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Abstract 

Cavitation erosion is a well-known problem for hydraulic turbines working at off-design conditions 

which is currently worsening because their operating range needs to be widened to cope with the 

variability of the new renewable energy sources, such as wind and solar. The use of acoustic emission 

(AE) measuring ultrasonic vibrations induced by the erosion process is believed to be the most 

promising technique to monitor cavitation erosion. In this paper, a 50-hour cavitation test performed 

in a cavitation tunnel is presented. The test was divided in periods of two hours in order to limit the 

heating of the water generated by the pump operation. During two specific intervals between 34 to 

38 h and between 46 to 50 h, respectively, acoustic emission measurements were taken every 10 

minutes. At 38 and 50 h, photographs of the erosion were taken which demonstrated a significant 

increase of erosion. Based on the AE measurements, cavitation impacts were estimated, sorted into 

classes by amplitude and also using a new “power parameter”. It was seen that the amount of impacts 

and the mean “power parameter” corresponding to a 2-h’ time interval increased significantly 

between the first and the second interval. But during the 2 h period within each interval, the number 

of impacts and the power parameter decreased as the temperature increased. 

Keywords: cavitation erosion; acoustic emission; cloud cavitation; temperature; erosion; Venturi; 

cavitation tunnel; aluminum 

 

1. Introduction 

Cavitation is the transition from the liquid state to the gas state without addition of heat (unlike 

boiling) because of a pressure decrease, when the pressure falls below a critical value that is 

approximately equal to the vapor pressure.  

Cavitation can be generated in different ways [1,2]. (i) The geometry of the system creates 

velocity variations and consequently pressure variations. This type of cavitation is called 

hydrodynamic cavitation and it is the most common type in hydraulic machinery and hydraulic 

systems (ii) The pressure variations are produced by sound waves, usually ultrasound and thus it is 

called ultrasonic cavitation. (iii) Optical cavitation is produced by a laser that creates bubbles (usually 

a single bubble). 

Cavitation produces the erosion of the surrounding material if the collapses take place close to 

it. Two main phases can be distinguished in the cavitation erosion process: 1) the incubation period, 

wherein only small plastic deformations (pits) due to plastic deformation can be seen, and 2) the 

period with material detachment and separation from the surface which follows the previous one 

and results in mass loss [3]. 

AE is defined as the high frequency vibration induced in a solid material due to elastic waves 

traveling inside it [4]. The elastic waves are the result of the energy released in the material due to 

sudden changes in the internal stresses, external impacts or surface contacts. As an AE source, 

cavitation represents external impacts resulting from bubble collapses near of a solid boundary [5]. 
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AE has a wide frequency band, but low frequencies below 100 kHz are usually removed to filter out 

unwanted noise [5,6]. AE has been used to detect cavitation and to study it as for example describe 

in the work of Escaler et al. [7] who detected cavitation in several turbines using AE and other 

quantities (like vibrations and dynamic pressures). Signals were demodulated and different 

characteristic frequencies were identified. Another researcher, Ylönen [8], studied erosion in 

cavitation tunnel using AE. The works presented in [9] and [10] studied the incubation period and a 

relationship between the cumulative distribution between the amplitude peak values and pit 

diameters was established. As shown in [5], it was concluded than the shedding frequency obtained 

by demodulating the AE increases when erosion depth increases. Finally, a comprehensive review of 

the use of AE to detect and analyze cavitation was presented in [11]. 

Different researchers have studied the relationship between the temperature of the liquid in 

which cavitation occurs and the erosion produced. Hattori et al. [12] submitted specimens of pure 

copper and pure aluminium to cavitating liquid jet tests at different temperatures and they measured 

the mass loss. They concluded that mass loss increases as the temperature of the liquid increases until 

it reaches a maximum, followed by a decrease. Li et al. [13] submitted stainless steel (AISI 304) 

specimens to ultrasonic cavitation at different temperatures that ranged between 20 and 80and they 

measured the mass loss. They found the maximum mass loss in the range between 45 to 50. 

Priyadarshi et al. [14] submitted two kinds of cast aluminium specimens (A356.2 and A380) to 

ultrasonic cavitation at different temperatures that ranged from 10 to 50, and they measured the 

mass loss. They found the maximum mass loss at 30. Dular [15] submitted aluminium specimens to 

cavitation in a cavitation tunnel at different temperatures that ranged from 30 to 100. The erosion 

was evaluated in the incubation period by pit counting. The maximum erosion (maximum number 

of pits) was found at 60. 

The relationship between the roughness of the surface submitted to cavitation has been also 

studied. Escaler et al. [16] found out that the cavitation aggressiveness was greater the larger the 

roughness of the tested specimen with a roughly linear relationship. Hao et al. [17] studied the 

influence of the rugosity on the cloud cavitation behaviour. They concluded that the cavity on the 

rough surface could break off, shed, and collapse more than one time in a period, which could lead 

to more severe cavitation erosion. 

In this paper, the influence of fluid temperature and material surface condition on the number 

and intensity of cavitation impacts has been experimentally studied. A series of measurements of 

cavitation-induced AEs have been carried out in a closed loop cavitation tunnel with a Venturi test 

section and a metallic sample. The sample has been submitted to cloud cavitation for a very long 

period of time to observe at simple sight cavitation damage. An AE-based parameter has been defined 

to evaluate cavitation impacts and to quantify the effects on cavitation aggressiveness. More 

specifically, Section 2 describes the test bench, the performed tests, and the definition of the AE 

parameter to estimate cavitation impacts. Section 3 presents the obtained results corresponding to 

operating parameters, cavitation aggressiveness levels and observed cavitation erosion. And finally, 

Section 4 presents a discussion of the results and the main conclusions. 

2. Materials and Methods 

2.1. Test Bench Description 

Tests were performed in a cavitation tunnel at the Barcelona Fluids & Energy Lab (IFLUIDS). 

The cavitation tunnel consists of a closed loop circuit made in PVC pipes (Figure 1). Circulation of 

water is obtained with a 3-kW centrifugal pump whose rotating speed is controlled with a variable 

frequency drive. At the pump delivery a partially filled tank (high pressure tank) is used for damping 

the pressure fluctuations induced by the pump. Cavitation and its effects can be observed in a 

transparent PMMA test section where a Venturi has been placed to produce a static pressure drop at 

the throat and cause the corresponding cavitation (Figure 2). After the test section there is another 

partially filled tank (low pressure tank) and finally the water returns to the pump. 
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Figure 1. Cavitation tunnel of the Barcelona Fluids & Energy Lab where the tests were performed. 

The system is instrumented with several sensors to measure the hydraulic variables: 1) absolute 

pressure sensors at the pump inlet, pump outlet, high pressure-tank, low pressure tank, Venturi inlet, 

Venturi throat and Venturi outlet; 2) temperature sensors at the bottom of the high-pressure tank and 

at the top of the low-pressure tank; 3) a magnetic flowmeter; and 4) a pump’s variable frequency 

drive (VFD) to control the pump rotating speed. A more detailed description of the cavitation tunnel 

is presented in [18]. 

The pressures at free surfaces of the high- and low-pressure tanks at the inlet and outlet of the 

Venturi, respectively, can be controlled through a pneumatic system feed with compressed air which 

can increase or reduce the pressures at will. 

The basic geometry of the test section is a squared 72-millimeter-wide Venturi section consisting 

of a converging zone, followed by a throat section of 10 x 72 millimetres, and a diverging zone with 

an angle of 8°. The divergent zone has a housing to place the specimen as shown in Figure 3. The 

throat presents a slight groove for triggering a homogeneous cavitation inception in spanwise 

direction. This particular geometry was designed to be effective in creating cloud cavitation with 

significant erosive power along the material specimens after evaluating different dimensions and 

shapes using numerical simulations and experiments. 

Low-pressure 

tank 

High-

pressure 

Centrifugal 

pump 

Test 
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Figure 2. Test section of the cavitation tunnel with the venturi and cavitation. 

 

Figure 3. Venturi section and removable metallic test specimen. 

2.2. Test Description 

A 7075-T6 aluminum specimen was manufactured and mounted on the Venturi installed in the 

test section (Figure 3). This particular material is difficult to erode due to its high strength and 

hardness. Its mechanical properties are a yield strength of 503 MPa, an ultimate tensile strength of 

572 MPa and a Brinell hardness of 150 [19]. 

A long duration erosion test was carried out for 50 hours at steady flow conditions with periodic 

shedding cloud cavitation. The total running time was divided in 2-hour periods in order to avoid an 

excessive temperature increase induced by the heating of the pump. At the beginning of each period 

the water was always at ambient temperature. Pressures and flow rate were maintained stable and 

similar for all the runs in order to achieve cloud cavitation conditions with a constant maximum 

length in the range between 70 and 110 mm, so the cavitation attack and the erosion always occurred 

within the aluminum specimen at the same location. 

It is important to clarify that during a 2-hours period test, the temperature of the system always 

increases around 20 as it can be seen in the plots in Figure 4 where the temperature evolution is 

presented as a function of time. This temperature increase provokes an increase of the system 

pressure due to the heating of the air masses above the free surfaces on the upper part of the two 

tanks. Consequently, a reduction of the maximum length of the cloud cavitation can be observed 

which needs to be corrected to keep similar aggressiveness levels and erosion location. Therefore, 

and in order to keep the sheet length in the range between 70 mm and 110 mm, successive purges of 

the air contained in upper part of the high-pressure tank have to be carried out during each 2-hours 

test. Figure 5 shows the evolution of the pressure at the Venturi inlet where the pressure drops occur 

during the purging process as air is released from the tank and the pressure is reduced. Between 

Removable metallic 

test specimen 
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these drops, the pressure increases steadily because the temperature increases as explained before. 

As this correction is done manually during the tests by the tunnel operator, some differences between 

different runs can be observed as this process has not been automatized yet. 

  

(a) (b) 

Figure 4. Water temperature measured during the tests at the high-pressure tank, and their corresponding fitted 

curves: (a) From hours 34 to 36 and from 36 to 38; (b) From hours 46 to 48 and from 48 to 50. 

  

(a) (b) 

Figure 5. Evolution of the inlet pressure of the test section during the tests: (a) From hours 34 to 36 and from 36 

to 38; (b) From hours 46 to 48 and from 48 to 50. 

Two specifics time intervals of 4-hours, comprising two consecutive tests of 2-hours each, were 

chosen at the middle and at the end of the erosion tests. More precisely, these two periods were from 

34 to 38 hours and from 46 to 50 hours, respectively. During them, AE measurements were 

periodically recorded each 10 minutes and photographs of the sample surface at their end were taken 

to assess the evolution of the erosion. The first-time interval only showed an initial erosion stage, but 

the second one already presented a significant amount of erosion on the sample which was not 

concentrated but dispersed (see Figures 14 to 16). 

In order to measure the AE caused by the cavitation, a sensor Vallen model 150-M was fitted at 

the bottom of the test section as shown in Figure 6. The rest of the AE setup is a Vallen preamplifier 

AEP5, a Vallen decoupling box DCPL2, and a National Instruments cDAQ 9185 that was connected 

to a laptop via Ethernet cable. The sampling rate was 20 kHz and the measurement duration of the 

records was 20 seconds. This means that each measurement consisted of 20 million samples. 
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Figure 6. Sensor Vallen model 150-M fitted at the bottom of the test section. 

2.3. Envelope Extraction of Acoustic Emissions 

In order to determine the cavitation dynamic behavior from the AE induced by the cavitation 

attack on the aluminum sample, it is considered that each collapse of a shed cloud results in a high-

pressure short duration pulse on the sample surface that excites the solid like a hammer hitting in a 

small area. Therefore, the AE transmitted through the Venturi and measured by the sensor on the 

external bottom wall of the test section appears to be modulated in amplitude at the particular 

shedding frequency of cloud cavitation. Then this shedding frequency can be inferred from the 

measured AE applying an amplitude demodulation signal processing method to its time signal. 

The amplitude demodulation procedure is based on the Hilbert transform. The Hilbert 

transform of a real-valued time-domain signal 𝑥(𝑡) is another real-valued time-domain signal 𝑥̃(𝑡), 

which combined in the following way 𝑧(𝑡) = 𝑥(𝑡) + 𝑗𝑥̃(𝑡) provide the so-called analytic signal 𝑧(𝑡). 

The magnitude function of the analytic signal, |𝑧(𝑡)|, describes the envelope of the original function 

𝑥(𝑡) [20]. 

The Hilbert transform demodulation procedure requires a narrowband signal. Then the first step 

in this analysis is a bandpass filtering to obtain a signal to which the Hilbert procedure can be applied. 

The filtered signal is also modulated, as can be seen in Figure 7(a), and it is a narrow band signal as 

it can be seen in Figure 7(b) which allows the Hilbert demodulation procedure to be applied. To 

increase the accuracy of the method, a high signal level is required to apply the band pass filter. In 

our particular case, the frequency band from 147 to 157 kHz has been selected because it contains the 

first sensor resonance frequency (Figure 7(b)) and it has a good signal-noise ratio. Finally, the 

envelope of the filtered signal is calculated with the Hilbert transform method as shown in Figure 

7(c). And finally, the spectrum of this envelope is calculated using the Fast Fourier Transform to 

determine the exact value of the amplitude modulation induced by the periodic collapse of the cloud 

cavitation as it can be seen in Figure 7(d) with a peak frequency around 50 Hz and its second 

harmonic around 100 Hz. 
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(a) (b) 

  

(c) (d) 

Figure 7. Procedure for calculating the shedding frequency from the measured AE. (a) Original and filtered time 

signals. (b) Original and filtered spectra. (c) Filtered signal and its envelope. (d) Envelope spectrum indicating 

the shedding frequency and its harmonic. 

2.4. Cavitation Power Indicator Definion 

In order to estimate the aggressiveness of cavitation, a power parameter has been de-fined 

according to the procedure explained as follows: 

1. The peak values 𝐴𝐸𝑝 of the envelope function, calculated following the procedure described in 

the previous Section 2.3, with amplitudes higher than 1 V are counted. In Figure 8 three of these 

peaks are identified in a short period of time of 1 millisecond. 
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Figure 8. Example of peaks identified with amplitudes higher than 1 V from the envelope function obtained 

during 1 s  of AE measurement. 

2. The total number of the peak values are grouped in 6 clusters corresponding to increasing ranges 

of amplitudes: {𝐴𝐸𝑝}
1

= {𝐴𝐸𝑝|1 < 𝐴𝐸𝑝 ≤ 2} , {𝐴𝐸𝑝}
2

= {𝐴𝐸𝑝|2 < 𝐴𝐸𝑝 ≤ 3} , {𝐴𝐸𝑝}
3

=

{𝐴𝐸𝑝|3 < 𝐴𝐸𝑝 ≤ 4} , {𝐴𝐸𝑝}
4

= {𝐴𝐸𝑝|4 < 𝐴𝐸𝑝 ≤ 5} , {𝐴𝐸𝑝}
5

= {𝐴𝐸𝑝|5 < 𝐴𝐸𝑝 ≤ 6} , and {𝐴𝐸𝑝}
6

=

{𝐴𝐸𝑝|6 < 𝐴𝐸𝑝} 

3. Then an energy parameter, 𝑃𝑒, is defined considering all the clusters: 

𝑃𝑒 = ∑ 𝑛𝐴𝐸𝑗
(

𝑗 + (𝑗 + 1)

2
)

2

 

6

𝑗=1

  (1) 

where 𝑛𝐴𝐸𝑗
 is the number of elements of the cluster 𝐴𝐸𝑗. 

4. Finally, 𝑃𝑒 is divided by the duration of the AE signal (20 seconds) to obtain a power indicator, 

𝑃𝑝, that does not depend on the duration of the measured AE signal and whose units are 𝑉2 𝑠⁄ : 

𝑃𝑝 =
𝑃𝑒

20
   (2) 

3. Results 

First, the evolution of the test rig operating parameters during the tests are presented. These 

parameters are the temperatures, pressures, cloud cavitation shedding frequencies and cavitation 

numbers calculated according to the following expression: 

𝜎 =
𝑝𝑜 − 𝑝𝑣

0.5𝜌𝑣𝑡ℎ
2    

(3) 

where 𝑝𝑜 is the static pressure at the outlet of the test section, 𝑝𝑣 is the water vapor pressure, 𝜌 is 

the water density, and 𝑣𝑡ℎ is the water speed at the throat. 

Then, the aluminum surface condition and the identified increase of damage between them are 

also presented. Finally, the cavitation power indicator results are compared between the two different 

periods. 

3.1. Evolution of Operating Parameters During the Tests 

Figure 4 shows the temperatures measured at the high-pressure tank and their corresponding 

fitted curves. The maximum difference between the temperatures of both tanks is 0.1. Then it can be 

assumed that the temperature along the cavitation zone is uniform. The temperature evolution shows 

an increase following a parabolic trend with downward pointing branches as seen in the equations 
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of the fitted curves presented in Figure 4. The plots are roughly parallel since the differences between 

the quadratic and linear coefficients of the different fitted parabolas are negligible (see Figure 4). That 

is, the temperature evolution throughout the test depends only on its initial value. Table 1 shows the 

initial and final temperatures of the tests. The temperature increases are very similar, between 20.6 

and 22.0, and their average is 21.2. 

Table 1. Initial and final temperatures of the different periods. 

Test Period Temperatures (Celsius) 

  Initial Final Increase 

Intermediate 34-36 hours 23.7 44.7 21.0 

 36-38 hours 25.2 45.8 20.6 

Final 46-48 hours 21.4 43.4 22.0 

 48-50 hours 24.1 45.4 21.3 

Average  23.6 44.8 21.2 

The pressures at the inlet and outlet of the test section are shown in Figures 5 and 9, respectively. 

At the beginning of each test, it can be observed the pressures increase with the increase of 

temperature due to the fact that the air mass on the two free-surfaces of the tanks is constant. As 

previously explained in Section 2.2, periodic purges of the air contained in upper part of the high-

pressure tank are manually carried out to compensate this pressure increase and to keep the pressures 

roughly constant. 

  

(a) (b) 

Figure 9. Evolution of the test section outlet pressure during the tests: (a) From hours 34 to 36 and from 36 to 38; 

(b) From hours 46 to 48 and from 48 to 50. 

Table 2 shows the maximum and minimum values of inlet and outlet test section pressures and 

their drop (inlet minus outlet pressures), corresponding to the four analyzed tests. For the 

intermediate tests, the inlet test section pressures fluctuate between 121.5 and 138.2 kPa, the outlet 

test section pressures fluctuate between 63.4 and 90.4 kPa; for the final tests, the inlet test section 

pressures fluctuate between 127.7 and 137.1 kPa, the outlet test section pressures fluctuate between 

73.9 and 88.4 kPa. For all the tests, the average range of the test section inlet pressures is 11.7 kPa, and 

the average range of the test section outlet pressures is 17.9 kPa. 
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Table 2. Minimum, maximum pressures at inlet and outlet test section, and their drop. 

Test Period (h) 
Pressure at the test 

section inlet (kPa) 

Pressure at the test 

section outlet (kPa) 

Drop pressure in the 

test 

section (kPa) 

  Max Min Range Max Min Range Max Min Range 

Intermediate 
34-36 137.0 121.5 14.3 86.5 63.4 23.1 58.1 49.3 8.8 

36-38 138.2 123.6 14.6 90.4 68.3 22.1 55.3 47.5 7.8 

Final 
46-48 137.1 128.6 8.5 88.4 75.4 13.0 53.4 48.7 4.7 

48-50 136.9 127.7 9.2 87.2 73.9 13.3 53.7 48.7 5.0 

Average  137.0 125.4 11.7 88.1 70.3 17.9 55.1 53.7 6.6 

Figure 10 shows the evolution of the pressure drop in the test section (inlet pressure minus outlet 

pressure). The already commented fluctuations of the inlet and outlet test section pressures are clearly 

reflected in the pressure drop. But this has the peculiarity that it behaves in an inverse manner: when 

the inlet and outlet pressures show a maximum, the drop presents a minimum, and when the inlet 

and outlet pressures show a minimum, the drop presents a maximum. According to Table 2, for the 

intermediate tests, the pressure drop fluctuates between 47.5 and 58.1 kPa, and for the final tests, the 

pressure drop fluctuates between 48.7 and 53.7 kPa. For all tests, the average range of the pressure 

drop is 6.6 kPa. 

  

(a) (b) 

Figure 10. Evolution of the test pressure drop in the test section during the tests: (a) From hours 34 to 36 and 

from 36 to 38; (b) From hours 46 to 48 and from 48 to 50. 

Figure 11 shows the evolution of the cavitation numbers and Figure 12 shows the evolution of 

the cloud cavitation shedding frequencies identified from the frequency with a maximum amplitude 

in the spectrum of the envelope, as explained in Section 2.3. The fluctuations of the inlet and outlet 

test section pressures are reflected in the cavitation number and in the shedding frequency values. 

  
(a) (b) 
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Figure 11. Evolution of the cavitation numbers in the test section during the tests: (a) From hours 34 to 36 and 

from 36 to 38; (b) From hours 46 to 48 and from 48 to 50. 

  
(a) (b) 

Figure 12. Shedding frequencies during the tests: (a) From hours 34 to 36 and from 36 to 38; (b) From hours 46 

to 48 and from 48 to 50. 

Figure 13 shows the shedding frequency versus cavitation number where a linear relationship 

between both quantities is noticeable which is roughly the same for the four analyzed tests as seen in 

the equations of the fitted straight lines presented in Figure 13. 

  

(a) (b) 

Figure 13. Shedding frequencies versus cavitation numbers during tests: (a) From hours 34 to 36 and 36 to 38; 

(b) From hours 46 to 48 and 48 to 50. 

Then, by averaging the coefficients of the linear equations, the relationship between the 

cavitation number and the shedding frequency can be estimated with the following expression. 

𝑓𝑠ℎ = 120.9 𝜎 − 47.9 (4) 

where 𝑓𝑠ℎ  is the shedding frequency and 𝜎 is the cavitation number according to Equation (3). 

These results indicate that, when temperature increases then the test section inlet and outlet 

pressures also increase. Consequently, the cavitation number increases and the maximum length of 

the cavitation cloud decreases resulting in an increase of the shedding frequency, as it has also been 

confirmed by visual inspections during the tests. This behavior confirms the necessity to purge the 

air periodically to maintain the sheet length at an acceptable level. 

3.2. Cavitation Erosion Results 

Although the specimen has been submitted to 50 hours of erosive cloud cavitation, damage has 

not reached yet a measurable mass loss due to the large size and mass of the specimen. In addition, 
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and as explained before, aluminum 7075-T6 is a difficult to erode material because of its high strength 

and hardness. Then the specimen has not yet been uniformly damaged and not enough damage has 

accumulated to reach the material removal stage at macroscopic scale. For this reason, three 

significantly damaged areas with high concentration of pits were selected to analyze the changes in 

surface condition between the two analyzed periods of time. These areas have been selected because 

differences between both analysed periods have been observed. The sketch in Figure 14 shows the 

position of these selected areas. 

 

Figure 14. Sketch of the specimen surface showing the photographed areas, named as 1, 2 and 3. 

To be able to compare the digital photographs pixel by pixel, given that they were taken from 

slightly different views, the following procedure was performed in Matlab: 

• Projective transformation using the function "tform" that applies the following transformation 

to the sample vertices with the coordinates shown in Figure 15. 

(𝑥1, 𝑦1) → (𝑥1
′ , 𝑦1

′ ) = (𝑥1, 𝑦1)

(𝑥2, 𝑦2) → (𝑥2
′ , 𝑦2

′ ) = (𝑥2, 𝑦1)

(𝑥3, 𝑦3) → (𝑥3
′ , 𝑦3

′ ) = (𝑥4, 𝑦4)

(𝑥4, 𝑦4) → (𝑥4
′ , 𝑦4

′) = (𝑥1, 𝑦4)

 (5) 

where (𝑥1, 𝑦1), (𝑥2, 𝑦2), (𝑥3, 𝑦3)  and (𝑥4, 𝑦4)  are the vertices of the specimen, and (𝑥1
′ , 𝑦1

′ ) , 

(𝑥2
′ , 𝑦2

′ ), (𝑥3
′ , 𝑦3

′ ) and (𝑥4
′ , 𝑦4

′) are the vertices of the transformed specimen. 

• Cropping the images so that only the specimen surface is retained using the function "imcrop". 

• Resizing one of the images so that both have the same pixels using the function "imresize". 

10 mm 

(1) 

(2) 

(3) 

Flow 
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Figure 15. Detail of the projective transformation applied to a picture of a specimen taken from an arbitrary point 

(black line) that produces an image of the specimen taken from above the centre of the specimen (red line). 

Figure 16 shows the zones 1, 2 and 3; in the first columns after 34 h of testing, named (a1), (a2), 

and (a3); and in the second column after 50 h of testing named (b1), (b2), and (b3). In the third column, 

the main differences between 34 and 50 h are indicated and presented as (b1-a1), (b2-a2), and (b3-a3). 

For each area, the percentage of eroded surface between 34 and 50 h of testing has been calculated by 

dividing the number of dark pixels by the total number of pixels, with the following results: 

• Area 1 (b1-a1): 1.21%; 

• Area 2 (b2-a2): 1.18%; 

• Area 3 (b3-a3): 2.33%. 

 

 

 

(a1) (b1) (b1-a1) 

 

 

 

(a2) (b2) (b2)-(a2) 

(𝑥4, 𝑦4) 
(𝑥4

′ , 𝑦4
′) = (𝑥1, 𝑦4) 

(𝑥1, 𝑦1) = (𝑥1
′ , 𝑦1

′ ) 

(𝑥3
′ , 𝑦3

′ ) = (𝑥2, 𝑦4) 

(𝑥2
′ , 𝑦2

′ ) = (𝑥2, 𝑦1) 

(𝑥2, 𝑦2) 

(𝑥3, 𝑦3) 

𝑥 

𝑦 
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(a3) (b3) (b3-a3) 

Figure 16. Photographs of areas1, 2 and 3 at 34 h: (a1), (a2) and (a3); at 50 h: (b1), (b2) and (b3); and the erosion 

occurred between both: (b1-a1), (b2-a2) and (b3-a3). 

3.3. Cavitation Power Indicator Results 

Figure 17 shows the evolution on time of the number of peaks corresponding to the clusters 

{𝐴𝐸𝑝}
1
 , {𝐴𝐸𝑝}

2
 , {𝐴𝐸𝑝}

3
 , and {𝐴𝐸𝑝}

4
 , as defined in Section 2.4, corresponding to different AE 

measurements. It must be noted that the results from clusters {𝐴𝐸𝑝}
5
  and {𝐴𝐸𝑝}

6
  have not been 

shown because they only contained a few numbers of peaks which were not statistically significant. 

Table 3 shows the mean values of the numbers of peaks corresponding to the different clusters of the 

tests studied. 

On one hand, Figure 16 shows that the numbers of peaks decrease over time in all short duration 

tests of 2h. Therefore, it can be concluded that, during a continuous test, the number of cavitation 

impacts decreases. 

On the other hand, it is also observed that the number of peaks in the final tests is higher than 

in the intermediate tests. According to Table 3, these increases range from 121.2% (cluster between 1 

and 2 V) to 143.8% (cluster between 3 and 4 V). Therefore, it can be concluded that the number of 

cavitation impacts increases throughout the erosion process 

  

(a) (b) 
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(c) (d) 

Figure 17. Evolution of the number of peaks corresponding to different clusters, corresponding to different AE 

measurements during the tests: (a) Cluster of peaks between 1 and 2 V; (b) Cluster of peaks between 2 and 3 V; 

(c) Cluster of peaks between 3 and 4 V; (d) Cluster of peaks between 4 and 5 V. 

Table 3. Number of peaks of the different clusters and power parameter. 

Test Number of peaks within a cluster  Power parameter 

(V2/s)  1 to 2 V 2 to 3 V 3 to 4 V 4 to 5 V 

From 34 to 36  2426 566 153 34 585 

From 36 to 38  1858 452 133 33 476 

Mean of intermediate tests 2142 509 143 34 531 

From 46 to 48  4830 1242 338 75 1229 

From 48 to 50  4646 1236 360 88 1237 

Mean of final tests 4738 1239 349 82 1233 

Increase from intermediate to final tests 121.2% 143.4% 143.8% 141.1% 132.3% 

Figure 18 shows the temporal evolution of the power parameter defined in (2). This parameter 

is a global indicator of cavitation power (number of impacts multiplied by their squared level and 

divided by time). Table 3 shows this parameter for the different tests in its last column, as well as the 

mean values for each group of tests. Figure 18 indicates that, as before, the power parameter decreases 

throughout any continuous 2 h test. Moreover, the power parameter is significantly higher during 

the final tests at 50 h than during the intermediate tests at 38 h. According to Table 3, this increase is 

of about 132.3%. It can be concluded that the power of cavitation impacts increases throughout the 

erosion process. 

. 

Figure 18. Evolution of the power parameter during the tests. 
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Figure 19 shows the power parameter versus temperature. The power parameter decreases 

when the temperature increases. In order to quantitatively evaluate the influence of temperature on 

the power parameter, straight lines have been fitted to the points corresponding to the different tests. 

  

(a) (b) 

Figure 18. Power parameter versus temperature during the tests. 

Table 4 shows the slopes of the different fitted lines and their mean values corresponding to the 

tests performed at the same conditions. The mean of the slopes corresponding to the intermediate 

tests is -28.9 /(V2/s) and the one corresponding to the final tests is -44.6 /(V2/s). So, the influence of 

temperature is greater in the final tests, when the extent of erosion is greater. 

Table 4. slopes of the different fitted lines and the averages corresponding to the tests performed at the same 

conditions. 

Test Period (h) Straight line slope /(V2/s) Slope average /(V2/s) 

Intermediate 
34-36 -29.4 

-28.9 
36-38 -28.4 

Final 
46-48 -47.2 

-44.6 
48-50 -41.9 

4. Discussion 

A cavitation erosion test was carried out during 50 h in a cavitation tunnel with a Venturi 

equipped with an aluminum specimen and submitted to cloud cavitation. Hydraulic conditions 

(pressures and flow rate) were controlled to maintain a maximum cavity length between 70 and 110 

mm during all the tests. The temperature increased during each short duration 2 h test because of the 

pump heating. This increase in temperature produced an increase in pressure which was controlled 

and kept constant by periodic manual purging of the air located in the upper part of the high-pressure 

tank. 

During two specific time intervals from 34 to 38 h and from 46 to 50 h, AE measurements were 

taken every 10 minutes. At 38 and 50 h, photographs of the surface erosion were also taken. Three 

particularly damaged areas were selected to analyze the changes in surface condition between the 

two analyzed periods of time. The increase of eroded surface in these areas was of about 1.2%, 1.2%, 

and 2.3%, respectively.  

The cloud cavitation shedding frequency was calculated from the AE measurements and it was 

found to be related with the cavitation number in a roughly linear way, which is consistent with the 

finding of Ylönen et al. [5]. 

Based on the AE measurements, impacts grouped into classes by amplitude range were 

estimated, and a general "power parameter" was defined. It was then seen that that the mean number 

of impacts and the proposed new power parameter increased between the intermediate interval and 

the final one. Moreover, it was also seen that both the number of impacts and the power parameter 
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decreased over the course of any of the short duration 2 h tests as the temperature increased 

continuously. 

The increase in the mean number of impacts and the mean power parameter from one test to the 

next one after 12 hours of cavitation attack may be due to increased roughness induced by cavitation 

erosion. Hao et al. [17] suggested that the cavity in a rough surface may rupture, detach, and collapse 

more than once over a period. This could explain the increase in cavitation impacts over time in our 

experiments. 

The decrease in the number of impacts and the power parameter throughout a 2 h test could be 

due to the increase in temperature that occurs during the pump operation. Priyadarshi et al. [14] 

studied the relationship between temperature and mass loss in two types of cast aluminum (A356.2 

and A380) using ultrasonic cavitation. They found that mass loss increases with increasing 

temperature up to 30°C, followed by a decrease. Assuming that the number of impacts and the power 

parameter calculated from the AE are estimators of cavitation aggressiveness, and that the maximum 

erosion temperature of the studied aluminum (A 7075-T6) is unknown, as well as the moderate 

uncertainty produced by pressure oscillations, the finding of Priyadarshi et al. [14] and the finding of 

the present work might be consistent. 

To clarify the relationship between cavitation erosion and AE, new tests with better control of 

pressures and evaluation of erosion will be performed. In any case, this AE seems a promising 

technique for the evaluation of cavitation and its erosion, as well as for underlying the parameters 

affecting it such as the water temperature and the amount of erosion of the surface. 
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