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Analysis of jet device transient feature during start-up period of primary pump

CHEN Hui ZENG Wenjie ZHANG Dongnan YU Tao

(School of Nuclear Science and Technology, University of South China, Hengyang 421001, China)

Abstract Background: The jet device composed of jet pump and primary pump has the advantages of simple
structure and high reliability, and it is suitable for the special environment, such as radioactive, flammable and
explosive. It is helpful to improve the inherent safety of the reactor by introducing the jet device as primary pump for
Marine Reactor X (MRX). The sudden increase of the coolant flow rate of the reactor leads to the change of the core
temperature during start-up period, which affects the safety of the core operation. Purpose: This study aims to obtain
the jet device transient feature during start-up period of primary pump in the MRX which introducing the jet device as
primary pump. Methods: The primary loop circuit system is modeled with a 3-dimensional (3D) Computational Fluid
Dynamics (CFD) code FLUENT, and transient characteristics at 10% full power (FP), 17.5% FP and 25% FP core
power conditions were analyzed during the stage of primary pump startup. Results: The analysis results show that the
jet device can effectively improve the natural circulation ability of the primary loop circuit system, reform the initial
flow rate and slow down the trend of coolant temperature change during start-up period of primary pump, so it can
improve the safety of the transition. On the other hand, there are some unfavorable factors of reactor safety during
start-up period of primary pump, such as the temperature of the primary circuit fluctuates (the greater the core power,
the greater the fluctuation range) and the high flow rate of jet pump. Conclusion: The design of jet device is feasible
to improve the safety of MRX, but the real use also needs some adjustment.
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Fig.1 Schematic diagram of jet pump.
1) Suction chamber, 2) Nozzle, 3) Throat entrance, 4) Mixing
throat, 5) Diffuser

Steam
Generator

Secondary

Main Pump
Jet Pump

2 FRKHELAEREE
Fig.2 Working flow of PWR.
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Fig.3 3D model of primary loop circuit system.
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Table 1 Comparison between the calculated and the design value at the forced circulation.
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Fig.4 Comparison between simulation value and theoretical
value of natural circulation flow.
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