O =

Ao

WHIZHE EEED QIFAM/UM ASIZ0) )3 o7
28 - Uler

Numerical Studies on the Inducer/Impeller Interaction
Liquid Rocket Engine Turbopump
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ABSTRACT

The hydraulic performance analysis of a turbopump with an inducer for a liquid rocket engine was
performed using three-dimensional Navier-Stokes equations. A simple mixing—plane method and a full
mnteraction method were used to simulate inducer/impeller interaction. 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, when the inducer and the impeller are closely spaced near the shroud region, flow angles
at the impeller inlet show different results between two methods. Thus, the full interaction method predicts
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 measured ones. The computational results at the
design point show good agreements with experimental data, however under-predicts the head rise at high
mass flow rates compared to the experiment.
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Fig. 1 Schematic sketch of a turbopump unit
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Fig. 3 Meridional view of the inducer and impeller

Table 1 Specifications of the turbopurmp

Parameter Value

Design flow coefficient( ¢,) 0.073
—

Design head coefficient( &) 0.35
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|
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Fig. 4 Computational grids for the inducer and impeller
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Fig. 5 The effect of prewhirt at the impelier inlet
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Table 2 Performance comparison at design point

b |t | I | ity
mixing plane 0.336 0.060 0.336 RB%
full interaction 0393 | 0030 | 0343 100%
impeller only - - 0.350 999%

decouple 0404 | 0047 | 0357 100%

) ) full interaction method
Fig. 9 Streamline distributions of the inducer and impeiler
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Fig. 14 Pressure coefficient distributions at impeller blade surfaces

Table 3 The effect of inducer positions on the hydraulic per-
formance of the pump system
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