
ENGINEERING TREATMENT OF 
GAS RADIATION IN ENCLOSURES

• net-radiation method for enclosure 
filled with isothermal gas: spectral 
relations 

• mean beam length for radiation from 
an entire gas volume to all or part of its
boundary

• exchange of total radiation in an 
enclosure by application of mean  
beam length 

• zonal method: non-isothermal gases 



Equation of Transfer in an absorbing 
and emitting medium

in terms of optical thickness

Net-Radiation Method for Enclosures 
Filled with  Isothermal Gases
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in a given direction of propagation 
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Spectral Geometric-Mean Transmission 
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Spectral transmittance :
Spectral absorptance :
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Irradiation
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Irradiation in terms of geometric factors
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for an enclosure with n surfaces

1
, , , , ,

n

k k j j k j k j j j k j k b g
j

G A A F J A F eλ λ λ λ λτ α− − − −
=

⎡ ⎤= +⎣ ⎦∑

1
, , , , ,

n

k j k j k j b g k j k j
j

G J F e Fλ λ λ λ λτ α− − − −
=

⎡ ⎤= +⎣ ⎦∑
( ) ( )1

,
, , , , , ,

,

k
k k b k k b k k

k

q e G e Jλ
λ λ λ λ λ λ

λ

ε
ε

ε
′′ = − = −

−

or
1

, , , , , ,

n

k k j k j k j b g k j k j
j

q J J F e Fλ λ λ λ λ λτ α− − − −
=

′′ ⎡ ⎤= − +⎣ ⎦∑

or
1

1 ,
, ,

, ,

n
kj j

k j k j j
j j j

F qλ
λ λ

λ λ

δ ε
τ

ε ε− −
=

⎛ ⎞−
′′−⎜ ⎟⎜ ⎟

⎝ ⎠
∑

1
, , , ,( )

n

kj k j k j b j k j k j b g
j

F e F eλ λ λ λδ τ α− − − −
=

⎡ ⎤= − −⎣ ⎦∑



Evaluation of spectral geometric-mean 
transmittance and absorption factors
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entire sphere to any area on its surface or to 
its entire surface
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1

Te = 495 K, black

D = 1.2 cm

heating 
elementε1 = 0.65, T1 = 630 K, diffuse-gray

Tg = 550 K, non-gray 
absorbing, emitting
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Ex 13-3
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Te = 495 K, black

D = 1.2 cm

heating 
elementε1 = 0.65, T1 = 630 K, diffuse-gray

Tg = 550 K, non-gray 
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Definition

When  Jλ,j is negligible, 

for a hemisphere of gas radiating to an 
area element  dAk at the center of its base

Mean Beam Length for Radiation 
from an Entire Gas Volume 
to All or Part of Its Boundary
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mean beam length Le for an arbitrary 
geometry of gas

ελ: spectral emittance of the gas
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mean beam length for gas between parallel 
plates radiating to area on plate
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Radiation from entire gas volume to its 
entire boundary in limit when gas is 
optically thin

emitted energy per unit volume

for entire radiating volume for uniform-
temperature gas: 
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average spectral flux received at the 
boundary: 
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a sphere of diameter D : 

infinitely long cylinder of diameter D: 

between two infinite parallel plates: 
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Correction for mean beam length when 
gas is not optically thin
for a thick gas: 

for a given aλD,

approximation: 
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Total radiation from entire gas volume to 
all or part of boundary

total heat flux from the gas that is 
incident on a surface

Exchange of Total Radiation 
in an Enclosure by Application of 

Mean Beam Length 
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radiation to area Ak from the gas volume

gas total emittance
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Hottel’s charts for gas total emittance

for a mixture 
2 2 2 2CO CO H O H Og C Cε ε ε ε= + − Δ
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Representation of total emittance in an 
analytical form

Weighted sum of gray gases
Gas is assumed to behave like a mixture of gray gases 
and a transparent (nonemitting) medium to account for 
the windows between the absorption bands 

when path length is long 
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high pressure and temperature 
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/e e w gL L T T′ =

Exchange between entire gas volume 
and emitting boundary
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plate 2

plate 1

boundary
4bo
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T2 = 500 K, black

T1 = 2000 K, black

Tg = 1000 K
PCO2 = 1 atm

CO2

W = 1 m

D
 =

 1
 m Te << 500 K

Ex 13-8
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,202 qq dλ λ
∞
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2 21 ,21 ,10 bT F e dλ λσ τ λ
∞
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∞
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Let total transmittance and absorption factors

b

c a

,21 ,1 ,21 ,0 0
21 214 4

1
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b b g
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e d e d

T T
λ λ λ λτ λ α λ

τ α
σ σ

∞ ∞

= =∫ ∫

( )21 21 21 21
4 4 4

2 1 23 23 24 242 gF F F FT Tq Tσ στ α α σα′′ = − − + +
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D
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 m

plate 1
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=
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S

c
− = → =
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Note: the radiation in the      term is eλb,1 and is coming 
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21τ
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Gas-surface direct exchange area

location Sγlocation Sk

Vγ

Sγ-k = Sγ - Skθk

spectral emissive power per unit volume : 

per unit solid angle around dVγ :

Zonal Method: Nonisothermal Gases

dAk Ak

dVγ

,4 b ga iλ λπ

,b ga iλ λ



solid angle: 
location Sγlocation Sk

Vγ

Sγ-k = Sγ - Skθk

dAk Ak

dVγ

2

cosk k

k

dA
Sγ

θ

−

the fraction transmitted through Sγ-k

spectral energy arriving at Ak from gas 
volume Vγ :

exp ( )kS

S
a S dS

γ
λ
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γ γ
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γ
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λ
γ

θ
−

−

⎡ ⎤′ ′= −⎢ ⎥⎣ ⎦∫ ∫ ∫



assume  aλ  uniform, and conditions are
uniform over each Vγ :

for gray gas, 

gas-surface direct exchange area: 

, , ,2

cos
k

k
k k b g k kV A

k

G A a i dA dV
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λ γ λ λ λ γ γ
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for  Γ finite regions, 

then, 4
k k kG A g s Tγ γ γσ− =

4

1

1
k k

k

G g s T
A

Γ

γ γ
γ

σ
=
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dAk

θk

dAj

Aj, Tj

Ak, Tk

θj
dωj

iλ,j
Sj-k = Sj - Sk

Surface-surface direct exchange area
energy leaving dAj in θj direction

, cosj j ji dAλ θ

solid angle: 2

cos k k

j k

dA
S
θ

−

the fraction transmitted 
through Sj-k: τλ,j-k
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coscos
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jj k k A A j k
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surface-surface direct exchange area: 
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j k j kA A
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assume diffuse surface, and uniform radiosity
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j
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for gray surface, 



for N surfaces, 

all irradiation: 

then, k k j k jG A s s J=

1

1 N

k j k j
jk

G s s J
A =

= ∑

4

1 1

1 N

k j k j k
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γ γ
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∑ ∑

and ( )4, 1k k k k k k k kq J G J T Gε σ ε′′ = − = + −

when Tg is given for all gas volume, Tk and   
can be determined.kq′′



In the case when Tg is unknown
Energy balance on gas volume should be 
considered.

Gas-gas direct exchange area

44a T dVγ γσ ′ ′

energy emitted by dVγ ′

fraction crosses dAγ into dVγ

24
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γ
γ γ

γ γ

τ
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drγ
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projected area dAγ
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Sγ γ′−



fraction absorbed:

drγ
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projected area dAγ

Vγ ′

dVγ ′
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adrγ

4
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energy absorbed by dVγ
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gas-gas direct exchange area: 

total energy absorbed:

2

2V V

dV dVa
S

g g
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γ
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γ
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Surface-gas direct exchange area

energy leaving dAk per unit solid angle:

fraction crosses dAk into dAγ :

location Sγlocation Sk

Vγ

Sγ-k = Sγ - Skθk

dAk Ak

dVγ
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fraction absorbed: adrγ

energy absorbed :kdA dVγ→

2cosk
k k k

k

adA
dAJ
S

d rγ
γ

γ
γτθ

π −
−

⋅ ⋅

2

cosk k
k k

k

adVJ dA
S

γ
γ

γ

θ τ
π −

−

=

2

cos
k

k k
k kV A

k

adVJ dA
Sγ

γ
γ

γ

θ τ
π −

−
∫ ∫

total energy absorbed :kA Vγ→

location Sγlocation Sk
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Sγ-k = Sγ - Skθk

dAk Ak
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surface-gas direct exchange area 

reciprocity:

energy balance: 
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