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This invention relates to improvements in centrifugal 
pumps and particularly to multi-stage centrifugal pumps. 

In a certrifugal pump having a single Suction im“ 
pelier, that is an impeller having an inlet only at one 
side, the impeller is subjected to two opposing forces. 
The smaller of these forces, hereinafter sometimes re 
ferred to as the momentum force, is due to the change 
in momentum of the fluid entering the impeller inlet and 
is in a direction to urge the impeller axially away from 
the islet. The other force on the impeller, referred to as 
the pressure force, is due to the difference in the area at 
the front and back sides of the impeller which are sub 
jected to pump discharge pressure. This pressure force 
urges each innpeiler axialiy in a direction toward the im 
pelier inlet. The momentura force is generally quite Small 
as compared to the pressure force so that there is a re 
suitains thrust unbaliance on each impeller in a direction 
toward the illet. In a multi-stage pump with all of the 
impeiiers facing in the same direction, the total thrust 
is proportional to the number of pump stages. Moreover, 
since the momentum force and the pressure force on each 
inapeller varies under different pump operating condi 
tions, the total hydraulic thrust of a multi-stage centrifu 
gal pump changes during operation of the pump. 

It is the common practice in multi-stage pumps of the 
type described to mount the impellers on the shaft in 
such a maianer that the axial thrust on each impeller is 
transmitted to the shaft, and to provide a single thrust 
2aring for taking up the entire axial thrust on the 

m When a large number of purinp stages are used, the 
total axial thrust on the shaft becomes quite high and 
reguires a very large and expensive thrust bearing. Fur 
ther, when all of the impeliers are connected to the main 
drive shaft to transmit the axial impeller thrust to the 
shaft, it is necessary to very accurately space the impellers 
relative to the respective pump diffuser casing so that the 
inspellers are not pressed axially against the respective 
diffuser casing. Commonly, the impellers are mounted 
on the shaft with the adjacent impeller hubs in abutting 
engagement to space the impellers relative to the diffuser 
casings. This arrangement requires accurate machining 
of the length of the impeiler hubs to provide the proper 
spacing. In a high pressure multi-stage pump, it is fur 
ther necessary that the hub be formed of a sufficiently 
rigid material to withstand the axial pressure applied to 
the hib by the other pump stages. In many applications, 
this precludes the use of plastics in the forming of the 
puship inapellers. Further, when all of the impellers are 
connected to the shaft to transmit the axial thrust of 
the impellers to the shaft, it is necessary to provide ade 
quate radial bearings to maintain the shaft in alignment 
with the thrust bearing. Thus, it is frequently necessary 
to act only provide radial bearings at the ends of the shaft, 
but to also provide additional intermediate bearings every 
So inay pump stages. 
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An important object of this invention is to provide a 

multi-stage centrifugal pump in which each impeller is 
hydraulically balanced so as to thereby avoid the neces 
sity of providing a large thrust bearing for the pump shaft. 

Another object of this invention is to provide a multi 
stage centrifugal pump in which the impellers are mounted 
for free axial float on the drive shaft and in which provi 
sion is made for increasing the pressure at the front side 
of the impeller over the pressure at the rear side thereof 
to counteract the normal unbalance on each impeiler. 
Yet another object of this invention is to provide a 

centrifugal pump apparatus in accordance with the fore 
going object in which the pressure at the front side of the 
impeller automatically increases and decreases to maintain 
substantial hydraulic balance of the impeller as the mo 
inheintum and pressure forces on the impeller change under 
different pump operating conditions. 

Still another object of this invention is to provide a 
centrifugal pump having an improved arrangement for 
limiting recirculation between the impeller hub and the 
drive shaft. 
A further object of this invention is to provide a multi 

Stage centrifugal pump which can be economically manu 
factured and assembled and which has a high pump efii 
ciemcy. 

These, together with various ancillary objects and ad 
vantages of this invention, will be more readily appreci 
ated as the same becomes better understood by reference 
to the following detailed description when taken in con 
lection with the accompanying drawings wherein: 
FiG. 1 is the longitudinal sectional view through a sub 

mersible motor pump unit embodying the present inven 
tion, the section through the pump being taken on a 
skewed plane through the flow passages of the pump im 
peller and diffuser as indicated by the line - of 
FIG. 4; 

FiG. 2 is an enlarged fragmentary sectional view 
through the multi-stage centrifugal pump taken on the 
plane 2-2 of FIG. 3; 

FiG. 3 is a transverse sectional view taken on the 
piane 3—3 of FIHG. 2; 

FIG. 4 is a transverse sectional view taken on the plane 
4-4 of FIG. 2; 

ifiG. 5 is a transverse sectional view through the pump 
taken on the plane 5-5 of FIG. 2; 

FIG. 6 is a fragmentary view through the diffuser taken 
on the plane 6-6 of FIG. 3 and illustrating the diffuser 
transfer passages; 

FIG. 7 is a bottom plan view of one part of the cen 
trifugal impeller; and 

FIG. 8 is a fragmentary exploded sectional view of 
the centrifugal impeller. 
The improved centrifugal pumping apparatus 0 of the 

present invention is herein shown embodied in a sub 
mersible type pumping unit having a drive motor 2. 
In general, the pump apparatus includes a plurality of 
impellers 12 mounted on a drive shaft 13 and a pump 
casing 14 defining an impeller chamber for receiving 
each of the impellers and passages for transferring the 
fluid from the periphery of one centrifugal impeller to 
the inlet of the next adjacent impeller. Each of the im 
pellers and pump casings for the several stages are iden 
tical in construction and like numerals are utilized to 
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designate corresponding parts in the several stages. The 
impellers E2 are of the type having a single inlet opening. 
at one side of the impeller and, in accordance with the 
present invention, are formed in two pieces to facilitate: 
molding of the impeiiers, and which pieces are held to 
gether in the improved manner described hereinafter. 
The impellers each include a hub 6 which is slidably 
disposed on the drive shaft 3 and non-rotatably keyed. 
thereto by one or more keys 6' which extend into key 
ways 3' in the drive shaft 13. For reasons set forth. 
hereinafter, the hubs 16 loosely surround the shaft i3. 
to permit limited radial float of the impeilers and, the: 
impellers are disposed on the shaft with the adjacent ends, 
of the hubs axially spaced apart to permit axial floating. 
of the impellers relative to each other and to the shaft. 
E3. An impeller rear wall 8 is formed integrally with. 
the hub and extends outwardly therefrom. The impellers. 
also include a front wall 19 formed separate from the 
rear wall and impeller vanes 22 are formed on one of the: 
walls to extend therebetween. In the embodiment illus-, , ; 
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trated, the impeller vanes 25 are formed integrally with 1. 
the rear wall 8 of the impeller and spiral outwardly 
along an arc of progressively decreasing curvature from 
an inner end 25' spaced radially from the hub 15 to the 
outer end 2' located adjacent the periphery of the in 
peller. In accordance with the present invention, the 
front and rear walls of the impeller are connected to 
gether by means of bosses or pins 23 formed integrally 
with the bottom wall 9 and which extend into openings. 
24 in the impeller vanes 21. The pins 23 extend parallel 
to the axis of the impeller into the openings 24 to de 
tachably interconnect the front and rear walls of the im 
peller and, as pointed out hereinafter, the front and rear 
walls are held in proper assembled relation by the fluid. 
pressure conditions in the impeller and pump casing. 
The front wall 9 of each impeller has an opening 26 
therein around the hub 6 and a depending skirt 27 
around the opening 26 to define the impeller inlet. The 
impellers are arranged on the shaft 13 with their inlets. 
facing in the same direction. 
The pump casing 44 of the present invention comprises: 

a plurality of individual diffuser housings which are 
stacked together and enclosed in an outer sleeve 3 
(FIG. 1). The diffuser housings each include a pe 
ripheral wall 32, a thrust wall 33 and a diffuser wall 34. 
which define an impeller chamber 35 therebetween. The 
diffuser wall 34 is advantageously formed integrally 
with the peripheral wall 32 and the diffuser wall has an 
upstanding sleeve 36 at its inner end. The diffuser wall 
34 has ramp portions 38, herein shown five in number 
(FIG. 3), disposed around its outer periphery with the 
leading edge 38 of each ramp portion disposed adjacent 
the underside of the diffuser plate and the trailing edge 
38' spaced above the diffuser plate and from the leading 
edge of the next adjacent ramp portion. So as to define 
annular transfer passages for transferring fluid from the 
periphery of the impeller chambers 35 to the upper side 
of the next adjacent diffuser plate 34. The diffuser plate 
also has a plurality of diffuser vanes 4: formed on the 
upper surface thereof. The diffuser vanes merge at 
their outer ends with the outlet end 38' of the ramp por 
tions 38 and extend inwardly along an arcuate path of 
progressively increasing curvature to terminate at their 
inner ends 41' at a point spaced from the sleeve 36. 
The thrust plate 33 is formed separate from the pe 

ripheral wall 32 and diffuser plate 34, in order to facili 
tate molding of the several parts. The thrust plate 33 
of one stage is positioned to overlie the diffuser vanes 42. 
on the stage therebelow to partially enclose the diffuser 
passageways. In order to facilitate assembly of the 
several parts of the diffuser housings and stacking of 
the diffuser housings upon each other, the peripheral 
walls 32 are formed with an internal rabbet at their upper 
ends which defines an upwardly facing shoulder 43 
disposed substantially co-planar with the upper edges of 
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4 
the diffuser vanes 4; and the Ehrist plate 33 of the 
next succeeding stage is supported on the sholder 4 
The axial depth of the rabbet in the upper end of each 
peripheral waii. 32 is made greater than the thickness 
of the thrust plate 33 and the lower end of each pe 
ripheral wall is formed with an external rabbet or groove 
which defines a locating flange 485 at the lower end of 
each peripherai wall which is adapted to be received in 
the internal rabbet of the diffuser housing therebelow 
to radially locate the several diffuser housings on each 
other. As shown in F.G. 1, the assembly of the stacked 
diffuser housings is disposed within the sleeve 3; and 
an upper discharge member 4:3 and a lower motor mount 
ing member 49 are threaded into opposite ends of the 
sleeve 32 and engage opposite ends of the stacked diffuser 
housings to retain the same in assembled relation in the 
sleeve. 
As will be noted, the area of the front waii 53 of the 

impeller is substantially less than the area of the rear wall 
3 thereof, by reason of the provision of the inlet open 

ing 26 in the front wail of the impeller. Since the 
front end rear wais of the impeller are exposed to a 
relatively high pressure in the impeller chamber 35 and 
the inlet opening is subjected to a relatively lower inlet 
pressure, there is a pressure force or hydraulic thrust 
on each impeller which urges it in a direction axially 
toward the inlet, and which thrust increases as the pump 
output is throttled and decreases when the pump dis 
charge is wide open. There is additionally an opposing 
momentum force on each impeller due to the change in 
momentum of the fiuid entering the impeier inlet. This 
momentum force, however, is generally Sniali as con 
pared to the pressure force so that there is a resultant 
force on each impeller, urging the same toward the inlet. 
this momentum force also changes under different pump 
operating conditions and is a maximum when the pump 
discharge is wide open and a minimum when pump dis 
charge is shut off. As previously noted, the impellers 
are slidably and non-rotatably connected to the drive 
shaft 13 with the impeller hubs 6 axially spaced apart 
so as to permit free floating of the impellers on the drive 
shaft and, in accordance with the present invention, 
provision is made for hydraulically balancing each in 
dividual impeller in such a manner that each impeiler 
effectively floats within the impelier chamber during 
operation of the pump. Each thrust plate 33 has a 
central opening therein and an upstanding boss 53 around 
the opening, which boss defines a radially extending seal 
face 5' at the upper side thereof and an axially extend 
ing Seal face 51’ around the opening. The flange 27 
on the impellers 2 extends into the opening in the 
thrust plate with the outer periphery of the flange dis 
posed relatively close to the annular Seal face 5' to 
limit recirculation of liquid from the pumping chamber 
back to the impeller inlet. The radial clearance between 
the impeller flange 27 and the seal face Sa' of the thrust 
plate has been exaggerated in FES. 2 for purposes of 
illustration and in practice is preferabbiy of the order 
of .005 to .010 inch on a 4 inch pump. The impellers 
also have an annular face 53 at the underside thereof 
adapted to cooperate with the radial seal face 5' on 
the thrust plate to provide a radial type seal face for 
limiting recirculation. When the pump is idle, the in 
pellers rest on the boss 5A on the thrust plate and are 
supported thereby. It is contemplated that the impellers 
and the diffuser housing be formed of plastic and, in the 
preferred form, a disc 53 of Stainless steel or the like is 
interposed between the boss 51 and the underside of the 
impeller to prevent plastic to plastic rubbing contact 
therebetween. However, as pointed out hereinafter, 
provision is made for counter-balancing the hydraulic 
thrust on the impeller in such a manner that the impeller 
floats axially away from the boss 53 on the thrust plate, 
when the pump is operating in the normal range of pump 
operating pressure, so that there is no rubbing contact 
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between two surfaces having a high axial pressure there 
between. 

In accordance with the present invention, a plurality 
of vanes 56 are provided on the side of the thrust plate 
33 adjacent the front wall 9 of the impellers for re 
tarding rotation of the fluid at the front side of the in 
pellers and thereby increasing the pressure at the front 
side of the impellers over the pressure in the respective 
impeller chamber at the rear side thereof. The vanes 56, 
as best shown in FIG. 5, extend from a point adjacent 
the outer periphery of the thrust plates inwardly in an 
arc of progressively increasing curvature to the central 
boss 5 on the respective thrust plate. The vanes are 
spiralled or skewed in the direction of rotation of the 
impellers so as to force fluid from a point adjacent to 
the periphery of the impeller chamber 35 inwardly 
towards the axis and to retard rotation of this fluid. 
This increase in pressure at the front wall 9 of the im 
pellers counteracts the normal axial thrust on the in 
pellers due to the presence of the inlet opening at the 
front side thereof and, when the pressure at the front 
side of the impellers increases sufficiently, the impellers 
are moved axially away from the thrust plate. As the 
impellers move away from the thrust plate, the vanes 
56 become less effective to retard rotation of the fluid 
at the underside of the impeller and, in addition, the 
clearance between the radial seai face 5' on the thrust 
plate and the corresponding seal face 53 on the impeller 
is increased so that there is a somewhat greater recircula 
tion of fluid back to the impeller inlet. The impellers 
will move away from the respective thrust plate until the 
pressure acting on the front wall of the impeller is Sufi 
cient to overcome the relatively lower pressure in the 
impeller chamber acting on the larger area of the rear 
wall of the impeller. The impeller will then axially float 
in the impeller chamber at the point where the opposing 
pressures acting thereon are balanced. When the pump 
is operating at the wide open position of its characteristic 
curve, the momentum force increases and the pressure 
force decreases. Under these conditions, the impellers 
will therefore progressively move further away from 
the thrust plates to reduce the efficiency of the ribs or 
vanes 56 and to increase the leakage path between the 
radial seal faces 5 and 53. Advantageously, a thin 
disc or washer 58 may be interposed between the rear 
wall 13 of each impeller and the diffuser wall 34 to pre 
vent plastic to plastic rubbing contact under abnormal 
operating conditions in which the thrust unbalance on 
the impeller is in a direction to urge it away from the 
inlet opening of the impeller. 
When the pump is in operation, the pressure in the in 

peller passages is somewhat below the pressure in the 
surrounding impeller chamber, due to the slowing down 
of the fiuid in the impeller chamber so that there is a 
pressure unbalance on the opposite walls of the impellers 
which tends to hold the same in assembled relation. This 
pressure unbalance is augmented by the vanes 56 which, 
as previously described, increased the pressure at the 
front wall of the impeller above the pressure at the rear 
wall thereof. However, in order to prevent accidental 
disassembly of the front and rear walls of the impeller, 
when the pump is not operating, or under abnormal 
operating conditions, the pins 23 and opening 24 in the 
impellers are made axially longer than the spacing be 
tween impellers and the adjacent walls 33 and 34 of 
the diffuser housing. Consequently, when the impellers 
are assembled in the diffuser housings, the impeller sec 
tions can not axially separate a distance sufficient to 
prevent complete withdrawal of the pins 23 from the 
opening 24. As soon as the pump is put into operation, 
the pressure conditions in the impeller chambers urge 
the sections of the impellers into close engagement. 

it will thus be apparent that recirculation between the 
impeller chamber and the inlet opening is controlled 
both by the radial seal face 51' and by the axial seal face 
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6 
51' on the thrust plate. The pump is preferably designed 
so that when the pump delivers its nominal capacity and 
up until the pump discharge pressure reaches the shut 
off or maximum output of the pump, the impeller ex 
tends closely adjacent to or even rubs lightly against 
the radial seal face 51 on the thrust plate. Thus, the 
radial seal face functions to control recirculation in that 
portion of the pump performance curve between nominal 
capacity and shut-off pressure so as to improve the per 
formance and efficiency of the pump near shut-off pres 
sure. However, when the pump discharge is wide open, 
the pump impellers tend to move upward due to the 
momentum of the fluid entering the impeller inlets and 
the reduced pressure in the impeller chambers 35. Un 
der these conditions, the axial Seal face 5' and the co 
operating flange 27 on the impeller are relied upon to 
limit recirculation from the impeller chambers back to 
the pump inlets. 

In order to control recirculation between the diffuser 
housings and the impeller hubs, the latter are formed with 
upper and lower axial extensions 6' and E5'. The upper 
axial extensions extend into the lower portion of the 
sleeve 36 on the respective diffuser piate 34 and the lower 
axial extensions project into the upper end of the sleeves 
36 on the stage therebelow. The hub extensions provide 
a close running fit with the sleeves on the diffuser hous 
ing so that the hubs are effectively radially supported by 
these sleeves, sufficient clearance being provided between 
the hub and the drive shaft E3 to permit the hubs to be 
come aligned with the sleeves. In the 4 inch pump ilius 
trated, the clearance between the impeller hubs 6 and 
the sleeves 36 is preferably of the order of .0C5 to .00 to 
control recirculation therebetween. Recirculation be 
tween the hubs and the drive Shaft is controlied by an in 
wardy projecting tapered lip $ provided on the tipper 
end of each of the hubs, and which tip extends around 
the periphery of the hubs and is stepped in accordance 
with the spined opening in the hub to form a wiping 
seal with the shaft. As will be noted from F.G. 2, the 
lip 6: is tapered upwardiy and, when the impellers are 
assembled onto the shaft, the iip is inclined upwardly 
in the direction toward the high pressure Zone. Co 
sequently, the pressure on the lip tends to press more 
firmly into close rubbing fit with the drive shaft 3. 
The motor for driving the shaft may be of any 

conventional construction and, as shown herein, include 
a stator 7 having windings 72, which stator is disposed 
in an outer sleeve 73. An inner sleeve i4 extends 
through the stator bore and is sealed at opposite ends by 
rings 75 to the outer shell. A rotor is is mounted cin 
a shaft 77, which shaft is rotatably supported by bear 
ings 78 and 79 in upper and lower end belis 8 and 2 
attached to the outer shell. A shaft seal 33 is provided 
at the upper end of the shaft and an expansible chamber 
84 is mounted in the lower end bell for equalizing the 

motor. The connecting member 49 is attached to the 
upper end bell & of the moter to Suspend the inctor frcin 
the pump and the motor shaft 77 is connected to the 
pump shaft i3 by a coupling 85. 

Since the pump impellers are free to foat axially cin 
the drive shaft 13, there is no thrust transmitted from 
the impellers to the shaft and it is therefore not neces 
sary to provide a large thrust bearing for the pump shaft. 
Relatively small thrust bearings 83 and 83 are provided 
in the motor housing for limiting axial thrust on the notor 
rotor 76, which thrust bearings need only be large enough 
to take the end thrust on the rotor. 
From the foregoing it is thought that the construc 

tion operation of the improved pumping apparatus will be 
readily understood. The vanes 56 on the thrust plate re 
tard rotation of the fluid at the front side of the im 
pellers to increase the pressure thereat. The impeiiers 
are free to axially float in the impeller chambers and 
move away from the vanes a distance Such that the axial 
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ydraulic thrust on the impellers will be balanced. This 
provides a Self-regulating type of hydraulic balance for 
the impellers. Since the impellers do not exert a large 
axial thrust on the shaft 13, it is unncessary to provide a 
large thrust bearing for the pump drive shaft and wear 
on the impellers and diffuser housings is substantially 
avoided. Assembly of the impellers and diffuser housings 
of the pump is also markedly facilitated by the present 
construction. The front and rear walls of the impellers 
are molded in separate pieces for ease of molding, and 
are held together by the pressure conditions in the in 
eller chambers so as to eliminate the necessity of a sepa 

rate assembly step to rigidly secure the impeller sections 
together. The bosses 23 and openings 24 which inter 
connect the impeller sections are, moreover, designed so 
as to prevent accidental detachment of the impeller 
Sections when the pump is not operating, or when the 
pump is operating under abnormal pressure conditions. 
in addition, the resilient sealing lips 65 on the hubs enable 
construction of the hubs so as to permit limited radial 
floating of the impeller hubs on the drive shaft, so that 
the hubs can align themselves with the sleeves 36 of the 
diffusers. 

I claim: 
1. A multi-stage diffuser type pump comprising, a drive 

shaft, a plurality of pump impellers each having a hub 
means slidably and non-rotatably mounting said hubs on 
the shaft with the hubs axially spaced apart for free axial 
ficat of the impellers on the shaft, each impeller having 
front and rear walls defining a central inlet opening in 
the front wall and impeller passages extending from the 
inlet opening toward the outer periphery of the im 
peller, Said impellers being disposed on the shaft with 
the inlet openings facing in the same direction, a pump 
housing comprising a plurality of stacked impeller cas 
ings one for each impaler, said impeller casings each 
defining an impeller chamber and including a peripheral 
wall Surrounding each impeller; a thrust wall extending 
inwardly from the peripheral wall and spaced from the 
front side of a respective impeller; and a diffuser wall 
extending inwardly from the peripheral wall and spaced 
axially from the rear wall of the respective impeller; said 
thrust wall having a central opening therein, each im 
peller and the respective thrust wall having telescoping 
Seal means thereon around said inlet opening in the 
impeller for limiting recirculation from the impeller 
chamber back to the impeller inlet, said diffuser walls 
each having a central opening therein and an elongated 
sleeve around said openings, said impeller hubs having 
a first hub extension thereon extending from the rear 
wall into the sleeve on the respective diffuser wall and 
a second hub extension thereon extending into the sieeve 
on the diffuser wall of the preceding stage for radial 
Support thereby, said casings each defining diffuser pas 
sages for conveying liquid from the periphery of each 
impeller chamber to the inlet of the impeller in the next 
succeeding stage, and ribs on said thrust wall projecting 
toward said front wall of the impeller and extending from 
the outer periphery of the impeller chamber toward the 
iniet opening of the impeller for retarding rotation of the 
fluid at the front side of the imgeller whereby to in 
crease the pressure at said front wall above the pressure 
at said rear wall of the impeller when the pump is in 
operation. 

2. The combination of claim 1 wherein said impeller 
hubs are formed of resilient plastic and loosely receive 
said shaft, said hubs having an integral resilient flange on 
the end of said first extension, said flange extending in 
wardly into wiping engagement with said shaft for limit 
ing recirculation between the huib and shaft. 

3. A centrifugal pump comprising a drive shaft, an im 
peller mounted on said drive shaft and having front and 
rear walls defining a central inlet opening in the front 
wall and vanes on one of said walls forming impeller 
passages between said front and rear walls extending 
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8 
from said inlet opening to the periphery of the impeller, 
casing means surrounding said impeller and having walls 
spaced from the front and rear walls of the impeller to 
define an impeller chamber therebetween, characterized 
in that said front and rear walls of the impeller are formed 
separate from each other and have a plurality of annu 
larly spaced interfitting bosses and sockets thereon non 
rotating connecting said front and rear walls while per 
mitting free axial movement of the front and rear walls 
relative to each other, and means in said casing means 
for increasing the pressure on said front wall above the 
pressure at the outer ends of said impeller passage during 
operation of said pump to normally maintain said front 
and rear walls of the impeller against axial separation. 

4. A centrifugal pump comprising a drive shaft, an 
impeller mounted on said drive shaft and having front 
and rear walls defining a central nilet opening in the front 
wall, vanes on one of said walls defining impeller passages 
between said front and rear walls extending from said iniet 
opening to the periphery of the impeller, a diffuser casing 
Surrounding said impeller and having front and rear walls 
respectively spaced from the front and rear walls of the 
impeller, said vanes having openings extending thereinto 
paralel to the axis of the impellers, the other of Said 
walls of the impeller having integral pins thereon slidably 
extending into said openings in the vanes and non-rotatably 
connecting the front and rear walls of the impeller while 
permitting free relative axial movement therebetween, 
Said front and rear walls of the impeller being held against 
axial separation solely by the fluid pressure in said diffuser 
casing acting on said front and rear walls. 

5. A multi-stage centrifugal pump comprising a drive 
shaft, a plurality of impellers each having a hub, means 
non-rotatably mounting Said hubs on said drive shaft, 
said impellers each having a rear wall extending outwardly 
from the hub and a front wall defining a central inlet 
opening around the hub, said impellers also including 
Vanes on one of said walls defining impeller passages be 
tween the front and rear walls extending from said inlet 
opening to the periphery of the impeller, a diffuser casing 
Surrounding each impeller and having front and rear walls 
respectively spaced from the front and rear walls of the 
impeller, said vanes having openings extending thereinto 
parallel to the axis of the impeller and pins on the other 
of Said impeller walls slidably extending into said open 
ings in the vanes to non-rotatably connect said front and 
rear Walls of the impeller while permitting free relative 
axial movement therebetween, said front and rear walls of 
the impeller being held against axial separation solely by 
the fluid pressure in said diffuser casing acting on said front 
and rear Walls. 

6. The combination of claim 5 wherein said impellers 
are formed of plastic and have an integral tapered flange 
on One end of the hub extending inwardly into wiping 
contact with said shaft to limit recirculation of fluid be 
tWeen the hubs and the shaft. 

7. A multi-stage diffuser type centrifugal pump for 
pumping fluid from a main pump inlet to a main pump 
outlet comprising, a drive shaft, a plurality of pump in 
pellers each having a central inlet opening; a front wall 
extending outwardly from the central inlet opening; a 
hub; a rear wall extending outwardly from the hub; and 
impeller passages extending between the front and rear 
Walls from the central inlet opening toward the outer 
periphery of the impeller, means slidably and non-rotata 
bly mounting Said hubs on the shaft with the hubs axially 
Spaced apart for free axial float of the impellers on the 
shaft, said impellers being disposed on the shaft with the 
inlet openings facing in the same direction, a pump casing 
Surrounding said impellers and including a plurality of 
thrust walls each spaced axially from the front wall of a 
respective impeller and a plurality of diffuser walls each 
Spaced axially from the rear wall of a respective impeller 
to define a plurality of impeller chambers, said pump cas 
ing including means defining a plurality of diffuser pas 
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sages for transferring liquid from the periphery of each 
impeller chamber to the rear side of the respective diffuser 
Wall and into the inlet opening of the impeller of the next 
adjacent pump stage, the difference between the fluid pres 
Sures acting on the rear wall of each impeller and the fluid 
pressure at the inlet opening of the impeller producing an 
axial hydraulic thrust on each impeller in a direction 
toward the inlet opening and which hydraulic thrust is a 
maximum when the flow through the pump outlet is shut 
off and which hydraulic thrust decreases as the flow from 
the pump outlet is increased, and a plurality of ribs on 
each thrust wall at the side thereof adjacent the front of 
the respective impeller for retarding rotation of the fluid 
at the front wall of the impeller to thereby produce a 
counteracting pressure at said front wall of each impeller 
which is substantially greater than the pressure at the rear 
wall of that impeller when the front wall of the impeller 
is disposed closely adjacent the ribs and which counter 
acting pressure decreases as the impeller moves axially 
away from the ribs, said impellers being so dimensioned 
in relation to said impeller chambers to permit limited 
independent float of the impellers axially within their re 
spective chamber and along the shaft whereby the im 
pellers can shift axially away from the ribs to decrease 
the counteracting pressure at the front wall of the im 
pellers as said hydraulic thrust decreases. 

8. A multi-stage diffuser type centrifugal pump for 
pumping fluid from a main pump inlet to a main pump 
outlet coinprising, a drive shaft, a plurality of pump im 
pellers each having a central inlet opening; a front wall 
extending outwardly from the central inlet opening; a 
hub; a rear wall extending outwardly from the hub; and 
impeller passages extending between the front and rear 
walls from the central inlet opening toward the outer 
periphery of the impeller, means slidably and non-rota 
tably mounting said hubs on the shaft with the hubs axially 
spaced apart for free axial float of the impellers on the 
shaft, said impellers being disposed on the shaft with the 
inlet openings facing in the same direction, a pump cas 
ing Surrounding said impellers and including a plurality 
of thrust wails each spaced axially from the front wall 
of a respective impeller and a plurality of diffuser walls 
each spaced axially from the rear wall of a respective im 
peller to define a plurality of impeller chambers, said pump 
casing including means defining a plurality of diffuser pas 
sages for transferring liquid from the periphery of each 
impelier chamber to the rear side of the respective diffuser 
wall and into the inlet opening of the impeller of the next 
adjacent pump stage, the difference between the fluid pres 
Sures acting on the rear wall of each impeller and the fluid 
pressure at the inlet opening of the impeller producing an 
axial hydraulic thrust on each impeller in a direction to 
ward the inlet opening and which hydraulic thrust is a 
maximum when the flow through the pump outlet is shut 
off and which hydraulic thrust decreases as the flow from 
the pump outlet is increased, and a plurality of ribs on 
each thrust wall at the side thereof adjacent the front of 
the respective impeller for retarding rotation of the fluid 
at the front waii of the impeller to thereby produce a 
counteracting pressure at said front wall of each impeller 
which is substantially greater than the pressure at the rear 
wall of that impeller when the front wall of the impeller 
is disposed closely adjacent the ribs and which counter 
acting pressure decreases as the impeller moves axially 
away from the ribs, said impellers being so dimensioned 
in relation to said impeller chambers to permit limited 
independent float of the impellers axially within their re 
spective chamber and along the shaft whereby the impel 
lers can shift axially away from the ribs to decrease the 
counteracting pressure at the front wall of the impeilers 
as said hydraulic thrust decreases, each impeller and 
thrust wall having telescoping axially extending seal faces 
around said inlet openings in said impellers for limiting 
recirculation to said impeller inlet as the impellers shift 
axially away from their respective thrust Wail. 
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10 
9. The combination of claim 8 wherein said ribs have 

an entrance end adjacent the periphery of the respective 
impeller and curve inwardly in the direction of rotation 
of the impeller toward said seal faces. 

10. The combination of claim 8 wherein said hubs are 
each loosely disposed on said shaft and have a resilient 
inwardly extending peripheral flange thereon disposed in 
wiping engagement with said shaft for limiting recircula 
tion of fluid between the hubs and shaft. 

ii. The combination of claim 8 wherein said impellers 
are formed of a resilient plastic material and have an 
integral inwardly extending flange on the hubs at the end 
thereof remote from the impeller inlet opening, which 
flange is disposed in wiping engagement with said shaft 
for limiting recirculation of fluid between the hubs and the 
shaft. 

i 2. Tha combination of claim 8 wherein said froint and 
rear walls of said impeller are formed of two separate 
pieces, one of said walls having a plurality of annularly 
spaced openings extending thereinto parallel to the axis 
of the impeller and the other of said walls having bosses 
siidably extending into said annularly spaced openings to 
non-rotatably connect said front and rear walls whereby 
said front and rear walls are free to axially separate, said 
froint and rear waiis being held against axial separation 
during operation of the pump solely by the fluid pressure 
acting on said front and rear walls of the impeller. 

i3. A multi-stage diffuser type centrifugal pump for 
pumping fiuid from a main pump inlet to a main pump 
outlet comprising, a drive shaft, a plurality of pump in 
peiiers each having a central inlet opening; a front Wall 
extending outwardly from the central inlet opening; a 
hub; a rear waii extending outwardly from the hub; and 
impeller passages extending between the front and rear 
walls from the central inlet opening toward the outer pe 
riphery of the impeller, means slidably and non-rotatably 
mounting said iubs on the shaft with the hubs axially 
spaced apart for free axial float of the impellers on the 
shaft, said impellers being disposed on the shaft with the 
inlet openings facing in the same direction, a pump cas 
ing surrounding said impeilers and including a plurality 
of thrust walls each spaced axially from the front wall 
of a respective impeiler and a plurality of diffuser walls 
each spaced axially from the rear wall of a respective im 
peller to define a plurality of impeller chambers, said 
pump casing including means defining a plurality of dif 
fuser passages for transferring liquid from the periphery 
of each impeller chamber to the rear side of the respective 
diffuser wail and into the inlet opening of the impeller of 
the next adjacent pump stage, the difference between the 
fiuid pressures acting on the rear waii of each impeller 
and the fluid pressure at the inlet opening of the impeller 
producing an axial hydraulic thrust on each impeller in a 
direction toward the inlet opening and which hydraulic 
thrust is a maximum when the flow through the pump 
outlet is shut off and which hydraulic thrust decreases 
as the flow from the pump outlet is increased, and a plu 
rality of ribs on each thrust wall at the side thereof adja 
cent the front of the respective inpeiler for retarding ro 
tation of the fluid at the front wall of the impeller to 
thereby produce a counteracting pressure at said front 
wall of each impeller which is substantially greater than 
the pressure at the rear wall of that impeller when the 
frozhi waii of the impeller is disposed closely adjacent the 
ribs and which counteracting pressure decreases as the in 
peiier moves axially away from the ribs, said impellers be 
ing so dimensioned in relation to said impeller chambers 
to permit limited independent float of the impellers axially 
within their respective chamber and along the shaft where 
by the inpeiiers can shift axially away from the ribs to 
decrease the counteracting pressure at the front Wall of 
the impeilers as said hydraulic thrust decreases, said thrust 
wails each having a central opening therein and an annu 
lar rim around said central opening at the side adjacent 
the front wail of the impeller and defining a radially ex 
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tending seal face and an axially extending seal face around 
said central opening, said impellers each having a radial 
seal face on the front wall thereof engageable with the 
radial sea face on the respective thrust wall and a flange 
extending around the inlet opening in impellers and tele- 5 
scopically received in said axially extending seal face on 
the respective thrust wall to limit recirculation to said 
inspeller inlet as the impellers shift axially away from the 
respective thrust wall. 
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