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Abstract; The application demand of airline-flight-mode aerospace transportation system is becom-
ing more and more urgent. The reusable launch vehicle based on liquid oxygen/liquid methane
(LOX/LCH,) engine has become the first choice at home and abroad. For requirements of auxilia-
ry propulsion system of the reusable launch vehicle first stage, an integrated auxiliary propulsion
system with main engine based on electric pump and an independent pressurizing auxiliary propul-
sion system using LOX/LCH, are proposed. Meanwhile, the comparative selection and application
advantage analysis of auxiliary propulsion systems using different propellants are carried out. The
research basis of LOX/LCH, engines for orbit maneuver and reaction control system and cryogenic
tank are introduced, as well as the first integrated LOX/LCH, propulsion system prototype in Chi-
na. The auxiliary propulsion system using LOX/LCH, engines will truly realize the propellant uni-
ty and non-toxic of launch vehicle., and help the vehicle to move towards rapid and fully reusable.
The 'step by step’ strategy is chosen to give priority to the development and flight application of
the pressurizing auxiliary propulsion system using LOX/LCH,, and gradually realize the applica-

tion of the integrated main-auxiliary propulsion system based on electric pump, which is more
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practical and feasible.

Key words: Launch vehicle; Reuse; Liquid oxygen/liquid methane; Auxiliary propulsion system;
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Fig. 1 Schematic diagram of integrated main and auxiliary propulsion system based on electric pump
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Tab. 1 Component list of integrated main and auxiliary

propulsion system based on electric pump
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Fig. 2 Schematic diagram of pressurizing auxiliary propulsion system using LOX/LCH,
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Tab. 2 Component list of pressurizing auxiliary propulsion system using LOX/LCH,
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Tab.3 Comprehensive comparison of auxiliary propulsion system using different propellants
. ) e e b T o HAN (H4170) DT-3 (H41750)
s i H WER P EHMIZh &4 NTO/MMH ¥ Bh3h h R4 W ) R W ) R
B 1.14/0. 42 kg/L 1.446/0. 874 kg/L 1.3 kg/L 1.12 kg/L
VK —218 °C/—182 C —11.2°C/—52.5 C —20 C —30 C
h —183 °C/—161 C 21.2°C/87.5 C 90 C 110 C
1 L o >3200 (N+s) /kg >=2700 (N +s) /kg =2 150 (N +s) /kg >2150 (N +s) /kg
AT T A (i3 H
W AE AR Rk, S#ER FasE BAR fas
A T HUR % [ ik [
KL R 1000 N, 300 N
, Mok 810 kN « s
A 100/ Fi A
I 38 700 0 = Zi(;;?ﬁ(:u%ﬁ;)@ 306 kg 385 kg 385 kg
355.5 kg (R 3 & 315.6 kg CRHIZ &
3 REE T 215. 2 kg 160 kg 330 N BB 1 & 330 NIHBERE 1A
1000 N) 1000 N)
4 HOAR B H £ A +
5 Tt i ) 39 ~5 4 ~3 4 ~4 4 ~3 4
P - - . L % B0 5T ik A 43 iR & 2l (W il
6 BT 5t 4 ] 2 A AR B T A2 A L. o o
) I L 0 B uﬁ;gggégi
7 IRBET5 Yeif i TG Jub 55 5 PR i B SR AT TG o s e
75 00 2 LR 15 e i By i KA
75 0] 2% 36 S HR 45 7 e
8 A 4§ =R/ rh 4§ RS
9 I E R fij 5 EI RS RS |-
10 7 i 2 LIk [ EH = =]




554 ) WA B T 2 B 8 ) R G TT R SR 29

HE 7 45 R 8 BB SR KL, R 3 6 IFEE T
EEM L 6 1000 NTTR, BAHTHiBsh I REH4
BLEs 50 i1 de, RETHiLH 2 315 kg (HAN
RAVLEEPL R, REGE T2 355 ke) s ik
o3 K S B E S A0 T 0 R KU B K, e kil 2
AT A (T DA R R A i R M g Ak
RZ ., JIFH ot 4 8 MR 6 AR K, &g ™
AR

2) WA IC LS (DU AL AL/ 3
NTO/MMH) et RER R, RS E T EY 466 kg,
FLHAR B B . B R A, LA R R 2
A B NTO/MMH ik 55 5L A T 2 198 S0
PE, KB — GOR [ 5 B 3 B4R R A 4k bk
WA, RERHAMERBER /M. BB,
RSN EFATELMA, #—Likm
A DI AR B, i S B
PR & sh B4 F ) B vl S vk 2 T 2 FHAR &5

3) VA ik Bh 8 1 R B8 S mT DASE A 4
PRI G — AL, LRI ERAE . e m R SRR,
REARAE D A, I B 38 Bk m Pk . 58 4T
HEEMN; WA B & ShHLE ol R, 5 A 3R
BIMFERAE AR, REMTRY 495 kg, 5 M
WA TCH A Y s YT — GGk PR & K S L of
PEREEOR AN SR SR A Wi B R 7 42348 Y
FEAR L v (EF) TR, JF5 3 B AR R s Pl ™
a2 S IR AR s E RN © 2 S T B R R

AP B U R R G 07 RN R B R, BRI
PIEHAIREN LR, B4 T T RO A .

YL IIA ReiP o N ) N o | B2 SR T P
FNR, ERRRAT MBS R T B AA
— W LR B

3 WREM

3.1 HMEEZIHN

] RS R e i s R s BB 2 A R 10
EREABR R, £ 4450 T BA LR Y
KNI AR T Z SRS BN . 20 kN A H
Be s Kk LR — 1R Ak 3D FT EIIE I 4% AR e =
B AR T E, BE 2023 4F 2 H BiF5E a4 k/
95 s Fa A M T X 4 B %, WK 3 i, 5
KN B & shHLY f150 N % & s L= ¥R ok
JET G KR T 58, JF 8 10K % 2 A /O T
ORI i KR K AR S — A AU — X
A 0 0 11 ] B 4 o) e K 2% RIS 3 ) K AR
fEFSIMEZ WG Sk TAE, $B8H 5 kN K3l
Rtk 31 /726 s, Hf5 150 N kil Rit e
BTAE 694 s/ Ik v ik 725 YR H. B2 % 22 bk b T A
RF] 80 . WIRLK S ML BN T % 46 i Al 51 KB
SRS B FLHE R R R R G, X KR AR T OBRC B
Z RN B E) ) RGeS, K 4s
IR T 755 KN~ 150 N G5 #E 7 15 55 P /Y W
Pt B R B L AT R AL R I %6, 25 N

R4 REFRPERERDINAREEERS I

Tab. 4 Comparison of scheme and parameters for different LOX/LCH, engines
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