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Abstract

The physical model considered here is a horizontal layer of fluid heated below and cold above with a
conducting body placed at the center of the layer. The body has dimensionless thermal conductivities to the
fluid of 0.1, 1 and 50. Two-dimensional solution for unsteady natural convection is obtained using an accurate
and efficient Chebyshev spectral methodology for different Rayleigh numbers. Multi-domain technique is
used to handle a square-shaped conducting body. The results for the case of a conducting body are also
compared to those of adiabatic and neutral isothermal bodies. When the dimensionless thermal conductivity is
0.1, a pattern of fluid flow and isotherms and the corresponding time-averaged surface Nusselt number are
almost the same as the case of an adiabatic body. When the dimensionless thermal conductivity is 50, a
pattern of flow and isotherm and the corresponding surface and time-averaged Nusselt number are similar to
those of neutral body. The results for the case of dimensionless thermal conductivity of unity are also

compared to those of pure natural convection.
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Table 1 The comparison of the present calculation for
surface-averaged Nusselt number at the hot
wall with the previous numerical ones

Mean Nusselt number at Hot wall

r k Present De Vahl Devis House et al Le Quere Error

Ra _wiry study  (1983)72  (1990) @ (1991) 4P (%)
103 - - L1I8 1.118 - - 0
ot - - 2246 2243 . - 0.13
- 4525 4519 - - 0.13
10° 05 50 4324 - 4324 - 0
05 02 4631 - 4.624 - 0.15
106 - - 8821 8.800 - 8.825 0.04
0 - - 16.524 - - 16.523  0.0006
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Table 2 Time-averaged Surface Nusselt number on the
lower hot wall

k Ra 10° 10° 10° 10°
0.1 0.81 231 3.85 6.30
(adiabatic®)  0.77 2.35 3.80 5.85
1 1.00 2.13 3.88 6.29
(pureRB®)  1.00 2.16 3.91 6.30
50 127 1.56 3.94 6.31
( neutral®) 1.29 1.50 3.90 6.19
conducting body adiabatic body
4;\/—5 — :’\/’g
@ Ra=10°
conducting body adiabatic body

adiabatic body
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Fig. 3 Isotherms and streamlines for different Rayleigh
numbers at £ =0.1
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k=0.1,() k=1,(c) k=50
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