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Flow and Heat Transfer Analysis of
a Reactor Coolant Pump in Transient Conditions

N. Hur, S. Kim, K-P. Yoo, S. T. Kim
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ABSTRACT

The structural analysis of a reactor coolant pump(RCP) of a nuclear power plant is very important for the
safety assessment of the plant. Accurate boundary conditions for the heat transfer coefficient are required for
reliable thermal stress analysis of the pump casing, especially in transient operations of the pump since the
coolant properties are largely dependent on operational conditions. In the present study, a 3D mixed flow
type coolant pump was modeled from the RCP drawings and analyzed in the steady state and number of
transient flow conditions by using a commercial code STAR-CD. From the result of the computation, it is
seen that the average heat transfer coefficients for the cases considered are found to be the suggested

values of the manufacturer, Westinghouse Energy System. The unevenness in local heat transfer coefficients,

however, is found o be considerable so that the use of average heat transfer coefficients in all boundaries

might not give reliable thermal stress predictions.
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Fig. 1 Computational grids of casing of RCP
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Table 1 Properties of water and initial condition for steady state

Temperature %5 K
Pressure 16 MPa
Density 7414 Keg/m®
Rotational speed of the impeller 1188 rpm
Inlet velocity 12.28 m/sec

Table 2 Operation on transient conditions

Case Operation
1-1 Heat up
1-2 Cool down
2 Reactor trip w/cool down & SI
3 Inadvertent RCS depressurization
4-1 Excessive feedwater flow loop w/failed valve
4-2 Excessive feedwater flow loop w/o failed valve
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Fig. 4 Pressure contour plot (Steady state)
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Fig. 5 Heat transfer cosff. contour plot (Steady slate)
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Fig. 6(a) Transient conditions and heat transfer coefficient results for various operation conditions
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Fig. 6(b) Transient conditions and heat transfer coefficient results for various operation conditions
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