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Solid-Fluid Interface Treatment in Conjugate Heat Transfer Analysis
using Unstructured Grid System
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ABSTRACT: Conjugate heat transfer (CHT) is the simultaneous, coupled heat transfer within
a fluid and an adjoining solid, and the interface treatment plays an important role in its
analysis, particularly when using unstructured grid system. In the present paper a new solid-
fluid interface treatment in CHT analysis is presented and applied to two typical CHT pro-
blems, ie. natural convections in both concentric thick-walled cylinders and cavity with a
centered solid body. The present interface treatment for unstructured mesh clearly demonstrates
the same accuracy and robustness as that for typical structured mesh.
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Fig. 1 Control volumes adjacent to interface.

(AR AN A= Fig. 1o} Jebd viel o] A
HellM F A FAE e Y7 dvFez A
o Auata] @7] o] ARAM 2=Tu)
(VT),& T35 98 28 1498 2¢ &
48 £ 23, AR HArd I mAgAe
s Fojof ot A AWM 2=FHE
T3 WYes A8 CFD z=dl ®eo] Ade
WS A FHY goe2RH Wise AW
A AAPECAM S TE @29 4 BN F

4 Py % Pl 3Ae N AN 45w A

He) YAwgos 2xdsie ¢ £ Jonz F
ARF WS By 2= (VvT),8 98
$ " add o wge FFARANAN 9
g AHgE 3 glE o, v ABFAANA =
3x-dofl A 3 Ho] Aty ojAe] Yy Hm
2 oA7)A 24 Te] $EgHEE dAHSe Aol of
#Hen, =3 2 AP ;HE WAAIE do
T B EAME ¢dx o

T B AFddAME -9 AR d/E&E T
8l7] 93 F7vi & (primary gradient term) #&
2 ds; 039 4T AHgsz, (vT),d ueX
AE, & 4 99 JA4ge olaHEE A T
¥ &} (secondary or cross gradient term) <& T
A FHM 33 v TE A" 75 HEsd Al
g8t e ALt o BHE H2 Myong”
o] Agtgt #4tsl AHelhE e -4 AW 24
2 HLANZ AoZ, AW BN df&S
Z+z o3 gol ZEAT)

S
qp = kom( Ty,— TP,,)

+k0 vao'ﬁb
" 1)
S ,

_ . A b
(VTpo .dSo) 150 -
=h0(Tb"' TP0)+SO .
s B
=k g (T T

+k1 VTP]‘(_Sb)

sy
I )

=h(Ty— Tr)+S,



HAREAAAE A3ate Bgddg ol 1-94 AW gy 453

4 Ao 3L 1-99 AWM Gy FFAF
oli, VTp 2 VTpe Ztzt A FAH Py 2
Pl 2xFule] ZAgtes HS xds=
Aol dis] g3t Ze] 7H2A8(Gauss theo-
rem)E AH§3td 2t P,

[,,770d7 _ 3T,
Ve, V&

0 0

(3

Y Tp=

A AelA je= dg Bz JdE EE 4 |H
£, St 4 de HydeE 44 9usy, 2
Holl Aol Tge 2 Wol HE WA HeoE o
2ee AE FAHANAMY 2xge HF P,
ZARY Beoe FARANMY 2x3& AA
g3t dojA), welM A48 CFD Z=o &
o] Y U WFAE 2 FAAWL £
B HARAM TE 4 F4HY gozyy
Aste] d¢ dart qioh =23, 232 A1)
Aol A ¢d H WA e FA3(primary
diffusion term)oli, ¥ ¥ [ ]38 WAHEE
ol zh g oz AARAAAYN AL FEAE
gto] ZAjstvt, WA BARAY AALHZAAA
(HAZBARAAMNE F HA g1 o] Azl
2 ue) g3t waFAte a3 Fojor 3l
aAd (DI A2 M g AW A=

AN AW BAHE S, 9T dHFoly, ¢,
SEZ Aojr ~S, 43¢ FRHHlDE gy =
— g0, BAZ AEE gty AH AQ)
ZEE o2 @Al A3

hO(Tb— TP°)+SO=hl(TP|— Tb)—sl (4)

Fig. 2 Meshes and schematic diagram of con-
centric thick-walled cylinders.
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solid body.
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Fig. 4 Predicted isotherms between concentric
thick-walled cylinders, (a) pure conduc-
tion, (b) conjugate heat transfer.
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Fig. 5 Comparison of vector plots in conjugate
heat transfer between concentric thick-
walled cylinders, (a) CFD-ACE result,
(b) present (PowerCFD) result.
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Table 1 Comparison of averaged Nusselt num-
bers predicted by PowerCFD code and
benchmark solution (House et al.) at
Ra=10", Pr=071, W/L=05

a’ Present House et al. (1990)
0.1 46460 -

0.2 46251 4.6257

1.0 4.5050 4.5061

5.0 4.3206 4.3221

10.0 4.2562 ~

Fig. 6 Grid distribution.
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Fig. 7 Equally spaced (a) vector,plot and (b)
isotherms with a*=0.1 for Ra=10", Pr
=071 and W/L=05.
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Fig. 8 Equally spaced (a) vector plot and (b)
isotherms with a*=10 for Ra=105, Pr
=0.71 and W/L=05.
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