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Dynamic Characteristics for Fuel Shutoff Valve
of a Gas Generator

JoongYoup Lee* - Hwanil Huh**"

ABSTRACT

Fuel shutoff valve of a gas generator controls propellant mass flowrate of a rocket engine, by using
pilot pressure and spring force. The developing fuel shutoff valve can be self sustained even though
pilot pressure is removed in an actuator. Therefore, it is necessary to analyze the characteristics of
the forces with respect to the opening and closing of the valve in order to evaluate its performance.
In light of this, the valve has been designed to adjust the control pressure for the opening of the
poppet and to determine the working fluid pressure at which the valve starts to close. This paper also
has been designed dynamic model using the AMESim and predicted flow coefficient of the valve by
Fluent CFD analysis. Various results from the prediction and the analysis have been compared with

experiments. Finally, dynamic characteristics of the valve have been verified with experimental results.
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Fig. 5 Test results of flow coefficient
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Fig. 10 Test results of transient pressure in self
sustained mode of the GFV
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Ak A2 23] w4 W X AU Fimax  Maximum spring force at preliminary
3 Zo] $H G ARl FAE g, 5} deformation [N]
QlF o] oty o S A gd8 S S z]F
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O 721l tRAlo] orHE & 5 o} g o] =
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7 AY2AL ol gde] TAAFAF L Y 3 deformation N
E A7 A HQs =2 =3 2= 9
3 4 O}\_] dagh 2E238 452 5 3 Fynin Minimum spring force at operating
Atk W WY HAG el 34 RAF ¢ .
deformation [N]
WEl 2ol 9 Al dEe oF 23 %elw Hypi Minimum dimension for spring at
min
2 el GHE 3B % FET o A= initial state of the valve with
el a7 dE AREAS 7 A T allowance for manufacturing tolerance
2 3 7L Fi wn $HANS ARe fmm]
LR o T E X
Al QZW} dErtd &7 SWSA gere Hypnax  Maximum  dimension for spring at
1M 3 = o] & <3 FH 2ERT e .
I = - . clg A9 A = initial state of the valve with
ded W dE 84S CFD 48 S dn allowance for manufacturing tolerance
7b @34z WEsta e AradATE [mm]
A 5 S35 £3, AMESIm 2934 ] Hyp,i Minimum dimension for spring at
- oy - - min
ot A AA 23 %od 9y A9 dd open state of the valve with
Anel 4SS A W, GFV $4 A%S allowance for manufacturing tolerance
dZshe Wol® grEe AaE ST A4S o]
GEVEl ARAIZES oF 30 msel L ¥1% 5% 1, Maximum dimension for spring at
2max
Hep Aelg RY § sled 99 Ean 4 open state of the valve with
Y 24% FLA AAUS A3 BIEd A .
allowance for manufacturing tolerance
A " AR oF 8 msHith ol d FHFE 4 [mm]
mm
we AAdAe 9FE dSsha SAENE L Length of spring at preliminary
= = S =] — T 1
Ao FE AESE GFve 28, ¥4 deformation [mm]
BrFo] AA 2 A 28T 5 e AL
= Amed L, Length of spring at operating
7Tt
deformation [mm]
P, Upstream pressure [Pa]
Nomenclature
£ Downstream pressure [Pa]
P, Pressure at the Vena Contracta [Pa]
d . .
Diameter of the pipe [m] Prmax Maximum  pressure of flow at the
X Poppet lift [m] moment of closing [MPa]
2
A Area [m’] Ppin Minimum pressure of flow at the
Apr Effective flow area [m2] moment of closing [MPa]
c Average circumference of a frustum Poee  Maximum  inlet pressure at the
=7(d—zsina cosa) moment of opening [MPa]
G Stiffness of spring [N/mm] Popin  Minimum adopted inlet pressure at
G Discharge coefficient the moment of opening [MPa]
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Pomax  Maximum pressure of flow at full duo=d
open status [MPa]
=) S ":r" ] = 2= "
Pomin  Minimum pressure of flow at full A, SES, AEE, olF Akl 7
open status [MPa] ae AEgel 4@ A7 diﬂ—'j—j’i}
Ppmax  Maximum pressure of flow at full I@]‘X], #3738, A|8%., 2009, pp.812-818 i
close status [MPa] . T, olgE, "ibskAl JHHEEBE ) FAF Y
S = 3.6} 35 = o) e =
Ppmin  Minimum pressure of flow at full F=Fdeers)  EASEWS, 2008, pp.
close status [MPa] 1417
Q Volumetric flow rate [m®/s] . Cho, T. D, Yang, S. M., Lee, H. Y,, Ko, S.
Rinex  Compression force including H., " A study on the force balance of an
maximum margin  at  preliminary unbalanced  globe valve", Journal of
deformation [N] Mechanical Science and Technology, Vol. 21,
R Compression force including minimum 2007, PP.814-820
margin at preliminary deformation [N] . Design documentation, "Technical specification
Romse  Compression force including and analyses of the LOX supply system and
maximum margin  at  operating its components for cryogenic LRE", Brochure
deformation [N] 2, 2009 ‘ )
Ronin  Compression force including minimum + D McCloy, H"R' Martm,' Control of Fluid
margin at operating deformation [N] Power : Analysis and Design, 1980
g A £ piston [mm?] Herbert E. Merritt, Hydraulic Control
1 rea of piston [mm
P P 5 Systems, 1967
2 Area of poppet rod [mm’] 7. Philip L. Skousen, Valve Handbook, 1996.
53 Area of poppet cylinder [mmz] 8. o144, AT, ALy, 19=E, "HRPFZ »
5 Area of poppet seal/seat [mm’] AFE 98 g=HXAA Y EA #HBI A7,
Timax  Maximum friction force of motion for S F2F 8 E A, A8, A3E, 2004, pp.
O-ring(1) [N] 27-36
Tymax  Maximum friction force of motion for olFq, e, IR, FIE, “AJUEE
O-ring(2) [N] o]&3 AAZAAN RAA LT 547, =
Tymax  Maximum friction force of motion for FR33 A, A9H, A3, 2005, pp.74-84
O-ring(3) [N] 10. Lee, J. Y., Design memo for test of the
T Friction force of rest for O-ring(1) [N] GFV, FLT-LJY-2009-004
T, Friction force of rest for O-ring(2) [N] 11. Imagine S. A., Thermal-Hydraulic Library
Ty Friction force of rest for O-ring(3) [N] for Component Design, 2003
a

Half poppet angle
Fluid density [kg/m’]





