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ABSTRACT

The effect of the thermal conductivity of a centered, square, heat—conducting body on

natural convection in a square enclosure was examined numerically. Numerical simulations
was carried out for Pr=0.17, Ra=10x10", 1.0x10°, 1.0x10°, K'=1.0, 6.6, 34.0 and =05, 1.0,
2.0. The results were reported in terms of streamlines, isotherms, Nusselt number. As the

results, the mean Nusselt number increases with the increasing of ¢ at a constant Ra

and K. In the case of ¢=1.0(obstruction shape ratio), the mean Nusselt numbers were
decreased as increasing of K ( obstruction thermal conductivity ratio) with regardless of
the Rayleigh number. When the constant obstruction size and thermal conductivity ratio,

convective heat transfer effect was more enhanced at ¢=2.0 than ¢=05.

1M E

A IR A dojue AFUF gAd
AL HYE JEY, 5893, gA29 3
LS-2, A AAAAY d4d 9 AEo)y
Hrel BE&3Q EAA, 3AAIY AU F
- FHFHeR 1 8ol wig BHMAE e o
St BEFHAA &3] & 4 UTh

olZigt WHFUl AHAF fEel EA
& AS, ol AAFE TEL gylzog o
#5449 AAE 43BE g Fojgd
(Core region)oiAe] 383 Mz HHI &
A7F Atk |

Y FH oA RAhFoll AFF 27]9]
AT FE FHYAHoY & F3v|9 FZ
DA FHo) thated oj20A itk

Rayleigh=7} %3] AAM LHFH 7
A% 380l A%k F%d daA Fu's
£ Rayleighd7} 10'# 10°, Prandtls7} 0.71
A o ALY DT FSH o] 120
3, 590 A2 IHFY AR dEd
of 1= 3% GEHE g3l wigy
© B4 AdYo] EAste - AT

124

o 58AI QAES A7

Nansteel’ 5 2347} 1/29 A1z 2983
o] AR ujgd 2o dAL
g FETZY 93-S B §H, Y
nol 4% FojEo] Ry 943 FId
AL &, DI U 186" FoljEol
= 7% dElaE House’So] Artz ©
7o) Fdd PP ARA FoEo| UL
)
w
<

& 39

Rayleigh, FolE9 ExxH 9@ 2717}
she 749, old] me 9dZ2 % #3554

FRAYF 02 PR
2. 0|Z s14

2 A7 A8 AAZAE LeEzte 7
38ty g4 AxAE Fig. 13 2ot

4714 duEe] HAS & b9 2ol
L3l Frtztgolx, dHF3te] 9% 2HH
2 I2W, LEX 3 HHe
74z} S|t 3st % Hue dEue
2 7450 o

L EF WM &

off
rlo
o
2
9
X
ofN
J

gl %¥oll ) A)(Splar Energy) Vol. 18, No. 2, 1998



A2 AT A Ao B2

A

n=
B
o
(—
=
=2
R
o
2
re
=
3\ﬂl
Ly
oot
S
o

adiabatic

e

Th - fluid

~ obstruction
7P

X o
Sw

-

s

N

adiabatic

W

VSIS S LSS LS L7 P07 0 707

Fig.
centered obstruction

Te

1 Schematic of enclosure with

Sowmo) HWasA e
e BAsgon, 2Ege U

HILE Al Ao EAE AT A

2 439 o™ Boussinesq ZAME A&
2.1, X|dff 2 A

B dpdAe Auage

7] 98t o3 £ FA

HEe s
_ X _ ¥
X = T Y= T
[J= ul V= vl
a_’ a

2

p=2L, pr=2%
oa a

T—T.

0="T _T_

g ¢l 2] (Solar Energy) Vol. 18, No. 2, 1998

3
_ | k.
Ra = gB(Th TC)L’ K = 2
va
Nu——%, C=§LV
L

ul
=

o 7] Ra, K*, Nu

¢ 7z}t Rayleigh

& F7)9 GATE Ko 3 Ao A
=& Ks9 B], 3 Nusselt+ R =4 &

h2e) vl et
T BAY WEEL
& AL gew 2

Este FAapdst

asggy: 9L +95 =0 O
LA
oU , yoU _ _ 9P ’U |, 3°U
Usx tVay = ~ax TP+ 57
@
U‘g”j(erV% = ‘“%*‘PY( g;,]g/-i- gzy‘z/)-i-fi’aPrﬁ
3)
CER R
Fluid -
100 ;00 _ 3°6 , 3’6
Usx TVay = ax T oyt ¥
Solid
8%6 36 _
K' (2t 5452)=0 )

A AR AAFT 4 e dHTT

el gle A H&51, 4 G T

AN g 17 2ol FEEE Aotk

125



A2 A NS 2 DRI AQF/ 25 9

ALse AARAL 23 2o}
X=0 X=1 U=V=0—§—‘?—=0

Y=0: U=V=(Q =1
Y=1: U=V=( =0
oyt 08 00 .
_ v 98 _ 20 s
U——V—O,a —K"aY

q7]A Solide= A A& HE=HE 7
AZES e,

2.3. T X[ A&

B T ARESE FRAIPY
FDM S2 Patanker 7} 7023 Simple
12EFS ARSI ALY FRIAAF 3
A 2= 14 AhEa JHNE PrandtlFS
1002 Fo] o] JHoA &x& ‘0o H2
SI=E 3T T3 oA Ale A it
AT 1ol ZejEddXes K2 vlHiA ¥
o} olst Zo] fAlst LA HEHE oy
AP S 2T 2N A9} 1A Biw
- AAZZAY gt Yehde Az A

1S rlo

Ho g2 wEdEn o] A4 €xeEL EE

AAMES 7IEA 2 EHA5Y 9548 B
Aot B S AL A" FHSE 32X
REA H-3 AHTE A3l ARSI
FEHZHLE AR ALolg] Q:a17) 4 (6)
3 2o 10701312 HEH1 FHPEHAM
AEH2 Aol7) 005% o7t 2 wirhx] uk

126

B AR, 4714 o= 4 HFEA U,V
2 68 UEll, N w5 3golt
N N-1 |

Max | -2 ;N¢ 1 <107 ®)

B Ak AREH AA7]l= Sun Sparc
Workstationo| 32 dhte] mhe}ujeld] it A
Aol 28" A)7He oF 37 Hxolt)

D FUA R BEHH Y 9l
V2HF ALY HFE Nusseltyr+ 2
ofo} 3t} wetr B AAdME 1L ¥H
i AL BHd) diste 4 ()3 o] FH
Nusselt7E Aot ARt

1 |
Num=if0%|y=0,1dX (7)

24 AN Y2

2 dF9X nHE FesiAe QAEE
o] 002373 W/mKSl dut F7)o)x, o 2]
A (2 05 10 2 2002 #WiAZo,
At 1A Fhge FPsgy KE 10,
66 2 340, Rayleigh=10" 16° 2 10fe =
2+Zy WA AY FAE AE @V
Fig. 291 @9} @ o] Hs(IAHYH o
AXoZ EA) AHeH HfE9 X Y F
¥ YA+ Table 1.9 Z2¢F

Table 1 Coordinate of obstruction in the
enclosure

sitton | Position 2|Position 1!Position 3

Axis (=05 [|€=101(&=20)
X 0.1 03 0.3
Y 0.3 0.3 0.1

el %ol & (Solar Energy) Vol. 18, No. 2, 1998



| adiabaltic
LA

N T@’:

|
I
|

|

L

1
=r"©‘"1
=
i

T
adiabatic

Fig. 2 Positions of the obstruction in
the enclosure

3. 4%

Ne

ink-,

31. wS¥H & =24 22X

o

Fig. 3& Rayleigh Ra=10", ZNE<9 &
Adul ¢=05, AHEY dHE=&H K'=10, 66
2 3407HA] WEEE A9 fAn FoA
CEXE yehd afo|th aYdM FHEe Y
gF7te f4 BX 2o 524 EXE

217} VERAT,

e %ol 2] (Solar Energy) Vol. 18, No. 2, 1998

A

Fig. 3 Streamlines and isotherms in the
enclosure for Ra=10% (=05 and (a)
K*=1.0, (b) K*=6.6 (C) K*=34.0

(c) K =34.0 |

127



_l);‘.
>
N
of¥
2
k1
oX
o
=2
{d
tlo
A
rr
ik
ofd
(AL
=
2
2
o
2L
(R
2
=i
.
Ao
olot
Jhu
o

Ui 3o o] 52 HARTEHY 7%
HolA B &3] EeHo ¥R
AFol B o] #EFHE ZofrT
HJolg}t stxn, ole YW 3 71g
129 FAZE AF GE€RS w2t AL o
ZOE FHols T W g FI& Ay
329 FAZE BohE ) WA= 3

8t7] wZolc}. |

Fig. 3(b)e] K'=66¥9 W< FAE ¥+ Fig.
3@ FAE FE|E2A fAdo] TEH &
o2 % HIF FeEolz, FAE IS
2o 22H-Fo] 48 @338 dojyx Q)
. 24 EXdAe ZAEUHIAMY T
Aol YA Exstd e W 2xwsist
2ty ol AoEL EAZ s FHEY
ARe EEE fEsle 12 X9
frA|Atoldl A FofjEo] HAAZE L-317]
ol

Fig. 30)¢] K'=34002 #Az A% SMo]

S Huzoz us Hasln Pig 2o
of Zojgde] Wyl © s FyEo:
EF SeuTA 524 0] g =
s}

o]43 o] Ra=l0'0]li ¢=052 YR
W Kol 27184E AojBue) M0
WA 2X3H, YA AN F24
7o) Us HolA K7 371848 ddg
ol v #ddge ¢ & Ut

Fig. 4 Ra=10', ¢=10, K'=10, 66 %
402 HIEe F7Y A% 524 £
& YEhd agolt

Fig. 4a)9] K'=10¢ 7% FAEFAN 1

o B2oA 7tEd fFA7F vy Aol
o FF= HA Lol A IAHA @2
2 A2 A Ziteld] H2d ¥ ¥4

Q2
LI
=
A
o

ol rir _l".ﬂ. il of o

(c) K=340

Fig. 4 Streamlines and isotherms in the
enclosure for Ra=10*, {=1.0 and (a)
K*=1.0, (b) K*=6.6 (C) K*=34.0 |

Holt W Fig 3@e) 052 7

= g
ouT 2 35BS XA EHol FojEdA
gg @ojd 47t 71¢od $EHEE g
ok 524 EYdXE Aude 3= 3
Rold A7t ZHog sidEn, FRE
o) ARZEAN FAY LEWHE Holm Y
th E3 HojBo] AEE $yoz FEE
SA7F AL Wy 2ad) F2sle AFHo

B} Qo1 2] (Solar Energy) Vol. 18, No. 2, 1998



i
5
ol
;

BN AAF/ 252 9

E Y457 gio gidA el 524
XE el 22 AoEUdx g
ET ZHE FHZ AR ZAMREA A
NE2 & FHZ o]Fojur}

Fig. 4b)9) K'=66% AL FHARTA
f&ol K=1.09 wWrc} FAojBd ¢ o &
A=l Aok ol FEe dALEI AA
A Bl g AdRA 3Rzog wo oo
Fo] AeHo] FHEFZ 1 FA=
T35 Bol WaH1, HEFRY Y
e 7857 dEfolt 5
M= THo] ARES 7|E0ZE F
2 5o Yehdth ol A&
&4 K7} AX ZFejEe] Ashrt o
TE FAH7] gio|t. S8 HA
24 EES AWRY 3 $ZyoA
A 744, ¥ZEt}. Fig. 4a)9 K'=1.02
Boge T4 7HFo] AN @Hgo] n|
2 Aoz AAHG

Fig. 40)& K'=3409) A$24 &
Figdh)el 73¢9k fAbeit. 524
Fig. 4b)d it} FoEZHdA A
311, HHREZAMe F24 7HZF0] gL 7
A K'=66Q Wt GAgo] nefd Aoz
SES2l= S |

ol4s} o} Ra=10", ¢=1003 4AY u
K'#tel 2713842 29y XA 5L
A 7HFo] Z7l8ld K7} 271848 dAdg
o] g5 mlks S & 4 Utk

Fig. 55 Ra=10', =20, K'=10, 66 %
M0o s WHIlHe A9 {49 T4 &
F= Ve 2ol |

Fig. 5(a)9] K=1.0¢ o) FAEZNA FA
o] FojEF FTH o] Alolo ofF zYs}
Al FEEHS Qith 3 Ao} AJsltolM 2

o

;l; rx,
4 . 1R o
L SR S AR |
do o ot rlo K1 {o W o o8

o

ot

-

_10

x
du dr

M K
N b e A

B ol \J 2] (Solar Energy) Vol. 18, No. 2, 1998

() K'=340

Fig. 5 Streamlines and isothéerms in the

“enclosure for Ra=10* 1=2.0 and (a)
K*=1.0. (b) K*=6.6 (C) K*=34.0

AHEo] Yepdth S24 BEXdAMeE T4
o] ¢ WH&EOZ 11 7FAo] HlwF A}

Fig. 5(b)t K=6616%1 7A-+=2A FAEE7]
K'=10% 7359 AR 23 f5°] H=
sl Qlth F9= HEZEoR F24 7HFo
Fig. 5(a)8] 7A$-Hct 4L 2olx o] &
Wl o2 ot} |

Fig. o) K=4345=2 F7igt AS$EA A

129



AN AT ANE e 2 DA AANF/ 2FE o

2o} 9= Aol FRZENN 479 2L 2
4450 Yehla, SeyddNe se4
Zo| t& A7) vehdth

o)z o] Ra=10', (=2002 UYAT )
Kgo] 3718 5oHd TAHoM T4
Ao Folx K7t s7Vdes dAdoe] g%
i dS & Utk

Fig. 6& Ra=10°, =05, K*=10, 66 2 340
o2 WgEe A4S fAg 324 BEXE e
fusA=l =

Fig. 6(a) A°l=9 FAE=&H] K'=1.091
A9 §4e Ra=10'¢! Fig. 3@)¥ Wxc 5
SHWANM Y FHZMFHol Y3 dRFF
o] Fralal ozt LEZEZ 72oA #F
He & Holx ot 13 Fo]PgRY Hol
E2 9 319 LEZE XA sl 2

AHrgol deual [l

o

AN

= o
I
=
rir
=
AN
£
o
uj
i
Ao
H
n
K
olrl
rlo
X

Q) 7Hg Wzhatgo] Yol
Fig. (h)9} (0)9 K*=6616 2 34.34%Hs =

B FHRTAN 2 30| B BT

CFHAL, YEIHNY 524 Ao Yo
A3 gtk =3 Ra=10"¢l Fig. 3(b),(0)d
R} Bl 39} T2uno)ie) x|
7} 6% 3

o] o] Ra=10°, (=052 UAY
K'gol $713 42 S8 ZxdM 5&
A rAol AX K7F S7HdEE 49Ado]
njekside ¢ F Utk =3I FII =
(Fig.3 )9l Rayleigh+7} S718E

dge] FeHAL ¢ 4 Ut

130

(c) K'=340

Fig. 6 Streamlines and isotherms in the

enclosure for Ra=10°, {=0.5 and (a)

K*=1.0, (b) K*=6.6 (C) K*=34.0

] oFoll v x| (Solar Energy) Vol. 18, No. 2, 1998



/ - -d--—-__—_—.’

g

Fig. 7 Streamlines and isotherms in the
enclosure for Ra=10", {=1.0 and (a)
K*=1.0, (b) K*=6.6 (C) K*=34.0

(c) K'=340

Fig. 7 Ra:105, ;—10, K* -10 66 2
g UEd :LE'JOIE}

Fig. 7= K=1.0%) A$+2A °)~*-—‘%‘-E°ﬂ
N A g 9% SIREI Q2FE olYR
o 4x& H-Ho] Fig. 6(a)e) AR %OH
ZoA Hojx|x uEREZE 7]&o)A SUth

<]

1_.1__. 'iI:E

£} ¥\ A](Solar Energy) Vol. 18, No. 2, 1998

Fig. 8:-Sfream|ines and isotherms in the
enclosure for Ra=10°, {=2.0 and (a)
K*=1.0, (b) K*=6.6 (C) K'=34.0

ole A7 B AT A9 wA
37 ne YRoz P2AUM AR B
Helg §58 W 2 5T A7) gEo)
o SLAETANN FhEhelMe) FeMol
Aol SwReoltt ety FojElel W=

of % AL AfEe RN 3R

A
=
=
[e]

131



AN BEA AAES 2 YATIRAAS AR/ 355 9

Fig. 70} (o) K'=66 2 34008 Z7}
& AL Y T EXEAM KU £
Shol| w2l §-3 9] & Fo] g2 Folx fA
o] Zol&E 7Htold FAPET 524 EXeE
FEFEUE 325 A9 fAle L3t
o] 312 Yo 93t 7EEHE ARG Ao
=9 93sly 71EEe do] ARG wElA
AL FLHos FdEHE g0l ddiFosm
ZFo}R| 7] wZo ‘Qﬁl%’—d kUl é?—} Z &
Alole] tifol &3 B 7AdA "o

o4} o] Ra=10°0]x gz 002 4AF

o Kegtol 27185% ghgel vjoe
¢ & ok
Fig. 8& Ra=10°, {=20, K'=10, 66 ¥

M08 WHslEE A5Y f4T 24 &
¥E Jed adeln.

Fig. 8(@)9 K'=10% ZA$ FAEXA
Fig. 5(a)9 ZA$RT & $5%E 71AA
o] FoZdAe At "ol 7&AF H#
HEE Holx gt} ol¢ T BHRE oA
71EE A7} g dgS A o} A
o] Y715 A 42 e o]Fdld AL yA
7}77}01011 A2 ¥ d457] gielt 52

TEAM AR RS e 95 4
Toll Al L7 33, o E9] *‘ah—oﬂ
X g t:f_ 25 B3I E Holm Q. =3

© 37| A28 H
23t FFHoE WAH7] fj&o A
3 :

N

Yoo SLH $IE Holx Utk P
2o AxQALe JABY H5 4P A

2 32N $2 8%z olFoi A

Fig. 8(b)e K'=669 7A$aA SMETq

A frAdol K'=108 o xt} ““’HgOﬂ a3
dold BXsta i, HlEE FEA M
He 0] di3e=s ‘{%0}7\17] & 3

132

9 Zolgdo] YT, 24 HEFL
3 ¢

o} B9 RN IJEZ 24%1%?01 %7kt
AR EZo n2&AE vaE we Wy
3, AR T2 {3 lt JUZoE W
7 7199th S EXA 24 7140
zoydo) ¢S 2934 E¥de] K'=1.0Y
g gige] Fid Aoz Azt

Fig. 8(0)E K'=34002 Z7}3 A$LZA
FHAEFAA {0l HehSoA s 3
dojz] X 31, BFREY EAHFR
A 2zaHrEo] doAUn Qo T4 EX
A 240l FHES 7Fo2 H¥50

2 EgHo] ygdt} ol Ao AR
87} A7) ol FejE FeF 257}
Ao FHUIA KA 7] dFoltt EF F&
Mol K'=664 WHT} ¢Z BHoE U%
Z93A BEXdes RoZ Hol gxgo] ¢
S gas|dios Aydd

ol 2o} Ra=10°, ¢=2002 UAREY u
K"gtol ——7}2} TE gHge] gusjARL
Azt - |

Ra 10°0 Afol o 74 2 522

OYoZ AAEHA AT
8101 BN &9 S0 AJAMT

21842 Bhge) gz Q
FAT. B¢ K7 271845 Seu)
qe) SeA 7o AXA @l Hlok)
dxez AzEy.

3.3 E Nusselts
Fig. 9— ¢ =05 10 2 209 7

O

©
Rayleighd* ¥W3toll @& BT Nusseltd2] &
FE el 1ol |

g ol 2l(Solar Energy) Vol. 18, No. 2, 1998



ALzHY A=A BolEe

2 YATRRANA AP/ FEE 9

9 5— K =10

100 10" 10

Rs
b)&=10

Fig.

9 Variations of

o 10* 0
Sa

{c){=20

mean Nusselt

numbers with Rayleigh numbers for

(a)=

 Fig9 (@914 Ra=10' 2 10°Y mj= S&
- EXAA 458 bis} go] K7t /18
“éﬁ Nusselt7} $713d. 28y Ra=10°d

AN K 7} ZIVgE ﬁﬂ% Nusselt+~= 2

3,
Fig. 9(b) =109 #A<$2X Fig. 9a)2
7399} Blwd of A Rayleighd W ol s}

o A
AETE
3%

¢ =0.5, (b) {=1.0 (c) {= 2.0

d
=
=

.
A

o
i

o] HFE Nusseltd7t 2tk =& K9] Zol
B Nusseltd7F ALY

ol &)

F2 Rayleighe9] F7to] what 9 A

P

o2 Uehdth
Flg. 9((:)‘\'_."'

10°9 W= K7}

(=209 3924 Ra=l04

Z7VdE i Nusselt
7} 748t} 22y Ra=10°9-e K7 27}
& g Nusseltse= 743t =3 Fig.
9(a),(b)el] BIs|A Kxo} W& H Nusseltd

B} %ol 4 2} (Solar Energy) Vol. 18 No. 2, 1993

o] W3y} ¢: =t}

olxke] Ao E2o] FAHH|
Nusselt=2] W3}Adgko| T4
Mgy 2 gt

Fig. 102 Ra=14 106 2 1068 72% (o w

R
EX A9

& B Nusselt7e] £EE Uehd T3olot

—_— k= L0
o —— K = 6818
.—-e—:"-“.a‘s

| /<

. 05 Lo z0
¢

(a) Ra= 10"

—o— K" = 10
—e— : K' = 6618
—— K = 3445

b

Nugy,

—— K" = L0
—t— : K* = 6618
—O— K= AWM ’

0.5 (o 2.0 0 05 1D - 20
¢ o ¢ :

(b) Ra—105 {c) Ra=10°
Fig. 10 Variations of mean Nusselt
numbers  with aspect ratio of
obstruction, ¢ for (a)

Ra=10%
(b)Ra=10° (c)Ra=1_06 |

Fig. 10)elX K'=66Y¢ = Ko w3}

£ H¢ Nusselt9] ¥37} K'=1.0, 340
o) wlwa] Ao Wy} ek =3 K'=340
ol AL K'9 ®izle] e FHF Nusselt4<]
W3l M At K=100112 §=209 3%
A Nusseltr7}F 7Hg 2o

Fig. 10X 7F 713t met Ha
Nusselty< F7Fti7) 4asit)

Fig. 100914 Kol @& g Nusselt+

133



ANAY AEA FIEE 2E BATIWINS AAR/ 252 9

o] Wizy} 7} Ak %3 K'=10Y W 7
Nusseltd+ 71 2 S vehdth

29 gATgH K7t 2420 pAe 9%
& AAY @, BAEY By

o

o|]A3} ZFo] Rayleighd7} S71d4E #of

¢=059

K7} SARENd) vjxE 9ako] 743 2

4

A E

53 7 5ol ﬂ@% AXZE AT A

Ao 2o] E0)L ® Rayleigh$7} 10° 10°

6
% 10%

ERED

T, B719 AES BE AEA
AATEe ¥ K71 10, 66 2

340, A=A Aolge 4u 7} 05 10 2
2002 W u AAYFEAL FXHNA
o7 73l U 22 FES Aok

1.

2.

3.

4.

F59 YA e A=geoly G
g 98 2/ 3dste CalFele) 134
T Zo|ggolA BAHE Celde]9 2
A5 F e ol
A= A8 ¢=10¥ 7A$ Rayleighd
o BAglol BB dAELY K7} =
NE4E BE Nusselthe Zagch
Fof 2o Hu] =059 7<% Rayleighs:
7b 149 W) FojEo AT g K7} =
Vg2 HF Nusselt7b Z7b8kA| g
Rayleigh4=7} 106 ¥ 106Y W+ 7243t}
Bolgel A b 209 AL
Rayleigh4=7} 10° 2 10°61ME Ao 29

=2

€ 3718tk W9, Rayleighs7}h 10°014
= Z4agt

Ao A7)} EATLH} FYE o

134

=209 W ¢ FLEHU.

=44

Cp : AYHIg, kJ/kg K

h @ €3g A, Wm2K

k © #A¢ 83x&, WmK

ks : A=A dAEE, WmK

Kx : fAl¢} Ax2Ae dHAEEY], kek
L : gH37e 54Z9], mm

Nu : Nusselt$*

Num: %H¥ Nusseltd

p ¢, Pa
P : FA4 4
Pr : Prandtl4~

Ra : Rayleigh+
SL : AXEA|e] 7]

C2%: K
X3 £ AE, mm/s
xWFe Fa £k
el SEAR, mm/s
 yEre) Bl &%

X
K1
)
lo,
Jm
ox
iy,
. 0

FAE SR

< X s << aE

Al &%

: A4, kg/m s
C SR AT, vl o
. 9%, kg/m’

g} kol i A} (Solar Energy) Vol. 18, No. 2, 1998



AN 2R BN 25 DAFHRANY AAT/ FEE 9

s 3 A
c . A2H
h o 18
s . AEH
> U )|
(1) S. Ostrach, "Advances in Heat

Transfer”, Vol. 8, Academic Press, New
York, pp. 161 ~226, 1972.

(2) Elsherbiny, S. M., Raithby, G. D. and
Hollandss, K. G. T.,“Heat Transfer by
Natural Convection Across Vertical and
Inclined Airlayers”, Journal of Heat
Transfer, ASME, Vol. 104, pp. 96~102,
1982.

(3) Tabarrok. B. and Lin, R. C., “Finite

‘Element an Analysis of Free Convection

Flows”, Int. J. Heat Mass Transfer, Vol.
20, pp. _945~952, 1977.

el FollJA](Solar Energy) Vol. 18, No. 2, 1998

(4) Fu, W. S., Pemng, J. C., and Shieh, W.
J, % Transient Laminar  Natural
Convection in an Enclosure Partitioned by
an Adiabatic Baffle,” Numerical Heat
Transfer, Part A, Vol. 16, pp. 325~30,
19K0.

(5) M. W. Nansteel and R. Grief, "Natural
Convection in Undivided and Partially
Divided Rectangular Enclosures”, Trans.
ASME, J. of Heat Transfer, Vol. 103, pp.
623~ 629, 1981. |

(6) J. M. House, C. Beckermann and T. F.
Smith, "Effect of a Centered Conducting
Body on Natural Convection Heat
Transfer in an Enclosure”, Numerical
Heat Transfer, Part A. Vol. 18, pp. 213~

225, 1990.

135



BN
Jhu
td
alo

' Natural Convection Heat Transfer with a Rectangular
Obstruction in a square Enclosure

H. L. CHOO*, B.H. KIM#*+, H. W. KIM*#*+, C.S. JANG****

* Taegu-Hexdlth coll
** Kyung-Il Univ .
s Andong-Technical coll
sk Kyung-Pook Nationadl Univ  Graduate

ABSTRACT

The effect of the thermal conductivity of a centered, square, heat-conducting body on
natural Convection in a square enclosure was examined numerically. Numerical simulations
was carried out for Pr=0.17, Ra=10x10", 1.0x10°, 1.0x10°, K'=10, 6.6, 340 and {=05, 1.0, 2.0.
The results were reported in terms of streamlines, isotherms, Nusselt number. As the results,
the mean Nusselt number increases with the increasing of ¢ at a constant Ra and K. In the
case of ¢=1.0(obstruction shape ratio), the mean Nusselt numbers were decreased as
increasing of K ( obstruction thermal conductivity ratio) with regardless of the Rayleigh
number. When the constant obstruction size and thermal conductivity ratio, convective heat.

transfer effect was more enhanced at ¢=2.0 than §&=05.
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