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ABSTRACT

The supply of the liquid oxygen into a rocket combustor is simply controlled by the

‘on’ and ‘off’ positions of a main oxidizer shut-off valve. However, the partially opened

position of a three-position valve can control and optimize the engine start transients by

regulating the liquid oxygen flow rate during the start-up of the engine. In this paper, the

design and performances of a three-position pneumatic poppet valve, which is intended to

be employed in liquid rocket engines, have been presented.
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Fig. 3. Valve opening positions and principal forces acting on the moving part of the

two-step poppet valve

oa welA de ZAEHol o3l o o]ite WH
fo] == Xgk A WHIE REHOZ )
PE et fA B

g, WH o) #AFRe gleo} ?iiﬂﬂ A2
3= BRI GA A wH sjuto] F71F o
2 Y7 e g B8P =AS ¥
Z3ofof @t

F,—F, > F +F,~F, )

|

N

)

2 (29lA Cavity C29] W ¥ poll 2-g3}
= @ Eo 2974 4™ pol o) A=
Y F,, 183 Cavity C1¢] 757k &¥ Pol
_,]sH 75]—3_3}1: 6‘] FE_ 71—211— ol—E‘:]o] 7}3}];{]&_
g AAES o3t A HHE A (2=
Hoh FAZ R U=z g5 o] AT &
At
W(Df 1122 ) 7T'DH,22
P, —— Px—== ()
2
P, X —"+F +F,

TEUHl 22 MPa 9]

o]

o, A B && =AM E&FA AU
¢ES 1HsiHSg=E A, M7 AW 9 MPa &
o7l WEeN(p, = P,>P), A 3)dM & F

A=l TEdHE deskA g2 &, HH Y
ol B ol HAHA Xsta FE WY FErt
FAAHE AL & 5 Ut g g, 757t
27F FEEe @, FAEielAd EJ(FHAE)S

Ee 92 e SFEe 9En 4 a0

WezE B it SAA FrrE e )
ol gEo] Wrrt e plEEY Cavity
C2 W &9 P Cavity C1 Wi +& P9
FHARD 4 Aozt FE38 AA F hgel 9
& d9 A F-F7F 4 2 28 95T 5
Aojof sk, ol FEHHES Mdste A4
oAl FHHEY. Cavity C13 24" A XE=

TEdH siske]l AFHM P WA zhas)
71 AL ol9h dEstd FARF HERH
w2t p7E Wb Wl pe PET 4
A 9, B £ES C E£E Afolo] HAd 2
glaj 2o o8 AAEE= pok POl dEHIE ©
&3t F 4¥A WsE 24T 5 o

ARl Ao ME FH2 YT

ma gd s
e894 Ueol 1 MPa #2524, 2854000
ola) wsts g ,7} ge #8 g5 e
W$ wET T A5 4 ATh(Ee 1-2% &



N
o
o
O]otl
Sl

BT S

F). webA Aate] #HeE s E&fAdd o dAME ¢ P (~9 MPa)ol 23] WE ol
9 EAe B0 felelt U F,~0°% WS AQsuA FAHAD AY F2 APl ol=
712 3o 4 Q) o=RH Al gES A8l B E&FAY &H, F F, ZasHA 45H o
HEel b el 2ask pE AFE BW gd ~xmol 33 o os) WEI} FEA 5
o 2 =, gutdoz p 7l 25 MPa Y9olx @B
D; A(F,+ F)) 7t 2 =R ArE o] A
» =X 2 _ 2 (4)
Drl,l Drl,‘Z 7T(Da,l Da,?) = | =

FERS S ARY 0,5 Dt A 78 mm
S} 40 mmolH, A Fe= ditdor ZHEH 31 A|g=A
= o= 1500 NS AMSstQom3], ~xd o
f@.%&l‘?«v‘f— Mo Aol ~EE(Stroke)= 9 mr; Hue 2w Y AeAdE aAdshy] 4§
(BBe) oA AW A 2EZL 30 mm)E AF AAlo] wet BB AJAFES AZste] ZAEAES
Sto] ~xme Mz Al ¢=Zo| 30 mmet axy TR, BH Aeds FEd gAY
2xPol F IEAgE 39 mm=E S, AT RNe\AME ZhastE AIFS 93] WH %%“ror
45 Fe 1461 N/mmE AHgstgch AA g A7F S 2w 5 Ao Azl 2=dAA A d
S ALFoEN A @) B 143 eor < I AAl A & FANHE FE
T3t 2ol yehd 5 Ao el &3 sidd AENM(P, =P, =t

P, = 141X P, +2.36 (5) ), Pt ZASHA WEIE AAXHA 2
A71A P ©@9¥E MPaolth A= FE¢E-S AEAY, & AR AIE A7 dEolE
B e bR R R EEGR- LR
ﬂJ&t;j;iﬂ ?t?634}3;4§z ). oW WH7} ©3]7] AREE P, HE 2%
Cavity C2 Pt 2 (5)E DEdHofo el ol o ] N
Bl oshd AwE -~ oo AS of 2 ok 33 nhEEIte] AAE UEd 4 (7)ZHE

2l G)ellA FrEe Mo
TEE ol &ﬂ&b
p = AH 236 W@

2] 71&7] 141

HAH 2 A,
—‘:‘rv‘% W A ol A <]
, HE ST el
Zoltt. whebA
iZH 5o A4

AstAl =AY

3

- Angm

_V&
ofs
oL

BT
N

2t

W 1R
=
rlr

o

=)

T

o g2

1
&
-{n:

ot [y o

(

>

>,

3

oy = &
4 -
30, &
ko) rulm

x1l°ﬂ HAEEE A4y AdsA A
TEYHoR dd /NgE o] ¥l
%i | S&fAe eTtos WE

A FAE ZHEY fHAEER
Sgte olFRx WHIL g )
71 fsiAE vedt e 99
Zafofof .

Fh ZFQ_Ff

A 4
Y wAE us
(6)
(@A E+&= upe} o], &&-fA
_PI7><7TD}72/4) u}zhe Ff-gl 3lo]
F_w el S
A sHA "t Az Zd &8 &4

3 = 4
(7, F)
W(Dan_DaQQ)

e 23 MPa & 7%k

P <

), < =230

()

H} Rl =
S =S

3.2 2=HA 7K

Figure 4°l 294 71 Z&A3
st &, Fig. 4(@)°AH B 4 d%o]
T8 Edols WHI} 2
Pt PI} «xHoR F7h-ha
a Jeomn, Wrr}t 24741; U
Fig. 4(b)ollA A 4 Ut
AAske AR 4 (1)01]/\19} ﬂo] F =
(F,=0)7} =& &Bo=2A, P} q]a,k 19
MPa7} =235 wojn, o|%=2 W]
ol fFAHT

EEFAT e

Ald

=

O 3z

A

-

H+= JJrXé oﬂxﬂ %37} %zi 7}1%
()5 BFdE P9 POl =

Fig. 4()olA B vle} o] AFANY Avst=

O}H



BB 45 4 EF 8 Bf, 2017. 8 29A A 9ar) AsA AdEE 709
NE HgeNM Pt 9 4 ol 45T ol

a0 — — — Plilot pressure (Cavity C1)| _ = - B
----- Pilot pressure (Cavity C2) —?‘Hl f%ﬂ'* af <t st 7] UHT;T]:EEE; Sl
LS S Solenoid valve command H Mg AEE FABHA =, A3 T8 A Ph7]'
o M m—— - FastiA HH7 AA2=HA 234 Ao
£ 201 froned R s S Hol oo} g 2vA W BE EALS W
g o b T . Bk AAHE Skl Wass P o} Pol 4
§ | ' %S UERA Fig 4(c)ollA Rk @z oz 39l
SRl R e S e & 5 Qrh A AHAA TEA2AF FFHI A
2 ol On st p7F POl HlEl W}Eﬂl FHo] FsstA
P : O‘f‘f~ =i, P7F 1.93 MPa F&ol =2% AXB A
0 ' Wel W} AR AR EUH R B
¢ P e * Pl SEUT ol F FEYEel Fitns
(a) Pilot pressures kel = @—H’] 27Wgel AEsA FA=HA
B FEE fdkols WBE ol TEYYL
39 o | E ! sitstAl =W P7F Pl wis) A wEA b
30t srer e s e Fyll travel Ho| ZastHA, 4 (5) 2dd wFete= A
CUN IS WU 0% T SO Z C A BEIL F4 AHI] AR
E L \ of D AFNA ¢ Jige] o] Rt o] &2
T 20 i i e R Pt A%3NA ZastA Hel 23 MPa ol

m : \
SR S T EERE =93 HUE A3) BE7 284 " 2w
i{s o — P om I Al FWgol o] FoAA = Ft B9t Pl dEWE
w5 A E Fig. 40 2& WAA ozl 7 =
5r- Intermediate position oo Aol JelgA Hed, o Wsle e 7+
LB = L\ Cavitye] W %5, eelsl 27 9 4
. 0 40 0 So] 24 ¢ T3 FAsA AT & e Ao
Time (s)

(b) Valve travel

e :
| Solenoid valve cff‘

Eq.G5) /1 /

Pressure in Cavity C2, Pp (MPaG)

‘ Solenoid valve on ‘

o &5 10
Pressure in Cavity

15 20 25
C1, Pa (MPaG)
(c) Fa, Pp evolutions

Fig. 4. Operating tests of the two-step
poppet valve

2 5 9o o)Fz Wus 9
A} A 7yl A ol
ZasiEA Wus) 9l
7l Azat A4 A7 9 2AqHE A

2 7|tdt} & o & Cavity C13% Cavity C2 At
ojo] AAHE Yy 2E F= W w2k A
o|=7F Wsh= 7h LEjd AR HAgoms i
Bo] ZAF £55 AAE =+ M E9. =7
Cavity Clol4 Cavity Q28 5& W& FE7F
EHols WHO {FEAFEHY A4 dYu
W2 Cavity C2014 Cavity C12 & wi=
frz WAoo 47l AHokAs b Yy xE
Aeggdomn, WHe RBE s o 7ol
Hop e £52 olfd & o

v. &8 &

AAZANZS] Hs}-Alg B4 Ao & FHF
35 fal F& o] Jhed 294 M A4
7] AbskA AHE B gt F8 HAAE FH3
gom, A uet AzE WH AAFS ol &
gk ZEAE S T 29 A A7) AkskA s HE
Hol 3¢ JMsAS 7526}%%1:} QA=A AT 9
ALAPS Fall WH T& MA@ a0 thEk
dso] ol HIHE WHo RE Y 7)Fo] F
JtEo 2 HYg JfxE ‘ﬂ.‘ﬂliiﬂﬂ?ﬂ ol 7]



A

ry

T L 2 T B

n m

i e
oA F AL A= ddEy. FF dA A 3) Kim, D., Hong, M., Park, J. and Lee, S.
=80 224 M A&7 *P?‘?—]-Xﬂ 7H HYBEE Z Y., "Study for the Development of a Main
4317 HaliAe B =iolA a/lE BE Y Oxidizer Shut-off Valve for Liquid Rocket
A=A AZS EQE sto, WE AW ¥e £ Engines," Journal of the Korean Society of
E 5 Bt A WE AF Mo ek A5 Propulsion Engineers, Vol. 17, No. 6, 2013,
7F A& A R EojoF & Aot pp-113~119.
4) Hong, M., '"Improvement of a Flow
References Coefficient for the Recirculation Flow in a

1) Lee, H. and Hong, M., "On the Valve
Travel of a Main Oxidizer Shut-off Valve," 5th
International Symposium on Fluid Machinery and
Fluids Engineering Jeju, Korea, Oct. 24-27, 2012.

2) Kim, D., Kim, E., Kim, S., Park, S., Hong,

M. and Lee, S. Y., "A Study on the Pneumatic

Part Coatings Characteristics of a Main
Oxidizer Shut-off Valve for Liquid Rocket
Engines," 2013 SASE Spring Conference Muju,

Korea, May 9-10, 2013.

Main Oxidizer Shut-off Valve," 2016 KSPE Fall
Conference Jeongsun, Korea, Dec. 21-23, 2016.

5) Hong, M., "On the Main Oxidizer Shut-off
Valve Operated in Combustion Tests of 75-tonf
Liquid Rocket Engine KRE-075-001G," KARI-
LPC-ELN-2016-009, 2016.

6) Dantinne, G., Servais, T., Lambert, G., and
L., "Three-Position Pneumatic Ball
Valve," 4th International Conference on Launcher
Technology “Space Launcher Liquid Propulsion”,
Liege, Belgium, Dec. 3-6, 2002.

Dambaut,



