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INTRODUCTION

Cavitation in its broadest sense is the formation of vapor
or gas filled cavities in liquids by mechanical forces. In en-
gineering, the term cavitation is used to describe the formation
of vapor filled cavities in the interior or on the solid bound-
aries of vaporizable liquids when the pressure is reduced 1o a
critical value without a change in the ambient temperature.

This report deals with cavitation in a vibratory system in
which the liquid is water which is static. Two types of materials
are analyzed, these are: 1100°Al and cast iron (3% carbon).

The effects of cavitation on these materials are analyzed and a
description of the testing facility explained.

PROCEDURE

The testing procedure is as follows. A test specimen is
first cleaned of any impurities using isopropyl alcohol, then
dried and weighed. The specimen is thén ready to be placed on
the vibratory system. A schematic of this is shown in fig. 1.
The~is threaded onto the horn. and'the assembly placed into the
#€st fluid, which is a- water bath Phe vessel top plate is bolted
ontc the bottom plate securely The water temperature 1s kept at
a desired temperature;.either- 80 o or 160°F in the case of the
test specimens being: analyzed here “This accomplished by plac-
ing the water bath. 1n$ide a 0il’bath; since oil has a high heat
capacity. The o0il temperdture.-is malntalned uniform by mixing
1t with an agitator.

The next step is to set:thHe 'pressure which is to be used
with the correspondlng temperature. This is accomplished using
the pressure that is supplied through a valve connected to the
water tank. 1In this way the pressure is held constant over the
water. Both the temperature and pressure being used can be
measured from thelr corresponding meters. Thermocouples are
used and appropriately placed and attached to the temperature
meter. The temperature meter has a specific calibration for
reading the temperature of the water and o0il bath.

The appropriate amplitude of vibration is chosen through
the use of the power supply. The power supply is also calibra-
ted for various dial settings ranging from O to 80 in increas-
order of magnitude of vibration amplitude. For example, a dial
setting of 15 corresponds to an amplitude of vibration of 1.78
mils.

The panel switch is then placed in the on position and the
vibratory system is in the operation mode. The switch is then
placed in the off position after the time interval for the first
run is completed. The time interval for different materials
varies. For example, aluminum was run at 1 minute intervals
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up to 3 minutes, while cast iron specimens were run at time in-
tervals of 30 to 60 minutes. The reasoning behind this is that
aluminum 1s eroded away gquicker than 1s a much harder material
such as cast iron at the same temperature, pressure, and ampli-
tude setting. The test specimen is then removed from the horn,
cleaned, dried and weighed in order to determine the weight loss
incurred. This completes one run and the entire process 1is re-
peated and the recorded.

With this data, graphs of Average Depth of Penetration vs.
Cumulative Time and Cumulative Weight Loss vs. Cumulative Time
can be made and the results interpreted.

The entire process discussed above is done with two test
specimens of the same material. For the materials which are
included in this report, two specimens of 1100 Al and two of
cast iron were each tested at a dial setting of 15 (1.78 mils),
a pressure of 19.5 psia, and a water temperature of 160°F.
Also two specimens of 1100 Al were tested at a dial setting of
8 (1.38 mils), a pressure of 1 atmosphere, and a water tempera
ture of 80°F. This is shown on the Material Damage Sheets at
the end of this report.

DISCUSSION AND CONCLUSION

There were only two major problems incurred throughout the
runs that were made. The first dealt with the water bath thermo-
couples. The connection was broken and the temperature of the
water could not be read. This was repaired immediately and
the runs were continued with no loss in time. The second pro#ﬁzwk
was that the power supply which controlled the level of the
amplitudes was intermittent, it would go off and on during the
runs. This also was due to a faulty connection in the cable.

The power supply was still functionable, however the cable had
to be maneuvered into position by hand in order to keep the sys-
tem operating.

The calculations for the Average MDPR were made by use of
the equation:

Avg. MDPR = Cumulative Wt. Loss

Cumulative Time

X C,where

Cumulative Wt. Loss is in mg
Cumulative Time is in hours

C is in mils/mg

and Avg. MDPR is in mils/hr.

It can readily be seen that 1100 Al has a larger Avg. MDPR
as compared with cast iron at the same amplitude setting,
pressure and temperature. This is due to the fact that 1100 Al
is not as hard as cast iron. The Brinell Hardness number for
1100 Al is 41 while for cast iron it is 184.
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It can also be seen from the graphs of Cumulative Wt. Loss vs.
Cumulative Time that cast iron has a smaller cumulative weight loss as
compared to 1100 Al., This again can be attributed to the fact that 1100 Al
is a softer material. o

One additional remark concerning the graph of Avg. MDPR vs. Cumulative
Time for cast iron on specimen #5 is that 2 peaks are observed. This can
possibly be attributed to an inaccuracy in the reading of the weight loss
for this specimen

Although this report contains no data on the effect of temperature on
the erosion of a material due to cavitation when amplitude and pressure are
held constant, it was cbserved from other students graphs that an increase
in temperature with 21l other parameters held constant led to an increase
in the Avg. MDPK and Cumulative Wt. Loss.

In summation, the data turned out well with results that were consis-
tent throughout.
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MATERIAL DAMAGE 132 ET

IORN: __ T« MATERIAL:_ AL WOO-©
MPLITUDE: Le 38 o _ NUMBER: ¥ 4
/ATER:______ &P APPROX. DATE:__MAY 80
'EMPERATURE: D0°F DENSITY: 2. 69 7 /C/'“g
. - y
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. MATERIAL "MAGE SBEET - e
BORN: _ T« o MATERIAL. AL 1100 o
AMPLITUDE: /. 38 priid _ NUMBER: 7 ]
WATER: T AP APPROX. DATE:_ /WAy 22
— 2470 5
TEMPERATURE: __9D°F DENSITY: A
PRESSURE: 1 bor AREA: F 2HB g . .
' o
TORQUE: _ M.D.P. FACTOR: - .0%/%= e
PRE-RUN:_ - . -
COMMENTS: Do\ 3&.{"\’ w\)a = 8 ce 0 Yo
j’? = ,'é Ty =
Dty Nacemb
DATA
TIME CUMULATIVE | WEIGHT {CUM. WT.| M.D.P. M.D_ P R.
NTERVAL TIME 1LOSS 1.OSS 7
] ALl o ?’ : /m?" 41
o oo w3 O o .
e Yz A xal | _4.5°%
7z / , 58 .29 toh 5,433
[ /e .09 5,08 V- | =25
V. bl .19, 27 ] | 3.594
? = 3 J.%2¢ ) 3475
/ xi 62 z2.53 - | 2.4
7 3 &2 2.35 ¢ 1 2.677
Z :‘? 1«50 ¥.85 4 . ¢ “1 3.8@2.
3 \{Q .‘.lg-’ l (u37 ! .3“,?‘&
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MATERIAL DAMAGE SBHEET
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MATERIAL DAMAGE SHEET

N:. T MATERIAL. ___ AL 100D
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MATERIAL DAMAGE SHEET
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MATERIAL DAMAGE SHEET
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