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Abstract In order to validate the key technologies and safe operating procedures, the first integrated
demonstration prototype of pressure-fed liquid oxygen /liquid methane (LO,/LCH,) propulsion system u-
sing helium for orbit maneuver and attitude control in China has been developed by Shanghai Institute of
Space Propulsion (SISP) from 2019 for the future in-space vehicles. After 3 years, the demonstration
prototype was successfully completed multiple rounds of ground hot-fire tests at the end of 2021, with sta-
ble system operation, coordinated engine work and good product condition. The design scheme, develop-
ment process and test results of the demonstration prototype, as well as the design and test of the orbit/at-

titude control engine, are introduced in this paper. The integrated propulsion system has performed a total
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of 48 times/about 6 000 s cold state and hot-fire operations. The 5 kN orbit maneuver engine has comple-

ted the hot-fire working for 40 times /1 860 s, and the 150 N and 25 N attitude control engines have com-

pleted steady-state hot-fire for 1 690 s /pulse ignition for about 1 250 times. The successful hot-fire tests

of the demonstration prototype indicates that the LO,/LCH, space propulsion system in China has a-

chieved a breakthrough from “0” to “1”, which provides a foundation for the subsequent flight applica-

tions and a support for the sustainable development of national liquid space propulsion technology.
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Fig.1 Demonstration prototype of LOx/LCH,

propulsion system
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Fig.2 Schematic diagram of demonstration prototype for LOx/LCH, propulsion system
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Fig.3 Photograph of the coil-on-plug ignition system
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Tab.1 Main technical specifications of LOx/LCH,

propulsion system prototype
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Fig.4 Liquid nitrogen test of LOx/LCH, propulsion

system prototype ( for cold flow test)
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Tab.2 Development Pocess of LOx/LCH, propulsion system prototype
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Fig.6 5 kN LOx/LCH, engine for orbit maneuver
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with niobium-tungsten alloy combustion chamber
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with niobium-tungsten alloy combustion chamber
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Fig.16 Tank loading and feed line precooling process

of LOx/LCH, propulsion system prototype
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Tab.3 Detailed hot-fire test process of LOx/LCH, propulsion system prototype

1= H# RN 6 Py 2%
2021-10-10 5 kN A& Zh#L 01 WA KR 10 s 50 s FAS& 1 IR(FH)
2021-10-14 5 kN & FHHL 02 W i ik s 50 5,120 s #1180 s FaZs 4 1 1K
2021-10-19 I HLZH 150 N R ShHLAE Sk 20 5,50 s FARAS 1 YA 60 UGS knp 1 41
2021-1021  TIHLZL 150 N BSHHLO1 YA 20 .50 s Fazss$ 1 YOR 60 v Sk 1 40

F 2021-10-26  TIFLZH 150 N B ML 02 ¥R KGR

60 YCEELEK b 1 4 (TH 21 H a8 SR iy e T 4 2 T B

% D
2 10 -
A i 25 N LR zzﬁNkmmm\m A4 1 U 60 Y S Bkl 4%
i i
% S KN %L 180 s Fadks, Wl 4 435 % S HUR AT R 25
2020-11-11 5 LM O1 st kit Ak TAE B 25 N 2 3Lt B I 49/ S, 5 80k 21
F kIS )
5 KN ZZHL 180 s s, Wl 4 £ 0t A HUAIALTT R &
2021-11-15 5 HLEHFE 02 ¥R s ki AUk S K TAE (150 N & ShHL eE i N/ o , 80k A %
Tk
& 5 KN ZZIHL 180 s s, Wl 4 £ 0t RN HLIALIT R &
2 202141122 AR 01 RikE Il 40 T O 205 2 Lok ) I 5 B2 9
4 HEAT)
m KN 2L 180 s Fads, 116 4 3 dski R ah HLAAAK TP R s
it 11~ X 00 Ve it 5 kN 180 s faax, (0] 4 5 245 HY ISR
RS RAR O UG RN 5. T S35 ALK T )

WA/ TP et RGEEUR AL R 58 i 20 IF
RGN 2 W RS S HLY A SR
2 e RGEPGR G, BT T T 48 /%5 6 000 s
RGV/ AR H . HURFEHLECE R S kN #
R NP R T A K TAE 40 ¥R/1 860 s, BLE 1)

150 N/25 N %48 K ahil EiT5e iAa S TAE 1 690 s/
BRibi k21250 Yo 17 45 T R BERLAE AL
PRI R 18 258 ik e R G RIK
By sy /R 2 (TR Pl A WL 2,05
5 kN4 E0.J6 2 S kN AR o



66 kPO

2023 46 A

r*?

d) 24 LA

(a) WA/ P e M ik R G WOR AL

B 17 RE Rkt RgErmENERRlE

2REFGEHRIXEL LKW S5 kKN & 3L
180 s Fazs T/ExtFErr, 150 N/25 N B8 % shHlLfE
ANF RS R E | BURFEDLA L B AL A
HE SRR, B4 R EHLTAEXS 5 kN K3l
AT mE/N;S kKN keIl &% &
290.95 MPa, R & H 29 2.9, S0 i 50 5 5 BE IR
ik 1300 K;150 N ZahtlEa S = K20 1.0 MPa B4
2 2.6,80 ms/0.5 s fikih TAEZE K 2] 0.7 MPa,
200 ms/2 s fkap TAEZEJEZ 0. 95 MPa;25 N & 3h#l
BEEEZA 1.1 MPa, iR & 1L#7 3.0,80 ms/0.5 s fll

200 ms/2 s ik TAER 2 X2 1. 0 MPa; 7R FEAL

RY A iZAT i e
Fig.17 Hot-fire test of LOx/LCH, propulsion BARGERBA T PR HYIZ AT T OLAH X HE BT T2
N
system prototype (LES AR
—P4 —P5 —P6 P7—P8 —P9 —P10-— P11—P12 —PI3
—~P14—P16—P18-T8  T9 ---~T10-~-T13
2.5r 1165
15/16FF J5136K
—_~ \
T 2.0F —_— 1150
i 1.5 135
£ =l
[ DIE
a . s - =1
= 1.0 120
=
= 0.5 ‘ 105
90

o
=)

0 20 40 60 80

100 120 140 160 180 200 220 240 260 280

HiF [8)/s

& 18

RE/ B R R TV E R PR AR E 7)/i8 B 2

Fig.18 Typical pressure-temperature curves of hot-fire test for LOx/LCH, propulsion system prototype
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Fig.19 Typical work curves of 5 kN LOx/LCH,

engine during hot-fire test of prototype



49 & H 3 )

PR, 26 WA TP e U Tt ik 2R G B s s i 67

2.0 1140

80 ms/ik T #1200 msfik Tt

ol T 12
= — ) —
S p R 100
= —P. i
0.8 80 =

0.4 60

0.0 1 1 1 1 1 1 1 1 1 1 40

30 35 40 45 50 55 60 65 70 75 80 85
B 8]/s

B 20 ETREYPIKER 150 N ZhH R T 1 2k
Fig.20 Typical work curves of 150 N engine
during hot-fire test of prototype

2.01 . . 1140
80 ms/fik % F1200 ms/fik T
1.6 E P 120
=P, —P:i —D.

oL -7, ——T,
£ 12} - T 100 o
2 g
0.8 80 %
04 60
0.0 Il Il Il Il L 40

30 35 40 45 50 55 60

s [a)/s

B 21 GERENKZER 25 N Ry 88 T (Ef 4
Fig.21 Typical work curves of 25 N engine during
hot-fire test of prototype

5 4it

1) W/ T et ik R e R RENLE [ 9 3CR
PSS/ WP o PR 70 20 5 1) AR L 2 ) A 28 42 # 0 2%
FAR R AEET- 5, K AU RS R R 505
S, EEH MR T 5 CA T e P 1 — R AL
ARG S ) T OGN DA R e R AR AR
Dt 3 4, F 2021 ARJRIM S8 1 2 58 X R GE 4t 1
ARG, RGBT A, U B4 R S IL T AR B
A IR S R, R AT BT i

2) WA/ Wt Bk R G AE L RTS8 48 T/
26 000 s R/ PSR E L, REMER S kN
B A SR e T AT AT 40 YR/1 860 s, BLE (Y
150 N/25 N ZPR sifl 23t o sAs S T4 1690 s/
ik 201 250 W, RGeS R T
DA [ P AT 3 A UG e e AR A

TRV 18 A B T 0/ R A ) AR HOR =S L T RO
DAL T 2 8] HE 2 28 G0 AR i #2500 0 FE - R SE B ve—
VR34 Pt/ 245 e gl B I3 R] i -0 i -4
PEFR M H 252 R iR

3) WA/ W BeHERE R G URFEHLICE I 2 08
215 kN HU A sl (150 N RZES AL 25 N A
A4 R Sl = B AR e K S PL, 4 T 58 I
HRERLAIE ] - 18 1 PO 4 %, SR TE T 00/ 2 A
B/ ATRE/ K T A LA K AE SRR R Sl
1o AL S AR BE K BE B T S v A BOR AR A 3l
LM T PR 790 A AL B R SF SC B EOR, 288
AP REAE b ik 1) [ N 4505 | bR e R KT

TR/ TPt HEE 2R LT 7 BB A RS I AT A 0 4
A AR T R/ P b s A R T
0™ BN (Y ZEM, A 15 b Ak R A ek
PRt 2 ] 4 D Sk g BER 22 . 2 IO iR #fE 2 2R
GERRCE/ W e S P A BB R 9 58 8,
JE RS TREN I BE5E T W SR, A o e [ A 1A
23 [ 2l 07 0 T+ R A AT AT R 2k R R R AL T A )
x:

S 3k

[ 1] International Space Exploration Coordination Group (ISECG).
The global exploration roadmap [ R ]. NP-2018-01-2502-
HQG-327035.

[2] KLEM M,SMITH T, WADEL M, et al. Liquid oxygen/liq-

[

uid methane propulsion and cryogenic advanced develop-
ment[ R].TAC-11-C4.1.5.

[3] REYNOLDS D C. Oxygen/methane torch igniter design and
testing [ R]. NASA TM-2008-215247.

[4] ROBINSON P J, VEITH E M, LINNE D L, et al. Conceptual
design of a 5 500 Ibf LOx/LCH, lunar ascent main
engine[ C]//4th JANNAF Liquid Propulsion Subcommittee
Meeting. [ S.1. ] : AIAA,2008.

[5] STIEGEMEIER B, WILLIAMS G,MELCHER J C, et al.
Altitude testing of an ascent stage LOx/methane main
engine[ C]//5th JANNAF Liquid Propulsion Subcommittee
Meeting. [ S.1. ] :AIAA,2010.

[6] ROBINSON P J,VEITH E M,DAMICO S J, et al. Develop-
ment summary of a 100 lbf LOx/LCH, reaction control
engine [ C ]//4th JANNAF Liquid Propulsion Meeting.



68 ko oHE Ot

2023 46 A

[S.1. ] :ATAA,2008.
[7] MARSHALL W ,KLEINHENZ J. Hot-fire testing of 100 Ibf
LOx/LCH,
conditions[ C]//5th JANNAF Liquid Propulsion Subcom-
mittee Meeting. [ S.1. ] :ATAA,2010.
FLACHBART R H, HASTINGS L J, HEDAYAT A, et al.

reaction  control  engine at  altitude

—
(o]
[

Thermodynamic vent system performance testing with sub-
cooled liquid methane and gaseous helium pressurant[ J].
Cryogenics,2008 ,48 (5/6) :217-222.

[9] JURNS J,MCQUILLEN J. Liquid acquisition device testing
with sub-cooled liquid oxygen [ C ]//44th ATAA/ASME/
SAE/ASEE Joint Propulsion Conference and Exhibit. Re-
ston, Virginia; ATAA ,2008.

[10] MELCHER J C, MOREHEAD R L. Combustion stability
characteristics of the Project Morpheus liquid oxygen/
liquid methane main engine [ C ]//50th AIAA/ASME/
SAE/ASEE Joint Propulsion Conference. Reston, Virgini-
a:AIAA,2014.

[11] MCMANAMEN ] P, HURLBERT E A, KROEGER D.
Development and flight operation of a 5 1bf to 20 1bf 0,/
CH, roll control engine for Project Morpheus[ C ]//50th
ATAA/ASME/SAE/ASEE Joint Propulsion Conference.
Reston, Virginia: ATAA ,2014.

[12] HURLBERT E A, ATWELL M J, MELCHER J C,et al.
Integrated pressure-fed liquid oxygen/methane propulsion
systems ;: Morpheus experience ,MARE,and future applica-
tions[ C]//52nd ATAA/SAE/ASEE Joint Propulsion Con-
ference. Reston, Virginia; AIAA ,2016.

[13] ATWELL M J, HURLBERT E A,MELCHER J C,et al.
Characterization of a pressure-fed LOx/LCH, reaction
control system under simulated altitude and thermal vacu-
um conditions[ C]//53rd ATAA/SAE/ASEE Joint Propul-
sion Conference. Reston, Virginia;: AIAA,2017.

[14] MOREHEAD R L,MELCHER J C,ATWELL M ], et al.

Vehicle-level oxygen/methane propulsion system hotfire

demonstration at thermal vacuum conditions [ C ]//53rd
ATAA/SAE/ASEE Joint Propulsion Conference. Reston,
Virginia; AIAA ,2017.

[15] JONES B K,ZANG J C,WEAVER H F,et al. NASA plum
brook station test stand in-space propulsion facility test
stand characterization hot fire test[ C ]//2018 Joint Pro-
pulsion Conference. Reston, Virginia; AIAA ,2018.

[16] Intuitive Machines, LLC. Lunar payload and service ; Nova-
C lunar lander [ EB/OL ].
chines. com/lunarlander,2021.

[17] CHENG C,ZHOU H Q,PAN Y L, et al. Experimental in-

https ://www. intuitivema-

vestigation of 150 N liquid oxygen/liquid methane attitude
control engine[ R].TAC-17 C4.3.6/x36112.
[18] CHENG C,ZHOU H Q. Experimental investigation of
3000 N liquid oxygen/liquid methane engine for orbit
maneuver| R ]. SP2018-060.
2L, i, ARPR . Morpheus ¥ 48/ H e — AL HE i
GETFELRR 1T ). K HiHERE ,2018,44(5) :1-9.
CHENG C,QU B,LIN Q G. Overview of integrated cryo-

[19

L

genic propulsion system based on liquid oxygen/liquid
methane for Morpheus[ J ]. Journal of Rocket Propulsion,
2018,44(5) :1-9.

[20] #—J1, JRIERIS , 5 AR, 2. WS/ W Be e 4 R s BIL
KEARWIFELT ] Kk, 2019,45(4) :16-25.

PAN'Y L,ZHOU H Q,JI L,et al. Study on ignition tech-
nology of LOx/LCH, attitude control engine[ J]. Journal of
Rocket Propulsion,2019,45(4) :16-25.

[21] Fil, ARsg T, Jo] [0, 2. NASA 55 Joe 4R pi a1 2
Gt ilg )], KHEFHEDE,2020,46(5) :10-20.
CHENG C,XIONG J Y,ZHOU G F,et al. Thermal vacuum
test of NASA’s integrated 1.O,/LCH, propulsion system[ ] ].
Journal of Rocket Propulsion,2020,46(5) :10-20.

[22] XU W T,CHENG C,SONG X D, et al. Experimental in-
vestigation of cryogenic flow quenching of horizontal stain-

less steel tubes[ J]. Cryogenics,2021,117:103327.



