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Analysis of operating characteristics and design review

of oxidizer fill-drain valve
Je-Sun Jang*, Oh-Sung Kwon**, Kyung-Won Lee***, In-Hyun Cho****

Abstract

A fill-drain valve is operated by provided control gas at the ground for liquid
propellant feeding system of space launch vehicle, which fills or drains on-board
propellant tanks with a cryogenic oxidizer. We have analyzed and modified the data of
fill-drain valve designed by Yuzhnoye. The simulation model of fill-drain valve is
designed by using the AMESIim code to predict and evaluate the dynamic characteristics
and pneumatic behavior of valve. In this study, we performed a dynamic characteristic
simulation on design parameter. And we could predict opening/closing time and
pressures, operating performances on design parameters. This study will serve as one of
reference guides to enhance the developmental efficiency of fill-drain valves with the various
operating requirements, which shall be used in the Koreanized Space Launch Vehicle.
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Parameter Value
Initial position closed
Type Poppet valve
. . LOX,
Working medium(WM) .
nitrogen
WM temperature, [K] 73~300
WM max inlet/outlet pressure 1
at proof test, [MPa]
WM max pressure difference
between outlet and inlet in the 0.5
moment of opening, [MPa]

WM max inlet/outlet pressure
in the moment of closing, 0.5
[MPa]
Pilot gas Helium
Pilot gas pressure, [MPa] 6~8
Branch passage diameter, [mm]
inlet and outlet 100
drain / pilot 4/ 6
Flowrate(Cv) 300
Action time, [s] at opening <05
at closing <04
Mass, [kg] <14
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Parameter Value
Initial position closed
Poppet
T
ype valve
. . LOX,
Working medium(WM) .
nitrogen
WM temperature, [K] 73~300
WM max inlet/outlet pressure 1

at proof test, [MPa]

WM max pressure difference
between outlet and inlet in the 0.5
moment of opening, [MPa]
WM max inlet/outlet pressure

in the moment of closing, 0.5
[MPa]
Pilot gas Helium
Pilot gas pressure, [MPa] 6~8
Branch passage diameter, [mm]
inlet and outlet 100
drain / pilot 4/6

Flow rate(Cv) 300
Action time, [s] at opening <0.5
<04
<14

at closing

Mass, [kg]
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A4z 1} Yuzhnoye
(Fluent) oA Zm}
Flow rate 69.6 7916
[kg/s]
Flow 294 328
capacity, Cv
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I 4 Spring's marginal forces and lengths

Spring height Stiffness Force

in valve [m] [N/m] [N]
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2! 3 Closing of the valve
1 - plate, 2 - deformed flexible shell, 3 - restrictor

Non-jamming %71
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1 - sealing projection of the seat, 2 - insert.
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Valve stroke [m]

A715 bar AP=10 bar

- Full opening pressure

] I 10 n T E 1] 0 50 8 70

Opening pressure
Pilot pressure [bar]

12! 6 Opening pressure of fill-drain valve

E 6 Opening pressure of fill-drain valve

Force balance AMESIim analysis
Pressure equation [MPa] [MPa]
condition P(opening) / P(opening) /
[bar] P(full opening) P(full opening)
Pin=5/
0.54 / 1.562 0.56 / 1.56
Pout=5
Pi=5, 262 / 3.64 268 / 3.68
Poy=10 . . . .
Pir\=5/
471 / 5.73 481 / 5.80
Poug=15
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Actuator Spring 2
e u,\@ Il
1

Spring 1

iy orifice 0
Pilot £
pressure
Ll
R
Inlet/outlet

seat

Bellows

FIeX|bIe shell

in

Outlet

Inlet =

12! 7 Modeling of fill-drain valve for action time

Input condition = 2

8
i

1P,=60bar
| ™ P=40bar
™ Pyi=50bar |

Valve stroke [m]

P,,=80bar

E

P,;730bar (not opened )

’ muT T 105 110 T;s 120 1?5 130
Opening time

time [sec]

12! 8 Max Opening time of fill-drain valve
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E 7 Max Opening time of fill-drain valve

Condition Opening time
Differential eq. .
P1=1 bar, AMESIim
of movable .
P2=6 bar analysis
system
Ppiloy=6MPa 0.028 sec 0.027 sec
P(pum)=8MPa - 0.010 sec
0,040 1 i
? .......
'_éuuao—
Q
X geeag sy,
E N SR
:ouzo- o s\ ""“,\‘7 P,,=100bar
= "\ LY \\
s P,,=60bar '*-,‘—:‘\ e By80bar
00104 - BN
PocdObar —>, N
R T
h i W A N
%, K vy, B
, T T
1.00 1\‘)2 1.04 |$E \'08 11‘0 112
Closing time
time [sec]

32! 9 Max Closing time of fill-drain valve

H* 8 Max closing time of fill-drain valve

Condition Closing time
Differential eq.
Pus5 bar, | oo ST AMESim
of movable .
Pou=5 bar analysis
system
Ppio=6 MPa - 0.115 sec
Ppilor=8 MPa 0.10 sec 0.12 sec

2.3 MEH SH/HE WH HSSYH Y
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RIS SIS el A HE 9 2 54 24
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S7betAth A dAFoolE e BAER &F¢-F
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AARE] At 4 AH4E FIAE & & 3
So]l Wyl ZF A7t 5 HAY FHE A
371 fsiMe 719 AZAol HAdl ¢F 03 mmE
FAsE Aol mEAE Aoz ddrdth 7Y
17d0] 0.36mm ©]4Y o= 7|doA WAy
2 Az Aol WA, o2 A3 AE
ol R o= osdEr)

ox rr X 4

0,040

0,030

E 1 i
s : : 4 '
o020 &4 i !
%’ i v H
S ! H {32
£ ! i O oe033mm \nK=u.aﬁmm
2 fi o 08
bS] i i =0.3mm
f: 1 1HIK
o010 44 \ i
{ i T pc02mm
g8 g
B H kg
/i Phe0tim
54 ri -'/
L ko’

1.00 102 104 108 108 110
time [sec]

2! 10 Opening time for clearance on diameter

E 9 Opening time for clearance on diameter

Clearance diameter Opening time
(mm) (sec)
0.1 0.016
0.2 0.019
0.3 0.026
0.33 0.034
0.36 0.065

£ 10014 FA/E wEe HAR e
ANF eeuz HA9 Wae e A A7
& Adstge. 292 H730] 4 mm olH=
a7 A D70 6 mmQ W B 24%F
Azkol o 7o) ol’% ZrAn WH MA AR
o 2752 44L 6 mm AAEUL e
e AR FAN AW 84 A5YL e

R
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F 10 Opening time for orifice diameter

Orifice . S
. Opening time Closing time
diameter (sec) (sec)
(mm)
4 0.217 0.390
5 0.155 0.261
6 0.030 0.187
7 0.018 0.143
8 0.015 0.113
Y 19 TS 8B Ql/ET 9
Ao e 29 AR AME Tk 4T e ol
1 baro]2 &7 ¢Ho] 5 barZ ¢F 5uje] ¥
Y e 23 AlZte] 0.047%, A/ETS o4E
o] & w= WB A 23 AZto] 012% =

0.040

.:
3

Pou=5bar

Valvg stroke [m]
8

0010

\ . : : : )
1.00 1.02 1.04 1.06 1.08 110 112
time [sec]

12! 11 Closing time for pressure difference

E 11 Opening time for orifice diameter

Oulet tank
pressure (bar)

Inlet tank
pressure (bar)

Closing time
(sec)
0.047
0.052

5 0.058

0.067

0.120
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