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Hydrodynamic Performance Test of a Turbopump Assembly
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Abstract

Turbopump(E] 2.3 32), Pump(38 %), Turbine(E]®!), Liquid Rocket Engine(<§ A =7 <l

Hydrodynamic performance test of a turbopump for a liquid rocket engine is carried out. The
turbopump is composed of an oxidizer pump, a fuel pump and a turbine, and the two pumps are
driven by the turbine. In the test, water is used for the pumps as working media and air is used for
the turbine. Performance parameters of pumps and a turbine are drawn, and a power balance between
the pumps and the turbine are calculated. The calculation shows a good power balance, which implies
that the pump component tests, the turbine component test and the assembly test are reliably
performed. At the starting period of the test, pressure rise-flow rate curve of a pump gradually
approaches the ideal curve which could be obtained by very slow starting.
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Fig. 1 Typical layout of a single-shaft turbopump
assembly

Fig. 2 Picture of turbopump assembly under test
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Table 1 Turbopump design requirements

LOX | Fuel .
Item Turbine
pump | pump
Flow rate (kg/s) 64.1) 29.1 <4.4
Inlet total pressure (MPa) | <0.475| <0.28 5.78
Outlet total pressure (MPa)| 9.81| 13.24 0.4
Inlet total temperature (K) 95 288 900
Density (kg/m’) 1,117| 796.7 -
Power (kW) 836 751| 1,620
Efficiency (%) >64 >63 >51
Axial thrust (kN) <2 <2
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Fig. 3 Schematic of turbopump assembly test
facility
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Fig. 5 Variation of rotational speed of turbopump
and turbine inlet pressure with time
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Fig. 6 Head coefficient vs. flow ratio for pumps
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Fig. 8 Variation of pressure and flow rate of fuel

Fig. 9 Pressure rise vs. flow rate during starting

pump with time

period for fuel pump

= 1 A 2A

Ziolth o714

KN
=

)
ol

el

wr

Jo

il

i

o] =
TN A

S
o)
8

g
5

Fodeh o] Ll A]
7}

5]

Fig. 9o AA]
+

o T

Z-A Al #

A

i

h=
=

o}
H

A4l A o]

fo AakR el 3

Hlg o 2 3

S
=

S EX2

3F=A,

= 1% ©]

Aol

X

oy
il
.5.0

W

o

ot

)
ol

1|

!

At e

i

</

X
o
o

KA
2

o

)A
Jo

A

~

T

ol
o)

B
ol

9 & 0g Aol

=
=

=

ﬁo

7het A

At =

77k

ol

!

s

A

=593}

3

il

104
il

K

o]

-

o}
AN

I K
]_
&

o aEE

Al
S

3

}ol &= Fig. 9

5|

of o

() Kim, J.,, Hong, S. S, Jeong, E. H. Choi, C. H.

el
o

Tsukamoto

B2

fie)

oF

hA

oF
[Ty
9 o
H
ol

Be AT

o o

and Jeon, S. M., 2005, "Development Status of a

7A

o
E
B
v
il

W
o

O 9ot At

=4
[€)



254

ol

A~
=4 - A

Turbopump for 30-ton Thrust Level of Engine"
Proceedings of Korean Society of Propulsion Engineers
Fall Conference, Daejeon, Korea, pp. 375~383.

(2) Kim, J., Lee, E. S., Choi, C. H. and Jeon, S. M.,
2004, "Current Status of Turbopump Development in
Korea Aerospace Research Institute, " Proceedings of
55th International Astronautical Congress, IAC- 04-
S. P. 17, Vancouver, Canada.

(3) Hong, S. S., Lim, H., Kim, D. J, Cha, B. J,
Kang, J. S, Lim, B. J. and Kim, J, 2004,
"Turbopump Performance Test Facility,” Proceedings
of the Third National Congress on Fluids
Engineering, Jeju, Korea.

(4) Lee, K. H.,, Kim, K. H. and Woo, Y. C., 2004,
"Development of a High-Pressure Turbopump for a
Liquid Propellant Rocket Engine,” Journal of Fluid
Machinery, Vol. 7, No. 3, pp. 51~56.

(5) Kim, D. J, Hong, S. S., Choi, C. H. and Kim,
J., 2005, "Performance Tests of a Fuel Pump for a

Al .

A4 - A
Turbopump  Unit," Proceedings of the Sixth
KSME-JSME Thermal and Fluids Engineering Confe
rence, EA05, Jeju, Korea.

(6) Hong, S. S, Kim, D. J., Kim, J. S., Choi, C. H.
and Kim, J., 2005, "Effect of Inducer on Hydraulic
Performance of a Turbopump,” Proceedings of 41st
AIAA/ASME/SAE/ASEE  Joint  Propulsion Conference
and Exhibit, AIAA 2005-3947, Tucson, Arizona.

(7) Jeong, E. H. and Kim J., 2005, "Experiments on
Supersonic  Impulse  Turbine,” Journal of Fluid
Machinery, Vol. 8, No. 6, pp. 26~32.

(8) Kinefuchi, K., Uchiumi, M., Inoue, M. and Hirata,
K., 2005, "LE-7TA FTP Full Load Cold Run,"
Proceedings of Asian Joint Conference on Propulsion
and Power, AJCPP2005-22033, Kitakyushu, Japan.

(9) Tsukamoto, H and Ohashi, H., 1982, "Transient
Characteristics of a Centrifugal Pump During Starting
Period,” Journal of Fluids Engineering, Vol. 104, pp.
6~14.



