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Effect of a Centered Conducting Body
on Natural Convection Heat Transfer in a Two—Dimensional Cavity

H. K. Myong and ]J. E. Kim

The numerical solutions are examined on the effect of a centered heat conducting body on
natural convection in a 2-D square cavity. The influences of the Rayleigh number, the dimensionless
conducting body size, and the ratio of the thermal diffusivity of the body to that of the fluid have
been investigated on the natural convection heat transfer in overall concerned region. The analysis
reveals that the fluid flow and heat transfer processes are governed by all of them. Results for
isotherms, vector plots and wall Nusselt numbers are reported for Pr = 0.71 and relatively wide
ranges of the other parameters. Heat transfer across the cavity, in comparison to that in the
absence of a body, are enhanced (reduced) in general by a body with a thermal diffusivity ratio less
(greater) than unity. The heat transfer are also found to attain a minimum as the body size is

increased.

Key Words: A9 d] & (Natural Convection), @ A= E#(Heat Conducting Body), & &4H](Thermal
Diffusivity Ratio), 4] #]4](Numerical Analysis), ¥3% <9 &9 (Conjugate Heat Transfer)
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Fig. 1 Schematic of cavity with a
centered solid body.

A9 &£%x9 d@A SIMPLEAS ¢43naEE
AEARA N HEAA AHF-FFAAE 4= P
< FPANFAY. 53], ¥ z=e dFY € 4%
ol Ak3tEly] 93 Pad A AAdAe FEHu4
# 2 2 7o V¢ & Gauss A (FAA)
ol &ateE W g9 4 FA A FEY
HaAeHE o)fdte WHS HYyeoz A4¥
g Aok

Axte] AHgE AujPg e FaUstd 254 &
F N-S 2347 ouA HAHer oF A& E
7] 98 dFF Aol 44 CFD Z=oA 4y
AHEHEL Qe 234FHAR-B(2nd-order central
differencing scheme)& A}-&3t3ch.

FH, £ dFAe 22 B dADEANA
Wiol] EAdte nA Y 4A ZAYAXNE EAE
Aer 2 vjde AT 4 glon, @A 271 &
7HA gE JHN 3 g4o] REHYE 2P S AME
gojotsied, 1449 B AZARNME =T E
GAEASFI} o] AL HEIHAT AHANME
A v AR 97 wAFAFE By Fojof
gk & dFdAME vE FGAE AMESY =
AFT S AHEEA ¥3 = AW E A3 AR
9] vz el 9% wxFAFS nHdte = 4
YA Rt

Table 19l & 7oA ndde $83% FH4
H4EE Case 2 Jehdiden, AdE $3d
AL&-3 ARl Fig. 201 JERd HEel Zo] F49

ty S g



FRANRATHY

H 2 48 81

Table 1 Dimensionless Parameters for
Vector Plots and Isotherm Plots.

C ¢ o
e | B W | cave
1 10° 05 0.1
2 10° 05 10.0
3 10° 0.9 0.1
4 10° 0.9 10.0

(a) (b)

Fig. 2 Segments of the grids for ; (a)
cases 1 & 2, (b) cases 3 & 4.
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Fig. 3 Average Nusselt number through any
line parallel to the y-axis for (a)
case 1 and 2, (b) case 3 and 4
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Table 2 Comparison of the Averaged
Nusselt Numbers predicted by
PowerCFD Code.

Na
Case "Without Body | With Body
1 1655
2 4-5%4 4‘2%
3 2.4243
4 88466 51827
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Fig. 4 Equally spaced (a) vector plot and
(b) isotherms for case 1.
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Fig. 5 Equally spaced (a) vector plot
and (b) isotherms for case 2.
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Fig. 6 Equally spaced (a) vector plot and
(b) isotherms for case 3.
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Fig. 7 Equally spaced (a) vector plot and
(b) isotherms for case 4.
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Fig. 8 The distributions of local Nusselt
number along the hot wall for (a)
case 1 and 2, (b) case 3 and 4.
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Fig. 9 Effect of Rayleigh number and
thermal diffusivity ratio on
average Nusselt number.

A9 & gAF2oz At NusseltFE a*= 10
9 £5A5d w9 NusseltyrHo 433 F&e
T+ Ao Fig. 9 =),

Fig. 8& =AL ¥HAA 9 7 Casedl e T4
Nusselt+ & Yeld Rz, ol F2Hx9
A=22g FAd ¢ Edx A9 43 o
3 A AAES oA I YFET UG F,
Case 1 ¥ 291 Z$ HHolA 9 F4 Nusseltd 3
7 &5 AddF Z A ZAolvA goy,
Case 3 ¥ 49 2% 2AEZ dgo| =&
Nusselt o QlojA ol "HA d& FHE no
Fia Ao

Fig 9 74 IAEFY 37[d W¥ Nusselt
Fote] BAE Ra=10°, 10°% o*= 01,

o

<



84 N2 HEY

FRATH

FEEFRE ]

10001 wiste] 2= vebd AHelth. YA
¢ = 0% 19 499 &L Z Rayleighdol gt &
AAdF 2 &A= Nusselts gteoloh. 23
g HY g¥avle] #AQle] T AT 2AE
Zo] 77t &4 AAUFA B9 AAIHY =2
ZIRAE 7% 2 A A 9FE VXA &
om o] 289 =7l: Rayleigh 7t Z718+%
g Z7t8t. £8, o*= 012 2% Nusselt
5 AAUFS Nusselt+5 o2 A¢sidrt
A=Y W Nusselt+:2 Z43=dH, oje A
7 EAste dH IRl EFuis Fe 1
< DI FLo AAAIE AddF A
4L F/NAE gu@ a8y o*= 1009 %
Fol& NusseltFe €FAANTH eFIAEA}]
dgeAM Hdigkes A &3 AEHoE A
7t AQAF7E o o] FoEA A YA H2FE
7t F &5FE4AE9 Nusselt+7tA F713HA €&
& F o

e

L ‘1;

o uodu ool

2,

4. 2 2

B dpoMe gurd A 2 vZIFxAE A
g3t ANk S 7HW A AEd Z=(PowerCFD)
£ AHE3ld 9A= EAZE EAste 2204 AvlE
WolHel B3 dAg EAE Yoz FA/%5
d3g HANA Auj3 AA4A Rayleigh+ Ra, ¥
a4 A= EAY A7) (9 A g A
W dAE B4 I A5 ¥ of 5 2
S ARSFE A 9FE FAANF BHE F
3t dolE @ EF PowerCFD ZE9 H{AF €
FAE 7IEY FAAY FEHR HLEANE F3Y

Faad. dA72x,

(1) ¥ dFeN A48 PowerCFDZ =9 43 3]
Aol A etgAdel dFHAD.

(2) 34 94X nAEE2] AV &5 AE
dfA B9 FAGGY VAN A4
Aol &5 L dAgd IA 9FL oA &
on, o] B&¢9 A7|E Rayleigh 71 F71d4+E

the 7hech

(3) AU F7 EAstE UHFo] D&}
9 (B &) 2AEES YHITY F4o 9A
A7E AQUF FASENE FTHEE )N E
F J&o] gAdA

(4) dddoz & AAEEQA HS GFitv)q
el F&AHAE 2 F2& Nusselt & FudA =2A
g §3& Yeive Aol §dHAG

[1] Cheesewright, R., King, K.J. and Ziai, S., 1986,
"Experimental Data for the Validation of

Codes for the Prediction of
Two-Dimensional Buoyant Cavity Flows",
ASME HTD Winter Annual Meeting, Vol.60,
pp.75-81.

[2] de Vahl Davis, G., 1983, "Natural Convection
of Air in a Square Cavity : A Bench Mark
Numerical Solution”, Int J. Numer. Methods
Fluids, Vol.3, pp.249-264.

[3] Hortmann, M., Pericc M. and Scheuerer, G.,
1990, "Finite Volume Multigrid Prediction of
Laminar Natural Convection Benchmark
Solutions”, Int. J. Numer. Methods Fluids,
Vol.11, pp.189-207.

[4] House, JM., Beckermann, C. and Smith, T.F.,
1990, ” Effect of a Centered Conducting Body
on Natural Convection Heat Transfer in an
Enclosure”, Numer. Heat Transfer, Part A,
Vol.18, pp.213-225.

(5] B&8=, 2004, “YPFAAY FH9 v AL ojxd
EHFRT FANY, FFILFHFFIA, A9
A, A4%, pp4l-47.

[6] Lankhorst, A.M., Hoogendoorn, C.J., 1988,
“Three-Dimensional Numerical Calcula- tions

Computer

of High Rayleigh Number Natural Convective
Flows in Enclosed Cavities”, in: Proc. of 1988
National Heat Transfer Conf, Heat Transfer
Division, ASME, New York, pp.463-470.



