2136 KBBBEGRIE $16% F 115, pp. 2136~2149, 1992,
@ X0

SUB* - xEE
(19921 44 224 AH+)

Numerical Analysis of Natural Convection From an Inclined Ice Flat
Plate Immersed in Cold Water Near Its Density Maximum
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Abstract

The natural convection from an inclined ice flat plate immersed in cold water near its density
maximum is studied numerically. Finite difference analysis has been performed for the heat and
momentum transfer with respect to various inclined angles and ambient water temperatures. The
results of the analysis are presented for ambient water temperatures, 1.0°C < 7..<15.0°C and the
inclined angles from ° to 60°. They include velocity profiles, temperature profiles, melting
velocities, and mean Nusselt numbers for entire flow fields. Generally, in the range of §°< 8 <60°,
the results show three distinct flow regimes. In the range of 1.0°C < 7..<4.6C, the greatest mean
Nusselt number exists about 3.0°C. In the range of 5.7°C < 7..<15.0°C, mean Nusselt number
increases as ambient water temperature increases. Also, the mean Nusselt number decreases as
the inclined angle increases. This theoretical results are compared with previous experimental

ones and multiple steady state ones.
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Fig. 10 U-velocity profiles for various inclined angles at 7.=7.0C (7,=07C)
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Fig. 11 V-velocity profiles for various inclined angles at 73, =7.0°C (7,=0C)
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Table 1 Comparison of mean Nusselt number using FDM asnd similarity®®

=0 =30 §=45 =60
7 0 50 50 0
(C) | FDM FDM FDM FDM

small | large small | large small | large small | large
1.0 45.84 43.74 42.14 38.89
1.5 49.73 47.52 45,22 42.07
2.0 51.98 49.72 47.30 43.92
2.5 52.80 50.97 48 .47 44 .97
3.0 53.70 51.40 48 .88 45.32
3.5 53.19 50.98 48.37 44 .86
4.0 50.98 49.06 46.62 43.24
4.4 47.98 46.28 44 .04 40.29
4.5 46.65 45.02 42 .91 39.26
4.6 45.63 43.90 41.77 38.29
5.7 32.07 | 28.94 | 23.61 | 31.47 | 29.92 | 22.78 | 29.99 | 26.54 | 21.65 | 27.40 | 24.33 | 19.86
5.8 37.23 | 34.93 | 17.68 | 35.87 | 33.69 | 17.06 | 33.93 | 32.03 | 16.22 | 31.26 | 29.37 | 14.87
5.9 40.53 | 38.18 | 14.54 | 39.37 | 36.83 | 14.03 | 37.45 | 35.01 | 13.34 | 34.30 | 32.10 | 12.23
6.0 43.32 1 40.70 | 12.19 | 41.96 | 39.26 | 11.76 | 39.88 | 37.32 | 11.18 | 36.53 | 34.22 | 10.25
7.0 59.26 | 55.61 | 1.53 | 57.88 | 53.64 | 1.47 | 55.08 | 50.99 | 1.40 | 49.69 | 46.76 | 1.28
8.0 70.06 | 65.29 67.31 | 62.98 63.95 | 59.87 58.52 | 54.90
9.0 78.45 | 73.25 75.48 | 70.66 71.77 | 67.17 65.74 | 61.59
10.0 | 85.83 | 80.30 82.60 | 77.46 78.57 | 73.63 72.06 | 67.52
13.0 | 103.8 | 98.58 100.2 | 95.10 95.50 | 90.40 87.86 | 82.90
15.0 | 114.0 | 109.4 110.2 | 105.6 105.1 | 100.4 96.89 | 92.02
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Fig. 12 The variation of mean Nusselt number for

various inclined angles(7,=

0C)
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