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INVESTIGATION OF CAVITATION DAMAGE OF A MECHANICAL 
PUMP IMPELLER I N  HIGH TEMPERATURE POTASSIUM 

by 

R . S .  Kulp and J .  V .  Altieri 

I.  ABSTRACT 

This is the second and final quarterly progress report prepared under NASA Contract NAS3-6468 
and covers the period March 1, 1965 to July 2, 1965. This contract was terminated as of July 2, 
1965, due to closing of CANEL by the Atomic Energy Commission. This report and Quarterly 
Progress Report No. 1 (NASA CR- 54383) completely describe all work accomplished during this 
program. 

During this quarter water calibration of the RI-7B3 impeller has been completed. The results 
check closely with data obtained from the RI-7A3 impeller tests. 

Design work on the KP-1 turbopump and the Liquid Metal Pump Test Stand has been completed. 
Fabrication of parts for the turbopump has been completed, and the pump has been assembled. 

A water test of the turbopump in the Liquid Metal Pump Test Stand has been completed. Radial 
forces on the impeller have been determined to exist and their magnitude calculated. A two 
hour acrylic lacquer test run has been completed. 

II. PROGRESS DURING THE QUARTER 

The results of the RI-7A3 acrylic lacquer tests in water were discussed at NASA-Lewis Research 
Lenrer witn NHSA personnel on March l o ,  lYb3.  At that meeting YlGWA suggested a water test be 
run in the Liquid Metal Pump Test Stand. The purpose of this w a t e r  test would be to evaluate the 
stand inlet conditions and to determine if radial side loads existed on the impeller in cavitation. 
The KP- 1 turbopump required minor changes to incorporate instrumentation to detect the impeller 
side loads. 

A more detailed discussion of these points is given in the following paragraphs: 

A. RI-7A3 Data Discussion with the NASA 

At the March meeting the results of the RI-7A3 water test were discussed (see Reference 1).  
Two possible values of NPSH at a variable vane tip clearance of 0.035 inch inlet to  0.025 
inch discharge were recommended as most likely to produce minimum cavitation damage in 
1000 hours in the liquid metal test. A value of NPSH of 22 feet was recommended as being 
an optimistic point at a suction specific speed of 16,500. A more conservative value 
suggested w a s  an NPSH of 30 feet at the same clearance values, which is a suction specific 
speed of 13, 100. However, before deciding on an NPSH value, a water test run in the Liquid 
Metal Pump Test Stand was recommended. This test would provide data for : 

1. determination of any change of lacquer removal patterns due to the different inlet con- 
ditions of the impeller and pump stands 

2 .  determination of performance characteristics at room temperature from which any 
changes in vane tip clearance due to thermal expansion could be noted 

3. determination, by suitable instrumentation, of radial forces on the impeller imposed 
by cavitation. 

2 
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The recent report by Rosenmann (Reference 2) of radial loads caused by cavitation enhanced 
the desirability of conducting this test .  His report described work on a three bladed rocket 
pump inducer stage whose inlet configuration is  strikingly similar to the three bladed RI-7 
impeller. The diameter of the inducer was six inches with an inlet blade angle of nine de- 
grees. The RI-7 impeller inlet diameter is five inches with an inlet blade angle of eight de- 
grees. Flow rates of the two machines were very close, but the RI-7 impeller produced a 
head rise at the test shaft speed of 6375 rpm that was three times that of the inducer run at 
a shaft speed of 6500 rpm. 

Using strain gages mounted on the shaft, Rosenmann determined radial forces of about 150 
pounds existed on the inducer and were unidirectional with respect to  the inducer. As  NPSH 
was decreased, these loads began to appear at an NPSH value of about 40 feet. They in- 
creased to a maximum then dropped to zero a s  the knee of the cavitation curve was reached. 

B. Design Changes to KP-1 Turbopump 

Redesign of the turbopump shaft was considered necessary to strengthen the a rea  most sub- 
ject to  high stress levels anticipated from radial forces on the impeller during operation in 
cavitation. The shaft to be used for this test was partially machined, and changes could be 
incorporated easily with no increase in costs or  delay in time. 

The specific changes to the shaft design are in the impeller attachment and dynamic seal 
area (see Fig.  1 and compare to Fig. 8 of Reference 1). The impeller end of the shaft was 
lengthened approximately two inches, and diameters in this area w e r e  increased. In place 
of an attachment bolt, as used in the earlier design, the shaft end was threaded and the im- 
peller screwed on and locked by a small  bolt. The increased diameter was carried through the 
dynamic seal area necessitating changes in the dimensions of these seals. 

The instrumentation installed in the pump to detect dynamic shaft bending consists of four in- 
ductance type distance detectors placed 90 degrees apart (Fig. I ) .  The signal generated by 
the distance detectors sensing position of the rotating shaft was displayed on an oscilloscope 
and calibrated to give shaft movement in inches. Information on shaft displacement gained 
through this method was used to calculate the magnitude of the radial forces. It is pre- 

the previous liquid metal test have been taken into account. 
.. . 1 1 A. -. - 1 1  - I  LL^ -..LLI-- ^^_L^-C -e :-..-11-- -...A -,.--ll e.r..,..-;,...-eA ;... 

I---------- --- L)L.I IcIy L " L I . 3 I " L L L U  L I I a c  L I I L  bUUUb" "a L l l b  iu""".b c v - . . . I I c  "I -.*-r----- -.-- -- ---- --- 

Assembly of the KP-1 turbopump and installation in the Liquid Metal Test Stand was com- 
pleted. Assembly procedures have indicated a more rigid unit has been obtained by the de- 
sign changes which incorporate the NP-1 pump bearing housing into the KP-1 turbopump. 

C .  Water Tests of RI-7B3 Impeller 

The RI-7B3 impeller was finish machined by cutting the vane tip a rc  to provide the recommended 
tip clearance of 0.035 inch inlet to 0.025 inch discharge. However, due to an e r r o r  in the 
machining, the position of the arc center w a s  shifted 0.018 inch toward the impeller discharge 
This resulted in more material being removed from the vane tips at the impeller discharge 
than desired. 

After machining the vane tip contour, water calibration of the RI-7B3 impeller was done. 
The hydraulic and cavitation data are  shown in Figs.  2 and 3, respectively. The data for 
the RI-7A3 impeller is also shown for comparison. Removal of the additional material 
on the vane tips at the discharge did not affect the hydraulic performance of the RI-7B3 im- 
peller. 
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D. 

E .  

Photographs of the RI-7A3 and RI-7B3 impellers in cavitation at the same conditions and vane 
tip clearance a re  shown in Figures 4 and 5 .  The cavitation formations are identical. Figs.  
6 and 7 show the paint removal patterns of the RI-7A3 and RI-7B3 impellers for the same con- 
ditions. The similarity of these patterns is quite evident. 

Liquid Metal Pump Test Stand 

The Liquid Metal Pump Test Stand was easily adapted to perform the water test of the turbo- 
pump. Deaerated and demineralized water was used. 

In place of the hot trap of the liquid metal test, a water-to-water heat exchanger was installed, 
as shown in Fig. 8. A control valve was located in the line to the heat exchanger to allow some 
flexibility in system throttling and thus investigate a small portion of the performance curve.  

Flow measurement in the water test w a s  done by two Pitot-static probes located 90 degrees 
apart in the position of the electromagnetic flowmeter. The fluid velocity profile was estab- 
lished by traversing the pipe with the two probes, and flow rate was calculated from these 
data. Accuracy of this measurement system, based on flow profile, is estimated to  be 
within two percent. 

Water Test of KP-1 Turbopump 

The KP-1 turbopump with the RI-7B3 impeller and distance detectors was installed in the 
Liquid Metal Pump Test Stand as shown in  Fig.  9.  The pump was dry run to seat the oil 
seals and to obtain a base line for the distance detectors. The patterns obtained on the 
oscilloscope are shown in Fig.  10. 

The test  loop w a s  then filled with demineralized water which was degassed in the loop. 
Initial shakedown and check-out of the system proceeded, including calibration of the flow 
measurement method. Cavitation and some hydraulic data were obtained and are shown 
in Figs.  2 and 3 .  

Upon completion of this work, the flow rate was set  at 700 gpm at  a constant shaft speed of 
6x75 rnm 
scope screen a re  given in Figs.  11, 12, and 13. These photographs were obtained in order- 
ly steps of decreasing NPSH. 

and data were rerorded from the distance detectors. PhotoPraDhs of the oscillo- 

The oscilloscope traces of Fig. 12  show instabilities of the shaft position which are attributed 
to a relatively small, randomly applied hydraulic load at an NPSH value of 22 feet. When 
the NPSH value was decreased to 18 feet, oscillations occurred causing the trace to  shift be- 
hveen Fig. 12B and Fig.  12C. These oscillations appeared to have approximately six seconds 
duration at each point. After about one minute, the trace stabilized to that of Fig. 12C and 
remained so for the duration of the time at this point. Fig.  12D is the same as Fig. 12C 
but with scale factor changed. Further decreases in NPSH values yielded the traces as 
shown in Figs. 12E and 12F. 

Calculations based on the oscilloscope traces (and taking into account initial eccentricities 
and centrifugal forces due to imbalance) indicate radially applied hydraulic loads of about 
150 pounds. Forces of this magnitude are quite capable of having caused the rubbing con- 
tact experienced during the liquid metal test described in Reference 3 (Final Report Under 
NASA Contract NAS3-2541). 

The KP-1 turbopump was removed from the test stand fa r  enough to permit painting the im- 
peller with gold colored acrylic lacquer. After the paint was thoroughly dry, the pump was 
reinstalled. Test conditions were set at a shaft speed of 6375 rpm, flow rate of 700 gpm and 
an NPSH value of 30 feet .  After a two hour run at these conditions, the pump was removed 
and the impeller examined for paint removal patterns. These patterns, shown in Figs.  13 
and 14, are very similar to those of the RI-7A3 impeller under the same conditions in the 
Impeller Water Test Stand (Reference 1, Figs. 57 and 58). It is concluded from this test 
that the cavitation pattern in the turbopump is slightly less intense than the impeller test 
but located in the same areas .  
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FIG 2 

HYDRAULIC PERFORMANCE COMPARED FOR ALL WATER TESTS 
SPEED - 6375 RPM 
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FIG 3 

CAVITATION PERFORMANCE COMPARED FOR ALL WATER TESTS 
SPEED - 6375 RPM 
FLOW - 700 GPM 
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FIG 4 
1 C- 598- 10 

CAVITATION ON THE R I - 7 A 3  I M P E L L E R  AT AN NPSH OF 30 F E E T  
AND 0 . 0 3 5 - 0 . 0 2 5  INCH VANE T I P  CLEARANCE 

SPEED: 6375 RPM NSV: 13,100 FLOW: 700 GFW 
VANE 3 
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1 C -  6 0 5 -  2 

FIG 5 

C A V I T A T  ON ON THE R I  - 7 B 3  I M P E L L E R  AT AN N P S H  OF 30  F E E T  
AND 0 . 0 3 5  INCH I N L E T  AND 0 . 0 2 5  INCH 

DISCHARGE VANE T I P  C L E A R A N C E  
-2,; S",' .; : v ' e 2  - -. 1 ,  * ;ST: ' 2  SYC,Fi SPEEc F 3 7 c  D3b' 

d -  - 
u v  
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c- 14457 FIG 6 

R I  - 7 A 3  IMPELLER COATING DAMAGE PATTERNS AFTER 2 HOURS 

A T  AN NPSH OF 3 0  FEET AND 0 . 0 3 5 - 0 . 0 2 5  INCH 

VANE T IP  CLEARANCE (SUCTION SURFACES 1 

1 1  
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C- 14641 

f I G  7 

RI - 7 B 3  I M P E L L E R  COATING DAMAGE P A T T E R N S  AFTER 2 H O U R S  

AT AN NPSH OF 30 F E E T  AND 0 . 0 3 5 - 0 . 0 2 5  INCH 

VANE TIP CLEARANCE 

1 2  



F- 14754 
F I G  a 

L I Q U I D  M E T A L  P U M P  T E S T  S T A N D  MODIFIED FOR W A T E R  T E S T  
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F- 15001 

FIG 9 

K P -  1 TURBOPUbW INSTALLED IN LIQUID METAL 

P U M P  T E S T  S T A N D  
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CXL’vI - 6331 

FIG 10 

B A S E  LINE CALIBRATION OF D I S T A N C E  DETECTORS 
CONCl TIONS: SCALE 1 - 1 2 SW4RES‘O.OOl  IYCH. YO 194TER \ N PUVP 
SPEED: 6375 RPf? I \ I T I A L  ECCENTRICITY: 0.0007 IYCH 
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FIG 1 1 

OSCILLOSCOPE T R A C E S  A T  H I G H  N P S H  VALUES 
SCALE: 1 - 1 , ’ Z  SQUARESi0.001 IYCH SPEED: 6375 RP’d 
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FIG 1 2 

OSCILLOSCOPE T R A C E S  FROM D I S T A N C E  DETECTORS 
SCALE: 1 - 1 / 2  SQUARES/0.001 INCH SPEED: 5375 RPM 
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FIG 1 3  

P A I N T  R E M O V A L  P A T T E R N S  ON I M P E L L E R  I N L E T  

C- 15042 

18 



FIG 1 4  
C- 15041 

m 



I CNLM - 6031  

DISTRIBJTION LIST OF REPCIRTS FOR NASA-LEWIS RESEARCH CENTER 
Pratt & Whitney Aircraft CANEL 

Coatract NAS3- 6468 

National Aeronautics & Space Administration 
Washington, D.C. 20546 
Attention: J. J .  Lynch (RNP) 

U. S. Atomic Energy Commission 
Washington, D.C. 20545 
Attention: H. D. Rochen (SNAP-SO/SPUR) 

NASA-AEC Ikputy 

- National Aeronautics & Space Administration 
Ames Research Center 
Moffett Field, California 94035 
Attention: Library 

Naxional Aeronautics & Space Administration 
Langley Reqearch Center 
Langley Station 
Hampton, Virginia 23365 
Attention: Library 

National Aeronautics & Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attention: J. E. Dilley(M.S. 500-309) 

Dr. B. Lubarsky(M.S. 500-201) 
R. F. Mather(M.S. 500-309) 

C. H. Hauser(M.S. 5-9) 
D. C. Reemsnyder(M.S. 5-9) 
Library (M.S. 3-7) 
Report Control Office (M.S. 5-5) 
Technology Utilization Office (M.S. 3-16) 
Office of Reliability & Quality 

Assurance (M.S. 500-203) 

J.  P. Couch(M.S. 500-309) 
?A. J. E!sr=.z ; :As.  5 7) 

National Aeronautics & Space Administration 
Marshal Space Flight Center 
Huntsville, Alabama 35812 
Attention: Library 

National Aeronautics & Space Administration 
Scientific & Technical Information Facility 
Box 5700 
Bethesda, Maryland 20014 
Attention: NASA Representative 

Jet Propulsion Laboratory 
1800 Oak Grove Drive 
?asadena, California 91103 
4ttention: Library 

U.S. Atomic Energy Commission 
Division of Reactor Jkvelopment & Technology 
Washington, D.C. 20545 
Attention: W. R. Kornack (F-311) 

ArgoMe National Laboratory 
P.O. Box299 
Lemont, Illinois 60439 
Attention: Library 

Brookhaven National Laboratory 
Upton, New York 11973 
Attention: Dr. 0. E. Dwyer 

Library 

U. S. Atomic Energy Commission 
Division of Technical Information Extension 
P.O. b x 6 2  
Oak Ridge, Tennessee 37830 (21 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831 
Attention: A Grindell 

Library 

A i r  Force Materials Laboratory 
Research & Technology Division 
A i r  Force Systems Command 

Attention: K. A. Davis (MANL) 
T~I-:A-  n--- _ _ _ _ _  ~ m n  nL:. a r 1 1 - q  ..*le'..& . ULLLLOVI). A L L  Y, W l ~ U  TdTdd 

A. W. Batchlar (ASRCEM-1) 
Library (E WABE) 

U. S. Naval Research Laboratory 
Washington, D.C. 20390 
Attention: Library 

Defense Documentation Cenrer 
Cameron Station 
5010 Duke Street 
Alexandria, Virginia 20004 (2) 

Allis-Chalmers Manufacturing Company 
Y ork, Pennsylvania 
Attention: W. J. Rheingans, 

A s s t .  Gen. Mgr. 

California Institute of Technology 
Department of Applied Mechanics 
Pasadena, California 91103 
Attention: Dr. A. T. Ellis 

Dr.  M. S. Plesset 

20 



I 

CNLM - 6031 

I I  

General Electric Company 
Missile & Space Division 
Space Power & Propulsion Section 
Cincinnati, Ohio 45215 
Attention: R. J. Rossbach 

E. Schnetzer 

Hydronautics, h c  . 
Pindell School Road 
Laurel, Maryland 20810 
Attention: P. Eisenberg 

H. S. Preiser 

Ingersoll-Rand Corporation 
942 Memorial Drive 
Phillipsburg, New Jersey 08865 
Attention: Dr. A. J. Stepanoff 

Pennsylvania State University 
Ordnance Research Laboratory 
P.O. Box30 
State College, Pennsylvania 
Attention: Dr. G. P. Wislicenus 

Dr. J. W. Holl 

Thompson Ram0 Wooldridge, Inc. 
Electromechanical Division 
23555 Euclid Avenue 
Cleveland, Ohio 44117 
Attention: J. N. McCarthy 

University of Michigan 
Department of Nuclear Engmeering 
North Campus 
AM Arbor ,  Michigan 48103 
Attention: F . G. Hammitt 

21 I 


