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NUMERICAL SIMULATION OF 3-D TRANSIENT THERMO-FLUID-SOLID
COUPLED FLOW IN A RECTANGULAR CHANNEL
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(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In this paper, the conjugative heat transfer in a regenerative cooling structure is investigated
numerically by using the FEM and CFD software. The distribution and evolution of the temperature in the solid
and coolant, the interfacial heat flux, and the stress state and the deformation of this cooling structure are obtained.
These results show that the thermal equilibrium of the cooling structure can be achieved in a given flow condition,
and the water is more effective as a coolant by comparing with the kerosene. At the same time, an obvious stress
concentration is exhibited in the corner of a rectangular pipeline, which prompts a more elaborate designing of
this cooling structure.

Key words: thermo-fluid-solid coupled method; transient heat transfer; thermal stress; laminar; turbulent

SERIAE R A R IR YA TR SEBR h 2 FIRE AR R TE E NS AL S, R AR
)z, RIS N AR E R 8D RS R R, R R LR T A
A5 20— . uﬁ&@% SRS AEWALAE . RikPVEIRS T 4R R
(AR T o AU AARITE A (10 S T A FACRI 38 N S AR 11 mﬂm%¥ﬁ%%§ﬁ FEA ] B S AR, T8
MG, AR T E RS A AL e o BT R I Peclet 20, #VF R LR IGA R4
o V2 238 i A= [ A L A AR ) AT T 21 #ﬁﬁﬁl%%ﬁ%mﬁﬁmﬁ\ﬁﬁ%ﬁ%

W SEENUEE T m poREgR Y, Chida i3t HESRIBUE VISR . SCER[3 — 714 %Wﬁ
B BAT T RN, BB T RNZERE T ARMGL ﬁ%#Tmék@mFmEmmAﬁ

RS F1YT: 2008-11-05; & HYT: 2010-02-01

FETH: WK ARFEEIEETE (10972228)

FEF R *ik @(1982—), 55, WM, Bt EENFERR RS & M0 5 W SO A LT (E-mail: zhangjian]9822@sina.com);
BRN(1969—), 5, WHEA, B, WL, WS, hEREER DSORGB % WOt SWTIAH AR
DL S5 ¥4 8)) 3 2455 5 1) i 5T (E-mail: huangcg@imech.ac.cn);



T P i 2 233
e . b, Al-Zaharmah™255F57 7 AN 2% JE B i) RS FRPE, ORI 2 g5

Prandtl ZORIAN [A] 5 40 LG 56 4% R e 1 2 A0 I
I 1) (1R A A BT I ) T RN g A
PERRREIR o AIESTHE Y, AIC Prandtl BORMIGH ] 44 bE
fHOLT, RS SRR L 25 0 Ar, A
M A RARAIAR I N )5 538k, NI AR TERN ) e
T ) LA AR R ST o Lunal>' %8R iR
RSB T BB 5 58 4 R I JZ i 2 18]
RS IS RO REREAT T 204, 25t T AS[R] S 8
A I LU AR S AR B 1 S x A g AR
5o Bilir R U 7RI T 58 A R R IR R
B ARSI A R L, £ TR RS-
FALL AN [ 3E- AR 15 LU AN [ B 52 2 5 3 N 4
PLAE SO L HAL I . SCHR[8 — 9120 ST 9
T E RSO, WTPCRAF A S, R
[ P B ORI R I 2% A B A A IR 2 7 7
oM. EIRBIEOE B GER CA r , B
AR = LER DU E RIS AN S5 RS & i -UREA T 3 Ao
Fyob, ARt ARG R B4 HFR G R A R
AP BT T =4 U, A RS Sk
PS5, (HILBOH % BRI LA o

AR SR B AR D5 0 B S B A R 1 = 4
T Ve T8 AR SRS 75 R BLEAT T 20 dir e ds
MR AATH BT CEX Jppr A3 2, [ A BE il
Yyth ANSYS I3 #rAa2), 4 RIS SO S Ik
BEAT BATAL A AN T I Z Ao 73T 25 e
LAY B FREIELRE 324, 132 T A RRB A A
AT PR AT A7 R ] A 5 A (L IRE S AR ) 2 Ao

1 o) @Rk

KILH BT = AR AR A ) 8. fESE
PR S RE IR Z K 7 A HAEE, WE 1(a)
Fian, HJREBORWE 1(b), BREEE N EEA 0.2mm
BB AR EMRL, TR EIL KR 1mm, B
EEJE Smm, E1EK 0.5m.

0.2

.LH.L . I )

(@) (b)

BEAT O30T, W 1(e), FAHM A BROTHEAL R ] 1(d)
I NVNIRE (N R 1 B2 R < S REE !
T,=293K , NHJidhu=>5m/s, HHOLKES%
Hs 3k 05 TR B AN R (B 1(e) A5 R
g=40W/cm® $iI N, 5 T Py RE (1578 S b 1
P T AT Ay A 3, KRR T A A R R 4
P, FA RIS AT . S BT 2 A T KR
BEMPIARTALAA, JR BB AR 15 (2% 1) Rl
FOBE,  FLAS 2 18I0 1 R 1 B 5 R UL 11 AR
U2, A MR SRR L A G, AR
WA NS N p,=8.17x 10°kg/m’, % & H N FA
MM R BIGRE N TGR-1 )2, HEEHR
P=5.89x 10°kg/m’, Hi TILHREME, A% &L
AT o AR B AR A L 1

(©) (d)

K1 SRR A B TR
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Table 1 Material property vs. temperature
01(C) Fen/ ki Ey/ Y/ zx;,/ 1 as,/ 1
(W/(m-C) (W/(m'C) GPa GPa (x10°°C™") (x107°C™
20 203 1.055 1.37 0.964
100 12.6 0.233 1.48 0.949
200 14.2 1.016 1.57 0.96
300 16.4 0.233 1.66 0.995
400 17.6 0.955 1.75 1.045
500 18.9 0.163 0.685 1.83 1.317
600 20.1 1.92 1.167
700 222 162 2.00 1.044
800 24.8 2.04 0.935
900 27.2 152 1.86 0.789
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Table 2 Different simulation case

WA S Ul(m/s) Re Pr
H 1 K 5 5600 6.1
5 2 K 0.41 460 6.1
513 JE 5 460 570
51 4 JEl 10 920 570
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the upper surface
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