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ABSTRACT

Liquid-propellant rocket engines are widely used all over the world, thanks to their high
performances thrust, in particular high thrust-to-weight ratio. The sucess rate of the launching of the
liquid propulsion is similar to the solid one even though it has more complex mechanical system. In
general, liquid propulsion is seemed as a mature technology, the requirements of a renewed interest
for space exploration has led to the development of a family of new engines, with more design

margins, simpler to use and to produce associated with a wide variety of thrust and life requirements.
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=3& Holx k2] Fig. 1 1980 %-H
20047121 o] HAMA AW E FAAAL B F
AAA 28 FAAAE A A9 14 F
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97.3% AT} 972% = ALY HISEEHA Y
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Ho] @o] AHgHa gon 53 FZa #Ao}

PROPULSION
NON-PROPULSION TOTAL
Solid Rocket Liquid Rocket

Success Failure 25yrs (%) | Success Failure 25yrs %) | Success Failure 25yrs (%) | Success Failure 25yrs (%)
US| 412 6 986 | 471 10 979 58 15 973 532 3 045
CISUSSR| 5 1833|1463 35 977 | 1508 20 9081 | 1472 65 958
Europe | 81 0 1000 | 153 9 944 162 1 994 183 10 939
China| 0 2 00| 72 3 90 m 3 963 78 90
Japan| 43 2 956 2058288035 a7 1 979 43 5 896
India | 13 1 929 9 1 900 15 3 833 13 5 722
1 1 2
2 0 2
1 1

lsrael | 4 80.0 - - - 5 833 4 667
Brazil| 0 0.0 - - - 2 1000 0 00
N.Korea | 0 0.0 00 - 10 1000 0 00
TOTAL| 558 16 972 | 2197 60 97.3 | 2365 53 978 | 2280 129 947

Fig. 1 Sucess and failure for world space launches.
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Fig. 2 Sucess rate for space launches.
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Table 1. Characteristics of typical liquid propellants. —_—
rﬂf ISP p 41;D \
Oxidizer | Fuel 5
[-1 [s]1 | [kg/m’] ’ R
kerosene 2,77 | 358 820 o awd
L0, LH, 483 | 455 | 700 B -4 RO
? %
LCH, 345 | 369 430 4. Ik morse
¥ T -
UDMH 1.95 | 342 791 \‘ |
N,O, MMH 237 | 341 880 ‘ |
UH25 215 | 340 | 850 B R

(cryogen), A+ 3}
el FZ A (hypergol) 2
TEIE e8] HAe dHE HAT A
AL @ElFae] B ERTU, RPAZ B
= AAE Tr(kerosine)7} HFo A ALEE]
R, ASARZE HA FAE A AT TR
E IAL 98 Hoge 9o vFES Yegan
o}, Amdos HE: WaY FAARE

0 FAL FAAZE, AR WA FA(LH)
= o

(petroleum) A4, A2
Arx dmol HE

<} ﬁﬁ}xﬂ A A (LO, LOX)E F=2 AL
stet, 45 -253 T AtAE 183 T4 oA
A Uz EAG. oI AL B4 i

ZA717ke] WAL FH] Eeh AHE FASE A4
9} vre I (0.071g/m)E 2 AF A Ho] Aa
3t7] Mo w&owE AHgtekA g a2y
ojzle] FAZF HA god, b A F3IA
HoE H3Ego] 30-40% =} E&FHolth =

02 Fx4 FA4 A5z 9
o] Hh#H2 38 9].

W EH-162 C)
o]RE& LOX/LH, W&9 &

AHL dashr &3, AZAY FAARY =2
AesS d F Atk 53] Titan BAMIA= X E
S A3 e WHErt2e @4 Algo] HA XA

I A AHE shsAde]l =o10]. 2y HlE
AAY R AL oA L AEtF ot HE=
b FA= A 2271 e gle] HEe
2 FA H3t He e R Al Qs
A 70 =2F A="o] o)FHola du=
deo A AA FEE EAEL o] FAR
AA} 2e AR A= AW W =4
sttt o7)d e drEE slol=gkA,
w-mlg stol=gtx(MMH), HIthd 2vlE 3}ol

o 3 e Fl

Fig. 3 ldeal specific impulse of various propellants
combinations.
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A (Hydrogen peroxide)7} #AE Ho] F=9]
Black Arrow Z Aol AF&-EAATH5,8].
4. N T2 St
o s HA Abagk RP-1S ARSRE F31

A7 Atlas$} Delta 1T BAFA Q] 1 F2E o] A}
€531, Saturn 1B9} Saturn V EA 190 %=
AHEEFATHS,12]. A A A/ AR FAae FZA
b 7 S5 F o del ARSES1A, Saturn
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SHAT. 1960 Zoll ZF2o)X= A A
&/HA Fho FAL FIAAE AHESt] HM
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Fig. 5 Liquid propulsion milestones.
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MR-80A Bl =25 A Ad& vh3t6,29].
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