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Numerical Studies on the Inducer/Impeller Interaction of a Liquid Rocket
Engine Turbopump System

Chang-Ho Choi, Bong Jun Cha’, Soo Seok Yang
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ABSTRACT

The hydraulic performance analysis of a pump system composed of an inducer and impeller for the
application on turbopumnps has been performed using three-dimensional Navier-Stokes equations. A simple
mixing-plane method and a full interaction method are used to simulate inducer/impeller interactions.

The computations adopting two methods show almost similar results due to the weak interaction between
the inducer and impeller since the inducer outlet blade angle is rather small. But, because the inducer and
the impeller are closely spaced near the shroud region at the interface, flow angles at the impeller inlet
show different results between two methods. Thus, the full interaction method predicted about 2% higher
pump performance than the mixing-plane method. And the effects of prewhirl at the impeller inlet are also
investigated. As the inlet flow angle is increased, the head rise and the efficiency are decreased.

The computational results are compared with experimental ones. The computational results at the design
point show good agreements with experimental data. But the computation was found to under-predict the
head rise at high mass flow rates compared to the experiment, further study must be followed in terms of
the computation and experiment.
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Table 1 Basic specifications of the turbopump

Parameter Value
Design flow coefficient( % 4) 0.073
Design head coefficient{ ¥ ) 0.35
d
Balde Numi Inducer 2
Impeller 6
Rotational speed(RPM) 50,000
Blade angle at LEE. Inducer 12°
midspan( Bim) Impeller 2u°
Blade angle at T.E. Inducer 20°
midspan( Bz ) Impeller 18°
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Fig. 4 The effect of prewhirl at the impeller inlet
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Table 2 Performance comparison at design point
) ] impeller
e | bia | Pim efficiency
mixing plane 0.386 | 0.050 | 0.336 98%
full interaction | 0.393 | 0.050 | 0.343 | 100%
impeller only - - 0.350 99%
decouple 0.404 | 0.047 | 0.357 100%
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