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Real-Propellant Test of a Turbopump for a 30-Ton Thrust
Level of Liquid Rocket Engine

Soon-Sam Hong* - Dae-Jin Kim* - Jin-Sun Kim* - Jinhan Kim**

ABSTRACT

Turbopump test for a 30-ton-thrust liquid rocket engine was carried out using real-propellant. Liquid
oxygen, kerosene, cold hydrogen gas were used for the oxidizer pump, the fuel pump, and the
turbine, respectively. The turbopump was reliably operated at the design and off-design conditions and
the performance requirements were satisfied, which implies that the turbopump development at the
engine subsystem level is successfully accomplished in the point of performance validation. This paper
presents the results of a test where the turbopump was run for 75 seconds at three operating modes.
In terms of performance characteristics of pumps and turbine, the results of turbopump assembly test
using real-propellant showed a good agreement with those of the turbopump component tests using

simulant working fluid.
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Fig. 1 Turbopump assembly for test
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Fig. 2 Schematic of turbopump real-propellant test
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Table 1. Nominal condition (NC) of turbopump Table 3. Real-propellant tests of turbopump
operation
Oxidizer| Fuel ) ) Test
. |Oxidizer| Fuel ) Test Turbine | Operating |
Item Unit Turbine pump | pump ) . time
pump | pump No. i di medium| point
Flow rate  |kg/s| 640 | 285 | 4.2 medium) medium [sec]
Inlet pressure |MPa| 048 0.28 49 LN2 |kerosene| GH2™ NC 60
Outlet pressure |MPa| 9.6 14.4 0.35 2 | LOX" |kerosene| GH2 NC 50
Inlet temperature| K 95 288 900 OD1
Rotational speed |rpm 19,410 3 LOX |kerosene| GH?2 oD2 75
NC
Table 2. Operating points of engine and turbopump NC
(normalized by NC) 4 | LOX |kerosene| GH2 | OD4 | 75
Ttem NC |0D1 |0D2|0D3|0D4 OD3
Enoi ; 5 LOX |kerosene| GH2 NC 25
ngine mixture
ratio 1.00{0.92 [ 1.08 | 1.07 | 0.92 6 LOX |kerosenel GH?2 NC 25

Pressure of main
) 1.00 { 0951095 | 1.05 | 1.05
combustion chamber

Rotational speed of

1.00 | 0.95 [ 0.98 | 1.06 | 1.02
turbopump

Mass flow rate of

L 1.00 [ 0.92 [ 0.98 | 1.09 | 1.02
oxidizer pump

Mass flow rate of

1.00 {1.00 [ 0.91 [ 1.02 [ 1.11
fuel pump

Discharge pressure
o 1.00 [ 0.91 [ 0.96 [ 1.10 | 1.05
of oxidizer pump

Discharge pressure
1.00 { 0.89 [ 0.98 | 1.13 | 1.02

of fuel pump
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Table 4. Operating points and rotational speed of

tests
) . Time | Rotational speed
Operating point
(sec) (rpm)
NC 0~25 19,490
OD4 25~50 19,670
OD3 50~75 20,235
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