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Basic parameters analysis of first stage engine system for
heavy lift vehicle

LI Xiang ning, LIU-Yu
(School-of Astronauties;

Beijing University of Aeronautics.and A strenautics, Beijing 100191, China)

Abstract:~The\structure \and-basic parameters of-propulsion system for existing heavy
lift launch vehicles were'‘analyzed. T he structure”and task requirements were proposed to
meet the manned lunar-landing demand. €onsidering the performance, economics, technical
difficulties and working\reliability,~a scheme of the first stage engine system for heavy lift
launch vehicle was proposed, including the thrust level, propellant type and engine cycle.
System simulation models were established for 9 model engines using the object-oriented se-
quential analysis method, and the maximum chamber pressures and balanced system parame-
ters were computed. The influence of chamber pressure and mixture ratio on the engine per
formance was analyzed. Based on integrative analysis, 4 500~ 5 000 kN liquid oxygen/ kero-

sene engine system of stage combustion cycle with oxygerrrich preburner is preferred.

Key words: heavy lift launch vehicle; liquid propellant rocket engine;
liquid oxygen/hydrocarbon propellants
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1
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(LEO) 100t F2 F2S
R 3 ,3
, LEO 100 t,
, 5 5 50t
“ 7 X 5” R 651t. 3000t,
60,70 34000 kN.
1
Table 1 Heavwy lift launch vehide parameters
5( )
/t 2400.00 2945.95
/ kN 34833.00 34029
/m 60.00 110.64
/m 20.00 10.06
LEO /t 105.00 120.00
1.5 3
0 1 1 2 3
/ m 32.00 60. 00 42.06 24.87 19.02
/ m 4.00 8.00 10. 06 10.06 6.60
/t 1500 800. 00 2279 493.00 123. 95
4* RD 170 4* RD 0120 5% B 1 5% F2 2

/

/
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2
Table 2 Theoretical performance of propellant combinations
/ / / / /
2.24 2.74 3.1 3.5 6.0
19.3 20. 00 19.98 19.97 60.00
/(me s~ ") 3169 3367 3429 3481 4364
1.173 1.024 0. 9226 0.8276 0.3610
/(me s 1) 3717 3448 3164 2881 1576
) 2.3
82% ,100%,93% , 80%; EELV
-4 ( DELTA-4) 5(ATLASS) R
’ 10%
' 30% )
/
3
/ )
2[5]
3%:; 425kg/m’, ~RP1 '
810kg/m’, 1.9 ’ ’ ’
, 1000 K s
800K .
, 3
’ ( ), 9 3
3.1

F- 1, RD-120, SSM E
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, 5% ,
, 5000kN, :
6~ 35MPa, 2.2~ 3.4, s
0. 04M Pa. ,
3 s A2,C2
Al,Cl.
Table 3 Engine scheme list ’
4
Table 4 Specific impulse at the maximum
Al / chamber pressure
A2 /
A3 /
/ / /
Bl / 3
(N* s/kg) (N- s/kg) (kN* s/ m”)
B /
Al 2754.1 3084.8 240 2808. 1
B3 /
2630. 2/
c1 / A2 2925.0 327972 2.55
2880.2
Cz / A3 2972.8 3328.5 . 2.70 2337.3
€3 / B1 2998.2 3330.2 "\ 2.80 3090. 1
2786. 9/
B2 3025.2 3360.2_—3.00
3026.0
B3 3036.7 3373.7  3.30 2495.8
4. 4 Ct 2932.0 3256.7  2.80  3021.9
’ . 3 c2 3069. 4 3400.4 300 MY
; 583.0kg/m-, ’ ' ' 3070.2
. ’ c3 3129.8 3471.7  3.30 2572.3
728. 8kg/m’. ,
, 4.
S 3 ,
( -( 9
2 P max
Fig.2  pema for the 9 schemes
3.2
4 2 2
Al B1
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? Table 5 Calculated engine parameters
, 8~ 10MPa
’ / kN 4930 5000
15~ 25M Pa R 3 ,
/kN 5600 5572
18~ 22M Pa
/(m* s ) 2740 3040
3000 2
P / MPa 10.42 18.39
/7
2900 / /(kge s™") 1799 1439
~ - 2.52 2.60
o
z 2800 / / MPa 10.42 18. 39
T3 e 5! 46.66 18. 90
~F 2700 /(kg® s7)
0. 416 55
Al
2600 - = TBI kW 34810 74 950
/ kW 20100 46 414
2500 PVEN BT S ErE N R ST RS SR |
0 5 10 15 20 25 30 . 1410 28 045( )/
PP 491 )
3 /-MPa 0.04 0.04
Fig.3 Specific im pulse versus chamber pressure
22 35
Al Bl /' m 0. 620 0.453
MRc / m 2.90 2.68
4. : I m? 0.3019 0.1612
%8 ’ / m> 6. 605 5.641
2.9
3400
— ] 1, 4
Bl
3300
R T,
£ 3200 1)
€ ; 50t,
8
_F 3100 — a1 2 800~
- T, 3000t, 35000~ 40000k N.
3000 e %)
4500~ 5000 kN R
2900’) | | ol Liisihbaebibabeid il aisand
25 26 27 28 29 30 31 32 33 /
MRe ’
3) 5000kN / R
4
Fig.4 Specific impulse versus mixture ratio /
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