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Research on efficient CFD calculation and analysis technology for sodium-cooled
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Abstract [Background] Sodium-cooled fast reactors (SFRs) represent a critical advancement in fourth-generation
nuclear technology, where accurate thermal-hydraulic characterization is vital for ensuring operational safety and
efficiency. The complex geometry of SFR fuel assemblies presents significant challenges for conventional
Computational Fluid Dynamics (CFD) approaches. [Purpose] This study aims to develop and validate an optimized
porous media methodology to facilitate efficient yet precise CFD analysis of SFR core thermal-hydraulics.
[Methods] The investigation examined the China Experimental Fast Reactor (CEFR) core configuration, comprising
81 hexagonal fuel assemblies. Firstly, the porous media model integrated anisotropic permeability tensors to account
for directional flow resistance effects induced by wire-wrap spacers. Momentum source terms were calibrated using
experimental pressure drop data. Then, the computational domain was divided into four distinct regions to
accommodate spatial variations in power distribution and coolant flow patterns. Additionally, to explore the influence

of inter-wrapper flow (IWF) on the core’ s thermal-hydraulic state, modeling was performed on the inter-wrapper
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flow and its surrounding components. Finally, the conjugate heat transfer method was employed to calculate the inter-

wrapper flow, and results were compared with the conventional CFD approach. [Results] Comparison results

demonstrate that the porous media model successfully predicts core thermal-hydraulic behavior with a maximum

deviation of 0.7% in pressure drop compared to experimental benchmarks, and computational efficiency is

significantly enhanced relative to full-resolution CFD. The inter-assembly gap flow contributes minimally to the total

coolant redistribution, confirming its negligible impact on overall core performance. [Conclusions] The proposed

porous media model offers a computationally efficient yet accurate alternative for SFR core analysis, demonstrating

strong potential for engineering applications. The findings indicate that inter-assembly gaps can be safely disregarded

in large-scale simulations without substantial loss of accuracy. This work provides valuable insights for optimizing

SFR core design and improving safety assessments.

Key words Sodium-cooled fast reactor, Reactor core, Thermal-hydraulic, Porous media, High efficiency
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Fig.1 Diagram of CEFR core layout scheme (color online)
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Table 1 Dimensional parameters of the fuel assembly

Z 4] Parameters {& Value
WRELFE/2H 44 Fuel rod bundle/box 61
XA EE Internal box edge to edge distance / mm 56.6
PR 2F £ )5 FF Box wall thickness / mm 1.2
PRRHH 4 5 1A BE Box to box spacing / mm 2
WS = JE Core height / mm 456
R X 100
Height of upper axial conversion zone / mm

X R 250

Height of lower axial conversion zone / mm

*2 CEFREEDEETIFSH
Table 2 Working parameters of the CEFR core

21 Parameter {8 Value
TN Thermal power / MW 65

7 HFI 301
Sodium flow rate passing through the core / kg-s™

HESON B 360

Core inlet sodium temperature / °C

HEC Y I A8-F 330 E Average temperature of 530
sodium at the outlet of the core / °C
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Table 3 Power and flow distribution of whole core assemblies

ZH 14 % Name of assemblies 1% Power DI LK Power YA EIFIYE Coolant It (i Lt Flow
/ MW share / % flow rate / kg-s™ rate share / %

ORI AT Fuel assembly 61.958 95.32 264.42 95.32

il HE2HF Control rod assembly 0.247 0.378 0.247 0.378

/7Y 2HF Neutron source assembly 0.059 0.091 0.059 0.091

B — [ W 24 F The first reflection layer assembly 0.844 1.298

HoAth )2 8 )2 414 Other reflective layer assembly 1.106 1.7 0.844 1.298

Bl 2414 Shielding assembly 0.387 0.6

Z LA Spent fuel assembly 0.399 0.613

214 &A= Flow rate between assembly boxes - — 1.106 1.7
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Fig.2 Radial power factor distribution of the core (color
online)
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Fig.3 Diagram of partition scheme for fuel assemblies (color online)
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Table 4 Power and flow rate in different zones

BRORHA I X Iy X PEEL KA BRI

Flow partition code Number of assembly boxes Maximum box power / kW Box flow rate / kg*s™
I 15 969 3.9

I 18 870 3.52

I 21 791.5 3.18

v 27 713.2 2.8
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Fig.4 Diagram of the geometry and grid of the IWF research model (color online)
(a) Inter-wrapper and geometric model of fuel assemblies, (b) Grid division scheme
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Fig.6 Axial temperature contour of fuel assembly and IWF (color online)
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Table S Comparison of core pressure drop calculation

results
HEXS K BE Core pressure drop {8 Value
ISAE{E Verification value / MPa 0.28
115 {H Calculated value / MPa 0.278
FAXTi% 2% Relative error 0.007 14

#6 ZANRREXBHESY

Table 6 Main parameters of porous media model

ZH 1B AHHT R 2
Parameter Value  Relative error
% Power / MW 62.124  0.27%

A A7 R Sodium flow rate / kg+s™ 264.22  0.08%

% 4% 4B Number of grids 194 400

1T 5B 8] Computing time / s 14.757
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