
sensitive to a corrosive environment may be understood b y 
supposing that a stationary specimen of such a material undergoes 
some chemical attack in the noncavitating interval. Even 
though the loss of material under such conditions is quite small, 
the rate of material loss can be increased during the initial portion 
of the cavitating interval. Under steady cavitation conditions 
the surface material is being removed so rapidly that there is not 
sufficient time for appreciable corrosive weakening of the surface. 

Some measurements have been made to determine the magni-
tude of noncavitating erosion rates. The specimens used were 
made of 4340 steel and they were exposed to salt solution. The 
rate of weight loss was measured by oscillating the specimens at a 
steady amplitude below the threshold amplitude for cavitation. 
The data are shown in Fig. 12. The point at zero amplitude 
gives the rate of material loss in a specimen at rest immersed in 
salt solution to the average depth used in all the oscillation 
experiments. It is of interest that the rate of weight loss is a 
linear function of amplitude. Since the oscillations are harmonic, 
this result means that the erosion rate is a linear function also of 
velocity or of acceleration. As is shown in the figure, the rate of 
weight loss changes to a much steeper linear function beyond the 
cavitation threshold. The voltage scale used in Fig. 12 is 
directly proportional to the oscillation amplitude (1 volt = 6.3 
X 10~J in.) and is used.since the amplitude is conveniently 
measured by the alternating voltage generated in a pickup coil 
around the oscillating driver for the specimen. One might 
suppose that the noncavitating, low-amplitude, rate of weight 
loss could be extrapolated to high amplitudes. If this linear 
extrapolation is made, one finds a noncavitating erosion correction 
which while still small is not negligible. One m a y roughly 
predict whether a material will show a large rise in cavitation 
weight loss with pulsed cavitation as compared with stead}' 
cavitation b y examining its noncavitating erosion behavior. On 
tliis basis the pulsed effect with 4340 steel specimens should be 
very large in salt solution and much less in distilled water. Fig. 
13 does indeed show that the low amplitude noncavitating erosion 
of 4340 steel in distilled water is small. 
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D I S C U S S I O N 
R. S. Sproule 2 

The drop mentioned b y the author in damage rate in pulsed 
cavitation, compared with steady cavitation in distilled water 
buffered to p H 8, could be explained b y assuming an error in 
calculating the equivalent steady cavitation damage time, in 
summing up the pulses shown in Fig. 3. Possibly all of the 
dashed lines in Figs. 4 and 5 should be displaced counterclock-
wise. The author is requested to comment on this possibility. 

Author's Closure 
I cannot accept the suggestion that the drop in damage rate 

with pulsed cavitation in buffered water is due to inaccuracy in 
the evaluation of the pulse interval. This decrease in damage 
rate in going from steady cavitation to pulsed cavitation in buf-
fered water with mild steel and with 4340 steel exceeds any such 
error b y a very large factor. The calibration of the pulse interval 
is actually a straightforward matter, the details of which are given 
in the paper and somewhat more extensively in reference [3 ]. In 
addition we have direct experimental verification of the value of 
the pulse interval from our experiment with steady and pulsed 
cavitation in mild steel with liquid toluene as the cavitating liquid. 
Fig. 8 shows that the pulsed and steady cavitation are very closely 
equivalent when they are compared in an environment which is 
chemically inert. Further evidence of the same kind is given in 
Figs. 9, 10, and 11. In Fig. 9 cavitation damage measurements 
are shown for 4340 steel and for 17-7 P H stainless steel for a range 
of cavitation conditions from continuous cavitation to pulsed 
cavitation including C ' / « • I t is gratifying that a corrosion 
resistant material like the stainless steel shows essentially the 
same rate of cavitation damage weight loss for continuous cavita-
tion, C, for pulsed cavitation, C V20, and for pulsed cavitation, 
C W The same constancy in damage rate in corrosion resistant 
materials is shown in salt solution in Fig. 10. If the value of the 
pulse interval were too low, and b y an amount necessary to raise 
the pulsed weight loss in buffered water to the steady value, 
then the pulsed cavitation damage rates would show a marked rise 
in these corrosion resistant materials as the pulse interval was in-
creased. In conclusion, let me say that I believe that the de-
crease in damage rate in going from steady to pulsed cavitation 
with mild steel and 4340 steel in buffered water is a very real 
effect. 

2 Manager, Hydraulic Power, Dominion Engineering Co., Ltd., 
Montreal, Que.. Canada. Mem. ASME. 
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