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ABSTRACT

A 3-tonf class liquid rocket engine that powers the upper stage of a small launcher and lifts
500 kg payload to 500 km SSO is designed. The small launcher is to utilize the flight-proven
technology of the 75-tonf class engine for the first stage. A combination of liquid oxygen and
liquid methane has been selected as their cryogenic states can provide an extra boost in specific
impulse as well as enable a weight saving via the common dome arrangement. An expander
cycle is chosen among others as the low-pressure operation makes it robust and reliable while a
specific impulse of over 360 seconds is achievable with the nozzle extension ratio of 120. Key
components such as combustion chamber and turbopump are designed for additive
manufacturing to a target cost. The engine system provides an evaporated methane for the
autogenous pressurization system and the reaction control of the stage. This upper stage
propulsion system can be extended to various missions including deep space exploration.
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Fig. 1 Vacuum specific impulse as a function of the
area ratio with chamber pressure and
combustion efficiency[11].
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Table 1. Engine development requirements.

Item Value
Thrust (kN) 30
Specific impulse (s) > 362
Propellants LOX, methane
Cycle full expander
OF ratio 3.4
Throttle range 70~105
Re-ignition > 2
Nozzle exit diameter (m) =12
Operation time (s) > 560
Mass (kg) < 110
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Table 2. Expected vacuum specific speed.

Comparison engines Expected Isp

Er(expansion
Engine | Pc | OF | Er |Isp ratio)

120 | 160 | 220
30 kKN [HI| 4.7 | 3.3 | 210 | 370 [362.7 |366.0369.3
30 kN
CASC 3.5 | 3.3 |120 | 361 |361.6|364.9(369.2
Modified
RL10 3.45(3.51| 70 153.2/363.7367.0|370.4
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Fig. 2 Full expander cycle.

Table 3. Engine system architecture.

Item Value
Component LOX+CH4
Cycle Full expander

Propellants supply Pump-fed

Start-up Tank pressure

Chamber ignition Electric spark

TPU layout Single shaft
Valves type Pneumatic (TBR)
Control Thrust & OF ratio
Gimbal Engine gimbal
TVC axes Pitch & Yaw axis

Tank pressurization Autogenous

RCS(Roll Control Sys.) | Gaseous methane

Application

Upper stage
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Fig. 3 Engine cycle analysis.
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Fig. 6 Turbopump configurations.
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Table 4. Comparison of turbopump configurations.

@[0]©] @
Specific impulse AlAalalo
Number of turbine O| O] O] x
IPS condition (safety) A x| x| O
Thermal condition AL A x| A
Engine performance tuning| O | O | O | x
Engine control O] O | O] x
Axial force P VAN VAN BN
Engine start-up O] O] O] x
Engine layout O|Oo|A]|O
Engine thrust enforcing Al Al Ao
Number of components O] O | O] x
Development experience Ol x| A A
Total S

Table 5. Main parameters of pumps.

Item O.pump | F.pump
Mass flow rate (kg/s) 6.63 1.94
Inlet pressure (MPa) 0.4 0.32
Outlet pressure (MPa) 59 11.03
Specific speed 173 50
Efficiency 0.52 0.48
Power (kW) 57.66 102.56

Table 6. Turbine main parameters.

Item Value

Rotational speed 65,000
Turbine pressure ratio 1.78
Specific speed 54
Turbine inlet temperature (K) 550
Efficiency 0.57

Power (kW) 160.22
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Fig. 9 Hot fire test of 1-tonf class 3D printed Methane
thrust chamber [19].

Fig. 10 3D printed combustion chambers. (left & center
¢ Inconel 718, right : CuCrZr alloy).

Fig. 11 Hot fire test of 3-tonf class 3D printed
Methane thrust chamber.
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Fig. 13 Additional components of Kerosene fueled
11D58FM engine for kickstagel20L.
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