
• View Factor

• Methods of View Factor Evaluation 

• Blackbody Radiation Exchange

• Radiation Exchange between Diffuse, 
Gray Surfaces in an Enclosure

• Radiation in Participating Media

RADIATIVE TRANSFER 
BETWEEN TWO OR MORE SURFACES



The (Diffuse) View Factor
configuration factor, angle factor, shape factor

View Factor Integral
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When Ii is independent of propagation 
direction (diffuse radiation) and Ji is uniform 
over Ai,
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For diffuse radiation, 
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View Factor Relations

Reciprocity: 
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▪ Direct integration
Area integral
Contour integral

▪ Flux algebra
Cross-string method: 2D only
Decomposition of shapes

▪ Sphere method
Unit sphere method: 

only from a differential area
Inside sphere method

Methods of View Factor Evaluation



Example 13.1

Find: 
View factor of small surface w.r.t. disk, Fij

Assumptions: 
1) Diffuse surfaces.
2) Ai << Aj
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Cross-String Method : 2-D
For an enclosure with 3 planes or convex surfaces

6 unknowns and 6 equations
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cross-string method
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Decomposition of Shapes

Remark: 

F12: known, F14 : known, F13 = ? 
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Blackbody Radiation Exchange
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Example 13.4

Find: 
Power required to maintain prescribed temperatures

Assumptions: 
1) Interior surfaces behave as blackbodies.
2) Heat transfer by convection is negligible.
3) Outer surface of furnace is adiabatic.
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Heat loss
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Irradiation and radiosity
G: irradiation, W/m2

J: radiosity, W/m2

Radiation Exchange between Diffuse, 
Gray Surfaces in an Enclosure

• Ray tracing method
• Net-radiation method
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Radiation Exchange in an Enclosure
enclosure with n surfaces

irradiation 
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Summary

at the boundary Tk or qk specified
2n unknowns:  Jk and qk or Tk

When all Tk’s are specified, the two 
equations are decoupled.
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Electric Network Analogy
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ex)  two infinite parallel plates
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Using network analogy
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ex) a body in an enclosure
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The enclosure acts like a black cavity.
Remark: when A2 is a black enclosure
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Find: 
Net rate of heat transfer to the absorber surface

Assumptions: 
1) Convection effects are negligible.
2) Absorber and heater surfaces are diffuse and gray.

Example 13.3

sur 300KT =

1mH =

1mW =

2
2 2600K, 15 m ,T A= =
2 0.5ε =

2
1 11000K, 10 m ,T A= =
1 0.9ε =

10mL =heater,

q

10mL =solar absorber,
Coating on a curved solar absorber surface



Electric network: 3-surface enclosure system
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Reradiating Surface
a surface with zero net radiation transfer
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Example 13.6

Equilateral 
triangle

Assumption: All surface are opaque, diffuse, gray, and of
uniform radiosity.
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Find: 
1) Rate at which heat must be supplied per unit length of 

duct, 
2) Temperature of  the insulated surface, TR
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12
2

1
1 21

1 1
1/ 1/R R

A
AR F FA

F= +
+

( ) ( )

1 2

1 2
1

1

1

121 2 21 1 1 22

1 1 1
1/ 1 /R R

b bE E

A AA AF F F

q

A
ε ε

ε ε−

−
=

− −
+ +

⎡ ⎤+ +⎣ ⎦



1 2A A W L= = ⋅

( )

( )

4

1

1

8 4
1

5.67 10 1200 500
1 0.8 1 1 0.4
0.8 1 0.4 11 0.5 2 2

q q
L

−

−

× −
= =

− −
′

+ +
× ×× + +

F12 = F1R = F2R = 0.5

Equilateral 
triangle

W = 1 m

1

1

1200K
0.8

T
ε

=

=

2

2

500K
0.4

T
ε

=

=

R 0.8ε =

RT
1q′

2q′

37 kW/m= 2q= − ′

From symmetry,



2) TR

2q

1q

1bE

2bE

R RbJ E=

1J

2J

1

1 1

1
A
ε

ε
−

2

2 2

1
A
ε

ε
−

1 121 / A F

1 1R1 / A F

2 2R1 / A F

R 0q =

R R

2 2

2

1

1

11 / 1 /R R

b bJ
A

JE
F A F
E− −

=

1 211 2
1

1 2

1 1 2

2

2

1 1
b bJ JJ JE Eq

R
A A
ε ε

ε ε

− −−
= = =

− −

21

1
1 1 1

1

1 108,323 W/mbE q
A

J ε
ε
−

= − =

22
2 1

2 2
2

1 59,043 W/mb qJ E
A
ε

ε
−

= + =

1/ 4

8R
83,683 1102 K

5.67 10
T −

⎛ ⎞= =⎜ ⎟×⎝ ⎠

R
2

R
4 83,683 W/mbE Tσ= =



Comments: 
1) The results are independent of the 

value of εR .
2) This problem may also be solved using 

the matrix inversion method.  

2q

1q

1bE

2bE

R RbJ E=

1J

2J

1

1 1

1
A
ε

ε
−

2

2 2

1
A
ε

ε
−

1 121 / A F

1 1R1 / A F

2 2R1 / A F

R 0q =
( )

1 1 21

1 1 1 1 1 1 R

R

1

1

21 / 1 / 1 /
bE

A
JJ J J J

A F A Fε ε
− − −

= +
−

( )
2 2 12

2 2 2 2 2 2 R

R

2

2

11 / 1 / 1 /
bE

A
JJ J J J

A F A Fε ε
− − −

= +
−

R R1 R

R R

R2

1 20
1/ 1 /
J J

A F A
J J

F
− −

= +

R1 210 940,584J J J− − =

1 2 R3.33 4725J J J− + − =

1 2 R2 0J J J− − + =



From these equations, the matrices are

1

2

10 1 1 940,584
1 3.33 1 4725
1 1 2 0R

J
J
J

− −⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥− − =⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥− −⎣ ⎦ ⎣ ⎦ ⎣ ⎦

Solving the equation, it follows that
2

1 108, 328 W/mJ =
2

2 59,018 W/mJ =
2

R 83,673 W/mJ =

Recognizing that                 ,  4
R RJ Tσ=

1/ 4 1/ 4
R

R 8

83,673 1102 K
5.67 10  

JT
σ −

⎛ ⎞ ⎛ ⎞= = =⎜ ⎟ ⎜ ⎟×⎝ ⎠ ⎝ ⎠



Example 13.7

air

Find: 
Rate at which heat must be supplied and temperature 
of insulated surface.

Assumption: 
Diffuse, gray surfaces

h = 66.2 W/m2.K

Multimode Heat Transfer

insulated

22 , 0.8T ε =

20 mmor =

1 11000K , 0.8T ε= =
m 400KT =

1q′

2 0q =1q

1,convq

1,radq1bE 1J 2J 2bE

2,convq

2,radq

1

1 1

1
A
ε

ε
−

1 12

1
A F

2

2 2

1
A
ε

ε
−



2 0q =1q

1,convq

1,radq1bE 1J 2J 2bE

2,convq

2,radq

1

1 1

1
A
ε

ε
−

1 12

1
A F

2

2 2

1
A
ε

ε
−

1,rad 1 c1 , onv ,qq q= + 2,rad 2 c2 , onv 0qq q= + =

( ) ( )
4 4

1
1 1 m

1 2

1 1 1 1

1

2

2

22

1 1 1
TT

hA T T

A A

q

AF

σ
ε ε

ε ε

−
= + −

− −
+ +

( ) ( )
4 4

1
2 2 m

1 2

1 1 1 2 2 2

2

1

2 0
1 1 1

F

T
q hA T

A A

T

A

Tσ
ε ε

ε ε

−
= + − =

− −
+ +



12 1F =

air
h = 66.2 W/m2.K

insulated

22 , 0.8T ε =

20 mmor =

1 11000K , 0.8T ε= =
m 400KT =

1q′

( ) ( )

12

2
2

4 4
1

2 m
1 2

1 1 1 2 2

0,
1 1 1

T
T

F

T
hA T

A A A

σ
ε ε

ε ε

−
+ − =

− −
+ +

2 2
8 45.67 10 146.5 115, 313 0T T−× + − =

( ) ( )
4 4

1 2
1 1 m

1 2

1 1 1 12 2 2

1 1 1 1
T T

hA T T

A A F A

q
σ

ε ε
ε ε

−
= + −

− −
+ +

2820 W/m=

2 696 KT→ =



Attenuation by Absorption and Scattering

κλ: extinction coefficient 
[cm-1]  

participating: 
absorbing, emitting and scattering

Iλ

Radiation in Participating Media 

(experimental observation)dI I dxλ λ λκ= −

or dI I
dx

λ
λ λκ= −

( , , , )iT P Cλ λκ κ λ=

I dIλ λ+

x + dxxx = 0 x = L

λκ



aλ: absorption coefficient 
σλ: scattering coefficient

: Bouguer’s law

When κλ = constant,

aλ λ λκ σ= +

x = Lx + dxxx = 0

Iλ I dIλ λ+

λκ

( )

(0) 0
( )i L L

i

dI x dx
I

λ

λ

λ
λ

λ

κ= −∫ ∫

0

( )ln ( )
(0)

LI L x dx
I
λ

λ
λ

κ= −∫

dI I dxλ λ λκ= −

0
( ) (0)exp ( )LI L I x dxλ λ λκ⎡ ⎤= −⎣ ⎦∫

( ) (0) LI L I e λκ
λ λ

−=



Transmittance, Absorptance and Emittance

absorptance

emittance: when Kirchhoff’s law is assumed

transmittance

( ) (0) LI L I e λκ
λ λ

−=

( )
(0)

LI L e
I

λκλ
λ

λ

τ −= =

(0) ( ) 1 1
(0)

LI I L e
I

λκλ λ
λ λ

λ

α τ−−
= = − = −

λ λα ε=



mixtures of water and carbon dioxide: 

For geometries other than hemisphere: 
use mean beam length Le

radiation emission from a hemispherical gas 
mass of temperature Tg to a surface element dA, 
which is located at the center of the 
hemisphere’s base

LdA

Gaseous Emission and Absorption

4
g g gE Tε σ=

( , )g g g gT P Lε ε=

g w cε ε ε ε= + − Δ



Emissivity of water vapor in a mixture with nonradiating
gases at 1-atm total pressure and of hemispherical shape



Correction factor for obtaining water vapor emissivities
at pressure other than 1 atm



Emissivity of carbon dioxide in a mixture with nonradiating
gases at 1-atm total pressure and of hemispherical shape



Correction factor for obtaining carbon dioxide emissivities
at pressure other than 1 atm



Correction factors associated with mixtures of 
water vapor and carbon dioxide



Net Radiation Transfer from Gas Mass 
to Black Surfaces

water: 

carbon dioxide:

( )4 4
net s g g g sq A T Tσ ε α= −

0.45

( , )g s
w w w s w e

s g

T TC T P L
T T

α ε
⎛ ⎞

= ×⎜ ⎟
⎝ ⎠

0.65

( , )g s
c c c s c e

s g

T TC T P L
T T

α ε
⎛ ⎞

= ×⎜ ⎟
⎝ ⎠


