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1. Introduction

Plate-type fuel assemblies have been widely used in
the research reactors to enhance power density. This
type fuel assembly consists of a number of fuel plates,
supporting plates, cooling channels between the fuel
plates, common inlet and outlet plenums. The cooling
channels are completely isolated from each other so that
the cross flow between the channels does not occur.
Hence, if onset of flow instability (OFI) takes place in
any one of cooling channels during the flow blockage
accident in a plate-type fuel assembly, it can develop
CHF and cause OFI in an adjacent cooling channel.
This phenomenon is called flow instability propagation,
one of the greatest concerns in safety analysis of
research reactors. Therefore, it is necessary to precisely
assess the two-phase flow instability in a narrow
rectangular cooling channel and its propagation caused
by the flow blockage in order to improve the safety of a
research reactor. In the present work, CFD analysis was
performed to assess the capability of the CFD code in
predicting OFI in a narrow rectangular cooling channel
under low pressure.

2. Methods
2.1 Experiments

Whittle and Forgan [1] conducted a series of
experiments of two-phase pressure drop in the narrow
rectangular channels as well as a round tube near
atmospheric pressure and obtained OFI data, which
represents the minimum point of the channel demand
curve (pressure drop curve) as shown in Fig. 1. Detailed
information of five different types of test section used in
experiments is summarized in Table 1. In the present
work, two different set of the experiments with
rectangular test section, No.1 and No.3, were selected
for the assessment of the applicability of the CFD code
in predicting OFI.

2.2 Numerical Method

Two-types of simulation including steady state and
transient simulation were performed using a commercial
CFD code, CFX 16.1, where two-fluid model based on
Eulerian multiphase flow are used with a conventional
wall boiling scheme [2]. In addition, various local
boiling models, such as Kocamustafaogullari’s bubble
departure model [3], Hibiki and Ishii’s nucleation site

density model [4], were implemented in the code to
calculate heat partitioning on the heated wall at low
pressure condition using user defined function (CFX
Expression Language, CEL function). The rectangular-
shaped computational domain consists of heated region
(both side heating) and two unheated regions located in
upstream and downstream of the computational domain
as shown in Fig 2. The inlet boundary condition is set
mass flow rate at the entrance of the computational
domain and the outlet boundary condition is modeled as
a relative pressure of 0 Pa at the end of computational
domain. The experimental conditions for the present
simulation are summarized in Table 2.

Table 1: Details of test section [1]

No. Gap (mm) Width (mm) | Heated length (mm)
1 3.23 25.4 609.6
2 2.44 25.4 406.4
3 2.03 25.4 406.4
4 1.40 2.54 533.4
5 Round tube dia. = 6.45 (mm) 609.6
Table 2: Experimental conditions
Case Test Inlet temp. | Outlet press. | Heat flux
section (°C) (kPa) (kW/m2)
Cl 55 117 1040
C2 No. 1 45 117 820
C3 60 117 1100
C4 65 117 1100
C5 No.3 55 117 980
Cé 55 117 660
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Fig. 1. Schematic of channel demand curve for an imposed
heat flux condition
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Fig. 2. Schematic for computational domain

3. Results

The calculated two-phase pressure drops are
compared in Fig. 3 through Fig. 6 with the experimental
data. It is found that the CFD code with the models
implemented in this study can predict the tendency of
two-phase pressure drop that the pressure drop increases
after the initiation of OFI although the mass flow rate
decreases. For pre-OFI region of all the simulation cases,
the CFD result shows a good agreement with the
experimental data (P/M= 0.9). In case of C1 used in test
section No. 1 with relatively large gap size, however,
CFD code gives worst performance with a maximum
20% difference for post-OFI region (Fig. 3). The
calculated mass flow at OFI point is presented in Table
3. The CFD code slightly under-predicts the measured
mass flow rate by about 10% except for C6 case (C6
case= 14%). These results show that it is possible to
predict OFI under low pressure in a narrow rectangular
channel using a commercial CFD code with the models
implemented in this study.

Table 3: Comparison of the mass flow at OFI point

Case Calculated mass Measured mass flow P/M
flow rate (kg/s) rate (kg/s)
C1l 0.182 0.194 0.94
C2 0.143 0.154 0.93
C3 0.215 0.231 0.93
C4 0.159 0.172 0.92
C5 0.111 0.123 0.90
C6 0.073 0.085 0.86
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Fig. 3. Comparison of the experiments with CFD result (C1)
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Fig. 4. Comparison of the experiments with CFD result (C2,
C3)
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Fig. 5. Comparison of the experiments with CFD result (C4,
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Fig. 6. Comparison of the experiments with CFD result (C6)
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