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Abstract; It is necessary to develop fully reusable single-stage-to-orbit (SSTOQ) vehicles to
dramatically decrease the cost of transporting cargo and men into orbit, because the cost is too
expensive by expandable vehicle. Tripropellant liquid rocket engine (TLRE) is a critical technique in
SSTO vehicles. Although TLRE with dual combustion chamber (Dual-Expander, Dual-Throat) has
being studied since 70's, up to now no engine appears because of too complicated structure of the
combustion chamber. Based on the technique of tripropellant injector developed by our institute, the
paper presents a new designed TLRE with advanced performance which takes achievements of LH/
LO &. LO/RP-1 engines into accout and can be realised in near future.
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Table 1 Dual-mode thrust of foreign tripropellant engine

Engine Dual-expander Dual-throat RD-704
Mode 1 thrust (kN) 2705 2685 1803
Mode 2 thrust (kN) 813 970 735
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Table 2 Tripropellant engine main characteristics

Parameters Mode 1 Parameters . Mode 1
Engine thrust (kN) 2000 Preburner oxygen pump flowrate (kg/s) 71
Specific impulse (N ¢ s/kg) 3440 Preburner oxygen pump head (m) 1508
Hydrogen pump flowrate (kg/s) 25 Preburner oxygen pump speed (r/min) 30000
Hydrogen pump head (m) 75647 Kerosene pump flowrate (kg/s) 112. 27
Hydrogen pump speed (r/min) 40000 Mixture ratio 3. 15
Oxygen pump flowrate (kg/s) 432. 7 Chamber pressure (MPa) 24.5
Oxygen pump head (m) 2342 Chamber temperature (K) 3860
Oxygen pump speed (r/min) 30000 Nozzle area ratio 55
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Fig. 1 Tripropellant engine cycle schematic
1 Hydrogen inducer, 2, 3, 7, 8, 11, 12 Turbine, 4 Oxygen inducer, 5 Preburner
6 Hydrogen pump, 9 Preburner pump, 10 Oxygen pump. 13 Kerosene pump, 14 Thrust chamber
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Table 3 RD-704 engine characteristics 0- 80 3 Model
Characteristics Unit | Mode 1 | Mode 2 0. 60-5 Mode2
Engine thrust kN 1800 | 735.5 0. 402
=
Chamber pressure MPa 19. 4 8. 14 0. 20
n=27560r/min
Oxygen flowrate kg/s | 352.5 | 141.5 #= 40000c/min
0. 00 0.20 -0.40 0.60  0.80 1.00
Q/ (m*™")

Hydrogen flowrate kg/s 39.1 23.6
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Fig. 2 Hydrogen pump flow efficiency curves
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