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Abstract

In order to compact layout the nuclear power plant and to change the pressurizer internal struc-
ture, a new design scheme with the arrangement of surge line and the electric heater tank of the
pressurizer was proposed, and the feasibility of the new pressurizer structure design is discussed.
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To flexibly arrange the electric heater, the new pressurizer adds an electric heater tank which is
located in the upper space of the pressurizer, and electric heater device is inserted horizontally.
Besides, surge line is changed to be connected from the upper head of the pressurizer to reduce
impurities entering the main loop. STAR-CCM was used to analyze the influence of the location of
heater tank, and the basic design parameters of the new structure were obtained, then established
the new pressurizer RELAP5 model, finally compared and analyzed with the traditional model to
obtain the stabilizing characteristic under power change cases. The results show that the position
of the water tank has little influence on the speed of pressure response, which can relieve the ten-
sion of the lower space arrangement and meet the steady pressure demand.
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Figure 1. Comparison of traditional pressurizer and new pressurizer structure. (a) Tradition-

al pressurizer structure; (b) new pressurizer structure
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Table 1. Design parameters of modular small reactor
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Figure 2. New pressurizer liquid volumes
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Figure 3. CFD grid structure of PRZ. (a) 2-D structure of PRZ; (b) discrete scheme of
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space grid; (c) schematic diagram of water tank position

KRBT N REE

3440 T T T T T T T T 15.40
—e— Fa AR

343.84 —m— BERE S - 15.38
©
X 3436 Lisse &
= :
ﬁ 343.4 L1534 %
o ] ] u 1
Al

343.24 1532

3430 T T T T T T T T 15.30

4 6 8 10 12 14 16 18 20
ks Rt /imm

Figure 4. CFD grid sensitivity analysis results
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Figure 5. Parameters curve of four different tank heights under inflow condition (a) Expansion of liquid phase space when
level rises at four heights; (b) spray rate curve at four different tank heights; (c) pressure curve at four different tank heights
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Figure 6. Parameters curve of four different tank heights under out flow condition. (a) Pressure curve at four different tank

heights; (b) pressure curve at four different tank heights
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Figure 7. New PRZ geometric parameters
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Figure 8. PRZ RELAPS model. (a) Traditional PRZ RELAPS5 model; (b) new PRZ RELAPS model
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Figure 9. RELAPS5 node sensitivity analysis results. (a) Comparison of PRZ pressure; (b) comparison of PRZ temperature
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Figure 10. Parameters curve of new and traditional PRZ under inflow condition. (a) Comparison of PRZ water level; (b)
comparison of PRZ pressure; (c) comparison of PRZ thermal stratification; (d) safety release valve flow rate; (e) spray flow
rate
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Figure 11. Parameters curve of new and traditional PRZ under outflow condition. (a) Comparison of PRZ water level; (b)
comparison of PRZ pressure; (¢) Comparison of PRZ temperature thermal stratification in liquid phase; (d) comparison of
PRZ electric heater power
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Figure 12. Parameters curve of under power increase condition. (a) Comparison of core outlet temperature; (b) comparison
of system pressure; (c) comparison of core outlet temperature; (d) comparison of PRZ water level; (e) comparison of system
flow rate
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Figure 13. Comparison of parameters under power decrease condition. (a) Comparison of system pressure; (b) comparison
of core outlet temperature; (c) comparison of flowrate in main loop
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