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This invention relates to centrifugal pumps. 
The invention has special relation to multistage cen 

trifugal pumps, including such pumps of the type adapted 
to be entirely submerged in the water or other liquid 

> to be pumped, and the invention is particularly concerned 
with problems frequently- encountered in such pump 
installations as a result of the presence of abrasive ma 
terials in the water, and which for convenience may be 
generally referred to as sand. The major trouble with 
sandy water is that when the pump is temporarily shut 
off, some of the sand may settle between complementary 
bearing surfaces, and ,such sand may and often does 
create suf?cien-t ‘friction to make it di?icult or even im 
possible to restart the pump. Furthermore, even if the 
pump can start again, the sand in metal bearings is ca 
pable of doing su?‘icient damage by scoring and the like 
as ultimately to interfere with proper operation of the 
pump.. 1 

' It is accordingly a primary object of the invention to 
provide a multistage centrifugal pump which is capable 
of efficient operation in spite of the presence of sand in 
the water, and which ‘not only can pump water contain- _ 
in-g sand but also is capable of efficient intermittent op- ' 
eration irrespective of the presence of sand in the water. 

In general the most difficult operations from the stand 
point of sand in the water are usually encountered when 
a new Well is ?rst put into use, since the concentration 
of sand is then highest but is likely to be reduced after 
the ?rst few hours or days of use of the well. This 
means that the ‘greatest potential damage to the pump by 
sandy water occurs when the pump is ?rst installed in the 
water, and it is therefore an important object of the 
present invention to provide a multistage centrifugal pump 
which has its maximum capacity for handling sandy 
water when it is ?rst put into use. 
An additional object of the invention is to provide a 

multistage centrifugal pump wherein the component parts 
are individually of simple construction and cooperate in 

' use to offer high resistance to the entry of sand at points 
where harmful frictional effects could be produced while 
making it readily possible for sand to be carried through 
the pump with the water and without creating undesirable 
friction. ' 

Another object of the invention is toprovide a multi 
stage centrifugal pump wherein the pumping unit form 
ing each stage is composed of only three parts, namely 
a casing and an impeller and diffuser mounted within 
the casing, and wherein each component part is individ 
ually of a construction facilitating economical produc 
tion and assembly. 
A further object of the invention is to provide a multi 

stage centrifugal pump in which the component parts of 
each stage or pumping unit cooperate to minimize un 
desirable thrust loads in any direction in operation but 
at the same time to establish a control thrust force which 
maintains proper sealing conditions ‘against the entry of 
sand at points where harmful frictional effects could 
otherwise develop. ~- > - - 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
It is also an object of the invention to provide a multi 

stage centrifugal pump wherein the impeller is con 
structed of a material such as a plastic which has the a 
property of relatively slow and limited swelling in the 
presence of water, and wherein this impeller is initially 
made of proportions establishing su?icient clearances for 
sand at locations where it is desirable to prevent trapping 
of sand ‘during initial use of the pump with these clear 
ances being gradually reduced for increased smoothness 
of operation after the pump has been in use for sufficient 
time to eliminate the major proportion of the sand ini 
tiaily present in the well. 

Still further objects and advantages of the invention 
will be apparent from the following description, the ac~ 
companying ‘drawings and the appended claims. 

In the drawings- , 

Fig. 1 is a partial view generally in axial section and 
showing a submersible multistage centrifugal pump con 
structed in accordance with the invention; 

Fig. 2 is a detail sectional view of one of the impellers 
in the pump in Fig. 1, the View being taken on the line 
2-2 of Fig. 3; 

Fig. 3 is a detail view showing the front or inlet side 
of the impeller of Fig. 2 with a portion of the front shroud 
broken away; , 

Fig. 4 is an enlarged fragmentary section on the line 
4-4 of Fig. 3; 

Fig. 5 is a detail view in radial section through the 
casing of one of the pumping units of Fig. 1; 

Fig. 6 is a greatly enlarged view of a fragment of Fig. 1 
taken in radial section; 

Fig. 7 is a projection of a fragment of the outer pe 
riphery of the di?fuser plate in one of the pumping units 
of Fig. l; ' 

Fig. 8 is a detail elevational view showing the back 
side of the diffuser plate; ' 

Fig. 9 is a section through the diffuser plate taken on 
the line 9-9 of Fig. 8; and 

‘ Figs. 10 and 11 are fragmentary sections taken on 
the lines 10-10v and 11-11, respectively, of Fig. 8. 

Referring to the drawings, which illustrate a preferred 
embodiment of the invention, the cylindricalv shell 13 
which forms the main pump housing has an upper end 
cap 14 threaded at its upper end for connection to the 
lower end of the usual down pipe 15 by which the entire 
apparatus is suspended in a well. At the lower end of 
the shell .13 is an intake end cap 16 which is shown frag 
mentarily and supports the drive motor (not shown) in 
the usual way.’ The drive shaft 17 of the motor is con 
nected by a coupling 18 with the pump drive shaft 20 
which extends through substantially the entire length of 
the shell 13 to drive the plurality of pumping units or 
stages therein. _ ~ 

These several pumping units are of identical construc 
tion, and the component parts of each unit are an im 
peller 21, a diffuser plate 22, and a casing 23 which en 
closes its associated impeller and ‘diffuser. These mul 
tiple pumping units are clamped between the end caps 
14 and 16 in stacked relation along shaft 29 with the inlet 
of each unit arranged as ‘described hereinafter to receive 
the output of the next ‘lower unit. The main inlet of 
the pump is through the intake end cap 15 as indicated 
at 25, and the discharge from the uppermost unit reaches 
the downpipe 15 through a port 26 controlled by a check 
valve 27 and sealing washer 28. 
As stated, all of the impellers 21 are of identical 

structure, and one is shown in detail in Figs. 2-4. It 
includes a hub 30 having internal spines 31 for driving 
engagement in a corresponding keyway 32 in shaft 20, 
and the back shroud 33 of the impeller extends radially 
outwardly from the hub 30. A cylindrical sleeve 34 
projects rearwardly from the hub beyond the back shroud 
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33, and the front shroud 35 of the impeller is connected 
with the back shroud 33 by a plurality of impeller vanes 
36. The inner diameter of the back shroud is substan 
tially smaller than that of the front shroud, and the 
outer diameter ‘of the back shroud is therefore substan 
tially reduced with respect to that of the front shroud 
in order to‘ provide the outer surfaces of both shrouds 
with more nearly the same effective areas 'as ‘described 
in detail hereinafter. ' 
A convenient manner of constructing this impeller is 

to cast it initially as two pieces, one including the hub 
and back shrould and the other including the front shroud 
and vanes. Lugs 37 are included on each vane and 
are received through complementary holes 38 in the 
back shrould and then riveted over to secure the assem 
bled parts together. This arrangement is shown in detail 
in Fig. 4, which also shows how the holes 38 are initially 
countersunk to assure riveting of the lugs 37 into ?ush 
relation with the outer surface of the back shroud 33. 
The front shroud 35 of the impeller includes an an 

nular boss ‘40 which cooperates with the front end por 
tion of the hub 30‘ to de?ne an annular inlet 41 to the 
interior of the impeller. The interior of the boss 40 
is provided with a counterbore 42 which receives a 
complementary cylindrical ?ange 44 extending inwardly 
from the periphery of the corresponding inlet opening in 
the center of. each casing 23. These respective parts 
are so proportioned that the front end face of boss 40 
normally engages the inner surface portion 45 of the 
casing which'surrounds ?ange 44, and which is recessed 
as shown to form a bearing surface for boss 40. The 
remainder of each casing 23 is generally cup-shaped, 
with its outer wall being cylindrical to ?t within the 
cylindrical shell 13, and each casing is provided at the 
outer edge of the front thereof with a circumferential 
notch or shoulder 46 which forms a seat for the rear! 

‘ ward edge for the adjacent casing upstream thereof. 
In addition, the rearward edge of each casing 23 is pro 
vided with a plurality of notches 47 for interlocking 
engagement with the associated diffuser 22 as described 
in more detail hereinafter. 
Each diffuser plate 22 is a single piece which is illus 

trated in detail in Figs. 7-—1l as cast from a‘ plastic 
material. The main portion of the diffuser plate is an 
annular web 50 radiating from a central hub 51 which 
forms a bearing for the sleeve portion 34 of the associated 
impeller and is preferably provided with a liner bush- ' 
ing 52 of stainless. steel or other suitable material. As 
shown in Fig. 9, this bushing 52 is provided with a 
circumferential groove 53 which assists in holding it in 
assembled relation in the hub 51. 
The web 50 of the diffuser 22 is of greater diam?ter 

than the back shroud 33 of the associated impeller, 
and it approaches the diameter of the front shroud 35. 
The web 50 is provided at its periphery‘with a cylindrical 
rim 55 which overhangs the periphery of the shroud 33 
and thus in effect forms a continuation of the back 
shroud for cooperation with the front shroud to guide 
the liquid flow outwardly: from the impeller. This rim 
55 is of sufficiently smaller outer diameter than the inner 
diameter of the associated casing 23 to provide a space 
therebetween, and in this space lie a plurality of generally 
helical ?ns 56 which project outwardly from rim 55 as 
best seen in Figs. 7 and 9. Each of these ?ns in turn 
terminates in a shoulder 57 proportioned to engage 
within one of the notches ‘47 in the back edge of the 
associated casing 23 in order to lock the diffuser and 
casing together. ' 

The ?ns’ 56 cooperate with the outer periphery of 
the diffuser plate and: the inner surface of; the, associated 
casing 23 to form a plurality. of: passageways. 6.0 leading, 
rearwardly from the outer periphery of the associated 
impeller. alone they inner sulface bfithe; casing-.23. toward 
the. back of the diffuser. Accordingly, the diffuser in 
eludes also. a. plurality of: generally Spiral. vanes. 61.; 
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on the back surface of the web 50 which extend from 
a position near the hub 51 to the outer periphery of 
web 50 and include outer wall portions 62 which are 
cylindrically curved and annularly spaced with respect 
to each other and which merge with the rim 55. These 
vanes 61 thus cooperate with the inner surface of the 
casing 23 to de?ne diffuser passageways which form con 
tinuations of passageways 60\ and are of increasing ?ow 
area with respect to the passageways 60 for slowing 
down the velocity of theliquid with respect to its velocity 
through the passageways 60 before this liquid is con 
ducted inwardly from the diffuser passageways for deliv 
ery to the inlet of the next casing and impeller. 
As clearly shown in Fig. 6, the front surface of such 

adjacent casing 23, cooperates with the diffuser and the 
vanes 61 to form a back wall ‘for these passages and 
thus to assure proper directional flow of the water from 
stage to stage. As also most clearly shown in Fig. 6, 
the outer diameter of the impeller front shroud 35 is only 
slightly less than the inner diameter of the casing 23, 
which assures clearance in operation, while the outer di 
ameter of the rim 55 is less than the outer diameter of 
the shroud 35, and therefore the discharge from the im 
peller is forced to ?ow primarily axially and then in 
wardly of the casing 23 as its velocity is converted to 
pressure by ?ow through the diffuser passageways. In 
this process, the liquid ?ows ?rst axially and circum 
ferentially through the relatively restricted passageways 
60 which extend between adjacent ?ns 56 and are 
bounded circumferentially by the inner wall of the casing 
and by the outer surface'of the rim 55 and the wall por 
tions 62, and it then enters the rapidly widening diffuser 
passageways bounded on the inside by the spiraling vanes 
61; and extending’ between the back surface of the diffuser 
and the front surface of the next adjacent casing 23. The 
velocity conversion therefore takes place behind the im 
peller and within its outer diameter and thus makes pos 
sible use of an impeller of the maximum size and ca 
pacity for the overall diameter of the pump. 
The relative proportions of these parts and the ma 

terials of which they are composed are important in 
achieving the advantages of the invention to the maximum 
extent. Thus the front and back shrouds of each impel~ 
ler are proportioned as previously described to have 
closely comparable respective areas, and thereby to ap 
proach a balancing of the axial thrusts thereon. At the 
same time, it is desirable to maintain a small excess 
thrust downwardly i.e., towards the motor, in order to as 
sure maintained pressure engagement between the boss 40 
and the bearing surface 45 which will seal the junction 
between these surfaces against possible entry of sand. 
Satisfactory results from this standpoint have been ob 
tained with the back shroud having inner and outer dia 
meters of approximately .658 inch and 2.437 inches re 
spectively, as compared with inner and outer diameters 
for the front shroud of 1.00 inch and 2.938 inches. 
The importance of- maintaining the seal between boss 

40 and its bearing surface 45 derives from a variety of 
factors. In the ?rst place, the velocity of flow of liquid 
is at a minimum through the inlets of the impellers, and 
the pressure is therefore at a maximum in these locations, 
the forces tending to encourage entry of sand between 
each impeller and its casing are accordingly substantially 
at a maximum adjacent the bosses 40. In addition, the 
average radius of the bearing surface on boss 40 is ap 
proximately twice that of the other bearing surface of 
the impeller, namely, the outer surface of the sleeve 34, 
so that frictional resistance to turning of the impeller 
resulting from sand between boss 40 and surface 45 will 
be correspondingly greater than it would be for the same 
conditions between the sleeve 34 and the metal bushing 
52. For the same reasons, a substantial clearance is 
provided between the counterbore 42. and the outer 
surface 44 on the casing, namely, approximately .01 
inch radial clearance. ' 
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Because of the factors just’ described, it is also pro 
posed in accordance with the invention to establish 
substantial radial clearance between each sleeve 34 and 
its associated metal bushing 52, particularly when the 
pump is new and is ?rst placed in operation. More 
speci?cally, these parts are constructed to provide an 
initial clearance of the order of .015 inch on a diameter 
so that the impeller will be free to slide with respect _ 
both to shaft 20 and to its associating‘ casing 23. In 
addition, the impeller is constructed of a material hav 
ing the property of swelling in water toa limited ex 

‘ tent over a substantial period of time, and preferred re 
sults have been obtained with the impeller molded from a 
resin of the nylon type which not only has such prop 
erties of water absorption but also is an excellent bear 
ing material. For example, if the sleeve 34 has an outer 
diameter of .658 inch, a recommended material for the 
impeller is a nylon resin having the property of swelling 
approximately .030 inch for each inch of diameter, and 
particularly such a resin which will vswell to approxi 
mately one-half its total extent in a matter of about ten 
days but will then not complete its swelling for another 
ninety days. For similar resins which swell to a different 
extent in water, the initial proportions for the impeller 
should be computed to provide the preferred ?nal rel 
ative dimensions indicated above. 
Major advantages of the invention ‘derive from this 

impeller construction. In particular, with a substan 
tial clearance as described between the sleeve 34 and 
bushing 52 when the pump is ?rst put into operation, 
whatever sand may be present will tend to ?ow through 
such clearances rather than to be caught therein, and 
at the same time the boss 40 will seal against entry of 
sand between itself and the bearing surface 45 as previ 
ously described. The majority of the sand in a new well 
will ordinarily be eliminated from the water being drawn 
therefrom in not more than about two days, and during 
this time the impeller sleeve 34 will be slowly swelling 
to reduce its clearance in the bushing 52 after the danger 
of entry of sand is also reduced, thus increasing the 
e?'iciency of the pump as a whole. 

This process continues until the impeller has reached 
its maximum absorption for water, but even if there 
after sand should enter between any of the bearing sur 
faces of the impeller, it will still not be too severe a 
problem. Thus if both the complementary bearing sur 
faces were metal, sand entering therebetween would 
tend to scratch at least one metal surface before it 
could be crushed or otherwise eliminated. With one 
bearing surface of nylon, however, the sand would tend 
to imbed itself therein without too great an increase in 
friction until it had been gradually worn away, and the 
overall results of all of these individual advantages are 
increased e?iciency and reduced maintenance as well as 
low initial cost of the pump as a whole. 

While the form of apparatus herein described con 
stitutes preferred embodiment of the invention, it is to 
be understood that the invention is not limited to this 
precise form of apparatus, and that changes may be 
made therein without departing from the scope of the 
invention which is de?ned in the appended claims. 
What is claimed is: 
l. A multistage centrifugal pump comprising a plural 

ity of individual casings each forming a part of one of 
said pump stages, each said casing being of generally 
cup shape including an outer portion of circular section 
and a central inlet opening in the front thereof, means 
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maintaining said casings in axially stacked relation with ' 
said outer portion of each casing seated on the front 
of the adjacent casing upstream therefrom, a drive shaft 
extending axially‘ through said stacked casings, an impel 
ler in each said casing including a hub splined on said 
shaft for movement axially thereof and a back shroud 
extending generally radially from said hub, each said 
impeller ‘also including a front shroud and vanes secur 

70 

75 

ing said shrouds together, an annular boss at the center‘ 
of said front shroud de?ning the inlet to said impeller, a 
bearing surface within said casing for running engage 
ment by the forward end of said boss, said back shroud 
of each said impeller being of substantially less diameter 
than said front shroud and having a total effective area 
slightly greater than said front shroud to establish a 
correspondingly small thrust force maintaining said boss 
in running engagement with said bearing surface in op 
eration, a diffuser secured within each said casing and 
including a web of greater diameter than said back 
shroud having thereon a cylindrical rim projecting into . 
radially overhanging relation with said back shroud for 
cooperation with said front shroud to guide the liquid 
?ow outwardly, from said impeller, said rim being of 
less outer diameter than said front shroud for coopera 
tion with said casing to de?ne an annular space of re— 
stricted ?ow area axially overlying said front shroud for 
receiving the liquid ?ow from said impeller, and co 
operating means on said diffuser and casing de?ning a 
plurality of diffuser passageways of increasing ?ow area 
leading from said annular space inwardly to the inlet of 
.the adjacent said impeller. 

2. A multistage centrifugal pump comprising a plu 
rality of individual casings each forming a part of one 
of said pump stages, each said casing being of generally 
cup shape including an outer portion of circular section 
and a central inlet opening in the front thereof, means 
maintaining said casings in axially stacked relation with 
said outer portion of each casing seated on the front of 
the adjacent casing upstream therefrom, a drive shaft ex 
tending axially through said stacked casings, an impeller 
in each said casing including a hub splined on said shaft 
for movement axially thereof and a back shroud extend 
ing generally radially from said hub, each said impeller 
also including a front shroud and vanes securing said 
shrouds together, an annular boss at the center of said 
front shroud de?ning the inlet to said impeller and reg 
istering with said casing inlet opening, said‘ back shroud 
of each said impeller being of substantially less diameter 
than said front shroud, a diffuser secured within each 
said casing and including a Web of greater diameter than 
said back shroud having thereon a cylindrical rim pro— 
jecting into radially overhanging relation with said back 
shroud for cooperation with said front shroud to guide 
the liquid ?ow outwardly from said impeller, generally 
helical ?ns projecting radially from said rim in axially 
overlying relation with said front shroud and cooperating 
with said casing and said rim to de?ne a plurality of re 
stricted passageways for conducting the liquid ?ow from 
said impeller rearwardly and circumferentially along the 
inner wall of said outer casing portion, and cooperating 
means on each said di?user and the adjacent said casing 
downstream thereof de?ning a plurality of diffuser pas 
sageways of increasing ?ow area leading from said re 
stricted passageways inwardly to the inlet of the adjacent 
said impeller. 

3. A multistage centrifugal. pump comprising a plu 
rality of individual casings each forming a part of one - 
of said pump stages, each said casing being of generally 
cup shape including an outer portion of circular section - 
and a central inlet opening in the front thereof, means 
maintaining said casings in axially stacked relation with 
said outer portion of each casing seated on the front of 
the adjacent casing'upstream therefrom, a drive shaft 
extending axially through said stacked casings, an im 
peller in each said casing including a hub splined on 
said shaft for movement axially thereof and a back 
shroud extending generally radially from said hub, each 
said impeller also including a front shroud and vanes 
securing said‘shrouds together, an annular boss at the 
center of said front shroud de?ning the inlet to said im 
peller and registering with said casing inlet opening, said 
back shroud of each said impeller being of substantially 
less diameter than said front shroud, a diffuser within 
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each said casing and including a web of greater diameter 
than said back shroud having thereon a cylindrical rim 
projecting into radially overhanging relation with said 
back shroud for cooperation with said front shroud to 
guide the liquid ?ow outwardly from said impeller, gen 
erally helical ?ns projecting radially from said rim in 
axially overlying relation with said front shroud and co 
operating with said casing and said rim to de?ne a plu 
rality of restricted passageways for conducting the liquid 
?ow from said impeller rearwardly and circumferentially 
along the inner wall of said outer casing portion, co 
operating notch means on the rearward edge ofeach 
said casing and radially projecting shoulders on said heli 
cal ?ns for locking said casings ‘and diffusers together, 
and generally spiral vanes on the back of each said dif~ 
fuser cooperating therewith and with the front of the 
adjacent said casing to de?ne a plurality of diffuser pas 
sageways of increasing ?ow area leading from said re-' 
stricted passageways: inwardly to the inlet of the adja 
cent said impeller. , 

4. A multistage centrifugal pump of the character de 
scribed comprising a plurality of individual casings each 
forming a part of one of said pumping stages, an im 
peller in each said casing, means on each said impeller 
de?ning the inlet thereto, each said casing being of gen 
erally cup-shape including an outer portion of circular 
section relatively slightly greater in diameter than the 
associated. said impeller and having a central opening in 
the front thereof adapted to register with said inlet of 
said associated impeller, means maintaining said casings 
in axially stacked relation with said outer portion of each 
said casing seated on the front of the adjacent casing 
downstream therefrom, a unitary diffuser in each said 
casing including a web of lesser diameter than said im 
peller cooperating with said casing to de?ne an annular 
space immediately behind said impeller, generally helical 
?ns on the periphery of said web axially overlying said 
impeller and cooperating with said casing to de?ne a plu 
rality of restricted passageways within said annular space 
for conducting the liquid ?ow from said impeller rear 
w-ardly and circumferentially along the inner wall of said 
casing, and means including generally spiral vanes on the 
back of each said diffuser web forming a diffuser passage 
way of increasing ?ow area leading from each said re 
stricted passageway inwardly to the space between said 
diffuser web and the next adjacent said casing for de 
livery to said impeller within said adjacent casing. 

5. A multistage centrifugal pump comprising a plu 
rality of individual casings each forming a part of one 
of said pump stages, each said casing being ‘of generally 
cup shape including an outer portion of circular section 
and a central inlet opening in the front thereof, means 
maintaining said casings in axially stacked relation with 
said outer portion of each casing seated on the front of 
the adjacent casing upstream therefrom, a drive shaft ex 
tending axially through said stacked casings, an impeller 
in each said casing including a hub splined on said shaft 
for movement axially thereof and a back shroud extend~ 
ing generally radially from said’ hub, each said impeller 
also including a front shroud and vanes securing said 
shrouds together, an annular boss at the center of said 
front shroud de?ning the inlet to said impeller, a bear 
ing surface within said casing for running engagement by 
the forward end of said boss, said back shroud of each 
said impeller being of substantially less diameter than 
said front shroud and having a total effective area slight 
ly greater than said front shroud to establish a corre 
spondingly small thrust force maintaining said boss in 
running engagement with said bearing surface in opera 
tion, a diffuser secured within each said casing and in 
cluding a web of greater diameter than said back shroud 
having a cylindrical central portion forming a bearing, 
each said impeller being formed of a resin having the 
property of swelling in. water over an extended period of 
time to a predetermined appreciable limited extent pro 
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8 
portional to the diameter thereof and including a sleeve ~ 
projecting from said hub rearwardly of said back shroud 
within said bearing, each said sleeve being of predeter 
mined cross sectional dimensions in proportion to said 
property thereof of swelling in water and to the inner 
diameter of the associated said bearing such that when 
said pump is ?rst placed in service, the outer diameter 
of said sleeve issu?‘iciently less than the inner diameter 
of said bearing to provide substantial running clearance 
for the passage of sand therebetwcen and upon comple 
tion of said limited swelling of said impeller, the outer 
diameter of said sleeve is less than the inner diameter of 
saidybearing by a su?iciently small amount for proper 
bearing relation therebetween, said web having thereon 
a cylindrical rim projecting into radially overhanging 
relation with said back shroud for cooperation with said 
front shroud to guide theliquid ?ow outwardly from said 
impeller, said rim being of less outer diameter than said 
front shroud for cooperation with said casing to de?ne 
an annular space of restricted ?ow area axially overlying 
said front shroud for receiving the liquid ?ow from said 
impeller, and cooperating means on said diffuser and cas 
ing de?ning a plurality of diffuser passageways of in 
creasing flow area leading from said annular space in 
wardly to the inlet of the adjacent said impeller. 

6. In a multistage centrifugal pump of the character 
described incorporating a drive shaft and a plurality of 
pumping units stacked ‘axially of said shaft and each in 
cluding an impeller and a casing therefor, the combina-\ 
tion of a hub on each said impeller splined on said shaft 
and a back; shroud extending generally radially there 
from, an integral sleeve projecting rearwardly along said 
shaft from said hub beyond said back ‘shroud, diffuser 
means mounted in ?xed relation with each said casing 
and including an annular web having a cylindrical central 
portion forming a bearing receiving the associated said 
sleeve therethrough, each said impeller being formed of 
a resin having the property of swelling in water over an 
extended period of time to a predetermined appreciable 
limited extent proportional to the diameter thereof, and 
each said sleeve being of predetermined cross sectional 
dimensions in proportion to said property thereof of 
swelling in water and to‘ the inner diameter of the as 
sociated said bearing such that when said pump is ?rst 
placed in service, the outer diameter of said sleeve is 
sufficiently less than the inner diameter of said bearing 
to provide substantial running clearance for the passage 
of sand therebetween and upon completion of said limited 
swelling of said impeller, the outer diameter of said 
sleeve is less than the inner diameter of said bearing by 
a su?iciently small amount for, proper bear-ing relation 
therebetween. 

7. In a multi-s-tage centrifugal pump of the character 
described incorporating a plurality of pumping units 
stacked in axial relation and each including an impeller 
and a casing therefor, the combination of a hub on each 
said impeller and a back shroud extending generally 
radially therefrom, an integral cylindrical sleeve project 
ing rearwardly from said hub beyond said shroud, a dif 
fuser mounted in ?xed relation with each said casing, a 
drive shaft extending through all said impellers in splined 
driving and supported relation with said hub sleeves 
thereon, each said diffuser including a cylindrical central 
portion forming a bearing enclosing said sleeve on the 
associated said impeller in bearing relation and cooperat 
ing therewith to form the sole bearing supports for said 
shaft, each of said impellers being formed of a material 
having the property of swelling in water over an extended 
period of time to a predetermined appreciable limited ex 
tent proportional to the diameter thereof, and each of 
said impeller sleeves being of predetermined initial cross 
sectional dimensions in proportion to-said property there 
of of swelling in water and to the inner diameter of said 
hearing such that when said pump is ?rst placed in serv 
ice,v the outer diameter of said sleeve is sufficiently less 
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than the inner diameter of said bearing to provide sub 
stantial running clearance ‘for the passage of sand there 
between and upon completion of said limited swelling 
of said impeller, the outer diameter of said sleeve is less 
than the inner diameter of said bearing by a su?iciently 
small amount for proper bearing relation therebetween. 

8. A multistage centrifugal pump as de?ned in claim 
4 comprising a drive shaft extending axially through said 
pumping stages, a hub on each said impeller splined on 
said shaft and including an integral sleeve projecting rear 
wardly along said shaft, each said diffuser web including 
a cylindrical central portion forming a bearing receiving 
the associated said sleeve therethrough, each said im 
peller being formed of ‘a resin having the property of 
swelling in water over ‘an extended period of time to a 
predetermined appreciable limited extent proportional to 
the diameter thereof, and each said sleeve being of pre 
determined cross sectional dimensions in proportion to 
said property of swelling in water and to the inner diam 
eter of the associated said bearing such that when said 
pump is ?rst placed in service, the outer diameter of said 
sleeve is sufficiently less than the inner diameter of said 
bearing to provide substantial running clearance for the 
passage of sand therebetween and upon completion of 
said limited swelling of said impeller, the outer diameter 
of said sleeve is less than the inner diameter of said hear 
ing by a sufficiently small amount for proper beating 
relation therebetween. 
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