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(57) ABSTRACT 

Electric motor driven pump units, especially suited for pump 
ing liquefied gases, including cryogenic fluids, which are 
lubricated, cooled and balanced with small amounts of fluid 
pumped by the unit (pumpage), such as 1 to 3 percent of the 
designed flow capacity of the pump. These small amounts of 
pumpage are divided into a major flow path through the most 
heated portions of the units discharging on the pressure side of 
the pump and a minor flow path through a thrust bearing for 
the unit and then through the lesser heated portions to 
discharge on the intake side of the pump. The major flow path, 
receiving about 75 percent of the lubricating pumpage, is 
downwardly through the motor shaft radial bearings and rotor 
compartment to an impeller and a pumping or collection 
chamber. The minor flow path, receiving about 25 percent of 
the lubricating pumpage, is through variable thrust bearing 
orifices tending to raise the motor shaft and carry the axial 
load of the unit on a thin film discharging through the hollow 
interior of the shaft to the pump inlet. The pumpage in the 
major flow path is maintained under pressure and will not boil 
even when appreciably heated. The minor flow path picks up 
very little heat and is primarily for balancing the axial thrust 
load on the shaft. 

20 Claims, 10 Drawing Figures 
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PRESSURELUBRICATED, COOLED AND THRUST 
BALANCED PUMP AND MOTORUNT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention pertains to the art of lubricating, cooling, and 

balancing pump and motor units, and particularly deals with a 
submerged electric motor driven pump unit for liquefied gases 
which uses pumpage to lubricate, cool and balance the unit 
while maintaining most of the lubricating pumpage under 
pressure to prevent boiling and to avoid loss of pumping 
capacity. 

2. Description of the Prior Art 
Lubrication of submerged electric motor driven pump units 

with pumped liquified gases is known from my prior U.S. Let 
ters Pat. No. 3,369,715 granted Feb. 20, 1968. In my prior 
patent, however, the pumped fluid used for lubrication was 
drained back to the inlet side of the pump. This, of course, 
required repumping of the fluid used for lubrication and per 
mitted the heated lubricating fluid to gasify and form bubbles 
at the pump inlet, tending to cause vapor locks and further 
loss of pumping capacity. 

SUMMARY OF THE INVENTION 

The present invention now provides a submerged electric 
motor driven centrifugal pump unit especially suited for 
pumping liquified gases, which is lubricated and cooled with 
pumpage maintained under pump pressure. In addition, some 
of the lubricating pumpage is used to thrust balance the motor 
shaft. 

In preferred embodiments the pump and motor units are 
used in systems of the prior Carter et al. U.S. Pat. No. 
3,304,877 and Carter U.S. Pat. No. 3,369,715. In the latter 
patent the unit is lowered in a vertical casing extending 
through a storage container for liquified gases. The unit trips a 
foot valve at the bottom of the casing to communicate the 
pump inlet with the liquid fluids in the container and the cen 
trifugal pump of the unit pumps the fluid into the casing where 
it flows to an outlet pipe at the top of the casing. The pump 
and motor unit is suspended in the casing through a vertically 
shiftable sealing gland, and when the unit is raised off of the 
foot valve, the casing will be sealed from the storage container 
so that it can be easily purged and the unit removed for clean 
ing or repair without loss of the liquified gases. The fluids in 
the storage container are kept under a head pressure such as 
might be created by their vapor pressure. 

In the system of the Carter et al. U.S. Pat. No. 3,304,877 the 
pump and motor unit is fixedly mounted in the bottom of the 
container for liquified gases, such as a ship's tank, and the 
fluids are pumped through the unit to a discharge pipe at the 
top of the unit. A separate oil circulating system is used. 
According to the present invention, instead of discharging 

the lubricating pumpage back to the inlet side of the pump, as 
in U.S. Pat. No. 3,369,715 or instead of separately circulating 
lubricant as in U.S. Pat. No. 3,304,877, pumpage is bled offin 
small amounts from the casing in systems such as in my U.S. 
Pat. No. 3,369,715 or is bled off from the top of the unit in 
systems such as in U.S. Pat. No. 3,304,877 but most of this 
pumpage is never released from pump pressure and circula 
tion is effected by gravity which is partially assisted with the 
centrifugal pump impeller. In addition, a minor amount of the 
lubricating pumpage bled from the discharge side of the unit is 
used to raise the pump shaft and relieve thrust forces on the 
thrust bearing of the unit. While this minor amount of 
lubricating pumpage is discharged to the inlet side of the 
pump its flow path is through the least heated portion of the 
unit, and it will be cool enough to maintain its liquid condition 
in the pump inlet. 
The small amount of pumpage used for lubricating purposes 

can vary depending upon flow conditions, temperatures en 
countered, and the like. Generally about 1 to 3 percent of the 
designed volume flow for the pump may be recirculated for 
lubricating and cooling purposes. However, only 25 percent or 
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2 
less of the recirculated pumpage is released to the pump inlet 
so that by far the major portion of the lubricating and cooling 
pumpage is maintained under pump pressure and will not gasi 
fy, nor will pumping energy be lost. 
The lubricating pumpage is bled off either from the casing 

as in the system of U.S. Pat. No. 3,369,715 or from the 
discharge top end of the pump and motor unit as in the system 
of U.S. Pat. No. 3,304,877, preferably passed through a filter, 
and introduced into the top of the motor casing, where it is di 
vided into several flow paths. The major flow is through the 
top radial bearing for the unit and through orifices, and thence 
downwardly through the rotor compartment of the motor, 
where it is again divided, with a portion flowing through the 
bottom radial bearing to a radial impeller and another portion 
passing through orifices that communicate with the discharge 
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end of the radial impeller for meeting the discharge flow from 
the main impeller of the pump. A minor portion of the flow is 
through a top thrust bearing for the motor shaft to raise the 
shaft and provide a fluid bearing support. The flow through 
this minor flow path is controlled by variable orifices, one of 
which is between the thrust bearing and the hollow motor 
shaft, and the other of which is between the thrust bearing and 
the rotor compartment. These two orifices cooperate to bleed 
offjust enough pumpage into the hollow motor shaft for carry 
ing the thrust load on a liquid film. 

It is then an object of this invention to provide a pressure 
lubricated, cooled and thrust balanced pump and motor unit. 
Another object of this invention is to provide an electric 

motor driven centrifugal pump unit which is lubricated and 
cooled with pumpage without loss of pumping pressure. 
Another object of this invention is to provide an electric 

motor driven, submerged centrifugal pump unit which recir 
culates some of the pumpage to lubricate and cool the 
bearings and motor without losing pump pressure. 
A specific object of the invention is to provide a submerged, 

electric motor driven centrifugal pump unit for liquified gases 
which bleeds off some of the pumpage to cool and lubricate 
the unit without losing pump pressure and diverts a small por 
tion of the bled-off pumpage for thrust balancing the motor 
shaft. 
A further specific object of the invention is to provide an 

electric motor driven centrifugal pump unit with a plurality of 
flow paths for pumpage to lubricate and cool the unit without 
releasing pump pressure and to thrust balance to the bearings 
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of the unit without appreciably heating that portion of the 
pumpage used for thrust balancing. 
Other and further objects of this invention will be apparent 

to those skilled in this art from the following detailed descrip 
tion of the annexed sheets of drawings which, by way of 
preferred examples, illustrate two embodiments of this inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary, broken, somewhat diagrammatic 
vertical sectional view of a storage reservoir for liquid gases 
equipped with a vertical casing closed at its bottom end by a 
foot valve and containing an electric motor driven centrifugal 
pump unit cooled, lubricated and balanced with pumpage 
from the casing according to this invention; 

FIG. 2 is a view similar to FIG. 1 with a pump and motor 
unit of the type discharging through a pipe at the top of the 
unit, and cooled, lubricated and balanced with pumpage bled 
from the top of the unit; 

FIG. 3 is a vertical cross-sectional view of the top portion of 
the pump and motor unit of FIG. 2; 
FIG. 4 is a view similar to FIG.3, but illustrating the bottom 

portion of the unit of FIG. 2; 
FIG. 5 is a fragmentary plan view of the pumpage recirculat 

ing portion of the pump impeller taken along the line V-V of 
FIG. 4; 

FIG. 6 is a plan view of the top end head of the unit taken 
along the line VI-VI of FIG.3; 
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FIG. 7 is a fragmentary sectional view of the top bearing ill 
lustrated in FIG. 3, but showing the position of the parts when 
floated by pumpage according to this invention; 

FIG. 8 is a view similar to FIG. 4 but showing the unit of 
FIG. 1; 

FIG. 9 is a view similar to FIG. 3 but showing the unit of 
FIG. 1; 
FIG. 10 is a plan view of the top end head of the unit of FIG. 

9. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The reference numeral 10 of FIG. 1 designates generally a 
tank, excavated hole in the ground, or the like providing a 
reservoir R for liquified gas or cryogenic material such as 
natural gas, methane, butane, propane, ammonia, ethylene 
and the like. The liquid level of the liquified material in the 
reservoir R is close to the roof 11, as illustrated at L, and the 
space S between the top of the liquid and roof 11 is filled with 
gas boiling off from the liquid and pressurizing the reservoir R 
up to about 12inches of water. 
A cylindrical casing or tube 12 extends vertically through 

the container 10 from the top to the bottom thereof and ex 
tends above the roof 11 as shown. The bottom of the casing 
carries a foot valve 13 biased to closed position by springs 14 
and effective to seal off the interior 15 of the casing 12 from 
the reservoir R. 
The top of the casing 12 is closed by a cover 16 carrying a 

sealing gland 17 which is raised and lowered by a hand wheel 
18. The cover also carries a junction box 19 for an electrical 
connection. 
The pump and motor unit 20 of this invention is suspended 

in the casing 12 from the sealing gland 17 through tubing or 
pipe 21. Spring-loaded guides 22 with rollers 23 on their ends 
are mounted at intervals on the pipe 21 to guide it centrally in 
the casing 12. 
The junction box 19 is connected through a cable 24 with a 

stack junction box 25 on the top of the unit 20 for supplying 
electric currents to the motor of the unit. 
When the unit 20 is lowered to the bottom of the casing 12, 

it opens the foot valve 13 and fluid from the reservoir R will 
flow to the inlet of the pump to be propelled through the unit 
out of the annular opening therearound, filling the casing 12 
and discharging through an outlet pipe connection 26 at the 
top end of the casing 12. When the hand wheel 18 is manipu 
lated to raise the sealing gland 17, the unit 20 is lifted off of 
the foot valve 13, whereupon the springs 14 close the valve, 
sealing off the interior of the casing 12 from the reservoir R. 
Liquid gaseous fluid in the sealed-off casing 12 can be purged 
therefrom back to the reservoir R by introducing a purging 
gas, such as nitrogen, through an inlet connection 27, thereby 
creating a purge pressure opening the foot valve and blowing 
the liquid back to reservoir R. A pipeline 28 connects the cas 
ing in with the top of the reservoir R and a shut-off valve 29 in 
this pipeline prevents backflow during the pumping operation. 
Further a check-and-vent valve 30 in this pipeline 28 vents the 
casing 12 when valve 29 is open following a pump shutdown 
which causes considerable liquid evaporation. The structure 
and operation of the assembly shown in FIG. 1 is more fully 
described in my aforesaid U.S. Pat. No. 3,369,715. 

In the embodiment of FIG. 2 where the pump and motor 
unit is fixedly mounted in the bottom of the tank, the unit is 
shown at 20a and parts identical with parts described in con 
nection with FIG. 1 have been marked with the same 
reference numerals. In FIG. 2 the unit 20a is directly mounted 
in the reservoir R on suitable supports in the bottom of the 
reservoir and instead of discharging to a casing 12 as in FIG. 1, 
discharges through the top head of the unit to an outlet pipe P 
extending through the reservoir R. The system of FIG. 2 is 
generally the same as disclosed in the aforesaid U.S. Pat. No. 
3,304,877 and the unit 20a is mounted above the bottom of 
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4 
to the bottom of the reservoir to freely receive fluids 
therefrom. 
The unit 20a, as best shown in FIGS. 3 and 4, has an exter 

nal cylindrical metal casing 31 to the bottom end of which is 
bolted a pump casing 32 and to the top end of which is bolted 
an outlet head 33. The pump casing 32 has a bottom inlet 32a 
with a bell mouth flange 32b therearound (FIG. 2) to receive 
fluids from the reservoir R. The inlet 32a has an inducer-im 
peller 34 therein discharging to an upstream tapered passage 
35 which feeds the main pump impeller 36 and also a volute 
37 which discharges through a relief valve 38 back to the foot 
valve. The inducer-impeller 34 maintains the inlet passage 35 
under some pressure and prevents vapor-lock in the impeller 
36. This impeller 36 is of the shrouded type having an inlet 
neck 39a riding in a wear ring 40 carried by the casing 32 and 
merging into an outwardly flaring cover flange portion 39b 
overlying, but isolated from, the collection chamber 37. Cir 
cumferentially spaced vanes 41 connect the shroud with the 
main base 42 of the impeller, which has a central hub portion 
42a keyed on the main shaft 43 of the unit and a radial plate 
portion 42b extending from the hub to the periphery of the im 
peller. This plate portion 42b has circumferentially spaced 
radial pumping vane 44 on its top face as shown in FIG, 5. 
The impeller 36 discharges peripherally into an annular 

pumping chamber 45 provided in the top face of the pump 
casing part 32. This chamber 45 discharges upwardly from its 
outer peripheral portion into an annular chamber 46 between 
the casing wall 31 and an inner cylindrical motor casing wall 
47. A ring of circumferentially spaced upstanding diffuser 
vanes 47a locate the motor casing 47 inside the main casing 31 
and serve to diffuse the fluid flow into an axial path. 
The motor housing 47 has a bottom head 48 providing a top 

wall for the chamber 45 and overlying the vanes 44 on the im 
peller plate 42b. This end head 48 has a central upstanding 
cylindrical boss portion 48a with a bore 49 extending 
therethrough and counterbored at 50 at its bottom end. A plu 
rality of upstanding legs (preferably 3) 51 are provided on the 
end head 48 between the boss 48a and the casing periphery. 
A bearing housing 52 freely surrounding the shaft 43 is 

mounted in the boss portion 48a of the end head 48 and car 
ries a radial ball bearing assembly 53 supporting the bottom 
portion of the shaft 43. A sleeve 54 freely embraces the shaft 
43 below the bearing 53 and is carried in a plate 55 bolted to 
the boss portion 48a of the end head 48 by cap screws 56 
which also extend through a flange 52a of the bearing housing 
52 to fixedly secure this housing to the end head. 
The shaft 43 has a radial shoulder 43a resting on the inner 

race ring of the ball bearing assembly 53, with a reduced 
diameter portion 43b extending through the impeller hub 42a 
and keyed thereto by means of an elongated locking key 57. 
The shaft also has a further reduced diameter portion 43c 
receiving a spacer sleeve 58 abutting the bottom end face of 
the impeller hub 42a at the top end and the hub 34a of the in 
ducer-impeller 34 at the bottom end. A key 59 locks the im 
peller hub to the reduced shaft portion 43c through a locking 
bolt and nut assembly 60. The main impeller 36 is thus keyed 
to the shaft portion 43b and clamped between the bearing 53 
and the sleeve 58 while the inducer-impeller 34 is keyed to the 
reduced shaft portion 43c and clamped between the sleeve .58 
and the locking nut and bolt assembly 60. 
The shaft 43 carries the motor rotor 61 which extends from 

closely adjacent the bearing housing 52 to closely adjacent the 
top of the motor casing 47. A sealed annular stator 62 sur 
rounds the rotor 61 and includes a metal outer cylindrical wall 
63 fitting in the casing 47 and an inner cylindrical metal wall 
64 closely surrounding the rotor 61. Annular end heads 65 
bridge the cylindrical casing walls 63 and 64 and serve to seal 
the stator winding between the walls. The bottom head 65 of 
the stator assembly rests on the legs 51. 
As shown in FIG. 3, a plate 66 is interposed between the top 

end head 33 and the casing 31. This plate has a central boss 
66a snugly fitting in the inner wall 64 of the stator assembly 

the reservoir R on brackets B so that the pump inlet will open 75 and carrying a bearing housing 67 in a cylindrical bore 68 
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thereof. The bore 68 has a counterbore 68a at its top end 
receiving a ring 69 which has a boss portion 69a in the bore 68 
spaced above the housing 67. 
The bearing housing 67 has a hub portion 67a freely em 

bracing a reduced diameter top end portion 43d of the shaft 
43, and has an annular shoulder 67b supporting the outer race 
ring of a radial ball bearing assembly 70 embracing the cylin 
drical hub portion 71a of a thrust bearing drum 71. The drum 
71 has a shoulder 71b abutting the top of the inner race ring of 
the bearing assembly and an out-turned radial flange 71c over 
lying the ring 69 and defining therewith an annular chamber 
72. The drum 71 is secured to the shaft portion 43d of the 
shaft being clamped against the inner race ring of the bearing 
assembly 70 with a nut threaded on the top end of the shaft. 
A cap 74 is integrally formed on spiders or flanges such as 

74a in the central portion of the mouth of the end head 33 and 
rests on the plate 66 being sealed therewith by an O-ring 75. 
This cap 74 provides a localized dome chamber 76 over the 
bearing housing 67 and thrust balance drum 71. 
The shaft 43 has an axial passage or bore 77 therethrough 

communicating at its top end with this dome chamber 76. 
The plate 66 has two radial bores 78 communicating with an 

annular recess 79 in the bore 68 of the hub portion 66a sur 
rounding the housing 67. The recess 79 communicates freely 
with the top of the bearing 70 and through an orifice gap 
between the ring boss 69a and drum 71 with the chamber 72. 
The radial bores 78 also communicate through ports 80 with 
the top end of the stator assembly and rotor chamber. 
The plate 66, as shown in FIG. 6, has five arcuate ports 81 

therethrough registering with the annular passageway 46 
between the casings 31 and 47, and these ports freely flow 
pumpage from the main impeller 36 into the pump outlet 82 
provided by the domed end head 33. Pumpage is bled from 
this outlet 82 through one or two ports 83 provided in the out 
let neck. Conduits 84 convey fluid from the port 83 through a 
filter 85 to ports 86 communicating with the outer ends of the 
bores 78. The pumpage bled from the port 83 is filtered, flows 
through the bores 78 into the recess 79 around the bearing 
housing 67 and also through the ports 80 into the motor com 
partment. From the recess 79 the pumpage flow is divided so 
that most of it passes through the bearings 70 and through the 
space between the reduced diameter shaft portion 43d and the 
bearing retainer sleeve 67ainto the motor compartment 
around the rotor 61. A minor portion of the flow is through 
the orifice gap between the ring boss 69a and the drum 71 into 
the annular chamber 72 and thence into the dome chamber 76 
and shaft passageway 77. Pressure of the pumpage in the 
chamber 72 tends to raise the drum 71 and the shaft 43 to 
which the drum is secured. This relieves the axial thrust load 
on the bearings 70, tending to raise the shoulder 71b off of the 
inner race ring of the bearing. The thrust of the shaft 43 will 
thus be carried on a film of pumpage in the annular chamber 
72. Discharge from this chamber into the dome chamber is 
through a variable orifice determined by the amount of lift of 
the drum flange 71c off of the ring 69. 
The pumpage flow through the shaft passage 77 is 

discharged in the pump inlet 32a ahead of the inducer 34. 
The main pumpage flow into the motor compartment from 

the ports 80 and sleeve 67a is divided at the bottom of the 
motor housing, as shown in FIG. 4, with some of the flow 
passing between the motor shaft 43 and the bearing housing 
52, through the bearing 53 to the radial vanes 44 of the im 
peller flange 42b. Some of the flow will pass around the hub 
48a of the end head 48 into passages 87a in pads upstanding in 
the end head 48. Three or more pads 87 are provided, and 
their passages 87a, together with the radial vanes 44, 
discharge through a gap 88 between the impeller flange 42b 
and the end head 48 into the pumping chamber 45. 

In the FIG. 1 embodiment, the unit 20 has parts similar to or 
in common with the unit 20a of FIGS. 2 to 7 and these parts 
have been identified with the same reference numerals used in 
the description of the unit 20a. The unit 20, however, instead 
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6 
31 to the domed head 33, discharges through an annular open 
ing 90 into the casing 12 as shown in FIG. 8. The housing 31a 
thus terminates near the botton of the unit 20a and the fluid 
emerging from the annular opening 90 flows between the 
housing 47 and the casing 12. Part of this fluid is bled back 
into the top of the unit 20a through filters provided on the top 
33a of the unit as shown in FIG. 9, 
The domed top 33ahas a plurality of upstanding cylindrical 

stacks 91 with annular filter cartridges 92 therein. Fluid under 
pump pressure (pumpage) in the casing 12 bleeds into these 
stacks through openings 93 in the tops thereof communicating 
with the external peripheries of filter units 92 in the stacks. 
Drain outlets 94 are provided in the bottoms of the stacks so 
that contaminants could be flushed out of the stacks. From the 
interior of the filters 92c the fluid drains through passages 95 
communicating with a port 96 which discharges through a 
passage 97 in the plate 66a positioned between the head 33a 
and the housing 47. From this passageway 97, first bleed ports 
98 feed fluid to the top of the annular stator 62 and second 
bleed ports 99 discharge to the annular recess 79 in the bore 
68 of the boss 66a of the plate 66. The bearing housing 67 is 
fitted in this bore 68 in the same manner as described in con 
nection with FIG. 3 and the flow through the bearing 70 and 
under the thrust balance drum 71 is the same as described in 
connection with FIG. 3. 
The divided flow through the shaft 43 and through the 

center of the annular stator 62 is the same as described in con 
nection with the unit 20. 

It will thus be understood that the difference between the 
units 20 and 20a resides substantially only in the manner in 
which the bled off pumpage in introduced into the unit. In the 
embodiment 20 the pumpage is received from the casing 12 
whereas in the embodiment 20a the pumpage is received from 
the end head 33 which in turn receives it from the annular 
passage 46 between the outer housing 31 and the inner hous 
ing 47. 
From the above description it will be understood that in the 

units of this invention, an electric motor drives an inducer-im 
peller and a main centrifugal impeller mounted on a hollow 
motor shaft. The pumpage from the main impeller flows . 
through an annular gap or passage surrounding the motor cas 
ing and discharges out of the top of the unit or through an an 
nular outlet around the side of the unit. Some of the pumpage 
is bled from the discharge to flow through the motor compart 
ment for cooling the motor, to flow through the shaft support 
ing bearings for lubricating the bearings and to flow through a 
thrust drum for thrust balancing the motor shaft. The flow of 
the bled-off pumpage is divided to provide a major flow path 
through the motor compartment to supply adequate cooling 
capacity, and this pumpage is maintained under pump 
discharge pressure being recirculated back to the discharge 
side of the main impeller. A minor portion of the bled-off 
pumpage is used to thrust balance or float the motor shaft and 
flows through the shaft to be discharged at the inlet side of the 
pump. This minor flow is maintained relatively cool and does 
no tend to gasify in the pump inlet, whereas the major flow 
subjected to the higher temperatures is maintained under 
pressure so that it will not gasify. 

I claim as my invention: 
1. An electric motor driven pump unit which comprises 

housing means providing a pumping chamber, a motor com 
partment, and a pump outlet receiving pumpage from said 
pumping chamber, a motor shaft extending through said 
motor compartment, bearings in said motor compartment sup 
porting said shaft, pump impeller means in said pumping 
chamber mounted on said shaft, means conveying pumpage 
from said pump outlet through said bearings and motor com 
partment for cooling the motor and lubricating the bearings, 
means discharging the pumpage from the bearings and motor 
compartment to the pumping chamber downstream from the 
pump impeller, a thrust balancing drum on the motor shaft, 
means for flowing some of the pumpage through said thrust 

of discharging up through an annular passage 46 in the casing 75 balancing drum to relieve thrust loads from the bearings, and 
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means discharging the thrust load relieving pumpage to the 
inlet of the pump. 

2. The unit of claim 1 wherein the thrust balancing drum is 
adjacent one of the bearings and provides an annular chamber 
receiving some of the pumpage and discharging through a 
peripheral gap to the inlet of the pump. 

3. The unit of claim 1 wherein the thrust balancing drum is 
anchored to the pump shaft, receives some of the pumpage 
thereunder and is effective to lift the pump shaft. 

4. The unit of claim 1 wherein the discharge path of the 
thrust load relieving pumpage is through the motor shaft. 

5. The unit of claim 1 wherein the motor shaft is hollow, the 
thrust drum is clamped on an end of the shaft, and the pump 
age flows from the drum into the top end of the hollow shaft. 

6. A pump and motor unit which comprises a housing hav 
ing a bottom inlet and an outlet adapted to be mounted in a tu 
bular casing closed at the bottom by a foot valve, with said 
bottom inlet opening said foot valve and said outlet filling the 
casing with pumpage, said housing having a pump compart 
ment and a motor compartment, a motor driven pump im 
peller in said pump compartment discharging pumpage to said 
outlet from said bottom inlet, means for bleeding some of the 
pumpage into the motor compartment for cooling the motor, 
and means remote from said means for bleeding for discharg 
ing the bled-off pumpage from the bottom of the motor com 
partment to the discharge side of the pump impeller for main 
taining pump pressure on the bled-off pumpage. 

7. The unit of claim 6 wherein the pump impeller has pump 
ing vanes for circulating the bled-off pumpage. 

8. The unit of claim 6 wherein the bled-off pumpage flows 
into the top of the motor compartment and is drained out of 
the bottom of said compartment and centrifugal pumping 
means assist said drainage. 

9. A pump and motor unit comprising a housing having a 
pump compartment and a motor compartment, a motor shaft 
extending from the motor compartment into the pump com 
partment, bearings supporting said motor (compartment) 
shaft, an impeller on said shaft in said pump compartment, 
means for bleeding pumpage from said impeller, means divid 
ing the bled off pumpage into a minor flow path to said 
bearings for lubricating and cooling the bearings and a major 
flow path to cool the motor compartment, (and) means acted 
on by said bled-off pumpage in the minor flow path for reliev 
ing thrust load on the bearings, means flowing the pumpage 
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from the minor flow path to the inlet side of the impeller, and . 
means flowing the pumpage from the major flow path to the 
discharge side of the impeller. 

10. The unit of claim 9 including a filter in the means for 
bleeding pumpage from the impeller to the bearings. 

11. The unit of claim 9 wherein the means acted on the 
bled-off pumpage for relieving thrust loads on the bearings in 
cludes a drum anchored to the motor shaft having an annular 
recess receiving pumpage and discharging through a 
peripheral gap for floating the drum to carry axial thrust loads 
of the shaft on a film of pumpage. 

12. The unit of claim 9 wherein the means for relieving 
thrust loads includes a drum secured to the shaft supported on 
a bearing and having a thrust surface acted on by the pumpage 
to lift the drum off of the bearing. 
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13. A pump and motor unit which comprises a housing hav 

ing a motor compartment and a pump compartment, a motor 
shaft in said motor compartment extending into said pump 
compartment, bearings in said motor compartment supporting 
said shaft, a pump impeller in said pump compartment on said 
shaft, said housing having an inlet for supplying fluid to said 
impeller and an outlet for receiving pumpage from said im 
peller, means for bleeding off some of said pumpage from said 
outlet (into two paths, one of which flows) to flow through the 
motor compartment (and the other of which flows) means for 
flowing some of the bled-off pumpage in a separate path 
through the bearings, and means combining said flow paths at 
the discharge side of the impeller remote from the outlet for 
maintaining pump pressure on the bled-off pumpage. 

14. A unit according to claim 13 having vanes on the pump 
impeller receiving the flow from the bearings for centrifugally 
discharging said flow to the discharge side of the impeller. 

15. The unit of claim 13 wherein the two paths are from the 
top to the bottom ends of the unit and flow is assisted by radial 
vanes on the pump impeller. 

16. A pump and motor unit which comprises a housing hav 
ing a pump compartment and a motor compartment, a motor 
shaft in said motor compartment extending into said pump 
compartment, a motorin said motor compartment driving said 
shaft, radial bearings in said motor. compartment supporting 
said shaft, a pump impeller on said shaft in said pump com 
partment, a thrust drum anchored on said motor shaft ad 
jacent one of said radial bearings, means for bleeding off 
pumpage from the pump impeller into the motor compart 
ment for lubricating said bearings, means for discharging the 
bled-off pumpage to the discharge side of the impeller for 
maintaining the bled-off pumpage under pump pressure, and 
means for diverting some of the bled-off pumpage to the thrust 
drum for floating the thrust drum to relieve thrust loads on the 
radial bearings. - 

17. The unit of claim 16 wherein the means for bleeding off 
pumpage from the pump impeller to the motor compartment 
includes a filter. 

18. The unit of claim 16 wherein the radial bearings have 
inner race rings clamped to the motor shaft, the thrust drum 
rests on one of the bearings, and the pumpage bled off from 
the pump impeller lifts the thrust drum and shaft to relieve 
thrust loads from the radial bearings. 

19. A method of cooling, lubricating and thrust balancing 
electric motor driven pumps which comprises bleeding off 
some of the pumpage from the discharge side of the pump, 
flowing the bled-off pumpage through the motor, dividing the 
flow of the bled-off pumpage into a main path discharging on 
the pressure side of the pump and a minor path discharging in 
the pump inlet and supporting thrust loads on the motor with 
pumpage in the minor path. 

20. The method of cooling an electric motor driven cen 
trifugal pump which comprises bleeding off pumpage from the 
discharge side of the pump at a first zone, circulating the bled 
off pumpage through the motor, discharging the circulated 
bled-off pumpage back to the discharge side of the pump at a 
second zone remote from the first zone to prevent direct recir 
culation of the bled-off pumpage back to the motor, and cen 
trifugally inducing the flow of the bled-off pumpage. 

2k is a 3 xk 


