38 11 Vol.38 Ndl
2004 11 JOURNAL OF XI"'ANJIAOTONGUNIVERSITY Nov. 2004

( , 200093, )
. Ra 1
, Ra : Ra 10* 2
- Ra 5x10* | 2 2 ,
: TK124 DA 1 0253 - 987X (2004) 11 - 1132 - 04

Numerical Sudy on Oscillatory Natural Convection in Enclosure with
Vertical Isothermal Plate

Zhang Xiaohui, Yang Mo, Yu Min, Lu Me, Xu zZhiping, ZhangLixin
(College of Power Engineering, Universty of Shanghai for Science and Technology , Shanghai 200093, China)

Absgtract: The nonlinear characteristics were inverstigated by numerical smulations for the oscillatory natural
convection in an enclosure with a vertical iothermal plate. An unsteady mathematical model for the problem was
lved usng SIMPL E dgorithm with a QUICK scheme. It is shown that the bif urcation of the numericd lW2
tionsfor thisflow and heat trander occurrsin a range of Rayleigh number Ra consdered, and the flow and heat
tranger change from a steady state to an unsteady with the increase of Ra. Further ,the numerical solution ob2
tained is unique and steady using two different initia conditionsat Ra =10", while two different numerical re2
sults can be obtained using the two different initial conditionsat Ra =5 x 10*, one of which isa steady sl ution
and the other is an oscillatory sol ution.

Keywords: natural convection; bifurcation; numerical simulation

Prandtl
, ; [5 7]
; [8] 2
Maragoni
[1,2]
; [3 14] 1 1
: 2004 - 02 - 23. : (1969 ), ; ( ). , ,
(50276037) ; (03GKO08) ;

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



11

1133

1
1 , L,
H W.
b.
, L HW b=80 15 4 5.
TC! Th ] Th > TC-
Bouss nexy ,
FEPITIIIITIT LTI IITTTI
=T 7.
/!//Iﬂl////f/ﬂgﬂ///l/fﬂ”//
1
10} __Pr > .
+(U- og)U =- aP+ a“U + Ti
5F * ) (RaPr) V2
(1)
2T — K 2
+U-aoT= o 2
5F (RaPr) 2 @
o. U = (3)
:U ;T ;P
i ; Pr
Prandtl , Pr=017; K= k/ ks, k ks
( )
Rayleigh
1
F= JH%( RaPr) 2 (4)
H (Th- T
Ra = Bq (Th B (5)
8
T B ga v

X=0, U=0, T=
X=L/H, U=0, T=0
_ B 5T _ 6
Y=0 U=0 £,=0 (6)
_ _ 5T _
Y=L/H U=0, $,=0
F=0, U=0, P=0, T=0 (7
X Y H
U=0,T=1,K-= ( 10")
(8)
SIM2
PLE , QUICK
60( X) x60(Y) ,
AF 01001.
, NussHt
____H |e¢Y" BT
NU_Z(H+W) s 55X ><ZOdY+
L/ H
5T
Io 5Xlx=u/n (9)
2
Ra 10* 5x10* 10° 10°
211
Ra T Nu
2.
X =113 Y =1153. T Nu
. 2c 2d Ra=10° T
- F Nu- F . 2 , Ra
=10* 5x10° , F ,T  Nu
Ra = 10" 10° T Nu
Ra=5x10* 10° ,
. 2c 2d
Ra = 10° T Nu
1 . 3
Ra=10° . 3  F=
749 775 F=759 786

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



38

1134
, , 2 Ra
, , Ra =5x10* 0
. b
212 Ra=5 x 10* 2 , 2
0 Ra=10" 4c ,0
, (7) : 0 . 0 5
, Ra =10° F Nu
=500 , Ra=10" 0
,  Ra , 0 Nu , Ra=5 x 10
0 2 , Ra=10°
T Nu
4 5 4a , Ra = 10" : Ra
0 0 , [10*,10°] ,
6.25¢ i ) 201 —m-—= : Ra=10"
—tpe— -.;ea=5><510"
1 Ra=10
0.20f Is %*-.r\.,.\_ e e 1 Ra=10°
0'15- H : \‘ LAt -'. ".f.. (Y ".-
& i £ 10}
0.0t} ] . .
i — : Ka=10 N et e e e e
e : Ra=5%10"
o.0sHf! i : Ra=10" L] RV
if . : Ra=10°
0.00! ! L L 1 L )
0 200 400 600 §00 1000 . . . .
F )] 250 500 750 1 000
F
(a)Ra 7[R W5 90 o i B B e 19 g A 4L (bYRa R [Eat Nu FERT H 624k
0.25 8.151
s.10f
0.20 =
P
8.05
01 s %00 850 900 950 1000 s ) , , ,
F 700 728 750 775 300

F

()Ra=10° & Y 1 5 36 2 B 19 25Tk B9 R K B (DRa=10" B Nu BfE 8] 2544 3B BP K

(c) F=775 (d F=786

(b) F=759
3 Ra=10°

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1135

11 )
0.25 3
Ra=10°
0.20 owig  JETE
7
0.15 Ra=5x10* \ \
& Fef F0H5 oHl 4%
0.10
— =0 sf o o dows
0.05 —— 0%
\ / / Ra=10*
0.00 L 1 L 1 1 — 4 N " N 4 N N
0 100 200 ” 300 400 500 200 300 400 500 600 706 200
F
(a) Ra= 104 5 Ra Nu
(2) Ra
0.25r
0.20 (3 Ra=10* 2
o | (4 Ra=5x10* 2
~ | 2
0.0 '
0.05-; - 05 )
; —— 3o [1] Koizumi H. laminar2turbulent trangtion behavior of fully
0-00% 506 o o developed air flow in a heated horizontd tube[J]. Int J
F Heat and Mass Tranger ,2002 ,45(1) :5- 9.
[2] ,
(b) Ra=5x 10"
[J]. :
1999 ,35(3) :340 - 345.
0.251
(3] : : .o Prandil
[J31. ,2003, 24
(1) :76 - 78.
0.15
B = [4] ’ ’ '
o.10f {7 [J1. :
I — - 2003, 24(6) :988 - 991.
0.05 —— ol 5 [5] , , ..
000kt . X : [J]. ,2000,40(12) :102
o 250 500 750
F - 105.
6 , , .
(0) Ra=10° Le]
4 [J]. ,2001, 22(2) :
207 - 210.

[7] Lin Minghan. Numerica study of therma ingability in
mixed convection flow over horizontal and inclined sur2
faces[J]. IntJ Heat and Mass Trander, 2002, 45(1) :
18 - 24.

[8] Bazz H. Numericad smulations of ostillatory Maragoni

(1 Ra [10%,10°] Ra oonvective flow indde a cylindrica liquid zone[J]. Int J

Therm S ,1999 ,38(6) :863 - 878.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



