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ABSTRACT.  A spectral collocation method based on discrete-ordinates equation is employed to 
directly solve one dimensional radiative heat transfer in an absorbing, emitting and scattering medium 
with a graded index. Numerical results by the direct spectral collocation method are compared with 
available data in references. The results show that the direct spectral collocation method has good 
accuracy for one dimensional radiative heat transfer even with space-dependent anisotropic scattering 
and graded index medium. The CPU time cost comparisons against the resolutions between the direct 
and iterative solvers are made using MATLAB computer languages. The CPU time cost of direct solver 
is shorter than that of iterative solver for the same number of nodes. 
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Radiative heat transfer; Participating medium 
 

NOMENCLATURE 
 

A  matrix defined in Eq. (13a) s  collocation points 
B  matrix defined in Eq. (13b) T temperature, K  
C matrix defined in Eq. (20) w weight of discrete ordinates  

C  matrix defined in Eq. (22)  approximation, sr  
 1D  the first order derivative matrix x  dimensionless coordination in x  direction 

ld  Legendre polynomial coefficients Greek symbols 

F matrix defined in Eq. (13c)   coefficient defined in Eq. (6) 
g  anisotropic incidence radiative intensity,    extinction coefficient, 1m  
 2W/m K   derivative of refractive index, 1m  

jh  a function of the first order derivative of    emissivity 

 Chebyshev polynomial   absorption coefficient, 1m  
H matrix defined in Eq. (16) s  scattering coefficient, 1m  

H  matrix defined in Eq. (25)   optical thickness 
I  matrix defined in Eq. (14)  scattering phase function 
I  matrix defined in Eq. (22) Superscripts 
I  radiative intensity, 2W/m K  ,m m  angular direction of radiation 

bI  blackbody radiative intensity, 2W/m K  Subscripts 

L characteristic length, m  0 values at 0  
M  number of discrete ordinates directions , ,i j k solution node index 
n  graded index L values at L  
N  total number of spatial solution nodes min minimum value 

lP  Legendre polynomial max  maximum value 
Q  matrix defined in Eq. (28)   
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