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C ATIO! S T _OF EROS

Cavities form when the local pressure of a liquid is reduced below the vapor
pressure. These cavities,after growing,collapse by moving to zones of higher
pressure or undergeing a local pressure rise. The collapse of the vapor cavities
causes waves of very high intersity pressure :}iﬁ?i;n damage structural material
by compression fatigue.

The erosion is not uniform microscopically.This is because the damage
of individual pressure waves is function of the distance from the collapse point
to the surface of the solid.

To measure cavitation damageg the specimens were weighed after certain

increments of time and the MDPR (Mean Depth of Penetration Rate) was found and

plotted as a function of the Total (Cumulative) Time. MDPR is calculated from :

MDPR = ?At

Where : W = cumulative weight loss (milligrams)

5‘) = density of specimen (gfyggbzchor) (g/ccy

t = cumulative time (hr)
Az fea (Cin*)
The units of MDPR is (mils/hr).This method has been followed for the Venturi and

vibratory systems.






VIBRATORY SYSTEM

DESCRIPTION

e system is shown in Fig.l.It consists of an oil bath,a vessel,a Titanium horn,and a power
pply.The horn is attached to a crystal vibrating with a maximun amplitude of 3,0 mils,
essure can be applied en the vessel by compressed air,The specimen is applied on top of

e horn,

The reduction of pressure,for cavitation ,is obtained by vibrations transmitted
 the horn by the plezoelectric crystal,The high acceleration obtained produces regions
high and low pressure which cause the bubbles,existing in rough surfaces,to grow and
llapse in zones of high pressure.The collapse produces very high pressures at the center
~ the bubble which lead to high intensity waves (because of acceleration),that damage
e material,

RESULTS AND CONCLUSIONS

total of 18 tests were done on different materials,under different conditions,
(O
CAST IRON #2 & #5 : 200°F,19,5 PSI, 1,78 mils,
C,S, 1018 #4 & #6 : 200 F,26,2 PSI, 1,38 mils,
#5 & #9 : 200 F,26.2 PSI, 1,78 mils
#11 & #14: 80 F, 1,0 ATM, 1,78 mils
S.S. 316 #10 & #15:200 F,26,2 PSI, 1,78 mils
#5 & #8 : 160 F,19.5 PSI ,1.78 mils
#6 & #7 : 160 F,19,5 PSI, 1,38 mils
#9 & #11: 80 F, 1,0 ATM, 1.78 mils
#13 & #14: 80 F, 1,0 ATM, 2,00 mils

n the following pages the graphs and calculations (done by Mr,J.He) are included,






onclusions : CAST IRON , Cast Iron shows a rapid increase in the MDPR in the first hour
of test,This i1s observed for both specimens,a®it suggests it
cannot be a simple error in the experiment ,It is probably due
to the structure of Cast Iron,

C,S, 1018 , The si:issharp and rapid increase in the MDPR is also seen in
C.S. L]
Comparing the results of specimens #4 & #6 (200 ¥,26,2 PSI, 1,38 mils
with the results of specimens #5 & #9 (200 F, 26.2 PSI, 1.78 mils),
is clear that .there is a sharp increase in weight loss,and in
MDPR (both Max, & Avg,) when the amplitude is raised from 1,38 mils
to 1,78 wils, (the increase in MDPR Avg, is +78%).This suggests
that the MDPR is a function of the amplitude,

S.S, 316 ., Comparing the results of #5 & 8 (160 F, 19,5 PSI, 1,78 mils) and
#6 & 7 (160 ¥, 19,5 PSI, 1,38 mils) we can see,from the graphs
that there is a sharp increase in weight loss and MDPR Max, and
Avg.,when the amplitude is increased,(the increase in MDPR Avg,
is +164,16%).As in case of the C,S, 1018 the MDPR is a function
of amplitude as a function of amplitude is also the weight loss,
The relation between MDPR and amplitude is :

X To calculate x more tests
Max MDPRKA should be done,

The conclusions on the previous specimens also apply in the case
of specimens #9 & 11 (80 F, 1 ATM,, 1,78 mils ) and specimens
#13 & 14 (80 F, 1 ATM,, 2.0 mils),Both the MDPR and the weight
loss increase increasing the amplitude,

Comparing S.S, 316 #5 & 8 (160 F, 19.5 PSI, 1,78 mils) with

Cast Iron #2 & 5 (160 F, 19,5 PSI, 1.78 mils) is evident that in
S.S. 316 both the MDPR aid the weight loss are lower than ip
Cast Iron, suggesting that Stainless Steel is less subject to
cavitation than Cast Iron,

The same is true,and more evident,when S,S, 316 #10 & 15 (200 F,
26,2 pSI, 1,78 mils) is compared to C,S, 1018 #5 & 9 (200 F,
26,2 pS1I, 1,78 mils),

From all the plot and date.  regarding MDPR vs, time,it appears that the rate is low in
the first part of the test,probably because the surface of the sample is smooth;

after a certain amount of time (and damage has occured) the rate is high because of the
rough surface and the large number of bubble growth centers present.,After a long time
the retd decreases because more damage does not change the roughness of the surface,
This is probably due to the fact that for the formation of a bubble, is required a
nucleus,aud nuclei are available in small numbers at the beginning of the test,and at
the end the numberzof nucleation pointsremains constant,
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BORN:,

1

MATERIAL DAMAGE Sheicld
MATERIAL: S5 26

AMPLITUDE: A IR wuln ST /Q_rz/u

WATEKX: Y:»lg,r‘x\A"\mo.\'c-'L .

TEMPERATURE:

IOCFE

PRESSURE: \ hap -—ﬂ\-am e el

NUMBER:.
APPROX. DATE: /2 ‘e /9

. ai.a/cu?
N

TAY
L)E it

—%k 4

DENSITY:
AREA:

O 225

LN

TORQUE: - M.D.P. FACTOR- 1 =0.0523%
PRE-RUN: .
COMMENTS: / ,
e =) MBPR = C - WL wy
‘ A T (k)
f- |
I'P_ = 1‘8‘3 \Aow
L MDPR, a7 00230 alo/be
\)/d Lhate” M D‘thVb—: 0.\ -)M.;Q’J/kx
/‘/1‘, /\//(n;,x i
DATA
TIME CUMULATIVE | WEIGHT |CUM. WT,.{ M. D. P. M.D P R,
INTERVAL | TIME LOSS LOSS ails /)
Hk‘w') . Mo . % a °
_© ) o o <
) o . - } . eIV |
e ¢ 0.0000 [ Q.0cod b Qe
?( (X 0. o«\(."cwij(pv 0.0c0B2 m%{%
oo 120 0.co0R85 | 0100367 Q.08%
o 20 E.ocuse | 0.00232 0.1 49
Lo 2060 C.condt 1 o0V™A7 Q.13
Lo 200 .00 253 | 0, 0200 0,270
b Y c.eo V7 .07 Q097
e AL o.coae 1o.02727 Qa4







MATERIAL DAMAGE

p—

HORN:_ Y
AMPLITUDE: “ek 15 o 7% uily

MATERIAL:_55-2\[
NUMBER: = 9

. / (',’ S"’Q AMby -
WATEK: ool wolern S 7wk ) APPROX. DATE: é;/ 9 Yo 6/ \6
TEMPERATURE: _%9¢° DENSITY: {o = 7.4) ‘3/@&
PRESSURE: C‘}\x'exL Gemnd? ) oz AREA: O, 225 wx
TORQUE: - M. D. P. FA CTOR' C’ = Qf(\ %2%?) VngQA/&
PRE-RUN: - |
MOPRuax = 0156 alofhn
COMMENTS: MDPR v, = 0.0973 2 jln
T.P.=1.95 mw howes
‘l) {/,*/ ::J“w’-"; [ ol
P M lesse
DATA
TIME CUMULATIVE | WEIGHT {CUM. WT.| M.D, P. M. D, P. R,
INTERVAL TIME LOSS LOSS
. . . . ,\M..Qa/ \'»’2.
oA . AWM o a %
)y O O O @)
e L o.ceous 0. 000US C.028
A CO 0.000 L9 000044 0,032
LD \Q 0 0.00208 1 0.00%03 C. 069
GO \20 C.00 %y 10.00619 Ou\oz‘;_
e 20u0 .00 0Dt C:0lo028 O\ D2
(o 2,00 c.00 15 1lo.cl500 056
(-0 Ao 0.00D40 {1 C.0138,0 O 1%
e 420 Q.00z2us 1002025 0.0%£0
9
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MATERIAL DAMAGE SHEET

J)RN:, __TTo MATERIAL. _S$S -2\4
APLITUDE:{&\‘:\C{,S’ oz}Q.eom;Qo_ NUMBER: jlc},: v
ATER:___Faeoh woken . APPROX. DATE: L[\ Yo /20
“MPERATURE: _20°F DENSITY: 1?: 191 9 Jouw®
\ ESSURE: 0\5'2*5 \)meQ, \ Bon AREA: Q235 M
RQUE: - M. D. P. FACTOR:_EMM_&%_
E-RUN:
MMENTS: MDPQHAN = 0.\147 A,W;QQ/L—;_

MBPR pye. = 0.1au mile/ha

< .. = gL 1G
VS k2

AN .
DATA

AE CUMULATIVE| WEIGHT |CUM. WT,.{ M. D, P. M.D P _R.
.'EBVAL TIME LOSS LOS N*':QV ha |
AA AL MAand %" ‘Q“
QO O 0 O 0
¢ >0 0.0000L ©.0000( ’ 0.0Q%
50 [2%e 0.000%29 Q.00084 Q.0 S 3
Q. 120 0.003556 0.0065) 0,132
O \BC 0.00466% Q.01 0\S2
O 240 0.00 341 Or.0\505 O.)2 &

200 £.00L20 0.01925 0.\38 )
O BHio Q005 2T ©.02460 OV 4
o 42o Q. 00600 i 0.0%060 0. 1977







MATERIAL DAMAGE SHEET

DRN: 31 MATERIALL D, =26
APLITUDE: 2.C W.QA(Q@F 1.5 )_ NUMBER: 14

ATER: ..\ volen . APPROX. DATE: (/232
“MPERATURE: _20° DENSITY: L9419 Jow®

AREA: Q. 225 Cut

'ESSURE: \ Ln c%,»w wo oD

)RQUE: - - M.D.P. FACTOR:C=0.0 3223
. E-RUN: —
MMENTS: ToPo = bbb Qa/
MDPR g = 0,20 A >/ k-
MDPR = 0.115 pebs/be
0/) oalor
(/\»/ y, Messor
DATA
AE CUMULATIVE | WEIGHT |{CUM. WT.| M.D.P. M.D.P.R.,
"ERVAL TIME LOSS LOSS N
SMiw . Mow . o(&’ ‘Q . Jo D |
Ne! O Q O &)
A O 30 Q. CCOED 0.00050 Q.02
¢ Q. 000715 0.001 25 0.049
Ge 120 0.0Q07C0 0.00925 0.230
o o) Q00226 | 01209 0.12¢
e 2 4O 0.Co716 0:0192 5 0,235
(o 200 Q.0052% 0.0251 Q 0.192
LC 260 0.005% |0.02040 0.190
L L2 C 0.0Ced 1 0.0%724 0.2:04
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MATERIAL DAMAGE SHEET
AN

IN: T MATERIAL.__ S5S 3/&
PLITUDE: 4 75 )ﬂ//—g NUMBER: #/ O
TEK: | APPROX. DATE: __ 6/2 /50
UPERATURE: ___ >7?° F DENSITY:
ZSSURE: z6, 2 /7 S/ A AREA:
{QUE: _ M.D.P. FACTOR:_S=007233 .50
Z-RUN: . Ay
AMENTS: 109 R})W: 0158 miky
MOPQ Ao = 0112 7,.:{7‘;{;-
lh./%;e -
F..vx,/{(o\”.-
K Flgw
DATA
E CUMULATIVE | WEIGHT {cuM. WT.| M. D. P. M.D. 2. R.
“RVAL | TIME LOSS LOSS
P | " Vi
7 & 2,.77° Lov
Vs 20 2,75 als 0942
0 4O /, £ 2 >4 0.02%§ |
o /2P 2, 2& & 4o 29204 010 |
% '/00‘0 3/9’?; fé; 0.1009 ;
4 ;Z/JV WA (0,76 2202 1 01279 ?
4 240 2.3¢ (3. 1° 3904 | 0163 .
% 270 ST AL G oo s o0
4 330 3,20 | /¥ 70 e rog
P e
e e [1ih
|







MATERIAL DAMAGE SHEET

N 4 MATERIALL_ = > /€

PLITUDE: L. 78 onl /. NUMBER: # /IS

rEK: APPROX. DATE: &3 e

\PERATURE: __ &2 F DENSITY:

"SSURE: 7 =&, 2 IP S/ 4 AREA: |

QUE: . _ M.D. P, FACTOR:_( =003,

-RUN: | /- yd
)//gu

{IMENTS:

MDP@MAX =Vlcg el

wi

MDP&@ = dhoqw-r"‘{{f
it J.p
OPQ/LW‘CT : N\f H) W )""’w‘\kt
DATA
= CUMULATIVE WEIGHT |CUM. WT,{ M. D, P. M.D, P _R.
"RVAL TIME LOSS LOSS »
/2
7 Vi goo | poP
2 ¢ o 2,77 4,79 0.0/23
J [ O '7/(?( ;c7§/ oy’
% (o0 2. /0 A1 >.(01%
7 /90 //,2/0, ao;/f 0.1l 8X
D 2 20 2./8 /P30 YV PAEX T,
2 >0 0 2.7 11308 0.13 ¢
2 300 (L bo | /U )Euy 0 07 5%
& ;éﬁ 1’2\5/« /7/}0 0.0837
1 AVG
2,367 Lot/
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ACCELERAETER
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Alloy U.T.S.

psi x
10-6

Aluminum
1100-0 11
Aluminum
2024-T-4 60
Cast Iron
(32 ©) 32.5
Carbon Steel
-1018 70
Stainless

Steel-316 81.25

Notes

E
psi x
10-6

10

10.6

15.5

30.0

29.0

Table 1

p
g/cc

2.71

2.77

7.29

7.85

7.91

UR
psi

6.1

180

3464

81.8

114

U.T.S. = Ultimate tensile strength

E

P
UR
BHN

Aluminum properties from Alcoa Structural Handbook, 1960

density
Ultimate Resilience = (UTS)2/2E

Brinell hardness

Elastic modulus

BHN

41

78

184

134

Material Mechanical Properties and
Erosion Data

MDPR
ym/ht

6.48

2.56

0.688

0.181

Normalized
MDPR

36.6

14.0

3.76

1.0

Cast 1iron and carbon steel Properties from ¥ent's Mechanical Engr's

Handbook, 12th ed., Design and Production, 1952.

Stainless Steel-316 - properties measured for ASTM G-2 Cavitation

Round Robin, Materials Research and Standards, Oct. 1970, P- 19,
F. G. Hammitt, et al, ASTI.
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