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C=Tox oy YT ey VT ox
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= oy =0 at y=0,1
O=1+4sinkx at y=0
O=sin(kx—1/2) at y=1

(4)

®)
©)



- Y XODF A= A2 WS+ FHHQ HH 25 st U U7 |82 &0l - 303

A WA (D)-G)F AA 22 -9 H (4K 12) o "8 g3 e

P(x, v, ) =P (n/2k—x,1—,1) (10)
O(x,y,)=0(x,y,)—y+1 (11)
b(x, v, )= —¢(n/2k—x,1—,8) (12)

BA 21 (OF DESHE NE AUAAY L5 R} P F/F REdy
ARAT. webd e ol Wit Nusselt 48 Folshe] wuoxe I
Fae,

_ JL ZI/kL _
Nu = —f [T00a at y=0,1 (13)
HIZ dEie] WA (1)-G)S ket WAAARE vyl fEiA A &3 A3
| =

- ol A= Dufort-Frankel®] leap-frog WM< 23 Jacobian oAM= T4 At
£ AFE-3th (Roache, 1972). A4 @ 9ol 4743022 {5 5o et Poisson
21 & Buzbee et al. (1970)¢] =832 #-& A A(cyclic even-odd reduction) ¥H-&

%
Agstel wE AN A gm whE Frh ol WHE W WEm P Yoo

1998). x WFORE TUF AAAE ST, y WPoRE WH 229 Fe F
Ass Zalst7] fste] a3 22 3k g34e ok
_ 1 _tanh{C(2n—1)} 14

UA A=7F AujAQl 22 RaolA e #E S [1H 200l =AY A=

O:]
Ll
M=, of HWeld Ao 2525 e A (72k,0) FoMe vk Ha 2

%]
2 B AdHEel wAAA HAT o] A= [:L‘“/‘ 3]TJr e —’F I
2] o 3]

(multi-cellular convection)7} &

R I
&2
fr
v
dx
jg
—-—'
3
>2
e‘i
=2,
fr
¥
oz
O
lo



304 RBTEHETSEH S 335 820

C

= — o> o= — S>> /cC

[ 2] A% Geje] fAk 59
0 fkx f2~ ; Ra =100

& & 4 vk 2y A -2 B 2w
e B EANAE GHOR BAAT GG 0<kx <7, 32 <kx<27 94 [
2o Y3R(-2)E HAYSE BF L= 2}

1
7d, Ly
AR ol EASAN o] Beoll= 1™ 3% 2

IO == 2 ]
e C—) )

(9 3] diF dael fFAlera)at &A1)
0 fkx f2-; FRa=10,000

gSole Raol WE 5 FEH 9 Hol(transition) S [1E 4] Z=AISFAT.
[Z" 4]ollA Eelxe] #3489 FHol AAHL ot WjnygA IS ¢ F Utk
Ra <850 oAM= A= 3 FH FEFS FASIH o Ra=87004
(~AK12)E TALRE e Ao FHedd e WFeR e T do] 4
57 AAIG2E 4(a)]. 22U Ra=880 M H (n4k,12) S FAHOE F&
AL oA 2 Aol e A 2 W I F N Aol FPEH

a9 4(b2)]e] FEFel Lok 2y (b.1)9
Mg QA Fetal SvlskARt 254 Wstal 915l %%—laaiu}. 7 wske] Axe
3] &g AololM @ Aol melA] geth FAALNANA RHole AL A

_[‘_TI.‘__

00l AR AL A

t=10 FEolA AAF7E 0(10°°) o £Pke] I A2 45T 5 Aok 2
T oAANE $HE 9o £ @u 234 Fkekr) ARach ey 1

Z7ke] Z7)E o}F Aol t=100074AE 0(10°%) o & AT web 27



- 914 ROIDE Y He TS40 WM Hol 2 SMS K BF RS Hol - 305

A A7) round-off errorg ¥F ] i (disturbance) O F ZFFITHA  (b.1)9]
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<Abstract>

Transition of Natural Convective Flows
Subjected to Small-Wave-Number Sinusoidal

Wall Temperatures with Phase Difference

Joo-Sik Yoo*

This study investigates the natural convection of air(Pr = 0.7) between two
walls having a small- wave- number sinusoidal temperature distributions with a
phase difference. The wave number and the phase difference of wall temperatures
are k =05 and ~/2, respectively. In the conduction-dominated regime at small
Rayleigh number, two slightly inclined cells are formed over one wave length. At
higher Rayleigh number, however, multicellular convection occurs in thermally
unstable region. A spatial symmetry is intermittently broken in the transient period
at the Rayleigh number near the critical value. The steady-state flows always
satisfy the spatial symmetry. A steep increase of Nusselt number occurs near the

Rayleigh number at which transition of flow pattern occurs.

Key words : sinusoidal temperature, phase difference, multi-cellular convection,

transition

% Correspondence : Professor, Andong National University
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