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Start-up filling process and heat transfer characteristics

of shutdown in attitude and orbit control engine
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Abstract; In order to improve the response speed and safety reliability of the bipropellant attitude
and orbit control liquid rocket engine, the filling process and heat transfer characteristics of the engine
during its start-up and shutdown were studied by experiments and simulations. The experimental study on
the transient flow process of the transparent injector test piece was carried out, and the liquid flow process
was photographed with a high-speed camera. The transient flow process of the injector test piece was simu-
lated and the results were compared with the experimental results to verify the rationality of the volume of
fluid (VOF) model. The simulation results show that the filling time difference of the engine in each
installation direction under the ground state is not more than 0. 1 ms, and the installation direction has lit-
tle effect on the start-up filling process. The discharge process of propellant after shutdown in vacuum state

is studied. The fuel is easier to return to the cavity than the oxidant, and this phenomenon in the inner
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ring is more likely occur than that of the outer ring. After evaporating for a long time, the gaseous fuel

content of fuel flow path is closer to oxidant flow path, and part of the vapor returning to the cavity con-

denses and it mainly occurs in the central area of the oxidant flow path.

Keywords:: attitude and orbit control engine; start-up and shutdown; flow characteristics; heat

transfer characteristics; simulation analysis; experimental study
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Fig.1 Working principle diagram of experimental system
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Fig.2 Physical drawing of experimental parts
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Fig.3 Physical drawing of test parts and schematic

diagram of section structure
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Fig.4 Simulation calculation area and grid of

experimental model
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Fig.5 Simulation calculation area and grid of real model
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Tab.1 Suitable mesh number for simulation models
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Fig.7 Comparison diagram of simulation (left) and

experiment (right) in filling process
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Fig.8 Dynamic diagram of filling process in engine oxidizer
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Fig.9 Temperature change cure of engine

injector after shutdown

WS AR 10 O L R A F S g i 2k, X 5
PEEEA X B E ARSI, &SR
SME LA 4 PO 2R A CE, BRI i R S 4 3
SRSk 2R ORI SIS A S R R B e ] A8 Ak, O L
MELLE T S0 AR AS . T PR 2R R A R ECh
0. 8 SRR SR S 300 K, 3 A 1 M v 2 ik 1)
FLAE TR AIG o LI T 1 I 5 Y 4 11 1 B 45 SR A 1A
5 S AT, S KR 22 AN 3 T %, B A% 3R
RSB R RN 9k T R
3.5 EZREEVEHBHFTRIEE

HAORE T RN, 5 183035 K,
WSV AL T PN B A 0 R 4 R AR A AR Il it 2R
RIIE AR o A SCURSE T 4 Ak 50 AU R B
IhAFAE R AR

P10 hy S Ak 70t g 2o e e 8 sf 200 A< 2 R4
R shZS L, XHLE 10 s EEFIE h e Ak
R HE LS P RS AN, CHUE
63 s S AR I B A S I O, R R = RS AR
e I R P 2 i B AN 4 7 e Rl
HOiE, A TIRIBIS . KHLE 63 s RIE TSR
P39 ) e i SRS B 1) 5 % , SR B S AR IAAR
SIHCEIA 89. 7 %, RNk I I L AN BT I B2 R 1 <
BRI RS AR BN SO AR AR L 6 %, 182
FLHR 11 4 s AR B KA 15. 9 %,



H4A8 % 4 MR, A B L LTI TSR A LA R 49
PRAR S B THESERIZE &5 R AR B 4, 4 6 & sh LT

0.77 P
l 0.70
0.61
0.54
0.46
E "

0.39
ey -
0.31

T
0.23
0.16
I 0.07
0.00

(a) KHLE10 s
ENAG 2

0.90 ——
.0A81

0.71

0.62 ' B

0.53 L 4
.0,45 a 1

0.36 . .

0.27

0.18
0.09
0.00

(b) KHLF63 s
EH10 #REESSEUNSHE
Fig. 10 Distribution diagram of gaseous oxidizer

during discharge process

11 St R S . FepLR 60 s,
SRR PR, WA be % A D B USRS
FKHUR 120 s, RBEa SHOR S 3 &, DA
MORLEA S AL B A 2 TR B o B S AL (] 5
K, AR P TR R 5 B AN T 0 T, 00K e
WASHRBHE RN WTREAR, JCHLR 1 680 s, L5 i
FIRHR SR & B C B0 1T, S EHA
OIBIAE 20 %/ A, AR S R 1) SRR R
BELS R BOEAAE T % LT, e AR 0k
10. 8 %,

D ELA AR, AL AR T S AL 7
PIHBL T 28 R e BE G o R A HL S A5 50 ufe 2%
K, TRV AR 2 SO SR AR TR 2 SO 7 5 Y BR Js
MG, WAL E A LM E 25 5 DR B G . i
BLR BGRB8 R A AR BRAS  RR 28X
T BRELS AR AL D R N TR
RGN, S B S AR TR 28 SO E A 2 ) ORI T R
. BT REPLTAERL T, 7 2% B H 2 IR

R AR W 28 S DL R BE S o, DR UE A B HLIT
KA A AT HE TAE
[US5AT 33

!0.27
0.25
0.22
0.19

0.16

0.13
0.10
0.07

0.04
.0.01
RS %L

0.13

(a) KHLIF60 s

0.11

0.10
- 0.08
0.05

0.03

002
. 0.01

(b) KAHLIF120 s
A EL . :
IO.SI ‘4
045 ¢ |
0.40 !
0.35

(e) RHLIF1 680

11 R RSSHES 6 E
Fig.11 Distribution diagram of gaseous

fuel during discharge process
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