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A Study on Dynamic Characteristics of Liquid Oxygen Pumps
for Rocket Engines (1st Report)

Takashi SHIMURA, Kenjiro KAMIJO

ABSTRACT

It is common for turbopumps of rockets to be operated in low NPSH conditions.
Therefore, oscillation of propellant feed systems associated with cavitation is often en-
countered. In the present study, one aspect of the unsteady and dynamic character-
istics of liquid oxygen pumps was examined by using power spectral methods and
calculation of the feed systems.

Three similar types of pumps, that is, single stage centrifugal pumps with inducers,
were examined. One of them was made for the developmental study of a LOX/LH,
engine (LE-5).

The major results of the present study were as follows:

1. The flow compliance was an important factor in causing the systems to be un-
stable. And the cavitation compliance was an important factor inﬂu'encing the fre-
quency.of the unsteady low cycle oscillation, thbugh in contrast to the flow com-
plian'ce‘, it contributed to system stability. '

- 2. The flow measurement confirmed that the low cycle oscillation was equivalent
to the system oscillation accompanied by flow oscillation.

3. ‘Besides the cavitation parameter and the flow rate, the pump inlet pressure level
seemed to have affected the frequency of the low cycle oscillation.

4. With the reduction of the cavitation parameter, the frequency of 100 HZ level
oscillation decreased. Also, smaller tip clearance of the inducer caused greater oscil-
lation.

5. The pump outlet pressure oscillation, the frequency of which corresponded to
the product of the pump rotating speed and the number of the main impeller blades,
almost disappeared when the clearance between the main impeller outlet and the
volute cut water was increased.

6.  The results mentioned above were used to design the liquid oxygen pump of the
LE-5 engine, and the pump showed a good dynamic performance.
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