ) = Boc oo o N B o o o< %W oo W = T B i
NF oy = w2 Ho MF N Mg jdal iy G . ~ s o= dp
.%&Mﬂ%ﬁoﬁﬂ%m%%ﬂﬂ zewhﬂ%ﬂW&ﬁ%%oo_e%ﬁ%wrﬁwﬁﬂ%%
R A - R I I S B DO ML gﬂﬂ@%%%&%%ﬂoaﬂ@mk
R o % PR T g = on u]‘_.ﬂ#_%chﬂq mﬂ.:,_AHEﬂiuq,m.oﬂo % ENJﬂoﬂv‘UJe«uiﬁxh,mdo_u ,%/o
T AR Mg BT g X N T m T HEp T RS ER b 0
e - SRR AL Pk gk AR T e g PR
meﬁom_@oﬁ_/ﬂoﬂrﬁoﬂd ﬂw_ﬁmﬁ w Nr,_muo#L%ﬂmﬂmﬂL(ﬁoATM%ﬂ%iwﬂl oT%ﬂonMﬂ
" R 5 oo X< o T — o B < X o] N %o o RO g
mmwwm_ﬂﬂmawﬁwMﬂmMﬁ%;ﬂo%ﬂ EmeMEaLﬂ%%%Mm%MMzmﬂftﬂWﬂ%ﬂﬂ
T R R I T T e D E gy Y RTINS i W
S R SEC R _Lﬂﬁo%@E%E%H@Jo_a%%@r@ll(_ w § ol
R R I R I pEEBT SR s Re g B0 g S % 1
=W o SPP s wm o - =T o o N Ay RO T mo o MR U 98 4 oF
EREHT g S8BT TTE T L m oo RN C N SR SO Rl el
N s i cx s xoBty ® L R . R SN T T
R R e DR WT Rpy I 5w_o_EEWWﬂ1wélfr@%%oﬁwrwﬂﬂﬂﬂws 2
o o L= ) = - A ~ —_— ~ T
ce sdOFER T M By T .rmc%ﬁxmﬁiﬂﬁ%aWMWﬂEwE 2y g P N T
RRERTE AR I . gﬂowfg.xxaznamﬁzﬂﬂﬂﬂ
o BEM BRTURIITTTHNOH THwKo WT
il
= oo < WIM T or MO RO
@ ) —_ < o o g
I8l gd. 5= : R
- S| |Es2s s 2 e ¥ w5 W COC s
= w |njT B2 T E = 2 |z Mo oo e N M T L OF
o L = s = < el iy Y
° olg 8 i T |E X E < ) .
5 AR g |2 oS pt e Py
7 2 19| g < £ |F BEEIHTT RIS
o)) m m.w ..m] 0 o To) 8 mﬂmmm_-afﬂil L;o
e S|I188 2 |S|3|3 S o 2 WO e %o o
5 . i = S R C
I 3 17l al8 s SBE T ENESZEST
v 2 o= EEDl Q| T g |8 =R T 5 B9
m., mmm@mmo[% g | g = |2 ur«ﬂ%ﬂ%@mﬁ%%ro
: : ETeIiiiie
B B N S = = —_ s o W SO S = R O R
EARCAR S B8 E|S Y E . . R SN &
W ap 8 S gE45cL 8 e S 5 - M g I FEL 9O
~ & nmwS%Gs 5 3 28 T 5‘muo€§ﬂ]ﬂﬂq_modﬂﬁo
= 2 ° = 3 n S @ = gﬁLﬂﬂﬂﬂA_IM_‘ml@oﬂ__.WHE
ol
oy o o ~ T W i o = Mo <
) hE R BRI N

- 970 -

CFD A= (Fig. 52 (b))

}

kel
pa

Algdelds



(a) case 1-Surface Temperature

39.5°C

39.5° .

~ a ’
(c) case 1 -Temperature(1.5m height)

(d) case 2 —Temperature(1.5m height)

Fig. 5 Simulation Result
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