






FLOW OF ENERGY FROM A HOTTER 
FLAT SURFACE TO A NEARBY COOLER 

FLAT SURF ACE 

Designers of thermal shades make much use of thin ~regions of trapped air. Often they employ thin sheets 
(of aluminum, e.g.) that, with respect to far-IR radiation, have high reflectance and low emittance. 

In this appendix I derive the basic equation for flow of radiant energy from one large flat sheet to a nearby 
parallel sheet, with a thin region of trapped air between. Also I discuss combined flow: simultaneous flow by 
radiation and other processes. 

The subject is complicated, and not enough reliable information is available. The only bright spot is that 
the laws governing the flow of radiation are highly accurate and fairly easy to understand. 

FLOW BY RADIA TION 

Derivation ofBasic Equation 

Here I derive the basic equation for flow of radiant 
energy across the gap between two parallel flat 
surfaces, for example between two flat shades 1 in. 
apart, or between a flat shade and a flat sheet of glass 
2 in. away. The equation applies to any two flat 
homogeneous surfaces that are parallel to one another 
provided (1) the material between them (air, 
ordinarily) has 100% transmittance for far-IR 
radiation, and (2) the distance between the sheets is 
small compared to their width and height. 

I call the cooler surface Surface 1 and the hotter 
one (assumed just 1 F degree hotter) Surface 2. The 
respective emittances for far-IR are el and 22 and the 
respective reflectances for far-IR are (1 ~ ed and (1 -
e2)' 

The basic physical fact is that each square foot of 
such surface emits, per hour, eCT^4 of radiant energy. C 
is 1.71 X 1O-9. T^4 is the fourth power of the absolute 
temperature; for example, if the tem-

perature is 70°F, i.e., 529.6 on the absolute (Rankine) 
scale, then T^4 is (529.6)4, that is, 7.87 X 1010• First I 
deal with the gross flows X and Y from each surface 
toward the other. Then I find the difference: the net 
flow. 
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Note concerning the thickness of the gap be-
tween the two surfaces: The gap thickness is irrel-
evant to the flow of radiation. Whether the gap is 
1/2 in., or 3 in., the flow is identical, provided that 
the widths and heights of the surfaces are very 
much greater than 3 in. The only relevant quantities 
are· the temperatures and emittances of the surfaces. 
(Strictly speaking, the reflectances too are 
important; but a reflectance can be expressed as (1 -
emittance) and I have written the equation in such a 
way that emittances, but not reflectances, appear 
explicitly.) Of course, if the space between 
the surlaces were filled with black smoke, or black 
lquid, the situation would be entirely different: the 

flow would then depend strongly on the gap 
thickness. 

The quantity 

is often called the effective emittance, E, of the pair 
of surfaces. The main equation may be rewritten 
thus: 

Net Flow by Radiation ~ 4ECT3. 

or, in general, delEcT^3 (aT). 




