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Radiation exchange between two surfaces

•Radiation exchange between two or more surfaces depends strongly on
• Temperatures of the surfaces
• their radiative properties
• the surface geometries and orientations

•We already know about the first two factors
•How does the shape and relative orientation of the surfaces??

• Need to introduce the concept of view factor/ shape factor/ configuration factor



The concept of solid angle



• Radiant power    , emitted per unit solid angle in a 
direction (,), per unit area of the emitter 
projected normal to the line of view of the receiver 
from the radiating element

Radiation flux:



cos dA1

Diffusely emitting surface: 

For blackbody surface:

Intensity of emitted radiation

Hemispherical emission  



Assumptions:
1. A1 emits as blackbody (diffuse)
2. Both surface dimensions << r; surfaces 

may be treated as differential areas 

An,1 = A1Cos1

An,2 = A2Cos2

A2

A1

1

2

Example 2



Incident radiation and Irradiation

• Intensity of incident radiation (Ii) is the rate at which 
radiation energy dG is incident from the (,) direction 
per unit area of the receiving surface normal to this 
direction and per unit solid angle about this direction

Irradiation:



View factor/ Shape factor/ Configuration factor*

Total radiation from dA1 : 

Radiation from dA1 falling on dA2 : 

Integrating over surface A2: 

 Applicable for Blackbody and 

Diffuse Grey Surfaces only

I1= Radiation Intensity (magnitude of radiation emitted in a particular direction, per 
unit area, from A1

Its fraction falling on dA2 : 

Fraction of radiation emitted 
from dA1 that falls on A2



View factor (contd…)

Radiation leaving the ENTIRE A1 : 

Radiation falling on dA2 : 

Integrating over A2 : 



View factor (contd…)

Reciprocity relation

What is F21?



Self view factor

F11 =0

F22 =?



View Factor Algebra: Summation Rule
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View factor algebra: Symmetry rule



Show that:

Assignment
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Summation Rule:

By observation, A3 and A2 are symmetrically placed 12 13F F

12 13

1

2
F F  

1 12 2 21 21 21

1 1
2

2 2
A F A F a aF F    

Reciprocity Rule:

Find F12 and F21

Find F12, F13, F21, F31 F23 and F32
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More problems on View Factor

Ans: (a) 1, 4/3, (b) 0.5, 0.167, (c) 1-2/, (d) 0.5, 1/2, (e) 0.5, 0,  (f) 1, 1/8, (g) 0.5, 4/, (h) 1, 6/25

(f)

(g)

(h)

Long inclined surfaces

Cube inside a spherical shell



Hottel’s Crossed-
string Method



Hottel’s Crossed-string Method
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Assignments

2a

2b

2c

1

What fraction of radiation leaves from the 
open lid of the infinitely long square cavity?

F21 = ?



How to draw the straight- and crossed- strings
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Crossed String Length BC = arc BH + Line HG + Arc GC 

Straight String Length AB = As obtained by joining the common tangent

Crossed String Length BC = arc BH + Line HC

Straight String Length BC = arc BH + Line HC
F12=(Crossed strings- Crossed strings-)/2(total curved surface of 1)

Obstruction Obstruction



Exercise: Find the view factor between two identical, parallel, long cylinders of 
radius R, separated by a distance L
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View factor algebra: how many equations do we need?
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Summation Rule: 3
Reciprocity Rule = 3 (F12 & 
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Remaining: 3



View factor algebra:  Additive property of view factor

Radiation falling on a composite surface

R
e

ci
p
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Multiply Ai on both sides, 



Exercise:



View factor of infinitely long 
parallel surfaces



View Factors of more complicated 3-D 
surface (analytical and graphical methods)



Examples: Determine the view factors F12 and F21


