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ABSTRACT 2000;Chambers, Stokes, Walsh, & Wood, 20@&ir Axel
Polymers and elastomerarecandidatess coatingfor ship  Oftedahl, 2014)These coatings aw@ppliedfor anti-fouling,
hulls and propellers fopurposs such agrotection,noise drag reduction, and energy saving, etc. With itfteasd
reduction, antifouling, and dag reduction.Application of use of these coatisginterest in thie cavitation erosion
these coatingon propulsion devices requgevaluation of resistancehas greatly increased withinthe naval research
ther resistance tacavitation erosionThis paper presents community Even though Here are studies about general
experimental observatigiof the erosionprogressiorduring wear characteristics of polyme(Briscoe & Sinha, 2002;
accelerated testsn polyurea coating materials exposed tdRajesh, Bijwe, Tewari, & Venkataraman, 200davitation
cavitating jets. For cavitation level exceedy a relatively erosion on polymeci materialshas not been studiedtoo
low threshold, the samplesxperiencedfailure due to much Some example studies includeavitation erosion
extreme deformation, local heating, goldstic flow of the studies on polymergBéhm, Betz, & Ball, 199Q) non
material. Micro-scale numericalsimulatiors of bubble metallic coatings(Zhang, Richardson, Wix, Min, &
dynamics close to polyureaboundaryshowed that heat Wang, 1996) epoxy resins(Correa et al., 2011)epoxy
accumulation due to largstrain work contribute tothe coatinglayers (Garcia et al., 2014)and polyurea coatings
polyureafailure whenexposed to cavitation. on hydraulic concrete structuse(Mo & Sun, 2011) These
studiesmostly measure@xperimentdy/ cavitation erosion
and comparedhe erosion resistance of these materials.
Substantial wik in this field isstill required to provide an
understanding of the cavitation erosion mechanism of
1 INTRODUCTION polymeric material&nd develop cavitation erosion resistant
Cavitation erosion isa complex process which involves coatings

many mechanisms including the presence of bubbidei
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: ; - Among many polymeric materials, polyurésof paticular
in water, the dynamics of the activated bubbles, the  ierest due to itsprevious good performance as a

formation of bubble clouds,the generation ofmpulsive \gintorcement of metal structuregainst shocks frorlast
pressuresand shock wavesthe interactionbetweenfluid ;4 impact loadgAmirkhizi, Isaacs, McGee, & Nemat
and material, the deformation and modification of the Nasser, 2006)Also polyme}s with urea bonéingwolve

material throughwork hardening, fracture of materi@nd  fagter reaction time than those asstdawith polyurethane
loss of material etc. A comprehensive summary of the;ng this fast reaction time makes it possible to apply
stateof-art experimental andnumerical techniques to polyurea as spray iroating applications.

investigate the physics can be fad in (K-H. Kim,

Chahine, Franc, & Karimi, 2014)Cavitation erosion ) A > )
problems have éen studiednore extensivelyor metallic  Studied using both experimental apprazsand numerical

materials since the primary applications have beenModeling. Cavitation erosion experimemsiphasiing the

conventionalpropellers, pumps, and impellers which aré&ffect of polyurea coating thickness composition, and
traditionally made of metals. tenperatureare describedOn the numerical modeling side,

L ) , ) . the response of a viscoelastic materialthe impulsive
Recently, cavitation erosion of polymeric coating mate”alﬁressure loading generated ty bubble collapseare
bece}me of |ntere§because theapplication of various oy omined usinga finite element method solverThe
coatings on the ship hsland propellerfias become more oq,jtingtempeature rise in the matatiis described The

common(Korkut & Atlar, 2009 Ter an Ar ce, X Gdneratich fr ®hE Material is predicted from the energy
Cooksey, & WigglesworttCooksey, 2003Swain et al., gissipated by thetrain work in the materiaEffects of the

In this paper, the response of polyurea to cavitation load is



amplitude of the impulsive pressures generated the Amirkhizi at the Universityof Massachusettst Lowell, and

collapsing bubble andffects of thecoating thicknessege they were made by mixing Isonate 2143L and Versalink

studied. P1000or P650(Amirkhizi et al., 206). The glass transition
temperatureof this polyureais reported to bebout-50°C.

The substrate of these samples was aluminum 6061.
2 CAVITATING JETEROSIONE XPERI MENT S

2.1 Test Setup and Procedures The pressure across the nozzle was first varied in the range

100 psi to 2,000 psi with the water at rodemperature

The cavitating jet erosion test facility used in this wask o S .
) . L - (~25°C). Through preliminary tests on the various polyurea
DYNAFLOW' §& ksi Cavitating Jet Loop, whids composed 0 . . .
and similar coatings, it was determined that measureable

of a CAVIJET® nozzle, a sample holder, a test tank, and @ . . .

. : ... 6rosion progression within duration less than an hour could
pump. The tests described below used a 0.087 inch orifice . : .
CAVIJET® nozzle. Figure 1 shows a 4 inch diameter e achieved with pressures between 700 and 800 psi. On the

polyurea coating sampli@ a sample holdeinside the test polyureaat room temperature the erosion above 80 :

tank. The sample holder ensures that the sampletisned oo fast to measure erosion evolution.

preciselyto the same location after each tefter periodic ~ Cavitation erosion tests were conducted on P1000 polyurea
examination.The samplewas placed af 1 inch standoff Samples of three different thicknesses at 700 psi. The
distance (11.5 jet diameterfom the nozzleexit, and the thinnest sample (1 mm thickness) resisted the camitakie
cavitating jet impingdnormal to the samplé\ll tests in the best showing no sign of erosion up to 120 minutes. The 3
study were conducted with filtered fresh tap water. mm and the 9 mm thick samples started to fail in less than 1
minute. Figure2 shows he pictures of these three different
thickness samples at the end of the tests. The erosion on the
3 mm and 9 mm samples looks like the material has been
heated and has gone through a plastic flow stage. The center
of the crater was as deep as the codtiiickness, and the
polyurea material was pushed up along the periphery of the
crater.

1 mm, 120 min

3 mm, 3 min 9 mm, 2.5 min

FigrCGavitati gt (tehteksticeasvti t a
erodgiecn. Théoipnch di ameitserp |d2EEE
adl inch standoff cixdttanceF{f g@nrdlhye( Rhd&dnep | e swi tt7ddskt eps i

cavitadt ngogmtt erpermatluerfet , 1
sampf 820 min. , 3 nimBt Mi ok wamd)

9 mm safmpd e emiprosure t o cavitat
1) The sample was exposed to the cavitating jet for a

700 psi

The procedurgfor eachtestconditionwereas follows:

predetermined period dime. Figure 3 shows the failed 1 mm thick sample tested at 800
2) The test was interrupted, and the sample was takgsi. At this higher pressure, the erosion damage started in a
out from its holder for examination. much earlier time, 10 s. The crater started with a small ridge
3) The erosion was characterized by measuring thgh the perimeter, then the crater became deepdrthe
depth of the damage. ridge became tallerFigure 4 shows the erosion damage
4) Photographs of the progression of the erosioprogression of the 3 mm thick sample. As the erosion
patterns were taken. damage progressed, the ridge on the perimeter became too

5) The sample was themeturned for additional tall and the lower part of the ridge broke off from the
testing, and the process was repeated until thgaterial.Figure5 shows the erosion progress of the 9 mm
desired total exposure time was reached. thick sample. The material at the peripheral ridge top

became opaque as the ridge became taller.

22Ef fect of Polyurea Coating Thickness
Polyurea canbe made withvarious compositions. The
specific materia tested in this work was prowed by Dr.



1mm, 10's N 1mm,20s measurement time of 5. The craterdepth continued
increasing until itapproached the coating thickness. The
erosiondepthratewasin the0.1—0.25 mm/s range witthe

thicker samplesshowing thehigher ratesNo significant
difference between the P650 and P1@@@npositionswas
observed. In summary, both polyurea types behaved
Fig&Polyurea samples test sflalyiformngoa gate; and pigsiic; flow junder thee ¢ |
1 mm thick samples at 10 scaytatingsjet)in Rofhgcasey the thinne; gopting was

stronger.
7
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Thetime evolution of the crater bottodepthrelative tothe 2h our s
original surfaceis plotted inFigure 6 for the two pressures
tests The depth of erosion showa drastic difference 25

between the 1 mm sample and the other thicker samp *=-P1000, 0.95mm

—=-P1000, 1.46mm

tested at 700 psi. The 1 mm samgid not fail up to 2 ~—P1000, 1.92mm
-—P650, 1.08mm
—-P650, 1.67mm

hours, while the 3 mm and 9 mm samples failed in a coup
of minutes. At 800 psi, all thickness samples stdw
immediate erosion. The rate pfogression othe erosion
depth was independent of the thickneswl is aboui.2
mm/s for all three thicknesses. Kw depth approactighe
full coating thicknessgrosion progression alsioppedfor

all three depths

~=P650, 2.14mm
1.5 E—

Erosion Depth, mm

i
[
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23Ef fect of Polyurea Coating o

Polyurea samples based WarsalinkP650 and P1000 were 0 S 10 15 20 25 30
tested withthe 800 psi cavitating jeand efforts were mad Time, s

to measure at very small time intervalersalink F550 has

shorterchain of hydrocarbon molecules thah0PQ and as Figure 7: Effect of sample thickness on the depth of
a result, the polyurea made 0639 is a little stiffer than erosion fornominally 1, 1.5, an@ mm coatingthicknesses
that made of P650The new samples hadhominal Of P1000and P65(olyureasamples.

thicknesgsof the polyureaoatingof 1, 1.5, and 2 mm. The

erosion damage evolved in a simifashionas the earlier 2 4 Effect of Temperature on Erosion of Polyurea

samples described abosed largecratersformed Figure7  gince the material strength ofolpurea is sensitive to
compares the depth of the erosion damaije.samples temperature(Amirkhizi et al., 2006) we investigated the
experiences cavitation erosion starting with the firssssumption that local and temporal overheating may be the



reason for theobserved cavitation erosion. To do so, th&igure 11 shows thetime history of theprogression of the
effect of temperature on the progression of cavitatioerosiondepth forthe P650 samples. The sample at 40°C
erosion was studied.he same test setupas used anddth  started to show plastic defonation from the first
P650 and P1000 polyurea samples were tested at differemasurement poiniwhile the—10°C sampladid not show
temperaturesBoth samples were nominal®mm thick but noticeable deformationuntii 70 s. The resistance to
the P650 coating waactually2.14 mm thick and the P1000 cavitation obviously increased when the temperature
coating was 1.92 mm thick. decreased

For temperature above freezindiet temperatureof the In Figure 12, the effects of temperatu@n erosion depth
water in the test chambewas controlled Three such progression in theP650 andthe P1000 polyurea are
temperatures were used for the tesks: +1°C, 20° +1°C, comparedP650appears to be more resistant tiRk000at
and 40° +1°C. Ice was used to maintain the 5°C watethe lower temperature but this effect is ledwious at the
while water was heated fathe 20° and 40°C testsThe higher temperaturesOverall the slopes of depth evolution
sample was placed in water for a few minutes befor@re quite similar. The incubation period (i.e. times after
starting each interval so that the sample temperatusich crater develops) is different between cases.
equilibrates with the ambiemtater temperature.

For the fourth subfreezing temperature testthe water
temperature wasnaintainedat 5° +1°C. However the
sampleitself was subcooled. Was placed in the freezer for
several hours until its temperature reach&6°C. Before
submergng it in the water, its temperature was measured
with an infrared (IR) thermometer. Then it was inserted into

the sample holder and secured as quickly as possibigyre 9: Progress of erosion on P1000 polyuresmting

Typical time between the submergence of the sample apfjer 5 cavitating jet at 800 psi, for the sample temperature
the beginning of the testas 20 s. The cavitating jet was ¢ 40°+1°C. Duration of exposuré s (left) 25 s (right).
then operated for the predetermined time duration-(80

s), and the sample was taken out immediately after the test
The sample temperature was measured again using the |REESEESE
thermometer. Then theasiplewasreturned tothe freezer
and cooled for the next test intervaFigure 8 shows the
temperature before and after for all test intervals. The
average temperature of the sampléhis test is-7°C.

P650, 130 s

Figure 10: Progres ofavitationerosion onthe 2.14 mm

O s ' thick P650 polyureacoatingunder a cavitating jet é800
g 5 psi, for the sample temperature e¥° +5°C. Duration of
£ . exposure90s (left) 130 s (right)
@ — — -
g—lo
&
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E 20 >
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Figure 8: Temperature of the polyurea sample before ar £ os
after the test intervals. The water temperature wi &
maintained at 5+1°C in this test. go° A reso a0nC

0.4 P650 5°C
=+-P650 20°C

Figure 9 shows the erosion pattern tfe P1000 polyurea 02 ——P650 40°C
tested at 40°C, anBigure 10 shows he erosiorpatternof o —
the P650 polyurea tested af7°C. The materialbehavior ° 20 0 ee 80 100 120 140

under thecavitating jet is similaand acrater with plastic _ ] ,tim,e's .
flow forms at both temperatureshowever, the cold Figure 11: Progress ofcavitation erosiordepth for four

temperature sample resisted much longer than the 'g%ﬁa?tirr?nltjr:?:i?rpaerca;\eirt?c%th%tz;.(A)fomr:i thick P650 polyurea
temperatursample. 9 gJ psi.



18 necessaril\pby thegereratedcavitation In order toseparate
T Pes010°, 800 oS0 5°C, 8000 itation erosion from the effect tifie static jetpressure
——P650 20°C, 800psi ——P650 40°C, 800psi cavi . . J p ..

—e P1000-8°C, 800psi = P100D S “C, 800 psi puncturing the polyureahe material responde a staticjet
—« P100020°C, 800 psi - P1000 40 °C, 800 psi loadingof the same magnitude in absence of cavitatian
investigated This was done byubjecting the material to
the same jetpressurewhen the jet was in air and not

submerged

Figure 14 shows theappearance ofet under the two
conditions submerged on the left and-a@ir on the right.
For a fair comparison both jets should result in the same
stagnation pressure at the &irgthe polyurea sampleyhe
stagnation pressures at different standoff distances of the
cavitating jet were measuraginga Pitot tube Figure 15
% 0 0120 M0 hows the stagnation pressuang the centerlinef the

Time, s . . . ip
Figure 12 Progress of damage depth on 2.14 mm thicgawtatlng jetversus the distance from the orifice. As the

P650 and 1.94 mm thick P1000 based polyurea coatin igure illustratesthe pressure decays a& asthe standoff
800psi, various temperatures. iStancex increasesThis is due tcenergy losses in the jet

shear layer ah the entrainment of ambient water and
) ) ) . spreading of the submerged jat.a 1 inch standoff (where
The incubation timefor each conditioncan be extracted (e erosion tests were conductedy, the 0.086 inch orifice
from Figure 12. This is shown inFigure 13, which 4 00 psi nozzle pressutge pressure drops to 200 gsi.
compares the incubation time vs. temperature for the g 4 the same standofhe jetdoes nopracticallydecayas
materials. The incubation time is longer far lower hore ismuch lessentrainmentAlso at that distance, a 200
temperature, and the incubation time of P650 is lorigam t g jet in air is still continuous and hast stared to break
that of P1000. The difference of the incubation timeg,:, droplets Eigure14).

between P650 and P1000 is prominent for medium,
temperatures from 0°C to 20°C. When the temperature w§gure 16 compares the damage from a P650 sample tested

too cold or too hot, the difference between the two materiafdth theé same nozzle in air at 200 psi and submerged at
reduced 800 psisince both generate the same 200 psi stagnation

pressure at 1 inch standoff. TREO psi jet in air did not
make any visible damage on the sample even after 600 s.
Under submerged conditions and in presence of cavitation,

a significant crater forms after 25 s showing the evidence of
P60, 2.14mm large plastic flow of the material. Just to reinferthe
-=-P1000, 1.92 mm

Depth, mm

100
90
80

70 conclusion, the jet was also run in air at 800 psi ignoring the
submerged jet stagnation pressure decay. This jet in air
forms a very small dimple on the P650 polyurea sample
after 600 s. The difference with the large crater formed
under cavitating e@nditions is very significant indicating

that cavitation bubble collapses and local heating of the
material are by far more damaging than a steady water jet in

aitr.
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Figure 13: Comparison of incubation time betwedine
2.14 mm thick P650 coating aride 1.94 mm thick P1000
coatingfor different material temperatures

2.5. Static Load vs. Cavitation Erosion

The shape of theavitation damage of polyuréa a crater .
shape witha deep piin the middleand elevated imonthe £ g up@avi t awii thgy = €800 psin (| eft
periphery One may say thahe material waslamagedy 5 jwi tAp = 200 .pgchie (mriighitc)e di am
the relatively high pressure imposed bythe jet pushing 0. 086 i nchBi tfotr thwheh. was used
continually on the material during exposureand not st a gnation pressure of the cav
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400 \ 800 psi, 20°C —+P650, 200 psi in air
1 _ ——P1000, 200 psi in air
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0.00 0.50 1.00 1.50 2.00 Figure 17: Time evolution of crater depth in the polyurea
Standoff (in) for cavitating jets and necavitating jets.
Fi gdbMdeasured stagnation pressure of a cavitating jet

wi tahnozzl e prBODsupei odt v aThe abave cavifation rembsioh tests indicate that polyurea
di st dameeorifice di amet er waaingshows 8he followinghehavior when exposed to a
cavitation field:

1 Damage is in the form of a crater withastic flow
of the materiahlong the rim

9 Thinner coating resisted cavitation doos better
than thicker coating (within the ranges tested)

1 Polyurea resistance toavitation increased with
lowered temperatures

The observations suggest that the matehight up enough
to change behaviadue tothe fluctuating load exerted by
the cavitation field andhe associatedeformatiors of this
viscoelastic material. Even in the elastic range of
- deformation, the viscous padf the material damps the
Figure 16: Cavitating and noiavitating jet damage oa Strain and dissipates the strain work into heat Timner
2.14 mm thick P65@olyureasample The smallest interval coatingg may have the advantagef a more limited
in the ruler is 1/16 inchThee test locations on the samedeformation by the total thickness of the coatiamgdby the
sample are shown: from left, 25 s with800 psi cavitating Possibility thatthe generated healissipates bettein the
jet at 40C, 600 s witha 200 psi jet in air, and 600 s wigtn ~ aluminum substrate whids amuch betteheat conducfr.
800 psi jet in air.

3 NUMERICAL SIMULATIONS
The time evolution of the epth of the various craters isIn order to understand further the physics, numerical
shown inFigure17. While the cavitating jef800 psi at the simulations of the damage of the material under cavitation
nozzle, 200 psi at the targetiadea 1 mm or deepecrater load is studiedit the microscopic levelsing singlebubble
after50 s (at 20°C) andfter 130 s (at-10°C),the jetin air  dynamics and fluid structure interaction simulations.
made only a small 0.5 mm deep dam&gethe 800 psi jet 3 4 structure Dynamics Modeling
and no damage at alfor the 200 psiafter 600s These The gnamics of the material response was studied by using
experiments demonstrate that the cavitation is the maijgje finite element modelDYNA3D, which is a nonlinear
mechanism that failshe material and the effect of StatiCexpncit structure dynamics code deve'oped twh‘hurence
pressure is negligible compared to the large magnitud@/ermore National Laboratory (Whirley & Engelmann,
impulsive pressuregenerated bgavitation bubblecollapse  1993) DYNA3D uses a lumped mass formulation for
(Chahire, Franc, & Karimi, 2014Chahine, 2014; Chao efficiency. This produces a diagonal mass maMix to
Tsung Hsiao, Jayaprakash, Kapahi, Choi, & Chahinexpressthe momentum equation as:
2014)

Fint’ (1)



whereF, represents the applied external forces, Brdhe Density,r = 1.1% et

internal fprces. The acceleratioma,:dzlx./ d’t, for each Shear ModulusG = 41.8Pa
element is obtained through an explicit temporal central

difference method. Additional details on the general Bulk Modulus K = 4.945Pa ,
formulation of DYNA3D can be found in(Whirley & Specific HeatC, = 1.73 ¢ - K
Engelmann, 1993)

' 4

3.2 Material Model

In DYNA3D, many material models are availabl&he
JohnsorCook material mode(Johnson & Cook1983)was
selected because the model allows plastic deformation
the material modeling ofstrain rateeffects, and output of
the temperature distribution in the materialhe model
describes the strestrain relation by the following
phenomenologial equation: B

s=[AB&1L en’|a ()7, ©)

Fi gulr8&Spl it Hopkinson Pressur e
where, the normalized strain ratgy = "¢(1s'), is the f ac i DYNAFL@w

strain rate relativéo 1 s, and the normalized temperature,

T =(T T)/(T, %) represents the current temperaturéDYNA3D calculates the temperature in the material based on
. ; the plastic work the material goes through. For the

T, in relation to the reference temperatulie, and the o jjations presented in this paper, 90% of the plastic work

melting temperaturely, was assumed to convert into the heat, and no heat

Split Hopkinson Pressure Bar (SHPB) tests were conductdibsipation was included because of thery short time

with the palyureasamplesFigure 18 showsa picture of the scale of the cavitation bubble loading, a few tens®fThe

SHPB test setunve used The samplewas sandwiched temperatureq, can then be obtained by integrating

between two long bars; an input bar and an output bar. A

stress wave traveling along the input bar hits the sample,

travels through the sample and onto the output bar. A dg _ 09

portion of the wave is reflected at the interface of the input dat r Q

bar and thesample. The strain signals of the input wave,

transmitted wave, and the reflected wave are recorded, apHere s; is the stress tensor, and’ is the effective

the stresstrain relation is extracted from the three waves )

and the known properties of the bar materigblsky, Plastic straln tensor.

1949)

A Series of testarereconducted at various strain rates up to 8%

12,000 s™. Figure 19 shows the stresstrain relations thus
obtained and curvétted with these parameters.

s 8 ®)

6000

A = 0.43MPa, 7
B = 0.14MPa, @ <
- (3) 3 4000 /s
n = 0.613, =4 7000 /s
5 — ——- 7000/s
C = 1.61. 12000 /s

2000

The temperatureexponentm, in (2) was approximatedy

1.5, a typical value for polymeric materiad, and a high ‘ . . .
enough melting temperaturge 750°K, was used tgrevent 0 20 40 60 80 100

weakening of the material by temperature within the range Strain (%)

of the simulations described below. The initial temperature o

and the reference temperatufg, were set to 298°KOther F i g UMP&t retsrsai n rel atidinfsf eorfe npo
physical parameters needed for the material model wefet F @i n rates obtained from Sp
taken from(Amirkhizi et al., 2006) experiment.




Based on theypical load ranges previous numerical and
3.3 Synthetic Cavitation Loading experimental studies of cavitation erosiddayaprakash,

Even though fluigstructurecoupledsimulations ardeasible Choi, et al., 2012Singh et al., 2013Hsiao, Jayaprakash,
(Chahine, Kalumuck, & Duraiswami, 199&hahine, 2014; Kapahi, & Choi, 2014)the following valueswere used in
ChaceTsung Hsiao, Jayaprakash, Kapahi, Choi, & Chahin#)is paperP, between50 MPa and500 MPa, 2t = 0.1 s,
2014 ChacTsung Hsiao & Chahine, 2015) is difficult in ~ andZr = 100 pm.
such simulationgo vary systematicallythe impact pressure
magnitude and duration. In order to study the effect %f4 Material Res

. 3. ponse

magnitude of the impact loads systematically, SyntheucI'he responsef the material to the cavitation loading is

loading was consideredin this paper Previous numerical S . : :
: : ; . shown inFigure21 for five selected loading amplituges0,
and experimental studigdayaprakash, Chahine, & H3|a0,100, 200, 400, anB00 MPa peak valge The pitshaes at

521: rS;Eggh Cl?gl’a%lianiggeézgﬁ::h?r?:mz%m%l%;?][ﬁ;t each pressure amplitude atie corresponding temperature
yap » apafl, ' ' nqis(}ribution inside the material under the pit are shown. For

the pressure peaks in the cavitation fields can be represe G Lmplitudes, the pit radius is about the s@md is about

yvell with a Gaussian f“’?c“"” in space and tiffigure 20 150 pm Thisis in the same ordersthe radialextentof the
illustratesthat an experimentally recorded pressure pulse

under a cavitating jet can heell fitted using a Gaussian presure Ioad,D.: 100 Hm At low amplltudglmpulswe
pressure pulse. The same can be also observed urigssures, the pit shape is shallow, but the high temperature

i X A S . rise region is narrow and deep right under the pit. For
thtﬁsoznaig';d hydrodynamic cavitation conditiongSingh higher amplitudempulsive pressures, the pit is deeper, but

the high temperature risegionremains close to the surface

Thus, in this paper, an idealiz¢ime and space varying andspreadslong the surface of the pit.
impact pressure loadindg(r,t), is considerecand has the

following expression Figure22 shows thevalue of themaximum temperature rise

for these Bnulationsas a function of the impulsive pressure
amplitude The temperature rise increases monotonically as
P(r,t) = Poe—(t/ B’ el B () the amplitude of the pressure load increases. the 500

' ' MPa amplitude load, the maximum temperature rise was

. . ) predicted to be 28°C.
where Pg is the amplitude of the pressure pulgg,is the

characteristic loading duration, ad@d is the chaacteristic

radius of the loading footprint. 3.5 Cavitation Damage Mechanism

From this study,a hypothetical descriptiorof the major
mechanism of cavitation damage on polyurea is as follows.
Polyurea is a viscoelastic matenwith strength sensitive to
P — temperature. The material deforms substantidtigally
Experiment ( Ap,, =27.58 MPa) when exposed to microscopic pressure loadsdavitation
field. The work associated with the plastic deformation is
absorbed by the viscosity of the materad the resulting
heat accumulatedue to slow conductioand this increases
the temperare in the material. Formation of numerous
micro pits, heating of the material underneath each pit, and
repeated cavitation bubble loadhus increass the
temperature of the bulk material. As the temperature
increases, this polymeric material becanseft and flows
pushedawayby the mean stagnation pressure of the jet. The
materialdeforms into a deep crater and the flowed material
bulges out of crater rimand can be easily torn away by
shearing action of thiet flow.

70

Pressure, MPa

Yo 10 20 30 40 50
t, us
g 4 CONCLUSIONS

Fi gurbeMagni fi eda vpeas souf ea kZavitgtiona érosion ests were conducted on polyurea

measured in the intense c aaaiingsa ofi twan differemt | admpdsitiens tarmd \ariogsa v i t
j et (red curve), and r e prthickressesausingoaavitatng jets. Thei polyurea coatiagy i t a
eveunsti ng a Gaussi an (Sunghthi eodded@elalivelyefastcaucavitaging jet pressures higher than
2013) 700 psi. The damage was in the form of a crater with t

material pushed out forming a ridge around the crater with
strong evidence of plastic flow.



the temperature increasehis is followed bymaterial
plastic flowandlargecrater shapedeformation.
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Question from Mehmet Atlar Question from Tom van Teresga

The paper claims that polymer and elastomer paints There is still an ongoing debatsn the importance of
should be evaluated to their resistance to cavitation erosidhe contribution to erosion of the microjet of an imploding
Perhgs this comment is not fair since these materials abeibble and of the shock wave(s) on the other hand. Can you
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