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Effect of Tip Clearance on the Performance of a Turbopump Inducer
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ABSTRACT

Experiments were performed to see the effect of radial tip clearance on a turbopump inducer, which has
two blades with inlet tip blade angle of 7.8 degree and tip solidity of 2.7. Hydraulic and cavitation tests
were done for three cases of tip clearance ratio, that is, 0.026, 0.053, and 0.079. With increase in the tip
clearance, inducer head and pressure-on the inducer tip decreased. Attached cavitation and cavitation surge
were found in the cavitation tests. In the attached cavitation one cell rotated at the same rotational speed
as that of the inducer. Cavitation performance deteriorated with increase in the tip clearance. The level of
casing vibration increased in the cavitation condition and the level was very high when the attached

cavitation appeared.
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1. Water tank

6. Torque meter

2. Turbine flow meter 7. Motor

8. Booster pump

9. Regulating valve
10. Heat exchanger

3. Stilling chamber
4. Test inducer
5. Collector

Fig. 2 Test inducer
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Table 1 Inducer geometry and operating condition

Radial clearance, ¢ [mm) | 10 | 20 | 30
Inlet blade height, H [mm] 38
Clearance ratio, ¢/’H 0.026 | 0053 | 0.079
Inlet tip diameter [mm] 106
Outlet tip diameter [mm] 78
Inlet tip blade angle [°] 78
Outlet tip blade angle [°] 13.2
Blade number 2
Tip solidity 27
Axial length of blade on the
88
hub [mm]
Test rotational speed [rpml] 6,000
Nominal flow rate Q, at 9205
6,000 rpm [L/s] )
Inlet ﬂgw coefficient at 0073 | 0070 | 0067
nominal flow rate

ROTATION

[Unsteody pressure measurement

Fig. 3 Inducer test section and unsteady pressure
measurement location
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Fig. 4 Varation of inducer head with tip clearance
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Fig. 5 Head versus tip clearance at nominal flow rate
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Fig. 7 Cavitation performance curve of inducer
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Fig. 8 Spectral analysis of inlet pressure thictuation for
oH=0.026 at Q=Q»: AC is attached cawvitation, CS is
cavitation surge
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Fig. 9 Critical cavitation number versus flow rate
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Table 2 Oscillating frequency of cavitation surge

oH 0.026 0.053 0.079
R, =08 7Hz 13Hz 8-12Hz
QQ, =10 10-15Hz 7-15Hz 13Hz
Q=12 12-20Hz 18Hz

Fig. 10 Location of vibration measurement on bearing carrier
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Fig. 11 RMS vibration level at Q=Q, during cavitation test
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