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Development of a High Temperature 
Liquid Metal Turbopump 
High performance, mobile, nuclear power plants utilizing liquid metals require high 
temperature pumps to circulate these heat transport fluids. These pumps must have 
moderately high efficiency, small size, low weight, and high reliability. In order to 
satisfy these requirements, centrifugal pumps directly coupled to gas turbines are utilized. 
/Is part of the aircraft nuclear power plant development program, the 3000 gpm stainless 
steel turbopump described in this paper was designed and tested in NaK at temperatures 
up to 1300 F. 

I Introduction 
L I Q U I D metal pumping technology is a vital part of 

new power plant development in the present age. This is par-
ticularly true of compact, mobile power plants operating at ele-
vated temperatures, such as the space power programs currently 
in development. These systems utilize liquid metals as the 
working fluid. The 3000 gpm NaK turbopump design and de-
velopment program described herein was a major step in the ad-
vancement of the technology required to evolve the large capacity, 
high temperature pumps needed to circulate the heat transport 
fluids in nuclear aircraft, power plants. The primary objective 
of this program was to demonstrate the feasibility of this pump 
design approach for the intended application. It was possible to 
use known and conservative hydraulic and structural criteria 
throughout the design of this turbopump, which was designated 
TP-1. The major design features and the highlights of the ex-
perimental program are described in the following discussion. 

I I Description of the TP-1 Turbopump 
The principal design features of the TP-1 turbopump are sum-

marized in Table 1. As shown in Fig. 1, the TP-1 turbopump was 
designed to operate with a vertical shaft orientation. The pump 
was not- mounted in a sump. The inlet and discharge pipes were 
welded directly into the liquid circuit forming an in-line arrange-
ment. For mechanical simplicity, the single-stage, centrifugal 
pump was coupled directly to the single-stage, axial-flow air 
turbine. The shaft was supported by aircraft quality ball and 
roller antifriction bearings which were cooled and lubricated 
with MIL-L-7808 oil by a forced feed system. A rather high-
speed pump and a low-speed turbine resulted from this use of a 
single shaft. For the intended application, however, the sim-
plicity, compactness, and increased mechanical reliability gained 
by this approach outweighed the disadvantages of a lowered over-
all turbopump efficiency. 

Sealing of the liquid metal sj'stem was primarily accomplished 
by maintaining an inert gas to liquid metal interface on the rotat-
ing radial vanes of a secondary impeller termed a dynamic seal 
as shown in Fig. 2. Inert gas was introduced and swept down the 
shaft above the dynamic seal to: (a) prevent diffusion of liquid 
metal vapors up the shaft; (6) maintain the proper gas pressure 
on the dynamic seal; and (c) control the liquid metal level with-
out rotation of the pump shaft during periods such as the filling 
operation. The use of the rotating dynamic seal to maintain 
a liquid metal to gas interface in a high centrifugal force field had 
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a distinct advantage for flight applications, since it permitted the 
turbopump to withstand attitude variations and "g" loads with-
out losing liquid metal level control. Precise pressure balancing 
of the dynamic seal was not required at normal operating speeds 
as the interface position could safely shift over a considerable 
range to accommodate changes in the pressure differential across 
the seal. At low shaft speeds, however, more precise pressure 
balance cont rol was required due to the lower head rise generated. 
A schematic of the pressure balancing circuits is presented in Fig. 
3. 

Secondary sealing between the oil and liquid metal regions and 
between the oil and turbine air regions was accomplished by a 
shaft face seal located at each end of the bearing compartment. 
To maintain a controlled pressure differential across the upper 
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Fig. 1 TP-1 liquid melal turbopump 
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Table 2 Pump design data 

Impeller 

Inlet tip blade angle 
Inlet hub blade angle 
Discharge tip blade angle 
Discharge hub blade angle 
Number and type of bladefl 
Inlet tip diameter 
Discharge tip diameter 
Hub-tip ratio at Inlet 
Over-all axial width of blades 

13. 7 degrees 
51.7 degrees 
11.0 degrees 
25.8 degrees 
3 full, 3 splitter 
5. 74 Inches 
7.30 inches 
0.47 
2.07 Inches 

Inlet angle of dlffuser vanes 
Radius to leading edge of dlffuser vanes 
Radius to trailing edge of dlffuser vanes 
Width of flow passage at dlffuser vanes 
Number of dlffuser vaneH 
Outside diameter of scroll toruB 
Cross sectional diameter of scroll torus 
Nominal wall thickness of scroll 

23.8 degrees 
4.63 Inches 
6.15 Inches 
1.53 Inches 
8 
20.9 IncheB 
6.82 Inches 
0.375 Inch 

Fig. 2 Liquid metal level control during filling and normal pump 
operation 

face seal, an externally pressurized air supply was introduced into 
a cavity between the face seal and a labyrinth shaft seal at the 
turbine. 

A Pump Impeller and Scroll Design. T h e hydraulic design of the 
impeller and scroll was guided by the objective of achieving maxi-
mum compactness and by the desire to operate at a high shaft 
speed in order to obtain a reasonable match with the single stage 
impulse turbine. For the available NPSH of 300 feet, a selected 
design value of suction specific speed of about 6000 resulted in 
the design shaft speed of 8000 rpm. This conservative value of suc-
tion specific speed was used to avoid the problem of cavitation 
damage in hot liquid metal. At the design point conditions shown 
in Table 1, the specific speed was 3820. The impeller was de-
signed in accordance with a stream filament technique (Ref. [4])1 

Table 1 Design features of the TP-1 turbopump 

Pump 

Type 
Fluid 
Temperature 
Flow rate 
Head rise 

Turbine 

Type 
Air inlet temperature 
Air flow rate 
Shaft horsepower 

Turbopump 

Shaft speed 
Weight, dry 
Material 
Mounting 

Single stage, centrifugal, in-line 
NaK (56/44 Wt %) 
1300F 
3000 gpm 
440 ft. 

Single stage, axial flow, Impulse 
1425F 
5 .6 lbs /sec at pressure ratio of 2 .2 
350 

8000 rpm 
576 lbs 
Predominantly type 316 stalnlesB steel 
Vertical with turbine directly coupled to pump 

which was programmed on an IBM-704 computer to permit 
ready evaluation of the design variables. An unshrouded, mixed 
flow impeller which was designed to operate with a nominal tip 
clearance of 0.035 inch was selected. A summary of the impeller 

1 Numbers in brackets designate References at end of paper. 

geometry is presented in Table 2. Vanes of zero thickness were 
described by straight line elements perpendicular to the tip 
meridional streamline and passing through the impeller axis. The 
vane thickness was then specified at a finite number of hub and 
tip stations and the vane contours were produced by a straight 
line fairing process. This blade geometry permitted fabrication 
by both casting and machining techniques. The first impellers 
were produced as type 316 stainless steel investment, castings, 
which weighed about 6.5 pounds after final machining. More 
recently impellers have been machined with good success on a 
milling machine controlled by punched tape. 

The axial thrust forces in the TP-1 design were counterbalanced 
to obtain a resultant unidirectional thrust under all operating 
conditions. In the original design, as shown in Fig. 2, the mag-
nitude of the unbalanced axial thrust was kept low by placing a 
stepped labyrinth on the back face of the impeller at the optimum 
radial location and machining six holes in the hub to permit the 
recirculation of the labyrinth leakage back to the impeller inlet. 
However, later in the development program, these six bleed 
back holes were plugged in order to achieve a more desirable dif-
ferential between the gas pressure above the dynamic seal and 
the pump inlet static pressure. This change resulted in higher 
axial thrust loads at all flow conditions. 

The toroidal scroll configuration evolved from considerations of 
compactness, structural integrity, and ease of fabrication as well 
as good hydraulic performance. A major hydraulic requirement 
was to minimize the resultant radial thrust loads on the overhung 
impeller. As shown in Fig. 1, the impeller discharged into a vaned 
diffuser section contained within the body of the scroll. The eight 
equally spaced diffuser vanes also served as structural members in 
the scroll assembly. These vanes were eleven percent thickness, 
NACA 400 series airfoils which were arranged into a radial cas-
cade by conformal transformation. A cut water was installed at 
the tangential discharge pipe. The type 316 stainless steel scroll 
was produced as a weldment of hydroformed and machined ele-
ments. The nominal scroll wall thickness of 0.375 inch was com-
puted to permit negligible creep in 1000 hours of design point 
operation in 1300 F liquid metal. The basic data on the diffuser 
and scroll are given in Table 2. 

B Mechanical Center Section. The mechanical center section 
constituted all of the turbopump assembly except the pump im-
peller and scroll and the turbine drive subassembly and con-
tained the following principal elements: (a) shaft and bearings; 
(b) dynamic seal; (c) mechanical face seals; (d) shaft labyrinth 
seal; (e) speed sensor; ( / ) upper and lower housings; (</) canned 
insulation; and (h) oil, inert gas, and auxiliary air circuits. To 
permit testing of the center section by itself in hot liquid metal, 
a smooth disk, "dummy" impeller, and a liquid metal pot were in-
corporated at the pump end and a stub shaft, coupling, and high-
speed electric motor were substituted for the air turbine. 

A major design feature of the TP-1 turbopump was the shaft 
sealing scheme used to provide positive separation of the highly 
pyrophoric liquid metal from the air used to drive the turbopump. 
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Fig. 3 G a s pressure control schemat ic 

Provision was also made to prevent mixing of the lubricating oil, 
which leaked through the lower seal, with liquid metal vapors. 
The oil leakage at the top end of the shaft was permitted to dis-
sipate in the hot air stream. Sealing of the inert gas blanketed 
oil system was accomplished by the mechanical face seals. As 
shown in Fig. 3, these face seals divided the center section into 
three main compartments: (a) sweep gas cavity; (6) bearing 
housing cavity; and (c) turbine buffer cavity. Low pressure dif-
ferentials, i.e., 4 psi maximum, were maintained across both face 
seals, promoting low oil leakage rates and minimum wear. A 
Carboloy 44A cermet face seal was utilized for the lower seal and 
a carbon and type 440C stainless steel combination was used for 
the turbine end of the shaft. The nonrotating element in the 
lower seal was mounted on a stainless steel bellows. The cermet 
face material was chosen on the basis of compatibility with hot 
NaK. The dynamic seal rotor was designed to control the loca-
tion of the liquid metal to inert gas interface and also to remove 
entrained gas from the liquid metal. A small bypass flow of 
about 40 gpm was directed through the tip of this rotor. 
This bypassed liquid metal carried away the heat generated 
in the dynamic seal and was degassed by the centrifuging 
action. The axial width of the vanes on the rotor was approxi-
mately 0.8 inch and was based upon the computed trajectory 
followed by an estimated minimum radius gas bubble as it es-
caped through the liquid to gas interface while the bypass flow 
traversed the tip of the dynamic seal (Ref. [5]). The diameter of 
the disk was 5.16 inches. The eight equally spaced radial vanes 
extended beyond the disk by approximately '/< inch to accommo-
date the bypass flow. 

As mentioned earlier and shown in Fig. 2, a flow of inert gas was 
introduced into the shaft tunnel between the dynamic seal and 
the lower face seal. A small portion of this flow exited via the 
leakage oil discharge line, thereby purging the system of oil drop-
lets and vapors. The major portion of the gas flowed down the 
shaft and out through a port just above the dynamic seal. The 
sweep gas flow rate was set by the two inlet orifices indicated in 
Fig. 3; one was for high flow during filling and the other for 
normal operation. Both orifices were designed to operate in a 
choked condition to insure a maximum speed of response to any 
plugging or flooding of the gas passages. The flow of gas would 
quickly build up an increased back pressure to counteract any 
tendency of the liquid metal to block off the sweep gas discharge 
port. This proved to be a very reliable level control device. A 

gas flow rate on the order of 50 SCFH was used when filling the 
liquid metal system with the turbopump stopped. 

The mechanical design of the shaft, bearing, and housings 
followed conventional aircraft engine practices. The stiff bearing 
critical speed of the shaft assembly was computed by the Rayleigh 
method to be 10,400 rpm with the design point temperature 
distribution. This provided a 30 percent margin over the design 
operating speed. Computed bending stresses in the shaft due to 
the axial thermal gradient were found to be less than 7000 psi. 
To minimize vibration, the shaft assembly was dynamically bal-
anced to within 0.05 ounce-inch. Based upon the computed 
maximum axial thrust load of 1000 pounds, the predicted life of 
the deep groove ball bearing was in excess of 10,000 hours. A 
similar life criterion was used for the roller bearing. Both bear-
ings were procured to RBEC-5 and ABEC-5 tolerances. The 
bearing ring material was SAE 52100, or equivalent. Shaft speed 
was measured by the magnetic sensor shown in Fig. 1, which 
operated in conjunction with a notched disk mounted on the 
main shaft to generate an electrical output signal. 

C Air Turbine: Due to the low turbine wheel speed, it was pos-
sible to design the turbine disk with a minimum practical web 
thickness and low stresses. The low speed also made possible 
the simple spline attachment of the disk to the shaft and achieved 
a lightweight, but conservative, over-all design. As a safety 
feature to insure against a runaway overspeed condition, the disk 
stress distribution was adjusted to cause the disk to fail radially 
near the rim without incurring a tangential failure at the hub. 
The turbine case flanges were positioned and designed sufficiently 
thick to contain the failed rim and blading. The burst stress of 
the turbine disk was computed to occur at 19,600 rpm, which was 
more than twice the design operating speed. Analyses of the 
vibration characteristics of the blading and disk were made and 
no resonance conditions were found within the operating speed 
range. The rotor blades and nozzle vanes were designed with 
constant cross sections from hub to tip and a minimum gaging 
distance of 1 / i inch. Both the nozzle and rotor were fabricated 
from Tinidur by machining the blades integrally with the turbine 
disk and the nozzle vanes from a single ring. Design data for the 
turbine and nozzle blading and the inlet scroll are given in 
Table 3. 

The air was distributed to the turbine nozzles by a toroidal 
shaped inlet scroll, which was connected to a single inlet pipe. 
Sixteen elliptically shaped struts with a maximum thickness of 
0.30 inch were used to structurally tie the scroll together. The 
computed meridional membrane stresses were only about 700 psi 
at the design operating conditions. Similar conservative stress 
criteria were used in the design of the exhaust cone. Both the 
inlet scroll and the exhaust cone assembly were fabricated from 
type 316 stainless steel sheet. 

Table 3 Turbine design data 

Nozzle 

Radius at tip of vanes 
Radius at root of vanes 
Axial width of vanes 
Number of vanes 
Vane inlet angle 
Gaging angle 
Gaging distance at tip 
Gaging distance at root 

Rotor 

Radius at tip of vanes 
Radius at root of vanes 
Axial width of vanes 
Number of vanes 
Vane inlet angle 
Gaging angle 
Gaging distance at tip 
Gaging distance at root 

Inlet Scroll 

Outside diameter of scroll torus 
Cross sectional diameter of scroll torus 
Number of support strutB in discharge annulus 
Nominal wall thickness of scroll 

6.52 inches 
5.60 inches 
0.79 inch 
46 
90 degrees 
20.4 degrees 
0.324 inch 
0.258 Inch 

6.60 Inches 
5.52 inches 
1.06 Inches 
56 
31.5 degrees 
25.0 degrees 
0.337 inch 
0.262 inch 

21.3 Inches 
5.00 inches 
16 
0.10 inch 

Journal of Engineering for Power A P R I L 1 9 6 3 / 1 0 1 

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/gasturbinespow

er/article-pdf/85/2/106/5681645/99_1.pdf by guest on 19 M
ay 2023



and the shaft oil seals, and provided calibration in detail of 
these components. The impeller tests insured noncavitating 
performance along the design throttle line. The dynamic seal 
tests gave comprehensive information 011 the quality of the 
gas to liquid interface. Cold flow tests of fiber glass models 
of the turbine inlet scroll resulted in an improved aerody-
namic design. Nondestructive, elastic stress coat tests of the 
turbine inlet and pump collector scrolls verified the computed 
design membrane stresses. The oil seal tests resulted in a cermet 
material combination that operated with very low leakage rates 
and was compatible with NaK vapors at a temperature level of 
approximately 600 F. A total of over 40,000 hours of face seal 
testing was accumulated. Various cermet materials and seal 
configurations were tested over a range of face loadings, pressure 
differentials, and shaft speeds. Tests of cermet face seals were 
conducted at speeds up to 8000 rpm for periods in excess of 2000 
hours with average observed oil leak rates of less than 0.1 ec/hr 
and insignificant wear. 

Turbine performance measurements were taken for inlet air 
temperatures varying from 400 to 1425 F at speeds up to 8000 
rpm over a wide range of pressure ratios. Fig. 1 shows the tur-
bine mounted in a horizontal position on the eddy current type 
dynamometer. A peak total to static efficiency of 80 percent was 
recorded and the turbine was found to have a static efficiency 
of 49 per cent at the TP-1 design point. Overspeed protection was 
provided by electrical release of a swing check valve in the com-
pressed air supply line. 

The first TP-1 pump assemblies were tested in a water test 
loop. In addition to providing specific performance information, 
these tests were very useful in checking out the seal pressure 
balancing, the sweep gas circuits, and the operating procedures. 
Fig. 5 shows a TP-1 pump coupled to the high-speed electric 
drive which was mounted above this test loop. Testing with the 
turbine drive was also accomplished in this same facility. The 
results obtained are presented in Figs. 6 and 7. Fig. 6 shows the 
hydraulic performance with two different impellers. Due to 
variations in impeller vane geometry produced during casting, the 
performance of the two impellers was quite different. The peak 
hydraulic efficiency for the pump with impeller A was 75 percent, 
while for the pump with impeller B it was 68 percent. Fig. 7 
shows typical cavitation curves obtained for the TP-1 turbopump 
with impeller B. 

The mechanical center section test unit, as shown in Fig. 8, 
provided an efficient and fast method of demonstrating the en-
durance and performance of the dynamic seal, shaft face seals, and 

I I I Experimental Development History 
To insure the orderly progress of the turbopump program, a 

number of pump component development tests were conducted. 
The various component tests performed provided accurate knowl-
edge of the hydraulic and mechanical performance to be expected 
in liquid metal turbopump testing. In addition, the component 
tests helped to establish the liquid metal turbopump operating 
procedures, i.e., startup and shutdown. Tests were conducted 
on the impeller, the dynamic seal, the turbine air inlet scroll, 

Fig. 4 Hot test of the TP-1 turbine 

Fig. 5 Water test of the TP-1 pump 
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Fig. 6 Hydraul ic performance of two versions of the TP-1 turbopump 

NPSH, FT 

Fig. 7 Typica l cavitation curves for the TP-1 turbopump 

the inert gas pressure control system in a high temperature 
NaK environment at design speeds. Two center section en-
durance tests were run and over 2100 hours of testing in NaK at 
6000 to 8000 rpm were accumulated. 

The first test in 1200 F NaK ran for 1250 hours. After 504 
hours of continuous operation, the electric drive control circuit 
failed causing a sudden stop. Due to the high static pressure es-
tablished in the pot to simulate the pump discharge pressure, 
the sudden shaft stoppage created a large static pressure dif-
ferential at the lower end of the test unit. This allowed 1200 F 
NaK to rise along the shaft and flood the lower gas cavity, includ-
ing the cermet shaft face seal. Testing was resumed, after repair 
of the control circuit to find out if the test unit could effectively 
continue to operate after flooding with hot NaK. The test unit 
operated for an additional 750 hours before the sweep gas dis-
charge line became plugged. The test was terminated and 
NaK deposits were found throughout the lower gas cavity. How-
ever, none were found in the bearing cavity. The cermet face seal 
was still in operating condition, although the face surface finish 
had become roughened. 

The second mechanical center section test was performed on a 
modified unit to determine pump seal performance without sweep 
gas flow. To accomplish this, an unlubricated cermet face gas 

seal was installed below the lower cermet face oil seal. This 
additional seal formed a separate cavity where the leakage from 
the oil seal was captured. A constant gas flow was passed 
through this new oil purge cavity to remove the oil and oil vapors. 
The lower gas cavity, which blanketed the dynamic seal, had no 
sweep gas flow to control the NaK vapors while the test unit was 
operating. However, controls had also been added to initiate a 
high sweep gas flow and to lower the pressure in the liquid metal 
pot to prevent NaK from rising along the shaft when rotation was 
stopped. The test unit was run at 6000 rpm with 1200 F NaK 
for 851 hours. When plugging of the gas circuit had become 
evident, the test was terminated. Inspection during disassembly 
revealed heavy deposits of NaK in the lower gas cavity and 
NaK vapor traces in the purge cavity, but no adverse effect on 
the shaft seals. As a consequence, it was decided that unlubri-
cated face seals showed promise for future liquid metal pump 
applications. 

Five pump tests with hot NaK were run. In the final test, a 
complete TP-1 turbopump, driven by 1425 F air, completed 1000 
hours of endurance at 6000 to 8000 rpm, pumping 1200 to 1300 F 
NaK. Fig. 9 shows the turbopump installed in the liquid metal 
test loop. Fig. 10 is a schematic of the test loop showing the 
salient features. 

Journal of Engineering for Power A P R I L 1 9 6 3 / 1 0 3 

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/gasturbinespow

er/article-pdf/85/2/106/5681645/99_1.pdf by guest on 19 M
ay 2023



Fig. 10 Schematic 

A Turbine air inlet 
B 2 0 0 hp, 10 ,000 rpm, electric 

drive unit 
C Turbine air discharge 
D NaK detector cells (typical) 
E Sweep gas from pump 
F Overf low tank 
G */s 'n c '1 valves (typical) 
H Drain line 
I V s 'n c '1 pressure control valve 
J Sweep gas vent line 

the liquid metal loop 

K Supply and expansion tank 
L Loop vent line (typical) 
M 8 inch Gentile flow measuring 

tube 
N Diffusion type oxide trap 
O Bypass heater-cooler 
P 8 inch throttle va lve 
Q 4 inch drain va lve 
R 2 inch fill va lve 
S Liquid metal filter 

The first three pump tests with NaK utilized the electric drive. 
After two tests totaling 60 hours, minor modifications were made 
to the pump and the test stand. An "O" ring seal was added at 
the inside diameter of the lower seal rotating ring and the clamp-
ing load on this ring was increased. The test stand modification 
consisted of adding a guide bearing to the 42-inch long jack 
shaft used to connect the pump to the electric motor. Ex-
cessive vibrations had been experienced at the higher speeds. 
The third test was terminated by a failure of the electric motor 
control system. When the shaft rotation stopped, the NaK rose 
up the shaft tunnel and flooded the lower gas cavity. In order to 
correct this situation, it was decided to increase the operating 
pressure level of the gas above the dynamic seal by means of 
plugging the holes in the impeller hub. The gas pressure had 
been below the pump inlet static pressure, but plugging of the 
pressure balancing holes caused the gas pressure to be raised 
above the pump inlet pressure in order to maintain the same 
location of the gas to liquid interface on the dynamic seal im-
peller. The added load had little effect on the anticipated life of 
the thrust bearing. 

The fourth NaK test was conducted on a complete turbopump 
and 578 hours were accumulated without incident utilizing 400 F 
air to drive the unit at 6000 rpm and with the NaK at 1200 F. 
At this time a series of minor test facility problems resulted in 
three interruptions. During the fourth startup, a human error 
resulted in a high pump inlet pressure which forced NaK up the 
shaft flooding the lower pump cavities. Without removal of the 
pump, all the gas passages were blown back to the pump, clearing 
them of liquid metal. When the pump cavities appeared free of 
plugs, the test was resumed. After an additional 100 hours of 
satisfactory operation, a minor leak in a seal weld occurred and 
the test was ended. Inspection of the unit was very encouraging, 
as no NaK oxide plugs were found and all passageways were 
clear of obstructions. The average oil leakage of the lower shaft 
seal was 1.1 cc/hr for the total 778 hours' pumping time. All 
parts were in good physical condition. A view of the impeller 
and lower pump housing is shown in Fig. 11. 

The final TP-1 turbopump test completed the scheduled 1000 
hours' endurance run. The test started with no difficulty, but 
after a short time a faulty electrical switch caused a complete loss 

Transactions of the AS M E 

Fig. 8 Turbopump center section test in liquid metal 

Fig. 9 Test of the TP-1 turbopump in the liquid metal loop 
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Fig. 11 Pump impeller after endurance test in hat N a K 

of instrument power. The switch was replaced and the test re-
sumed. The test continued uneventful for a short time until a 
malfunction of the NaK cooler caused the NaK temperature to 
rise to 1380 F for 1.5 hours. No detrimental effects were noted. 
After another short period of time, the turbine air check valve 
used for overspeed control suddenly closed, causing the turbo-
pump to stop. No detrimental effects were noted and the test 
was resumed. The propane air heater then caused the turbine; air 
temperature to fluctuate to 1600 F. This overtemperature caused 
excessive oil leakage at the turbine seal and the test was in-
terrupted again. The turbine seal was replaced with the pump in 
place and the test was resumed. The turbopump then ran con-
tinuously for 1010 hours. A total of 1332 hours was accumulated 
on this final test. 

During the latter part of this test, the test stand oil supply pump 
failed and the turbopump ran at 7000 rpm without oil for thirteen 
minutes before the oil supplj' was restored. Bearing tempera-
tures did not exceed 400 F during this oil system outage period. 
However, the lower cermet seal, which had operated a total of 
750 hours up to this time with an average oil leak rate of 0.13 
cc/hr, developed a much higher leak rate for a short period of 
time before it stabilized out to an average leak rate of 1.33 cc/hr 
for the remainder of the test. Near the end of the test, high vibra-
tion was encountered at a shaft speed of 8000 rpm. Therefore, the 
pump speed was reduced to 6000 rpm for the remainder of the 
run. After attainment of 1000 hours of continuous operation 
at endurance conditions, the turbopump was removed for dis-
assembly and inspection. 

The entire sweep gas system and lower shaft face seal area were 
found to be clear of any NaK or NaK vapors. The lower shaft 
seal was in good condition, although it did show evidence of the 
higher than normal temperature experienced when the oil supply 
failed. It was found that the impeller retaining bolt had yielded 
and caused the high vibration experienced near the end of the 
run. A recheck of the operating data revealed that the flow 
bypassed through the dynamic seal had been reduced prior to the 
vibrations. This reduction in the bypass flow had caused an 
increase in the unbalanced axial thrust in addition to that which 
had been incurred by plugging the holes in the hub of the impeller. 
The thrust load had thereby become sufficiently higher than 

Fig. 12 Measured temperature distributions a long the pump housings 
during liquid metal tests 

Table 4 Summary of NaK tests of the TP-1 turbopump 

Hours of Operation at Indicated 
NaK Temperatures 

<1200F 1200F 1300F 

Mechanical center section 181 1965 
Pump with electric drive 83 85 
Turbopump (400F air) 47 715 
Turbopump (1425F air) 114 1168 50 

Total 425 3933 50 

Grand Total 4408 

anticipated to 3'ield the bolt and cause the impeller tip to rub the 
housing. All other parts of the turbopump were found in good 
condition. 

The measured pump housing temperature distributions re-
corded at various NaK temperatures are shown in Fig. 12. The 
temperature gradients were all gradual as predicted in the design 
calculations. A summary of liquid metal operating hours for 
the various tests is presented in Table 4. 

IV Conclusions 
1 High-speed liquid metal turbopumps for extended life 

applications at elevated temperatures are feasible. 
2 The liquid metal sealing scheme utilizing a dynamic seal to 

establish a liquid metal to inert gas interface together with shaft 
face seals to separate the air and liquid metal regions proved en-
tirely satisfactory. 

3 For liquid metal systems involving inert gas atmospheres, 
the cermet shaft face seals were found superior to carbon types as 
they have a lower wear rate and can withstand greater thermal 
shocks. The cermet seals were also compatible with liquid metal 
at elevated temperatures. 

4 The in-line design of the TP-1 turbopump was proved to be 
mechanically sound and is basically lighter and more compact 
than sump mounted designs. 

5 The mechanical simplicity of a directly coupled pump and 
turbine was demonstrated in the TP-1 turbopump. 
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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 fi lm bearings which would operate in the working fluid. The 
MIL-L-7S0S 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. 

S The use of water as a calibrating fluid for liquid metal 
pumps was very satisfactory and close agreement in hydraulic 
performance bas 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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