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Introduction: CANDU (CANada Deuterium Uraniam) reactors are currently using
heavy water as its pressurized coolant. The purpose of this study was to create a valid
COMSOL model for one configuration of fuel rod bundles. The thermal behavior of the
model for different Reynolds numbers has been investigated and the average heat transfer
coefficients for each case have been plotted. Figures 1 and 2 show different
configurations of CANDU fuel rod bundles.
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Figure 2:
Different Configurations of CANDU Fuel Bundles

Figure 1:
Example of Bruce 37 Element

Computational Methods: Using the heat transfer module in COMSOL Multiphysics, the
governing equations including continuity, momentum, and energy equations and their

appropriate boundary condition are as follow:

V-v=0 (1)
Dv
= po — Av.,
Py =P8 Vp + pAv, (2)
pCpV V2T + up + ¢ 3)
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The boundary condition for inlet and outlet velocities are 0.0196 m/s (Case 1), 0.0222
m/s (Case 2), 0.02461 m/s (Case 3), and 0.03004 m/s (Case 4). The inlet and outlet
velocities are equal. The boundary condition for rods is constant heat flux and the shell is
considered as insulation.

The geometry of the model is based on the specifications provided by CANDU 6
Technical Summary [1]. The specific material of the rods as well as the fluid was chosen
off of this source as well. Figure 3 shows the geometry of the rod bundle of 7 considered
for this investigation.
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Results: Figures 4 shows the variation of average heat transfer coefficient for center rod
and bottom left rod. As it can be seen by moving from the inlet toward the outlet, the
convective heat transfer coefficient for the bottom rod is decreased due to the increasing
of boundary layer thickness. However, for center rod this variation is very small. This can
be described, by considering the effect of other rods’ boundary layer on this rod and
narrowing the flow passage for center rod along the flow direction. Having a narrow
passage, the flow around the center rod acts like a flow inside closed tube, which the heat
transfer coefficient in it is approximately constant.
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Figure 5 shows the expected results of the average heat transfer convective coefficient for
all the rods for different cases in table 1. Figure 6 shows the expected gradual increase in
fluid temperature.
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