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Calculation of radiation shape factors is presented for a system of two coaxial cylinders of equal height.
The shape factor for self~irradiation of the outer cylinder is plotted versus the ratio of the diameters of
the inner and outer cylinders for various ratios of the outer cylinder diameter to its height. Similar plots
are also presented for the shape factors for radiation from the outer cylinder to the inner one and from
the inner cylinder to the bases, The maximum error in the predicted shape factors does not exceed 7
percent.

In order to calculate the radiative heat transfer between surfaces arranged in an arbitrary geometrical order one
must know the radiation shape factors, defined as the fraction of the radiative flux emitted by one body which is inter-
cepted by the other body.

In accordance with Lambert's law [1] the shape factor of body 1, irradiating body 2, is
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Equation (1) has been used to calculate the shape factors for various configurations which appear in laboratory and
industrial practice, and the results have been represented in the form of formulas and charts {1, 2]. In the present work
we shall calculate the shape factors for a system of two coaxial cylindrical surfaces, which has not yet been treated in
heat-transfer literature. The radiative heat transfer is assumed to take place between the outer surface of the inner
cylinder and the inner surface of the outer cylinder. Pog

In general, this system can be characterized by five shape factors: ¢y,
Poir Yoo Which are associated with the outer cylinder and denote the fractions
of the radiative flux emitted by the outer cylinder which are intercepted bythe 00
bases, the inner cylinder, and the outer cylinder (self-irradiation), respectively,
and ¢;}, ¢;,, which denote the fractions of the radiative flux emitted by the
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Only two of these five factors can be chosen arbitrarily. The other three \ \
factors are then determined from the equations: - a4
Pob + Poi T Poo = 1 (2) ~
e @ L 7] ;ﬁg N
DioSi = Poi So- (25 T S— S§
' o qz a4 06 Dy /D,

Here we shall choose ¥oo and o as the two independent factor. Fig. 1. Shape factor forself-irradiation

¥ 50 as a funcrion of the ratio of the di-
ameters of the inner and outer cylinder
B/az 1) Dy/1=0.1; 2 0.5; 8) 1.0;
4y 2.0; 5) 4. 0; 6) 6.0; 7) 10; 8) 20; 9) 40.

Using simple geometric constructions, Eq. (1) yields the following ex-
pressions for ¢gq and ¢g;:
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After some simple transformations, Eq. (5) reduces to the form
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In the special case 8 = 0 this reduces to the simpler form

=1 4-—»——]/ 1—‘—(~——>2~, | (8)

which coincides with the expression for the shape factor of self-irradiation of a single cylinder given in [2].

Figure 1 represents ¢, as a function of the ratio of the diameters of the inner and outer cylinders 8/ot according
to (7). It can be seen that ¢, increases with increasing height and diameter of the outer cylinder (I and Dy), with the
inner diameter D; being constant.

Equation (6) for the shape factor ¢ ; can be rephrased as
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I(pg) = (27 1+ B — 29 COS g arc tg ( o - B — 2aft COS ¢ ) . (10)

Further attempts to reduce Eq. (9) to elementary or tabulated integrals were unsuccessful. Thus Eq. (9) was inte-
grated numerically with a prescribed maximum error &,y =< 7%.
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Fig. 2. The shape factors ¢4 (a) and ¢y, (b) as functions of the ratio B/o.
for various values of D, /L 1)-9)Cf. Fig.1

Figure 2a represents ¢, as a function of B/ot for various values of Dg/l. It can be seen that the shape factor ¢ ;
increases with decreasing outer diameter Dy and with increasing height 1, with the inner diameter D; being constant.

The data of Figs. 1 and 2, together with Eqs. (2), (3) and (4), yield the three remaining shape factors @}, @51,
and ¢;, with the same maximum error €my,y.

Thus, Fig. 2b represents the shape factor ¢;y, as a function of the ratio of the diameters of the inner and outer cyl-
inder B/a for several values of Dy/L.
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NOTATION

dS and do — area elements of surfaces 1 and 2, respecrively; S — area of surface 1; r — distance between the cen-
ters of area elements dS and do; ¢g and ¢y — angles between the line r and the normals to surfaces dS and do, respec-
tively; S; and S — surface areas of the inner and outer cylinders; 8 = Ry/f and o = R/l — ratios of the radii of the inner
and outer cylinders and the cylinder height; Z5 and Zg — coordinates of the area elements do and dS along the axis;
Do and D; — diameters of the outer and inner cylinder, respectively.
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