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Radiation Fundamentals
 Radiation Properties 

 Radiation concepts and laws

 Blackbody surface

 Blackbody model

 Plank distribution

 Wien’s Displacement Law

 Spectral Emissive power

 Stefan-Boltzman law

 Kirchhoff’s Law 

 Types of radiative Bodies and Gray surface model 

 Black Body Radiation Function

 Radiation Intensity & Hemispherical Emission model



All objects with a temperature above absolute zero radiate



Radiation propagates in vacuum



Physical concepts

 Mechanism of radiation

1) Electromagnetic  waves ~ ‘solar radiation, X-ray, radio waves’ 

2) Photons ‘a discrete packets of energy’.

 The wave nature of thermal radiation implies that the wavelength, 
λ, should be associated with the frequency of radiation, v. The 
relation between λ and v is given by

λ = c / v

Where c is speed of propagation in the medium. In case of vacuum 
the speed of propagation equals the speed of light, 3x108 m/s.

 Thermal radiation is the radiation due to the temperature of 
body.



Spectrum of electromagnetic 

radiation



Characteristics of a blackbody

1. For a given surface temperature and 

wavelength, no surface can emit more radiation 

than a blackbody: i.e., a blackbody is a perfect 

emitter. 

2. A blackbody absorbs all incident radiation 

regardless of its direction and wavelength: i.e., 

a blackbody is a perfect absorber.

3. A blackbody emits radiation in all directions: 

i.e., it is a diffuse emitter.



Cavity model of a blackbody

Inside surface area is 

blackened by charcoal

part is absorbed

and part is reflected

in all directions      

Note: The process continues 

until all of the energy entering is 

absorbed and the area of the hole 

acts as a perfect black body.



Absorption, reflection, and Transmission by Real 

surface





Spectral blackbody emissive power



The Stefan-boltzmann Law



Heat transfer at a gas/surface interface involves radiation 

emission from the surface and may also involve the 

absorption of radiation incident from the surroundings

(irradiation,    ), as well as convection if .sT T

Energy outflow due to emission:
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Heat Transfer Rates: Radiation



Heat Transfer Rates Radiation (Cont.)

Irradiation: Special case of surface exposed to large

surroundings of uniform temperature, surT
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Heat Transfer Rates: Radiation (Cont.)

Alternatively,
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Types of Radiative fluxes (over all 

wavelengths and in all directions)

See fig below



Example 1

A small oxidized metal tube of diam =

2.5 cm and long = 60 cm, Ts = 500 K is

in a very large furnace enclosure with

fire-brick walls and surrounding air at

1100 K. Assume oxidized metal tube

emissivity = 0.75. Calculate the heat

transfer to the metal tube.



Schematic 

Furnace 

Small metal tube 

Of 2.5 cm size 



Example 2

Recalculate Example 1 for combined

radiation plus natural convection to the

horizontal 0.0254-m OD tube. Compare the

result with that of example 1.



Note: Simplified Equations for Natural Convection from 

Various Surfaces





Blackbody Radiation Function

Radiation emission from 

a blackbody in the 

spectral band 0 to  .

Fraction of the total

blackbody emission in the 

spectral band from 0 to 

as a function of T.



Blackbody Radiation Function



Blackbody Radiation Function
Table



Example 3 

A light bulb radiates like a black body at

2800 K. find the percentage of total

emitted energy that lies in the visible

range.











Example



Emissivity 

values for 

various 

substances 



Emissivity 

values for 

various 

substances

(continue) 



Emissivity values for refractories, building materials, paints 

and miscellaneous 

Temp,F   Emissivity, 
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Application









Radiation Intensity
Definitions & Expressions



Reflection from surfaces

Specular 

reflection
Diffuse 

reflection

Irregular 

reflection



Mathematical Definitions





Radiation Intensity, I



But solid angle is 

Therefore, the Heat flux from dA1 becomes



Hemispherical direction



 The total, hemispherical emissive power, E (W/m2) is the rate at 

which radiation is emitted per unit area at all possible 

wavelengths and in all possible directions:

 Suppose  a diffuse surface (emitted radiation is independent of 

direction), intensity, I, does not depend on direction ө and φ ~ 

Iλ,e(λ, ө, φ)= Iλ,e(λ). Hence, the previous eq. becomes

 The constant in the above eq. is π and not 2π and has the unit 

steradians.



Example



Schematic 



Solution

• From the definition of a diffuse emitter, we 

know that the intensity of the emitted 

radiation is independent of direction. 

Hence

for each of the three directions.



Continue solution

• Treating A2, A3, and A4 as differential surface areas, the

solid angles may be computed from Equation

• where dAn is the projection of the surface normal to the

direction of the radiation. Since surfaces A3 and A4 are

normal to the direction of radiation, the solid angles

subtended by these surfaces can be directly found from

this equation as



Continue solution

• Approximating A1 as a differential surface, the rate at 

which radiation is intercepted by each of the three 

surfaces may be found from Intensity Equation, 

which, for the total radiation, may be expressed as



Continue solution

Where  in the eq. is the angle 

between the normal to surface  

and the direction of the 

radiation.



General Comment 

The Net Heat transfer between Two Surfaces

Note: For gray body inside 
another gray body


