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General Formulation 
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Exchange in an Enclosure

1) irradiation from dAj to dAk
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3) irradiation from n surfaces 

Summary

2) irradiation from Aj to dAk

, , ,
j

dk o dj dk djA
G i dFλ λπ −= ∫

, , ,
1 j

n

dk o dj dk djA
j

G i dFλ λπ −
=

= ∑∫

, , ,dk dk dkq J Gλ λ λ′′ = −

, , , , , ,
1 j

n

o dj dk djdk dk b dk dk A
j

i dFJ eλ λ λ λλ πε ρ −
=

= + ∑∫



Diffuse-Nongray Surfaces
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For diffuse surfaces 
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Band approximation 
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Simplified zone analysis
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Band approximation
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Two infinite parallel plates

-∞ ∞

-∞ ∞

T1 = 1680 K

T2 = 1120 K

Ex 8-2

{1
0.4 0 3 m
0.8 3 mλ

λ με μ λ
≤ ≤= <

{2
0.7 0 5 m
0.3 5 mλ

λ με μ λ
≤ ≤= <

1 1 1 ,q J Gλ λ λ′′ = −

( )1 1 1 1 11 ,bJ e Gλ λ λ λ λε ε= + − 1 2 12 2G J F Jλ λ λ= =

( )2 2 2 2 11bJ e Jλ λ λ λ λε ε= + −

1 2
1 1 1

1 2

1 1 1

b be eq J G λ λ
λ λ λ

λ λε ε

−′′ = − =
+ −

1 ?q′′ =

( ), , , , ,
1

1
n

k k b k k j kj
j

J e J Fλ λ λ λ λε ε
=

= + − ∑



1 2
1 0

1 2

1 1 1

b be eq dλ λ

λ λ

λ

ε ε

∞ −′′ =
+ −

∫

3
1 2

0 1 1 1
0.4 0.7

b be e dλ λ λ−
=

+ −
∫

{1
0.4 0 3 m
0.8 3 mλ

λ με μ λ
≤ ≤= <

{2
0.7 0 5 m
0.3 5 mλ

λ με μ λ
≤ ≤= <

5
1 2 1 2

3 51 1 1 11 1
0.8 0.7 0.8 0.3

b b b be e e ed dλ λ λ λλ λ
∞− −

+ +
+ − + −

∫ ∫



3 34 41 2
1 24 40 0

1 2

0.341 b be eT d T d
T T
λ λσ λ σ λ

σ σ
⎡ ⎤

= −⎢ ⎥
⎣ ⎦

∫ ∫
5 54 41 2

1 24 43 3
1 2

0.596 b be eT d T d
T T
λ λσ λ σ λ

σ σ
⎡ ⎤

+ −⎢ ⎥
⎣ ⎦

∫ ∫

4 41 2
1 24 45 5

1 2

0.299 b be eT d T d
T T
λ λσ λ σ λ

σ σ
∞ ∞⎡ ⎤

+ −⎢ ⎥
⎣ ⎦

∫ ∫

1 2

4 4
1 0 3 2 0 30.341 T TT F T Fσ σ− −⎡ ⎤= −⎣ ⎦

1 1 2 2

4 4
1 3 5 2 3 50.596 T T T TT F T Fσ σ− −⎡ ⎤+ −⎣ ⎦

1 2

4 4
1 5 2 50.279 T TT F T Fσ σ−∞ −∞⎡ ⎤+ −⎣ ⎦

2140,500 W/m=



Remark: using average property
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using average property
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General formulation

Directional-Gray Surfaces
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For an enclosure
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