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EFFECT OF LIQUID ROCKET ENGINE ON
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Abstract: On the assumption that the foreign existing and new liquid propellant rocket engines
are adopted as propulsion system, the effects of the main propulsion system on the dry mass of the
single-stage vehicle are calculated for a given flight mission. For the SSME-derivative engines powered
single-stage vehicle, the effect of the engine specific impulse and engine mass on the payload are
calculated with the fixed gross lift-off mass, and the effects of the engine specific impulse and engine
mass on the vehicle dry mass are also calculated with the same payload. It is shown by the calculation
results that the single-stage vehicle with dual-fuel, dual-expander engines has the minimum dry mass.

Subject terms: Single-stage-to-orbit, Liquid propellant rocket engine, Propulsion system, Rocket

mass

1 3

EF—REKITHEF, RRERFNRANTLWESHEANRRANZRBEC Y —F
LFHERE. SERHEHRASIRBJNTREMX, SRBOELEREMZREGTR
BXAEBRAOEW, BEANELRERDINER, URRIV L HHRBERET
FRAERBHHER, FESHTREART. EXERSZFEAEIAE . YU RF

aup

« WHHB: 19960921, #E HHEF. 19970201



20 #t o H R 1997 4

BRI K FR VA BR T, HET EHRERERIVGAER T, RTINS
FAPZEHETREA .

2 EFEEIMEBHLE T

HEHESE R Ge vk 69 B Sh R BhHLA Btk SSME, NK-33, XUSRENSUR Ak & 3L LA & RD-704
%, BN RZAPHNEE, XERE SSME FRF R, AAMUSEESERRERA
BRUESIR, BIBREMBRITRAGEIVM, RIVYIR AR 5 355 14 iR R 42 R4
% XY MRS T IZR VLK TR REE . SURKBIIURK X 3%l (DF/XD) R
ERERNEHEL, EREANAHRIVPAFRBNTES N, XECHTTHERD
Pl E R ES , NK-33 Z VLR F Hi @tk aE By R shtl, RV fEE R EE 124, X
KPR A KA RS, EXEFEILE™, RD-704 EHHVER TR EAHHN=HTKS)
Hl, H RD-701 REMH. K 1 HHTXERIVFESE.

Table 1 Engine performance characteristics

Engine Evol. SSME NK-33 DF/DX RIDD-704
Propellant 1.O;/1LH; 1.O:/RP-1 1.0, /C3Hs/1.H; 1.O;/1.H;/RP-1
Thrust Vac. 2146.7 1679. 6 3336.9 1046. 0 1963. 9 781.3
(kN) S. L. 1873.6 1512. 3 2966. 3 N. A. 1717.8 N. A.
I, Vac. 4383.5 3246.7 3760. 3 4536. 4 3088. 6 4429. 6
(N +s/kg) S. L. 3825.9 2913.5 3341. 8 N. A. 3488. 8 N. A.
pc/MPa 19.6 14.5 34.5/17. 2 17. 2 29. 4 11.9
Mixture ratio 6.0 2.55 3.2 (CsHg) 6.0 81. 4% L0, 6.0
O/F) 6.0 (LLHp) 12. 6% RP-1, 6 %LH;
Expansion 50 27 74.8 (C;3Hs) 119.9 74
ratio 36.3 (LH;)
Mass (kg) 3083 1240 3690 2406
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Table 2 Vehicle dry mass calculation reults

Propulsion system Evol. SSME RD-704 " DF/DX NK-33/Evol. SSME

Lift-off mass (t) 982. 77 844. 08 808. 57 964. 34
Dry mass (t) 106. 28 83.01 77.03 85. 65
Number of engines 7 7 4 4/3
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