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Cavitation Mode Analysis of Pump Inducer 
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253 Yonghyun-dong, Nam-gu, Incheon 402-751, Korea 
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San 56-1, Sillim-dong, Kwanak-gu, Seoul 151-742, Korea 

The onset of cavitat ion causes head and efficiency of a main pump to be reduced significantly 

and generates vibrat ion and noise. In order to avoid these phenomena,  the inlet of the pump is 

fitted with a special rotor called an inducer, which can operate satisfactorily with extensive 

cavitation. The motivat ion of this study is to find out cavitat ion modes from the inducer inlet 

pressure signals and event characteristics from outlet ones at various operating conditions.  The 

cavitation modes are analyzed by using a cross-spectral density of fluctuating pressures at the 

inducer inlet. The t ime-frequency characteristics of wall pressures downstream of the inducer 

are presented in terms of event frequency, its dura t ion  time, and number  of events by using the 

Cho i -Wi l l i ams  distr ibution.  

Key W o r d s : C a v i t a t i o n ,  Pump Inducer,  Event Detection Technique,  Modified Cavitat ion 

Number  

N o m e n c l a t u r e  Greeks 
BPF : Blade passage frequency (Hz) 

C : Absolute  velocity (m/s) 

D ~ Diameter of impeller (m) 

f : Frequency (Hz) 

fn : Shaft rotat ional  speed (rps) 

g ; Gravity constant  (m/s  2) 

H : Actual  head (m) 

N : Rota t ional  speed (rpm) 

NPSH;  Net Positive Suction Head 

P : Pressure (Pa) 

Q : Flow rate (mS/min) 

S : Pitch length (m) 

St : Strouhal number  ( f /BPF) 

O'c 

A 
fir 

Incidence angle (°) 

Phase angle 

Efficiency 

Density (kg/m 3) 

Inlet cavitat ion number  (=P1-Pvap) /  

(~w?/2) 
Cross flow cavitat ion number  (=P~-Pvap) /  
(pWct2/2) 

; Flow coefficient ( Q / N D  s) or Kernel func- 

t ion 

Sweep angle at tip 

; Pressure coefficient (gH/N2D 2) 

U 

W 

: Peripheral  velocity (m/s) 

: Relative velocity (m/s) 
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Subscripts 
1 ~ Inducer inlet 

2 ~ Inducer outlet 

a : Avai lable  NPSH 

c : Componen t  normal  to the meridional  view 

of leading edge 

ct ; Componen t  approaching the cascade in the 

cross flow plane 

d ~ Design point  

m : Number  of  cavity 
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n : 
p : 

vap 

(7 
OO 

Component normal to the cascade blade 

Component parallel to the meridional view 

of leading edge 

Required NPSH 

Tip or Tangential component to blade sur- 

face 

Vapor 

Cavity 

Mean 

1. Introduction 

Pure cavitation occurs when the local absolute 

static pressure of a liquid is lower than the vapor 

pressure of  working fluid and causes vapor poc- 

kets. This phenomenon is strongly influenced by 

air content, curvature and geometry of blades as 

well as vapor pressure. Thus, it is very difficult to 

predict the inception point of cavitation which 

deteriorates performance and efficiency, and caus- 

es vibration and noise. While the surface cavi- 

tation of vapor bubbles occurs near the blade 

surface, the vortex cavitations are lbund in the 

forms of tip vortex, trailing vortex and secondary 

vortex. Such vortex cavitation generates a large 

cavitation cloud with many small cavitation 

bubbles (Kubota et al., 1989). 

There have been many attempts to reduce dam- 

age by incorporating an inducer, which had a 

high-solidity, a large-stagger-angle and fewer- 

blades. Multistage pumps have been also success- 

fully built with inducers, which accepted low 

pressure from a tank and increased the head 

sufficiently to avoid cavitation. 

It is well-known that the cavitation mode of 

inducer depends not only on the flow coefficient, 

but also on cavitation number. It has been shown 

by Acosta (1955) that the cavity development is a 

function of (7/2a. The tip vortex cavitation is 

often observed at a higher inlet pressure than that 

of steady cavitation or unsteady rotating cavi- 

tation in a typical inducer. 

The steady surface cavitation of the inducer 

may be divided into equal length and alternate 

blade cavitation. It was |bund that when the 

cavity length increased to approximately 65% of 

the blade spacing, the mode change from equal 

length to alternate blade cavitation might occur 

by interaction of blade suction surface of cavity 

with the leading edge of the next blade (Hori- 

guch, et al., 2000). 

The leading edge sweep was shown to make the 

ranges of alternate blade cavitation and unsteady 

cavitation shift toward lower cavitation number 

by reducing cavity length. Yoshida et al. reported 

the effects of alternate leading-edge-cutback des- 

ign on suppression of rotating cavitation. The 

previous observations have been based on the 

spectral analysis of inlet pressure fluctuations 

aided by high-speed video pictures. 

In this study, the pressure fluctuations at each 

cavitating condition were measured at inducer 

inlet and outlet locations using pressure trans- 

ducers, which were located 90 degrees apart from 

each other to identify the cavitation modes. The 

time-frequency characteristics were analyzed by a 

local time-frequency analysis with Choi-Wil l i -  

ams distribution for a four bladed inducer of the 

same design as LE-7 liquid oxygen turbopump 

inducer and an axial inducer of industrial appli- 

cation. 

2. Experimental Setup 

The present experiments are conducted by 

using two types of inducer. The inducer A is 

designed and fabricated as shown in Fig. l (a) .  

The inducer A has two helical blades of axial 

configuration with a flat part near the leading 

edge and a circular arc in the rest of the chord. 

The inducer B has four helical blades on the hub 

having gradually increasing radii downstream, 

which is the same basic model as the one used at 

(a) Inducer A (b) Inducer B 

Fig. I Geometric view of inducers tested 
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Table 1 Geometric parameters of test inducer A 

Nomenclature Size Unit 

1 Tip diameter 176.0 mm 

2 Hub diameter 60.0 mm 

3 Tip clearance 0.13 mm 

4 Solidity at tip 2.06 

5 Inlet tip blade angle 13.5 deg. 

6 Outlet tip blade angle 19.5 deg. 

7 Blade number 2 

8 Blade thickness at tip 6 mm 

Table 2 Geometric parameters of test inducer B 

Nomenclature Size Unit 

1 Tip diameter 149.8 mm 

2 Hub/t ip ratio at inlet 0.25 

3 Hub/t ip ratio at outlet 0.51 

4 Tip clearance 0.5 mm 

5 Solidity at tip 2.97 

6 Inlet tip blade angle 7.5 deg. 

7 Outlet tip blade angle 9.0 deg. 

8 Blade number 4 

9 Blade thickness at tip 2 mm 

/ f / >  nov,  control val~e t~! . . . . . .  

I ~ z / / "  Test Section 

Ca) Inducer A 
Tl~k 

(b) Inducer B 

Fig. 2 Schematic of experimental apparatus 

L E - 7  engine of  H-2  rocket in Japan as shown in 

Fig. I (b). While  the inducer A has zero leading 

edge sweep, the leading edge of  inducer B is 47.3 ° 

swept backward.  The  geometric details of  each 

inducer are given in Table  1 and 2, respectively. 

These are installed ahead of  centrifugal pumps. 

Figure  2 (a) shows the schematic of  test facility 

for the inducer A. It consists of  a test section, an 

inducer, a collector,  gate valves, a pressure vessel, 

and f low-cont ro l  valves in a closed loop. For  

N P S H  measurement,  the vacuum pressure of  the 

pressure vessel is adjusted. The casing of  test 

section is made of  transparent  acrylic resin. 

The experimental  apparatus of  inducer B as 

shown in Fig. 2 (b) supplies degassed water from 

the pressure vessel to the inducer. The cavitat ion 

modes are observed by control l ing the inlet 

pressure of  inducer  through the vacuum pump 

installed at the top of  pressure vessel. 

In both test rigs, inlet pressure fluctuations are 

measured by using two 1/2" pressure transducers 

(Trans-Metr ics  Model  P037D) at circumferential  

locations with 90 ° separat ion to identify types 

of  cavitat ion modes. The  outlet pressure fluctua- 

tions are measured by changing the f low-coeff i -  

cient and cavitat ion number  systematically. The 

power  spectra of  fluctuating wall pressures are 

obtained by using an F F T  analyzer to determine 

the spectral features of  ensemble averaged data 

from more than 3,000 events. The random error, 

e~, computed from l / ~ n ~  is about  --+1.8%. The 

fluctuating pressures are also sampled with an 

A / D  converter  at a sampling rate of  30 kHz per 

channel  and processed with Labview ®. 

3. Inducer Cavitation Performance 

Figure  3(a) and (b) show non-cavi ta t ing  per- 

formance of  the inducer A combined with a 

centrifugal pump in terms of  total head and 

efficiency. The design point  of  the inducer A is 
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Fig. 3 Characteristic curves of inducer A and pump, (a) static pressure performance; (b) efficiency ; (c) 

suction head performance (NPSHa) at constant ; (d) cavitation inception by 3,%o head reduction 

near (/)d=0.4. Figure 4(a) and (b) show non-  

cavitating static pressure performance of the in- 

ducer B alone. The head coefficient of the inducer 

decreases linearly with an increasing flow coeffi- 

cient. The design flow rate is found near ~ d =  

0.15. 

The cavitation performance of a turbomachine 

can be represented by Net Positive Suction Head 

(NPSH) defined as Eq. (1) and cavitation num- 

ber defined by Eq. (2). 

N P S H =  P~ q C~2 Pvap (1) 
p g  2g p g  

P, - Pv,,p (2) 
a =  i / 2 p W l  z 

The total head variations of inducers A and B 
are plotted in terms of  NPSH at some fixed f low 
coefficients in Figs. 3(c) and 4(c),  respectively. 

Figures 3(d) and 4(d) show the inception points 

of cavitation based on 3,%0 head reduction at each 

flow coefficient. As shown, the design points have 

the minimal values in NPSHr. This suggests that 

the inducer at the design point is more resistable 

to cavitation than at off-design points. 

Let the pressure in the cavity be Pvap and the 

velocity be We. By applying the Bernoulli equa- 

tion to inlet and passage locations : 

P z / p + W ~ / 2 = P , , a p / p + W f / 2  (3) 

Combining Eqs. (2) and (3), we have the cavity 

velocity as follows: 

Wa=WW' l  +tY (4) 

If we consider the relative velocity in the cross 

plane approaching the cascade (Yoshida et al., 

2001), we have the total velocity (Wct) and cross- 

flow cavitation number(o'c) as -,/(WcZ+Wn z) and 
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(Pi-Pvap)/(pWct2/2), respectively. For  a typic- 

ally small incidence angle o f  a less than 1.0, 

a c ~ a / s i n  z A, where A is the leading-edge  sweep 

angle at tip. The velocity vectors in the swept 

cascade used in this study are schematically 

shown in Fig. 5. The cavitat ion parameters at 
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Table 3 Cavitation parameters at each tested case for tested impellers 

Inducer A Inducer B 

q) =0.30 

a a/2a 

0.3 1.26 

0.17 0.73 

0.045 0.2 

i ~ =0.35 

a a/2a 

0.3 1.56 

0.17 0,9 

0.045 0.24 

~ = 0 .  I0 

a ac a/2a 

0.32 0.93 1.79 

0.18 0.54 1.03 

0.05 0.14 0.27 

aJ2ae  ff 

3.05 0.32 

1.76 0.18 

0.46 0.05 

(~=0.13 

ac a/2a 

0.93 2.13 

0.54 1.23 

0 . 1 4 1 0 . 3 2  

ae/2ac 

3.64 

2.10 

0.55 

Table 4 Identifications of cavitation modes by Yoshida et a1.(2001) (fn: Shaft rotational speed) 

Cavitation Mode 
Mode Frequency (Hz) 

Inducer (A): Z = 2  Inducer (B): Z = 4  

Equal Length Cavitation 2.0fn 4.0t',1 

Alternate Blade Cavitation 1.01n 20fn 

Rotating Cavitation 1.1 1.5fn 

Cavitation Surge 5- 10 Hz 

each tested case for both impellers are summa- 

rized in Table  3. 

4. Event Detection Technique 

The cavitat ion modes of  fluctuating pressures 

at inlet locations are analyzed by using a cross-  

spectral density. The mode frequency is deter- 

mined by the blade passage frequency (BPF) and 

the phase angle (6') at a specified Strouhal num- 

ber. 

:= .~3  x S t  x B P F  (5) Jm 360 

The number  of  cavity (rrt) is computed by the 

phase angle (8) and the separat ion angle (A0) 

between two sensors at inlet locations (Crane et 

al.. 1995): 

8 (6) 
m -  AO 

Yoshida et al. (2001) classified the cavitat ion 

mode frequencies of  inducer as a function of  shaft 

rotat ional  frequency fin) as shown in Table  4. 

They estimated the cavity length dependent upon 

cavitat ion number  and incidence angle in each 

region. 

The condi t ional  sampling techniques have been 

used to examine the la rge-ampl i tude  pressure 

events at wall in a time domain.  Sho r t -T ime  

Four ier  Transform ( S T F T ) ,  Cont inuous  Wavelet  

Transform ( C W T ) ,  and Wigner -Vi l l e  distribu- 

tion have been used as the t ime-frequency loca- 

l ization procedures. The S T F T  method uses a 

constant t ime-frequency resolution for both high 

and low frequencies. The C W T  method improves 

the low-frequency characteristics and time reso- 

lution to analyze the specified signals such as 

energy flows and sound signals, but still encoun-  

ters difficulties when analyzing the fine signals. 

The Wigner  Ville distr ibution method resolves 

the window-s ize  constraints and applies the Ker- 

nel function to el iminate the counterfeit  signals. 

To analyze the local t ime-frequency characteris- 

tics at outlet location for each cavitat ion number,  

Choi  Wil l iams (C-W)  distr ibution was employ-  

ed in this research, as suggested by Lee and White 

(1998). The general form of  a bil inear transfor- 

mation used in the t ime-frequency analysis is 

given as fo l lows:  

(7) 

where (I)(t, r) is a smoothing kernel function. 

The C h o i - W i l l i a m s  distr ibution is defined, using 

the exponential  kernel, as fo l lows:  
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/ 

x( u + 2 )x'( u - 2  )e-"r~' dudr 
(8) 

where o ' ( > 0 )  is used as a scaling parameter  and 

a kernel shape coefficient. 

To correlate the t ime-f requency  pattern at each 

station, time signals were h igh-pass  filtered, 

b i l inear - t rans formed  using the C - W  kernel func- 

tion, and ensemble-averaged .  The t ime-f requency 

characterist ics of  wall pressures at outlet location 

are analyzed in terms of  the event frequencies, 

dura t ion times, and the number  of  events by using 

the C W dis t r ibut ion in this paper. 

5. Cavitation Mode Analysis of  
Inducers and B 

5.1 Inducer  A 

The cross-spect ra l  density functions and Wi- 

gner -Vi l le  dis t r ibut ions  are analyzed for the cases 

of  ~ = 0 . 3 0  (Figs. 6, 7, and 81 and ~ = 0 . 3 5  IFigs. 

9, 10, and I1) by cont ro l l ing  the cavitat ion num- 

ber (~) at the inlet o f  inducer A, as given in 

Table 3. 

At the llow coefficient o f  0.30, the incidence 

angle is computed  as 6.8 ° . At a cavitat ion number  

of  0.3, the cavitat ion seems to be the equal length 

cavitat ion with a frequency of  2.1fn, as shown in 

~£, ....... YI .......... ~3- ...... {~- ........... 11i- ......... i ....... L{ I .......... i .......... ~.~ 

f l ee  

~ . ~ . . . . . . .  

$tr~dud Nmnber (f/BPF) 
Ia) 

2 6 3 1  

r ime  ( s~ )  ~. I ]  

(b) 
Fig. 6 Cavitation event characteristics at NPSHn:7 .72  m and ~ : 0 . 3 0  tbr inducer A:  (a) cross spectral 

density function at inlet: (b) Choi-Williams distribution at outlet• 

- ~ i  " ~ .... : -:'i .......... ~ ..... /- . . . .  

. . . . .  : ' i i ....... ; 

i " : 
e I . . . . . . . . . . . . . . . .  : . . . . . . . .  

S ~ u l u d  N u m l b e r  ( f / B P F )  

(a) 

Fig. 7 

) ,~le 

. p 

"l'b~ (~,0 ~'i0 j 

Cavitation event characteristics at NPSH,=6.35 m and ~=0 .30  for inducer A:  (a) cross-spectral 

density function at inlet: (b) Choi Williams distribution at outlet 
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Cavi ta t ion  event characteris t ics  at N P S H a = 6 . 4 3  m and ~ = 0 . 3 5  tbr inducer  A :  (a) c ross-spect ra l  

densi ty  funct ion  at inlet ; (b) C h o i - W i l l i a m s  d is t r ibu t ion  at outlet.  
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Cavitation event characteristics at NPSHa=5.07 m and q)=0.35 for inducer A:  (a) cross-spectral 

density function at inlet ; (b) Choi-Williams distribution at outlet. 

Fig. 6(a) .  In this case the cavitat ion length was 

estimated to be 0.42 S at the tip of  the inducer. 

Two cavitat ion events of  263 Hz were detected at 

the exit of  inducer with approximately  equal  

durat ion of  3.5 ms as shown in Fig. 6(b) .  

The alternate cavitat ion mode, with cavity 

lengths of  0.4 S and 0.17 S at the tip, was ob- 

served at the cavitat ion number  of  0.17 as shown 

in Fig. 7(a) .  T w o  events having the durat ion 

lengths of  3.0 ms and 1.0 ms were detected at a 

frequency of  283 Hz as shown in Fig. 7 (b). At a 

reduced inlet pressure of  a equal  to 0.045, the 

mixed mode of  equal  length and rotating cavi- 

tations occurred. The event o f  2 ms durat ion at 

263 Hz and the rotating event at 791 Hz can be 

identified in Fig. 8(b) .  

At a flow coefficient of  0.35, the incidence 

angle was computed as 5.4 °. At a cavitat ion num- 

ber 0.3, the cavitat ion appears to be equal  length 

mode with a frequency of  2.0fn as shown in Fig. 

9(a) .  Fo r  this case, the steady cavitat ion length 

was estimated as 0.35 S at the tip of  the inducer. 

Two  cavitat ion events of  380 Hz were detected at 

the exit of  inducer with approximately  equal  

durat ion length of  1.0 ms as shown in Fig. 9(b) .  

Figure 10(a) revealed the alternate cavitat ion 

mode having the cavity lengths at the tip as 

0.58 S and 0.50S at o '=0.17 and a /2o t=0 .9 .  Two 

events having the durat ion lengths o f  1.0 ms and 

1.5 ms were detected at the frequency of  410Hz as 

shown in Fig. 10(b). At a reduced inlet pressure 

of  a equal  to 0.045, the rotat ing cavitat ion oc- 

curred. The unsteady rotating events at 849 Hz 

can be noticed in Fig. 11 (b). The  event frequency, 

its durat ion length, and number  of  events detected 

at the outlet o f  inducer A by Cho i -Wi l l i ams  

distr ibution are summarized in Table  6. 

5.2 Induce r  B 

The cross-spectral  density functions and 

Wigner -Vi l le  distr ibutions were also analyzed for 

the cases of  q)=0 .10  (Figs. 12, 13, and 14) and 

q)=0.13 (Figs. 15, 16, and 17) by control l ing the 

cavitat ion number  (o') at the inlet of  inducer B as 

given in Table  3. By considering the cross-f low 

effect in a swept inducer  (Acosta et al., 2000), the 

alternate blade cavitat ion was reported to occur at 

O'c/(2O/c) ~0 .9  and to shift to unsteady cavi tat ion 

at 6c/(2ac) ~0.4.  

At a flow coefficient of  ~ = 0 . 1 0 ,  the incidence 

angle was computed as 5.1 °. Figure  12(a) showed 

the cavitat ion mode of  4.0fn, close to the equal 

length cavitat ion of  four -b laded  inducer, having 

steady cavity length at the tip as 0.20 S at the 

cavitat ion number  of  0.32. Two  cavitat ion events 

of  263 Hz were shown in Fig. 12(b) at the exit 

of  inducer with approximately  equal  durat ion of  

2.3 ms. 

Figure 13 (a) revealed same cavitat ion mode as 

the case of  cavitat ion number  of  0.32 except 

having cavity length at the tip as 0 .40S at the 

cavitat ion number  of  0.18, where the correlat ion 

value of  ac/(2ac) suggested that alternate cavi- 

tation occurred. Two  events of  approximately  
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equal  durat ion of  2.5 ms were detected at the 

frequency of  263 Hz as shown in Fig. 13 (b). The 

alternating cavitat ion mode having cavity lengths 

at the tip as 0.65 S and 0.12 S were observed at a 

reduced inlet pressure o f  0. equal  to 0.05. Two  

events having durat ion o f  1.6 ms and 3 .0ms 

occurred at a frequency of  283 Hz as shown in 

Fig. 14(b).  

The  incidence angle, a, was computed as 4.3 ° at 

a flow coefficient of  ~ = 0 . 1 3  for inducer B. Fig- 

ure 15 (a) showed the cavi tat ion mode frequency, 

4.0fn, of  equal  length cavitat ion having steady 

cavity length at the tip as 0.1 S at the cavitat ion 

number  of  0.32. Two  cavitat ion events of  263 Hz 

were detected at the exit of  inducer with 

approximately  equal  dura t ion of  3.2 ms as shown 

in Fig. 15(b). 

Figure  16(a) revealed the equa l - length  cavi- 

tation mode having cavity length at the tip as 

0.35 S at o '=0.18 and o'c/(2a~) =2.10.  Two  events 

of  approximately  equal  durat ion of  2.1 ms were 

detected at a frequency of  283 Hz as shown in 

Fig. 16(b). At a reduced inlet pressure of  0. equal  

to 0.05, the mixed mode of  alternate blade cavi- 

tation and cavitat ion surge occurred. The alter- 

nating cavitat ion mode was observed to have 

cavity lengths at the tip as 0.40 S and 1.25 S. Two  

events of  durat ion o f  1.0ms and 2.8 ms, and 

cavitat ion surge event were detected at frequencies 

of  283 Hz and 2000 Hz, respectively, as shown in 

Fig. 17 (b).  The  event frequency, its durat ion,  and 

number  of  events detected at the outlet of  inducer 

B by C h o i - W i l l i a m s  distr ibution were summa- 

rized in Table  8. 

As the cavitat ion number  decreased, the equa l -  

length cavitat ion,  a l te rnate-blade  cavitat ion,  rota- 

ting cavitation,  a n d / o r  cavitat ion surge were or- 

derly observed, depending on the flow coeffi- 

cients, as shown in Tables 5 and 7 for the test 

inducers A and B, respectively. The cavitat ion 

Table 5 Summary of inlet modes of  inducer (A) at 0=0.30,  0.35 (E : Equal length, A : Alternate blade, 
R : Rotating, S : Surge) 

=0.3  =0.35 

Modes Cell No. Cavity Length Modes Cell No. Cavity Length 

0"=0.300 E 1.8 0.42 S E 1.5 0.35 S 

o'=0.170 A 0.8 0.40 S/0.17 S A 0.9/0.8 0.58 S/0.50 S 

0"=0.045 EWR 1.7, 0.8 Unsteady R 1.0/1.I Unsteady 

Table 6 Summary of events at outlet of inducer (A) by Choi-Williams distribution for one quarter of period 

=0.3 ~ =0.35 

Duration Frequency Duration 
No. of event No. of event 

(msec) (Hz) (msec) 

3.5 2 380 1.0 2 

2 410 1.0/1.5 2 

~ Frequency 
(Hz) 

~=0.300 263 

o'=0.170 283 

o'=0.045 263, 791 

3.0/1.0 
2.0/0.5 2, 2 I 849 5.0 

Table 7 Summary of inlet modes of inducer (B) at ~=0.10,  0.13 (E: Equal length A : Alternate blade 
R : Rotating S : Surge) 

o=0.320 

Modes 

E 

~=0.1  

Cell No. 

1.5 

0"=0.180 E 1.6 

0"=0.050 A 0.8 

~=0 .13  

Cavity Length Modes ] Cell No. Cavity Length 

0.2S E 0.1 S 

0.4 S E 

A + S  0.65 S/1.12 S 

1.5/1.6 

1.5 

50.8, All 

0.35 S 

0.40 S/1.25 S 
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Table 8 Summar of events at outlet of inducer (B) by Choi-Williams distribution for one quarter of period 

(~=0.1 ~=0.13 

Frequency Duration Frequency Duration 
/ J  (Hz) (msec) No. of event (Hz) (msec) No. of event 

cr=0.320 263 2.3 2 263 3.2 2 

~7=0.180 263 2.5 2 283 2.1 2 

cr=0.050 283 1.6/3.0 2 283, 2000 1.0/2.8 2, 3 

events were observed to move to higher frequen- 

cies at the exit of inducer when the operating 

flow coefficient was increased. Furthermore, the 

equal-length cavity lengths got shorter and the 

event duration at exit became shorter with events 

occurring at higher frequencies for the higher 

flow coefficient. At the same flow coefficient, the 

equal length cavitation showed the general trend 

of the longer cavity length and event duration 

time at the exit at a smaller cavitation number. 

6. Conclusion 

Exposing on cavitation for quite a period of 

time makes pump impellers and casing perman- 

ently damaged. Most of the inducer is designed at 

a maximum efficiency point of the pump, there- 

fore the decrease of suction performance, due to 

the effects of flow separation, and inlet inverse 

flow at off-design points is often observed. The 

time-frequency characteristics of wall pressures at 

off-design points for an industrial inducer and 

the inducer used in LE-7 engine of H-2 rocket 

were analyzed by using Choi-Williams distribut- 

ion in an effort to detect the onset of cavitation 

and identify cavitation mode. 

The cavitation events were found to move to 

higher frequencies at the exit of inducer when the 

flow coefficient was increased. It was observed 

that the cavity length of surface cavitation at 

various conditions were closely correlated with 

the modified cavitation number (ffc/2ac) and 

event duration both for inducer A (without 

sweep) and inducer B (with backward sweep), 

but the observed modes were inconsistent with the 

mode predicted by linear cascade analysis in the 

cross-flew plane at far off-design points. It can be 

addressed that this event detection technique 

downstream of the pump impeller may serve as a 

condit ion-monitoring algorithm integrated with a 

knowledge-based system to detect the cavitaion 

mode in the pump system. 
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