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Abstract

A numerical simulation of radiation-driven convection on a non-flat lower wall is carried out. The
influence of geometric parameters and Rayleigh number on radiation-driven natural convection
flow and heat transfer is analyzed by solving the governing equation based on ANSYS FLUENT. The
results show that with the increase of Rayleigh number, the symmetric structure of the stream
function is destroyed, the upper flow plot becomes nearly horizontal, and horizontal flow occurs
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in the condition of small wavelength. The geometrical parameters have an important effect on the
plume penetration depth and the temperature distribution on the lower wall. With the increase of
the amplitude, the temperature uniformity of the system becomes smaller. When the number of
periods is 1, the plume penetration depth reaches the maximum. When the wavelength length is
1.8, the temperature distribution of the lower wall appears a transition, from the highest peak
temperature to the highest trough temperature.
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Figure 1. Physical model
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Figure 2. Spatiotemporal mean temperature distribution. (a) Quasi-steady state stage (0.0144~0.0286); (b) Initial stage
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Figure 3. Change of standard deviation of lower wall temperature with time. (a) Different mesh density; (b) Different time
steps
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Figure 4. Temperature fields of Ra = 10°, Pr = 0.7, h = 1.5 at different times
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Figure 5. Lower wall temperature distribution at different wavelengths
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Figure 6. Ra = 10°, Pr = 7, h = 1.5 with different amplitudes (a) Standard deviation of system temperature and (b) Maximum
deviation of system temperature
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Figure 7. Stream functions for h = 0.5, A = 0.06, and L = 0.5 with different Rayleigh numbers
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