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Scheme Investigation on a Half Open Oxygen-Rich Staged
Combustion Mixture Cycle Rocket Engine

LIU Hong—jun

(College of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Aiming at the applications for space launch vehicle main engines, a half open oxygen-rich
staged combustion mixture cycle engine scheme, with which an open fuel supply subsystem and an closed oxygen
supply subsystem are applied, is proposed in this paper. The specific impulse performances of this kind of mix-
ture cycle are calculated, and comparing with open cycle, convention closed cycle and full flow closed cycle, its
advantages and shortcomings are discussed from the viewpoint of being used as reusable space launch vehicle en-
gines. The detail system parameters for a 1000kN thrust level liquid oxygen kerosene mixture cycle engine are cal-
culated. The results show that for the new mixture cycle engine, sea level specific impulse can attain 303s under
the main combustion chamber pressure of 26.5 MPa. Meanwhile, its high critical design margin, along with the
compatibility of turbo—pump mediums, can be obtained at the cost of a small loss of specific impulse.
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Fig. 1 Half open oxygen-rich staged combustion mixture

cycle engine scheme 1
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cycle engine scheme 2
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Assesses of different cycles

Full flow staged

Cycle Mixture cycle Staged combustion cycle combustion cycle Open cycle
Performance High High High + Low
Thrust/weight High Common Common High+

Scale Small Common Common Big

Complexity High High High+ Simple
Compatibility of turbine pump seals Good Bad Good Bad
Critical margin of turbine pump High+ Common High Common
Develop difficulty Medium Medium High Low
Overall assess High+ Common High Low
Table 2 Efficiency parameters for the mixture cycle engine
Efficiency parameters Value Efficiency parameters Value
Fuel pump 0.65 Oxygen booster pump 0.35
Fuel kick stage pump 0.5 Oxygen booster turbine 0.45
Fuel booster pump 0.3 Oxygen turbine 0.72
Fuel booster turbine 0.35 Gas generator combustion 0.9
Fuel turbine 0.5 Main combustion chamber combustion 0.975
Oxygen pump 0.68 Nozzle 0.965
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Table 3 100t LOX/kerosene mixture cycle parameters

Parameters Value Parameters Value
Sea level thrust/kN 1000 LOX pump pressure increase/MPa 51
Chamber pressure/MPa 26.5 Preburner pressure/MPa 49
Chamber mixture ratio 2.7 Preburner mixture ratio 56
Gas generator mixture ratio 0.30 Preburner temperature/K 680
Gas generator pressure/MPa 25 Oxygen turbine pressure ratio 1.72
Gas generator flow rate/(kg/s) 13.0 Oxygen turbine power/MW 16.2
Fuel pump pressure increase/MPa 34.0 Gas generator flow rate/engine flow rate/% 3.96
Kick stage pump pressure increase/MPa 21.0 LOX boost pump pressure increase/MPa 0.8
Fuel turbine power/MW 5.99 Thrust chamber sea level I /s 311
Fuel turbine exit pressure/MPa 1.0 Engine sea level [ /s 303
Fuel boost pump pressure increase/MPa 0.65 Engine vacuum /_ /s 335
Fuel turbine exhaust I /s 120 Engine mixture ratio 2.45
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