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ABSTRACT 

An experimental investigation was conducted using vibratory device in order to obtain the effects of the 

vibration frequency, static pressure, water temperature and depth of water between the liner and the water 

jacket on the initiation of cavitation bubbles. The initiation of cavitation bubbles was determined visually 

by naked eye with the help of stroboscopic lighting. The results indicated that the initiation of cavitation 

bubbles decreased with increasing vibration frequency and water temperature. In addition, cavitation 

bubbles initiation increased as the depth of water increased. The results also showed that the initiation of 

cavitation bubbles was independent of the static pressure. Results suggest that the designer should design 

the engine with cylinder liner vibration amplitude less than the critical vibration amplitude for initiation of 

cavitation bubbles to avoid the occurrence of cavitation. The results of cavitation bubbles initiation 

measurements were compared with a proposed cavitation inception model and good agreement was 

obtained.  

 الملخص العربي :

تاسرخذاً جهاز اهرسازٌ ٍِ أجو اىحصىه عيً ذأثير اىرردد الاهرسازي، واىضغط الاسراذينً،ودرجح حرارج اىَاء وعَق  اىرجارب دأجري

فقاعاخ اىرنهف تصريا تاىعيِ اىَجردج تَساعذج  اسرهلاهاىَيآ تيِ اىثطاّح وسررج اىَاء عيً تذايح ظهىر فقاعاخ اىرنهف. ذٌ ذحذيذ 

stroboscopic lightingاىْرائج إىً أُ تذايح ظهىر فقاعاخ اىرنهف اّخفضد ٍع زيادج ذردد الاهرساز ودرجح حرارج اىَاء.  . وأشارخ

أظهرخ اىْرائج أيضا أُ تذايح ظهىر فقاعاخ اىرنهف ماُ  ،وتالإضافح إىً رىل، زاد تذايح ظهىر فقاعاخ اىرنهف ٍع زيادج عَق اىَيآ.

الاسطىاّح تسعح أقو ٍِ سعح  جذارأُ اىَصٌَ يجة أُ يصَيٌ اىَحرك ٍع اهرساز   ٍسرقلا عِ اىضغط الاسراذينً. وذشير اىْرائج إىً

رنهف ىي اىَقررحَْىرج اىالاهرساز اىحرجح ىثذء فقاعاخ اىرنهف ىرجْة حذوز اىرنهف. وذَد ٍقارّح ّرائج اىقياساخ تذء فقاعاخ اىرنهف ٍع 

 جيذ. ذىافقوذٌ اىحصىه عيً 
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1. INTRODUCTION 
     Erosion is one of the most serious effects of 

cavitation on diesel engines wet cylinder liners 

and its significance has become more important 

with increasing engine speed and output. 

Cavitation normally occurs whenever the 

pressure at a point in a liquid is reduced below its 

vapour pressure at the corresponding liquid 

temperature. Cavitation erosion causes deep local 

holes on the cylinder liner surface [1].  Erosion 

of cylinder liners causes serious problems to 

reduce the reliability and life of the engine. 

Therefore, avoidance of cavitation is essential for 

the design of reliable diesel engine. 

Subsequently, reliable information on how 

cavitation bubbles initiation may vary with the 

design and operating parameters of wet cylinder 

liners is necessary to avoid the occurrence of 

cavitation. Although by now past researches [2-

4] provide a reasonable guide to the relative 

erosion resistance of materials they don’t enable 

the diesel engine designer to choose the practical 

design parameters at which engines should work 

to avoid cavitation. 

   Cavitation bubbles generally originate from 

microscopic bubble nuclei typically gaseous 

micro bubbles which are existed in the liquid [5-

8]. The explosive growth of bubble nuclei in the 

liquid is usually defined by the term cavitation 

inception, i.e., cavitation inception is the limiting 

regime between the non-cavitating and the 

cavitating flow. 

 

     Inception of cavitation bubbles produced in 

cylinder cooling water is as a result of cylinder 

liners vibration. Cavitation can appears within 

the cooling water as a consequence of vibration 

of cylinder liners oscillating pressure fields are 

created over the free surface of the cooling 

liquid. Acoustic cavitation bubbles may appear 

within the liquid if the vibration amplitude is 

large enough to cause rupture in the liquid when 

the negative oscillation occurs. 
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   Practically, inception of cavitation bubbles 

identified as either the visual appearance of 

cavitation bubbles or acoustical emission. Sound 

emission usually occurs earlier than the visual 

identification of cavitation inception because 

microscopic bubbles, invisible to naked eye emit 

pressure impulses before can see with further 

reduction of pressure. Many investigator 

performed experimental work using signals of 

noise and vibration which used for detection the 

onset of cavitation in various structures 

summaries of work can be found in [9-17]. Their 

results demonstrated that the successful use of 

the acoustic and vibration techniques for 

detecting incipient cavitation.  Hosien and Selim 

[18] compered visual and acoustic methods for 

the detection of cavitation inception and 

concluded that at the onset of cavitation there 

was a marked rise of the sound pressure level in 

the high-frequency range. 

   Mahle Gmb [19] reported that two main factors 

control the cause of cavitation in cylinder liners. 

These factors are the flow conditions of the 

coolant and the vibrations of the cylinder. Kruger 

et al. [20] performed a numerical study to 

analyze the water flow inside MWM 

INTERNATIONAL’s high-speed diesel engine. 

They stated that a modification on the geometry 

leads to an avoidance of the occurrence of 

cavitation at water jacket regions. 

  It is appeared from the brief review of the 

previous researches that the effects of various 

parameters such as vibration frequency of the 

cylinder liner, depth between liner and cooling 

water jacket, static pressure and temperature of 

engine cooling water on the initiation of 

cavitation bubbles have been given little concern. 

Obviously there is clearly a need for more data 

on the effects of various operating and design 

parameters upon the initiation of cavitation 

bubbles to help the high speed diesel engines 

designer to avoid the cavitation likely to occur in 

his engine. For this purpose the present work is 

devoted to study experimentally the effects of 

vibration frequency, depth between liner and 

cooling water jacket, static pressure and 

temperature of cooling water. 

 

2. SEMI-EMPIRICAL MODEL FOR 

VIBRATORY CAVITATION INCEPTION 
 

Cavitation inception is the beginning of 

cavitation.  It is well known that cavitation 

inception occurs as a consequence of the rapid 

growth of small nuclei that have become 

unstable due to a change in ambient pressure.  

These nuclei can be either presented in the flow 

or find their origins in small cracks or crevices at 

the boundary surface of the flow.  

Most of the progress in understanding the details 

of the inception process has been made through 

the consideration of the dynamic equilibrium of a 

spherical bubble containing vapour and non-

condensable gas.  The Rayleigh- Plesset [21] 

equation describes this equilibrium: 

   ̈
 

 
  ̇    *        

  

 
   

 ̇

 
+⁄     (1) 

Where R is the bubble radius, Pv the vapour 

pressure, Pg the partial pressure of 

noncondensable gases, P the external pressure, S 

the surface tension, µ  the dynamic viscosity, and 

ρ the liquid density. Dote denotes a 

differentiation with respect to time. It is 

generally agreed that dynamic effects can be 

important when the time available for growth 

i.e., exposure time is shorter than about 1.0 

milliseconds. Dynamic effects are especially 

important in ultrasonic, where exposure time per 

cycle is less than 0.03 millisecond [21]. 

Therefore, the dynamical terms in Rayleigh-

plesset equation may be neglected in the present 

study. 

Hence, Rayleigh-Plesset equation (1) reduces to 

        
  

 
                     (2) 

Clearly, such a bubble may begin to grow if: 

        
  

 
  

Now, if it is assumed that the temperature and 

mass of the gas in the bubble remains constant as 

the external pressure is reduced, then the 

pressure, Pg  for a given mass of gas will vary 

inversely with the volume of gas bubble  (i.e., 

free to expand isothermally P.V = C) that is , 

   
 

   Thus the gas pressure can be 

represented as: 

   (      
  

  
)

  
 

                 (3)         

where the subscript "o" refers to the initial value 

of the appropriate quantity. 

Substituting (2) into (3), an expression for the 

external pressure is obtained; thus corresponds to 

the static equilibrium of bubbles differing in 

radius, 

     (      
  

  
)

  
 

   
  

 
         (4) 

A bubble, whose radius is Ro at the initial 

ambient pressure Po, explodes at the critical 

ambient pressure Pc. The pressure Pc can be 

obtained by differentiating equation (4) with 

respect to R, and setting the derivative equal to 

zero and is expressed by the following equation. 
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Equation (5) shows that a large tensile strength is 

required to explode a small bubble.  The 

minimum radius of the nucleus can be estimated 

from the observed minimum pressure using 

equation (5).  

The theoretical determination of the external 

pressure (P) as a function of vibration amplitude 

and frequency is extremely complex.  In 

principle, knowledge of the factors affecting the 

external pressure is necessary to determine the 

inception of cavitation bubbles.  

This point was considered by Moustafa [22]. He 

conducted an experimental study using 

magnetostriction vibratory. His experimental 

results showed that the driving pressure is 

proportional to water depth (t) to the power  

(-1/2), (i.e.,        , that is,  

     
                                                           (6)  

Where   is the constant of proportionality in 

equation (6). 

When a cylindrical piston vibrates with its 

circular face inside the liquid, the acoustic 

pressure amplitude at the radiating surface is 

approximately given by: 

                                                               (7) 

Where A is the amplitude of the vibratory end, ω 

is the circular frequency (ω = 2πf),   is the 

vibration frequency, C is the sound speed in 

liquid, and ρ is the density of liquid. 

By combining (6) and (7) Pc can be given as 

follows: 

               
                                         (8) 

Where, Ac is the cavitation inception vibration 

amplitude. 

Substituting (8) into (5), a new scaling law for 

inception of vibratory cavitation is given by: 
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Where K is constant, (K= 2πρCK1). K1 is 

constant of the proportionality in equation (6).  

In equation (9) K and Ro can be estimated from 

relevant test results.  The units are kg/m   for S, 

kg/m
2
 abs. for   Pv   and Po   , m   for Ro, mm for 

A, Hz for   and cm for t. 

Equation (9) gives the cavitation inception 

vibration amplitude (Ac) as a function of 

vibration frequency, water depth between liner 

and water jacket surfaces vapour pressure, 

surface tension, initial pressure of the liquid, 

initial radius of bubble, and the constant K which 

includes liquid density and speed of sound in the 

liquid.  

This equation is valid for vibratory cavitation.  

Equation (9) is used to predict the inception 

vibration amplitude of cavitation at a given 

operating condition. 
          

3.  EXPERIMENTAL DETAILS  

3.1. Experimental Equipment 

The equipment used in the present investigation 

is a vibratory device in which vibration 

frequency and amplitude can be varied 

independently. This vibratory device was 

designed simulates the vibrations of the cylinder-

liner. 

 Figure 1 shows the experimental arrangement. 

 

 

 
 

Fig.1. Diagrammatic arrangement of an 

experimental vibratory apparatus. 
 

 The vibrator was driven by a 1000 Watt variable 

speed universal motor. The face diameter of the 

vibrator end is 25 mm. The amplitude of 

vibration could be varied from zero to 4mm. The 

maximum vibration frequency is of the order of 

450 Hz. The pressure wave generated resulted in 

the formation of cavitation cloud in the gap 

between the vibratory end and the face of the 

specimen. Specimen holder was fixed to the 

apparatus frame and positioned coaxial with the 

vibratory end. The vibratory end was mounted by 

an O -ring arrangement into a sealing flange that 

the air space between water surface and flange 

can be pressurized as desired. An electric heater 

was mounted into the water container to maintain 

the water at the required temperature. Using 

closed container enables apparatus users to have 

much closer control of the temperature and 

pressure of water. The container was fabricated 

from transparent Perspex to permit visual 

observations. 
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3.2. Tests Performed and Procedures 

     The tests were divided into constant 

temperature sets for varying depth, frequency, 

and amplitude, constant pressures sets for 

varying amplitude frequency with constant water 

depth and temperature.  Six temperatures, 

ranging from 40 to 115 °C, four pressures, 

ranging from 1 to 4 atm. and four water depth 

values ranging from 2 to 8 cm were used. The 

expected errors in measuring frequency, 

amplitude, depth of water and temperature of 

water are ±2%, ±3%, ±1.5% and ±2% 

respectively.  

     The experimental tests were conducted to 

study the effects of various parameters on the 

initiation (inception) of cavitation bubbles.  

     Inception of cavitation refers to the first 

appearance of tinny cavitation bubbles zone. The 

vibration amplitude and frequency, water depth, 

physical properties and temperature of the liquid 

determined the conditions under which cavitation 

inception takes place. 

   The temperature of the water in the container 

was maintained at the desired temperature by the 

electric heater. The vibration frequency was 

adjusted manually until the required frequency 

was reached. Visual observations by naked eye 

with the help of stroboscopic light through the 

closed transparent container started from an 

arbitrary vibration amplitude. 

 The vibration amplitude then increased step by 

step until the inception of cavitation bubbles just 

become visible to the naked eye. The 

measurements of vibration amplitude and 

frequency, water temperature and depth 

corresponding to the inception of cavitation 

bubbles were recorded. 

 

In order to obtain repeatable results on cavitation 

inception, the vibration amplitude was further 

increased beyond the inception until cloud of 

cavitation was observed during the negative 

pressure part of the sin wave. 

Therefore, the vibration amplitude was decreased 

slowly until the cavitation bubble disappeared, 

i.e., desinent cavitation. Desinent cavitation 

means the disappearance of cavitation. The 

disappearance of the last small cavitation bubbles 

can usually be noted visually. The measurements 

of vibration amplitude and frequency and depth 

corresponding to the desinent conditions were 

recorded. These visual observations were 

repeated for many other frequencies, 

temperatures, water depths and pressures and the 

corresponding readings were determined. 

 Tap water from laboratory of Faculty of Engin-

eering, Menoufia University was used. 

 Exploratory preliminary inception and desinent 

tests were performed. The results of these tests 

indicated that no significant differences were 

observed between inception and desinent. 

 

3.3. Pattern of Vibratory Cavitation 

Direct visual observations using stroboscopic 

light through the transparent vessel indicated that 

a mass of bubbles (i.e. cloud) appeared to radiate 

outwards.  The cavitation bubbles believed to be 

produced radially are actually born with a 

vertically scattered distribution within a semi-

spherical space. In the case of 2cm water depth, 

cluster of bubbles appears on the center of the 

vessel bottom, which sometimes disappears 

again, but mostly stays during the whole period 

of existence of the cloud. 

In the inception stage where the cavitation 

bubbles just become visible to the naked eye, a 

few scattered bubbles are seen around the central 

region of the vibratory surface. 

 

4. INCEPTION EXPERIMENTAL 

RESULTS AND DISCUSSION 

 

The visual observations of inception of cavitation 

bubbles were carried out for various test 

conditions and are plotted against vibration 

frequency in Figures 2 to 8. 
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Fig.2. Variation of cavitation     inception 

vibration amplitude with vibration frequency 

at various vessel pressures. 
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Fig.3. Variation of cavitation inception 

vibration amplitude with vibration frequency 

at various water depths (t). 
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Fig.4. Variation of cavitation inception 

vibration amplitude with vibration frequency 

at various water depths (t). 
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Fig.5. Variation of cavitation inception 

vibration amplitude with vibration frequency 

at various water depths (t). 
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Fig.6. Variation of cavitation inception 

vibration amplitude with vibration frequency 

at various water depths (t). 
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Fig.7. Variation of cavitation inception 

vibration amplitude with vibration frequency 

at various water depths (t). 
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Fig.8. Variation of cavitation inception 

vibration amplitude with vibration frequency 

at various water depths (t). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows the effect of applied static 

pressure on the surface of water on the inception 

vibration amplitude at various vibration 

frequencies with a constant temperature of 40 °C 

and water depth of 4 cm.  This Figure shows that 

the inception vibration amplitude of cavitation is 

found to be strongly dependent on the vibration 

frequency and as the vibration frequency 

increases the vibration amplitude of cavitation 

inception decreases.  It shows that for a given 

vibration frequency the inception vibration 

amplitude is independent of the static pressure 

acts on the surface of the water in the vessel.  A 

possible explanation for this trend is that the 

tensile strength of the water corresponding to 

inception of cavitation is independent of the 

static pressure to which the water is subjected 

and surface tension forces play a great role on 

the tensile strength of water. 
 

The variation of the cavitation inception 

amplitude with vibration frequency at fixed 

water depth is shown in Figures 3 to 8 for 

temperature values ranging from 40 to 115 
o
C. In 

general, these Figures show that the inception 

vibration amplitude of cavitation increases 

rapidly with decreasing the vibration frequency.  

This trend is reasonably confirmed by the 

acoustic theory which indicates that the acoustic 

pressure amplitude generated at the vibratory 

face is proportional to the vibration amplitude 

and the vibration frequency. Therefore, a certain 

level of vibration frequency and vibration 

amplitude is required to initiate cavitation. The 

effect of temperature on the inception vibration 

amplitude of cavitation at fixed frequencies and 

constant water depth of 2 cm shown in Figure 9 

indicates quite clearly that the inception vibration 

amplitude of cavitation increases as the 

temperature of the water decreases. The 

consequences of increasing water temperature 

are to decrease the gas content, increase the 

initial size of nuclei, increase the vapour pressure 

and change the speed of sound in the water. The 

increase in vapour pressure and nuclei size with 

temperature and the gas content effects are all 

related to the decrease in the inception vibration 

amplitude with the increase in temperature at a 

given frequency and a given water depth. 
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Fig.9. Variation of cavitation inception 

vibration amplitude with water temperature 

at fixed vibration frequencies. 

                   
:
 

Figure 10 indicates the variation of the cavitation 

inception vibration amplitude with water depth at 

fixed frequencies and a constant temperature of 

55 °C. This Figure shows that the inception 

vibration amplitude of cavitation increases as the 

water depth increases. The reason for this is that 

the amplitude of the threshold pressure to initiate 

cavitation is the sum of the amplitude of the 

acoustic pressure wave and the amplitude of the 

reflected pressure wave from the vessel base. 

The factors affecting the amplitude of the 

reflected pressure wave at the vessel base are the 

water depth, the vibration amplitude and 

frequency, the attenuation of the acoustic 

pressure wave and the physical properties of the 

water. Therefore, at a constant value of 

vibration frequency the water depth has an effect 

on the cavitation inception vibration amplitude as 

a result of the wave reflections in the water. 
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Fig.10. Variation of cavitation inception 

vibration amplitude with water depth at 

various frequencies. 

 

5. COMPARISON BETWEEN CAVITATION 

INCEPTION MODEL AND EXPERIMENTS 

 

Figures 2 to 10 show that the calculated 

cavitation inception amplitudes using equation 

(9) agree well with those measured for all the 

present data. 

 Figure 11 shows a good correlation, the 

correlation coefficient is in fact found between 

the measured and calculated cavitation inception 

amplitudes for all the present data. The 

correlation coefficient for liner regression is 

0.98775. It is interesting to note that the 

calculated cavitation inception vibration 

amplitudes have been obtained using Ro=50 µm 

and K =4.05x 10
-7

T
4.4

 in equation (9). The values 

of K and Ro in equation (9) were computed using 

two cavitation inception variables amplitude (Ac) 

from experimental results with constant water 

pressure, depth, and temperature at two different 

values of vibration frequencies. K and Ro were 

found to be independent of various test 

conditions. The agreement between the model 

and experiments means that the roles played by 

vibration amplitude, vibration frequency, water 

temperature and water depth are inconsistent 

with the present analyses. However, the analyses 

presented here are only a step towards better 

understanding the factors controlling the 

cavitation inception in vibratory system.  
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 These analyses showed that the phenomenon of 

cavitation inception is very complex and 

therefore several simplifying assumptions have 

been made according to the physics of the 

processes as currently understood. This is 

reflected in the derivation of relationship (9). 

Therefore, the present model represents an 

addition, to knowledge in this aspect which could 

help the diesel engine designer to avoid 

cavitation in his engine provided that the 

operating conditions are similar to that reported 

herein. 
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Fig.11. The measured cavitation inception 

amplitude versus the calculated cavitation 

inception amplitude using equation [9]. 
 

6. CNCLUSIONS 

The important conclusions that can be drawn are 

as follows: 

1. The vibration amplitude at which the 

inception cavitation bubbles initiate 

decrease with the increasing vibration 

frequency and water temperature and 

decreased as the depth of water increased. 

2. The predicted cavitation bubbles inception 

vibration amplitude from the proposed 

semi- empirical model was in good 

agreement with the present experimental 

results..   
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