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STAGE FOR A'CENTRIFUGAL PUMP 

BACKGROUND OF THE INVENTION 

The present invention relates to an improved impel 
ler and diffuser design for a multistage centrifugal 
pump suitable for moving liquids from wells of various 
depths. Since the wells encountered may be quite deep, 
it is necessary to employ a pump capable of developing 
great pressure in order to force the liquid to the sur 
face. Of the several factors which control the amount 
of liquid output, one which is necessarily limiting is the 
relatively small diameter of the bore through which 
must pass the entire pump including external casing, 
motor, and the many stages which actually contact and 
move the liquid. What the pump lacks in diameter is 
compensated by its great length and hence it is not un 
common to stack numerous stages within a casing to 
attain a lift of several thousand feet. 
A single stage commonly includes an impeller, which 

is driven by the motor, to impart velocity to the liquid 
and an overlying stationary diffuser which decreases 
the velocity whereby pressure is increased causing the 
liquid to ?ow to the impeller of the subsequent stage. 
While the prior art is replete with multistage centrifugal 
pumps, the improvements have generally been directed 
toward increasing the life of the moving parts such as 
by dissipating hydraulic thrust or by providing engaging 
surfaces with abrasive resistant or retardant materials. 
While not without merit, inventors have concentrated 
more on these improvements and have not as fre 
quently improved upon the design of the impeller and 
diffuser. 
Heretofore, impellers have been constructed with a 

central hub adapted to be rotated by the drive shaft of 
a motor. The impellers have a front and rear plate cen 
tered around the hub with a series of spiral vanes there 
between to swirl the water generally radially from the 
impeller. An aperture in the front plate, concentric 
with the hub, provides the ingress for the liquid while 
the rear plate extends to the hub. The vanes drive the 
liquid radially outwardly where it is expelled from be 
tween the two plates with a high velocity. 
The diffuser has also a front and a rear plate with a 

series of spiral vanes therebetween. A central bore 
therethrough receives the hub of the impeller which 
permits the latter to be rotatably driven by the drive 
shaft while the diffuser remains stationary. As the liq 
uid exits from the impeller it contacts the stage housing 
and makes an approximate 90° turn therein into pas 
sages formed between the periphery of the front plate 
of the diffuser and the housing. The liquid is then 
guided by vanes within the diffuser to an aperture in the 
rear plate, which aperture is concentric with and of a 
diameter greater than the bore in the front plate and 
serves as the egress for the liquid to the impeller of an 
other stage or out of the system. 
The efficiency of such conventional items is some 

what undesirable in that the necessary 90° turn of the 
fluid radially out of the impeller and axially into the dif 
fuser is accomplished in the diffuser or in an area be 
tween the impeller and diffuser because the conven 
tional impeller of the prior art has been of a lesser di 
ameter than the diffuser. This smaller diameter impel 
ler, required because of the space limitations in the 
stage of the pump casing, provides a pump with less hy 
draulic performance per stage. For example, pump ca 
pacity is directly proportional to impeller diameter 
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2 
change; pump head is proportional to the square of di 
ameter change; and power is proportional to the cube 
of the diameter change. In addition, the smaller diame 
ter impeller of the prior art creates turbulence and 
extra circulation resulting in decreased efficiency since 
any abrupt turns or changes in velocity or direction of 
the ?uid results in less efficiency. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the invention to 
provide a pump stage with improved hydraulic output 
characteristics and one which will provide an efficient 
centrifugal pump by eliminating the area of turbulence 
and extra circulation between the impeller and the dif 
fuser by making the necessary 90° ?uid turn in the im 
peller rather than the diffuser. 

It is another object of the present invention to pro 
vide an impeller of a larger effective diameter without 
enlarging the outer pump casing. 

It is still another object of the invention to provide a 
pump stage, as above, with an impeller which changes 
the direction of the high velocity ?uid before it leaves 
the impeller and directs it axially into the diffuser. 

It is an overall object of the present invention to de 
crease the number of stages within a pump over that re 
quired by a prior art without any loss of output. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial side elevation, partially in section, 
of a multistage centrifugal pump depicting one of the 
improved stages; 
FIG. 2 is an enlarged cross section of the improved 

stage depicted in FIG. 1; 
FIG. 3 is a partial sectional view taken substantially 

along line 3—3 of FIG. 2 and depicting the con?gura 
tion of the diffuser and the passage of liquid there 
through; and, 
FIG. 4 is a partial sectional view taken substantially 

along line 4-4 of FIG. 2 and depicting the con?gura 
tion of the impeller and the passage of liquid there 
through. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A centrifugal pump embodying the concept of the 
present invention is designated generally by the nu 
meral 10 in FIG. 1 and has an outer casing or shell 11 
which can house a plurality of stages, generally indi 
cated by the numeral 12, as well as other conventional 
pump components. The upper end of casing 11 com 
municates with a threaded coupling (not shown) for 
connection with the usual outlet pipe, and at the lower 
end, the casing 11 can be suitably attached to another 
casing which carries an intake end cap, pump motor, 
and the like, all conventional items which are not 
shown herein. Each stage 12 includes a housing 13, a 
diffuser 14 mounted within housing 13 in a non 
rotatable manner, and an impeller 15 which is clea 
ranced to rotate with housing 13. 
The impeller 15 has a central hub portion 16 which 

is of a configuration such that it can readily be affixed 
to and therefore rotatably driven by pump shaft 17. A 
rear or vane plate 18 extends radially outwardly from 
hub 16 and can carry guide vanes indicated generally 
by the numeral 20 and hereinafter described in detail. 
The impeller 15 also has a front shroud 21 which termi 
nates radially inwardly in an annular boss or neck 22 
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de?ning an aperture 23 concentric with hub 16 and 
forming therewith with an annular inlet for the liquid. 
As seen in FIGS. 1 and 2, the impeller shroud 21 ex 
tends radially beyond the diameter of vane plate 18 and 
thereafter terminates in an axially upwardly directed 
?ange 24 having a diameter just less than that of the 
housing 13 so as to be freely rotatable therein. 
The impeller guide vanes 20 are best shown in FIG. 

4 as being crescent-shaped and extending from within 
the annular inlet to the outer edge of ?ange 24. Each 
vane 20 can be made in one piece and conveniently 
mounted between impeller vane plate 18 and shroud 21 
or can be made in two segments 20A and 2013. 
When manufactured in two segments the vane plate 

18 integrally carries inner vane segments 20A and im 
peller shroud 21 carries outer vane segments 208 (FIG. 
4). As shown in FIG. 2, the vane segment 20B extends 
axially upwardly above the end of shroud 21 to a point 
generally even with vane plate 18. Each outer vane seg 
ment includes a lug 25, each of which are received by 
complementary bores 26 in vane plate 18 wherein they 
are cemented or fastened by other suitable means. In 
such a manner, the vane plate 18 and shroud 21 are at 
tached to form the impeller 15. In addition to this inter 
connection, as shown in FIG. 4, the radially outer end 
of vane segments 20A and radially inner end of vane 
segment 20B are beveled so that they will overlap, as 
at 28, at which point they may be cemented or other 
wise fastened. Thus, the impeller 15 is an integral unit 
including plate 18 and shroud 21 with vanes 20 there 
between. 
The diffuser 14 is mounted within the housing 13 and 

includes a front plate 30, a rear plate 31, a series of 
guide vanes 32 and a like number of helical ?ns 33. The 
front plate 30 can be cast from a suitable plastic mate 
rial and includes a central hub 34 which is provided 
with an annular metallic insert 35 to form a bearing sur 
face for the impeller hub 16. The guide vanes 32 which 
are shown as being segmented similar to impeller vanes 
20, can be formed integral with the plate 30 and pro 
vided with lugs 36 which are received in apertures 38 
in rear plate 31 and cemented therein to form the inte 
gral diffuser 14. The rear plate may be cast from plastic 
or other suitable material and may be integral with the 
stage housing 13. 
The front plate 38 extends radially outwardly from 

hub 34 to a diameter corresponding to that of the hous 
ing 13. The helical fins 33 are ?xed to the periphery of 
plate 30, can be cemented to the housing 13, and ex 
tend to the rear plate 31. 
As best shown in FIG. 3, each vane 32 has a convex 

surface 39 and a concave surface 40, with the concave 
surface extending, as by elements 41, to the housing 13 
between the ?ns 33 and the rear plate 31. The ?ns 33, 
vanes 32, and vane extension elements 41 cooperate 
with the housing 13 to form spirally inclined entrance 
passages 42 for ?uid being expelled from the impeller, 
to transfer the fluid toward the hub 34 and the rear 
plate 31. Thus, as shown by the arrow in FIG. 3, the 
?uid enters the diffuser and passes on fin 33 between 
convex surface 39 on one vane 32 and the housing 13. 
As the ?uid continues, it contacts the vane extension 
element 41 and then the concave surface 40 of the next 
vane 32 as it moves toward the hub 34. 

In operation, the liquid initially ?ows into the pump 
10 through an inlet at the bottom thereof (not shown) 
and fills a chamber 50 defined by the con?guration of 
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4 
a bearing housing 51. The housing 51 gives stability to 
the shaft 18 and maintains the vertical position of the 
stage in that it engages the bottom of the stage housing 
13 and in that it carries an annular metal insert 52 
which engages the annular boss 22 of impeller shroud 
21. In addition, housing 51 rides, in a manner not 
shown, on a bearing shaft sleeve 57 which is driven by 
the shaft 17. 
The liquid then ?ows axially through the housing 51 

and the impeller aperture 23 and is turned generally ra 
dially as it passes between vane plate 18 and impeller 
shroud 21. As the impeller rotates, the vanes 20 drive 
the liquid generally radially until it reaches the axial 
?ange 24 where the liquid is guided and turned a sec 
ond time exiting the impeller as it enters, axially. Be 
cause the liquid exists the impeller substantially axially, 
there is no wasted space radially beyond the diameter 
wherein the liquid would be diverted from radial move 
ment. Also, the movement of the axial ?ange 24 with 
the impeller 15 minimizes any frictional drag on the liq 
uid attendant those impellers which direct a stream of 
radially moving liquid against a stationary wall such as 
the stage housing or equivalent structure. Of course, 
the increased diameter of the impeller has several ben 
e?cial results such as: more velocity per equivalent 
amount of power, a greater output with the same num 
ber of stages as a conventional pump, or alternatively 
employment of less stages and/or amount of power to 
yield the desired output of a conventional pump. 
Beyond the impeller 15, the axially moving liquid en 

ters the spirally inclined passages 42 in the front wall 
30 of the diffuser 14. As it moves radially inwardly and 
upwardly, in the manner previously described, the ?uid 
approaches an aperture 53 in rear plate 31, with the ve 
locity of the liquid having been reduced by the station 
ary vanes 32 within the diffuser 14 while pressure is 
proportionately increasing. 
AS the ?uid exits from aperture 53, it can be expelled 

from the pump, if the pump were one having a single 
stage, or if a multiple stage pump were involved, the 
?uid could go directly to another impeller with the 
hubs thereof butting together. The speci?c pump 
shown herein includes one stage, after which the ?uid 
passes through a bearing housing 54 shown in FIG. 1 
and similar to housing 51. Housing 54 is nonrotatably 
carried within casing 11 and includes a plurality of web 
members 55 which extend inwardly to an annular collar 
56 which rides on a bearing shaft sleeve 58 driven by 
shaft 17. Thus, as liquid passes through aperture 53 of 
diffuser 14, it ?ows into a- chamber 61, through webs 
55 and into a constricting chamber 62 leading either to 
the impeller of a subsequent stage or out of the pump. 
From the foregoing description it should be apparent 

to one skilled in the art that the improved stage dis 
closed herein provides greater, more ef?cient output in 
a multistage centrifugal pump of the type contem 
plated. 
What is claimed is: 
1. A stage for a centrifugal pump having an axially 

extending driven shaft comprising a housing, impeller 
means within said housing for receiving and imparting 
velocity to a ?uid material, and diffuser means ?xed to 
said housing for decreasing the velocity and increasing 
the pressure of the ?uid material, said impeller means 
including a hub rotatably driven by the driven shaft, a 
?rst plate, a substantially ?at second plate extending 
radially from said hub, and vane members joining said 
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first plate and said second plate, said ?rst plate having 
a diameter greater than that of said second plate and 
peripherally terminating in an axially directed ?ange, 
said vane members extending outward from approxi 
mate said hub to the outer diameter of said ?rst plate 
and beyond the outer diameter of said second plate and 
extending axially above said ?rst plate and generally 
axially even wirh said second plate so that the ?uid ma 
terial received by said impeller means passes between 
adjacent of said vane members and said ?rst and sec 
ond plates and is guided around the outer end of said 
second plate to be turned by said axially directed ?ange 
of said second plate and axially expelled from said im 
peller means to said diffuser means. 

2. A stage for a centrifugal pump as in claim 1, 
wherein said diffuser means includes a hub, a ?rst plate 
extending radially from said hub, a second plate, a se 
ries of peripheral passages for the ingress of ?uid mate 
rial from said impeller means, said passages defined by 
crescent shaped vane members joining said ?rst plate 
and said second plate and having concave and convex 
surfaces, by helical ?n means for directing the ?uid ma 
terial between the concave surface of one said vane 
member and the convex surface of an adjacent said 
vane member, by said housing, and by said ?rst and 
second plates of said diffuser means so that ?uid mate 
rial directed by said axially directed ?ange is guided by 
said passages from said ?rst plate of said diffuser means 
to said second plate of said diffuser means. 

3. A stage for a centrifugal pump as in claim 2, 
wherein said hub of said diffuser means receives said 
hub of said impeller means. 

4. A stage for a centrifugal pump as in claim 2,_ 
wherein said helical ?n means are af?xed to the periph 
ery of said first plate of said diffuser means and to said 
housing, said series of peripheral passages for the in 
gress of the fluid material being further de?ned by vane 
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extension members ?xed to said housing, the ?uid ma 
terial entering said diffuser means on said helical ?ns 
and passes ?rst between a convex surface of said vane 
member and said housing to further contact said vane 
extension member prior to contacting the concave sur 
face of said adjacent vane member. 

5. A stage for a centrifugal pump as in claim 2, 
wherein said second plate of said diffuser means ex 
tends to the periphery of said housing, said second 
plate of said diffuser means having an aperture there 
through concentric with and of a larger diameter than 
said hub of said diffuser means for the egress of the 
?uid material therefrom. 

6. A stage for a centrifugal pump as in claim 5, 
wherein said vane members of said diffuser means are 
carried by said ?rst plate of said diffuser means and ex 
tend radially outwardly from said aperture of said sec 
ond plate of said diffuser means to the periphery of said 
housing. 

7. A stage for a centrifugal pump as in claim 1, 
wherein said vane members include inner vane seg 
ments and outer vane segments. 

8. A stage for a centrifugal pump as in claim 7, 
wherein said inner vane segments are carried by said 
second plate and said outer vane segments are carried 
by said ?rst plate. 

9. A stage for a centrifugal pump as in claim 7, 
wherein said outer vane segments extend radially to the 
periphery of and axially above said axially directed 
?ange of said ?rst plate. 

10. A stage for a centrifugal pump as in claim 1, 
wherein said ?rst plate has an aperture therethrough 
concentric with and of a larger diameter than said hub 
for the ingress of the ?uid material into said impeller 
means. 

* * * * * 


