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Abstract — In natural convection flows, the fluid velocities are highly dependent on the thermal
field and property variations can have a strong effect on both the flow and thermal fields. To ex-
amine the effect of property variations, at first, numerical analyses covering wide range of the
Prandtl number under the same Rayleigh numbers have been carried out. Next, we have modeled
the viscosity and thermal conductivity as parabolic functions of temperature and a comprehensive
set of numerical solutions have been obtained to understand the effects. The Prandtl number de-
pendence of Nusselt number is fairly strong even though the effect is still weak compared to the
Rayleigh number dependence. When thermophysical properties are dependent on temperature, the
flow field showed a fairly weak variation except near boundaries, whereas the temperature field is
strongly affected, especially by the temperature dependent thermal conductivity.
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Fig. 2. Plots of temperature (left column) and stream
function (right column) contours for Ra=10° and (a)
Pr=1.0, (b) Pr=0.1 and (c) Pr=0.01. Contour values
for temperature are, from left to right, 0.1 to 0.9 by
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(c)

Table 1. Result of grid sensitivity test. Conditions are, constant properties, Ra=10° and Pr=1.0.

Ah),,, 0.050 0.033 0.025 0.020 - 0.0
) (400 elem.) (900 elem.) (1600 clem.) (2500 elem.) (extrapolation)
Vs 73.245 72.645 72.605 72.435 71.893
WYina 11.714 11.165 10.846 10.703 10.014
Nu 4.274 4.417 4.471 4.500 4.660
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Table 2. Nusselt number as a function of Rayleigh number and Prandtl number.

Ra 10* 10° 10° Nu=ARa" (FEM)
Pr FEM FVM [56] FEM FVM [56] FEM  FVM [56] A m

0.01 1.540 1.571° 2.871 2.975% '5.558 6.1219 0.118 0.279
0.02 1.701 1.765° 3.170 3257 6.000 6.701° 0.135 0.274
0.05 1.894 1.978° 3542 3.657° 6.562 7.160° 0.158 0.270
0.10 2011 20489 3.794 38119 7.106 6.914° 0.166 0271
0.20 2.102 - 4019 4.159° 7.467 7.5999 0.167 0.275
0.50 2.186 - 4296 - 8.100 - 0.160 0.284
1.00 2226 2.316" 4.471 4731° 8.489 8.750" 0.155 0.291
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Fig. 5. Plots of temperature (left column) and vertical velocity (right column) profiles for Ra,=10° and Pr,=1.0 at

(a) Y=0.743, (b) Y=0.500 and (c¢) Y=0.257.
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Fig. 6. Plots of temperature (left column) and stream
function (right column) contours for Ran=10° and Pry=
1.0 with constant heat flux at the right wall. Con-
ditions are, (a) constant properties, temperature de-
pendent (b) viscosity, (¢) conductivity and (d) viscos-
ity and conductivity. Contour values and maximum
value of temperature are, by increment 0.02, (a) 0.02
to 0.26, T,.=0.277, (b) 0.02 to 0.30, T,,=0.316, (c)
0.02 to 0.20, T,.=0.202 and (d) 0.02 to 0.20, T~
0.215. Contour values for stream function are the
same as Fig. 2 except (a) W,,.=11.37 and v_,,=10.5,
(b) Wpa=10.72 and WY um,x=10.0, (¢} V,,,=13.61 and
Yemn=12.5 and (d) y,,,,=13.06 and y,,=11.9.
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Fig. 7. Plots of (a) temperature and (b) vertical velo-
city profiles at Y=0.743. Conditions are, Ra,=10" and
Pr,=1.0 with constant heat flux at the right wall.
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