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A Study on the Force Balance of a Main Oxidizer shutoff Valve

JaeHyoung Jeon*, Moongeun Hong**, HyunJun Kim*** and SooYong Lee**

ABSTRACT

A MOV(Main Oxidizer shutoff Valve) controls the flow rate of liquid oxygen into the
rocket combustor by opening and shutting operations piloted by a pneumatic force. In
order to improve the effective design for sealing parts of poppet and piston assemblies,
the poppet assembly has been designed to be just contacted with the piston assembly.
However, to avoid a gap at the poppet/piston contact surface and to evaluate the MOV
operating performance, an analyze on the force balance during the closing motion have
been performed. For the accuracy of the analysis, the friction forces and the hydraulic
forces have been respectively obtained by experiments and CFD analysis. Through the
analysis, some important design parameters such as the spring constant, poppet friction
and orifice size in the force balance have been introduced and the required operation
performance of the MOV has been proved feasible.
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Fig. 1. Sectional photo of MOV
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Fig. 3. Schematic of friction test

Fig. 4. Valve test equipments
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Fig. 6. Results of friction test

2.0sec F<t Obarol A 33bar 7}A] Ado =2 7}t
S 3lal gl 20sec B Aoz sl
Fig. 6ol Axd 2319 94X W& ¢=HS 73
o e FaEY vpEE A2y Fo F
Hoh AXHE @87} XLE@}‘:’E ad g S

¢

& A FIHES A wE APS ol
2o gAAE AR ge) FEe Be
sk,
WEAs A AEEst gthn Bess 7
oA, fIx0] W e BAZ 1A
2 5otk 4 @4 A5 ot 228y g5
£ Eaa wE, 229 Y= JX0] B A
oz %@ HB= At A 9 v
4 (G)3% 2ol Fgel U AFF52 BT
Fy=f(F,) =aF, +b ®)
F.=cx+d (6)

Fig. 6914 =9 H—rv:g
A ((HE FA, VSR
7} end-coil effects®] °§§>

ol9] 60%E I3 HES
gt & e o] &3t

e Jo 4o Mo
o Y M r”lo



816

B T Bl

AGA o R e] TE T A
4 @3 A@el Hgstel, Agstw 74 35E
T¥ % gtk vhEY AgelAe wB A% A
NEET 9 kel @ olgetey] W
EFtONEhl%:F‘ﬂ‘ﬂﬂ<?ﬂﬂﬂF‘

e gxel WF P2 Bdo] Vs, WS
Nﬂuvmwl%LﬂmH1ﬂ6V7+@uﬂa
T whaEe] Age Fejuid 2 Telrt 9

NeR
[eRR=1
T

=

3.1.2 ANEZd L

B2 ZE Al g2E gleeve’} PRI E
& & L, o] YFoz Wy
4ol mE} o] WHIlsle ASE UE
o} Ao A 15003), A4 12003 ¥HE
Algo] o]FH 1 Slgo M2 wpgE o] Ak
Fig. 7914 & 4 St} o] mpaEe Fto] f1S
o] gro= Zb qtElo gk wiEEe] AFgE H
%<8 Aotk %7] 30039 WEZAE A9
vz o] FA LMo mpEAYEBT A JEy

[o tlo Jz

I
=

o

oy, a1 ol AFe HEHAE AL B F
Aok 44 MOV %% $7o] FA e o]x
HENSTL 2% BA 9 P e
W, FAL gEdAe] A5 6003 oA A
2345 JHE BA H&sd 2 Aer #
l2dl=3
FAe AguelAel vidEe Wy B
sleeved] @& o] L FA LAY sleeve
A= Wdlel] 23 sleeved WHE Aolo <3
vpRA O] GFS = Aol AR U4,
1200 T T T T
1000
Z o0
I~
2004 — normal condition |
cryogenic condition
"0 a0 0 oo oo 10 o tm It

Number of Iteration

Fig. 7. Effect of iteration number on
friction force

M AT B 2 sl ol A% 5ol
TAE FoAs 38/3AEAN Y A

% Zol7h Sl RAeZ ey
4% of W& sleeved] vlE7} A%
d o]Fde e B FAXAAY Bt
}017} uH A e Aoz s
ol A
Z&3he faol
:ﬂ()JpMJ%
Ao] o]FojHTt. EI
e dSstr] A8
g8 A3l &83=
[ T3 x3 FHe ¢
Aat7l= WS ofg@rl o
Ytk olE S FE:
6.3.268 AL&3%,
o] gt gt F& ALtbst
o] oy AA =
2 EEPx] HA 4 o we} A&
STk 2R FH9Y o4y Aol ErtERE,
CFD 384 Axte} A1g dzelel vlugs 93 ¥
Br71 & MEEAS “H—‘@J %&74]—’? C,3k<
wgre ZH RIstHon, AAl Al@4d7e} CFD
Ao FFASF C,,%kA 2a= dF 3%
oJiigl Ao & UETHE].

CFD 3l

E

1-

02‘: J]N'

CFD 84S B3l d&H, =3 gdde 2§
e f5 GHREE Fig. 8A A F 9l
o 3H 23 X AA ZEF(stroke)= 10
TIHe g2 ol 4 ALtstda, 1 dd g
Table 13 2t} 5] 938 3 (hydraulic force)
S A wst 2232 TEH}S o)E FFY
TA A A&tk
Table 1. Hydraulic force on the valve position

Travellmm] ForcelN]
23.50 364
21.15 1114
18.80 1489
16.45 2220
14.10 2800
11.75 3284
9.40 3825
7.05 4265
4.70 4610
2.35 4962
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Fig. 8. CFD analysis for the prediction of
hydraulic force [Pressure
distributions on poppet surface

predicted by CFD analysis, Pa, at
23.5mm]
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