F=FAE 5 20079% EAGENHS =83 pp121~127 2007 KSPE Spring Conference

Analysis of Pressure Relief Valve Considering Interaction between
Valve Stem Motion and Flow

Nam-Kyung Cho* - Dong-Soon Shin* - Sang-Yeop Han* - Young-Mog Kim*

ABSTRACT

Direct acting pressure relief valve applicable to propellant tank of launch vehicle is modeled in
this study. The flow resistance of the partially opened valve is modeled as a function of the
distance of the valve stem from the resting position. The position of the valve varies transiently
as a function of its mass, the spring force, sliding friction, and the pressure differential. Choking
at valve throat and compressibility are considered for the analysis. This study presents systematic
analysis method for pressure relief valve applicable to propellant tank of liquid rocket. The
results shows transient flow resistance caused by stem motion and the importance of choking at

valve throat for pressure relief valve design.
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A : area

A: poppit area

A, orifice area

A, vena contractor area

C}: stem friction coefficient

D : diameter

F, : pressure force acting on poppet area

£ friction force

F; : Initial force due to spring

NOMENCLATURE

F, : spring force

k. : spring constant
M,: stem mass

P,,: upstream pressure

P,,.,: downstream pressure

R : radius

t: time

X,: initial spring compression length

X,: spool displacement
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Fig. 1 Schematics of pressure relief valve
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Fig. 3 Schematics of orifice flow
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Fig. 4 Flow area with poppet displacement
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Table 1. Reference specification of pressure relief valve

Parameters Reference values
Cracking pressure 5 bar
Initial pressure 7 bar
Tank volume 03 m’
Poppit diameter 2 cm
Poppet area 3.2 cm’
Spring constant 452 N/m
Spool friction coefficient 371 N.s/m
Poppit angle 60 deg.
Table 2. Analysis variables
No. Variables
choking Y
1 compressibility Y
Valve parameter Doosr Kot
choking Y
2 compressibility N
Valve parameter D B
choking N
3 compressibility Y
Valve parameter Do K
choking N
4 compressibility N
Valve parameter Do Kot
choking Y
5 compressibility Y
Valve parameter 05D, ., D,.; 2D, ;
choking Y
6 compressibility Y
Valve parameter 05k, ky 2k
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Fig 5. System pressure transient with varying modeling

method
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Fig. 6. Vent flow rate transient with varying modeling

method
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Fig. 8. System pressure transient with varying
poppit diameter
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Fig. 10. Spool displacement transient with varying

poppit diameter
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Fig. 11. System pressure transient with varying spring

constant
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Fig. 12. Spool displacement transient with varying spring

constant
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