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Correlating inertial acoustic caV|tat|on
emissionswith material erosionresistance

Main interest:
To study cavitation erosion on engineering

materials

This work:
Cavitation erosiomn AluminiumBronze
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Cavitationinduced byan acoustianedium """

Occursvhenan acoustic wavepropagates ina
fluid experimenting a reduction In pressure
(rarefaction) with respect tothe saturation
vapourpressure.

Inertial Cavitation
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Theoreticalbackground

Cavitation erosioma graduallossof

material from a solid surface due to its continuous
exposure tocavitation [ASTMG322010]

2
1 222, 3
A s
4 5 6

. Formation of a bubbles on the surface of the material.
Collapses of the bubbles that damage the surface.

. Modification of the surface and its exposure to erosion
. Formation of new bubbles.

. Collapses of bubbles eroding the surface even more.

. Formation of deeper craters.
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StandardASTMG32-2010
The erosiomrocess Ay 63210

undergoes the following remmnn
stages:

A Incubation stage

A Acceleration stage
A Maximum rate stage
A Deceleration stage

CUMULATIVE EROSLON (MATERIAL LOSS)
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CaviMeter
Designedy NPLto measurecavitation

Fieldof Application/Measurementrang
A Medical application: 40-60 kHz
A Sonochemicahpplicationf 20 kHz

Technicakharacteristicsof the Cavimeter |
Piezoelectricype PVDEF110microns,coatedwith a thick
layer of a specialrubber (insulator).

Theacoustic field induced by the bubbles is detected
by the piezoelectric sensor

PVDEPolyvinylidendluoride
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CaviMeter

Theoreticalbackground

Cable

: .

3] : . Bubbles outside
© @mm 4mmthick sensor produce MHZ

110 micron Cavitation signals attenuated by

thick shield laye

pvdf
layer w
| .
; 1 mm protective layer

Cavitating bubbles |
Inside sensor produce
MHz signals detectable
by PVDF film

sensor outershielc
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Outputsof the CaviMeter ~  cowimemndiaen

DRIVING-IELDacoustic

signal at the fundamental e |
frequency (operating L D) [ ooty
frequency of théransducer). ey — ™ oo

[ e e |
{Input signal i Cavitation level (0) i
I 1 4 Display
Band pass. Convert to | :
i | 1,5-8 MHz RMS Volts | g
Cavitation : -------------------------- : { BNC out J
CAVITATION LEVEL | semor

acoustic signgbroduced by
the collapse of thdubbles
(takesplace in the frequency
rangel.5and 8MHz).
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Fluidmedium (cavitation erosion)

Distilledwater (5 micronfiltered) at 22+2 °C(Tank 151)

Generationof Cavitation Ultrasonictransducer20 kHz
(Model 238207; ProcessoPP100/ 3-20).

Durationof Cavitationexposure 900to 3600s
Erosion assessethy masslossunderastrict protocol
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Operatingconditions " ewins sounaaun
Experimentsoperating conditions conductedfor

two valuesof sonotrodesampleseparationo <o)

the transducerorn with respectto the specimen,

at a fixed value of the transducerdisplacement
amplitude signal (1 ):

Experiment#1.
[ <=0.5mm;4 =43.5 pm]

Experiment#2:
[<=1.0mm;{ =43.5 um]
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Aluminium-BronzeAlloy investigated
under erosion:

Experimentalprocedure UIA\\“",-’:ZZZIR

Specific masy Brinell Hardness
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Cavitatio
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Platforr*
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sensor
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1. Focusedn the cavitation phenomenon
Variation associated with measurement of
cavitation level

2. Focusedn the erosionphenomenon

A Massloss
A Inspection of thespecimensurface after

erosion

3. Correlatingcavitation with erosionresistance
Cavitationleveland Erosionrate



I Measurement of cavitation level
EXp erime ntalres u |tS Specimen: Al-bronce alloy; Transducer frequency: 20 Khz

Experiment #1 : [6 =43.5 pm; A= 0.5 mm]

03 (ti - tf)
—(0-900) s
—(900 - 1800) s
—(1800 - 3600) s
—(3600 - 7200) s
—(7200 - 10800) s
—(10400 - 13500) s
——(13500-17100) s
—(17100-20700) s
——(20700 - 24300) s

0 500 1000 1500 2000 2500 3000 3500 4000 ——(24300-27900)s

Time (5 —(27900 - 28800) s

0.25

Focusedn the
cavitation
phenomenon

0.1

Measurement of cavitation level
Specimen: Al-bronce alloy; Transducer frequency: 20 Khz
Experiment #2 : [6 =43.5 um; A= 1.0 mm]
0s (ti - tf)

—(0-900) s
—(900 - 1800) s
—(1800 - 3600) s
—(3600 - 7200) s
—(7200 - 10800) s
—(10800 - 13500) s
——(13500 - 17100) s
—(17100 - 20700) s
0.15 —(20700 - 24300) s
01 ——(24300 - 27900) s

0 500 1000 1500 T.ZOOO 2500 3000 3500 4000 _(27900 _ 28800) S
ime (s)

0.45
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Focusedn the cavitation phenomenon

Measurement of cavitation level
Specimen: Abronce alloy; Transducer frequency: 20 Khz
Experiment#2:f [ mpo<dpg mmd

0.5

0.45

CE X NN P
0.4 ry
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(ti - tf)
+13500¢ -&17100s
0.25 (3600 s)

0.2

Volt
o
w

0.15

0 500 1000 1500 2000 2500 3000 3500 4000
time (s)

__________ Trend evaluated by the gesquare test

ST\ Variation associated with measurement of cavitatidavel (Estimated uncertainty):
Calculate by the minimum square method
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Focusedn the cavitation phenomenon e s aus

Experiment #1 Experiment #2
Discrete ' o o Uniform or o Uniform or o
intervals Op (i) Og | (6g Og) N Q G2 nonuniform L aE®d U (%) Q G2 nortuniform —l,_(u}:a)) Us (%)
Pattern? Pattern?
1 0 900 900 60 5.73 11.34 Yes 0.223 2.2 10.83 13.28 Yes 0.240 15
2 900 1800 900 60 8.6 15.09 Yes 0.166 1.1 44 15.09 Yes 0.262 1.2
3 1800 3600 1800 30 38.33 21.7 No 0.195 1.8 22.22 16.81 No 0.315 1.4
4 3600 7200 3600 60 275 16.81 No 0.178 1.2 14.8 15.09 Yes 0.361 0.9
5 7200 10800 3600 60 18.53 11.34 No 0.148 0.7 24.5 13.28 No 0.306 3.3
6 10800 13500 2700 45 9.56 13.28 Yes 0.183 0.8 12,51 11.34 No 0.330 2.6
7 13500 17100 3600 60 24.5 13.28 No 0.134 0.7 6.4 15.09 Yes 0.392 2.4
8 17100 20700 3600 60 9.5 13.28 Yes 0.174 1.1 12.83 13.28 Yes 0.274 1.7
9 20700 24300 3600 60 22.8 15.09 No 0.195 0.8 31.8 15.09 No 0.232 1.1
10 24300 27900 3600 60 3.8 15.09 Yes 0.201 2.4 10.6 15.09 Yes 0.227 0.9
11 27900 28800 900 60 417 16.81 Yes 0.198 0.6 15 13.28 No 0.304 0.8
Total Number of 615
measurements N

Ny, = Number of measuring point
Q = Statistics of the qui-square test
X? = value of qui-square table
IfX% > Q, the cavitation measuring follow a uniformpattern

2
Nm y(x)—y;
yNom | I".

P — in this equation: (ug a measure of uncertainty)
-

y(x;) = 6(t;) = Adjusted value of the cavitation level

y; = 0; = Measured value of the cavitation level
z = Degree of polynomial adjustment (y(x;))
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Focusedn the cavitation phenomenon e s aus

Experiment #1 Experiment #2
Discrete ' o o Uniform or o Uniform or o
intervals Op (i) Og | (6g Og) N Q G2 nonuniform | -FaE®d U (%) Q G2 nortuniform J,_(u}:a)) Us (%)
Pattern? Pattern?
1 0 900 900 60 5.73 11.34 Yes 0.223 2.2 10.83 13.28 Yes 0.240 15
2 900 1800 900 60 8.6 15.09 Yes 0.166 1.1 44 15.09 Yes 0.262 1.2
3 1800 3600 1800 30 38.33 21.7 No 0.195 1.8 22.22 16.81 No 0.315 1.4
4 3600 7200 3600 60 275 16.81 No 0.178 1.2 14.8 15.09 Yes 0.361 0.9
5 7200 10800 3600 60 18.53 11.34 No 0.148 0.7 24.5 13.28 No 0.306 3.3
6 10800 13500 2700 45 9.56 13.28 Yes 0.183 0.8 12,51 11.34 No 0.330 2.6
7 13500 17100 3600 60 24.5 13.28 No 0.134 0.7 6.4 15.09 Yes 0.392 2.4
8 17100 20700 3600 60 9.5 13.28 Yes 0.174 1.1 12.83 13.28 Yes 0.274 1.7
9 20700 24300 3600 60 22.8 15.09 No 0.195 0.8 31.8 15.09 No 0.232 1.1
10 24300 27900 3600 60 3.8 15.09 Yes 0.201 2.4 10.6 15.09 Yes 0.227 0.9
11 27900 28800 900 60 417 16.81 Yes 0.198 0.6 15 13.28 No 0.304 0.8
Total Number of 615
measurements N

The Chisquare statistical treatment of Instantaneous
measurements indicates the existence of non-uniform
distributionsof the cavitationlevel
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Focusedn the cavitation phenomenon - o=

Experiment#1l €= 0.5 mm) :

A 6 of 11 accumulative time interval kept a
uniform distribution based on statistical
analysis (chisquare tesj

A Maximum variation associated with
measurement of cavitation level0.0049 ANO

A Cavitationlevelaverage: 0.181V

significant influence on the

distribution of the cavitation Level

Experiment 2 (<=1.0mm): A Maximumvariation associated wit

A 60f 11 accumulative time interval kept a I o e e et vt T
uniform distribution based on statistical nereased fron®. 1% to 3 .4%.
analysis (chisquare test)

A Maximum variation associated with
measurement of cavitation level0.0101

A Cavitationlevel average: 0.295 V

A62% influence on the cavitation
level average.
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Focusedn the erosionphenomenon oo

Cavitation Erosion Test - Specimen: Al-bronce Alloy
Transducer frequency: 20 kHz

Experiment #1 Experiment #1 [6 = 43.5 um; A= 0.5 mm]

Wi I nmodp XYT |» S
50.00 //7“ - 0.200
40.00 //‘ s h I 0.150
. . 30.00 744' ,” | 0.100 :EME'S_S'OSSt(mg)/
Accelerationstage of erosiopg—r=——(C. Pl i
Incubation stage of erosmn—-m(g’;o:- s

Time (min)

Cavitation Erosion Test - Specimen: Al-bronce Alloy

Experi menwz _— Transducer frequency: 20 kHz

Experiment #2 [ = 43.5 um; A= 1.0 mm]

[+ =43.5 um<= 1.0 mm] R

Accelerationstage of erosiog———"—">2%/ .

- 0.050

0.000

Incubation stage of erosiog—m{s

200 300 400 500 600
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Gapeffect e

Transducer horn Transducer horn

Gap Gap
cavitation bubbles .o
A=0.5mm {+@ 2210 mm { J'".:'.' cavitation bubbles
Specimen Test - Specimen Test

For< I mm,th@ bubbles are confinedvithin
the gap.The bubbles spread 2 G KS SR3
increases.
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Surface aspect of the aluminwinronze =
alloy, before and after exposure to erosion

Al-Bronce Alloy

before erosion

After erosion
Condition #1 [U =435 pm; &= 05 mm]

QHG mm

\
| -

ww g

20 mm

t= 480 min,gm = 670 mg
3=3744 pm

After erosion
Condition #2 [G =435 um; = 1.0 mm]

\ ?516 mr-i"\
T
N \

ww

20 mm

t= 480 min,gm =660 mg
3= 3638 pm
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Erosion rate and Cavitation level average
Specimen: Al-bronce alloy; Transducer frequency: 20 Khz
Experiment #1 : [6=43.5 um; A=0.5 mm)]
03 0.450
- 0.400
0.25 .
o - k0350
’I
02 o - . .
s | 0300 o Erosion rate (mg/min)
£ ® ," [ ]
Eois al L0250 <
o 4 o
£ ¢ o a
01 . » PR 7Y - 0.200 + Average of the
: /S, P~ A, ) )
. e k4 cavitation level (Volt)
e F 0.150
0.05 - &
. - 0.100
‘l
0 9s0-©
100 200 300 400 500 a0
-0.05 - - 0.000
Time (min)




