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Finite Element Analysis of Natural Convection of Fluids
with Low Prandtl Number in a Square Enclosure

Moo-Hyun Kim, Jinho Lee, Shin-Hyung Kang and Young-Seok Son
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Function Vorticity Model (+ & & -2t = = ®), Low Prandtl Number (¢ &
Prandtl4), Nusselt Number (Nusselt<+)

Abstract

Natural convection in a square enclosure was investigated numerically for low prandtl number
fluids using Finite Element Method. In case of Rz=10* 10° and 10° the temperature gradient
decreases gradually at the lower end of the hot wall(or at the upper end of the cold wall) as
prandtl number decreases in the range of (0.01< Pr<10. Maximum heat transfer occurs at a
somewhat higher point from the lower end of hot wall(or at somewhat lower point from the upper
end of the cold wall) and it draws near to the lower end of the hot wall(or draws near to the upper
end of the cold wall) with increasing prandtl number at a fixed Rayleigh number and with
increasing Rayleigh at a fixed Prandt]l number. The flow in the enclosure appears as an Unicell
Pattern for Rz<10* and secondardy flows(or tertiary flows) appears in the core region for Rg>
10°. The line joining the center of secondary cells skewes in a clockwise direction as the Prandtl
number decreases.
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Table 1 Comparison of average nusselt number with previous results

Ra
103 4 5 6
Pr 10 10 10
1.104(P) 1.992(P) 3.931(P) 6.779(P)
0.01 1.072(T) 1.975(S)
1.258(R) 1.999(R)
1.129(P) 2.179(P) 4.374(P) 7.901(P)
0.1 1.126(T) 2.215(T)
1137(R) 2.032(R)
1.132(P), 1.116(S) 2.301(P), 2.241(S) 4.486(P), 4.497(S) 8.859(P), 8.767(S)
0.71 1.136(T), 1.117(B) 2.418(T), 2.236(B) 4.77 (M) 8.93 (M)
1.139(R) 2.396(R) 4.489(B) 8.827(B)
1.135(P) 2.378(P) 4.711(P) 9.19(P)
10 1.114(T) 2.444(T)
1.139(R) 2.414(R)
Present, (T) : Taylor®®, (R): Reddy®®, (M) : Marshall®?,

(P):
)

S) : Stevens®®, (B) :

Betts®®

Table 2 Comparison of Central and Maximum Stream Function with Previous results for Pr=0.71

B 0.71

Ra ¢

, ¢c 1.19(P) 1.18(M) 1.18(B) 1.16(R)
10 Om 1.19(P) 1.18(M) 1.18(B) 1.16(R)

\ &e 5.15(P) 5.12(M) 5.18(S) 5.15(R)
1 Om 5.15(P) 5.12(M) 5.18(S) 5.15(R)

i [/ 9.19(P) 9.54 (M) 9.11(S) 9.21(B)
1 ¢m 9.43(P) 9.64(S) 9.52(B)
" de 17.1 (P) 17.32(M) 176 (S) 16.22(B)

Im 174 (P) 18.1 (S) 18.3 (B)
(P) : Present, (M) : Marshall®V, (S) : Stevens®®

(B):

Betts®®, (R) : Reddy®®
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