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A Study on the Cavitation Erosion-Corrosion Behaviour
for Cylinder Liner of Marine Engine
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Abstract

Due to the increased occurance of cavitation erosion in cylinder liner wall operating in an
corrosive environment, there is a need to study how to controls the erosion- corrosion on the
process of cavitation damage. Cavitaion erosion implies damage to cylinder liner due to the shock
pressure or shock wave that results when bubbles from and collapse at cylinder liner within a
cooling water. If the cooling water is corrosive to the liner, they may suffer serious damage by
a combination of mechanical and electrochemical attack.

In this study, cavitation damage was investigated by using piezoelectric vibrator with
high-frequency, 20KHz and amplitude 24um to cavity generation appratus. The compositions of

test solutions of distilled water, sea water and pH value environments were investigated to know
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electrochemical cause in cavitation erosion damage.
We carefully observed the cavitation erosion pattern, corrosive portion in cavitation
erosion-corrosion and effect of inhibitor into solutions, then suggested various control model for

cavitation erosion-corrosion damage.

I. M =

HZo Mut J1#e Ugs, 143 F7|AQA FMAILE"HE 2539 AAZRAAd &4
3 97l &) Aurg gAyj@e] & FALAQ AU oy 4y Jlee M
RePgol 72 99L FAestn At gy AAG ol £3F FIREL A
a3 Y Y444E syl gold A A (Cavitation erosion) 7]|#AEd xH 3 JFS
v o et ol AvHold AAE WA E JAY F Y+ A="HE NLF
o2 Ve YA, A R 9, V1R NP 75 R FAHY B
H) Az Be Adel Az Aan

Mute] 28718 Y442 Cl ol #7312 4 (Sea water)& AHE3tE dl o] W 7
HlElo]d AL BAFAHAA BAdzz JAI Ryo] AT &I AR
(Synergistic effect)®2 e} su|go]d AA-RAe ztzte] &L §§ Aro 2
A ZF7stz o ol & sjuldold AA-RBAL AAste dPoze @) MulH-o]
A FAAwEe A4, AR Ase MY, &394 H(Cathodic protection
method) @ o} A A (Inhibitors) A7} 5 Wgel Aet”®

3] dgygdurig Add geolye sjulEeld AL WAFE  FFS(Distilled
water)8& FZ o|§3tE H, o] FHFE A& £A% Fr|H o2 ALHEE pHE F
I EAol A ¥ty AslEE A¥e] U o#d Ffde AMueHeA HAA-FAo
7H&Eo] A9 #9& dE5y, 4F 3% AZMAZE £dd dFe FHRFYU a4
g AF aA sl 2 HlRZ Aol syt

wed FHSE, AF BFCAAMY AulEo]d AA-RY 5L w2 7T
2 393 nz gy, =8 pH @7 CloleS #78 3L 7143 Ao A58
A RHo] 7tFHEZ pHEte]l th2 Z+ §7 ) <13 E(Inhibitor)2 WA AFH7} 8 2
£ (Chromate) F93a Aulgold FASL Axsnag &g

ol -2 54 JAWIE Moz YzyE F7T AR + A3, 4
A ol F£HEL ARZY £ Jeoerz F3HA ZWFY FAFHA W ZA =L
doia s ofgd ol g FJA-FAGANYEE dPAARIE Ady ey sulE
ol HAd HELE B olye {8/ AT WY, AFAe A=XRF T /B
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A 7184 4dY ol Aulgo4 - 3
AY-34 A% 3@ A7

Gebtd e FFRok ZE U9 4UY ol ALY & Yoz SATIeds
F3A 712 AAd e AARANLD ARel 2R FEAE ¥ Sdsng ot

o0 Az & dEuy
LAENE 3 AYHEA

@B Y02 E FHFF(SR1I5x10° Q.om, pH 68, 242 92ng/ 0 2 A7) 3=l
FFo] A gl &5 AL ALY $Fo2 BE2F)S H4(SR 25Q.cn, pH
82, CI'o]2 18630mg/ £, &FEA2L 86mg/L)Z 33, <348 E (Inhibitor) 2= AFAYE
(Naz. CrOa. 4Hz0, pH 6~7)& AH8-3t Q. £& AT Fdsta) 248 BEY) YA
FHHCHH Y EE(NaOH)E 343t pHEte 84S 248t AyLPoz Alg
8‘]’%‘:}.11712)

Aol AHEE AlgEe Hutzlde 499 gdolue] AR HLos AWmL ©BAAA
(SS4D=E A @15 x ¥°] 13mme} M8 x 1.25¢1 YALZ 7+28x, A8H FHe ALY
800~1,2008174x] Avtsl @ AAP(Oil lapping) & F oIHES R gxsigon 753
EAHLE F(FEL)eA FE=E ek ol @ AU AE9 E(Hom)o| Raste £
Aol 3mmAE AANAAN dPaden, AP F2L SaPFA A AuHY )
A 5L Table 13 2t}

Table 1. Chemical compositions and mechanical properties of specimen.

) JAAZE | FEZE | AZE
3} 813 ¢ Si Mn P S (kgf/mm?) | (kgf/mm?) | (%)
3 B 71 A3
be] ki E X
(Wt%) 5 3

012 | 029 | 059 | 001 | 0.1 424 25.8 32

% d (Pizoelectric) 22! 7 E A (Transducer)= ASTMFA'Yo) o§ E4 20KHz, A
% 24 m= 3t F%7] E(Booster horn)& JAEA o 233

AR F8 FHLAE AFHA, %l_%—z}, &, AFEold Foln, §A=xE AV
SAQA IS F23837] AHA ol Z(Acry) AzE AFSYY. 2@z 2o A
Azge 82 Ax=(Block chart) Fig.lol Bojm 9o}
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AC 220V electric - Ultrasonic o Amplifier .
power source generator plant
- Output R Transducer o Booster
source assembly horn

Fig.l Block chart of Ultrasonic unit.

E 2RAX2E AYxA(Potentiometer, WV, mA 3 L), FHAMA, FARAAAR T
(SEM), tto]ld Alelx, £3 7124 AZF(SCE), &% Hl2E(Tester) R mgZAE A
(Scale) & AH&3HATh

2. AEYY

AN@dHo = Au ol 24, 71 E2 3, Ultra jet, Micro jet 59 A7t T4 #&
HozH AAH HANENqE 28 R MaFExd o3 FAH4E Zuty AA(Galvanic
cel)ZF§ o2 9Zukg(Anode reaction : Fe—Fe?" + 2e)3 & 34§ (Cathode reaction

OH* +2e—H,)d A7seaed LT BF - AR =28 A9 A
(Intensity, Ie)oll W& WAA-BA4(Se)dt A1 2 &Rmax)He] A S4& T3,
pHztol e A F4e FHstna #h®

B3 49 A71E A NPAL AMulHeld 71X (Cavity)7t 2 LAY F UEF
HAHe 2Rz Adgen, #F LA =& A=Y FAR BEITZ FoH
AYANL AFAHA golnjo] &dtd YA AZ(min)vtth APA] FAZLF(mg)E
2439t =3 AQAA 9 HA, 2L HA 2 A¥xH F& 39 AK)EA A
Fe2 AHARP AP N4 THES A R 2o

ZEaAe £33 F714(Pv) = Pst - APw (1)
Pst : §A9 AL, APw: FALY ¥WF
7129 B K) = (Po - Pv)/(1Vo/2) 2
Vo: #&, p: W=, Pv: 3 3¢
o9 AAY VANUAE) =1x S = %1’ ucA’d (3)
ER&EER) = LA (4)
S: &ARFY I: JAANY, f:AFF p WE, ¢ &5
A AIEZ d: &3H FH
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% 7194 2D 2olue) Aol - 5
19-24 A% Be 97

Bi3e] £4&(MDPR) = m/u (5)
m: @HEHFY ZA A2F 4 wUE

THAFLEW =E/R + o) 6)
E: A9, R: A%, o : uAg

HABET) = Se X Rinax (7
Se t A& WAAN-BAA, Ryw : 3 YA

HA A& Pe, %) = (1-Winp /Wer) x 100% (8)
Winp = A3V B Lo ANEFE, Weo : SRS

A -5 g 27 22HWt, mg) = We + We + Ws (9)

We : €5 F4ol 9 B4 g2, We: 240 o8 2/ gag
Ws : 45agd o8 24 723
Hebd Ao e 2ol %A YA 2 AYPHS Hdstn, ANUW Fde] B
@ AuHold AL FRATAD FAAAANAL ol BASAYG 27n
AulEold A2-pqoo] v3e 2899 deME ] TP ZBppm FEZ HY0),

I «g"gnt ¢ oz

1 T7IsstE el Jghol e HHM AL HAHE

Photo.1(A)2 FHFFAAA 1043 5t Aulelold UYL QA o ANFTE
HERd Zolth AdW EHe FYREL 52 WES dase g iz g4+8 gy
o] JEZ} ¢A Holn RE FHL YIFu}

Photo2(B)= RES W& WY F¥s}7] 915t Photo.l(A)Y @ REL 2000 =
AR e s 298 Aoz FA@RF REPis)7t FAYFVL Holn & e
ol PlaRES) mlAFFMicrocrack)@4e 2 4 ok ol dw L FTE(ZER)
AR 71X 9 FHo] FYRLENM JRZ Z4E How FPEg 239 S ¥} BN
ME &% 9 ¥ (Cushion action)”& 37 dEolgtz Mzad)

Photo.1(C):= Photo.l(A)e] ® ¥E& 50008 FALAAAU Aoz Hr) B Aoz
AEET JE(Dimple)d el LAMMPA™E o)%31 A} ZH5MY YA EHY 7
5 @Y FHEeH)T A 02 GEMRLE) 7 S A o) ZH8-3te] BAsE Aoz 2
ZRA=3
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Yha.

©)

Photo.1 General pits of specimen
surfaces by cavitation erosion
at distilled water(DW).

EREE L RE TR EE

Photo.2(A)E ¥4 Al 77 sl K)FAA
o] Auleold HA-FALHEE HAF Ao
2 71AAQA R FHo] FF JtEE A
9] &Aolgtn FAY. AVIME AYARS
10A12t22 Photo.l3 H| - FESE AEE
gg&stuz o oo o HAY REE
AlEH Ade] A 2L AVIE IFEHA &
5ol lom HES Aol A BAh
Photo.2(B)= A (2-A)8] @ R &S 200u]&
Z gdste B9 Aoz HE YRe 9
A(Flake) 8?22 2AEDY REUWR AFJL
EFTT YAYE olFu Yt ol B2 A
& Cloj2d o7 FAA-F49 J52E& di
ozt Azd

Photo.2(C)= 50004182 Photo.2(A)el @ %
S 8- 29% Aol REU S FdEHo]
37lE 1 A& HindE Holx vk o]
@S 71AFQA AAFL] A7
2280 o3 &R AAN EEE ¥
AE dEA 2 (REE)7T s Fde F
o] & AoZ AlgdY. 53] HFFAe A
A9 BWY #Hie HHHIYsE @ol FAEF
Ao g AlgdY.
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A% Z)84 4Ad Seig ANdola - 7
A4-24 A5 BY A7

Fig.2&= 1041 48F 9 &5 7143 sn e o)A 44
of A% FA FAHF(We), ©F BAd A% BARLZ
(We), AA-329 Beaad o 2A Z2Z(Ws)
#o]l #AE Ul Rold, oo o&H We(} 239mg),
We(F 2mg), Ws(¢F 52mg), Wt(2F 393mg)o) 2, 1002 &
2 BEA® Fig3dl 93y We(F 74%), Wc(ek 1%),
Ws(%F 25%)& Uetllz glr).

~hoto.2 General pits of specimen surfaces by
cavitation erosion at sea water(SW).

B We: Weight loss by pure cavitation erosion

500 R R R
[ Ws: Weight loss by synergistic effect

EIWt: Wt = We + We + Ws

g 400

3

& 300

o

E

k=

§ 200

o B We: Weight loss by pure cavitation erosion
00 We: Weight loss by pure cor:asion
. Ws: Weight loss by synergistic effect

Fig2 Relationship of We, Wc, Ws and Wt Fig.3 Percentage of We, Wc and Ws
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3. FiBlEIold FA-FA EYTIF

Fig4(A)& AngolA FA-R2&de gloA A2 24389 43 7t&sis A5
e 71AAQA 949E€ FASRE ZA@EPE Aolth HEUR9 YFutg(Anode
reaction)o| A A(Fe)o] °]&3HFe’)So] &2 §&0] 3@t} a8ln AE F99 &
F-8(Cathode reaction)ol Al F47F2=(Hp)7t 2AE Aoz FHHE

7oA BAY Hoot 350 nlejaz AE ¢ € AES} 2AFPozH 74
Al &) JtEEHe Aoz AZEch wef AR FoAE o)A 7 X
o] Bid ©E &43 H9 B mE &4o] FAY wAFezN € 4T sy
Hold A &Ado] dAste Aoz AZHY oldd FeEdE 7AF dUdolgn Alw
g

tiquid
Bubble

= dlo

Bubble

olo

‘Anode Region
/7

(A)

Anode Region

[/

B)
Fig4 Modeling of mechanical(A) and electrochemical(B) cause of synergistic effect.
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A 7124 4dd Fojue AuHold - 9
B4-34 A% B A7

FigdB)= AA-F4d QAx Fsaze A7sgHd 90 Yed Aotk o]
g5t 71X FAY L AAFLoR FHE Ho BHgo o8 LA AgHA EAH
UM REEAAN $3 2 A2 o8 Zuly A=(Galvanic cell)7} P, o9
@S (Anode)ll Al Hel o] 23 APOE Fe¥'s §30] A Rao] HE sEHE A
o2 Agdy,

£ Figd4(A), FigdB)ol A% AFo)A sjugold W4-Bao] ojg =7 iz
(Wt) TAM i o4 ZARLF(Ws)E AR (HRE)SE e g

Ws = AWe + AWc (10)
AWe @ ZsiFHF 7|14 A4 9§ EARLAS
3

mebA ghel A GERAAE AHlEHOld BA-Ryd & FAZLIFWHE heom

APHE 5 Arh |
Wt = We + Wc + (AWe + AWc) (11)

B FATLF(Weight loss, wt)s} F A7 & (Weight loss rate, R)& A3 A 7H¢t)o)
Tel SHeR EXA(ER)ToZMA AulEold AA-RAo o A¥He Hm AL
(Max. erosion rate), 3% 7](Incubation period) 59 EA4®P® & 4 9t}

Fighs AJAZH)E Ao g FAZLERY 54L& vehd FHR-1)OZ @,
®, © g @9 494 ddes FEF 4 Q).

© ® © @

Weight loss rate, R(mg/min)

Time, t{min)
Fig5 Modeling of R-t curve by cavitation erosion-corrosion.
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o] Y&o 93d 949 @AME AuHH 71X FH9 FAY 3 ArEHA &=
Aigol A7ln Aue B AW} F/sAY RES] 2 R FA FAFE 43
FENE AA B 27 ARl & F Aok 99 ©@9 SAdME REY
F7b ZF7vstm, REQ olgh WA Frkdsle FALE FY &= FUhe FHIE
@2 Y © HoldEe 7|ojgtn & & AUtk 99 ©F dA HE REFE F713
2 g3 o] Zolgt Aol /Y B APLEE F53 FHAL d, o) N
HES YR 71E7 $93t9] &% 24 (Cushion action)o] dojur] W&ol FHHL
S EAA AuE ol AAEo] Fase 7ot £F 49 @& FulHod 27}
RAEY go] &= 71X $H7F & douRA &&= QAZA FA L& JAHE
tA 7)ol et

olg} o] APAHp wWE FAZLER) FAAAN 99 @ ZFE7|(Incubation
region), 49 ®%¥ %7}7I(Acceleration region), 98 ©% ZA7](Deceleration region) 2
49 @+ A7 (Steady state region)?] 4GAPz FEE 4 Ut}

4 pHZt BZOIMel HA-24e| NSRS

Z55d GALAHC)H FAFYEFNaOH)E H7Hstd pHES 2, 4, 7, 123°] =
E 1A APEAoA AniHolA AA-RAEZNY S YA oA F Yo
AT APQANF FAZAFE pH2 > pH 12 > pH 7 > pH 49 £o2 FARLF
o] el © pH 29 7ZAHGEEAH)T pH 1291 Zasle]l &ddA slulElo]d 34~
BAzg0] AR Aoz AZdAT

714 pH 29 FA4gdojA H2-R o] 713 RAF AL Cloj2o] Frtgel uhzt
&R0 FTEASEEEERMZ As] 2o FJH7) wEolx, pH 128 90] pH 2
ggoz FAA-RARgo] Zd AL OH 9 ehutgoz Qe ndsle] ¥ 7 NaOH7}
TE2Y W Fartar &35 ARFo=R AN FRFHRRBML)TA dF Re=
Atz g}, E3] pH 48904 FAZLFo] pH 7844 B 3 AL CI(OH)HZF
Fog Q% REVG o3 Aoz Ao o ¥HE nsd ¥ o pHat &7
A Fuefold Y- AT S AFEH FH &%l wE RdYPste Ae] v}
T3t &4we A moto] 4 Aol
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A 71@4 499 golu sfuge)a - 11
AY-24 A% B¢ A7

Fig6 Modeling of cavitation erosion process vs pH value.

Fig62 75l dA-&AHCHH 43 EFNaOH)E HA7tsted pHEL 2, 4, 7, 12
@ol F& 1A AP Loy NEH FHA) £ 9H HASAAB)L AA A
2d3% Ao},

ol &t RA4go] A Qe FTHF(H 749) ZL B2 Xo] ok pH 48 Bl A
o JH s dug @Este Bd, pH 4% pH 794 Bo: JARNES} AR5 PE
FH = BEdoln, REH] Avhd ML FAYsm vt w3 WM e WERGL
ANgHe FH REo P& F(Trough)e JAE ¥, SIR(FRE)E FAR(ERH)
of Blste] o] of3in, o}t BEF RYL s Yt aeu AA-2 0] 7§ pH
29 pH 12873 A e JAF3& vlaste] B, pH 2014 FAREE Howy Qe
R pH 12 A4 9 REE 23 i YW EHolr Xt dad e Jasame =
WE-Cl A AZ7EA] FHA L 3 FEFE] e ARG &AWL Holm, A
He wEg FUYoz g (REE = AU}

E

5. elslulefol o8t HA-54 x| &4

JeREE FFEBEEES Addte FF9$ A3 8 E(Anodic inhibitor), < Z(E&&)
Aol dt= SF8HE U3 ¥ E(Cathodic inhibitor), ®FEIT 9 FA A P23 2wk
< BN dAstE 44 Q3HEFel Ak £ DM. Brasherst AD. Mercer® =
A A3 A3HEE FYFeZM Fol2(Anion)FEE WEEo HA-Rg o
i Bkt 7] E K5 e =Y (Passive state film) A4 24 QUsingg =
MY (Naz - CrOs - 4H:0)PE @AA L2 A LAY, & A3HHY FQ35 T
g JzAddoz INFHRE)S 5~100ppm7tA @A H oz HA -2 2944

% 4o oo o
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AH&-3 23, 25ppmol A 7 &7 AR
Table 2& A -524 28] 7} A F7171dA A3HEHA AENYE L BppmFEER
Tt Add 279 HA-BAHAL(Pe %)S JdeEFiT Q).

Table 2 Protective efficiency of cavitation erosion at acceleration period

Solutions pH 2 pH 4 pH 7 pH 12

Pe(%) 65~80 55~62 60~75 40~52

old &3 pH 12 < pH 4 { pH 7 { pH 29 £2o2 FA&o] JAFH g}t 53
324 £ pH 291471 Z2471E]Q pH 12914 Bt Iy &ite] A AAHE AL
LAl 33Nto 2 Cry03 - MCrOs - Crz0:M203(d, M2 A g YU S48 £37) 59 &
AY F(Scale layer)e] Cl'o]23 wg3le] FE£EW AGe PYHFozN FITYRE
(BERLIFA)S 7IS5A1A FA2-F4o] gAdtta 4Zdr. '

okAbd Q1 pH 491A FA YA} e R Clolae] REguiygo] BFslo =
H 22 (localized corrosion)& Zd7] WEelgtx AlsdY. g3 pH 12¢F 22 7Ll
2 FE&YgA ANQAEH} L HL AL pH 2449 FAY I LG A3HEHE |
g 31, 45 Mojgt 3 M- DanBEE Ho] FAHHE d, pH 120l M- 0
H-DZHP2 Zgsnz OH ol Ld o3 £I3Ro] REHoz wAstr] wieldn
& At
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A 7)@E AYY ol Aoy - 13
A4-24 Age] BY A7

v.a 8

2% AT ot FHF, A5 L pHE BHAA AulEHold AY-RAAE 9

11]

2)

3)

4)

54& 4¥9% A9 dg gL A8 Ay

) FAAe] Y FHF FTAM AvEld FHL ANgAol A} AN}
FAC B FFolA D, AINAHA Ggo] 2 H5FoMe &AL =z Ay
B3 7t ge) A4sta gl

AulHold AA-F2 9] FEaHE o 25%0|n) F5aT 7]A2HQA WAL REQ
RN LA E Holl @ Aoz Byt

LAY Aspo] mE FARLEY FAL FEI) 2517, BE7), %A S 4
S9AZ FEE F o

AulEo]deol g A¥E JAFAYYL F249 pH 4 9 pH 794 E= A18H =
Ayl FAo] ®ol BAstE o vt ZAA4<Ql pH 2 o 797+l pH 12614 =
TR ISR AA B =F A ulEo] g sulEo) A WA e
< 734 pH 291471 pH 129 2 25te] £ A BT =4 Z7bstn Qo).

2D g8

o
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