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Abstract

This study has been performed on multiple steady-state natural convection in the upflow
region induced by an inclined isothermal plate immersed in pure cold water. The newly found
additional steady-state solutions are of considerable practical interest because the heat-transfer
rates for a pair of solutions with determining physical parameters and boundary conditions
otherwise identical are sometimes vastly different. The results are as follows: First, in the
largely upflow region, two solutions exist for 0.15157 <R<0.15180 and 3 solutions exist
for 0.15149<R<0.15157 (R=density extremum parameter). The range of the region was
constant regardless of inclination angle. Second, as the inclination angle increases, the
velocity boundary layer, thermal boundary layer and buoyant boundary layer increase along
the downstream. Third, as the inclination angle increases, mean Nusselt number decreases.
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Table 1 Solution data at P,=11.6 and ¢=
1. 894816 computed by continuation with
respect to f(co) in the region of largely

upflow
S(2) il
[o¢]
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.05800 | .15144 — — 200
.05700 | .15150 — — 200
.05600 | .15155 — — 200
.05500 | .15194 | .15145 - 200
.05400 | .15163 | .15151 - 200
.05300 | .15167 | .15156 — 200
.05200° | .15170 | .15160 —_ 200
.05100 | .15172 | .15165 | .15141 200
.05000 | .15175 | .15168 | .15148 200
04900 § .15176 | .15171 | .15154 200
04800 | .15178 | .15174 | .15159 200
04700 | .15179 | .15176 | .15164 200
04600 | .15180 | .15177 | .15168 200
04500 | .15180 | .15179 | .15171 200
04400 | .15180 | .15179 | .15174 200
04200 | .15180 | .15180 | .15178 200
039200 | .15178 | .15179 | .15180 500
03800 | .15176 | .15178 | .151%0 500
03300 | .15170 | .15172 | .15176 500
03000 | .15165 | .15167 | .15172 500
02700 | .15160 | .15162 | .15166 500
02600 | .15159 | .15161 | .15165 500
.02400 | .15156 | .15158 | .15161 500
02000 | .15152 | .15153 | .15155 500
01300 | .15149 | .15149 | .15149 500
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.01000 | .15149 | .15149 | .15149 | 500
.00500 | .15153 | .15153 | .15153 500
.00400 | .15154 | .15154 | .15153 500
00300 | .15154 | .15154 | .15154 500
00200 { .15155 | .15155 | .15155 500
00140 | .15156 | .15157 | .15158 500
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Table 2 Thermal boundary layer thickness with
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region of largely upflow at T,=0°C
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Fig. 4 Buoyancy force profiles for different incli-
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