42 % ® 3 M
2010 %4 5 A

noF % #
Chinese Journal of Theoretical and Applied Mechanics

KAEEBAMAE XD ERTRKBHES T

ENE D EE
* (WL K 22 2 MR 22 ek TREWF AT, B 310027)
TR B B T, B 310012)

FEE AEXT PR B BEAE T SEAT VR4 20 AT I R A B, SR A — B &R IT Euler-Taylor-Galerkin 73354 | u 7 %,
Xt KRR AR AR (Pr = 0.71) HAXMKE — K28 S RSET THEBR. HHEREY, K
G2 AL WS b B S Rayleigh (Ra) BB TE stk SE L (W/B) BUE KA R 2k AR B R A4, e
T IE LB TS B A, B PRAETE A, WA B SRR IALSE — R 2 &2 40 IR AR LU0 T K 2R Y ZEBM G
EHEETEE A (W/B < 2.5) , Wit Ra 2P0, Fsh AR —i 8 i 5 I 3h RAZ AR A R A A FREE ) B 8 H
Wi zsh, FETEE A RS Re B EUERE W/ B BUE KM XN 98 LLEUE 2.6 < W/B < 4.0
i, 58— ARG IR Z I BB A R, W5 Ra Bowi 0 8 W X0 8% SR AR R B AEXT AR
W =S, MM Ra ZbE W/B W¥mmiml. mEX E [2.5,2.6] Wi, WS R BHRER 4
— KB BRRSEHY, FFIZAR TE L ER B F DX 8] S SRR 77 1 A 12 A 5 — YR 40 227 1Y) SRR IX ).

EiE KA, B8, ZHAEREIF ETG 28BEMTHE, KR, W, =%

hESES: 0357 MXERERIRED: A XEHS: 0459-1879(2010)03-0389-11

Vol. 42, No. 3
May, 2010

Ell

][

KEMBREGREY, &MU RELHME
N BRI S B AR A, 255 NAERTFRME R B 2K A4
B, PR, Z@ILE. BkK, BESREHEE

AR MRS, 76 AR 3 AR o AR B A X
ﬁﬁ‘waﬁ@\ﬁﬁﬂ%ﬁ%ﬁ % LS R
. W& TANERER WS, ERERRS (12
6 R IR 2 ) o O AL S R I I Bl B S 2 AR A
B PA T R AR B B AR LS R S R A R MR
SRR, T K U TR DL R B A i sl i
2, R AE B RXT WL ST SR s . R R
TEARMHEAFEE T ZHONATR, BEut
Toad R H 3 L AR, U s R A B SR i T AR
EAMFRAEAEEENE L. EEKR, EAIK
T bR AR T B AR XTI BB ST, R A R SCHRA 3L
HRZE, FEEEM T EAXTESARST
WHIBFIT, W % BN BT 5T 3 5 BF 58 1 & A7
T 10020 A A 43 R R R T T R B 5

#5142, X Rayleigh(Ra) KT 1000 W, 7E35f Mk
REZE AN, A8 USSR

2009-07-27 #HI% 1§, 2009-12-31 KFIH.
1) B A RBEEERYHE (50708030).

2) E-mail: tommewang@yahoo.com.cn

A E; BEE Ra BHIBEM (10~10°), ZEHA Ra
EEHM, WahmhE N —RER LB RS E
— B X R 2 B R AR, B — K44, Uk [12]
XX — 5 = W R HEAT T Rl B BT B,

W e Ra = 10°~10° P4 kA%, W
2 NRHA 3 A, X IR W B e AN
BEWCRAZ AN, BXIBHE MR FEE Ro it
B, W& Hopf 4375, WER ZHAE
A ABHER, REZRHNRRRERY R &
Ra = 10°~10°, BB SCA B2 TR M sh. H
FZAERM RE B 2R, KR8 T P o
I, T4 I A Ra $3 2 76 B8 58 190 Bl AR 4.

XA A0 AR BEUE R, XAt b kA o B AR, B
i R AE B TR T R 75 BT K B WA MHF5E.

AXMNH 4RI  Euler-Taylor-Galerkin
(ETG) 4R BHEMITT B, E400 T Mk RER
ma R EA b, S5 EOR, X AKCE IR BERS BEAE A
THHAZHEREA, SKKARNTREAESE KD
XN KGR Ra #47 T BUEBH, H0H T AR
KW (L/B, @ 1 fras, L B 53545



390 ) £

M) XMo@ Sk, &REW, BREAN
WA R AR TR ANEEE: Ra 80f L/B 1
HUE. X L/B 1 (2.5, 2.6) XIAIFEE AR, X
-k, HHKFRTEAKRE, SH 14
WA 2 NN 2 NMEIA 3 A
BB, FMaHEMEESMRKELEGT, 5
— WSO N WS N AR AR A 1
I 5 AR X ) 6 0 1 K BE LU BOME T A, BB — R
T BRI OR K HBE L/B 3K, XK Race ¥
WS, MRS EA LA E (JRIAR). HTHE—
W8 G5 AR B B SRR, MY Racr HIHUE 2
RAEGRAR (R AF K T8 Lo B X 7] B 0 I 22 Ra %X
RIB BRSNS HY) . A SO B2 K 90 40 K0, 45 J A i 4
AN [B) 34 58 — YK 43 3 I LRI Prandtl(Pr) 5% W
AV, DLRSE Zkar#,. Hopf 532 FE I
BE TR, AT DATRA ) 2 o T B IR DA R 2 A R
A A, B TSN A I Bl 1) R 81 3
F T sl M AR, L — i W sh ¥ A i AR AL AT
DM REARER, WA5] 3R RN RE RS ShRE
AR FE AT, P Nusselt £ iy 2833 72 434 55 5 25 LA
B RBBIBAR.

<

adiabatic

hot
cold

L

]

adiabatic

B 1t HERER

Fig.1 Configuration and coordinates

1 H8EA*
1.1 $#ZHIAE
M TR T IR, X 42 i 7 e B 2

16 SR ME SEAT T 3G . X T R B O B R Ak B B 4
T, WMERKKE, WE, #EEAREAN

g T WL L
T WT o PEO5
t:t*L2 g T—Tc

(0% ’ TH—TC

Horf, LA B, AEASCH HUE A 75 i
KIFERE B; T Ml T 7 AR PR BEMIVRSE; o
ARAE; B AR AR B B
AT R B T2 R B 2

= Eird 2010 £ FE 42 %
8ui o

Ou; Ou; Op d%u;

T +u; o, = e, + Pr 92,01 + RaPr6 cos ¢;

(2)
00 00 %0
E + uj%j - 6‘xj6xj (3)
Hr, ¢ ATEIMBELE g 5865 z; ZRIFRA,
v ARARKZ 3R

3T —
Pr=". Ra- gBL* (T — Tc)
[0 | 407

1.2 BEHERDAEZNE
1.2.1 FhE TR I B

Xt 2% AR AR S Bl B 7 BRI A 2 B A3 B MOR T I
] ) — B Taylor JEIFF, #%5F M ) fhe 5 200 A
VA IR A SIS IR V vk =Sl i LD PVA N E T
PR NN SN, K5 HF AT BB ISR A A e 1
Galerkin J5 ¥, 5800 N BT I A PR JG4Hr, B4R
SRR OCHER [11], BRI RTBE R IE A
ou’;

AIJ( 5

) B[JU?}"‘CI,]U?"‘P[J"‘EI"‘F[ (4)

Hp
ON; ON;
ON1 ONy

ds

1
AIJ:/ NINJd.Q+/ —PrAt
2

BU_/ (

N; ON
./ ~Atu %a ’8 JdQ

N,
Aqujaxj Pr

)de-

Ox;

_ 8uj dp 0%u;
Crs = /Q ‘AtNI[(“’“a—k * oc; " Bowdos

RaPr8" cos ¢]) ] df

n—1
Pu= [-ﬁ(g%_agxi )]s

@:/N{%mmmmm—mﬂpg
_H:L(M+ mngw)
( g]; cos ¢,) dn

Znb Rt E A TR BOTH A BROu T RS T &
I, A RS R B A BROT T R

Au" = (Bu" + Cu™ + P+ E + F)At + Au™ (5)



® 3 M

TS - RKTT AR WEE — K B R ARIG W BUE A 391

1.2.2 RERTTFE I B
RER TR M B SO ot o R S b i
AL, TS B B B0 B O R A RMA TR 50N

R[JT}]’Jrl = (S[J + Q[J)T?At + R[JT}l (6)

H
At 9
Rip= | Ni(1= 5052 ) Nde
Qg

Sty :/QE N (1- A;uyai).

0 H?
—ur Ly % VN0
( i Ox; * 6xj3:rj) sd
n n—1
Y T e B
QrJ _/QE NI( 5 8xj)N,]d.Q

BINE B SAERITTENT
RT™ ! = (S + Q)T"At + RT" (7)
1.2.3 BAR%H
Xof I ¥ Bl i SR i3 AR e R
uw(z,0) =u(z, H) =u(0,y) =u(W,y) =0
v(z,0) =v(z,H) =v(0,y) =v(W,y) =0

6(0,y) =1, 6(W,y)=0
00 o0

6—y(0,x) = a—y(H,a:) =0
2 HR5WE
2.1 ERWIER W& RE RIS
XHTE AT EN BRSO BEMTE, ¥

1.0p
0.9
0.8
0.7

0.6

Y

0.5
0.4
03
0.2

0.1F

m RN FERRE: (1) BETEAS R
B (2) FrRAKI MR KERE; (3) BEG KK
R (4) SIABRTERNIrEFEOEABE. &
Tk ST R TR A KR 2R
F ETG 5 PSHEWTTT 8, MERHABSIETTEMN
M, AT B UF ARG B X T A 4 SR I 5 e DL T %
P B A Ak B — 2R A o] B B R BE AR e i, A
TR ELA 2 x 10~ AR B 2 x 1075 194
B, T 10 BEEGARFEFIUE K MK RS,
%t Ra = 10* fil Ra = 10° fy JL R4S JEAT T - H 0
SN, iR RIE 2 fiFE 1R,

1 FEANBEEEHTANTHEERSZHERILR
Table 1 Comparision of the presented results with

classic results

e 8 _Ra:104 _Ra: 10°
Nu FEre Nu Ere

31 x 31 2.221401 0.96295  4.364006 3.42983
41 x 41 2.231353 0.51926  4.435599 1.84556
51 x 51  2.235542 0.3325 4.465842 1.176 32
61 x 61  2.237690 0.23674  4.480849 0.84424
7T1x 71 2238965 0.17989  4.489221 0.65897
81 x 81 2.239682 0.14793  4.496830 0.4906

101 x 101 2.240534 0.10994
111 x 111 2.240759 0.099 91
131 x 131 2.241050 0.086 94 4.5108  0.18146
151 x 151 2.241215 0.07958  4.511896 0.1572
Ref.[1] 2.243 — 4.519 —

4.506029 0.28703
4.507567  0.253

1.0

—Tt

57376 0.4375—
5
14962900

0.9F

08F &

0.7F
0.6 F

0.5k

Y

0.4
O.Bf
0.2 f

0.1

071—-

(a) Ra = 10* 44T MRS SR L%

(a) Strealines and isothermals at Ra = 104

B2 mBHEITEER

Fig.2 Streamlines and isothermal contours at Ra = 10% and Ra = 10°



392 ) £

2010 £ F 42 %

1.0
09—/

i
= %
r N
9F o®
:c,’g -
- /_\‘
0.8/ /& L

'\‘\ < e
0.7 :g"? 05\95 N
&Y os 0.5625 N2
05H S \Q g

0.4

Y

[
0.3 27

0.2

HBHIARXNRE Eee =

(b) Ra = 105 4&4FF (ML MEHE %

(b) Strealines and isothermals at Ra = 105

B2 BAEEBIELR (%)

Fig.2 Streamlines and isothermal contours at Ra = 10* and Ra = 10° (continued)

# 1 Ee REARHELERMXT Davis # 2.2

Uspsgrse — N Uspszem % 100%

THHAKGTREASSERMRE - RSN

Nty

THEGREYN, PR MEIEES & KRS &0
T, AR i A 2 B oF L B 3B A AR TR = R T
4%, g R i i% 7 ik T3P 7 I A AR U R A AL
BSR4 T WD HHE #EXa it #
RO, W55 HT W A R B TSI VE L, Sk R
HORRAME T ABEMEEE. AE 3 FRLUEH,
TS AR IR 2 FF 4 B X R 4 P38 3 e T R, AE
R RBEIRE] 80 x 80 LA_ER, AT 22 i AR fb g
ST MR BETT A TR E, A ST %
VR RRS], ASCETER TR RS BRI

JBLI T 345 FR) X e 2 B DUt A .
354 o
) " Ra=10%
3.0 e Ra=10°
2.5
2.0+
© O
= 1.5
1.0+
L ]
L ]
0.5 L O
- S o °
0.0 . . : . —s
20 40 60 80 100 120 140 160
grid sizes

P 3 ARR IR 25 B 16 PR B SR R

Fig.3 Variation of the relative error with the mesh resolution

BESH

WHT TR, RS — A AP, WSl AR
BB B R R AR SRR B AR AL, T X — AR A B BT AR
ENR—KRI O RSIABLRE, T 50X AW
3R 3 37 1) 5% e L) LB, B0 B X — s
FEWTEE NPT R R RS, R AU,
B I BE 37 9 32 A 3 DURUIR T i A 5 — IR
. BET M, AT A Ra B A e 2 K i
WAL R B R AR, AT REHEEREE S K
PWah, ASCHTRA KRS TN 80 x 80 Myt 4%
BERIA R ITIIAS, A T B0h RS Al B A B8 L
FAET Rae WHUE, AN —RF Ra BAMFTK
TEWE BRI RBEAT TR B E, FHFRAKXMH
a2 W JF R A R E R T EN K Rac,.

2.2.1 L/B = 2.5 KIFEW A RXHE— KD
HAH PR

DUAHE 5t e BRI TT JE B AR5 — IR &
ZRAR X [R] ) 3 Yi p Ab oxe A T JE A ARk SR —
W2 BB A B, XA B HEAT 4. o
HEREW], ERELHERT 2.5 B, F—KDH,
JT%F B2 {1 5 Ra B EIHU(H B 2% T 1000, BEAF]
P @ ERMALKIXE, B R X F KT
AR, EESEME 4 ME S5 P



3 M TS - RKTT AR WEE — K B R ARIG W BUE A 393

1.0 F
0.8F
0.6F
= r
0.4
0.2F
0E | |
0 1 2
T
(a) MZEH
(a) Strealines
0.57F -
= 0.499986
0-55¢ 0.499986 F
0‘53; 0.499986;
- 3 0.499986 -
> —— e = 0.499985F —
0.49F u
E 0.499985 =
0.47;— 0.499985 =
0.45EF 0.499985:
E 0.499985
043 vy £ 1 I | N
1.18 1.20 1.22 1.24 1.26 1.28 1.30 1.32 1.27651 1.27651 1.27651 1.27651
T T
(b) ML RHIWHBK
(b) Local expansion of strealines
2.019
1.5 L
1.0 ) L B’
0 T T
05 0 5 3 E
D
e
= 0.0 . : .
0 0.5 1.0 2
054
05 —2.0x10~10 4
—1.04
—1.5-
—2.0-

(c) Fvgk y = 0.5 Wb EBERR 2R & H Rk

(c) Velocity profiles at y = 0.5 and its local expansion

B4 L/B=25KKFEE Ra=957 MEKIHAR R y = 0.5 kb#EELH
Fig.4 Streamlines and velocity profiles at y = 0.5 for Ra = 957 with L/B = 2.5

MWEFFATLUE B, Wshiihdim b, wERE T, HRBK v =05 WAk y @)= « A8
HAERMEZHE TN LA 2 AKRAE. A TERN  EREZRAERFLE (B 4c) FE 5(c), NE
WK X —UBH R, MG M Ro B FALEH, XNEREELE, 1€ Ra =957 MILE



394 Vi) # 2 #H 2010 & F 42 %

1.0F
08fF
06k | /[ I
= F ———— )
0.4F p
0.2 ;
ok 1 1
0 1 2
T
(a) WizkH
(a) Strealines
057F e
F -
E &
E \
f \
053¢ T ————
0.51F L
= —— = /
g S
0.49F e ———
] - B
047F ———
- e ——
0‘45; %
E N RSN NI = I —
1.20 1.25 1.30 1.2843 1.2844 1.2845 1.2846
T T
(b) 2k P IR 3 IR
(b) Two stages local expansion of strealines
2.09
1.5
A B /.
1.0 4 0 A T T
_ 0 \T 2o
0.51 x
= 0.0 . : ,
0.0 0.5 1.0 B
—0.5 T
—1.01
—1.57 —0.00011
—2.0-

() & y = 0.5 4bHREHI 2% KL RFBBOA

(¢) Velocity profiles at y = 0.5 and its local expansion

B5 L/B=25KMKFHEE Ra =956 B MHEEK y=0.5 bHEERKLRE
Fig.5 Streamlines and velocity profiles at y = 0.5 for Ra = 956 with L/B = 2.5

SAEMEA, KA SARTLEB RN (FR EHEFET, I SR SR FRAS E 45 4.
A B), SRR — (FR C) RETHMGERRERE — WAE Ra = 956 I, XIMEBEELAA 3 MEEA (F
FRSR, AHOWA (B4R B, D) REBRBIEEM &1L 3 WMNERBFME, T2 ARRE), (AR
WA XN E SBERI KRR, 1 Re B WEIHEIMOA L BA B —iR R EH R



# 34 TS - RKTT AR WEE — K B R ARIG W BUE A 395
1.0 : Lo 10F
o g J o o
0.8F J / b/ @// & /&L = 0.8F
° 0.4§§ > Qé:; Qf:?(’; > 0.4;—
0.2 —%’ T‘O 4 / 5 / £ 0.2F
(a) Ra = 956 (b) Ra =957

B6 L/B=25Ii5% Ra BHNBEESHELE
Fig.6 Temperature contours at Ra = 956 and 957 with L /B = 2.5

SR FE—RAFJE, f£—EH Ra B0 A,
SHEIH IR R FF R A DR KRR, AN [R 22 b AE
THEHE Ra BRI, kR WA X FR FEAR 16 X K 9
MimZgEmERE. | T4H T L/B =25, Ra=4000
P £ 9L 26 P SR 3R 5K —

2.22 L/B=2.6 RITIEN BRI RE— KA
BT
T L/B=26WKTENS, HAZKER
XU EE — K42 M BUE BUCR A S Bk R S8 A
[ ¥ 77 Bk BEAT, 25 R 8~ B 12 i, REZ
WAETAEMEMT, W RO EME R ET

Yy

R®AE. NEISFTLLEH, L/B=26%4TF Ra=10
B, Wi INE BEAE .

XTHE S inKTEmME, €¥RsHmitK
HETRE, /£ L/B =25 RHZAEEN, HEE
i, 7E Ra BT 1000 B Wish e, &% Wshbi Ra %
AL G LR RN — MR T IR, BO BRI, KX
XERRIE, R EIE R 2 M. AXT L/B =26
EEZEMRITE, BAMEEERREAHN (B
ARER BN L) W%, XN RS — K7 136
G I 2 NRARN 3 A, XM T
FAESRMS T R G e

B 7 L/B=25, Ra=4000 REFHEE K y = 0.5 kbl ALk E
Fig.7 Streamlines and velocity profiles at y = 0.5 for Ra = 4000 with L/B = 2.5

ol
0.6F

0.024

0.014

—0.014

—0.024

B8 L/B=26, Ra=10 HIKLEK y=0.5 b BERHLEE
Fig.8 Streamlines and velocity profiles at y = 0.5 for Ra = 10 with L/B = 2.6



396 ) £

= Eird 2010 £ FE 42 %

WME 9 iR, 76 Ra= 10338 |, 775 f X 45
EEEARE=WE, B 10 FHERSHT v =05 4
Hgk by 5 R o R R R I, R 4k Bk
EIHRBMEFE R (FR A G) S AL 5 N ERE
v, HAEA (B C,E) 2 BT AH AR X R e e
MR, B3 AFMEA (TR B, DM F) RER )
I EAAFE 3 MRS, TS TR X R

R EE, 16 S SR ¥ P g5 0 = B AR
JRyHB B BEAR A, B4l FE A D AR 1 4 BT B A TR RE
A MEFANE Ra BT, y=0.5 0@ BERELK
T 5 E AN B AR R A W IR R B, | 1
RIS H Ra = 10382 ~ 10384 B, XMy = 0.5 kb
T P 2k e AP RO, MWEHETLALE, &K
FELLA 2.6 B, WA Ra BB BUE G €A 10 382.5.

LOF

0.8F/

0.6

=

0.4 F

(a) WizkH

(a) Strealines

L
0.49997 F=—=

= 0.49996 —

M IR e

T

0.49995

|
1.27695  1.27696  1.27697
xr

(b) 5 =W 2 08 2% 0 060 2 0 e e K

(b) Local expansion of the lift side parts of the third vortex

0.49997 =

0.49996

0.49995 -

(c) = WIS IR I A 0 = 3R

(c) Local expansion of the right side parts of the third vortex

B9 L/B =26 WKFHEIE Ra= 10388 Wi F L& & &K B A
Fig.9 Streamlines and local expansion at Ra = 10388 with L/B = 2.6

2.0x10711 4

—2.0x10711 4

{10 L/B =2.6, Ra= 10388 it y = 0.5 &b &R £ & & &AW A
Fig.10 Velocity profiles and local expansion at Ra = 10388 with L/B = 2.6



¥ 3 W FNEE R TT I B AR WSS — IR B R R W BE 447 397
15+
5.0x 10712
10+
i B D F
5
= 0.0 1 ! - /( v
o 1 2
= 0 T T T C E G
0. 0.5 1.0 1.5 Te
—54 Le
—5.0x107121
_10_
— 154
(a) Ra=10384
157 6.0x107% 1
10
5 3.0x1078+
=0 T =
' F
0. 0.5 1.0 1.5
5] s 0.0 & -
—10+
_15] —3.0x10781
(b) Ra = 10383
15
104 1.0x 107
54
B '
0 o 0.0 ¢« & .
& . : 1 2
00 05 10 15 i E
—5 4 Te Te
—10J —1.0x107°1

AT BE— B R T X S AR T RN SR
HARX SR — R 2 B, R LR TT &0 A
R FE LA T3 — R &AL, Bl Ra
Wi L/B #2322 fER 12 . NEH AT LU i,
FEXt B K S8 WX ) b, Rae ZIRE L/B K34 m

(¢) Ra =10382

B 11 L/B =26, A Ra F4MHTF y = 0.5 kb3 B LR X R#HHA
Fig.11 Velocity profiles and their local expansions for different Ra with L/B = 2.6

P S

T T B KBS, XN RARX A K Rac & 4B BR X
RY, X R E AT T TS 2R A R
PR SR R W H B A5 R RARX A Z 51 i 3k W
KELBERKOKTEAZ AR TEARS R



398 ) £

# 2010 4 3 42 %

x10°

254
20+

15+

Rag

1.0 1.5 2.0 2.5 3.0 35 4.0
W/H
B 12 Racr b L/B H22ibias A
Fig.12 Variation of Racr with L/B

3 & it

A S P EA AT, AT AR R E R Y
58 A T HEBR IR BT TR R, DA e R
FREAENEBEAE LM EE, FFEEHET
BE— B SR IF M, KT ASCT & T % 48 B BRI
WEEZITERIERAER. S THAKFEAR
R BRI, HIIG R m R R E AT
EIAE Ro BORKIE LB AN HE. ASCHHHHLR
EWENRIRBE I, BE—KOE SRS
WIS SR E— IR, HRIR RS A%
AW LR m—A, WX — AN AR E
B SR I AR, R T B0k RS AL R 4
PRI TR, 45 B3 WA KT I 4 Fh 45 # SR AR
PR B B DX IR 5 3 of I 7 P I AR I B — TR A 7
MG A Ra HHE 2 HBL— DB ERURAR, T fE it
XaZ4h, BT LEEMm, Rao BSBEKIELLE
B, BE L/ B K J7 i 5 5 5y JR s KA.

s % X W

1 Davis G. Natural convection of air in a square cavity: a
bench mark numerical solution. Int J Numer Methods Flu-
ids, 1983, 3: 249-264

10

11

12

Ostrach S. Natural convection in enclosures. J Heat Trans,
50th Anniversary Issue, 1988, 110: 1175-1189

Lartigue B, Lorente S, Bourret B. Multicellular natural
convection in a high aspect ratio cavity: experimental and
numerical results. Int J Heat Mass Transfer, 2000, 43:
3157-3170

Chikhaoui A, Marcillat JF, Sani RL. Successive transition
in thermal convection within a vertical enclosure. In: Nat-
ural Convection in Enclosures. ASME, New York, 1988.
99

Wright JL, Jin H, Hollands KGT, et al. Flow visualization
of natural convection in a tall air-filled vertical cavity. In-
ternational Journal of Heat and Mass Transfer, 2006, 49:
889-904

Yooa JS, Hanb SM. Transitions and chaos in natural con-
vection of a fluid with Pr = 0 : 1 in a horizontal annulus.
Fluid Dynamics Research, 2000, 27: 231-245

Yang HX, Zhu ZJ. Numerical study of three-dimensional
turbulent natural convection in a differentially heated air-
filled tall cavity. International Communications in Heat
and Mass Transfer, 2008, 35: 606-612

Bairi A. Nusselt-Rayleigh correlations for design of indus-
trial elements: experimental and numerical investigation
of natural convection in tilted square air filled enclosures.
Energy Conversion and Management, 2008, 49 : 771-782
RER, BE. RO BREA BB R8T K377
. 1, 2006, 38(6): 733-740 (Dai Minguo, Gao
Zhi. Solving 2-D buoyancy driven cavity flow on colla-
cated meshes by perturbational finite volum scheme. Chi-
nese Journal of Theoretical and Applied Mechanics, 2006,
38(6): 733-740 (in Chinese))

Sheu TWH, Rani HP, Tan TC, et al. Multiple states, topol-
ogy and bifurcations of natural convection in a cubical cav-
ity. Computers & Fluids, 2008, 37: 1011-1028

FANER, RIO5. FTIBHIMR SR BRI = A BUE L. SR
2, 2008, 25(5): 671-675 (Wang Xiaohua, Zhu Wenfang.
Three dimensional large eddy simulation of the flow field
and energy loss characterisation of a ribbed duct trubulent
flow. Chinese Journal of Computational Mechanics, 2008,
25(5): 671-675 (in Chinese))

Wang Xiaohua, Wei Yingjie, Shen Xinrong. Numerical in-
vestigation of the first bifurcation for natural convection of
fluids enclosed in a 2D square cavity with Pr lower than
1.0. Energy Convers Manage, 2009, 50(10): 2504-2512

(Fresmst. AA%)



3 M TS - RKTT AR WEE — K B R ARIG W BUE A 399

NUMERICAL RESEARCH ON THE SUDDEN CHANGE CHARACTERISTIC
OF THE FIRST BIFURCATION FOR NATURAL CONVECTION OF AIR
ENCLOSED IN 2D RECTANGULAR CAVITYY

Wang Xiaohua*?) Zhu Wenfang!
*(Institute of Fluid Engineering, School of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310027, China)
T(Zhejiang University of Science and Technology, Hangzhou 310012, China)

Abstract Based on grid independence analysis, a second order Euler-Taylor-Galerkin finite element method
of fractional steps was used to numerically investigate the first bifurcation of natural convection of air enclosed
in a 2D rectangular cavity. The characteristics of the first bifurcation of natural convection in 2D cavities
were numerically studied with different height-to-width ratios. The corresponding critical Rayleigh number for
each case was estimated using the flow topologies varied with Ra and L/B, and the bisection method. It can
be concluded that the first bifurcation depends on the values of Ra and L/B. Flow topologies and the first
bifurcation experienced a sudden change as L/B varied between 2.5 (from 1 core to 2 cores) and 2.6 (from 2
cores to 3 cores). For each interval of L/B adjacent to the interval of sudden change, the critiacl Ra decreased
with the increase in L/B. Furthermore, there is a step increase for Rac, for the sudden change interval. It can
then be concluded that natural convection of air enclosed in a rectangular cavity experiences local instability
more easily with higher value of L/B. According to the given results, it can also be deduced that the variation

of the characteristic of the first bifurcation should be more complex with higher L/B.

Key words rectangular cavity, the first bifurcation, the second order Euler-Taylor-Galerkin finite element

method of fractional steps, the height-to-width ratio, the global flow cores, sudden change
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