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Hot-Fire Test of a Turbopump for a 30 Ton Class Engine
in Real Propellant Environment

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

ABSTRACT

Hot-fire test of a turbopump for a gas generator cycle rocket engine of 30 ton class was carried out
in real propellant environment. Liquid oxygen and kerosene were used for the oxidizer pump and the
fuel pump, respectively, while hot gas produced by the gas generator was supplied to the turbine. A
part of the propellant discharged from the pumps was provided to the gas generator. The turbopump
was run stably at both on-design and off-design conditions, satisfying all the performance
requirements. This paper describes one of the test cases, where the turbopump was run for 120
seconds at three different operating modes in one test. In terms of performance characteristics of
pumps and turbine, the results from turbopump assembly test using real propellant showed a good

agreement with those from the turbopump component tests using simulant working fluid.
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Fig. 3 Configuration of hot-fire test of turbopump

Table 1 Nominal condition (NC) of turbopump operation

Table 2 Operating points of engine and turbopump
(normalized by NC)

Item NC |OD1|OD2|OD3|0OD4

Engine mixture
. 1.0010.921.08 | 1.07 | 0.92
ratio

Pressure of main
. 1.00{0.95(0.95|1.05 | 1.05
combustion chamber

Rotational speed of
1.00 ( 0.95]0.98 | 1.06 | 1.02
turbopump

Mass flow rate of

. 1.00 ( 0.921 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

S 1.00 { 0.910.96 | 1.10 | 1.05
of oxidizer pump

Discharge pressure

1.00{ 0.8910.98 [ 1.13 | 1.02
of fuel pump

Table 3 Hot-fire tests of turbopump

T Oxidizer| Fuel . . Test
. |Oxidizer| Fuel . Test Turbine | Operating X
[tem Unit Turbine pump | pump . . duration
pump | pump No. . . medium| point
medium | medium [sec]
Flow rate kg/s| 64.0 28.5 42 e
1)
Inlet pressure [(MPa| 0.48 0.28 49 1 LOX™ " | kerosene gas NC 45
Outlet pressure |MPa| 9.6 144 0.35 NC
GG
Inlet temperature| K 95 288 900 2 | LOX |kerosene gas OD1 120
Rotational speed [rpm 19,410 OD2
cG NC
~ 3 LOX |kerosene OD4 110
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Table 4 Tested operating points and rotational 0 [ ] 20000
Speed at Test No. 2 60 f Rotational speed .
N\ maretpsnase—t—— A_.... €
Time | Rotational speed gso Oxidizer pump flow rate ] 15000%
Operating point (5¢0) ( )p S0 g
sec rpm B . o~ _ kG
p % 30 Fuel pump flow rate 1 10000 g
NC 0~60 19,285 T 3
20 1{ 5000 ©
oD1 60~90 18,485 ol ‘Q
OoD2 90~120 19,040 0 . . . . . e 0
0 20 40 60 80 100 120
Time [sec]
Fig. 4 Rotational speed and pump flow rate
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