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Optimization of Testing Method in Comparison
with the Coated Composites and Metals by
Vibratory Cavitation Test

Young-Jun Son

Abstract

Cavitation 1s a hydrodynamic phenomenon which results in
the formation and collapse of vapor bubbles in a liquid.

In recent year, an equipment, an automobile, an aeroplane,
ship and many industrial fields show a tendency of high
output and lightweight along with industrial growth. In fluid
machinery, if the speed of running fluid and rotative speed
of machine become increase, the cavitation erosion happens
because of partial cavitation bubbling with decreasing of
static pressure and fluid shock.

Cavitation damage 1s encountered in a wide variety of
fluid handling machinery and over a broad range of liquid
pressures and temperatures.

Laboratory tests to establish the relative resistance of



materials are usually made 1n experimental facilities
standardized to their most appropriate operating conditions.
The vibratory facility is the most commonly used of these
and has generated most of the available data.

At the first test, cavitation test(ASTM G-32) was
compared with coated composite material and metals, but
coated composite material specimens appeared to generating
a low bubbles due to damping vibration and having a hard
time testing for many hours due to interface delamination
between metal and composite material.

In this study, to use cavitation apparatus, such as the
piezoelectric vibrator with 20kHz, 50um to cavity generation,
we compared with the traditional cavitation testing method
(ASTM G-32) and modified cavitation testing method.

Throughout this test, we investigated the optimization of
testing method in comparison with the coated composites
and metals by vibratory cavitation test.

The main results obtained from this cavitation erosion test

are as follows:

(1) Test liquid temperature of nearby specimen was
measured by using digital thermometer, and observation
time was done at Imin. later of testing and lmin. before
of finishing. In the result, the case of standard test

show up changing temperature of 27T, but modified



test appear to change temperature of £9C.

(2) Weight loss between metals and coated composite
materials was compared with standard test(ASTM G-32)
and modified test. Weight loss of metals obtained from
modified test was 40-60% lower than that of standard
test. On the other hand, the weight loss of coated
composite materials obtained from modified test has a
tendency to decrease and below 30% than that of
standard test.

(3) It was calculated to estimate weight loss of standard
test with weight loss of coated composite materials
obtained from modified test. And cavitation erosion
between metals and coated composite materials was
compared with standard test.

(4) MDPR(Mean depth penetration rate) between metals and
estimated amount of coated composite materials by
standard test compared with distilled—-water and
sea-water. Erosion rate was in the order of DL <
SUS316L < SS400 = Bronze < Cast iron < CL in
distilled-water and in the order of DL = SUS316L <
SS400 = Bronze < Cast iorn < CL in the sea- water.

(5) The optimized test condition looked out for comparing
with temperature change and weight loss according to

various space in modified test.



Nomenclature

Hp : Hardness(Brinnell hardness)

p . Specific gravity

ours - Ultimate tensile strength

RE : Reference material specimen
DL : Duratough DL

CL : Ceramalloy CL

Th @ Start temperature

Ty © Finish temperature

AT Ty =T

ASTM : Standard test of ASTM G-32
M-ASTM : Modified test of ASTM G-32
D @ Distilled-water

S ! Sea-water

MDPR : Mean depth penetration rate
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Fig.1 The collapse process of cavitation bubble.
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Fig.2 Generation steps of cavitation erosion.
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Photo.1 View of cavitation test machine.

AC 220V electric Ultrasonic Amplifier
power input generator plant
|
Output Transducer Booster
—
source assembly horn

Fig. 4 Flow chart of ultrasonic unit.
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Table 1 Mechanical properties of materials used.

Mechanipal _—

Materials ropertes e ’ (MPa)

Cast iron 223 7.03 256.7

Bronze 85 8.90 166.6

SS400 113 7.85 400

SUS316L 153 7.95 705.6
Duratough DL hod | 113 | -
Ceramalloy CL hoZ | 244 | -

Table 2 Most abundant solutes in seawater.

Constituents Concentration | Weight Percent

(Ions) (%0, g/kg) (%)
Chloride(Cl") 18.9799 1.9
Sodium(Na™) 10.5561 1.1
Sultate(SO4*) 2.6486 0.3
Magnesium(Mg®") 1.2720 0.1
Calcium(Ca®") 0.4001 0.04
Potassium(K") 0.3800 0.04
Bicarbonate(HCO3") 0.1397 0.01

Bromide(Br ) 0.0646 0.0065
Trace Elements 0.633 0.1
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(b) Modified test specimen

Fig.5 Shape of cavitation—erosion test specimen.
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(a) Pretreatment of

: (b) Manufacturing mold
specimen

(c) Coating composite

: (d) Completed specimen
on specimen

Photo.2 Manufacturing process of coated composite

specimens.
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Fig.6 Schematic diagram of cavitation—erosion test

apparatus.
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Transducer
~— frequency : 20kHz

Vibratory horn
_—amplitude : 504m

|- Cooling bath

(a) ASTM G-32 test

RE specimen

Test specimen
distance : 0.5mm

(b) Modified test

Fig.7 Schematic of the vibratiory cavitation—erosion test.
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RE specimen Oh RE specimen 1lh

RE specimen 4h RE specimen 8h \

Photo.3 Successive observation of damaged surface
according to test time(0, 1, 4, 8 hour)
in sea-water for SUS316.
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(a) Cast iron (b) SS400

(c) Duratough DL (d) Ceramalloy CL

Photo.4 Fractured surface in standard test.
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(b) Sea-water
Fig.9 Comparison between standard test and modified test
with decreasing total weight loss in distilled-water
and sea-water.

_34_



KR em WO o

ZT._ ..A,.u_l,#._ X ol T o ;oT mw ﬂmm
T 5 = .3 .

oG- N I - o
3 e R ok gl
@ Mﬁu T o o3 il Mm_e " ol
S e By o e
- il k) - B own A_._
T e ET o = R
B ool o B T g o =
O A T, il
N U ERCIR
o &% OME N oo B o= ¢ 2
ﬂL — Zﬂo a “L,H &) IS
a o W > 5 - -
0 0 O — —_—
B T o og g i
R e o —
= = o ™ U <T
o BHBE AL 0w
X 20 6 B o N 3
X H K o= ook o P 9
fe 0 = = -~ T = R

o TR Z2 R = <
T x o E T T e
X o< B W oo TP T
-y J
e T R oo B =
mr . 4 B B = ™
LI T LR SR R~ 11
B o T e NB T X <

GRS

S A@)

bt

I3

}

212 (mg)
A4

=

=

<]
- 35 -

=

0.4
0.6
1ol (MDPR)

el 7



7

hyA

40 ~ 60%< 19

|

= - = + A S a W AR
- it L - < D s X
< 5 T OB — % mﬂ 0 Wr on
ﬂ o N 0 ) HL _
N J
= S ) oo T T B
= = & AH oo A O pE
- o o o ro Ny N
> . & o o Ao < oz Mo 4
0 ~
b S < Sy
N N = Mo 9 o —
o B ran = TR AR T g s
Mm 5 K Xﬂ o ! Gl ) JoH m A ® T my
oy = i o B R oo W Moo =
W O 2 o4y ) BT
T = T _wt KH XC U ﬂ N x°
<X m - o~ o fr 2K X5
X : i & =5
ME% - o %78]@1% R
ol L < 5 = o N °© o5
o] © oo N ~ ©M g
M N I I ~J mm S cﬂm UL = <o
Ul o0 = % U X
= ™ R El~ E r ® o EN o L
= - 3 Ho | E ol = M I g wc LR )
x5 Ts (T 2L HwET,_vrxAzdd
MR x| R | R T N X oF o gz N oIb
~ ri N T = S = 9y © ot
W B TR S F = o
T om oW R T A L
CRECCE e Tl ® |2 Moo B e TR
BT CEEY T | il ol M o e BRI
o T =B T Pt g @R <
5 i 0 = — orR o) 0O ﬁ —~ «©
<R — P < = 5 M TN
L = < | — ~ — N = —
g% g W< w D XM R
T oW o A B < LT 2w N X R PY
e c O wHON o -

H

o

bl 21

o

o e

1

A
&

=]
T

_36_

a447)

k<3
T

otk 714 16417k o]



Zojgol wel Ao upE A4n| o]

]_
q
noomel Aol okaje] weh Aojipi: @

NESI} A
Aow Agdrt ol#d 1Y ITE e E AHo] Fig.17¢] uE}

o dwhAl T4 Ao vE2A S 3 AL
7F YA @A A dAg S e o] d Al
Duratough DLo] 7Hu] g o] AA] A== wlo] A = Al (microjet)ol
el Aed WEde st w7l Wiedl Aow AL
sH

ZA-59H(Impact stress)< w59 443} vluste] Duratough
DL Y& Acoustic impedance® 213 5453
7A-$-#o] Duratough DLE WHIE7] wj&d 0% 74320 oF
3he= o R AlRdT

olggt A& ol&std F&7lA = Radome(ds7]9] <
otk <SHHlY Zek~E Yh)el Polyuethan
I 9lol FlexibilityE 7H Aol s ¢]
o AthE ®Bay) 9ok 20

rg
X
ofj
N
&
i

s @y
Al 88 9FL

_37_



1300 - Bronze Cast imn
| 55400 —e— SUSITEL
DILEdi0%5) DL(80%:)
10600 LAY CLE0%|
E
R
g i
o &
w600 " =
=
E w0 - ]
H ‘ '
i v
= " L ]
200 - o z - -
i -
1 o H = - '
u-q'?:-".‘?ﬂp:-u.-.l- ey S |-.: T —
] 10 15 20 25
Time, hiour

Fig.10 Comparison between an estimated amount of coated
composite material and metals in distilled—water.
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Fig.12 Comparison between an estimated amount of coated
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Cast iron D Oh Cast iron D 1h

Cast iron D 2h Cast iron D 4h

Cast iron D 12h Cast iron D 24h

Photo.5 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)

in distilled—-water for Cast iron.
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Cast iron S Oh Cast iron S 1h

Cast 1iron S 4h

Cast iron S 12h Cast iron S 24h

Photo.6 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)

In sea—-water for Cast iron.
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Bronze D Oh Bronze D 1h

Bronze D 12h Bronze D 24h

Photo.7 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)

in distilled-water for Bronze.
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Bronze S Oh

Bronze S 1h

-

Bronze S 2h Bronze S 4h

Bronze S 12h Bronze S 24h

Photo.8 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)
In sea—-water for Bronze.
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SS400 D Oh

SS400 D 2h SS400 D 4h

& '.h-\'

SS400 D 12h SS400 D 24h

Photo.9 Successive observation of damaged surface
according to test time(O, 1, 2, 4, 12, 24 hour)
in distilled—-water for SS400.
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S5400 S 1h

SS400 S 2h SS400 S 4h

SS400 S 12h SS400 S 24h

Photo.10 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)

In sea-water for SS400.
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SUS316L D Oh SUS316L D 1h

SUS316L D 2h SUS316L D 4h

SUS316L D 12h SUS316L D 24h

Photo.11 Successive observation of damaged surface
according to test time(O, 1, 2, 4, 12, 24 hour)
in distilled—-water for SUS316L.
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SUS316L S Oh SUS316L S 1h

SUS316L S 4h

SUS316L S 12h SUS316L S 24h

Photo.12 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)
in sea-water for SUS316L.
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DL D Oh DL D 1h

DL D 2Zh DL D 4h

DL D 12h DL D 24h

Photo.13 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)
in distilled—-water for Duratough DL.
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DL S 12h DL S 24h

Photo.14 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)

In sea-water for Duratough DL.
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CL D Oh CL D 1h

CL D 2h CL D 4h

CL D 12h CL D 24h

Photo.15 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)

in distilled-water for Ceramalloy CL.
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CL S Oh CL S 1h

CL S 2h CL S 4h

CL S 12h CL S 24h

Photo.16 Successive observation of damaged surface
according to test time(0, 1, 2, 4, 12, 24 hour)

in sea-water for Ceramalloy CL.
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(a) 0.5mm (b) Imm

(c) 1.5mm (d) 2mm

Photo.17 Successive observation of the damaged surfaces
according to space of 0.5, 1, 1.5 and 2mm
in sea-water for Ceramalloy CL, and testing time

of 6hours.
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Distilled—-water Sea—-water

Cast iron Cast iron

Photo.18 SEM for cavitation—erosion surface of each

materials in distilled—-water and sea-water.
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Cast iron Cast iron

Photo.19 SEM for cavitation—erosion surface according to
standard test and modified test in distilled-water
for Bronze, SS400 and Cast iron.
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(c) 1.5mm (d) 2mm

Photo.20 SEM for cavitation—erosion surface according to
space of 0.5, 1, 1.5 and 2mm 1in sea—-water for

Ceramalloy CL, testing time of 6 hours.
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