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ABSTRACT: Thermal convection between two horizontal walls kept at small amplitude non-
uniform temperatures of the form, T, = T1+ adT sin kx and Ty= Ty+ bAT sin(kx—B) with
a, b1, is numerically investigated. When the Rayleigh number is small, an upright cell is
formed between two walls at #=0; the cell is tilted at 8= n/2, and a flow with two-tier-
structure cells occurs at 8= . As the Rayleigh number is increased, Nusselt number in-
creases smoothly for #=0 and 7/2, but increases rather steeply for = 7 near the critical
Rayleigh number ( Ra.=1708). When the wave number is small ( £=0.5), multicellular convec-
tion occurs over one wave length, for all phase differences, and muyltiple solutions are found.

Key words: Thermal convection(8 ™), Non-uniform temperatures(Z27# Y &%), Wave num-
ber(3}& %), Phase difference($}4+}), Multiple solutions(t}&3})
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Fig. 1 Definition sketch.
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(a) Streamline

(b) Isotherm

(c) Iso-line of ¢(x,y)=
—1+y+6(x,5)

Fig. 2 Streamline and isotherm patterns when ¢=001 and b=0 with £=3.117, Ra=1000, and Pr=0.7.
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Fig. 3 Nusselt number near Ra,=17078 for
the resonant forcing k= k,=3.117 when
a=001 and b=0 with Pr=0.027, 0.1,
and 1. Dashed curve for Pr=1 is the

result of Kelly and Pall.?



»
rlo
flo
5
i

32 a=b=0.01, £=3.117

Kelly and Pall¥& Fig. 3%} 2& Rayleigh %
o] @& Nusselt 2 AEL HJgozxn AEY
Qogiy UFIHoze ANg HolE FX
sk aEd 25e 0(8¥)7A s 8
=09 A-%d dsAw ZAEHReH =722 73
e YAH EI2dAMY AsE AHEA ok
0(8¥7tA 2 o) =7 A$ BTN
ol o8] 471 o] glelPez Aste] 0(5%)
ARe 2 EFdAdel dFol olF FFS HH
A %7 WEol Y.

A4A g7t MR AFE ¢ el ¥R
B=0, x/2, mol W& Ra=1000A2] HFFZ&
Fig. 49} ZA3ATE f=09 2%, ¥ A o)
25 Al ke=n/2)MEe &e7tn HAi
g A ke=3x/2)0e degrte =Y
o] A{cell)o} ¥4 AHFig. 4(a). 28t B=nx/2
e 7147 mge] o] A= (Fig. 4(b)),
B=rdl e ol Rk A2 wigjurgio g 3
AdeE F N9 Aol FAYAFig 4(c). ¥4

<
Qe =

Rayleigh & ©]13}9] Ra=1000°14¢] T2

gl

(a) B=0

ol

(b) f=nx/2
& M\\/{
Cc Al

(c) B=nm
Fig. 4 Streamlines and iso-line of ¢(x,y)=
— 1+ y+ 8(x, y) for several phase dif-
ferences at Ra=1000 with a= 4=0.01,
k=3.117, and Pr=0.7.
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(II) Isotherm
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e

(a) Ra=1705 (b) Ra=1715

Fig. 6 Streamline and isotherm patterns at Ra
=]705(a) and Ra=1715(b) with a=b

=0.01, =, £k=3.117, and Pr=0.7.
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Fig. 7 Streamline and isotherm patterns at Ra
=3000 with ¢= 6=001, 8=, k=3.117,
and Pr=0.7.
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ing four multiple solutions at £=0.5 and
Ra=3000 with a= 6=001, 8=7x, and
Pr=0.7.
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