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Experimental study on methane—oxygen

bipropellant micro—thruster

Li Junwei', Zhong Beijing?, Xiong Yaoyu®, Wang Ningfei'
(1 School of Aerospace Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2 School of Aerospace, Tsinghua University, Beijing 100084, China)

Abstract: To understand characteristics of micro—thruster, ground —experimental apparatus of
bipropellant micro-thruster and data acquisition system were established. A micro—thruster with in-
ner diameter of 4mm and throat diameter of 0.4mm was manufactured. Hot—fire tests in this micro—
thruster at different O/F and chamber pressure were conducted by using methane and oxygen as pro-
pellants. Chamber pressure and outside wall temperatures of the micro—thruster were measured. Test
results show that under fuel-rich conditions, combustion temperature and chamber pressure increase
with the increasing of O/F. When O/F is fixed, chamber pressure increases with total flow rate in-
creasing and vacuum thrust of the micro—thruster also increases. The maximum vacuum thrust is
120mN and the maximum vacuum specific impulse reaches 240s.

Key words: micro~thruster; bipropellant rocket engine; hot—fire test; methane; oxygen

WA, 2007-08-07; AN 2007-10-29, E&£ME . TEELFEREESRTII H(20060390434),

EERN . FEMH (1978—), B, I, HRGEAME AT RKVREE TR MBERRL



2 kOB OHE #

2007 £ 12 A

HFHNLRREERIFZERARAOKT
B Rt B TAE, WHRARMK, —KEES
REGEZBH/NEE, HEX, MPTE (Micro
Satellite) f144 2 (Nano Satellite) & R B ,
NDEGBUN, RER., %BE/D, EH#TH
HEE, MEBERFMESEHEN, FERBE.
ARG R HE SR RS, D — MRAE 10°~10N
Z R0 Hk, BAFRE S TR T ESER
., NS SESERMANRERE. &S
FE. NMES . MOPERNMABEERSE, EHEH
WEWR AR, MEEA L ATERE, &
FRRAL A BRI, 3% TR 4 B ARG
BHE S BRRBHEA 2K . WIEREHEA RS
AR ZWEHMESATHEES, BBH 2R
TEREXNEROIS ITHRE,

HET, BRSNS IZ R 8 R
KEAHRB KW A H TS | X FIRPHE
FRERGEWE R, HEEMLHRE, MR
fEib SN AR E e, PERERREES
h, IBABRE=EE R, X R XA o
PR, MIT 7% E NASA ¥ BT 58 WA Jo i
RS AL, ZEBILEA XEG KD, BN
BRNEENR, BT 44w, EENAIRE
MRS, Wit = EN 12.5MPa, Biit oAl LLik
) 300857, AT KRRV AT, AT
it MIT —EfENE, HF#ETTRAE, &
ZFHEd 1.2MPa WESLT, BT IN, W
WAEMFEERA 1.2 5%, MEEKEELN 85:1,
FERRHAI R BRI B T, Mechatronic A 53 BT 4 i
BRI TOI B KR, LK R B
R A AL SRR AR R HESE RS N E R
v A IN, &t E KR 03MPa, Lty
240s, A bATRITHHES EAR KR E IR #
My, TR RAEE PR, Schneider B
RTH/MNEENEIMEIRILREE, NUE
2 DA E R 0 P RUR B A [ BB ABME 2520 A
KEROCEERE, ERXT TS5

F%, REIRFEY R+iXK A 0N BHE L,
SR U A 2 AT R R e P O T
2GR, BRA % EE /MR T R AR
BRI B AR,

U HEORTENG, HN RS R
RS ARR F AR B HED, M4 ER
AN ELS CUM S X
KARZ, XEERSHMERRTOERE, R
He A ZE RO B R N B E A, A
BT AMGE | OB A SRUR A, I, XHE
B E BRI R RA L E, KB
11 BR PSR S KRR, N RO AL T I
HRGRMEEHRE, AT, RERNME
PR TAER R, WA, B T BUMESES R AN
BRG, HRBETHEEENEEN, Na
TE /N B KRR AT T 415 0 L B
5, WETHUMENEH TS,

2 LR REMBUME S EREL

LA RIERBELR G LT, XRAK
JEHE LA 1, ZEE RS H &M S
DERG, MEMBERESRE, KKDRE,
HRHERERMEESREHR, RN RGEE
BAFEESHE, BES, BubR, RERER
Hge, SRR, RMRER, BREAERE, LR
,ORTREIRS, AREA K, RABAIER
kE%, LR RBEBFAIMPLNES W
(BEREREMmEL), seEmElsAk, RE
AHEEHBFTENZR IR,

LHRPMEHNFESHERE. RRZIAE
71, AREERE. PRERBHE., UEBRE
ShEE P ARRINLEMIBE, ESMPRREERA
DO7-7A/ZM ER B = H AR FT, WERE/D
FTHERKN 2%, R, BB ZLESE
5, ANREREEMBHWNE KD, REEN
EBE [ R [ (o B SR i SRR HE T 0.2 mm A2
RAS-SE K R, Rk &7 ARrR
B, PR B EmE 2 frs, TC1~TC4 i
A 71 3 Bl Sk I B KR A BTESR R E



5533 % % 6 1 TN, %, Pr/AS AL TR E M KRR 3

ShEE L, XEERBEHMSAEMAAEENNKE  REEENRARSEREEDZERWE, Eh
NE., AEERRERERAERER, 2B FEERHM 0-5 VIRERSHITEILRE,
BATE AR . BRRRHBIERERRE,

220V

g [Ty
RERGR o FERER R %

—_— ‘ Fi',,,q [N PY) sy J[ )L

! ] 15kV
! L )08

%%%%%%
)

N

______

Eappa:

M1 ZRAEHE
Fig. 1 Schematic of the test apparatus
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Fig.2 Sketch of the micro—thruster

HF &GRSR OB RESHELS  (BB774), RHEERAHE 100kHz,, HHRIRERA
5, NTHEBPITENRE, TERMADHER HERERDY 0.1%,
BRELNGE SRR BB RENR TR Wit B MUNME H ZEMIE 2 IR, RTIT
B EAKERERSS, ®AT PCI-7422 0% EHMMLT, BAFRITREEESEH, XA
BMEENEREE, KREFEBRM 2K 12 1CrI8NOTI AEHEN ., %5 BB K IE 5K Y AL BE
EEREE, RAGMHEEEREN ADI67T4 B, HAZENNE dmm, BEE 3mm MEEEE,



4 KOEF HE

2007 £ 12 H

KEN 53mm, HFH/NRE QLI T R
M, ABOTHIBUNMENEP, HALT BRI
HITHIBETESS, T LE A A A 1) i U0
ABBEE, AOMLERIF, IHEPRIARBES
BEY, ATESRK, RKEHEEREEN
K, BHREFHIEERBEERESK, £
HIERIERE:, ERDFTHRNE, RitTHE
B FL/RMEE, Wi AR 90°, ¥ RAH 30°, M
WH 0.4mm, ¥ 3K A 100,

3 LRER

XHUNE S R AR A RIST T LW

KEBBFF, ALK TR A, HE
B, EXRAEP, BEFRMASKES
B, BREM#SHE, KEREERE, &
TR EEMEREA L, T ) % B iR B AR
PRy, E R R R E AR
WAL, Wit EARRES &G THEODENES#E
i, B3 RME/MEDERETAERKR
Fo WEIFRATLIE H, HEMASEREE R L
AN RS, EREZARERE, & TRE
MR N, R 04mm, FTUER/DMEET,
BRPEENBERBIBREE S, A6 KB S
W i

b) B

B3 BUMENERESTERR

Fig.3 Steady operation photos of the micro—thruster
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Fig.4 Operation parameter curves varied with time under steady-state
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Fig.5 Wall temperatures and chamber pressure

varied with O/F at 15mg/s
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Fig.6 Wall temperatures and chamber pressure varied with

methane flow rate at O/F=4
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