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MECHAM I SMS OF CAV I TAT I ON DAMAGE STUD I ES 
USIN SOFT ALUMINIUM 

ABSTRACT 

A study has been made of the mechanisms of 

cavitation damage in a soft aluminium using a vibratory 

system. A series of stationary specimens of soft 

aluminium were subjected to the cavitation produced by 

the vibratory in water. The resulting surface deforma- 

tion was analysed using a surface roughness measuring 

device. Moreover, photographs of the eroding surface 

has been presented. 

By virtue of the features of the pits formed, it 

is concluded that while there are several contributory 

mechanisms, the most intense damage was caused by the 

impingement of high velocity microjets on the matrial 

surface during bubble collapse. 

I .  INTRODUCTION 

Although the effects of cavitation have been 

observed long age, the actual mechanics of bubble 

collapse was not observed due to the high velocities 

involved. The mechanisms by which the erosion of a 

material occurs during cavity collapse are of funda- 

mental importance to the study of cavitation erosion 

because the formulation of a theoretical treatment of 
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cavitation erosion depends upon the damage mechanism. 

Cavitation researches have shown that the damage 

mechanism caused by the bubble collapse could be 

explained by one of two theories, which are the mecha- 

nical an'd the chemical. The mechanical theory asserted 

that the damage was done to the eroding surface by 

impingement of shock waves produced by collapsing 

bubbles. The chemical theory postulated erosion caused 

by electric discharges. Most investigators agreed that 

the cavitation erosion is primarily due to mechanical 

attack with additional effects due to interaction 

between mechanical and chemical aspects of the problem. 

The rate of material removal due to chemical 

attack appears insignificant compared with the mecha- 

nical attack. Cven if the cavitation damage is the 

result of totally mechanical attack, there are still a 

number of mechanical mechanisms that are possible. The 

possible mechanical mechanisms that have proposed to 

explain cavitation damage are : 

[I] Pressure wave model. This assumed that .bubble 

collapse was spherically symmetric, which when 

arrested resulted in the propagation of a spherical. 

pressure wave being imposed on any material surface 

close to the centre of bubble collapse. 

[ 2 ]  Microject model. This postulated that during the 

non-spherical collapse a high velocity microject 

was produced which impinged on any material surface 

close to the centre of the bubble collapse. 

Until a few decades ago,the first mechanism which 

was proposed by Rayleigh [I], was accepted as the more 

realistic explanation for the erosion of materials. 

Rayleigh's analysis has been improved by several inves- 

tigators. It was found that the pressure can reach 



4 extremely high values (10' - 10 MN/m2 at an ambient 

pressure of 0.1 MN/m2 and with cavity gas pressure 

1 o - ~  MN/m2 ) . The .-.. shock wave intensity decreases 

inversely proportional to the radius from the centre, 

and close - t;o,,this it would -, certainly by able to damage 
surfaces -of solidg, 

- < 

~ornfeid and Suvorov [2] suggested that liquid 
, -  

jets could be formed'during cavity collapse. Eisenberg . -. 
[31 specu18ted -. that Jets formed during the asymhetrical 

a - F a - . . -  

collapse of cavitation bubbles could be responsible 

for the damage. These jets were experimentally shown 

by Naude and E . l e l i s  [ I ]  .The occurrence of jet formation 

during collapse-qf - .. single e cavities was supported photo- 

graphicallg by- Kling and Hammitt [5], Lauterborn [6], 

Brunton -1-71 .' _ and Popoviciu [ 8 ]  , The coll-apse of an 

in-itially spheriwl -. _ cavity near to a solid wall was 

detedned theoretically by Ples,set and Chapman 191. 

The jet velocity was found to.be 130 m/s at a collapse 

-pressure of 0.1 4Jm2 . This .implies an impact pressure 
up to 200 MN/m2,when the jet strikes the sold wall. 

This impact pressure. is sufficient to cause the 

observed cavitation damage in stronge materials. 

. It is the object of the present paper to select 

one of these mechanisms of erosion from the other. 

The expekim&tal apparatus used is a vibratory in - - - 

which and ampiitude of vibration can be 
I .  

adjusted ., Fig.1 illustrates diagramatically the 

experimental arrangement. The vibratory was drived by 

a 500 watts >ariable speed universal motor. The face 

diameter bf't~e vibratory end wes 25 mm and the normal 
I ' *  

peak-t~-~eak ampli'tuile was approximately 0.-25 mm. The 



pressure wave generated resulted in the formation of 

cavitation bubble in the gap between the stationary 

specimen face and the end of" the vibratory. The gap 

between the end of the vibratory and the spacimen face - 
was adjusted using deeler gauges. Specimens exposed to 

cavitation were pl&ed in a specimen holder which 

itself fixed to the apparatus frame.The Specimen holder 

has a circular hole for mounting of 23 mm specimen with 

the specimen surface flush with the surface of the 

holder. 

The spkcimens used for the present experiments 

were turned from a soft aluminium rod. The specimens 

were polished to obtain a smooth specimen surface. The 

specimens were examined by optical microscope before 

being exposed to cavitation to determine qualitatively 

when the polishing process was finished. The specimen 

and the vibratory end were immersed in a beaker conta- 

ining approximately 1 litre of tap water at 34OC. The 

temperature of water was checked from time t o  time 

during the tests, and the variation was found to be 

negligible. ' 

The erosion specimens were analysed using a 

F~RSTER prof ilograph Model 58 1 5 at Faculty of Engineer- 

ing and Technology, Helwan University. The scanning 

device used to measure the surface profils has a 

diamond stylus with a rounded tip about 10 bm. The 

stylus speed across the specimen surface and the 

operative length of traverse were kept the same for 

all the tests. This was accomplished by setting the 

operative length of traverse equal to 10 mm and the 

speed egual to 0.5 m/s. Photographs of erosion speci- 

mens were taken using optical metallurgical microscops 

which is provided with a camera. 



3 .  EXPERIMEIIITAL RESULTS AND DISCUSSION 

The experiments were performed at 480 C/S and a 

double amplitude of 0.25 mm. Visual observations using 

stroboscopic light through a glass beaker show that 

the bubble field between the vibratory and specimen 

surface consist of a cloud of mainly small bubbles. 

All specimens exposed to cavitation have been 

studied by optical microscope. These investigations 

reveal that right from the beginning of cavitation 

exposure plastically deformed areas occur on the origi- 

nally smooth surface. During the first part of the 

cavitation exposure the deformed areas are clearly 

separated indicating that each of them is caused by 

the collapse of a single cavity. If specimens are 

exposed to cavitation for different times but at a 

fixed cavitation condition, the maximum number of dents 

per mm2 is expected to increase proportional to 

exposure time. This is verified by counting the number 

of dents in small square ( 2  x 2 mm) over the central 

area of the eroded specimen during the first part of 

the exposure time. The same trend was reported by 

Knapp [I 01 , Hanson and M#rch [I 1 1  and Lobo Guerrero 

[12]. At further cavitation exposure the dents are 

found to start overlapping, and a highly distorted 

surface develops with deformations of larger scale. 

The density of pits reaches a maximum when overlapping 

becomes significant and a further cavitation exposure 

the density of dents falls to a somewhat lower but 

constant level. This is shown in Fig. 2, which covers 

exposure time up to 300 sec. The reason that the dents 

density reaches a maxirmun and then becomes constant is 

due to the interface of the damage areas and transfor- 

mation of the overlapping dents into one large crater 



by a new cavity collapse in between them as shown in 

Figs 3 and 4. 

During the counting procedure the distribution of 

dentsizes on the specimen surface were measured for 

each dent. Fig.5 shows the size distribution of the 

dents. This figure indicates that the percentage of 

dents of a given size always increases as the size 

under consideration is decreased, reaching a peak and 

thereafter decreasing. The range of dents sizes was 

found to be approximetaly 0.1-0.4 nun and over 50% of 

all dents were in the smallest sizes. Hammitt [I 31 has 

suggested that the diameter of typical microjets resul- 

ting from cavitation bubble collapse was in the range 

1-80 pn,. which is smaller than the dent size observed 

in the present experiments. The reason for this diffe- 

rence is that during the impact of the jet with the 

surface and during the formation of dent itself an 

outward flow of the liquid occurs resulting in a dent 

size larger than the microjet diameter. However, the 

present experiments are not sufficient to give conclu- 

sive proof about the microjet size from the size of 

dents formed. Nevertheless, these values of dents sizes 

(0.1-0.4 mm) are compatible with the dent diameter 

observed with Knapp [lo] using annealed aluminium.Dent 

diameters of 0.25 mm observed by Brunton [7]using thin 

metal foil. 

Figs 7-11 are photographs and surface measurements 

of deformed areas at different exposure times. Fig.6 

is a photograph of the specimen surface before being 

exposed to cavitation. This is to allow a visual compa- 
. . 

rison to be made between the eroded and virgin sur- 

faces. Figs 12-16 are photographic enlargements of : ' 



ersion areas seen in Figs. 7-11,. respectively. In 

general these' figures show that the form of erosion 

pattern is deep dents in the central area of specimen. 

Figs.12-16 show that the rim associated with the dents 

is not symmetrical. For this case, spherical collapse 

was unlikely because of the irregularity of the dents 

and the microjet mode is the cause of damage.Moreover, 

figures 9-11 (surface measurements) indicate that the 

performation of the bottom of dents is suggestive of 

jetting. This is because a shock wave in a depression 

would favour rounded hemispherical craters while 

repeated jetting leads to conical elongated pits as 

shown in Figures 9-11.Smaller and shallower depressions 

appearing in large numbers are probable formed by 

microjets which are less intense than those neccessary 

to form deep holes, if these are formed by a single 

cavitation event. Assuming that the damage is caused 

by microjets it is clear from the photographs and 

surface measurements that the collapse of cavitation 

bubbles results in a wide range of microjet intensities 

as described by their diameters. 

4 .  C O N C L U S I O N S  

The conclusions which can be drawn from these 

studies are : 

No evidence of surface damage was found which could 

be linked directly with the spherical pressure wave 

mechanism. 

The photographic evidence included in this paper 

does strongly indicate that microjets are the 

dominant cause of damage. 

Using a vibratory device to produce cavitation, a 

wide range of microjet intensities result from the 

collapse of cavitation bubbles generating by the 

acoustic pressure field. 



41 In the light of the present resultsfthe formulation 

of a theoretical model for bubble collapse to 

produce scaling laws can be obtained. 
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@ Electric motor @ Viburtory end 

Magrammatic arrangement of experimental 
vibara..ry apparatus. 



XPOUSER TIME (MIN)  

F-ig.2. Density of  dents against 
cavitat ion time. 

Overlappin6 many dents t o  form large ~ r a t e r s ( ~ 1 0 0 )  

r 

Fig. 5. Size distribution.  



PYg* 6, Photograph and surf+co profile of 
aluminium before expospro t o  caritation. 

Fig* 7. Exposure t b e  50 ssc .  

Fi.g.9. Exposure time 4 mine 

Pi@Se7-9* Photo phea a d  .surface ~ ~ a ~ ~ r e ~ ~ n t e  of w m  
.delorard u.u at different exposwe . . t k e r ( e ) .  



F%g,lO. Exposure t h e  7 m i n o  

Piga.12 to 16, Photographic enlargements of erosiob 
areas in figuree 7 t o  11 respectively 
(x29 


