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1. Introduction

Due to the high heat transfer coefficient of the
coolant used in liquid metal reactors such as SFR
(sodium fast reactor), the diameter of the fuel rod (pin)
becomes very small, and a wire is wrapped around the
pin for structural integrity of the pin to prevent bending
or vibration of the pin.

Many experiments [1, 2, 3] have been conducted on
the thermal hydraulics of the wire-pin bundle, and
various sub-channel analysis codes based on the
experimental data have been developed and used for the
design of the core of a liquid metal reactor [4, 5, 6].

Application of turbulence-resolved computational
fluid dynamics (CFD) to predict flow characteristics in
a wire-wrapped fuel bundle becomes more and more
popular. But it still requires a lot of manpower because
of a mesh generation problem. Representative
geometric parameters of a wire-wrapped fuel bundle for
generating a mesh to be used for a flow simulation are
fuel pin diameter (D), wire diameter (d), and pin length
(L). In general the ratio of the parameters based on the
wire diameter d:D:L is approximately1:10:1000. In
order to geometrically resolve the circular
circumference of the wire, more than 10 nodes are
required. If isotropic mesh elements (cells) are used for
a mesh of a 217 wire-pin bundle, the mesh size exceeds
200,000,000. Modern  HPC  (high-performance
computer) can handle the size of the mesh for CFD. But
it is not efficient economically. If characteristics of a
channel flow is considered, cells elongated in an axial
direction can be used to reduce the mesh size without
noticeable deterioration of numerical accuracy. Jeong et
al. [7] And Cadiou et al. [8] have used block meshes to
carefully control the size of the meshes for flow
simulations in large bundles. A block mesh generation
for a large bundle is topologically complicated so it
requires big human hours.

In this study, a programmable mesh generation
strategy is developed to automatically generate a hybrid
mesh for flow simulations in large bundles.

2. Methods and Results
2.1 Mesh Generation for wire-wrapped fuel bundles

In order to optimize mesh size and resolution
especially for a large wire-pin bundle, directional
hybrid mesh generation is adopted in this study. In
spanwise or radial direction of the bundle, unstructured
mesh type is used but structured mesh topology is used

in axial or streamwise direction by extruding the
spanwise mesh.

Fig. 1 is a schematic of the programmable hybrid
mesh generation composed of 2 steps, which are wire-
pin CAD and background mesh generation processed
by a python program utilizing SALOME [9]
functionalities and wire-part mesh generation processed
by a shell program utilizing OpenFOAM [10] utilities
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Fig.rl. Schematic of the'programmable mesh genefation fora
wire-wrapped fuel bundle.

During the first step of the hybrid mesh generation
procedure, the geometry of a wire-pin bundle is
modeled automatically on the SALOME GUI. Fig. 2
shows screen shots of geometry modeling.

Fig. 2. Automatic drawing of a wire-pin bundle and auto-
generation of a pin mesh using the SALOME-python program.

Current wire-pin bundles have a topological
similarity which is ring-based pin arrangement in a
hexagonal channel. The ring topology is programmable
in a python code. When a user of the python code
specifies the number of rings or the number of wire-
pins, the python code automatically generates the
geometry of a wire-pin bundle. Fig. 3 shows wire-pin
arrangement along with the number of rings.

The developed python program can generate hybrid
mesh for pin bundle with wires, which is called a
background mesh. The background mesh is imported to
OpenFOAM mesh generator snappyHexMesh and the
shell program utilizes OpenFOAM utilities to generate
a mesh including wires and modify the mesh for
possible corrections.
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Fig. 3. Automatic wire-pin ring generation by the python
program running on the SALOME GUI.

Fig. 4 shows the procedure of the hybrid mesh
generation schematically.
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Fig. 4. Procedure of a wire-pin mesh generation

A wire wrapping around a fuel pin contacts the pin
on a line. If this is correctly modeled, a mesh around the
corner near the contact line becomes too acute. Another
option is to make surface contact between a pin and a
wire. Fig. 5 shows an elliptical shape of a wire

Fig. 5. Modeling of point-contact and surface-contact between
apin and a wire.

Fig. 6. A mesh for 19 wire-pin bundle generated by the
programmable meshing strategy.

Fig. 6 shows a hybrid mesh generated for a 19 wire-
pin bundle, where a surface contact between pins and
wires were adopted.

The proposed mesh generation procedure is
applicable to any number of rings and any size of pin

and wire geometries. The procedure was applied to
generate a hybrid mesh for 217 wire-pin bundle as
shown in Fig. 7. It is seen that mesh cells near pins are
elongated in the axial direction to reduce the size of the
mesh.

Fig. 7. A mesh for 217 wire-pin bundle generated by the
programmable meshing strategy

2.2 Flow Simulation for a Mesh Test

To test a generated mesh for a turbulence-resolved
simulation of a wire-wrapped pin bundle, two 217-pin
bundles were chosen, which are the fuel assembly of
PGSFR designed by KAERI [7] and CEA fuel assembly
simulated by Cadiou et al. [8] Table 1 is the geometric
parameters of KAERI 217-pin bundle.

Table 1. Geometric data of the KAERI 217-pin bundle

Gemetric parameter Size [mm)]
Pin diameter 7.4
Wire diameter 0.95
Pin length (heating part) 900
Pitch 8.436
Wire pitch 199.6
Gap (distacen between pin and wall) 1.03

The number of the mesh cells for the KAERI 217-pin
bundle is 38,490,082 (74 % of the cells is hexahedron).

For the simulation of the turbulent flow in the
KAERI 217-pin  bundle, SimpleFoam in the
OpenFOAM package was used with k-e turbulence
model. For the current mesh tests, only cold flow
without heat transfer was considered. As boundary
conditions for the simulation, constant flow rate at inlet
and constant pressure at outlet were used.
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Fig. 8. Pressure and velocity distributions from the simulation
of KAERI 217-pin bundle.
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Fig. 8 shows pressure (left) and velocity (right)
distributions from the simulation of KAERI 217-pin
bundle. The convergence of the numerical solutions on
the generated mesh was controlled by using limited
convective schemes. It took about 350 iterations to get a
3-order reduction of the pressure equation residual.

The pressure gradients along the wire-pin channel
depending the inlet flow rate were compared in Fig. 9.
It clearly shows that the pressure drop along the channel
increases with an increased flow rate.
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Fig. 9. Pressure distributions on the channel wall of the
KAERI 217-pin bundle depending on a flow rate.
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Fig. 10. Comparison of pressure drop along with volume flow

for the KAERI 217-pin bundle

Pressure drop of the flow channel can be calculated
by differencing inlet and outlet pressures. The inlet
pressure can be obtained by a point-probing or a area
averaging on the inlet patch. In Fig. 10 the calculated
pressure drop divided by liquid sodium density at 475
°C was compared with UCTD (upgraded Cheng-
Todreas detailed) correlation [11]. If inlet pressure at
the channel wall is used, the pressure drop exactly
matches the correlation. But there exists a minor
discrepancy in the pressure drop if the area-averaged
inlet pressure is used.

CEA fuel assembly [8] was modeled and the same
procedure for mesh generation was applied. Table 2 is
the geometric parameters of CEA 217-pin bundle.

Table 2. Geometric data of the CEA 217-pin bundle [8]

Gemetric parameter Size [mm]
Pin diameter 9.7
Wire diameter 1.1
Pin length (heating part) 800
Pitch 10.8
Wire pitch 180
Gap (distacen between pin and wall) 1.1

The number of the mesh cells for the CEA 217-pin
bundle is 37,676,137 (74 % of the cells is hexahedron).
In this case, constant mass flow with a liquid sodium
density at 475 °C was applied at the inlet. And the
pressure drop resulting from the current simulation was
compared with the UCTD correlation and results of
star-CCM+ by Cadiou et al. [8] In Fig. 11, only the
area-averaged pressure at inlet was used for the
comparison. The current results exactly match star-
CCM+ results by Cadiou et al. at every condition of the
inlet mass flow.
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Fig. 11. Comparison of pressure drop along with mass flow
for the CEA 217-pin bundle [8]

3. Conclusions

A mesh generation procedure based on an open-
source CAD (SALOME) and a CFD tool (OpenFOAM)
has been developed for a turbulence-resolved
simulation of a wire-wrapped fuel bundle. The process
of the mesh generation was fully automated by the
developed python and shell programs. From the mesh
test, it seems that the generated meshes are acceptable
to be used for a prediction of pressure drop along the
channel of wire-wrapped fuel bundles.

ACKNOWLEDGMENTS

This work was supported by the National Research
Foundation of Korea (NRF) grant and National
Research Council of Science & Technology (NST)
grant funded by the Korean government (MSIT) [grant
numbers 2021M2E2A2081061, CAP20032-100].

REFERENCES



Transactions of the Korean Nuclear Society Autumn Meeting
Changwon, Korea, October 20-21, 2022

[1] MH Fontana, RE MacPherson, PA Gnadt, LF Parsly, and
JL Wantland. Temperature distribution in the duct wall and at
the exit of a 19-rod simulated Imfbr fuel assembly (FFM
bundle 2a). Nuclear Technology, 24(2):176-200, 1974.

[2] R.E. Collingham, et al., Development and Results of an
Electrically Heated 7-pin Bundle Assembly for Thermal
Hydraulic Testing in Liquid Metals. ASME, Winter Annual
Meeting, CONF-701110-2, New York. 1970.

[3] Y. Daigo, K. Haga, A. Ohtsubo, Y. Kikuchi, Local
Temperature Rise Due to a 6-Channel Blockage in a 7-Pin
Bundle, JAPFNR-202, 1975.

[4] X.J. Liu, N. Scarpelli, Development of a sub-channel code
for liquid metal cooled fuel assembly, Annals of Nuclear
Energy 77 425-435, 2015.

[5] J.D. Macdougall, J.N. Lillington, The SABRE code for
fuel rod cluster thermo-hydraulics. Nucl. Eng. Des. 82, 171—
190, 1984.

[6] W.S. Kim, Y.G. Kim, Y.J. Kim, A subchannels analysis
code MATRA-LMR for wire wrapped LMR subassembly.
Ann. Nucl. Energy 29, 303—-321, 2002.

[7] J.-H. Jeong, M.-S. Song, K.-L. Lee, RANS based CFD
methodology for a real scale 217-pin wire-wrapped fuel
assembly of KAERI PGSFR, Nuclear Engineering and Design
313, 470485, 2017.

[8] T. Cadiou, A. Saena, Thermal-hydraulic numerical
simulation of fuel sub-assembly using a dedicated meshing
tool, Nuclear Engineering and Design 295, 162-172, 2015.

[9] salome, https://www.salome-platform.org/, 2022

[10] OpenFOAM, https://www.openfoam.com/, 2022

[11] S.K. Chen, Y.M. Chen, N.E. Todreas, The upgraded
Cheng and Todreas correlation for pressure drop in hexagonal
wire-wrapped rod bundles, Nuclear Engineering and Design
335, 356—373, 2018.



https://www.salome-platform.org/
https://www.openfoam.com/,

