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1. INTRODUCTION 
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2. THE GENERIC FUEL ASSEMBLY WITH MIXING GRID 
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3. THE NUMERICAL MODEL 
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3.1 UNSTEADY NAVIER-STOKES EQUATIONS  
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3.2 TURBULENCE MODELLING  
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3.2.1 Reynolds averaged Navier-Stokes equations 
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The Reynolds averaging approach leads to the Reynolds averaged mass conservation equation 

and the Navier-Stokes equations. For the RANS approach, Eqs. (1, 2) are written for the Reynolds 
averaged velocity  !/  and � ��� � � 	 � � . In the study presented here, the turbulent viscosity � �  is 
calculated from the well-known k-e model by using the following formulation (Pope, 2000): 
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The Reynolds stresses  !

" #
"$$$$$$ are calculated from Eq.3. The following empirical coefficients are 

used: cm=0.09, sk=1, se=1.3, Ce1=1.44, Ce2=1.92.  





3.2.2 Filtered Navier-Stokes equations 
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3.3 NUMERICAL SOLUTION OF THE CONSERVATION EQUATIONS  

3.3.1 Discretization method 
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3.3.2 Solution method 
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3.3.3 Boundary and initial conditions 

�����!���
 *"��'���
 �"�'���"��
+���
 ���'
 ��
 ����"+
 � ����0
 �����
 '����",�'
 ���*�����
 ��"+
 ��
 �

*���
�"'
*��'��
+��!"��
)�1��2
2��'�
��
����)�'
��
 �!�
�����
%?��'��
��
��0
78�>(0
9�
"�'��
�"
������

�!�
 �"����,"�'��2
 ���"����
 ,�"�����	
 �
 ,���"'��
 ��* �'")���
 ��
 �1���'�'
 ��")
 �!�
 ����"+
 �����0

����"'�����
 ��
 �,,���'
 "�
 �!��
 ��*�'")���
 ��
 *"��'� ��
 �"�'���"�
 ��
 �1���
 '������"�0
 �!�
 ��"+
 ��

��������&�'
+��!
�!�
'�����'
�,�������
�"������
)�� �
�1���
���"����
%-0;-)M�(0
�!��	
�!�
��"+
'����",� 

��),"�����
 ��
 �!�
,���"'��
 '")���
 '����2
�
 �������� �0
�
)")����)
�"����
 ���)
 �������
 �
 �"������

)���
�1���
)���
��"+
����0
�����
��������"�
�"
���* ������	
�!�
���������
+��
�"������'
�����
*"�!
�!�

��),"���
)���
������
��'
�!�
$��
"�
�!�
���"����
!� ��
�"����2�'0
��),"�����
�"������
,�"�����
"�

���"����	
3
��'
 e
���
���'
�"�
$���
���������"��	
�!�
����������"��
 ���"����
"�
�!�
,���"'��
'")���
��

�),"��'
 ��
 ���!
 ��)�
 ���,
 �"�
 C��
 %?��'��
 ��
 ��0
 78 �>(0
 ���)���
 �"�'���"��
 +��!
 ��
 �),"��'




,�������
 ���
 �,,���'
 ��
 "����"+
 �����0
 ����'��'
 +�� �
 ������"��
 ���
 ���'
 �"
 )"'��
 )")����)

�1�!��2�
 *��+���
 +����
 ��'
 ����'0
 9�
 ����	
 $���!��' �N�
 2������
 +���
 ��+
 %�60
 %��(
 +��!
 kJ80>�-(
 ��

���'	
+!��!
�,���
+��!
"��
�"�������"�
����"���	
*� �����
��'
���*�����
��*������
%$���!��'�	
��-�(0



 M �



W
XYDZ 	 [\ MG	 ]^_ `Z � a

�b
c d

ee
�

�
f d




a

�b
c d

J
�
g0
 
 
 
 
 %��(


A slip wall boundary condition (symmetry) is applied at the boundaries that surround laterally the rod 
bundle in order to mimic free flow conditions in the water gaps between adjacent FAs. 

3.3.4 Parallelization 
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3.3.5  Summary of the numerical scheme 
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 Pressure solver Conjugated gradient 
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3.4 THE MESHING 
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3.5 VALIDATION OF THE NUMERICAL MODEL  
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4. ANALYSIS OF  THE MIXING IN FUEL ASSEMBLIES 
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4.1 ANALYSIS OF INTRA-ASSEMBLY  MIXING 
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4.1.1 Results of the RANS calculation 
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4.1.2 Results of the LES calculation 
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4.3 COMPUTATIONAL TIME  
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 1 assembly 2×2 assembly Machine time 
Turbulence model M tetras Cpu hours 

2800 cores  
M tétras Cpu hours 

8400 cores  
RANS 130 64,000 520 250,000 About 1 day 
LES 130 320,000 520 1,300,000 About 5 days 
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2 CINES: Centre Informatique National de l’Enseignement Supérieur. https://www.cines.fr/  



5. CONCLUSION 
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