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1. Introduction

When a reactor is shut down, the decay heat is
removed by the natural circulation passing through the
reactor core and IHX (Intermediate Heat Exchanger).
In this situation the flow in the core and IHX is small
compared with that in a normal operation. If one
correctly simulates the fluid flow and heat transfer in
this situation, adequate experimental correlations, which
are accurate enough to model the low-flow, must be
used. The objective of the present study is to evaluate
the current correlations used in the design code for a
reactor core and IHX thermal hydraulics. Only the
pressure drop correlations are investigated due to the
limited heat transfer correlations reported in the
literature for a low-flow situation. The pressure drop
correlations at the core inlet orifice, wire-wrapped fuel
assembly and tube bundle in the IHX are evaluated
through a comparison with the experimental data and
new correlations.

2. Pressure Drop Correlations

2.1 Pressure Drop Correlation for Core Inlet Orifice

The pressure drop correlation for a core inlet orifice
adopted in the present study is the correlation developed
by Nam et al.[1]. The correlation can be written as
follows;
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A detailed description of the variables in the correlation
is reported in Nam et al. [1]

2.2 Pressure Drop Correlation for a Wire-Wrapped
Fuel Assembly
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The pressure drop correlation for a wire-wrapped fuel
assembly investigated in the present study is that by
Cheng and Todreas [2]. This correlation can be
described as follows;
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2.3 Idelchik Pressure Drop Correlation [3] for IHX
Inclined Flow
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2.4 ESDU Pressure Drop Correlation [4] for ITHX
Inclined Flow
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3 Results and Discussion
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Figurel shows the comparisons of the pressure drop
correlations for the inlet orifice and wire-wrapped fuel
assembly with the experimental data. We can observe
that the correlations agree very well with the measured
data, especially in the low Reynolds number region.
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Figure 1. Pressure drop correlations for the inlet orifice
(left) and wire wrapped fuel assembly (right) with
experimental data
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Figure 2.Comparison of Idelchik and ESDU correlations
with measured data for different angles of inclination

Figure 2 shows that the Idelchik and ESDU
correlations are accurate enough to be used for the
engineering problems. It is noted that the correlation
used in the ASTEEPL design code is Taborek’s
correlation. Since the Idelchik and ESDU correlations
can be easily implemented in the ASTEEPL code, it is
better to apply the three correlations to the calculations
of the pressure drop in the IHX shell side and a change
of mass flow rate during a pump coastdown. Figure 3
shows the comparison of the predicted pressure drop in
the low-flow region in the IHX. We can observe that
the three correlations result in nearly the same solutions
while the Taborek’s correlation (ASTEEPL in Figure)
slightly under-predicts the pressure drop. Figure 3 also
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shows a change of the mass flow rate predicted using
the three correlations during a pump coastdown. As
shown in the figure, the three correlations produce
nearly the same solutions.
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Figure 3. Pressure drop in IHX shell side (left) and the
change of mass flow rate during the pump coastdown
(right) predicted using the three correlations

4. Conclusions

An evaluation of experimental correlations for a
pressure drop in a reactor core and THX in a low-flow
region is presented. It is shown that the correlation by
Nam et al.[1] for the inlet orifice and that of Cheng and
Todreas[2] for the wire-wrapped fuel assembly are
accurate enough to be used in a design code. The
Idelchik and ESDU correlations produce nearly the
same solutions for four different inclinations. The
correlations are also applied to the predictions of the
pressure drop in the IHX shell side and a change of the
mass flow rate during the pump coastdown, and it is
shown that the three correlations produce nearly
identical solutions.

REFERENCES

[1] H. Y. Nam, J. M. Kim, K. W. Seo and S. K. Choi,
Development of an Experimental Correlation for a
Pressure Loss at a Side Orifice, Journal of Fluid
Engineering, Vol. 127, p.388, 2005.

[2] S. K. Cheng and N. E. Todreas, Hydrodynamic
Models Correlations for Bare and Wire-Wrapped
Hexagonal Bundles Bundle Friction Factors,
Subchannel Friction Factors, and Mixing Parameters,
Nuclear Engineering Design, Vol. 92, p. 227, 1986.

[3] L. E. Idelchik, Handbook of Hydraulic Resistance,
2" edi, Hemisphere Pub. Co., 1986.

[4] ESDU, Cross Flow Pressure Loss over Banks of
Plain Tubes in Square and Triangular Arrays Including
Effects of Flow Direction, Engineering Science Item No.
79034, 1979.



	분과별 논제 및 발표자




