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ANALYSIS OF.THE EFFECTS OF PROPELLANT-UTILIZATION
CONTROL SYSTEM ON THE LIQUID
ROCKET ENGINE PERFORMANCE

Shen Chibing Wu Jianjun Chen Qizhi

(Dept. of Aerospace Technology, National Univ. of Defence Technology, Changsha, 410073)

Abstract: A nonlinear mathematical model for the steady state operation of a pump-fed liquid
rocket engine with a propellant-utilization control system is set up. The effects of fuel mass flowrate
of the fuel control valve in the propellant-utilization control system on the performance of liquid
rocket engine are computed and analyzed by using both the nonlinear optimization method and the
linear method, and the comparative analysis is also carried out for the computed results. The results
obtained can be used for the control and regulation of pump-fed liquid rocket engine, the analysis of
rocket engine test results, the reliability analysis and the fault analysis, and also for bringing to light
the variation of the engine parameters with various interfering factors.
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Table 1 Interfering factors

Table 2 The relative variation of the engine

oD,
Code parame condition of —4= —
Meaning Symbol Unit fers under the of D,
name
Onidi o D . dr (1) /x (D)
oo putmp e_ llmency k Yoo ‘ Broyden method Linear method
Fuel-pump efficiency D, ot
Turbine efficiency Ds " 0 1. 505931072 1. 10676 X102
The ratio of exhaust pressure to b y 1| —2.48025X107% | —2.82419X107*
inlet pressure of the turbine hot gas ? * 2 1. 505991072 1. 11408 X 1072
Fuel flowrate through bypass pipeline D, My kg/s 3 1.49635X 1072 1.11887 X102
Throat area of sonic injector Ds | Aq m? 4| 1.95682x1072 | 1.60116X1072
The sum of throat Ds | Aa m? 5| 1.95682X1072 | 1.59362X1072
areas of turbine nozzles
6 2.99754X%1073 7.63290X 104
Oxidizer pump inlet pressure D; Pipo MPa , R
Fuel pump inlet pressure De o MPa 7 —2.05020X10 —1.72670X10
Oxidizer saturated vapor pressure Dy o MPa 8 3.14634X 1072 2.29061 X102
Coefficient of cavitating venturi 9 [ 3.41856X107% 2. 60267 X 1072
L . Dyo Kot MPa. s? /kg?
in oxidizer auxiliary system 10 5.83346X 102 1. 48322 % 103
Coefficient of cavitating venturi 11 3.94767 X102 3. 14679% 1072
L Dy ko MPa. s? /kg?
in oxidizer evaporator 12 1.55296 X102 1. 13959102
Fuel saturated vapor pressure D ot MPa 13| —4.80815X10-% | —9.04744X10~3
Coefficient of cavitating venturi D » MPa. st/kg? 14| 1.95682%10-2 1. 62128 X 10-2
in fuel auxiliary system
15| —2.49355X1073 —1.32405x1073
Throat area of thrust chamber Dy Ate m? Z .
Combustion efficiency in chamber Dis /2 16| 1.87809X10 1. 5186910
Oxidizer density Dy Po kg/m? 17| —4.51639X1073 —4.82285x1073
Fuel density Dy i kg/m? 18| 4.08756X102 | 3.93095X 102
Qutlet area of nozzle Dy A m?
Atmosphere pressure Dio o MPa 19 4.69965X1072 3.40294 X102
Coefficient of the main cavitating D b MPa. #/ke? 20| 8-53514X107% 8. 27348 X107
venturi in oxidizer pipeline «© a-s"/kg 21| 2.77660X10-2 | 2.11515X10-2
— - — -3
Coefficient of the main cavitating D, . MPa. s%/ke? 22 2-86175X10™% 3. 05594 %10
venturi in fuel pipeline ' S 23 | —2.77741X107% | —1.47478X 1073
Coefficient of cavitating 24 1.87809x 102 1.51869X 102
2 /o2
venturi before fuel baffle Du | A | MPa.si/ke 25| 3.01508X107% | 2.19499X 1072
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Fig. 6 Result image of adding 12 Fig. 7 Result image of adding 20
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