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Validation of the discharge force analysis method and key influence factors study
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Abstract [Background] Pilot operated safety valve is widely used in the design of generation-III nuclear power
plant (NPP) to provide overpressure protection function. Compared with safety valves used in generation-II nuclear
power plant, pilot operated safety valve has much shorter opening time, hence generates great discharge force.
Discharge force analysis is crucial to the design of pressurizer discharge pipe of the 3rd generation advanced nuclear
power plant. As a necessary input for stress analysis, discharge force is important for evaluating whether the pipe
design and pipe support design is reasonable. [Purpose] This study aims to develop and validate a set of dischage
force analysis method for 3rd generation NPP. [Methods] Based on the previous study of basic discharge force
analysis method where the RELAPS was used to model the thermal-hydraulic process and the force results deduced
through post-processing, further validation of the proposed discharge force analysis method was processed by
simulating the EPRI PWR Safety and Relief Valve Test in this study. Key influencing factors, such as valve opening

time, seal temperature, seal volume, et al, were investigated to give useful suggestions for design. [Results] It is
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found that valve opening time, seal temperature, and seal volume has a great influence on the calculation results, and

the law of influence is very complicated. [Conclusions] It is proved that the RELAP5 code could be used to model

the complex discharge process, and the method developed can be applied to engineering practice.
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Fig.1 Systematic diagram of the control cell
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Fig.2 Flow chart of discharge force analysis method
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vertical section (b)

P 2t T g PR SR BT A 55
e G R, 414 T RAT BT R
o, AT B BB BRI 5 50 B 2 R
i 22915 20% BLIA + 34 Tk F 8 B, 56— A B U
LB AT S A A B 3
BTV S BN 25.3% 11T IS I

SR B P ARR Bh # ROd FE , T AR 1 rp S e A AH 5%
T R R Z I TE 30% LA, AEHEAT SEBR I R )
AV IEEN R a7 S P R R R AU R R i N N
P AEAE AN » B AR ST 3 ST (1 3 7 iR 5
VRZE S A] LA 32 1, 38 I RS2 45 B EE 8 R T ik
R B BATAS A 9 2 TR N 75K

040007-3



% AR

2020, 43: 040007

Simulation Results|

Force / 10 N

| 1
0.2 03
Time /s

0.4

&5

e ELE B (a) AT B () A A T 545 SR 5 S

z
=
P
4
=
= gk Simulation Results
----- Data
,1 2 | | 1 | ]
0 0.1 0.2 03 04 05
Time /s
EAE e

Fig.5 Comparison between the calculation rsults and the experimental force results of vertical section (a) and horizontal section (b)
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Table 1 Discharge force comparison results
SIG 4 Bt Experimental results RELAPS #8455 {2 Deviation
Analysis results using RELAPS
REER UM MINZ 0.096s  EEANEE HIINZ 0.113s HNEE HIEZ 0.017s
Vertical The first Time The first Time The first Time
pipe peak K/hValue  52671N  peak K/NValue 46 825N peak KN Value  11.1%
HANEE HIU Z 0.115 s ENEE HBIEZ 0.151s TANEE HIIEZ 0.036s
The second Time The second Time The second  Time
peak K/ Value  -56 672N peak K/hValue  -46 016 N peak K/ Value  18.8%
P BFERIRG 0.019s WM BFEIERE 0.038s —
Two peaks Time interval Two peaks  Time interval
KB B NEE MBINZ 0135s H R HIINZ] 0147s HNEE HIINZ] 00125
Horizontal The first Time The first Time The first Time
pipe peak KN Value 77892 N peak K/NValue 89092 N peak K/ Value  14.3%
BN PN Z] 0248s AR HBINZ 0209s  EAMNEE MBI Z] 0.039s
The second Time The second Time The second  Time
peak K/NValue 66478 N peak K/NValue 49 644 N peak K/ Value  25.3%
P BFERIRG 0.113s BN BFRIERE 0.062s —
Two peaks Time interval Two peaks  Time interval
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Table 2  Sensitivity of valve opening time analysis results

W Ja i 1) 8 B BORAT U B KT BT I
Valve opening  (HUZEX{ED A 8D
time /s Force peak value Force peak value
of the vertical pipe  of the horizontal pipe
(absolute value) /N (absolute value) / N
0.1 595 839 589 139
0.3 545186 552 167
0.5 244 543 281 868
0.7 76 752 142 929
0.9 35918 82 437

*3 KFREHRMEDITER

Table 3 Sensitivity of seal temperature analysis results

KEHRE R BRI I B AR A VB
Seal (@I ENORD) CHR A8 6B

temperature Force peak value of Force peak value of

/°C the vertical pipe the horizontal pipe
(absolute value) / N (absolute value) / N

30 343 944 370 074

50 244 543 281 868

70 273 883 293 845

90 268 948 295 567

110 130253 166 073
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Table 4 Sensitivity of seal volume analysis results

IKEAR B B B 1A TRV BT e B
Seal (A RHED (IR 3ED

volume Force peak value of Force peak value of

/m’ the vertical pipe the horizontal pipe
(absolute value) / N (absolute value) / N

11.1x107° 249 909 260 001

22.2x107 187 466 215333

33.3x10° 273 883 293 845

44.4x10° 470518 498 303

55.5x107° 633 348 617245
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