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Lecture Ten 

Radiation Exchange Between Black Surfaces 

1- Introduction.  

We now consider the problem of radiative exchange between two or more surfaces. This exchange 

depends strongly on the surface geometries and orientations, as well as on their radiative properties and 

temperatures. Initially, we assume that the surfaces are separated by a nonparticipating medium. Since 

such a medium neither emits, absorbs, nor scatters, it has no effect on the transfer of radiation between 

surfaces. A vacuum meets these requirements exactly, and most gases meet them to an excellent 

approximation. 

Our first objective is to establish geometrical features of the radiation exchange problem by developing 

the notion of a view factor. Our second objective is to develop procedures for predicting radiative 

exchange between surfaces that form an enclosure. We will limit our attention to surfaces that are assumed 

to be opaque, diffuse, and gray. We conclude our consideration of radiation exchange between surfaces 

by considering the effects of a participating medium, namely, an intervening gas that emits and absorbs 

radiation. 

2- View Factors-Integral Method. 
Let us consider heat exchange between elementary areas dA1 and dA2 of two black radiating bodies, 

separated by a non-absorbing medium, and having areas A1 and A2 and temperatures T1 and T2 

respectively. The elementary areas are at distance ( r ) apart and the normal to these areas make angles 

(θ1 and θ2) 

Let d1 be subtended at dA1 by dA2 

Let d2 be subtended at dA2 by dA1 

Then 
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Figure 1: Radiation heat exchange between 

 two black surfaces. 

This energy is absorbed by the elementary 

area dA2, since both the surfaces are black. 

The quantity of energy radiated by dA2 and 

absorbed by dA1 is given by 
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( 2 ) is given by 
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( 3 ) is given by 
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Figure 3: 

Figure 2: 
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Ex-1. 

Two parallel black plates 0.5 by 1.0 m are spaced 0.5 m apart. One plate is maintained at 

1000◦C and the other at 500◦C. What is the net radiant heat exchange between the two 

plates? 

Solution 
The ratios for use with Fig. (2) are 

 


