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Numerical Studies on the Performance Prediction of a
Turbopump System for Liquid Rocket Engines
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ABSTRACT

The bydraulic performance analysis of an entire pump system composed of an inducer, impeller, volute
and seal for the application on turbopumps is performed using three-dimensional Navier-Stokes equations.
A quasi-steady mixing-plane method is used on the impeller/volute interface to sirmulate the unsteady

interaction phenomena.

From this work, the effects of each component on the pump performance are investigated at design and
off-design conditions through the analysis of flow structures and loss mechanisms. The computational results
are in a good agreement with experimental ones in terms of the headrise and efficiency even though very
complex flow structures are present. It is found that the asymmetric pressure distribution along the volute
wall constitutes the main reason of the difference between experimental and computational results due to the

limitation of the applying the quasi-steady method.

Since the volute was found to be over-designed according to the pressure distribution of the volute wall,
redesign of the volute has been performed resulting in an improved performance characteristic.
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Fig. 1 Schematic sketch of a turbopump unit
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Fig. 2 Solid model of the inducer, impeller and volute

Table 1 Basic specifications of the turbopump

Parameter Value

Design flow coefficient( ¢ ) T 0138

Design head coefficient( ¢4) 0.342
Inducer 2
_—jljl‘de Nurnber | Tmpeller 6

Rotational speed(RPM) 50,000

Blade angle at LE. | Inducer 166°
midspan( £, ) L Impeller 19
Blade angle at T.E. Inducer 298
midspan( £ ) Impeller j 23
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Fig. 3 Leakage flow passages and computational grids
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Fig. 4 Circumferentially averaged streamline distributions

Table 2 Performance data at the design point

Design Exp. Cal.
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Fig. 8 Streamiine distibutions at four cross sections of the
volute

Table 3 Velocity and pressure ratios in the volute

Inlet Throat Outlet
Win 1 055 0.32
D/Din 1 1.22 133
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Fig. 9 Performance curve of the entire pump
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