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Abstract: In order to reduce inlet pressure for start of LOX/kerosene staged combustion rocket engine, the
spin—up delay problem of oxidizer boost pump needs to be solved to eliminate its flow resistance influence on
main pump cavitation. Two schemes for accelerating boost pump were studied, which are the liquid oxygen tur-
bine scheme that has been applied in engineering and the helium starting turbine scheme proposed. Effects of the
two schemes on engine gas—liquid system and boost pump structure were compared. Mathematical model was es-
tablished to examine mechanism, effect and influencing factors of boost pump accelerating. Results show that for

the liquid oxygen turbine scheme, the structure of boost turbopump has little change. To improve acceleration per-
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formance, the turbine supply pipeline should increase the diameter and shorten the length to reduce dynamic and

static flow resistance. Meanwhile, the turbine nozzle flow area should be selected according to its comprehensive

impact on the turbine flow and pressure drop. In the scheme of helium starting turbine, boost turbopump varies

greatly in both structure and flow path, and reduction of helium consumption is limited by relatively low velocity

ratio and efficiency of the starting turbine.
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1) Oxidizer boost turbopump; 2) Main turbine; 3) Preburner;

4) Oxidizer valve; 5) Main oxidizer pump;

6) Heat exchanger; 7) Check valve
Fig.1 Schematic flow diagram of staged combustion LOX/

kerosene rocket engine
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1) Spinning accelerated valve

(a) LOX turbine scheme

1) Starting turbine; 2) Mechanical face seal;
3) Orifice; 4) Solenoid valve

(b) Helium starting turbine scheme

Fig.2 Scheme for accelerating boost pump
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Fig.3 Torque and speed of gas-driven boost turbopump

during engine start-up
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Fig. 4 Main pump inlet pressure during engine start-up in

the case of gas-driven boost turbopump

80 50
607 440
— o
é’ 0] 430 %
< 2 120 &
of J 10
0

_20 L 1 1 1 1 1 1
00 02 04 06 08 10 12 14 16 1.8
tls

Fig.5 LOX turbine flow vs main pump outlet pressure

during engine start-up

-—AZto
_1\_4‘3
r— M,

P

_08 1 1 1 1 1 1 1 1
00 02 04 06 08 10 12 14 16 1.8

tls
Fig. 6 Torque of boost turbopump accelerated by LOX

turbine
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Fig. 7 Speed of boost pump accelerated by LOX turbine in

comparison with no acceleration case
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Fig. 8 Main pump inlet pressure during engine start-up in

the case of LOX-accelerated boost turbopump
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(a) LOX turbine flow and pressure drop
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(b) Boost pump speed
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Fig. 9 Effect of LOX turbine supply line length on boost

pump acceleration
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(a) LOX turbine flow and pressure drop
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(b) Boost pump speed
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(¢) Main pump inlet pressure

Fig. 10 Effect of LOX turbine nozzle flow area on boost

pump acceleration

43 SRR INERIETER

B 2(b) Bt 7 1 S0 3l it 56 n 3 58 7 58 O
2, AR A R B 7 8 T R AR IR T ZE A i e ke
TR, B A J 7 i s 1] B (1] 4 ) 0.86~0.94s ) fiff T
JE % 55 58 35 3] 3% 10°/min LA, 7] R FH 0.6kg/s 20K 9K
SR ek 30 /9 wpaks AP ge L WLIE 11, R S EE T
R BE R 0.2~1.0s.

FEE 1L A5 kS Sl B i i AR TR TR A 4
g RUST B ) W] e K K, ] e 2 3t 3 By 70 R
TR R PR Y WA AR, T D 4R 4 Ay, 2k
T R R L 3l A R B i R 0 L AR L A
0.02, AT BOR 58 BORARAL AL 9%, 1 TR AR 2L
R BR A 3 — 20 B AR 2 R A Y o

Xt M TS Bh Y & sh AL, S0 RT H b T Y



HarE BT TR IR e B L B dok AR A TR A A T Ty SR 5 1447
12— S R S A R AR 20 8 A P
Or — S oA T 1 7 5 P 0 B o i 2
L L0 T 2, 40 B K
= (3) 48 T W15 B I A P 56 % 9
0z | LB AR 09 T F 38 6 7 7 R g
00 IHIESS R 20 BT T 452 B 7 9

00 02 04 06 08 10 12 14 16 18
tls

(a) Torque of boost turbopump and
helium starting turbine
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(¢) Main pump inlet pressure
Fig. 11 Calculated results for scheme of boost pump
accelerated by helium starting turbine
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