
Consider a solid that is initially at a higher 
temperature Ts than that of its surroundings Tsur, 
but around which there exists a vacuum (Figure 
12.1). The presence of the vacuum precludes 
energy loss from the surface of the solid by 
conduction or convection. However, our intuition 
tells us that the solid will cool and eventually 
achieve thermal equilibrium with its surroundings. 
This cooling is associated with a reduction in the 
internal energy stored by the solid and is a direct 
consequence of the emission of thermal radiation 
from the surface. In turn, the surface will intercept 
and absorb radiation originating from the 
surroundings.
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A radiation energy balance can be done either over the entire spectrum of wavelengths or 
considering only spectral quantities. In the case the spectral energy balance is done, the finding 

 =  is valid not only for the specific case of the example, but always because  and  are 
inherent properties of a body.

G  = E ,b(Ts)

G = E(Ts)

 = 

 = 

Energy balance with a blackbody enclosure: thermal equilibrium



To assume gray surface behavior, hence the validity of  = , it is not necessary for  and  to be 
independent of  over the entire spectrum. Practically speaking, a gray surface may be defined as 
one for which  and  are independent of  over the spectral regions of the irradiation and the 
surface emission.



For example, take the sample surface in the figure. The 
spectral emissivity (and, therefore, the spectral 
absorptivity) vary with the wavelength. However, in a 
range that goes from 1 to 4, the spectral emissivity 
stays uniform.

Since the range 1 - 4 is where emissive power and 
irradiation are significant, it can be stated that the surface 
functions as a gray body in the range 1 - 4.



















4

1

2

3



4

1

2

3
Q1,net = F1-3*E1 

Q2,net = F2-3*E1 = Q3,net

Qtot = Q1,net + Q2,net + Q3,net = (F1-3 + 2*F2-3)*E1

F2-3 = F4-3

F1-3 + 2*F2-3 = 1
The fact that the overall view factor fins-space is 
equal to 1, means that the heat exchange is 
equivalent to a surface without fins.


