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Performance Prediction of a Turbopump System
Chang-Ho Choi*, Jun-Gu Noh*, Dae-Jin Kim*, Soon-Sam Hong* and Jinhan Kim*

ABSTRACT

The performance of a turbopump system composed of an inducer, an impeller, a
volute and seals has been computationally analyzed. To save the computational time,
only one flow passage of the inducer and impeller is considered for the computations.
A steady mixing-plane method is used on the impeller/volute interface for simulating
the unsteady interaction phenomena.

The axial thrust is predicted from the turbopump calculation in its entirety, which
is necessary for such estimation. Moreover, the effects of each component on the
pump performance are investigated at a design condition through the analysis of flow
structures.

The predicted performance is in good agreement with experimental data in terms of
head rise, efficiency and volute wall pressure distributions despite of highly complex
flow structures being present. The computational results also show that the axial and
radial thrusts are within the design limit although corresponding experimental

measurements were not taken.
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Table 1. Design requirements of the pump

Mass flow rate (Kg/s) 64.1
Inlet total pressure (Mpa) 0.45
Outlet total pressure (Mpa) 9.8
Working fluid LOX
Inlet temperature (K) 95
Density (kg/m’) 1117.0
Rotational speed (RPM) 20,000
Efficiency (%) > 65.0
Axial thrust (kN) < 30
Radial force (kN) <10
Cavitation number 0.03
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Table 2. Pump performance prediction

Parameters values
Front leakage flow rate ratio (%) 3.2
Rear leakage flow rate ratio (%) 47
Inducer total head (m) 126.1
Impeller total head (m) 8775
Fig. 3. Meridional computational grid Overall total head (m) 940.0
QFA e A Dol Buuo] oo Axial thrgst (N) _ (+)1,104
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Fig. 6. Streamline distributions at various volute
sections

Fig. 7. Streamline distributions at the volute
mid height
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Fig. 8. Static pressure coefficient distributions
at the volute mid height

Fig. 9. Total pressure coefficient distributions
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Table 3. Radial force on the axis
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