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Three =teinless steel wear ramples, with surfacaes pitted from ewpocure
26 a cavyitation 7ield, were testad with a ovofllometer o determine ite profilac
of the nits. These Lesis wers conceived #nd supervised by ¥r. V. F. Cramer.
They were eonducted ueing eguipment very kindly loaned by Mic‘omauri al Mfz., o
of Ana Arbor, with the assistance of their Mr. Charles Cood.

A profilimeler i3 & mechanical-eiectric instrvment which provides ¢
arermanent magnified chewt wecord of the helght, shane, and spacing of gurface
irvegularities., Tha pit profiles were iraced by using a 9.001 {ach diametsr
Meamond stylus which iz capabie of detectiny surface ir:egul&riciac of less
thaa a millionth of an iloch. For our purposes, the lastrument was llmiied Lo

&

these pits vhich weve either large encugh for the 1 mil dlaveter niyles to £l
into ar were shallow enough to sccozmodaie tha hewlcpherical stylus tlp., Fooe
tunately, all pits tested were wery shallew and most of the pitscgyeatee ghen
1/2 nll in diemeter ylelded weaningful traces.

The profiloweter trvacings were compared with high EagnL&«c&tiQ?

shotographs of the surfaces tested to aid in meking an esiimete of the oversl:

”

B

shapes cf the pits lavolved. 1In most esses, only 2 or 3 sweeps uzre traced

acress each pit and the photographic informstion was very helpful.

1. Analvsis Procedure

The proficovder charts traced epproximaiely 30 nits, but in many
cases the information was not useful due to emall pit sizes, inadequats pro-
file information, etc. However, L4 pits ware found whose tveolngs gave weli-
able‘iniormation. Bach of these pits was closel y investigated ead its oversil

shape and volume loss estimated., ¥The 14 pits selected showed a surprising

similgrity and severel generaliﬁieé could be made.



& typical pit may be considered ¢ consict of two parts - a "pit"
and & "vidge." A vertically exaggerated shetch of a "typical” pit is given

balow:
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The followlnz quantities are defimed:

D = Avezage pit diametér
d = Average ridge wiéi:h
By = Meximum pit depi:h
hy, = Meximun ridge height
By, = Average pit depth
h,, = Average ridge height
The quantities (D, &, Hp, Huyy, by, b,,) vere estimated snd tabu-

lated for sach of the 14 pits used.

' It should be noted that the pit diameter, D, differs from the appa:-

ent averaga pit diamater (Dp) as seen visually or photogra?hically. DP’ the

observed diameter, is measured from ziége pesk to ridge peak.
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III.

gbservations

A.

B.

C.

D.

F.

G.

H.

411 pits abserved we'r? very shallow; H == (1/13)D.

Ridges account for 2 large emount of the volume lost at the

pit.....Between ~ 10-50%.

Average it depth = 2/3 x Mawimum pifz depth; H,, = (Z/B)Hm.
Many pits are circulsr and many are heart-shaped.

The ridges generally extend only;A'llz wey avound the holes,

For a given surface ares, the ridges occur on the seme sides

- of the pita; about 90% of the chserved ridges cccur on the

dowmstrezm side of the plts; the 10% which occur on the up~

stream slde are relatively small ridges.

Pit ‘shapas éppear to be relastively uniform, wheresze ridge

gshapes appear to be quite random.

Photographs previde the best method for estimating the average
pit diameters but sre useiecs for estimating pit depths or
ridge heights., @ften, what appears to be a deep pi% photo-

graphically turas out to be very shallow, and vice versa.



iv.

eso s o

Caleculagions

Volume of pit = —— X Hey

Hy~ 1/13 D; Hy, ~ 2/3 By

Volume of pit = (2/3)(L/13 u)(.?!..gﬁ

: 3
Volume of pit = 1;)3-

Where D is the eaverage pit diameter

(Avarage ridge thickness, da= 0,56 D)

({ )
(Maximum ridge helght, b, = 0.54 Hy )} Conclusions from profilometer
{ )} charts

(Average ridge height, h,, = 1/3 b, )

Ridge volume, VR = Clrcumference x Average cvoss-sectional areas n 1/2

S8ince ridges only extend sbout half way around.
Vg = (W"DP) x (0.56 D x 1/3 x 0.5 x D/13) x 1/2

| 2
Volume of ridge,_._, 7 D Dp
260

D 5/4 D (From profilometer traces)

b
~ D3
YR * 708

Total wt. loss per pit = V 22 ‘77'03(1178 - 1/208)

pit ~ VRidge

Total wt. loss per pit = 0.008 7p3

~ (1/176) . q.

Ridges account for ~ 3/8 of the pit volume loes.



o

In terms of the apparent pit diasmeter, Dp eeees
Volume loss per pit = 0.0087D3 = 0.008 7 (4/5 D,

For n pits occurring on 2 surface:

n
3 3
Total wt. loss = o x 0.0087(4/5) . ;%“’9)1
whexe © = density of the metal.

Pregently, only the pits on the polished surfaces of the metal samples
have been weasured, counted, ete. anéver, weight 1is alac lost from the non-
polished au:face areas which project into the cavitating region. One possible
solution would be to assume the weight lose (per uniﬁ arca) from both surfacas
to be equal. Unfortunately, this appears to be a pooé agsumption since the
polished surfaces themselves exhibit great variations in the pitting tendency
along the various regions of & given surface. We have no assurance that the
pitting rate of an unpolibheé surface is aimilar to that of & polished sur-
face on the same specimen. Yha polished au:face:constitutes only 15% of the
total area exposed to cavitation.

A much better, but less comprehensive aﬁsumptiun would be that the
races of piﬁiing of the two surfeces are directly proportionsl to each other.
For example, if the weight loss from the polished surface 'is doubled, the
weight loss from theisidea would aléc be doubled.

Por n pits occurring on the polished surface.....

n
Total weight loss of the sample = k g (DP)i

Wheresfbp)i is the apparent diameter of the ith pit

k ie a constant for & given material and cavitation field.



It would be nearly impossible to tabulate the average D for each
gh: over the entire polished surface of a sample and compute ig(l)p)i ’

since in most cases there are hundreds of pits and each is unique. The fol-

loving method of analysis 18 suggested:: Consider the spectrum of pits to Ee

caparated into 3 major divisions v ."Small"pits, "Large" pits, and "Very

Large" pits with the following definitions:

(0.3 mils < Small pits < 1.5 mils )
« )
(1.5 mils < Large pits < 3.0mils )

( pi)
(3.0 mils < Very Large pite < 10 mils)

The pits smeller than 0.3 mils are considerad negligible for the
congideration of weight loww, altﬁough there usually are thousands of them.

Fo pits larger than 10 mils have been observed to the present.

3
(Dph = CjA + C3B + C4C

Where A = Number of small pits
B = Nmber of large pits

C = Number of very large pits

Ci, €y, and C3 are unvarying constants for a given materisl and

represent the averege B*p3

(See Appendix pp 11-12),. s €y =~ 0.455
| & = 11.5

C3 =~ 238
The equation becomes.....

e ’
= (np){" 5= 0.455 A + 11.5 B + 238 C
i=

of the regions involved. From photographic evidence

2n
<



1f e given region contains less than ~~ 10 pits, the statistics of
n

the method become poor and n;gifbp)iB for that reglon should be calculated

termrise.

_Example A: Consider a typlcal surface with the following data:
20 Large pits
150 Small pits
1-6,5 mil »it

'1-7.0 mil pit

= (Dp);> = (0.455)(150) + 11.5(20) + (6.5)° + (7.0)°
= 68,3 + 2304275 +343

= 916.3

In the ezarple above, which may be considered typicai.....the two
"very large" pits accounted for 687% of the weight loss; the "large" pits
represent 25%; and the "small" pits only 7% of the total. All of the pits less
than 0.3 mils {in diaweter can be shown to have a negligible effect. Assuming

a (DP)§v3 of ~6 % 10°% mi1s3 for this region, over 300,000 pits would be

needed to cause a 10% change in the weight loss.

Example B: Consider s sample with the following data:
230 Small pits

67 Large pits

20 Very Lerge pits

'n

;(np)f = 0.455(230) + 11.5(67) + 238(20)
= 104 + 771 + 4760
= 5635
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In thia case the weight distribution was:
84.47 Very Lsrge pits
13.7% Lérge pits

'1,.9% Small pits

Again, the pits smaller than 0.3 mils are negligible with regard
to weight loss -~ Over 1 million pite in this region would be needed to alter
the total weight loss by 7%.

The general equation for the total weight loss of a sample is:

n
W= k2T (D)% = k(0.455 A + 11.5 B + 238 ©)

The only unknown in this equation is k, which may be estimated in
three different ways:

1. Comparison with direct weighing results

2. Observation of pitting behavior on the cample sides

3. Comparison with radioactive test resuits (Standard solution, etc.)

As a first spproximstion of k, the assumption of equal pltting rates

on both surfaces may be used.

=
i

% 0.008 7 (4/5)° 1& @)% = (1/0.15)
_ >

W= 0.086 0 Fr >

n 3
_ .3 3 .3 _ /1 inch .39 gemd
W= 0.086 x 7.86 gm/cm 1_21' (Dp), mils x(lm x %.5-
W= L.11 x 10" (0.455 A + 11.5 B + 238 c) grems

The weight loss predicted by this‘equation is probably low. A large

part of the pitting occurs on the edges of the samples. This pitting is such



that the pit count at the edge would undervate the weight loss. At many
places on the edge, the érea is so heavily pitted that the entire edge is
worn dowm.....Also in many instances the corners are battered to the extent
that the depths of the pits are verf large compared to that of fhe typlical
shallow pit for which tﬁis correlation was derived. = For any degree of accur-
acy, one of the thiee méthods of estimating k (listed on page 8) should be

used.

V. _Symmary

From profilometer traces and photographic evidence, the geometry of
a typical cavitation pit has been postulated and several methods of estimating
the sample weight loss 3ﬁggested. With our present information, oﬁly a rough
approximaiion can be mede. Three methods of improving the weight loss equa~
tion are listed: Compafison with direct weighing results, oSaarvation of the
pltting behavior at the sample sides, and comparisonlwith radioactive test
results. All of these methods should probably bg attempted.

The profilometer date was very limited and more profilometer traces
are recommended. These should include mora sweeps across each pit and an ex-
panded horizogtal scale. Also, a recheck of the same pits after additiqnal
cavitation would be desirable to yield information on the development and

growth of pits.



APPENDIX

10.



Fstimstion of Cy

Size range, mils n = § of pits (DP)8V3 n(l)p)av3

0.3-0.4 | 100 0.0430 4.300
0.4-0.5 79 0.0911 7.200
0.5-0.6 61 0.1653  10.20
0.6-0.7 48 0.2750  13.20
0,7-0.8 37 0.622 . 15.60
0.8-0.9 30 0.613 18.40
0.9-1.0 25 0.857 21,40
1.0-1.1 20 1.160 23.20
L1el2 16 1.52 2,32
1,2-1.3 12 1.95 23.40
1314 | 9 2.46 22.14
1.4-1.5 6 3.04 18,24
0= 43 Zu(n)iv = + 201.6

Pplay? = ( = aop’ ) - 2016

Zn 443

3. 3
(Dp) gy~ = 0.455 mils

ROOT MEAN CUBE = 0.77 mils

¢, % 0.455 wilsd



Estimation of Cz and Cs

Size range, mila n = # of pits (Dp)avs :1(Dp)w3

1.5-2.0 100 - 5.36 500.4

2,0-2.5 _ 88 11.40 1003.0

2.5-3.0 70 20.80 1457
20 = 25 = n(Dp)3 = 2960.4

Oay® = —=—0Bd = 20604 =115
= 258

C2 ™= 11.5.44,,,00T MEAN CUBZ D, * 2.25 mils

Hetimation of 03:

-In the ealculation of C1 and C, the zoot mean cube Dp was found
to be slightly less than the atverage diamezer. We will assume the same be-

havior to exist in this regions

' o Sumilg + 10 mils .
For estimation o§ C3...0. Do 2 6.5 mils

Asoume: '(Dp)avsz (6.2 m113)3 ~ 238

03 ~ 238 XXXX] mm mg DP o« 6.2 miISO
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ACCUMULATIVE MDP, MILS

80 I I I | T T 1 T I 1 | T | I

i

A [ 304 SS (2 SAMPLES)

2oL ©-316 SS
O- Ta-8W-2Hf
- M- Cb-1zr ]
64 304 SS
304 SS
56 |- A 5 HOUR
EXPOSURE
i o
48}
- /\ f
. 304 SS
40} o 4 HOUR
A EXPOSURE
32}

304 SS  Ta-8W-2Hf
2 HOUR  BEFORE
EXPOSURE  EXPOSURE

304 SS Ta-8W-2Hf
BEFORE 12 HOUR
EXPOSURE. EXPOSURE

sl )

:

i

TIME , HOURS

FIGURE 1. CAVITATION IN LEAD-BISMUTH AT 1500° F
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