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Hydraulic Design and Performance Evaluation of a Fuel
Pump for a High Pressure Turbopump System

Bum-Seog Choi, Eui-Soo Yoon and Hyoung-Woo Oh”

Key Words: Turbopump( B/ 5 5) Fuel Pump( 535, Meanline Analysis(3§ 778133 4), Centrifugal Impeller( 4]
) 2), Inducer( 91574)), Cavitation (7JH]E]0]#), Flow Analysis(-53]%), NPSH(+7 25 Y 4%)

ABSTRACT

A low NPSH and high pressure fuel pump has been designed for a turbopump system. The fuel pump
has an axial inducer and a centrifugal impeller. A meanline method has been established for the preliminary
design and performance prediction of pumps at design or off-design points. KeRC(Kelyish Research Center)
carried out a model testing of the fuel pump with water as a working fluid at the reduced speed. Predicted
performances by the method are shown to be in good agreement with experimental results for cavitating
and non-cavitating conditions. The established meanline method can be used for the performance prediction
and preliminary design of high speed pumps which have a inducer, impeller and volute. In the current
study, the three dimensional viscous flow in the fuel pump was investigated through numerical computation.
A modified design of the fuel pump was generated to improve pump performance by utilizing CFD results.
The modified fuel pump was experimentally tested by ROTEM and KARI(Korea Aerospace Research

Institute). The measured non—cavitating and cavitating performance showed a good agreement with designed
performance.
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Table 1 KeRC fuel pump design specification and pump

dimensions
Components Parameters Values
Mass Flow Rate 9.0 [kg/s]
Inlet Total Pressure 0.3 [MPal
Design Spec. Inlet Temperature 1100 K]
Rotational Speed 50,000 [rpm]
Qutlet Total Pressure 15.3 [MPa]
Inlet Tip Dia. (Dl1t,ind) 58.0mm
Exit Tip Dia. (D2t,ind) 42.0mm
Hub Diameter (dih,ind) 24.0mm
Inducer Inlet Blade Angle at Mean 1440
Rad.(Bl,ind,av)
Exit Blade Angle at Mean 7.0
Rad.(B2,ind,av)
Number of Blade (Zind) 2
Inlet Dia. (D1,imp) 44 0mm
Exit Dia. (D1,imp) 96.5mm
Inlet Blade Angle (BLimp) 20.0°
Impeller Exit Blade Angle (B2,imp) 30.0°
Inlet Blade Width (b1,imp) 26.2mm
Exit Blade Width (b2,imp) 7.4mm
Number of Blade (Zimp) 6
. Diffuser Width (b3) 13.1mm
%ﬁﬁf Volute Width (b4) 13.1mm
Volute Base Circle Dia. (D4) | 110.4mm
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Table 2 Dimensions of designed fuel pump (KIMM modei)

Components Parameters Values
Inlet tip dia. (Dlt,ind) 59.6mm
Exit tip dia. (D2t,ind) 48 0mm
Inducer Inlet blade an'gle at mean 740
rad,(Bl,ind,av)
Exit blade angle at mean 20.4°
rad,(B2,ind,av) '
Inlet hub dia. (D1h,imp) 28 7mm
Inlet tip dia. (D1timp) 49.3mm
Exit dia. (D2,imp) 98.0mm
Impeller ; _
Inlet blade angle (B1,imp) 325°
Exit blade angle (B2,imp) 29.9°
Exit blade width (b2,imp) 40mm
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