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Optimum design of direct spring loaded pressure relief valve in
water distribution system using multi-objective genetic algorithm
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ABSTRACT

Direct spring loaded pressure relief valve(DSLPRV) is a safety valve to relax surge pressure of the pipeline system. DSLPRV
is one of widely used safety valves for its simplicity and efficiency. However, instability of the DSLPRV can caused by various
reasons such as insufficient valve volume, natural vibration of the spring, etc. In order to improve reliability of DSLPRV, proper
selection of design factors of DSLPRV is important. In this study, methodology for selecting design factors for DSLPRV was
proposed. Dynamics of the DSLPRV disk was integrated into conventional 1D surge pressure analysis. Multi-objective genetic
algorithm was also used to search optimum design factors for DSLPRV.,
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Fig. 1. Free body diagram of direct spring loaded pressure
relief valve.
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Fig. 3. Flowchart for multi-objective optimization of direct
spring loaded pressure relief valve.
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Table 1. Optimum design factors of direct spring loaded pressure relief valve
Closing| dH Valve Coefficient | Spring Constant  Precompression Mf.iss of szximum Diameter
Time (m) NIB (m/h/bar”?) (N/m) (m) moving part | moving range (m)
(kg) (m)
1 135.63 0 9.53E+04 8.46E+06 0.050 11.04 9.76 0.61
1.5 80.96 2 6.41E+04 5.39E+06 0.045 24.99 8.81 0.61
2 57.39 2 2.04E+04 8.05E+06 0.035 38.55 3.72 0.77
2.5 43.33 2 4.14E+04 3.98E+06 0.035 20.14 8.52 0.60
3 34.60 2 1.63E+05 9.23E+06 0.006 50.05 7.57 0.43
3.5 28.73 2 2.40E+04 7.02E+06 0.041 37.10 7.51 0.97
4 24.62 2 7.82E+04 8.80E+06 0.009 55.19 5.77 0.53
4.5 21.62 0 1.99E+04 5.43E+06 0.035 34.93 5.88 0.81
5 19.34 0 4.41E+04 9.77E+06 0.012 62.75 6.60 0.67
5.5 17.53 2 3.67E+04 8.13E+06 0.013 49.38 4.64 0.67
6 16.10 2 2.09E+04 6.82E+06 0.021 43.02 4.55 0.79

dH : Difference between maximum and minimum head
NIB ; Number instability behavior
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h = Pressure head.

0 = Flow rate.

c = Wave speed.

g = Gravitational acceleration.

A = Cross-sectinoal area.

D = Diameter.

f Darcy-Weisbach friction factor.

Fiter = Force at direct spring loaded pressure relief
valve inlet.
Foutier = Force at direct spring loaded pressure relief

valve outlet.

Fpring = Force by the spring.

Eoprecompression = Force by the precompression of the spring.

Fra = Force by acceleration of the disk.

Fog = Force by the gravitational acceleration.

P = Pressure at direct spring loaded pressure
relief valve inlet.

Poutter = Pressure at direct spring loaded pressure
relief valve outlet.

m = Mass of the moving part of direct spring
loaded pressure relief valve.

aq = Acceleration of moving part of direct
spring loaded pressure relief valve.

Aisk = Cross-sectional area of direct spring
loaded pressure relief valve.

k = Stiffness of spring.

Xpe = Amount of precompression.

Xmax = Mximum distance of moving part at
direct spring loaded pressure relief valve.

kvo = Valve coefficient

At A}

2 dA3E @R FEdY A7 NEArY
(RE201606133)"2.2 2|9 ¥ro wpA|yct F=31 3t
= AR “o]FEOF7| = AANY] (NRF-2017R1A
6A3A01075847)” o] Aol FrAFEH YT}
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