
Fig. 19 Photomicrograph of metal outlining pit shown in Fig. 18 

Fig. 20 Molten salt pump test 2—cavitation damage 

leading edge and on the leading side of the vanes. Complete 
penetration of the vane occurred, as may be noted by the light, 
spot in the centcr of the large pit. 

Thi' damaged area shown in Fig. 17 was cross sectioned and is 
shown in Fig. 18 at a magnification of ten. The roughened sur-
faces outlining the areas of damage are shown in Fig. 19 at a 
magnification of 100. The damaged areas were similarly located 
in all vanes. Less severely damaged areas similarly located on 
the trailing side of each vane arc shown in Fig. 20. 

Conclus ions 
Performance. The pumps functioned satisfactorily from the 

standpoint of mechanical reliability and hydraulic performance, 
even though each pump was operating in a regime of cavitation 
to the extent specified in Table 1. The damage inflicted by the 
cavitation did not measurably affect hydraulic performance of 
the pumps. 

The impellers from the tests of short duration were damaged to 
a lesser extent, and apparently the pumps were in no danger (if 
failing to produce the head and flow. In the long duration test 
with molten salt, the damage to the impeller had nearly reached a 
stage where the pump performance would have been impaired. 

The results from the experiments reported above represent only 
an initial approach to cavitation damage problems in the regimes 
discussed; consequently, generalizations should not lie drawn 
without carefully considering the need for additional data. 

Metallographic Examinations. The microstl'lictlire of surfaces 
lining the damaged areas was not significantly different from the 
microstructure of underlying areas. Thus il was concluded that 
the surface disturbances associated with the damaged areas did 
not produce melting on a macroscopic scale. Carbide precipi-

tates were distributed in a uniform manner across the specimens 
and, more importantly, out to the edge of the damaged areas. 
This indicates that the chemistry of the metal outlining the 
damaged areas was not significantly altered and that the removal 
of metal components was uniform rather than selective. 
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D I S C U S S I O N 
F . G. H a m m i t t 4 

The authors are to lie congratulated upon this pioneering piece 
of research in the liquid metal pumping field. In the writer's own 
experience, the lack of knowledge as to the probable damage 
effects of cavitation in liquid metal pumping systems has been a 
considerable handicap to the development of opt imum liquid 
metal pumps over the past decade. This uncertainty becomes 
of even greater significance in the space technology field where 
high performance liquid metal pumps and components are be-
coming of prime importance. Hence the present long-term ex-
perimental data are most welcome. 

It appears from the discussion and the pictures that, while the 
damage in the 25,000-hour test is greater than for the shorter 
tests, the increase of damage is less than proportional to the 
time. Is this a correct reading of the data? If so, is it possible 
that a heavily pitted area is sometimes protected, perhaps b y the 
geometry of the surface, from further pitting? In our work at the 
University of Michigan we appear to have noted something like 
this in mercury cavitation damage on a plexiglas venturi. Whereas 
deep pitting (order of ' / ? in.) developed in a few hundred 
hours, it does not seem to have progressed further in an ap-
proximately equal increment of time. 

There has also been a test with eavitating mercury at room 
temperature on a radial-flow centrifugal impeller (about 740 
specific speed in G P M units) of 310 stainless steel in the Uni-
versity of Michigan program. The eavitating condition was such 
that tlic head decrease was about 5 percent from the noncavitating 
condition (about as in Oak Ridge tests). Test conditions were: 
21 G P M , 1500RPM, 27-ft head, 4-ft N P S H , about 55 percent 
design flow. The relative velocity of the mercury in the impeller 
passages was about 7 fps. Is a corresponding approximate 

4 Professor, Department of Nuclear Engineering, University of 
Michigan. Ann Arbor, Mich. Mem. ASME. 
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Fig. 21 Cavitation pitting blade leading edge, suction-side, mercury 
stainless-steel impeller blade, 600-hr test ( 4 X ) 

Fig. 23 Cavitation pitting, rear shroud, mercury stainless-steel impeller, 
600-hr test ( 1 0 X enlargement of section outlined in Fig. 2) 

velocity value available from the Oak Ridge tests? The 
duration of the University of Michigan test was about 700 hr. 

Deep pitting was noted on the low-pressure side of the blades 
near the leading edge (about ' / s in. deep although sectioning has 
not been attempted since the impeller is still in use). This is 
shown in Fig. 21. It is noted that the location is somewhat 
similar to that observed in the Oak Ridge tests. 

Fig. 24 Sectioned view, rear shroud, mercury stainless-steel impeller, 
600-hr test ( 250X ) 

Fig. 25 Sectioned view, rear shroud, mercury stainless-steel impeller, 
600-hr test ( 1000X) 

In addition, a finer pitting was observed on the back shroud in-
ternal surface for all passages, along the low-pressure side of the 
blades, about one-half way out along the radius, indicating a 
probable zone of flow separation. This is shown in the photo-
micrographs presented as Figs. 22 and 23. The presence of a 
single relatively large crater-type pit among numerous small pits 
is noted. It was found from grinding the surface at a similar loca-
tion on another passage that the depth of penetration of the 
general pitting pattern was about 20 mils. A small section of 
metal removed for sectioning at a similar location indicates rela-
tively large cracks in the material below the surface as well as slip 
lines within the grains. This is shown in Figs. 24 and 25. The 
length of the large crack is about 3 mils. 

W. C. Le i th 5 

The authors have made a significant contribution with their 
original and much-needed practical test results on the inception 
and rate of cavitation damage in liquid metals. The usual 
assumption that only the vapor pressure affects the inception of 
cavitation attack is satisfactory for water, but pump experience 
with cryogenic liquids, gasoline, and lubricating oils has con-
firmed the importance of other physical properties, and it appears 
possible to predict the temperature at which the maximum 
cavitation damage occurs in any liquid, based on the viscosity, 
surface tension, and vapor pressure. 

s Senior Research Scientist, Hydronautics, Inc., Rockville, Md. 
Mem. ASME. 
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Authors' Closure 
The authors appreciate the discussers' comments and their 

contributions on the subject of cavitation. W e trust that Pro-
fessor Hammitt 's conclusion, that the increase in damage from 
cavitation is less than proportional to time, is correct; however, 
we believe more data are required to substantiate the conclusion. 
His explanation of this conclusion is well taken, and it deserves 
consideration for investigation. With regard to relative veloci-

ties, our velocities were 53.1 and 37.7 f t / sec with the sodium 
and molten salt impellers, respectively. These are shown in 
Figs. 5 and 6 and in Table 1. 

Mr. Leith's comment regarding the importance of physical 
properties other than vapor pressure on inception and rate of 
cavitation damage is noteworthy. The authors hope that more 
information on this matter will be forthcoming in the near future 
from other investigators. 
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