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1. Introduction 
 

Most existing methods to analyze reactor cores are 
based on the solution of the neutron diffusion equation 
with nodal methods. However, improvement of the 
diffusion model may be required to increase accuracy of 
power distribution and 

eff
k  due to the new types of fuels 

such as MOX and new types of reactors. Recently, SP3 
approximation (to transport equation) [1] is in the 
limelight since it is expected to be more accurate than 
the diffusion equation, and it has a very similar form 
with diffusion equation which may lead to easy 
implementation in conventional nodal diffusion codes. 

In this work, the AFEN method has been 
reformulated for SP3 equations and implemented in a 
version of the AFEN method code COREDAX [2] for 
cubic geometry. The COREDAX code with SP3 was 
tested on transport benchmark problems, and the 
reference values are obtained by the DANTSYS code 
which is based on discrete ordinates transport method. 
The results show significant improvement in power 
distribution and 

eff
k  compared to the diffusion method. 

 
2. Basic Theory and Method 

 
2.1 The AFEN Method 
 

The AFEN formulation in the (x,y,z) coordinates 
system starts from the following multigroup diffusion 
equations in a homogenized node : 
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and all the notations are standard. 
Following the AFEN methodology [3], the solution 

of Eq. (1) for node n is expressed in the following form : 
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Fig. 1. Geometry of node n in x-y plane. 

The 19 coefficients in the flux expansion Eq. (2) are 
to be determined in terms of 19 nodal unknowns, a node 
average flux, six interface fluxes, and twelve interface 
flux moments as follows : 
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In this paper, weighting functions, 
1
( , )w y z  and 

2
( , )w y z , are chosen as step functions : 
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To determine 19 nodal unknowns, we build 19 nodal 
equations for each node which are composed of a nodal 
balance equation and associated coupling equations. 
The coupling equations consist of six interface current 
continuity equations and twelve interface current 
moment continuity equations. 
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2.2 SP3 Formulation 
 

Following the SP3 formulation [1], we obtain two 
diffusion-like equations as follows : 
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Partial moments are given in terms of surface flux 
moments and current moments based on the Marshak-
type boundary condition at a surface : 
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To be consistent with the AFEN formulation in 
diffusion format, we consider the following relations : 
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which also satisfy the following relations at a surface :  
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Eqs. (7) and (8) are consistent with internodal coupling 
at the node boundary. The partial moments in Eq. (6) 

are then equivalently expressed in terms of 
,

0

g

J  and 
,

2

g

J  [4]. In addition, Eq. (5) can be reformulated in the 
form of Eq. (1). With Eqs. (5), (7), and (8), the SP3 
equations can then be solved by the AFEN method. 
 

3. Numerical Results 
 

To verify the AFEN method and COREDAX code 
with SP3, we solved two problems. The small LWR 
core benchmark problem [5] was tested and the results 
are shown in Table I. The IAEA3D benchmark problem 
(modified version for transport calculation) [6] was 
tested and the results are shown in Table II. The AFEN 

method results with diffusion and SP3 are compared 
with the results of DANTSYS that is a discrete 
ordinates transport code.. 

 
Table I. Results of the small LWR core benchmark problem 

(rod-out case) 

 eff
k  diff. (pcm) CPU time 

DANTSYSa 0.97676 reference 188 (sec) 
COREDAX 
(Diffusionb) 0.92916 4760 3 (sec) 

COREDAX (SP3
b) 0.95646 2030 10 (sec) 

a mesh size : 0.33 cm; 4 angles; DSA acceleration 
b mesh size : 5cm; no acceleration 
 

Table II. Results of IAEA3D benchmark problem 

 eff
k  diff. (pcm) CPU time 

DANTSYSa 1.02956 reference 2731(sec) 
COREDAX 
(Diffusionb) 1.02908 48 3 (sec) 

COREDAX (SP3
b) 1.02958 -2 9 (sec) 

 

 Maximum Power 
Error (%) 

RMS of 
Power Errors (%) 

DANTSYSa Ref. reference 
COREDAX 
(Diffusionb) 2.88 1.36 

COREDAX (SP3
b) 1.35 0.46 

a mesh size : 2.0 cm; 16 angles; DSA acceleration 
b mesh size : 20.0 cm; CGR acceleration 

 
4. Conclusions 

 
The AFEN methodology has been successfully 

extended to the SP3 model of a transport approximation. 
The test results show that SP3 provides much improved 

eff
k  and power distributions than P1 (diffusion) in 
reference to the transport solutions. The increase in 
computing time is marginal and affordable. 
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