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Abstract

The natural convection from upward and downward facing horizontal isothermal plate immer-
sed in water is studied numerically. The temperature of the plate is from 0.0C to 8.0C and the
ambient water temperature is from 1.0C to 10.0C. Numerical results are presented for the
velocity profiles, temperature profiles, local heat transfer coefficients, and average Nusselt
numbers over the entire flow fields. Flow patterns are shown in the upward and downward facing
surfaces at different ambient water temperatures. For the upward facing surface, there are upflow
and unsteady flow. And the regions of the ambient water temperatures which give rise to the
upflow are more extensive as the temperatures of the isothermal surface become more distant
from the density extremum temperature. For the downward facing surface, only the downflow
region is shown. For the upward facing horizontal isothermal surface, the average Nusselt
number (= Nu,*) is 28.86(Ra)®%. And for the downward facing surface, the average Nusselt
number (=Nu,*) is C;(Ra)®? and the values of C; are enlarged in the range of ¢.785< C,<1.250
as increasing of the temperatures of the isothermal surface.
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Table 1 The values of the constants C, for T,,=0.0°C ~8.0°C in equation(16)

TwC 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
G 0.785 0.851 0.870 0.940 0.965 1.050 1.070 1.240 1.250

Vel H3tE FA29 XX 80T, 9.0C % zesivel o s RolA o whzA w@sac,
10.0°Cell =ty el glch Fig. 9 Fig 3ol  wopx Semiz) 2929 253 |T,-Tol7t 27}
A S Al ik ASN £ERZ G gz gAAZY S5 pislz Qo o:
of 4(+)al Afele FHYYH 2L W b YousefSWe] o Fo M TUI AR ey
Frsoln, +(-)al APt FYUEH A g

B AFFEE e (@9 Afee F Fig. 11& 313 Se&unal 749 Some £
2 F2olA aldd dFRFol A T i 1.0CU @ SHAZNA X=0.40662 3ol

Ho2 By HolA4E A ddo AH §3{Fol
F7retetrt Zaska gk, ol WA &R R &
54 dEelstn Az ey b9 A% 'OSE
T T2 FZdAde AgREol EAEA 4n s
A dgell HA Fef5ol EAF T, B4 i Nu,=Cz(Ra)™
HolA4E Gz glrd, oA oA Se4 of
P 445 S $2el4 Addoz s :
SEAvEe $AYYe SE4¥ 27 Wl F i
o}, ol Kim®e] A7 slofA deld 4 gt}
Fig. 102 4% Fe4¥dad A 5249 £ 0 F
o N F *:Tw=0.00C 0:T«=5.0C
=7} 1.0CY Aol (a) X=0.40667 3 OT. =1.0C  +:Ts=6.0C
B I 0:T =2.0C  ©:T-=7.0°C
(b) X=0.8893% HAA FHmozHE wol AT =3.0C  ©:T»=8.0°C

] 24 A2 Yol wE FAY 2E¥E 69 I OOV
of 10° 10’ 10° 10°

7 Ra

B 2olA FASA wWelm, dlHZe)A Fig. 13 Average Nusselt nmbers versus Rayleigh num

i bers for various T, in case of downward-
=, afn FHEY L Fold4E facing plate



N
l-O‘I
ke
>

# Aol A(15)& HF Nusselt9} Rayleigh
oo AL AAS £ 4% Nusselts=3 A&
dte] Aoy (LSM) o2 ¢ Ao},

Nu,*=Ci(Ra) ™ (15)

A (15)ol4 1=28.86, Si=0.01¢]c}, Fig. 13
< 38 F243de w8ty =F Nusseltss}
Rayleighs¢} ZA1E2 Jepd Zold, o A=
¥ Nusselts-2} Rayleighs9] IAE HiAAS
H(LSM) o2 veli=d Al(16) 3 2z, z23A

Table 2 Comparision of the results of theoretical analysis and Eq. (15), Eq. (16) for upward and
downward horizontal plate with various isothermal temperatures (N« : Results of theoretical
analysis, Nz,* . Results of Eq. (15) and Nu,* : Results of Eq. (16) by LSM),

Tw Upward Face Downward Face Tw Upward Face Downward Face
T |T.C| Nu [Nu*| % |T.C| Nu |[Nw*| % | C |T.C| Nu |Nu*| % |7wC| Nu [Nw*| %
1.0 |31.53]32.63]3.37 | 6.0 |33.82|34.16' 1.01 2.0 [32.63{33.30{2.05 | 7.0 |36.09{37.10|3.22
2.0 133.56(33.83(1.74 | 7.0 {36.03(36.32|0.08 2.5 133.64(33.66{0.06 | 8.0 {39.1239.53| 1.05
0.0 {2.5 (34.58(33.99/1.71( 8.0 (39.20{38.31{2.33{ 1.0 | 3.0 [34.02(33.84]0.05 | 9.0 |41.90/41.700.58
3.5 134.86(34.20/1.89 | 9.0 |42.02/41.20/1.99 3.5 |34.22|33.99] 0.68 | 9.5 |43.48(42.73]1.76
4.0 [34.40{34.29]0.32 | 10.0 |44.81]42.19] 3.38 4.0 [34.01(34.10{0.27 | 10.0 {44.35(43.72{ 1.45
2.2 |32.54(32.40{0.43 | 6.0 [30.79(31,60|2.63 3.2 (33.86(32.50{4.19 | 6.0 (31.41{31.71{0.9%
2.5 33.07(32.97,0.31| 7.5 |37.46/37.01]1.22 3.4 133.99]32.90{3.31 | 7.0 |35.48/35.48] 0.06
2.0 | 2.8 (33.45/33.26|0.57 | 8.0 |38.99/38.30]1.80 | 3.0 | 3.5 |34.04/33.01]3.12 | 8.0 |38.59|38.690.26
3.0 [33.70{33.41|0.87 | 9.0 |41.55(41.05|1.22 3.7 34.12(33.20{2.77 | 9.0 [41.05(41.571.27
3.2 (34.10(33.70{1.17 [ 10.0 |44.01(42,96| 2.45 10.0 {43.59/44.21]1.42
5.0 |26.35/25.15]4.37 4.1 34.17(33.39]2.34 | 7.0 |32.21{30.81| 4.54
6.0 130.39(29.49] 3.05 4.3 |34.14]33.21]2.80 | 8.0 [39.39(37.81|4.17
7.0 |33.57|32.73| 4.88 4.5 [34.07(33.01{3.21 | 9.0 {39.39(40.02|1.81
0 8.0 {37.69(36.61{2.95 >0 4.7 |33.98/32.67/4.01 | 9.5 |40.05]41.89| 4.59
9.0 |40.37{39.93]1.10 4.8 |33.92/32.41{4.66 ] 10.0 |41.77]43.58] 4.33
10.0 {42.81[43.09{ 2.16
4.6 133.99/33.65] 0.01 | 7.0 |25.09|24.11/4.07 | 4.4 [35.21/34.04/ 0.50 | 8.0 |27.21/30.12|3.12
5.0 33.75/33.43] 0.96 | 8.0 [34,51(32.75] 4.97 5.0 |34.67(33.9112.24 | 9.0 |35.79{35.36] 1.22
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