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Analysis of Radiative Heat Transfer about a Circular Cylinder in a Crossflow
by P-1 Approximation and Finite Volume Method in
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Abstract

A study of radiative heat heat transfer has been done in the non-orthogonal coordinate system
utilizing the finite volume method and the P-1 approximation. Radiation of absorbing, emitting
and scattering media in a concentric annulus has been solved using the non-orthogonal coordinate
and the calculations were compared with the existing results. The results obtained from the
analysis using the finite volume method are in good agreement with the existing calculations for
all optical thicknesses. It was also shown that for only optically thick cases, P-1 approximation
can be used in a non-orthogonal coordinate. Convective heat transfer analysis has been carried out
to obtain the temperature fields in a cross flow around a circular cylinder and the finite volume
method was applied in the non-orthogonal coordinate system to analyze radiative heat transfer.
Effects of the optical thickness, the ratio of the surface temperature of the cylinder to the free
stream temperature, and the scattering albedo on radiation have been presented.
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Table 1 Comparison of skin friction, pressure, separation length and Nusselt number

Max. C;/Rep Location
Experiment by Acrivos et al.®” 3.71 50°
Calculation by Schuh 3.52 50°
Present calculation 3.58 53°
Stag. C, Min. Cy(Location)
Experiment by Grove et al.® 1.20 —0.90(85°)
Present calculation 1.20 —0.93(89.6°)

Max. recirculation Separation

velocity(u/U,) length(L./D)
Experiment by Coutanceau and Bouard® —0.11 1.95
Calculation by Schuh® -0.10 2.15
Present calculation -0.10 1.94

Average Nusselt number(Nup)

Exp. correlation by Collis and Wiliams® 3.16
Exp. correlation by Hatton et al.'V 3.32
Calculation by Badr®® 3.48
Present calculation 3.30
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Table 2 The conditions for solving the radiative transfer equation in the concentric cylinder

Conditions

Reference

Case 1 walls no scattering
T.=1.0, T,=0.5, R//R,=0.1

Radiative equilibrium black isothermal

Permutter and Howell®
-Monte Carlo method
-Diffusion approximation

Case [ walls no scattering

T1=To=0, Tmedlumzl'oy RI/R0=05

Isothermal medium black isothermal

Dua and Cheng!'®
-Analytic solution

Case 1I walls isotropic scattering

Radiative equilibrium black isothermal

T,=1.0, T,=0.8+0.1cos 8, Ri/R,=0.5

Yucel and Williams®®
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