
ICTS24632019-MI2009 

1150 

 

International Conference on Technical Sciences (ICST2019) 

  March 2019 06 – 04    

Experimental Investigation of Bubble Activity at an Early Stage Using Acoustic Emission 

Technique in Globe Valve 

 

1st Taihiret Alhashan  
Higher Institute of Science and 

Technology 

Departemnt of Mechanical Enginerring  

Yefren-Libya 
 tgrada@yahoo.com 

 

 4th Hazem Abolholl 
Higher institution Of Engineering 

Technologies/Tripoli (HIET) 

Departemnt of Computer Enginerring 
Tripli-Libya 

 abolholl.hazem@gmail.com  

 2nd Abdulmajid Addali 
School of Energy, Cranfield University 

Departemnt of Energy  

 Cranfield-UK 
a.addali@cranfield.ac.uk 

 

5th Ali Dakhil 

Higher institution Of Engineering 
Technologies/Tripoli (HIET) 

Departemnt of Mechanical Enginerring 

Tripli-Libya 

 Ali0912003@yahoo.com 

 

3th Said Elhashan 

Higher institution Of Engineering 
Technologies/Tripoli (HIET) 

Departemnt of Mechanical Enginerring 

Tripli-Libya 

 said_116@yahoo.co.uk  

  

 

 

 

Abstract—This paper presents a novel method to monitor 

bubble occurrence at an early stage in a globe valve using 

acoustic emission (AE). It is shown that AE will detect incipient 

cavitation and that there is a clear correlation between AE 

signal levels and the flow rate through the globe valve at a 

constant opening percentage. Applications of the AE technique 

for the monitoring of bubble formation and collapse stages in 

globe valve is marginal in terms of extension in comparison to 

other applications of the AE technique. The use of the AE 

technique in this experimental investigation covers the 

frequency range between 20 and 1000 kHz, showing that the 

AE sensor can detect acoustic emissions from bubble activity.  

Keywords— cavitation, acoustic emission, bubble activity, 

monitoring, globe valve. 

1 INTRODUCTION  

Cavitation is the localised formation and subsequent 

collapse of bubbles into micro-jets in a liquid. The collapse 

of these bubbles not only produces structural vibration and 

resulting noise but also creates localised stresses in the pipe 

walls and valve body and can cause severe pitting and 

damage to valves [1][2]. Cavitation is the occurrence of 

bubbles in a liquid, usually water, when the local pressure 

drops below its SVP (saturated vapour pressure) [1]. When a 

liquid, in a container such as a boiler, is heated, the SVP 

increases until it becomes equal to atmospheric pressure 
when bubbles commence forming, invariably on the hot 

surface [3]. Rydberg [4] and Vokurka [5] have confirmed 

that cavitation comes from the occurrence of bubbles due to 

the pressure decrease caused by a change in the flow rate of a 

liquid. Baker et al. [6] have claimed that cavitation 

phenomena can be used to explain the occurrence and 

development of any bubble. Cavitation involves bubble 

formation inside a liquid when the local pressure drops 

below the vapour pressure, usually due to changes in the 

dynamic conditions, and the subsequent oscillation and 

collapse of the bubble [7][8]. Cavitation occurs in a large 

number of industrial processes. If bubble collapse occurs 

close to the wall of the contained the micro-jets formed in the 

bubble’s collapse, cause noise and vibration, and surface 

erosion and pitting, reducing working life [9][4]. Weninger, 

et al., [10] showed that bubble collapse into micro-jets 

generates a shockwave containing significant energy. 

Forming, cavitating and bursting bubbles all generate AE 

signals which can be used to define certain of the liquid’s 

properties [11].  

Bubble cavitation phenomenon is a common occurrence 

which takes place in many industrial processes, including 

hydraulic systems, and when detected may require part or 

complete system shut-down. If the bubble collapse into a 

micro-jet near to a wall, it can cause surface erosion, pitting, 

noise, vibration and decrease in the life of the equipment 

[9][4][12][13].  

Leighton et al. [14] concluded that sources of sound 

emitted from oceans were often caused by pressure waves 

generated by gas bubbles present in the liquid. Ceccio et al. 

[15] established that there are significant differences between 
bubble cavitation in salt water and fresh water; these were 

attributed to differences in the bubble event rate and average 

maximum bubble size between the salt and fresh water.  

AE is a physical phenomenon produced by the abrupt 

release of energy from localized sources within a liquid such 

as cavitation, after which the energy propagates as a 

compression wave [16][17][18]. 

Kaewwaewnoi et al. [19] concluded that the AE 

technique could be used to monitor and detect valve leakage 

and that the AE activity increased with leakage rate. 

According to Alhashan [20] the AE technique can used to 

detect and monitor incipient cavitation at lower flow rates in 
a ball valve. Forthermore, monitoring of bubble activity at an 

early stage using AE lead to reduction in erosion and pitting, 

and the provision of safer working conditions. Masjedian et 

al. [1] used two methods, characteristic diagrams, and 
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acoustic analysis, in the detection and monitoring of 

cavitation phenomena in globe valves. They found good 

agreement between the two techniques to an acceptable level 

of accuracy. Additionally, they investigated the acoustic 

waveforms of cavitation in globe valves using the fast 

Fourier transform (FFT) [21]. Dickey et al. [22] noted that 
the AE amplitude signal in a frequency field is independent 

of the leakage rate but depends on sensor response and valve 

geometry. However, they did not report any relationship 

between the AE parameters and the valve leakage rate, which 

is fundamental for determining the leakage rate using AE 

techniques. Alfayez et al. [23][24] found the value of the AE 

signal to be a useful technique for early monitoring of 

cavitation with the strong possibility of also determining the 

best efficiency point of a centrifugal pump or hydraulic 

system. Jaubert et al. [25] noted that AE was a suitable 

method for the detection of cavitation phenomena in pumps, 

and that this method allowed the cavitation to be detected at 
an early stage, which makes it possible to study incipient 

cavitation phenomena. Neill et al. [9] employed AE 

techniques for monitoring cavitation phenomena in 

centrifugal pumps and obtained higher accuracy than with 

the vibration signal.  

In another investigation, Alhashan et al. [26] used the AE 

technique to monitor bubble formation during the boiling 

process. They established a clear association between 

increasing AE signals and bubble formation. Carmi et al. 

[27] used AE in the detection of bubble transition during 

flow boiling and reported that there was a good possibility of 
AE detecting the bubbles in the early stages of flow boiling. 

Benes and Uhre [28] noted that the RMS and other 

parameters of the AE signal correlated well with overheating 

during heat transfer, and it was established that the AE signal 

could be used to predict the boiling phenomenon. Alhashan 

et al. [29] found that the densities of different liquids affected 

the level of the AE signal so that, for example, AE levels in 

tap water were higher than those in salt water. Shuib and 

Mba [30][31] found that  AE was a good technique for the 

detection of single bubble formation and burst. It was 

observed that AE could be used to measure the velocity of 

the acoustic wave in the water. 

Lately, the application of the AE method in the non-

destructive testing of valves has developed considerably and 

can be used in a wide range of applications [15][32]. The AE 

technique can identify and monitor leakage without having to 

dismantle a valve [33]. Cavitation phenomenon and leakage 

are undesirable phenomena inexpensive equipment such as 

valves and centrifugal pumps because they cause corrosion 

and even failure of hydraulic systems [34]. To decrease or 

eliminate the possible damage caused by bubble activity in 

rotating machines such as centrifugal pumps, the device must 

be monitored, so that bubble formation is detected at an early 
stage [35]. 

Published works to date show that there have been few 

attempts to apply AE to the monitoring and detection of 

bubble formation and collapse in valves. This paper 

identifies the possibility of AE techniques to monitor bubble 

activity at an early stage in globe valves experimentally. In 

addition, this research will offer a good opportunity to study 

bubble behaviour under the influence of different flow 

conditions, such as different flow rates, different valve 

opening percentages, different temperatures, and several 

pressure difference.. 

2 AE PARAMETERS  

The AE signal parameters used in this research are:  

A count or hit or event is when the AE signal exceeds a 
predetermined threshold level. The count rate is the number 

of times the AE signal crosses the detection threshold per 

unit time [18]. The AE-Amplitude is the maximum (positive 

or negative) AE signal during an AE hit [18]. 

Energy is defined as the integral of the squared signal (α) 

over the test duration, calculated using Equation (1), where T 

is the total sampling time [17][18][36]. E is the energy 

contained in the AE signal, with units usually in logarithmic 

form (dB, decibels) [18][36]. 

dttE T )(2

0 
                                      (1) 

According to the IEC 60534 standard [37][38], K, the 

differential pressure ratio across the ball valve, is calculated 

by Equation (2): 

vPP

PP
K






1

21

                                            (2) 

K

1


                                                      (3) 

where 1P  and 2P  are the pressures at the upstream and 

downstream locations respectively. vP
 is is the vapour 

pressure of the liquid at the operating temperature. σ is the 

cavitation index, calculated using equation (3), and is a 

measure of the possibilty of cavity formation [37][38].  

3 EXPERIMENTAL WORK 

For the globe valve experiments, a dedicated-built test rig 

was used to monitor and detect cavitation phenomenon 

employing AE techniques, at an early stage of bubble 
formation in a globe valve. This work investigated bubble 

activity phenomenon in tap water at 200C. In each test run of 

the globe valve, a file containing the waveform data was 

saved to the computer. The main characteristics of the 

waveform were count, amplitude, and energy. The rig for 

the globe valve experiments is shown in Figure 1. The valve 

was a commercially available, straight through, lever handle 

globe valve with one inch (25.4 mm) bore manufactured by 

BSS BOSS products. The system contained two 

piezoelectric sensors (Physical Acoustic Corporation type 

“PICO”) to detect and monitor any early stage bubble 

activity that occurred in the globe valve. One sensor was 
located immediately upstream, and the other immediately 

downstream of the valve, such that the two sensors were 70 

mm apart (see Figure 2). The operating frequency range of 

the sensors was 20 kHz – 750 kHz. Both sensors were 

attached to the external surface of the globe valve using 

superglue. The AE sensors were connected to the data 

acquisition system by preamplifiers, set at 40 dB gain. The 
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system was set to continuously sample the AE waveforms at 

a rate of 5 MHz. 

 

 
Figure 1: Schematic diagram of the bubble activity test 

setup. 

 
Figure 2: Close-up of globe valve showing positions of both 

AE sensors. 

The pump drove water through plastic tubing to the test 

valve (see Figure 1). The plastic tubing was used to 

attenuate any vibration being transmitted to the sensors. 

Furthermore, the pump was situated within a wooden box to 

avoid pump noise contaminating the acoustic data. The 

upstream and downstream pressures of the water flow 
through the test valve were measured by the pressure 

transducers (PMP 1400), and the measured data were 

transferred to the computer where they were stored. 

Consecutively, flow rate data were measured using a 

flowmeter and stored in the computer. The experimental 

data from the AE sensors were also stored on the computer 

for later analysis. 

In this experiment, the chosen threshold for the AE signal 

was 26 dB because it was observed that the AE sensors still 

measured some background noise when the threshold was 

set between 20 and 24 dB. At 25 dB, zero noise was 
recorded, but the threshold value was set at 1 dB above 

operational background noise, to ensure consistent 

experimental results throughout the test period. These 

experiments related to a preamplifier gain of 40 dB. 

4 RESULTS AND DISCUSSION 

Ten different tap water flow rates of 0.55, 0.66, 0.77, 0.88, 

0.99, 1.05, 1.09, 1.15, 1.2 and 1.25 m3/h were used for each 

percentage opening of the globe valve. The investigations 

were undertaken for three degrees of opening: 400, 500, and 

800, where 00 was fully closed and 7200 was 100 % open. 

Three test runs were undertaken for each flow rate 

conditions, and the average values of the AE signals found. 

Here the results of one experimental case are presented in 

detail, the case where the valve was opened to 400 (5.6% of 
fully open). The plot of the trend for AE-Counts and 

cavitation index ( ) against differential pressure ratio (K), 

and flow rate (m3/h) are presented in Figure 3. 

 

 

Figure 3: Plot of AE-Counts from sensor 2 and cavitation 

index against differential pressure and flow rate (m3/h) for 

globe valve open 400 (5.6 % of fully open), for tap water at 

200C. 

In Figure 3 the plot is divided into three stages based on 

trend behaviour of bubble activity. The numbers in boxes at 
the bottom of the figure show the stage of the flow. At the 

first stage, (0.55-0.85 m3/h) the bubbles do not form, but the 

noise due to the flow is negligible which means there is no 

cavitation. In the second stage (0.85 – 1.02 m3/h), with 

increasing flow rate bubbles start to form and noise increase, 

some cavitation may occur. In the third stage (1.02 – 1.2 

m3/h) bubble occurrence increases, cavitation starts and 

grows rapidly to reach its fully developed stage, the 

vibration, and noise rise considerably. Furthermore, the 

downstream pressure (P2) continues to increase as shown in 

Table 1.  

Table 1: Values of P1, P2, K and σ associated with Fig. 3. 
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The relation between the flow rate (m3/h) and AE-Count 

of the globe valve for stages 1 and 2 are shown in Figure 4. 

In stage 1, increasing the flow rate from 0.55 to 0.75 m3/h 

gives to an approximately constant low level of AE-Count 

value because there is no bubble activity. Between 0.75 and 

0.87 m3/h, the AE-Count slowly increases with increase in 
the flow rate to about 100, due to some bubbles forming. 

This is the stage in which some cavitation might occur. 

For flows between 0.87 and 1.00 m3/h there is a steep rise 

in the AE-Count due to the growth of cavitation. With 

increasing flow rate and increasing cavitation, the AE-Count 

continues to rise until about K= 0.64 when cavitation is fully 

developed. This is the maximum point of stage 3, as shown 

Figure 4. The AE-Count increased as the bubble activity 

increased, reaching a maximum of about 1800 at stage 2, 

which is due to bubble formation. 

With incipient cavitation, the AE-Count continues to 

increases with flow rate until at about 1.05 m3/h, the 
cavitation index approaches 1.7, and at a flow rate of 1.15 

m3/h, the cavitation index falls to 1.61, where cavitation is 

likely to be fully developed stage. The sharp rise in the 

average count in Figure 4 confirm that cavitation becomes 

fully developed.  

Following this, with an increase in pressure difference 

(P1-P2) across the globe valve, the cavitation index (σ) 

gradually decreases until it reaches a value at which some 

bubbles have a chance to travel downstream without 

collapsing, as shown in Table 1, and flashing could occur. 

 

Figure 4: AE-Count as a function of flow rate for stages 1 

and 2 (sensor 2), for tap water at 200C. 

 

A Waveform analysis; AE amplitude for flow through globe 

valve using tap water 

Observations of the AE waveform, sampled at 5 MHz 

showed interesting changes in the signal characteristics as a 

function of flow rate. Typical AE waveforms recorded after 
the system had time to reach equilibrium are presented in 

Figure 5. The three flow rates, 0.77 m3/h, 0.99 m3/h and 

1.15 m3/h represent the upper ends of stages 1, 2 and 3. 

 

 
Figure 5: Time domain of AE waveforms for globe valve 

open 400, for tap water at three flow rates at 200C. 
 

At stage 1 (0.77 m3/h), bubbles do not form (no cavitation is 

occurring) and the vibration created by the turbulence in the 

flow is negligible; the peak AE amplitude reached only 1.0 

mV. Increasing the flow rate to 0.99 m3/h (stage 2) shows 

greater vibration due to flow turbulence and clear peaks 

occur in the AE amplitude. Bubbles start to form 

downstream of the valve. The onset of cavitation occurs 

with subsequent bubble collapse.  

The magnitude of the peaks in the AE-Amplitude increased 

with increase in flow rate. At 1.15 m3/h (stage 3), with the 

increased pressure difference across the valve more bubbles 
form. The onset of cavitation occurs with subsequent bubble 

collapse. The peak AE-Amplitude rose to 200 mV, as shown 

in Figure 5. The cavitation increased rapidly with increase in 

flow rate and a corresponding rise in vibration also 

occurred. 

 

B Effect of globe valve opening on AE signal using tap 

water 

For AE signal analysis the first characteristic to be 

investigated was the AE-Count for each degree of valve 

opening with increasing flow rate. Figure 6 presents plots of 

AE-count against flow rate for three degrees of globe valve 

opening; 400, 500 and 800. It was observed that when globe 

valve opening was 400, the AE-Count remained close to 

zero until a flow rate of 0.9 m3/h. Above 0.9 m3/h high-

frequency vibration and noise were noted, indicating the 

presence of bubble formation and collapse into micro-jets, 
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generating pressure waves that produced the high-frequency 

vibration. From 0.9 m3/h to about 1.15 m3/h there was a 

steady increase in AE-Counts, from near zero to about 2700. 

For flows above 1.15 m3/h the AE-Counts increased sharply 

to a value of 7300 at a flow rate of 1.20 m3/h, after which 

the rate of increase was not so large reaching 8000 at 1.25 
m3/h.  Figure 6 gives a good sense of bubble formation and 

collapse with different degrees of valve opening. 

 

 
Figure 6: AE-Count measured by sensor 2, as a function of 

flow rate for three degrees of globe valve opening, for tap 

water at 200C. 

AE-Counts fell substantially when the valve was opened 

first to 500 and then to 800. The AE-Count for the valve 

open at 500 remained close to zero until the flow rate was 

about 1.05 m3/h. After which it rose steadily to just under 

2000 at 1.25 m3/h. For the valve open at 800 the AE-Count 

remained close to zero for all flow rates. This means that for 

the same opening percentage, the higher flow rates generate 

higher AE-Counts, indicating the occurrence of cavitation. 

 

C Effect of temperature on AE signal levels in globe valve 

with tap water 

Figure 7 shows how increasing the flow rate through the 

globe valve increases the AE-Count for a range of 

temperatures; 20, 35, 40, 45 and 500C. The figure provides a 

good sense of the development of cavitation. For the same 

flow rate, the AE-Count increases with increase in 

temperature due to changes in the physical properties of the 
fluids - viscosity, surface tension and density decrease with 

increase in temperature - so cavitation bubbles form more 

easily. 

 
Figure 7: AE-Count with a flow rate of tap water through 

globe valve open 550 (7.6%), for four temperatures: 20, 35, 

40, 45 and 500C (sensor 2).  

 

The difference between AE transient events with a 

temperature of the tap water is presented in Figure 8 and are 

obvious. Here the flow rate was 1.15 m3/h. It was found that 

the AE signal increased with tap water temperature as 

shown in Figure 8. In addition, it was found that the 
pressure difference across the globe valve increased as the 

water temperature increased. In these experiments, there is 

direct relative between pressure and temperature; when the 

temperature of the water increased in from 20 to 500C, the 

pressure difference increased in from 0.849 to 1.171 bar, 

with a corresponding increases in K from 0.42 to 0.53, and a 

corresponding reduction in the value of the cavitation index 

from 2.32 (no cavitation) to 1.87 (cavitation region). See 

tables 2 and 3. 

 

 
Figure 8: AE-Amplitude as a function in the time for tap 

water through globe valve open 550 (7.6%), for four 

temperatures: 20, 35, 40, 45 and 500C (sensor 2). 

 

Table 2: P1, P2, K, σ and Pv= (0.023) for globe valve at 550 

(7.6%) and 200C. 
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Table 3: P1, P2, K, σ and Pv= (0.123) for globe valve at 550 

(7.6%) and 500C. 

 
 

It was concluded that increasing the liquid temperature at 

the same flow rate and valve opening increased the AE-

Count. For the range of temperatures investigated (20-500C) 

the AE-Energy levels, showed consistent but negligible 

changes see Figure 9. These observations suggest that it is 

permissible to neglect the effects of likely increases in fluid 

temperature generated by, e.g., frictional forces in pipes and 

valves, or pumping effects, on the measured AE-Energy 

levels. It was observed that for a valve opening of 550 

(7.6%), the increase in temperature resulted in increased 

AE-Energy. The value of AE signal is stable for 
temperatures of 350 and 400C for flow rates 0.55 and 0.66 

m3/h. Turbulent flow generates this signal. Above 400C the 

AE-Energy gradually increases due to bubble generation. 

The value of AE-Energy increases with flow rate due to 

some bubbles inception at this stage.  It was noted that when 

the liquid temperature increased, the measured value of the 

AE signal increased except at the lowest flow rates.  

 

 
 

Figure 9: Temperature effect on the AE energy signal for 

globe valve open 550 (sensor 2), flow rates limited to stage 
1. 

 

D Effect of pressure difference on AE signal levels in globe 

valve at 500C using tap water 

The AE waveforms measured by sensor 2, when the tap 

water temperature was about 500C, showed different 
waveforms depending on pressure difference, as shown in 

Figure 10. For pressure difference (0.283 bar), at 0.55 m3/h, 

the cavitation index approaches 4.20, there is virtually no 

AE signal caused by bubble activity, where the AE signal is 

generated by turbulent flow. For a flow rate 0.99 m3/h, it 

was observed that the value of AE-Amplitude increased to 

as high as 2 mV, this was for a pressure difference 0.882 bar 

and a cavitation index of 2.11. At this stage, some bubbles 

were formed, as the pressure difference increased. At flow 
rate 1.15 m3/h, cavitation index of 1.87, the AE-Amplitude 

reached to 40 mV, and AE-Counts to approximately 5500 

due to greater bubble activity and incipient cavitation. At 

1.25 m3/h, cavitation index 1.78, the value of AE-Amplitude 

increased to about 400 mV; bubble activity increased, 

cavitation grew rapidly until it reached its fully developed 

stage, the vibration, and noise increase substantially, as 

shown in Figure 10. If Tables 2 and 4 are compared it can be 

seen that when the temperature of the water is increased - in 

this case from 200C to 500C - the value of the cavitation 

index for a given flow rate will decrease substantially, 

depending on the flow rate, but typically by about 20%. This 
means, of course, that the likelihood of cavitation is 

significantly increased if the liquid is warmer rather than 

colder. 

Table 4: P1, P2, K and σ at 550 associated with Figure 10, 

500C.  

 
 

 
Figure 10: AE-Amplitude for tap water through globe valve 

open 550, for different inlet pressures, temperature 500C 

(sensor 2). 

 

5 CONCLUSIONS  

Experimental investigations have been conducted to 

relate pressure drop across and flow through globe valve to 

resulting cavitation. The effect of open percentage of the 

valves, the water temperature, and difference pressure were 

investigated.  

An AE technique was employed to monitor and detect 

bubble cavitation at an early stage. The AE technique used 
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can detect and monitor bubble formation in globe valves 

with a high degree of sensitivity. The results obtained have 

demonstrated the ability of AE to diagnose whether or not a 

globe valve is being subjected to cavitation. The globe valve 

opened at 400; it was found that cavitation from its inception 

to being fully developed can be detected by analysing the AE 
signals. A correlation between AE signals and pressure 

difference was noted; when the pressure difference increase, 

the value of AE signal increases as well. 

The present study concludes that undesired bubble 

cavitation phenomenon can be attributed to flow upstream 

pressure, downstream pressure and flow rate and that 

collapsing bubbles at higher flow rates generate higher 

amplitude AE signals. The results also demonstrate that 

incipient cavitation at lower flow rates can be detected using 

AE methods. This could enable a reduction in erosion and 

pitting, and provision of safer working conditions.  
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