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Abstract

The performance analysis of a fuel pump for a liquid rocket engine has been performed
numerically on its design condition. A commercial three-dimensional Navier-Stokes flow solver
has been used for the computation. All of the fuel pump components - inducer, impeller, volute
and secondary flow passages - are included in computation for the accurate estimation of the .
leakage flow rate which affects the performance and axial thrust. A pitchwise-averaged mixing
plane method was used on the boundaries among the fuel pump components to save
computational time. The predicted overall performance satisfied the design requirement. However, -
the axial thrust exceeded a permissible limit. In order to reduce the axial thrust, the secondary
flow passage design has been changed . With this change, the axial thrust level has been
reduced to 30% as compared with the original value.
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Flow coefficient, ¢ 0.103
Total head coefficient, ¥ 1.152
Specific speed, ns 126.108

Efficiency Higher than 65%
Number of blades 3
Inducer Inlet_hubftip ratio 0.471
Outlet hubjtip ratio 0.519
Impeller Number of blades 9
Inlet/outlet diameter ratio 0.413
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Parameters Original | Modified

Inducer inlet / design flow rate ratio | 1.077 1.061
Volute outiet / design flow rate ratio | 1.001 1.000
Front leakage / design flow rate ratio | 0.066 | 0.053
Rear leakage / design flow rate ratio | 0.076 | 0.061
Inducer+impeller total head coefficient | 1.284 | 1.297
Vaneless diffuser total head drop ratio| 0.060 | 0.069
Volute total head drop ratio 0.035 | 0.028
Overall total head coefficient 1.162 | 1171
Axial thrust (N) 2091(+) | 681(-)
Inducer+impeller efficiency (%) 95.1 94.0
Leakage efficiency (%) 87.6 89.8
Disk efficiency (%) 95.3 95.6
Vaneless diffuser efficiency (%) 94.0 93.1
Volute efficiency (%) 96.3 97.0
Overall efficiency (%) 71.9 72.8
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