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 انًهخص
انشكم انًثهثٗ ,الاصطٕاَت اندائسيت,  ىْٔخًش اشكال يخخهفت نقياصاث انضغط انصٕحٗ  اجساءنقد حى فٗ ْرِ اندزاصت 

60خطٕة الاياييت، ٔانشكم انًثهثٗ انًخًاثم ان، انشكم ذٔ انخطٕة انخهفيتانشكم ذٔ 
0

حًج  ٔنكم شكم يٍ الاشكال. 

اجسيج ٔقد . octave band 1/3فٗ  spectrogramsحى حضجيم ٔقد . mm ,20mm 10حجًاٌ عهٗ  الاخخبازاث

 .خكٓفعٍ انانُاجًت عهٗ انضٕضاءنًعسفت حاثيسكم يُٓا فٗ يدٖ ٔاصع نضسعاث انضسياٌ ٔيعايلاث انخكٓف  الاخخبازاث

لاشكال انًخخهفت اَّ عُد ثبٕث انضسعت لا حٕجد علاقت ٔاضحت بيٍ يضخٕٖ انضغط انصٕحٗ ٔيعايم نٔقد اظٓسث انُخائج 

ثى يقم  نت يصم انٗ أعهٗ قيًتحخٗ  انخكٓف. الاحجاِ انعاو يبيٍ اٌ يضخٕٖ انضغط انصٕحٗ يزيد يع َقص يعايم انخكٓف 

نضغط انصٕحٗ يعخًد بشدة عهٗ صسعت انضسياٌ نلاشكال انخًضت. عُد قيى ثابخت اٌ يضخٕٖ ا ايضا يسة اخسٖ. بيُج انُخائج

ٔقد حبيٍ اٌ اس انضسعت نًعايم انخكٓف ٔنكم شكم يٕجد علاقت اصيت ٔاضحت بيٍ يضخٕٖ انضغط انضًعٗ ٔ انضسعت. 

انخكٓف الا نهشكم  يخغيس كثيسا يع كم يٍ شكم يصدز انخكٓف ٔقيًت يعايم انخكٓف ,الا اَت لا يعخًد عهٗ حجى يصدز

60هشكم انًثهثٗ انًخًاثم نٔ m/s 40-20فعهٗ صبيم انًثال عُد حغيس انضسعاث فٗ يدٖ  انًثهثٗ انًخًاثم.
0

أس  فاٌ قيًت 

( يعخًدا عهٗ يعايم انخكٓف . فٗ يدٖ ٔاصع يؤيد اس انضسعت انُخائج انُظسيت ٔانخٗ حبيٍ (6.2-2.3انضسعت يخسأح يا بيٍ 

Uاٌ يضخٕٖ انضغط انصٕحٗ يخغيس يع انضسعت 
4

 عُد ثبٕث يعايم انخكٓف. 
 

Abstract 
In the present study the sound pressure measurements were obtained for five configurations, con. –div. 

wedge, circular cylinder, rear facing step, forward facing step and 60° symmetric wedge. For each configuration 

two sizes, 10 mm and 20 mm, were used. Spectrograms were recorded with a 1/3 octave band. A wide range of 

velocities and cavitation numbers were tested to observe its effect upon the noise. 

The results indicated that for all tested configurations, at constant flow velocity there was no clear relationship 

between the sound pressure level and cavitation number. The general trend was the sound pressure level 

increased as the cavitation number decreased reaching abroad peak and then decreased again. The sound 

pressure level was found to be strongly dependent on the flow velocity for the five configurations. For each 

configuration at fixed values of cavitation number there was a clear power relation between SPL and the flow 

velocity. The velocity exponent varied widely with both the cavitation number and cavitation source 

configurations, although not with cavitation source size.  For instance, it is found that, for velocities ranging 

from 20-40 m / sec and constant cavitation source for 20 mm 6
0
 symmetric wedge, the velocity exponent ranged 

from 2.3 to 6.2 depending on the cavitation number. The magnitude of the sound pressure level might be 

independent of the size of the cavitation source for all configurations tested except the con.-div. wedge. The 

velocity exponent for the broad band width was found to confirm the present theoretical results which indicate 

that the sound pressure level various at U
4
 at constant cavitation number. 

Key words: Cavitation, noise, sounds pressure level. 

 

 

1. Introduction 
It is well known that cavitation in 

hydraulic machines is always associated 

with noise phenomena. Since cavitation 

noise is produced by the collapse of 

cavitation bubbles it would seem reasonable 

that some relationship exists between the 

intensity of the cavitation noise and the 

cavitation conditions (i.e. cavitation number 

and flow velocity). Cavitation noise has been 

used as an easily detectable and measurable 

phenomenon for determining the onset of 

cavitation in hydraulic devices. It has also 

been used in evaluating the possibility of 

damage. 

Many investigators have found the 

inception of cavitation indicated by the rapid 

increase of noise during tests in water 

tunnels [1-4] pumps [5-15], water turbines 

and propellers [16-19]. 
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Yan et al. [20] proposed a novel method to 

detect cavitation based on active ultrasonic 

flow field velocity measurement. The theory 

of ultrasonic modulation by fluid motion 

was analyzed. The ultrasonic propagating in 

a flow field was modulated by the transient 

fluid velocity information. The continuous 

demodulation of the received signal enabled 

the measurement of the flow field velocity 

pulsation. The relationship between the 

demodulated signal and the velocity spatial 

mean value, which is the particle velocity 

component in the direction of the ultrasonic 

signal along the path of ultrasonic 

propagation, was established. The 

modulating signal was recovered by 

following baseband signal processing. 

For cavitating flows the dependence of 

noise upon flow velocity had been little 

studied in the past and the relationship 

between noise and cavitating source size and 

shape has not yet been established.   It has 

been shown by many investigators that the 

noise level should increase exponentially 

with the flow velocity. In the analysis 

reported by Fitzpatrick and Strasberg [21], it 

has been shown that the velocity exponent 

value for cavitation behind a cylinder is 4. 

Blake et al. [22] found experimentally the 

value of the velocity exponent for flow past 

a hydrofoil to be in the range of 3 to 4. 

Varga [23] reported that the velocity 

exponent is 5. Barker [24] has stated that the 

value of the exponent varies from 6 at the 

low frequency end of the noise spectrum (<1 

kHz) to 10 at the high frequency end of the 

noise spectrum (10 kHz - 100 kHz) for flow 

past a cavitating hydrofoil. For cavitation 

tests behind a circular cylinder, King [25] 

measured the maximum sound pressure level 

in a 40 kHz band. King [25] results indicated 

that the velocity exponent is 6.25. 

Hence, the aim of the present work is to 

investigate the dependence of the noise level 

upon flow velocity, cavitation number and 

cavitation source shape and size. 
 

2. Cavitation Noise 
A collapsing cavity in a liquid 

produces a volume pulsation which may be 

regarded as an acoustic monopole. An 

estimate of the source strength may be made 

by considering the pressure and velocity 

produced by a collapsing empty spherical 

cavity. This problem was first investigated in 

detail by Rayleigh (1917) and he derived an 

expression for the pressure perturbation in 

the liquid, which predicts that the pressure 

increases indefinitely as the cavity collapses 

to zero radiuses. In reality, the collapse will 

be arrested at a small but finite radius with 

gas and vapour trapped in the cavity. 

Although the result was derived for an 

incompressible liquid, it can be used to 

predict the sound pressure provided the 

sound wavelength is very much greater than 

the cavity size. The acoustic energy radiated 

from the collapsing cavity can be calculated 

by integrating the square of the pressure 

perturbation over the time for the cavity to 

collapse. Unfortunately the integral does not 

converge as the cavity radius tends to zero, 

and it may assumed that the collapses 

arrested at a small radius which is always the 

same fraction of the maximum cavity radius. 

This is equivalent to assuming that the 

pressure of dissolved gas relative to the 

ambient pressure is always a constant. 

Therefore, we can derive a scaling law for 

the sound energy released in terms of 

collapse pressure Δp and maximum cavity 

radius Rm. Growing and collapsing 

cavitation bubbles produce volume 

pulsations in the liquid which are equivalent 

to a distribution of acoustic monopoles. The 

sound pressure field, p, produced by a 

pulsating spherical cavity is given by: 
 

  
  ̈

   
  (  ̈    ̇ )

 

 
                        (1) 

 

Where V: is the instantaneous volume of the 

cavity and R its radius. The distance 

between source and observer is r. Using 

Rayleigh's analysis of a collapsing spherical 

cavity, the cavity wall velocity,  ̇ , can be 

calculated and tc is the time taken for the 

bubble to collapse from its maximum size 

Rm to zero radius. Rayleigh's results are: 
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Where Δp: is the pressure difference 

between the liquid and the cavity. 

By using equation (2), it may be deduced 

from equation (1) that the sound pressure is 

given by: 
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The approximate from of equation (4) 

applies as the bubble collapses to zero radius 

and indicates that the pressure rises to 

infinite limit at the point of collapse. The 

mean square pressure of the radiation is 

given by: 
 

 ̅   ∫   
 

  
                                         (5) 

 

Where ν: is the number of bubbles 

collapsing in unit time or in the case of the 

cycling flow the frequency of repetition. 

This integral becomes indefinitely large as 

the bubble approaches zero size but in reality 

the collapse is arrested by gas trapped in the 

cavity at a small but finite value of R. It is 

reasonable to assume that this value of R is 

always the same fraction of the maximum 

bubble size, Rm. Hence using equation (4) 

and the result that the time scale is given by 

equation (3), from equation (5) the mean 

square pressure scales may be estimated 

according to: 
 

 ̅     [
  

 
]
  ⁄   

 

  
                                   (6) 

 

By assuming that ν scaled as tc
-1

, equation 

(6), has been derived that the cavitating 

sources are in a free field. This condition is 

approximately satisfied at low values of σ, 

when the effective sound speed is reduced 

by the presence of vapour bubbles. The 

sound wavelengths will be correspondingly 

reduced, thus allowing a large number of 

modes to propagate. In this condition the 

cavitating sources are effectively in a free 

field. Applying equation (6) to the cavitating 

sources, for which it is known that the cavity 

grows from the throat and is ultimately shed 

when a jet of liquid has penetrated upstream 

underneath the cavity. The cavity is 

convicted downstream and then collapse in 

the region of higher pressure downstream of 

the source throat. 

This process is approximately periodic 

and the frequency is proportional to U/λ. 

The pressure in the reattachment region will 

approach the stagnation pressure and since 

the ambient pressure in the throat is virtually 

the vapour pressure, the stagnation pressure 

will be equal to     
 

 
     . Consequently 

the pressure difference collapsing the 

bubbles will be of order 
 

 
    .  

Assuming that, the bubble size, Rm, 

will be proportional to the cavity, λ. In the 

present noise experiments, the pressure 

transducer was flush mounted in the working 

test section of the water tunnel at a fixed 

distance downstream of the throat of the 

cavitating source, i.e., r is considered 

constant. Hence, on substituting these 

assumptions into equation (6) the following 

is obtained: 
 

 ̅                                                      (7) 
 

The experimental results indicated that 

the variation of cavity length, λ, for various 

cavitation sources as a function of cavitation 

number follow a simple power law λ α σ
n
 for 

the cavitation sources. The cavitation 

number index varies with the cavitation 

source geometry (e.g., -0.1 for con-div 

wedge, -0.27 for rear-facing step, -0.3 for 

forward –facing step, -0.574 for circular 

cylinder and -0.785 for 60
0
 symmetrical 

wedge). Therefore, using these results in 

equation (7) the sound pressure scales as 

given in table 1. 
 

Table1. Sound pressure scales for various cavitation 

sources.  
 

Cavitation source 

geometry 

 ̅  (Sound 

pressure) 

Cavity length 

exponent (n) 

Con.-div.         -1 

Circular cylinder             -0.574 

600 symmetrical 

wedge 
           -0.785 

Rear-facing step            -0.27 

Forward-facing 

step 
          -0.3 
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3. Measurement Technique 
Measurements of pressure produced by 

cavitation have been obtained by a 

Vibrometer quartz electric transducer (type 6 

QP 500) of diameter 6 mm which was flush 

mounted in the working section of the 

tunnel.  It was placed about 215 mm. and 

130 mm downstream from the throat of the 

cavitation source for the large and small 

working sections of a closed circuit water 

tunnel, respectively. The transducer was 

connected to a charge amplifier type (TA-

3/c).  The RMS voltage output from the 

charge amplifier was measured using a 

"Bruel and Kjaer" precision sound level 

meter (type 2203). 

The output signal of the charge 

amplifier was analyzed using two methods. 

The main measurement made was the sound 

pressure level with reference to 1µ bar over 

frequency bandwidth of about 31.5 Hz to 

31.5 kHz. Measurements of the 1/3 octave 

band spectrum were also made using a 

"Bruel and Kjaer" 1/3 octave frequency 

analyzer (type 2112) which is connected to 

the B and K level recorder type 2305.  Using 

this system a noise signal can be analyzed 

and a spectrogram giving the sound pressure 

level of each 1/3 octave band from 25 Hz to 

40 kHz obtained. 

The sound pressure level and the 

spectrograms were obtained for five 

cavitation source configurations, namely 

con.-div. wedge, rear facing step, circular 

cylinder, 60
o
 symmetric wedge and forward 

facing step. For each configuration two 

sizes, 10 mm   and 20   mm are used.  

Details of the configurations are given in 

Fig. 1. The experimental program was 

conducted in a 40 x 20 mm working section 

of the water tunnel. Details of the 

experimental setup are in [26]. 
 
 

 

 

  

t w s  t w s r l 

20 20 30  20 20 15 100 72 

10 10 15  10 10 75 65 36 
Details of con. - div. wedge sources.  Details of rear- facing step sources. 

 

 

  
Details of forward- facing step ources.  Details of 60

0
 symmetrical wedge sources 

  

 
 

Details of circular cylinder sources. 
Fig. 1 Details of cavitating sources (Dim. mm) 
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4. Experimental Results and 

Discussion 
4.1 Effect of Cavitation Number on 

Sound Pressure Level at Constant 

Flow Velocity 
4. 1.1 Rear and Forward Facing steps 

Sources  

The exact variation of the sound 

pressure level (SPL) with σ at a constant 

flow velocity of 28 m/s is shown in Fig.2.  In 

general this Figure shows that the sound 

becomes detectable at approximately σ = 

0.4. The SPL increases rapidly with 

decreasing the cavitation number (σ) in the 

region between σ = 0.4 and 0.11 for rear 

facing step and between σ =0.45 and 0.11 

for forward facing step.  In these regions the 

cavitation bubbles appeared within the shear 

zone.  Below σ = 0.11 there is a sudden rise 

in the sound pressure level. This should 

represent the starting point of large bubble 

cavitation. In the region between σ =0. 11 

and 0.055 for rear facing step and σ = 0.11 

and 0.068 for forward facing step, if the 

cavitation number decreases the SPL 

increases, also in this region  does not appear 

to follow a simple power law. 

At values of σ less than 0.055 for rear 

facing step and 0.068 for forward facing 

step, there is a tendency for the SPL to 

decrease as σ decreases. A possible 

explanation for this is that below these 

values the longitudinal fluctuations of the 

downstream end of the cavity become most 

pronounced.  This amounts to a reduced 

sound pressure level at lower cavitation 

numbers. 

A comparison of SPL between 10 mm 

and 20 mm sources, Fig. 2, shows that the 

variation of SPL with σ is the same for the 

two sources at a given configuration,  except 

for the anomalous region below σ = 0.05. 

This means that the SPL is almost 

independent of source size for similar flow 

with rear and forward facing steps for σ ≤ 

0.05. This trend is in full agreement with the 

present simple theoretical considerations.  
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Fig.2 Variation of sound pressure level 

with cavitation number for rear facing step 

and forward facing step at a flow velocity 

of 28 m / s. 
 

4.1.2. Con.-div. Wedge Source  

The variation of SPL with cavitation 

number (σ) is given in Fig.3 for 20 mm and 

10 mm con.-div. wedges at fixed flow 

velocities. Fig.3 indicates that the SPL 

becomes detectable at σ = 0.2 for 20 mm 

source and σ = 0.18 for the 10 mm source. 

This should be the starting point of the 

formation of a fixed vapor cavity attached to 

the surface of the source and consists of 

large cavities. 

As the cavitation number (σ) is 

decreased, more bubbles are produced and 

the extent of cavitation increases rapidly 

with higher bubble collapse pressure which 

in turn increases the radiated sound pressure 

level, as shown in Fig.3.  Moreover this 

figure shows that the sound pressure level 

increases rapidly with decreasing σ obeying 

a power law of about σ 
-2.2

 in the region 

between σ = 0.16 and 0.03 for the 20 mm 

source and σ
-3.5

 in a similar range of σ the 10 

mm source. The values of the cavitation 

number exponent at different velocities are 

almost the same. The cavitation number 

exponent is larger than that the predicted by 

theoretical consideration. For further 

reduction in σ towards the breakdown 

condition, the sound pressure level reduces 

very rapidly. At values of σ < 0.025, there is 

a tendency for the sound pressure level to 

decrease as σ decreases,  as shown in Fig 3, 

and this may be attributed to the following 

factors: ( l ) at lower cavitation numbers the 
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cavitation zone extends rapidly and the 

dominant bubbles size becomes larger and as 

the bubbles grow they absorb more and 

radiate less noise; (2) also at lower cavitation 

numbers, the  re-entrant jet loses its 

momentum before reaching the cavity 

surface, therefore the cavity shedding 

frequency becomes less definite, resulting is 

less noise, (3) below; σ = 0.025, there is a 

rapid increase in the distance between 

the center of the cavity collapse and the 

transducer and therefore conditions are 

quieter. Consequently, the overall noise of 

the bubbles will decrease with σ. A 

comparison of SPL between 20 mm  and 

10 mm con-div wedges at fixed flow 

velocities, Fig 3, shows that on average 

the measurements for the 20 mm source are 

about 6-14 dB reference 1 µ bar higher for σ 

> 0.03 and about 4-6 dB ref. 1 µ bar 

higher for σ ˂  0.03 than for the 10 mm 

source.  This means that for con-div wedges 

the SPL is dependent on the size of the 

source. This is somewhat contrary to the 

present theoretical analysis. 
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Fig. 3 Variation of sound pressure level with 

cavitation number for con.-div. wedge at 

fixed velocities. 
 

4.1.3 Circular Cylinder and 60
0
 

Symmetric Wedge Sources  

Figs. 4 and 5 show the SPL as a 

function of cavitation number for circular 

cylinders and 60
o
 symmetric wedges, 

respectively, at constant flow velocities. 
Due to the rig pressure limitation, the 

noise data for the higher velocities could 

not be obtained for the higher cavitation 
numbers. Nevertheless the cavitation number 

for the peak noise can be identified for all 

the velocities reported here. In general Figs 

4 and 5 shows that the SPL does not 

appear.to follow a simple power law. 

Figures 4 and 5 indicate that the SPL 

maintained nearly a constant  value from the 

inception condition down to a lower critical 

cavitation number at which the SPL rises 

suddenly. This sudden rise takes place 

within a range of σ values about 0.05 wide 

for circular cylinders and 0.07 for 60
o
 

symmetric wedges. The sudden rise in the 

SPL should be the starting point of the large 

cavitation bubbles which occur in the two 

vortex regions being shed behind the 

cavitation source. In addition this sudden 

rise in the SPL could be easily detected by 

ear and was coincident with the development 

of two lines of bubbles being alternately 

shed from both sides of the source with each 

line having a characteristic bubble rotation 

direction. 

With a reduction in σ the SPL 

increases steadily, reaching a maximum 

value and decreasing with further reduction 

of the cavitation number, as shown in Figs 4 

and 5. At the lower values of σ, at which the 

SPL falls off the clusters were not shed into 

two alternate rows but the separation 

frequencies of clusters become random and 

low. This amounts to a reduced SPL at low 

cavitation numbers. 

Figures 4 and 5 show that the 

cavitation numbers at which the maximum 

SPL occurred depend strongly on the flow 

velocity for a given source.  The values of σ 

at which SPL become maximum increase 

with decreasing flow velocity. This is 

possibly because at low velocities the effect 

of the tunnel walls is more significant than at 

high velocities. 

It can be seen from Figure 4 that on 

average the sound pressure levels for the 20 

mm cylinder are about 1-3 dB higher for σ ≤ 

0.1 than for the 10 mm cylinder. Figure 5 

shows that the SPL for 20 mm 60
0
 

symmetric wedge is higher for the full range 

of σ reported (0.01 < σ < 0.2) than for the 10 

mailto:measur@-
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mm source. Nevertheless, considering the 

difficulties involved in experimentally 

determining the SPL and the variation in 

tests conditions, the SPL for the two sizes 

might be almost the same. Hence, the SPL 

may be independent of the size of both 

circular cylinder and 60
0
 symmetric wedge 

configurations at similar flow conditions. 

This trend is similar to that in the present 

model. 
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Fig.4 Variation of sound pressure level 

with cavitation number for circular 

cylinder at fixed velocities. 

 
Fig.5 Variation of sound pressure level 

with cavitation number for 60
0
 

symmetrical wedge at fixed velocities. 
 

4.2 Effect of Velocity on the Sound 

Pressure Level at Fixed Cavitation 

Numbers 
The variation of SPL with velocity at 

different cavitation numbers is given in Figs 

6-10 for 20 mm five sources with various 

configurations. These figures show that for 

all sources and a given cavitation number, as 

the velocity increases the SPL increases at 

some power of velocity. The reason for this 

variation of the SPL with velocity is not 

obvious. Nevertheless, it can be seen that the 

most important factors which contribute to 

the cavitation noise at constant cavitation 

number are the collapse pressure, collapse 

time, the number of the collapsing cavities 

and the critical nuclei size, which are mainly 

a function of velocity. The combination of 

these factors may cause an increase of SPL 

which is proportional to some power of flow 

velocity. 

The experimental values of the 

velocity exponent (m) in this investigation 

showed that the velocity exponent depends 

strongly on the cavitation number with a 

possible variation between the limits of 2.3 

and 6.73.The average of the velocity 

exponent is nearly 4.5 which is somewhat 

close to the exponent 4 which predicted by 

the present theoretical consideration.  

Figure 11 shows the variation of the 

velocity exponent (m) with cavitation 

number for the 20 mm sources for a range of 

velocities from 24 m/sec to 40 m/sec. 

Generally, the figure shows that once the 

noise becomes detectable at a certain 

cavitation number with decreasing σ the 

velocity exponent does not very much, 

decreases, and reaches a minimum value, 

thereafter m increases towards the 

breakdown value for all the 20 mm sources 

except the 20 mm 60
0
 symmetric wedge. For 

the 20 mm 60
0
 symmetric wedge, the 

velocity exponent decreases with increasing 

σ, exhibits a constant value, decreases to a 

minimum as σ increases, then increases for 

higher values of σ. On the whole, the 

velocity exponent depends strongly on both 

the cavitation source configuration and 

cavitation number. This is mainly because 

for a given source at a range of cavitation 

numbers between 0.2 and 0.01 the cavity 

size varies widely, suggesting that different 

types of sound waves are generated by the 

collapse of the cavities in the working 

section with each type of sound wave likely 
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to have different scale law.  The difference 

in exponent value between one configuration 

and another can be interpreted as a change in 

the type of cavitation as each source 

configuration produced different flow 

regimes. In addition to the change of the 

position of the center of cavity with respect 

to the fixed position of the transducer (i.e., r 

is not constant). 
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Fig.6 Variation of sound pressure level with 

flow velocity at fixed cavitation numbers for 

con.-div. wedge 20mm cavitating sources. 
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Fig.7 Variation of sound pressure level with 

flow velocity at fixed cavitation 

numbers for circular cylinder 20mm 

cavitating sources. 
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Fig.8 Variation of sound pressure level 

with flow velocity at fixed cavitation 

numbers for 60
0
 symmetical wedge 20 mm 

cavitation sources. 
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Fig.9 Variation of sound pressure level 

with flow velocity at fixed cavitation 

numbers for rear facing step 20mm 

cavitating sources. 
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Fig.10 Variation of sound pressure level 

with flow velocity at fixed cavitation 

numbers for forward facing step 20mm 

cavitating sources. 
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Fig.11 Velocity exponent (m) as a 

function of cavitation number for 

20mm cavitating sources. 
 

4.3 1/3 Octave Band Spectra 

Typical 1/3 octave band spectra 

spectrograms, at fixed cavitation numbers of 

0.035 and varied velocities are shown in 

Figures 12 and 13 for the 20 mm 60
0
 

symmetrical wedge 10 mm circular cylinder. 

Figs.12 and 13 shows that the spectra at 

different velocities are similar in shape 

although at different levels with two marked 

Peaks. In addition, Figs.12 and 13 indicate 

that the peak frequency increases slightly 

with increasing flow velocity. Figs. 14 and 

15 show a typical 1/3 octave band spectra 

spectrograms at fixed flow velocity of 37 

m/s and for three cavitation numbers for 20 

mm 60
0
 symmetric wedge and 20 mm con-

div wedge. Figures 14 and 15 illustrate that 

the spectra at different cavitation numbers 

and similar in shape but have different levels 

with two marked peaks. In examining the 

corresponding results at all velocities 

between 22 and 40 m/sec for ten sources 

(not shown here) reveal that the spectra 

exhibit parallel stacking patterns from the 

frequencies between 1.35 kHz and 40 kHz. 

This leads to the conclusion that the 

spectrum energy in this range of frequencies 

can give a better indication of cavitation 

noise. 

The experimental values of the 

velocity exponent, which were obtained 

from analyzing the spectral levels given by 

the 1/3 octave spectra spectrograms, are 

shown in Table 2.  Table 2 indicates the 

velocity exponent at σ =0.035 in the 

frequency ranges 1.35 - 40 kHz, 1.35 - 8 

kHz, 10 - 40 kHz, and broad band width 

frequencies (Fig .11). It can be seen that the 

value of the velocity exponent changes little 

over the different frequency ranges in the 

case of the 20 mm sources.  However, in the 

case of 10 mm sources, although the velocity 

exponents for frequency ranges 1.35 - 40 

and 1.35 - 8 kHz are almost the same for the 

same geometry, the exponent for the high 

frequencies between 10 kHz and 40 kHz 

roughly equals one and is independent of the 

source shape.  In addition Table 2 indicates 

that the velocity exponent values for the 

three ranges of frequency are higher than for 

the broad bandwidth except the high range 

10 - 40 kHz for 10 mm sources. The velocity 

exponent for the broad band with for all 

sources is very close to four which is 

predicted by the present theoretical analysis 

for cavitation noise. 

 

 

 

Fig. 12 Typical spectrograms of cavitation noise for the 20 mm 60
0
 

symmetrical wedge in the large tunnel at various  flow velocities 

with σ = 0.035 
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Fig. 13 Typical spectrograms of cavitation noise for the 10 mm circular 

cylinder in the large tunnel at various flow velocities with σ = 0.035. 

 

Fig. 14 Typical spectrograms of cavitation noise for the 20 mm 60
0
 symmetrical 

wedge in the large tunnel at various cavitaion numbers  with U = 37 m/s. 

 

Fig. 15 Typical spectrograms of cavitation noise for the 20 mm  con.-div. wedge in 

the large tunnel at various cavitaion numbers  with U = 37 m/s. 
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Table 2: Velocity exponent for a range of velocities from 22 to 40 m/sec at different ranges of frequency and 

with σ = 0.035. 
 

Cavitation source Velocity Exponent (m) 

Shape size(mm) 1.35 -40KHz 1·35–8kHz 10-40kHz 
Broad band 

width 

Circular 

cylinder 

20 5 ..26 5.26 5.26 4.47 

10 5 5 1 4.3 

60
0
 

Symmetrical 

wedge 

20 4.13 4..13 3.9 4.07 

10 4.2 4.2 1 3.9 

Con.-div. 

wedge 

20 5.31 5.31 5.1 4.23 

10 3 3 0.98 4.3 

Rear facing step 
20 4.3 4.3 4.28 3.35 

10 3.7 3.7 1.1 3.24 

Forward facing 

step 

20 4.6 4.58 4.6 3.5 

10 5.2 5.2 0.92 3.7 

 

 

5. Conclusions 
The conclusions, which can be drawn 

from this study, are: 

1. At constant flow velocity there was 

no clear relationship between sound pressure 

level and cavitation number.  The general 

trend was that the sound pressure level 

increased as the cavitation number decreased 

reached a broad peak and then decreased 

again. 

2. The sound pressure level was found 

to be strongly dependent on the flow 

velocity. For each configuration at fixed 

values of cavitation numbers then was a 

clear power law relation.  The values of the 

velocity power exponent varied widely with 

both the cavitation number and cavitation 

source.  

3. The effect of flow velocity on the 

changes in spectral shapes were investigated 

for ten sources. The values of the velocity 

exponent at various ranges of frequency 

showed them to be almost the same for a 

given configuration and with σ = 0.035.  

4. The velocity exponent for the broad 

band width was found to confirm the present 

theoretical results which indicate that the 

sound pressure level various at U
4
 at 

constant cavitation number. 

5. The sound pressure level might be 

independent of the size of the cavitation 

source for the all configurations tested in this 

investigation except for the con-div wedge, 

for this shape the sound pressure level was 

found to be dependent on the source size at 

fixed flow condition. The present theoretical 

analyses of cavitation noise confirm this 

relationship. 
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Nomenclature 
Rm Maximum cavity radius 

V Instantaneous volume of the 

cavity  

R Cavity radius 

 ̇ Cavity wall velocity 

 ̈   Cavity wall acceleration 

R Distance between source and 

observer  

P Sound pressure field  

Δp Pressure difference between the 

liquid and the cavity. 

tc Time taken for the bubble to 

collapse  

Ν The number of bubbles 

collapsing in unit time 

λ Cavity length  

 ̅  Sound pressure 

U Flow velocity 

Σ Cavitation number 

Ρ Density 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


