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ABSTRACT.  The second-order radiative transfer equation (SORTE) [Numerical Heat Transfer B, Vol. 
51, pp. 391-409, 2007] is in a form like diffusion equation, hence no additional artificial diffusion or 
upwinding treatment is needed in the numerical discretization for stabilization. The computational 
efficiency of the finite element method based on SORTE is investigated by comparison with that of 
the finite element methods based on original first order radiative transfer equation (FORTE). The 
FORTE based finite element methods considered are the finite element method with Galerkin 
approach (Galerkin-FORTE) and the finite element method with least-square approach (LS-FORTE). 
By comparison, the accuracy of the finite element method based on the SORTE is generally better than 
those based on the FORTE under the same discretization scheme, spatial grid and angular grid. The 
finite element method based on the SORTE shows the best computational efficiency among the three 
finite element methods, i.e., to obtain the same target accuracy, the least computational time is required. 
 

NOMENCLATURE 
 

H  = Matrix defined in Eq. (10) 

, ,i j k  = Unit vectors of x, y and z direction 

,I I  = Radiative intensity, unknown vector of radiative intensity 

K  = Stiffness matrix defined in Eq. (10) 

L  = Side length of enclosure 

n  = Unit outward normal vector 

solN , elN  = Total number of solution nodes; total number of elements 

p  = Order of polynomial approximation 

q  = Radiative heat flux, W/m2 

r  = Spatial coordinates vector 

S  = Source function defined in Eq. (3) 

T  = Temperature, K 

V  = Solution domain 

, ,x y z  = Cartesian coordinates 
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