IS5k FHa4W P Vol.35, No.4
2009 ’fﬁ 8 H JOURNAL OF ROCKET PROPUISION Aug. 2009

WA/ W e Z BBl IR 7 B

BE, BEa, AR
(BEMXFHAMTH, &8 &% 710100)

B OE: ZRTHE/PRARAVEARER, o TRE/FRR ISR 5 A
B, LT ARSI RE/ FPREADVNMF A BERFT R, BREURFIWNAHABEFR T REBREEA
w, Bk, AHREREARXES TEEE, —AMEANRFANERAGRE N EEH
MER, R B2 FRAF R ZNERNRETRE,; EAFEANRAVNBERELIELRLK
FIt%Ed, EAFXRALENBMORALR £ BERAKE QA BB,

XK@ RAXHRAN; HE/FR; RHBHAF,; EL4HEA; BHRITK

hES KD, V434 BRI A XEHS: (2009) 04-0014-08

Study on the LOX/methane rocket engine power cycles

Zhang Xiaoping, Li Chunhong, Ma Dongying
(Xi“an Aerospace Propulsion Institute, Xi‘an 710100, China)

Abstract: Development of LOX/methane rocket engine was described in this paper. The char-
acteristic and potential use were analyzed. Different power cycles of high thrust engine was com-
pared. The application, the performance, the difficulties in developing and the cost all should be
considered for the choice of power cycles. High pressure staged combustion cycle with high perfor-
mance should be used for expandable engines, and the fuel-rich staged combustion cycle with par-
tial methane cooling chamber is the best. Gas generation cycle and low pressure staged combustion
cycle should be considered to use for reusable engines according to operating times and operating

life.
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Tab.1 Characteristics of propellant

k2 LIP3 A 4%
K/ (C) -218 <70 -259 -182
#E/(C) -183 207(F14) -253 -161
#E/(x10kg/m®) 1.140( ¥ £0) 0.833(20°C) 0.071(#A) 0.426(# 5)
¥/ (x10Pa-s) 196 (3 &) 1964(20C) 14(8 5) 127(#4)
A/ (J/ (kg K)) 1700(#: %) 2001(20C) 2386(# ) 3496 (% &)
KAk R/ (kI/kg) 213(#K) 329(20C) 453(HR) S11(HA)
it FEE/(C) -118 404 -240 -82.5
W& 7 FE 71 /MPa 5.08 2.50 1.30 4.63
BEFEBOL ~ ~ 18%~59% 5%~15%
GERBRERE/(C) ~ 589 x 978
BRI P B ~ BmE x M
i H b (e=35)/(m/s) ~ 3489(r,=2.6) 4414(r,=6.0) 3595(r,=3.2)
Wt/ (x10%kg/m’s) ~ 3608 1598 2930
4%/ (7T /kg) ~1.5 ~10 ~300 ~4
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Fig.1 Scheme of gas generator cycle engine
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(full flow of methane cooled chamber)

H5MARERERML, HRMRERRA
BEM LN, 8ANEHRT; HXREEER



18 K #

2009 4 8 A

HEGER ., WERBRENZRHNEENRER
Ko
33 BRMRER (BorRRAMENE)

B Xt 2 AR P e Ve 20 M 1 ERAMRIE IR R
B, BRI HEAARFHRHER, TLRA
WAL 0%ESL) WHIENE, REHAR
HEAOHBRRIESRIIBSRHEARRE,
REZEARRE,; HAW RSN EREAR
SEES#, MAE3 PR,

3 BRIMRIER R B R 452
(FB7Y W e v H14E H )
Fig.3 Scheme of fuel rich staged combustion cycle engine
(partial flow of methane cooled chamber)
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Fig.4 Scheme of oxygen rich staged combustion cycle engine
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Tab.2 Performance parameters of the power cycles
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Fig.5 Scheme of full flow staged combustion cycle engine

BERMMRIES  BHRAMRIEST

BHAR By %Z’fﬁ BEMRER (£EPHRAL  (BEES émﬁﬁ;m
HEHNE) HEHE)

BEEESH kN 2000 2000 2000 2000 2000
HEHH kN 4562 4452 4452 4493 4446
¥ - T W v m/s 2780 3054 3054 2989 3088
BEx W m's 3171 3399 3399 3358 3433
EHHIRE W ~ 2.9 32 32 3.2 32
MEEEBRAK ~ 0.40 62 0.32 0.32 85/0.25
SALH % & kg/s 534 499 499 510 494
R kg/s 186 156 156 160 154
HALRIFINE MW 8.3 27.1 15.4 11.7 25.9
MK FEE MW 9.8 17.1 263 16.6 238
R MW 18.1 42 41.7 28.3 25.9/23.8
BirEEN MPa 10.0 20.0 20.0 15.0 200
BEREREN MPa 10.0 414 41.4 324 414
BEEEBRBRE K 998 732 1005 997 512/896
mEHOANER mm 1892 1695 1695 1773 1685

EERNAESEE kg/m? 796 815 815 815 815
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Tab.3 Comparison of the power cycles

Fe FRH R s B
D REFNEN
Q@ R RE O Ho B A
1 BRIRER
MR ERIR ® % RANE @ oW BB E

@ EETFELER
) O B O BRBIIHHERE
2 ERARER Q@ ETHRAEHERE O HRERERR
, RO (2 O Hfks O BB EHBRETFK
BEAHE S ) © MR B R @ B HEBHERE N
) D B¥EHEIE N
4 iﬁmﬁjgﬁ O BAEAHERHE  HAAN I
¥ @ BB/ BR RN
© BB .
S AR HMEGER @ AR FEEH TR g iggzi%
® HERER -

—e— IMRETF
—— 1 R BT

/,WP»—;.._,

3100 1 ] ! 1 J
5.0 10.0 15.0 20.0 25.0 30.0

Pc/MPa

B 6 MRS SRR ERFIET RSP w3t
Fig.6 Specific impulse comparison of staged combustion

cycle and gas generation cycle
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