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 Emission of Thermal Radiation

 Interaction of Radiation with Matter

 Radiation exchange between surfaces 

 View factors

Previously 
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Thermal Radiation
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T [K]

Emission of Thermal Radiation Interaction of Radiation with Matter

𝑰𝑰λ,𝒆𝒆 λ, θ,Φ,𝑇𝑇 1 = 𝛼𝛼λ + 𝜌𝜌λ + 𝜏𝜏λ



Radiation exchange between surfaces 

Radiation Exchange
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T1 [K]

T2 [K]



The View Factor – Reciprocity of Energy Transfer
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We consider two surfaces with arbitrary relative orientation (not parallel) and we define 
the view factor 𝑭𝑭𝒊𝒊𝒊𝒊 as the fraction of the radiation leaving surface i that is intercepted by surface j. 

𝐹𝐹𝑖𝑖𝑖𝑖 ≡
𝑄𝑄𝑖𝑖−𝑗𝑗
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𝐹𝐹𝑗𝑗𝑗𝑗 ≡
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𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑖𝑖
𝜋𝜋𝑅𝑅2

𝑑𝑑𝐴𝐴𝑖𝑖𝑑𝑑𝐴𝐴𝑗𝑗

If both surface i and j emit and reflect diffusively:

𝑨𝑨𝒊𝒊𝑭𝑭𝒊𝒊𝒊𝒊 = 𝑭𝑭𝒋𝒋𝒋𝒋𝑨𝑨𝒋𝒋

Reciprocity of radiative energy transfer



The View Factor
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We consider two surfaces with arbitrary relative orientation (not parallel) and we define 
the view factor 𝑭𝑭𝒊𝒊𝒊𝒊 as the fraction of the radiation leaving surface i that is intercepted by surface j. 

�
𝑗𝑗=1

𝑁𝑁

𝐹𝐹𝑖𝑖𝑖𝑖 = 1

In an enclosure, the radiation leaving 
a surface i is entirely intercepted by 
all of the other surfaces, therefore:

A surface can be decomposed into sub-
surfaces and the view factors are:

If a surface is planar or convex
it does not sees itself therefore:

𝐹𝐹𝑖𝑖𝑖𝑖 = 0



 Radiation exchange between surfaces 

 Net Radiation Exchange at a Surface

 Electrical Analogy

 The two surface enclosure

 Electrical Analogy

This Lecture
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Learning Objectives:

 Use the electrical analogy to calculate the radiation resistance of a surface

 Calculate the radiation exchange from a surface and a 2-surface enclosure



Net Radiation Exchange at a Surface

8

The net energy that leaves an isothermal, diffuse surface 𝐴𝐴𝑖𝑖 solely via radiation:   

𝑄𝑄𝑖𝑖 = 𝐴𝐴𝑖𝑖(𝐽𝐽𝑖𝑖 − 𝐺𝐺𝑖𝑖)

𝐽𝐽𝑖𝑖 = 𝐸𝐸𝑖𝑖 + 𝜌𝜌𝑖𝑖𝐺𝐺𝑖𝑖 = 𝜀𝜀𝑖𝑖𝐸𝐸𝑏𝑏(𝑇𝑇𝑖𝑖) + 𝜌𝜌𝑖𝑖𝐺𝐺𝑖𝑖

𝑄𝑄𝑖𝑖 = 𝐴𝐴𝑖𝑖 𝐽𝐽𝑖𝑖 −
𝐽𝐽𝑖𝑖 − 𝜀𝜀𝑖𝑖𝐸𝐸𝑏𝑏(𝑇𝑇𝑖𝑖)

𝜌𝜌𝑖𝑖

𝑄𝑄𝑖𝑖

𝑄𝑄𝑖𝑖



Net Radiation Exchange at a Surface – Electrical Analogy
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If we consider an isothermal, opaque, diffuse and gray surface:

𝜌𝜌𝑖𝑖 = 1 − 𝛼𝛼𝑖𝑖 = 1 − 𝜀𝜀𝑖𝑖 [ opaque → 𝜏𝜏𝑖𝑖 = 0; gray 𝛼𝛼𝑖𝑖 = 𝜀𝜀𝑖𝑖]

𝑄𝑄𝑖𝑖 = 𝐴𝐴𝑖𝑖 𝐽𝐽𝑖𝑖 −
𝐽𝐽𝑖𝑖 − 𝜀𝜀𝑖𝑖𝐸𝐸𝑏𝑏(𝑇𝑇𝑖𝑖)

1 − 𝜀𝜀𝑖𝑖

𝑄𝑄𝑖𝑖 =
𝐸𝐸𝑏𝑏 𝑇𝑇𝑖𝑖 − 𝐽𝐽𝑖𝑖

�1 − 𝜀𝜀𝑖𝑖
𝜀𝜀𝑖𝑖𝐴𝐴𝑖𝑖

=
𝐸𝐸𝑏𝑏 𝑇𝑇𝑖𝑖 − 𝐽𝐽𝑖𝑖
𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑟𝑟𝑟𝑟𝑟𝑟

𝑄𝑄𝑖𝑖

𝑄𝑄𝑖𝑖

𝐸𝐸𝑏𝑏(𝑇𝑇𝑖𝑖) > 𝐽𝐽𝑖𝑖 Radiative heat transfer from 
the surface (loose energy)

𝐸𝐸𝑏𝑏 𝑇𝑇𝑖𝑖 < 𝐽𝐽𝑖𝑖 Radiative heat transfer to 
the surface (gain energy)

If 𝐴𝐴𝑖𝑖 ≫ then 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑟𝑟𝑟𝑟𝑟𝑟~0
→ Blackbody behavior of surface i

𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑟𝑟𝑟𝑟𝑟𝑟 =
1 − 𝜀𝜀𝑖𝑖
𝜀𝜀𝑖𝑖𝐴𝐴𝑖𝑖



 Radiation exchange between surfaces 

 Net Radiation Exchange at a Surface

 Electrical Analogy

 The two surface enclosure

 Electrical Analogy
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Learning Objectives:

 Use the electrical analogy to calculate the radiation resistance of a surface

 Calculate the radiation exchange from a surface and a 2-surface enclosure

This Lecture



The Two Surface Enclosure
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𝑄𝑄1 = 𝐴𝐴1 𝐽𝐽1 − 𝐺𝐺1 = 𝑄𝑄12 = −𝑄𝑄2

The irradiation of surface 1 must be related to the radiosity of 
surface 2 scaled by the view factor between the two surfaces:

𝐴𝐴1𝐺𝐺1 = �
𝑗𝑗=1

2

𝐹𝐹𝑗𝑗𝑗𝐴𝐴𝑗𝑗𝐽𝐽𝑗𝑗

From the reciprocity relation of the view factors: 𝐹𝐹𝑗𝑗𝑗𝐴𝐴𝑗𝑗 = 𝐹𝐹1𝑗𝑗𝐴𝐴1 𝐴𝐴1𝐺𝐺1 = �
𝑗𝑗=1

2

𝐴𝐴1𝐹𝐹1𝑗𝑗𝐽𝐽𝑗𝑗

From the summation rule of view factors in an enclosure: �
𝑗𝑗=1

2

𝐹𝐹1𝑗𝑗 = 1

𝑄𝑄12 = 𝐴𝐴1 �
𝑗𝑗=1

2

𝐹𝐹1𝑗𝑗 𝐽𝐽1 −�
𝑗𝑗=1

2

𝐹𝐹1𝑗𝑗𝐽𝐽𝑗𝑗 = 𝐴𝐴1�
𝑗𝑗=1

2

𝐹𝐹1𝑗𝑗 𝐽𝐽1 −𝐽𝐽𝑗𝑗

𝑄𝑄12 =
𝐽𝐽1 −𝐽𝐽𝑗𝑗
�1
𝐴𝐴1𝐹𝐹12

=
𝐽𝐽1 −𝐽𝐽𝑗𝑗
𝑅𝑅𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝑄𝑄12 𝑅𝑅𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔,12 =
1

𝐴𝐴1𝐹𝐹12



The Two Surface Enclosure – Electrical Analogy
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𝑄𝑄1 = 𝑄𝑄12 =
𝜎𝜎 𝑇𝑇14 − 𝑇𝑇24

1 − 𝜀𝜀1
𝜀𝜀1𝐴𝐴1

+ 1
𝐴𝐴1𝐹𝐹12

+ 1 − 𝜀𝜀2
𝜀𝜀2𝐴𝐴2



Example
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Example
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Energy balance on surface 1:
• External energy input because of the heater
• Removal of energy via radiation towards surface 2
• Removal of energy via convection

𝑄𝑄1,𝑒𝑒𝑒𝑒𝑒𝑒 −𝑄𝑄1,𝑟𝑟𝑟𝑟𝑟𝑟 −𝑄𝑄1,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0

From the radiative energy balance for a 2-surface enclosure:

𝑄𝑄1,𝑟𝑟𝑟𝑟𝑟𝑟 = −𝑄𝑄2,𝑟𝑟𝑟𝑟𝑟𝑟= 𝑄𝑄12,𝑟𝑟𝑟𝑟𝑟𝑟

Energy balance on surface 2:
• Input energy via radiation from heater surface
• Removal of energy via convection

+ −𝑄𝑄2,𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑄𝑄2,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0 −𝑄𝑄2,𝑟𝑟𝑟𝑟𝑟𝑟= 𝑄𝑄2,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Energy balance on surface 1: 𝑄𝑄1,𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑄𝑄2,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +𝑄𝑄1,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑄𝑄1,𝑒𝑒𝑒𝑒𝑒𝑒 = ℎ𝐴𝐴2 𝑻𝑻𝟐𝟐 − 𝑇𝑇𝑚𝑚 + ℎ𝐴𝐴1(𝑇𝑇1 − 𝑇𝑇𝑚𝑚)



Example
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Energy balance on surface 2:
• Input energy via radiation from heater surface
• Removal of energy via convection

𝑄𝑄2,𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑄𝑄2,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0 −𝑄𝑄2,𝑟𝑟𝑟𝑟𝑟𝑟= 𝑄𝑄2,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

From the radiative energy balance for a 2-surface enclosure:

−𝑄𝑄2,𝑟𝑟𝑟𝑟𝑟𝑟= 𝑄𝑄1,𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑄𝑄12,𝑟𝑟𝑟𝑟𝑟𝑟



Example
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Forced internal convection:



Example

17

𝐹𝐹11 = 0



Example
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Energy balance on surface 1: 𝑄𝑄1,𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑄𝑄2,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +𝑄𝑄1,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑄𝑄1,𝑒𝑒𝑒𝑒𝑒𝑒 = ℎ𝐴𝐴2 𝑇𝑇2 − 𝑇𝑇𝑚𝑚 + ℎ𝐴𝐴1(𝑇𝑇1 − 𝑇𝑇𝑚𝑚)



 Radiation exchange between surfaces 

 Net Radiation Exchange at a Surface

 Electrical Analogy

 The two surface enclosure

 Electrical Analogy
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Learning Objectives:

 Use the electrical analogy to calculate the radiation resistance of a surface

 Calculate the radiation exchange from a surface and a 2-surface enclosure

This Lecture



 Radiation exchange between surfaces 

 A Multi-surface Enclosure

Next Lecture
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Learning Objectives:

 Calculate the radiation exchange from a multi-surface enclosure
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