
6 No pitting due to cavitation was apparent on the impeller 
after operating for over 1000 hours in NaK up to 1300 F at a 
suction specific speed of about 6000. 

7 For extremely long life applications, it would appear ad-
vantageous to eliminate the use of lube oil and incorporate suita-
ble film bearings which would operate in the working fluid. The 
MIL-L-7808 oil used in the TP-1 turbopump was found to react 
very readily with NaK to form soapy deposits which enhance the 
possibility of plugging difficulties. 

8 The use of water as a calibrating fluid for liquid metal 
pumps was very satisfactory and close agreement in hydraulic 
performance has been obtained. However, due to the difference 
in the thermodynamic fluid properties, the cavitation perform-
ance beyond the incipient point cannot be closely evaluated by a 
water test. 
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D I S C U S S I O N 
A. G. Grindell2 

The paper describes the major design features and the experi-
mental program for the successful development of the TP-1 pump. 
This is a very interesting pump, and one would like to under-
stand more about the details of how and why it works. The 
authors, no doubt, plan other papers on the design features of this 
pump. Possibly some of the following questions which the paper 
raises but does not answer can be discussed. 

Are test data available to answer why unlubricated cermet 
face seals show promise for operation in future liquid metal pump 
applications? Why is this dry face seal needed, and where is it 
located? What was the rotor material for the turbine face seal? 
How much extended operating life with elevated temperature 
liquid metal may be expected for the TP-1 pump? What was 
the reason for the variability in pump performance for the dif-

- Development Engineer, Reactor Division, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. Assoc. Mem. ASME. 

ferent impellers? If there were fabrication difficulties, what 
were they and were they resolved? 

The dynamic seal could well be the subject of a separate paper 
itself. What are the design bases for the seal, and can operating 
data be supplied for independent analyses of its behavior? How 
was the value of the sweep gas pressure at the dynamic seal in-
terface controlled, and how is the proper radius of the interface 
determined for design and its location known during operation 
with liquid metal? Will the authors discuss the capability of the 
dynamic seal for degassing the system liquid? What is the 
measure of the attitude variations which the TP-1 pump can 
withstand during operation? Have the authors measured or 
deduced the value of the " g " loading which would surpass the 
controllability of the dynamic seal? Discussion of any limitation 
in the dynamic seal for pump applications in earthbound mobile 
and space power systems would be very helpful. 

In closing, it is my belief that the authors and their associates 
have advanced the technology of pumping elevated temperature 
liquid metals with the development of the TP-1 pump. 
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and for his questions relating to the TP-1 turbopump develop-
ment program. 

With regard to the shaft face seals, considerably more ex-
perience has been gained on the development of dry, unlubricated, 
cermet shaft face seals on other liquid metal pumps since the 
writing of this paper. In all cases, the dry face seal is located 
directly below the lower oil cooled face seal and forms a purge 
cavity between the liquid metal and bearing cavity regions. A 
separate small inert gas sweep flow is induced across this cavity 
to purge out all oil vapors and thus insure complete isolation of 
the oil and liquid metal regions. To date numerous tests of 
several thousands of hours each have been conducted on liquid 
metal pump tests with successful operation of such dry gas shaft 
face seals. In answer to the second question on shaft face seals, 
the turbine seal rotor material was 440 C stainless steel as briefly 
noted in the paper. 

A second major point of discussion was the dynamic seal. 
Here again, improvements in dynamic seal configurations have 
been made since the TP-1 program was terminated. The design 
basis for all such dynamic seals is based upon established hydrau-
lic theory with modifying coefficients derived from experimental 
data. Once these coefficients are established for a given con-
figuration, it is possible to accurately predict the liquid to gas 
interface position over the entire range of operating variables. 
The inert sweep gas supply was controlled by the system in-
dicated in Fig. 3 of the paper. The correct setting of the sweep 
gas cavity pressure was determined for each shaft speed and 
value of pump discharge pressure from calibration curves pre-
viously established in water tests of dynamic seal performance. 
On liquid metal pump tests the flooding point for the dynamic 
seal could be readily verified by reducing sweep gas cavity pres-
sure at a fixed operating point until liquid metal was detected 
in the sweep gas outline as shown in Fig. 2. Actuall)', one of the 
principal advantages of the dynamic seal is that precise pressure 
balancing is not required. The liquid to gas interface is gen-
erally designed to be at the mid-radius position on the rotor 
vanes. A detailed study of the g loading required to dislodge 
the interface of the dynamic seal was not performed, but it is 
certainly amenable to analysis for a given set of conditions. 
Dynamic seals of similar configuration, as used in the TP-1 
turbopump, were tested successfully in water with a horizontal 
shafting arrangement by priming with the shaft rotating. The 
capability of degassing with the dynamic seal was studied at some 
length on the water test of the pump. Using a helium tracer 
technique, the gross ability to degas was firmly established. 
However, the detailed measure of the degree of degassing over 
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the operating range corresponding to different liquid to gas 
interface locations was not determined. In general, however, 
the dynamic seal work performed at CANEL has all confirmed 
the basic feasibility of using such seals for liquid metal pumps 
for all predictable operating environments. 

The observed differences in impeller performance presented in 
this paper were directly related to the variation in impeller vane 
angles obtained for variations in the investment casting tech-
niques. With a given set of casting procedures established, very 
close dimensional control between successive castings was 
achieyed. More recently, precision machining of impellers of vari-
ous configurations in stainless steel and refractory metal alloys 
have been achieved on a tape controlled milling machine at 
CANEL. 

Finally, the question was raised as to the projected operating 
life of the TP-1 turbopump in liquid metal at elevated tempera-
tures. Recent development experience on other liquid metal 
pumps would advocate replacement of the upper turbine shaft 
face seal with a cermet face seal similar to the one at the lower 
end of the bearing cavity. For long term operation, the addi-
tion of the dry gas shaft face seal to form the purge cavity as 
indicated in the previous discussion would also be advisable. A 
new impeller bolt fabricated from a higher strength alloy would 
readily solve the yielding problem reported in this paper. After in-
corporating the modifications indicated previously, it is estimated 
that at least several thousands of hours of trouble-free operation 
of the TP-1 turbopump could be achieved at the specified design 
conditions. 
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