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Abstract

The phenomenon of natural convection induced by radiation absorption exists widely in nature as
well as in industry. In order to investigate the heat transfer characteristics of radiation-induced
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natural convection, a combination of theoretical analyses and numerical simulations is used to
investigate the natural convection induced by incident radiation from below heating a two-di-
mensional square cavity with a semi-transparent fluid. The results show that at a constant Ray-
leigh number, the fluid destabilization time decreases with the increase of the optical thickness,
when 7 =20, with a large fluctuation of the temperature at the lower wall surface; through the
scale analysis, it is deduced that when the optical thickness 7 — 0, the scale rate is satisfied be-
tween the temperature boundary layer thickness and the Rayleigh number and the optical thick-

0.2
ness: & ~7 "*Ra,"’ (1+Pr"1) , and the numerical simulation results are compared with it, and
the scale exponent of the Rayleigh number Ra, is basically coincident. It is also found that the
Nu number gradually increases with increasing Ra, number for different optical thicknesses,

and the scaling index B in Nu~ Ra’ decreases instead with increasing optical thickness. By

using the numerical simulation method, the scaling relationship between the Nu number and

the optical thickness and Ra, number is obtained: Nu~7""*Ra)’”, and the scaling analysis

method is used to deduce that the Nu number and the optical thickness 7 satisfy: Nu ~ 4z
when the optical thickness 7 — 0.
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Figure 1. Geometry model
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Table 2. Grid information
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Figure 2. (a) Comparison plot of Nu number for different grid sizes (b) Comparison plot of Nu number for different time steps
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Figure 3. Scaling relationship between Nusselt number and Rayleigh number (z = 20)
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Figure 4. Change of critical time under different Rayleigh number
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Table 3. Change of critical instability time under different Rayleigh number and optical thickness
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Figure 6. (a) Relationship between Rayleigh number and Nusselt number under different optical thicknesses (b) Relationship
between Nusselt number and optical thickness
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