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Calendar Description 
 
MECH 836 Radiative Heat Transfer 
 
This course covers the following topics related to heat transfer by thermal radiation: 
fundamentals of  thermal radiation, blackbody thermal radiation, radiative properties of 
real materials, surface-to-surface exchange of diffuse radiation, numerical solution of 
diffuse radiation problems, radiation with conduction and convection, radiation in 
absorbing, emitting and scattering media, gas volume radiation, surface-volume radiation, 
selected applications.   
 
36 hours lectures, fall   A. M. Birk   
  
Course Objectives 
 
To develop a capability to analyze thermal radiation in engineering systems. 
 
Course Outcomes 
 
The following outcomes will be evaluated: 
 

i) the ability to calculate emission of thermal radiation from a black-body or 
gray-body in a specific wave band of the electromagnetic spectrum 

ii) calculation of view factor between two objects 
iii) analysis of simple radiation interchange between diffuse surfaces 
iv) analysis of radiation from a volume to a surface 
v) analysis of an object with radiation, convection and conduction 

 
Course Content 
 
1.0 Fundamentals of  Thermal Radiation  
 
- importance of thermal radiation, nomenclature, electromagnetic spectrum 
 
2.0 Blackbody Thermal Radiation 
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- definitions, Lambert’s Cosine Rule, Planck’s Function, Spectral Distribution, Wien’s 
Displacement Law, Blackbody Radiation in a Wavelength Interval 
 
3.0 Radiative Properties of Materials,  
 
- definitions, emissivities, absortivities, transmissivity, reflectivity, Kirchoff’s Law, Gray 
surfaces,  Lambert Surfaces, specular reflection, bidirectional reflectivity, real surface 
properties, selective emission, absorption and transmission.   
 
4.0 Surface-to-Surface Exchange of Diffuse Radiation  
 
- definitions, geometric configuration factors between two surfaces, reciprocity, 
summation rule, enclosures, methods to evaluate configuration factors, Nusselt’s method, 
view factor algebra, radiation between black surfaces, radiation between gray diffuse 
gray surfaces, matrix solution methods, diffuse spectral radiation interchange.  
 
 5.0 Radiation in Absorbing, Emitting and Scattering Media 
 
- radiation intensity with absorption, emission  and scattering, absorption, scattering and 
extinction coefficients, increase in intensity by emission and scattering, equation of 
transfer, gas radiation, band correlations, Rayleigh and Mie Scattering, Surface-Volume 
Radiation, gas radiation in enclosures, mean beam length approach, zone method. 
 
6.0 Radiation with Conduction and Convection 
 
- general relations, steady heat transfer, transient heat transfer, equilibrium temperatures 
with conduction, convection and radiation.  
 
7.0 Selected Applications (student project presentations)  
  
- thermography, solar energy, combustion and flame radiation, radiation through the 
atmosphere, thermal imaging from space platforms…  
 
 
Text Book 
 
The recommended course text will be Thermal Radiation Heat Transfer 3rd ed or later,  by 
R. Siegel and J. R. Howell, Hemisphere Publishing Corp. Any other graduate level book 
on radiation heat transfer would be useful.  
 
Course Marking 
 
The course mark will be based on assigned problems, a final take home exam,  and a 
project. An approximate marking scheme is as follows: 
 

i) assignments 40%   
ii) exam  40% 
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iii) project  20% 
 
Students will give a 15-30 minute presentation (powerpoint or keynote) on their project 
topic in class.  
 
Programming 
 
Assigned problems will require the student to write simple computer programs using EES 
(engineering equation solver by F-Chart Software). A tutorial will be given on using this 
software.  
 


