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Thermal Convection with Conducting Lid
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Abstract

dE2Z This study of thermal convection uses the following geometry: a horizontal layer
of fluid heated from below of solid lid at bottom and cooled from above. A variety range of

thermal conductivity ratio, &

is considered to investigate the interface temperature,

A

i

between solid and fluid region. Periodic boundary conditions are employed in the horizontal
direction to allow for lateral freedom for the convection cells. A two~dimensional solution for
unsteady natural convection is obtained, using an accurate and efficient Chebyshev spectral
multi-domain methodology, for different effective Rayleigh numbers, Ra.y varying over the

range of 10* to 107 in which the effective Rayleigh number is defined as Rax<T > .

Key Words :  Thermal Convection (KR¢10§ F), Conjugate Heat Transfer (2& & &%), Thermal
Boundary Layer (ZAH E)
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Fig. 1 Schematics of system
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Time history of surface-averaged -effective
Nusselt number for different thermal

conductivity when Ra,, = 107

Fig 2.
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Fig 3. Power spectrum and autocorrelation of the
effective Nusselt number for different thermal
conductivity

-119-

lo
0!

Ra, =2 10" Q2 SItote, ZAH0A
? RE Nusselt &, Nu, #& Ra, =102 U &
Ch A320 281 & BJ8HCH XY 88X,
kO HIRE =2 gted M, Ra, )t HESF 23
Ra #2t8 Hl, Ra/Ra, T HECH 10°¢ et
&N E, kIt x7}°’0ﬂ et Al B2t Bdst
K8 Nusselt =, <N11LJ,> =
W, (Nuy)=15965 1A k=0 & i

o 6% 28t 1e2ll, F

k=1 ¢
(N ) =14.939 0I0H,

HCOAY rms. 22 K=S0lAM ZWIAS LIE
WD, k>52F IO CHAl ZEABHC k=o0 O SO
AHAHUMAMY rms.= 01022 N zero 2t

-

g & UCH H 3 2 Ra, =102 @M, 3AHHANAM
of BE&k, rms 121 Nuq,, e kO ol A
LIEFH 2401CH

Fig 2 = Ra, =102 O Nu, S AI2H0I CH&
&48 UEIH HO0IC (k=1,5and o) T2l
Ra, #=(10° and 10")0IAS 10 TE power
spectrum 3} autocorrelation 2 Fig 3 Ol LIEFLHACE
FE kOl CiohM Nu, = 285 HEs HES

Mol

c{f =
LIEFHCH D0t G40l power-law roll-off

= 2E Ra, 0 GIHA B3l -6 2 JIBIE X
O X+&Ql HiHAHE IHACH 8K, S Ra,
Of CHBHA, =04 el IFJl= 4 It Zoretol
G2t 2ABCH Ol &2 XSUHBMH HAUHME
E UELbS 2 D0ICH®

Oh

3XE oA
Fig 4 ¥ 55 Ra,=10°2 M, 4=2, 10 22|12
infinity 2 2 ZAMAME LR SREQ 25 F
QY AY A& (swirl strength, 1, 9)E LIEtH 210
Ch OF M2 A2 ¥ B2 BRE 2F Nusselt
%, Nuy = 10.19 010, Ol= 2 X+ 20l bl o
A D 201 ACH Ol= RS0l 3 HAA0l UCts
A2 o0i6tH, BEHM/|MS FHAHUNM R0

o

HE 293 3450, EME0 U2 SHEUS
£ 2 == UU. Fig 6 (a) HAMA 259 iso-
surface &= 0.6 L2A, ZHHHAL A2t & 2
2 BaAs 2%, ()2 B (normalized)d 20l
Ch.

5.2 B



(¢) k= infinity
Fig 4. Iso-surface of temperature for different thermal
conductivity when Ra,, = 10°. Temperature is

normalized by averaged interface temperature
and the value of iso-surface is 0.4

(c) £ = infinity
Fig 5. Iso-surface of swirl strength, A, for different

thermal conductivity when Rat,_{f=106. the

value of iso-surface is 1200
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