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Numerical Analysis of Fluid Flow in a Fuel Pump for a
Turbopump System
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ABSTRACT

A fuel pump for a turbopump system has been designed under an international co-work program. The
liquid methane fuel pump has an inducer, in front of centrifugal impeller blades, to improve cavitation
performance. The three dimensional viscous flow in the fuel pump was investigated through numerical
computation. An arrangement of the inducer and impeller has yielded a strong interaction between inducer
and impeller blades. The performance of the pump was evaluated from the calculated results. A parametric
study was performed for various design variables, and it could offer a database for design parameters to
design a fuel pump. A modified design of a fuel pump was proposed by KIMM to improve pump
performance.
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Table 1 HMolEt IRH=o| MAZH Y |2

Pump
Mass Flow Rate 9.0 [kg/s]
Inlet Total Pressure 0.3 [MPa]
Inlet Temperature 1100 [K]
Rotational Speed 50,000  [rpm]
Inlet Desity 424.0 [kg/m’]
QOutlet Total Pressure 153 [MPa]
QOutlet Temperature 12082 [K]
Total Efficiency 63.7 (%]
Inducer
Inlet Tip Diameter 58.0 [mm]}
Exit Tip Diameter 420 [mm]
Inlet and Qutlet
Hub Diameter 20 (enm)
Number of Blades 2 [-]
Impeller
Inlet Shroud Diameter 450 [mm]
Exit Diameter 9%.5 [mm]
Inlet Hub Diameter 432 [mm]
Number of Blades 6 [-]
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Fig. 2 Static pressure on the blade surféoe of the
mid-section of SHF pump impeller (benchmark
test)

(elements)2 A HE AZAZ AHEHA 8E 2
A9 ARAre WY5FE ALY & YEE y+71 3
0~100 =9 g == -y

HREZE dASHIE ozt FinlgHolAd
(cavitation) 2AE ZAFIdEE 423 APoz &
28L AL F Y= AAGEZ siujeo| el et
dZFo] gasich v dA AL A8 AZEY)
o2 A vigdl oig sujHolA Ade ¥ 4 g
o] Aujgold 4L :eHRA @i} 3 g 1=
(tip clearance) £ % § B2oA 74 AAA F
ol olglgo] o] & A e TFalx gt
d 5L A3 At ¥t G gl B
o goldt,

B AN AHE3E frEEA AZEgo]g Al
e A3 st Agdnsl 2 LA e
SHF gx="o] gjg §584e $aste A%z v)
w3yt SHF HFEE “Société Hydrotechnique de
France” ZEoNA AAT dAFZo. AL A4
&I} AAFFY 60%NA FHEYAT B AP
Ale e AZEH ol AZEYolA AAHol
A9 FETE AN o] AatelM e ¢ 50,00070
Az At AHFHAT Fig. 20l ¥ gde o
dBgl HEsE FUHANY Eol= W YR
Eol @ A ANARE wmsgd A
B AEETE AYoAMe &4 & YXstn ¢
+€ BoE

1 2818.07)
1.2478:07}
1.2442.074
12408407}
1.2368.47}
1 23%5.07]
1 229107
1 225807}
1 22107}
t 218807}

1.2148.07|
12108407}

12088407}
1. 203507

1 199%:07]

Fig. 3 Pressure distribution at the exit of pump
impeller
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Fig. 4 Streamlines on Meridional Plane
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Fig. 5 Inducer Blade Surface Pressure Distribution
(Mid-channel)
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