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Experimental investigation and on-orbit flying validation

of an ADN-based liquid space engine

YAO Zhaopu, ZHANG Wei, WANG Meng, CHEN Jun, SHEN Yan
( Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract; The experimental investigation and on-orbit flying validation of the ADN-based liquid
space engine developed by Beijing Institute of Control Engineering ( BICE) are introduced in this pa-
per. The experiment research about the combustion mechanism of the combustion chamber of a 1N model
thruster was performed with the measuring method of tunable diode laser absorption spectroscopy ( TD-
LAS). The variation of characteristic parameters such as fuel gas temperature and component concentra-
tions of CO and N,O in the combustion chamber with injection pressure were measured. The effects of the
propellant inlet pressure on the combustion process were evaluated. The hot fire test results and main per-
formance indexes of an ADN-based liquid thruster family including 0.2 N, 1 N, 5 N, and 20 N thrusters
are presented. The performance data at different operation conditions were obtained. The on-orbit flying
validation result of the 1N ADN-based liquid thruster is introduced for the first time. The contents in this

paper are beneficial to the development of green aerospace propulsion techniques.
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Fig. 1 Structure diagram of thruster model

with optical windows
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Fig.2 Picture of model thruster with optical windows

S5 il B4 A R SR 0T R 619% 1)
ADN ,27% 87K, UL K 12% B9 W B 4H i, )@ Tdb ot
F ] TR S T A ] 1 b RE G 7 4 TE R, BRAE L b
220 s, SZER P AR ALK ShHLAG A BE 2= B4R R
KEEYISN 10 mm, TDLAS Z 45 (1) 24 &2 oo o
FEbeE B ILr o B, RS T/ET R
1.2 MPafi 3l 57 W 33 1 7 18 A 5 W 3 i 97, Xt
N 0.48 o/s BHMEMERI R . 28 i BT SUmt i 4%
W, AER SN IR S 1k 8 k. AR NI e R
RGeSk QN IR R N1 | I B 5 ) R 2
TS AL R, i) ADN 41531 & A A Ak
OYFRINL o AR TR B A7 AE T LA 35 A B N 37 Ak

RERYAE SR, (115 ADN R LATEAH Eb 3050 T AIK 19 R
JER RN . SRJ5 ADN 23 it 5= A il K i B
AR E] =, A 7R ) A A AR
Je st R be 2= ik — 25 e AR Bk e I I B i,
TR BE SR ) 43 A A2 O, ST OGS =12 Wiy
X BRI R AR A T RS I

=0 e R B 28 78 & s AL TAE i R 0
Gy SR rp AR 3 Tz B

S T WESE ADN FEIR A7) ) Al R e
FEHE T I T TDLAS J5 ik i S0 05 it 24 & . TDLAS
MHET7 ¥ FE T Beer-Lambert & (0 FEaL > 111,24
— R v RN 1, o BRSO AGE B L
(R X5 TR A, 35 S 1, 5 GG 1, i 2
Beer-Lambert A& X, S & R WE 3 FiR,
FELI R 3 NS O R A AR A A R 3
BURHESE At 2R 200 L WSO 15 4 0 4 AR 5540 Ak 34
RYi, =T TDLAS g J5 1k FI L5 &5 19 3 %2 41
Al USSR o FEAR Scrb, i TDLAS )
D5k, BE X ADN AR % sh LR be 2= N AR TR
J& . CO EE/R U Je N, O BEIR VR BE HEAT T Al 4
Horfr,CO 2 ADN JE i A 34 550 4 Ak o i B AR e S
7 3 AR B B R R R AR 4 43, CO fe YR T 4 0k 5 v
H 2l o i R Ak, HEA IR, rT LIS ADN {1k
SRk I 0 AR A ] e g aE— 2B RN, AR 7 €O,
N,O /& ADN Ak 73 fift J i S v ] =4, BLA 4804k
P, AT L5 R L v ) 7 g i AT E— 20 RN
TDLAS 0] 3 i v, W A3 4 1) 2 8 2 S 38 3 A v
() — AN A5 AR IR 2 Y R AT R 1 ) i e
SR AR 325, BEIUK 28 HE 7 185.60 em ™' 1 7
444.35 em ™" LB SR BRI A TR AT I A, AT
XiF CO JEE R v BE Al ek, BB 2 193.36 em ™' L S
SRR A REAE R AT 5. A X NL,O BE R iR
JEE BB BEH 2193. 54 em ™ R R BRI A R AT
WS LR IEA T [, ) e e il o — SR
F A AR S R 2 R T
1.2 XWHEREE

FESCI T FR Y, R BIHL AT KT S A R T A
£200 C, HERETAESAMT, VR T AR K
JIX ADN FER AR e 32 744 Ak 40 A SR e i I ot
AT

B4 25T 10 s fads s kit fE i, 1.2 MPa,



H44 % H 1

kIR, 25 - ADN S A s ) A s ALY SE R 58 -5 1R B IE 11

0.8 MPa F10. 5 MPa WiH[ T & ZhHLIAKE = P9 B #E
SIREMARSE R . 7E 1.2 MPa B}, Sk S 3G A
TG b T, 2 Ls S BRI B AR RS 3807 il
(#£71500 K), ££0.8 MPa i}, &5 k3 31 5 BRI
JE ST VA AR 1, AEATS B K B - A7, SF- i R R S e
HIHE 1.2 MPa 5k T 00 #2230, 15 BH 1 M i e 3 161 7
WEERI R , BT 4, RS HLE 1% T4

L 1)

fh e

A AA
[ tosmn

ST

R AEBAR A WE T 25k T80 (0.5 MPa) , Bkbe
TR S A Ry B I ) U M, ELR O
I, ¥4 F57E 1 200 K LR . U BIFEARE TAE &A%
T, ADN JEIR A T Ak 53 fife SR e SO 1) 2 N
SERTEREZ B LR W i A R, RPN R, A
ANTE4

R 25

3 TDLAS ME&R&%ZH =R

Fig. 3 Diagram of TDLAS measurement system
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Fig. 4 Measurement results of instantaneous gaseous phase

temperature under steady-state condition
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Fig. 5 Instantaneous measurement results

of CO mole fraction under steady-state condition
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Fig. 6 Instantaneous measurement results of

N, O mole fraction under steady-state condition
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Fig.7 Hot fire tests of ADN-based liquid thrusters with different thrust levels
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