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CENTRIFUGAL PUMP 
This is a continuation-in-part of my copending appli 

cation Ser. No. 40773, ?led May 27, 1970 now aban 
doned. 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention: 
The invention relates to centrifugal pumps of the 

type that includes an impeller or rotor having a central 
or coaxial inlet and a plurality of circumferentially 
spaced pumping passages leading from said inlet 
through outlets at the periphery of the impeller and de 
?ned by spaced opposed side walls and end walls radi 
ating outwardly from said inlet to said periphery. 

2. The Prior Art: 
In the early prior art pumps, the side walls of the 

pumping passages are smooth and planar from the inlet 
to the outlet. 
Later developments in the art produced pumps hav 

ing pumping passages between frusto-conical shells 
with a reversal of ?ow from the inlet to the passages, 
for the speci?c purpose of preventing vaporization of 
the liquid being pumped, for example as shown in US. 
Pat. No. 2,569,563. 
A still later pump has pumping chambers formed 

with grooves in their side walls shaped and arranged in 
a special way to produce a pumping action for a mix 
ture of liquid and gas which will prevent separation and 
accumulation of the gas in the pumping chamber, as 
shown in US. Pat. No. 2,737,898. 
The prior art pumps leave much to be desired in that 

'they are not capable of operating with a suf?ciently 
high degree of vacuum. 

SUMMARY 

A primary object of the invention is to provide a cen 
trifugal pump which will operate with a higher degree 
of vacuum than known centrifugal pumps. 
The invention also provides a centrifugal pump 

which will produce a given suction and dynamic head 
with a smaller impeller than is possible with pumps of 
conventional design. 

It is another object of the invention to provide in a 
centrifugal pump, a novel and improved impeller 
whereby a given degree of vacuum can be produced 
with an exceptionally efficient use of power. 
For accomplishing these and other objects which will 

later appear, the invention especially contemplates a 
centrifugal pump having novel and improved pumping 
passages wherein the ?uid being pumped is caused in 
its travel from the inlet to the outlet to frictionally 
contact successively surfaces on the side walls of the 
passages which on each side wall are disposed trans 
versely of the ?uid ?ow and are inclined to a diametral 
plane of the impeller alternately in different directions 
with each surface on one side wall spaced from and op 
posed to a surface on the other side wall and inclined 
in the same direction. 
The total of the areas of the undulations or angularly 

related surfaces produce a wavy path of travel for the 
liquid greater than the area of the ?at, smooth surfaces 
in the pumping passages of conventional pumps, so that 
when compared with such conventional pumps, each 
passage has a longer path of travel for the ?uid and 
consequent increase in period and area of frictional 
contact of the ?uid with the passage walls, whereby the 
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2 
velocity of the ?uid and the total dynamic head are in 
creased. . 

In accordance with the invention, the radiating end 
walls of the pumping passages are provided by vanes 
which are approximately radial to the impeller and into 
which said undulated surfaces merge through curved 
portions to provide for smooth ?ow of liquids and to 
prevent clogging of the pump by solids or fibers, for ex 
ample, sand, wood, pulp, etc., 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the invention, 
reference should be had to the following description in 
conjunction with the accompanyingdrawings in which: 
FIG. 1 is a schematic central vertical sectional view 

of a pump embodying the present invention, taken ap 
proximately on the plane of the line 1—1 of FIG. 2; 
FIG. 1A is an enlarged view of the portion of FIG. 1 

that is encircled by light dot and dash lines in FIG. 1; 
FIG. 2 is a transverse vertical sectional view approxi 

mately on the plane of the line 2—2 of FIG. 1; 
FIG. 3 is a fragmentary schematic sectional view of 

a modi?ed form of the invention; 
FIG. 4 is a similar view of another form of the inven 

tion; ' 

FIG. 5 is a fragmentary central vertical sectional view 
through a centrifugal pump embodying another modifi 
cation of the invention; 
FIG. 6 is a view similar to FIG.‘ 4 of another modi?ca 

tion; 
FIG. 7 is a fragmentary central vertical sectional view 

similar to FIG. 1, showing another form of the inven 
tion. 

FIG. 8 is a view similar to FIG. 2 showing a modi?ca-' 
tion of the invention; 
FIG. 9 is an enlarged fragmentary transverse vertical 

sectional view on the plane of the line 9—9 of FIG. 8; 
FIG. 10 is a sectional view approximately on the 

plane of the line l0—l0 of FIG. 8, and 
FIG. 11 is a greatly enlarged fragmentary sectional 

view approximately on the plane of the line ll—1l of 
FIG. 8. 

DESCRIPTION OF THE PREFERRED 
‘ EMBODIMENTS 

Speci?cally describing the embodiment of the inven 
tion shown in FIGS. 1, 1A and 2, the reference charac 
ter A designates the housing of the pump which in 
cludes a main section 1 and an end plate 2 separably 
secured to the main section by cap screws 3 so as to 
provide between the sections a pumping chamber C. 
Impeller B is journaled to rotate within said housing 
chamber by means of a drive shaft 5 on which is a bush 
ing 6 journaled in a packed bearing 7 having a gland 8 
of generally known construction. The impeller is keyed 
on the shaft and the shaft is driven by any suitable 
source of power not shown so as to rotate the impeller 
at high speed. 
The end plate 2 has an inlet conduit 9 provided with 

suitable means such as a ?ange 10 for connection to a 
?uid supply line, and the conduit leads to the inlet 
opening 12 of the impeller from which radiate a plural 
ity of pumping passages D that are spaced circumferen 
tially of the impeller and extend outwardly from the 
inlet opening to the outer periphery of the impeller 
where the passages discharge the ?uid therefrom into 
an outlet conduit E of generally known construction 
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formed in the main section of the housing. Each pas 
sage has end walls which are shown in the form of vanes 
13 that radiate outwardly from the inlet opening as 
shown in FIGS. 1 and 2. 
Each passage also includes side walls each of which 

has an undulated surface in spaced opposed relation to 
the undulated surface of the other side wall for causing 
the stream of ?uid in each passage to be repeatedly ric 
ocheted or de?ected by the undulations of one surface 
to the undulations of the other surface in directions 
toward the outer periphery of the impeller and inclined 
to a diametral plane of the impeller which is perpendic 
ular to the axis and may be represented by the clot and 
dash line in FIG. 1. 

In the form of the invention shown in FIGS. 1, 1A 
and 2, one side wall of each passage is formed by the 
inner side of the end plate 2, while the other side wall 
of each passage is formed by the end of the impeller 
that is juxtaposed to the end plate; and the vanes 13 
which form the end walls of the passage, are carried by 
the impeller. 
Each undulated surface is shown as including a plu 

rality of approximately concentric alternate ridges and 
grooves 14 and 15, respectively, spaced radially of the 
impeller between the adjacent end walls with the sur 
faces of the ridges of one side wall in spaced opposed 
relation of the surfaces of the grooves of the other side 
wall. As most clearly shown in FIG. 1A, each surface 
16 of one side wall is in spaced opposed relation to a 
surface 17 of the other side wall; and the adjacent sur 
faces of each side wall meet each other to form the 
ridges and grooves and are inclined to said diametral 
plane or to the axis of the impeller in opposite direc 
tions, respectively. 
The edges of the vanes are undulated or provided 

with alternate ridges and grooves corresponding to the 
undulations or ribs and grooves of the end plate or im 
peller, and it is desirable that there be a minimum of 
clearance between the edges of the vanes and the sur 
faces of the end plate adequate to permit free rotation 
of the impeller without frictional engagement of the im 
peller with the end plate. In both FIGS. 1 and 1A this 
clearance which is generally designated F is exagger 
ated for clearness in illustration, but it has been found 
that the pump will operate with different amounts of 
clearance. It is also desirable that the ridges of each 
side wall be disposed in what may be termed “meshing 
relation” with the opposite side walls. In other words, 
preferably each ridge of one side wall partially enters 
a groove in the opposite side wall as most clearly shown 
in FIG. 1A. 

In the form of the invention shown in FIGS. 1 and 
1A, the opposed surfaces of the two side walls are equi 
distantly spaced from each other, and the surfaces 
nearer the inlet opening are spaced apart the same dis 
tance as the surfaces adjacent the periphery of the im 
peller; but the invention also contemplates, as shown in 
FIG. 3, that the portions of the undulated surfaces 18 
and 19 of the impeller G and end plate H, respectively, 
nearer the inlet opening 20 may be more distantly 
spaced apart than the portions adjacent the outer pe 
riphery of the impeller. 
The invention also contemplates undulated surfaces 

of different shapes. For example, as shown in FIG. 4 the 
undulated surfaces 21 and 22 of the impeller l and end 
plate J, respectively, may be sinuous or curved. 
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4 
In FIG. 1 the general planes of the undulated surfaces 

are parallel to a diametral plane and perpendicular to 
the axis of the impeller, but as shown in FIG. 6 the gen 
eral planes of the undulated surfaces 23 and 24 of the 
impeller K and end plate L, respectively, are frusto 
conical and inclined to the axis of the shaft. 
The invention also contemplates a pump having a 

plurality of series of pumping passages spaced longitu 
dinally of the axis of the shaft, as shown, for example 
in FIG. 7. Here the impeller M is rigidly mounted on a 
shaft 25 which is journaled in one end plate 26 of the 
pump housing N. The housing includes another end 
plate 0 and the impeller is located between these two 
end plates and between the inner side of each end plate 
and one end of the impeller is one series of pumping 
passages P, while between the inner side of the other 
end plate 0 and the adjacent end of the impeller ,M is 
a second series of pumping passages Q. The inner ends 
of all the passages communicate with the inlet opening 
27 and extend outwardly from said inlet opening to the 
outer periphery of the impeller where the passages dis 
charge into an outlet conduit R which may be of the 
same general form as the conduit E. As shown in FIG. 
7 each passage has end walls formed by vanes 28 and 
side walls having undulated surfaces of the same gen 
eral form as the vanes and side walls shown in FIG. 1. 

FIG. 5 shows another form of the invention where the 
impeller S comprises one block rigidly mounted on a 
shaft 29 journaled in a bearing 30 in one end of housing 
T the other end of which has an inlet conduit 31 coaxi 
ally disposed with which is inlet opening 32 of the im 
peller. Leading outwardly from said inlet opening is a 
plurality of pumping passages U having end walls or 
vanes 33 radiating outwardly from the inlet opening 
and side walls 34 and 35 each of which has an undu 
lated surface in spaced opposed relation to the undu 
lated surface of the other side wall. The passages ex 
tending from the inlet 32 to the periphery of the impel 
ler and discharge into an outlet conduit (not shown) 
but similar to that illustrated in FIG. 1. 

It will be understood by those skilled in the art that 
the form of the vanes may be varied in number and 
form; for example, they may be of volute or curved 
form as shown or may be straight and truly radial to the 
impeller, and in all forms of the invention, when the 
inlet conduit is connected to the ?uid supply and the 
impeller or rotor is rotated at high speed the ?uid, usu 
ally liquid, will be impelled centrifug-ally from the inlet 
opening through the pumping passages to the outlet 
conduit. 

In accordance with the invention, the total areas of 
the undulations or angularly related surfaces in the side 
walls of the pumping passages produces a wavy path of 
travel for the liquid greater than the area of the gener 
ally ?at and smooth surfaces in pumping passages of 
conventional pumps. When compared with conven 
tional pumps, the invention provides in each passage a 
longer path of travel for the ?uid and consequent in 
creases in area of frictional contact of the ?uid with the 
passage walls, whereby the velocity of the ?uid and the 
total dynamic head are increased by the pump of the 
invention. 
FIGS. 8 through 11 illustrate a modi?cation of the 

invention wherein the radiating end walls of the pump 
ing passages are shown as approximately radial to the 
impeller and the undulated surfaces or the sides of the 
alternate concentric ridges and grooves merge into the 
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end walls through curved portions to provide for 
smooth ?ow ‘of liquids through‘the pumping passages 
and to reduce the possibility of'cl’og'ging ofthe pump‘by 
solid particles or ?bers. ’ > 1 '- ' 

In this form of .the invention and ‘referring to FIGS. 
8-11, the pump ‘housing is designated AA and the im 
peller is designated BB. The end plate 20- of the housing 
(FIG. 9) is'in general similar to the end plate 2 in the 
form of the invention hereinbefore described and in 
cludes the alternate ridges and grooves 21 and 22, re 
spectively, which form the plurality of concentric sur 
faces spaced radially of the impeller with the surfaces 
of the ridges of the end plate in spaced opposed rela 
tion to the surfaces of the groove 23 and ridges 24, re 
spectively of the impeller. 
The end walls of the pumping passages are formed by 

the vanes 25 which in the present instance are shown 
as disposed radially of the face of the impeller, but 
which may be curved as in FIG. 2 and the sides of the 
vanes merge through curved surfaces 26 into the undu 
lated surfaces or sides of the ridges 24 and grooves 23. 
While the vanes are shown to gradually decrease in 
width from the outer periphery of the impeller toward 
the center thereof as best illustrated in FIG. 8 and by 
the dotted lines in FIG. 11, this is not necessary in all 
cases; the vanes can be of the same width through their 
length. 
With this construction, the pump operates in gener 

ally the same way as hereinbefore described, but the 
curved sides 26 of the vanes reduce the possibility of 
clogging of the pump by solids or ?bers, for example 
sand,‘wood, pulp, etc., and said curved surfaces also 
provide for a smooth ?ow of the fluids through the 
pumping passages and over the undulated surfaces of 
the face of the impeller and the end plate. 

It is believed that the pump operates with partially 
controlled cavitation which makes possible the produc 
tion of a high degree of vacuum with a minimum of cav 
itation damage to the juxtaposed surfaces of the pump 
ing passages. Bubbles are formed between the undu 
lated surfaces in low pressure areas and decrease in size 
as they pass from one inclined surface to the next 
greater pressure area, and gas or vapor appears to col 
lect in the pockets formed at the bottoms of the 
grooves, providing a layer of gas or vapor along which 
the ?uid ?ows under the in?uence of the vanes 13; and 
in some cases it may be desirable to provide curved or 
small ?at surfaces at the crests of the ridges on the 
vanes, for example as shown in FIG. 9 where the flat 
surfaces on the crests are denoted 27 on the ridges of 
the vanes 25 so that said crests will cause minimum dis 
turbance of the gas or vapor pockets in the juxtaposed 
grooves 22 of the end plate 20. It will be understood 
that similar ?at or rounded surfaces may be provided 
on the ridges of the vanes shown for example in FIGS. 
1, la and 2. 

I claim: 
1. A centrifugal pump comprising a housing having 

an inlet conduit, an impeller journaled to rotate in said 
housing coaxially with said inlet conduit and having an 
inlet opening, and means including a drive shaft for 
driving said impeller, said housing also having an outlet 
conduit at the outer periphery of said impeller and 
there being a plurality of pumping passages spaced cir 
cumferentially of said impeller leading outwardly from 
said inlet opening through said outer periphery of the 
impeller, each passage having end walls radiating out 
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6 
wardly continuously from said inlet opening to the 
outer periphery of the impeller and side walls each of 
which has an undulated surface whose undulations are 
in spaced opposedrelation to the undulations of the un 
dulated surface of the other side wall and inclined in 
the same directions to a diametral plane of the impeller 
for causing the stream of ?uid in each passage to be re 
peatedly ricocheted or de?ected by the undulations of 
one surface-t0 the undulations of the other surface in 
directions toward said periphery of the impeller and in 
clined to a diametral plane of the impeller, as the ?uid 
is centrifugally impelled through the passage. 

2. A centrifugal pump as de?ned in claim 1 wherein 
each undulated surface includes a plurality of approxi 
mately concentric alternate ridges and grooves spaced 
radially of the impeller between the adjacent end walls 
with the surfaces of the ridges of one side wall in spaced 
opposed approximately parallel relation to the surfaces 
of the grooves of the other side wall. 

3. A centrifugal pump as de?ned in claim 1, each side 
wall having a plurality of surfaces spaced radially of 
said impeller and approximately concentric therewith, 
each surface of one side wall being in spaced opposed 
relation to a surface in the other side wall approxi 
mately equidistantly throughout their widths and the 
adjacent surfaces of each side wall meeting each other 
and being inclined to a diametral plane of the impeller 
in opposite directions respectively. 

4. A centrifugal pump as defined in claim 1 wherein 
said casing has an end plate in which said inlet conduit 
is located, and the inner side of said end plate and one 
end of said impeller are formed to provide said pas 
sages between them. 

5. A centrifugal pump as de?ned in claim 1 wherein 
said casing has an end plate in which said inlet conduit 
is located, and the inner side of said end plate and one 
end of said impeller are formed to provide said pas 
sages between them, and each side wall has a plurality 
of surfaces spaced radially of the impeller and provid 
ing approximately concentric alternate ridges and 
grooves between the adjacent end walls with the sur 
faces of the ridges of one side wall in spaced opposed 
relation to the surfaces of the grooves of the other side 
wall. 

6. A centrifugal pump as de?ned in claim 5 wherein 
said end walls comprise vanes on said impeller radiat 
ing outwardly from said inlet opening. 

7. A centrifugal pump as de?ned in claim 1 wherein 
there are a plurality of series of said passages spaced 
apart axially of said drive shaft. 

8. A centrifugal pump as de?ned in claim 1 wherein 
said housing has two end plates in which are located 
said inlet conduit and said shaft, respectively, and be 
tween which the impeller is disposed and the inner side 
of each end plate and the corresponding end of the im 
peller are formed to provide said passages between 
them. 

9. A centrifugal pump as de?ned in claim 1 wherein 
said end walls of the passages comprise vanes radiating 
outwardly from said inlet opening. 

10. A centrifugal pump as de?ned in claim 1 wherein 
said end walls of the passages comprise vanes radiating 
outwardly from said inlet opening and into which said 
undulated surfaces merge through curved portions pro 
viding for smooth ?ow of liquids and reducing the pos 
sibility of clogging of the pump by solid particles or ? 
bers. 
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1 1. A centrifugal pump as de?ned in claim 1 wherein 
said casing has an end plate in which said inlet conduit 
is located, and the inner side of said end plate and one 
end of said impeller are formed to provide said pas 
sages between them, and each side wall has a plurality 
of surfaces spaced radially of the impeller and provid 
ing approximately concentric alternate ridges and 
grooves between the adjacent end walls with the sur 
faces of the ridges of one side wall in spaced opposed 
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wall, and wherein said end walls of the passages com 
prise vanes radiating outwardly from said inlet opening 
and into which said undulated surfaces merge through 
curved portions providing for smooth ?ow of liquids 
and reducing the possibility of clogging of the pump by 
solid particles or ?bers. 

* * >|< * * 


