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

Experiments are carried out to investigate 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 are performed 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 decrease. Attached cavitation and
cavitation surge are observed in the cavitation tests. In the attached cavitation one cell rotates at the same
rotational speed as that of the inducer. Cavitation performance deteriorates with increase in the tip
clearance. The level of casing vibration increases in the cavitation condition and the level is very high

when the attached cavitation appears.
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6. TorGue meter
7. Motor

8. Booster PumpP
9. ReBulating valve
10. Heat exchanger

1. Water tank
- 2. Turbine flow meter
3. Settling chamber
4. Test inducer
5. Collector
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Fig. 1 Plane view of test loop
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Fig. 2 Test inducer
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Table 1 Inducer geometry and operating condition
10 | 20 | 30
Inlet blade height, H [mm] 38

0026 | 0083 | o0

Radial clearance, ¢ [mm]

Clearance ratio, ¢/H

Inlet tip diameter [mm] 106
Qutlet tip diameter [mml] 78
Inlet tip blade angle [°] 78
Outlet tip blade angle [°] 132
Blade number 2
Tip solidity 2.7
Axial length of blade on the 8
hub [mm]
Test rotational speed [rpm] 6,000
Nominal flow rate @) at 205
6,000 rpm [L/s]
Mfofﬁfafﬁifﬁciiﬁ & | oo | oo | 0067

l’Unslead)’ Pressure measuremnent

Fig. 3 Inducer test section and unsteady pressure measure—
ment location
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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
b) ¢/H=0.053 and (¢} ¢/H=0.079

22

A
24 2AH

: (@) c/H=0.026,

t

o
ol
oy
pal
ree

| fy ‘ZfN |
/ | 20
15
cddord
T
01 [/ (/ ) 6
0.
AC
- \ foe 10
Z Ny .U(, bofo
cs 05
0 100 - 200 1

Fig. 8 Spectral analysis of inlet pressure fluctuation for
clH=0026 at Q=Q, : AC is attached cavitation and
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 0.063 0.079
Q. =08 THz 13Hz 8-12Hz
Q@ =10 10-15Hz 7-15Hz 13Hz
Q=12 12-20Hz 18Hz
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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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