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5 Claims. (Cl. 103-103) 
This invention relates to centrifugal pUmpS, 

and its principal object aims to provide a novel 
and improved pump of this general type which is 
of very simple construction, and which is capable 
of efficient operation at different capacities, and 
when handling solids in suspension as well as 
when handling fresh water. 

O 

Another object of my invention is to. provide 
an improved centrifugal pump wherein the im 
peller and casing are of such form that the flow 
of liquid through the fluid passages takes place 
With minimum shock and with minimum fric 
tion and eddy losses. 
Another object of this invention is to provide 

an improved centrifugal pump having a periph 
erally extending discharge chamber which is con 
centric with the axis of rotation of the impeller, 
and which is of substantially uniform cross-sec 
tional area. 
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Still another object of ??y invention is to pro- . 
vide a centrifugal pump haying a peripherally 
extending discharge chamber which is concentric 
with the axis of rotation of the impeller, and 
wherein the impeller vanes are arranged to de 
liver fluid into said discharge chamber in a direc 
tion substantially tangentially of the chamber. 
A further object of this invention is to provide 

a centrifugal pump of the type referred to, where 
in the impeller is constructed With Spaced Vanes 
With fluid passages of relatively large cross-sec 
tional area therebetween, and with curved sur 
faces of revolution of progressively decreasing 
radii of curvature for directing the fluid into said 
paSSageS. 

It is also an object of my invention to provide 
a centrifugal pump having a casing and an in 
peller, and wherein cooperating surfaces of the 
casing and impeller are surfaces of revolution 
generated by revolving involutes about the axis 
of rotation of the impeller. 
Other objects and advantages of my invention 

Will be apparent from the following description 
when taken in conjunction with the accompany 
ing sheets of drawings, wherein - 

Fig. 1 is a side elevational view showing a 
pump constructed, according, to my invention, 
with a portion of the casing broken away. 

Fig. 2 is a transverse sectional view taken sub 
stantially on line 2-2 of Fig. 1. 

Fig. 3 is a sectional view of...the impeller taken 
on line 3-3 of Fig. 2. 

Fig. 4 is a side elevational view showing the 
impeller removed from th? casing. 

Fig. 5 is a diagrammatic view illustrating the 

manner of generating certain of the curved sur 
faces of the casing and impeller. · · 

Fig. 6 is an elevational view showing another 
pump embodying my invention, with the casin 
of the pump in section. 

Fig. 7 is an elevational view of the impeller. 
Fig. 8 is a transverse sectional view of the 

impeller taken on line 8-8 of Fig. 7, and 
Fig. 9 is another sectional view of the impeller 

taken on line 9-9 of Fig. 7. 
Detailed reference will now be made to the 

accompanying drawings illustrating my improved 
Centrifugal pump construction, but before pro 
ceeding with this detailed description, it should 
be understood that the principles of my inven 
tion may be embodied in various devices or pumps 
other than those herein illustrated. 
As shown in FigS. 1 and 2 of the drawings, my 

centrifugal pump comprises, in general, a casing 
fo having inlet and discharge nozzles and f2, 
and an impeller 3 which is rotatable in the cas 
ing. As will be explained more in detail here 
inafter, the casing and impeller of my improved 
Centrifugal pump represent a departure, as to 
construction and principle of operation, from 
pumps of this type heretofore constructed, 
whereby I obtain a flow of liquid through the 
fluid passages with minimum shock and frictional 
loSSes, and with good operating efficiencies for 
different capacities as well as for fluids of dif 
ferent characteristics. 
The casing of my improved centrifugal pump is 

provided with an impeller chamber 4 with which 
the passage 5 of the inlet nozzle f communi 
cates, and with a peripherally extending dis 
charge chamber 6 which communicates with the 
impeller chamber and with the passage 7 of the 
delivery nozzle 2. This casing is preferably, 
though not necessarily, of Sectional construction 
SO as to facilitate assembly and inspection or 
repair of the casing, as well as the insertion or 
renova of the impeller. As shown in this in 
stance, the casing is provided with stationary 
and removable side walls 8 and 9, and with an 
annular casing section 20 disposed therebetween. 

In accordance With my invention, the periph 
erally extending discharge chamber is concentric 
with the axis of rotation of the impeller, and is 
of substantially uniform Cross-sectional shape 
throughout its circumference. In this instance 
the discharge chamber is shown as being of cir 
cular cross-section, although various other cross 
Sectional shapes can be used. In constructing the 
discharge chamber in the form of a hollow an 
nullus which is concentric with the axis of rota 
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2 
tion of the impeller, the inner surface of this 
chamber can be readily machined or otherwise 
rendered Smooth, so that frictional losses in this 
part of the device may be reduced to a mini 
mum. Moreover, as will be explained herein 
after, the circular shape of the discharge cham 
ber allows a mass of fluid to be rotated rapid 
ly within the casing, and to be discharged through 
the passage of the delivery nozzle 2, which ex 
tends outwardly from the casing substantially in 
tangential relation to the discharge chamber. 
The stationary Wall 8 of the casing is con 

structed with a fiat or substantially disc-like 
central portion 22 which forms a side wall of the 
impeller chamber, and with an annular rim 
portion 23 which forms a part of the side wall 
of the discharge chamber 6. The removable 
side wall or cover 9 of the casing is provided with 
a flat portion 24, with which the nozzle is 
integrally, formed, and through which the inlet 
passage 5 extends. The side wall 9 is also 
formed with an annular rim 25 which forms a 
part of the discharge chamber S. These an 

vided with step-cut Surfaces 26 which cooperate 
with similarly formed Surfaces on the casing 
section 29. These step-cut portions permit fluid 
tight connections to be formed between the walls 
and the section of the casing without the use of 
troublesome gaskets or other packing material. 
The intermediate casing section 20 may beformed 
of one or more parts, but is preferably formed 
of two sections, as shown in the drawings, which 
are connected together at diametrically opposed 
points by means of bolts 27, and which are con 
nected to the side walls of the casing by suitably 
located Screws 28. 
The impeller 3 is rotatably mounted in the 

impeller chamber of the casing by being keyed 
or otherwise secured to an end of a drive shaft 
29 which projects into the casing. This drive 
shaft may be actuated from any suitable source 
of power, and is Supported in suitably arranged 
bearings including the bearing 30 which is mount 
ed above the supporting base 32. Leakage of 

viding the stuffing box 3 through which the 
shaft extends. Fluid may be supplied to the stuff 
ing box through a suitable connection 3” so as 
to maintain a fluid Seal by causing a flow of 
fluid into the pump casing from the stuffing box. 
The impeller is constructed with a hub portion 
33 into which the drive shaft 29 extends, and 
with a radially extending plate or disc 38 which 
carries a plurality of circumferentially arranged 
vanes 35. These vanes are integrally connected 
at one edge thereof with the plate 36 and are 
arranged to extend transversely of the impeller 
chamber 6 with their opposite edges preferably 
connected by the circular rim 36. 
According to my invention the vanes of the 

impeller. are spaced relatively far apart circum- : 
ferentially of the plate 34, and are made rela 
tively wide in the direction of the axis of the 
shaft 29, or in other words, in a direction trans 
versey of the impeller chamber, šo as to pro 
vide a fluidº passage 37 between each pair of 
adjacent vanes which is of considerably larger 
cross-sectional area than similar fluid passages 
heretofore provided in pumps of this type. These 
large fluid passages readily accommodate fluids 
having solids in suspension therein without clog 
ging, even though the solids may be in the form 

it of relatively large particles. 
s In accordance with another feature of my in 

than at their outer edges. 
and arrangement for the vanes of the impeller 

2,013,455 
vention the vanes 35 are so arranged that they 
will deliver fluid into the discharge chamber 6 
in a direction substantially tangentially of this 
chamber, instead of substantially radially of the 
chamber, as has heretofore been customary in 
pumps of this type. To obtain this tangential 
discharge of fluid from the impeller, I arrange 
the vanes 35 in the non-radial, angularly dis 
posed position, as shown in Figs. 1 and 3 of the 
drawings, with the plane of each vane disposed 
with its outer end in a rearwardly inclined posi 
tion with respect to the direction of rotation of 
the impeller. Additionally, I construct these 
vanes so that each Vane is of slightly curved 
form, as shown in Figs. 1 and 3, with the con 

- cave surface of the vanes on the leading Side 
thereof, and with the radius of curvature some 
what greater at the inner edges of the vanes 

I find that this shape 

is such as to readily permit the fluid to enter 
and leave the passages 37 with a minimum 
amount of shock or disturbance. Moreover, I 
find that the large cross-sectional area of fluid 
passages, provided by this arrangement of vanes, 
allows a large volume of fluid to be delivered into 
the discharge chamber in a direction substan 
tially tangentially of this chamber and with a 
high tangential Velocity head, Tather tham With 
the high radial velocity for conversion into pres 
sure head, that has heretofore been customary 
in pumps of the centrifugal type. 
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The delivery of fiuid into the discharge chamber . 
in a tangential direction by the impeller, causes 
a mass of fluid to be rotated within the discharge 
chamber at a speed which is dependent upon the 
pressure head against which the pump is oper 
ated. During the rotation of the mass of fluid 
Within the discharge chamber of the casing, the 
particles of fluid gradually move outwardly in the 
dicharge chamber and finally pass out through 
the tangential passage 7 of the delivery nozzle 
A2. Since the delivery of fluid into the discharge 
chamber 6, by the impeller, takes place in a di 
rection Substantially tangential of the discharge 
chamber, there is no tendency for the fluid to be 
directed across the chamber and to be redirected 
back toward the impeller, as occurs in the oper 
ation of centrifugal pumps of the type having 
volute discharge chambers. In my improved 
pump the exit velocity created in the passages 
of the impeller is employed to maintain a velocity 
in the mass of fluid rotating within the discharge 
chamber, and since this exit velocity is not con 
verted into pressure head, as in centrifugal pumps 
of the type having volute discharge chambers, 
there is little or no pressure in the discharge 
chamber tending to create a backflow between 
the plate 34 and the side wall 22 of the 
casing, and between the annular rim 36 and 
the side wall 24 of the casing. Accordingly, I 
find that the use of sealing rings, between 
the impeller and the side Walls of the casing, is 
unneceSSary, 
pump as to mechanical construction. It is de 

thereby further simplifying my 
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sirable, however, to provide a clearance space 40 
between the ring 36 and the side wall 24, and a 
clearance space. 4 between the impeller plate 34 
and the side wall 22. If desired, one or more 
openings 42 may be provided through the plate 34 
to permit a circulation of fluid through the clear 
ance space 4, and to prevent an accumulation 
of solids between the impeller plate and the side 
Wall of the Casing. 
To further minimize shock and disturbances in 
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2,013,455 
the fluid during the operation of my centrifugal 
pump, I provide for a gradual change in direction 
in the flow of fluid from its axial direction, on 
entering the pump casing through the passage 
f5, to a radial direction on entering the passages 
37 of the impeller. To attain this gradual change 
in the direction of the flow of fluid, I provide the 
passage 5 and the plate 34 of the impeller with 
cooperating curved surfaces of peculiar shape. 
According to my invention, I constructthese Sur 
faces as surfaces of revolution having a progres 
sively varying degree of curvature. 
shape of these curved surfaces may be varied 
somewhat, I find that excellent results are ob 
tained when the curved surface of the inlet pas 
sage, and the curved surface of the impeller plate 
34, are surfaces of revolution generated by ro 
tation of involute curves about the axis of the 
impeller shaft 29. In Fig. 5 of the drawings I 
have illustrated diagrammatically the manner in 
which these curved surfaces may be generated. 
In this diagram. I have shown an involute curve 
43, such as would be produced by the locus of the 
end of a cord 66 being unwrapped from the cir 
cumference of a drum. 45, being used to generate 
the curved surface of the impeller plate 34. The 
involute curve 43 is swung or rotated about the 
impeller axis 66 thereby providing the impeller 
with a curved surface 47 which may be conven 
iently referred to as an "involutoid of revolution.' 
It will be noted, however, from the drawings that 
at the apex 48 of the impeller, the curved surface 
47 departs slightly from the theoretical curvature 
of the involute 43. This departure is made for 
practical purposes to obtain an impeller apex 
which is of increased strength over the theoreti 
cal apex, and which will not be readily broken 
during the production of the impeller or use of 
the pump. 
In a similar manner the curved inner Surface 

49 of the inlet passage 5 may be generated by 
revolution of an involute curve 50 about theim 
peller axis 46. The involute 50 is here represent 
ed as the locus of the end of a cord 51 beingun 
wrapped from the circumference of a drum 52. 
For convenience in referring to the curved Sur 
face of the inlet passage thus generated, I have 
also indicated this surface of revolution as an 
“involutoid of revolution'. During the operation 
of my improved centrifugal pump the curved Sur 
face of the inlet passage and of the impeller co 
operate in forming a fluid passage of gradually 
changing curvature, whereby the direction of flow 
of fluid entering the impeller passages, is changed, 
with minimum shock, from an axial direction to 
a radial direction. 
In Fig. 6 of the drawings I have shown my in 

vention embodied in another centrifugal pump 
comprising a casing 55, and an impeller 56, and 
which differs from the pump illustrated in FigS. 
1 and 2 only as to the Construction and ar 
rangement of the vanes 57 of the impeller. In 
this instance I show the impeller vanes as being 
laterally inclined with respect to the plane of the 
impeller plate 58, which plane is perpendicular 
to the axis of the impeller shaft 59. These in 
clined vanes are integrally connected at one 
edge thereof to the impeller plate 58 and may be 
connected together at their opposite edge by 
the ring 60. As shown in Figs. 7, 8, and 9, these 
inclined vanes extend inwardly from the outer 
edge of the plate 58 toward the axis of the shaft 
59, and merge with, or intersect, the curved sur 
face 62 of the impeller plate, along irregularly 
curved lines S8 and , as indicated in Fig. 7. 

Although the 

3 
In this inclined position, the impeller vanes form 
fluid passages 64' in the impeller, which passages 
include the substantially V-shaped recesses 65 
extending between the inclined vanes and the 
impeller plate 58. I have found that for pump 
ing heavy materials, such as fluids having a 
large percentage of solid matter in Suspension 
therein, this form of impeller is very efficient 
and delivers the fluid into the circular discharge 
chamber 66 of the casing in a tangential direc 
tion to cause rotation of a mass of the fluid in 
the discharge chamber. In extending the in 
clined vanes inwardly to intersect the curved 
surface of the impeller plate, I find that the en 
try of the fluid into the impeller passages takes 
place with minimum shock or disturbance. 
Moreover, the intersection of the inner edges of 
the vanes with the curved surface of the pro 
peller prevents these edges of the vanes from 
being chipped or broken by hard particles en 
trained in the fluid, and also prevents an accum 
ulation of fibrous material or other substances 
along these edges of the vanes. 

It should now be readily understood from th 
foregoing description and the accompanying 
drawings, that I have provided an improved 
form of centrifugal pump wherein the flow of 
fluid into the fluid passage of the impeller, as 
well as the discharge of fluid from these pas 
sages, takes place with minimum shock and dis- iš 
turbance. The elimination of shock at the en 
trance of the fluid passage of the impeller is 
due largely to the action of the “involutoid' sur 
face of the casing and impeller in changing the 
direction of fluid flow to a radial direction before 
the fluid meets the vanes of the impeller. More 
over, it will be seen that with the arrangement 
of impeller blades which I have provided, the 
fluid passages between the blades are of rela 
tively large cross-sectional area, so that velocity 
of the fluid through these passages may be low 
thereby obtaining minimum frictional loss and 
also minimizing disturbance at the entry and 
exit of the impeller passages when the pump is 
operating at other capacities than its design ca 
pacity. It will be noted further that with the 
arrangement of impeller vanes and the concen 
tric discharge chamber which I have provided 
the fluid is delivered into the discharge chamber 
in a forward direction substantially tangential 
of this chamber or, in other words, in a direc 
tion to cause rotation of the body of fluid in the 
discharge chamber at a relatively high velocity. 
In delivering the fluid into a discharge cham 
ber of this form from impeller passages of rela 
tively large cross-section, it will be seen that 
relatively large streams offiuid will flow smooth 
ly and without shock or disturbance into the 
discharge chamber in a tangential direction, and 
a high radial discharge velocity from the in 
peller for conversion into a high pressure head 
in the discharge chamber, which is characteris 
tic of centrifugal pumps having volute discharge 
chambers and relatively narrow impeller pas 
sages, is not required in my improved pump. It 
is pointed out further that, since a high pres 
sure head is not built up in the discharge.cham 
ber of my pump, there is but slight tendency 
for a short-circuiting flow of fluid along the out 
er edges of the impeller and back to the inlet 
side of the pump. Another advantage attained 
in my improved centrifugal pump is that the 
large fluid passages in the impeller freely ac 
commodate stray pieces of iron or other hard 
foreign bodies which may be entrained in the 
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fluid stream, without damage to the impeller, 
and, likewise, since the inner Surface of the dis 
charge chamber does not approach the periph 
ery of the impeller, as it does in volute-type 
pump cases, it will be impossible for such hard 
foreign particles to become wedged between the 
impeller and the casing wall. 

Although, in disclosing my improved pump 
construction, I have referred particularly to 
pumps having only a single suction inlet, it 
should be understood, however, that any inven 
tion may also be applied to pumps having a 
double Suction inlet. 
While I have illustrated and described the de 

vice of my invention in a detailed manner, it 
should be understood, however, that I do not in 
tend to limit Ayself to the precise details of con 
Struction and arrangement of parts illustrated 
and described, but regard my invention as in 
Cluding Such changes and modifications as do 
not involve a departure from the spirit of the in 
vention and the Scope of the appended claims. 
Having thus described my invention, I claim: 
1. In a centrifugal pump, the combination of a 

casing, and an impeller rotatable in Said casing, 
said impeller having a plurality of vanes spaced 
to provide fluid passages therebetween and also 
having a cone-like projection substantially co 
axial with the axis of rotation of the impeller, 
Said projection having a surface of progressively 
decreasing radius of curvature for directing the 
fluid into Said passages. 

2. In a centrifugal pump, the combination of 
a casing, and an impeller rotatable in said cas 
ing, said impeller having a plurality of vanes 
spaced to provide fluid passages therebetween 
and having a cone-like projection substantially 
coaxial with the axis of rotation of the impeller 
and providing a curved Surface for directing the 
fluid into said passages, said curved surface be 
ing a surface of revolution generated by revolv 
ing an involute about the impeller axis. 

3. In a centrifugal pump, the combination of 
a casing having a fluid inlet provided with a 
Curved inner surface, and an impeller rotatable, 
in Said casing, said impeller having a plurality 
of vanes Spaced to provide fluid passages there 
between and having a curved surface for coopera 
tion with the curved surface of said inlet for 
directing fluid into said passages, each of said 

2,0?3,455 
curved surfaces being substantially a surface of 
revolution generated by revolution of an involute 
curve about the axis of rotation of the impeller. 

4. In a centrifugal pump, the combination of 
a casing having a fluid inlet provided with a 
curved inner Surface and also having a discharge 
chamber which is Substantially concentric with 
the axis of the inlet and of substantially uniform 
croSS-Sectional area, and an impeller rotatable 
in Said casing substantially on the axis of said 
inlet, said impeller having a plurality of vanes 
Spaced to provide fluid passages therebetween and 
having a curved Surface for cooperation with the 
curved surface of the inlet for directing fluid 
into Said passages, each of Said curved surfaces 
being Substantially a Surface of revolution gener 
ated by revolution of an involute curve about the 
axis of rotation of the impeller, said inlet and 
impeller paSSages being effective for causing fluid 
to flow relatively freely and substantially without 
shock and to be delivered into said concentric dis 
charge chamber substantially tangentially in a 
forward direction and with relatively high veloc 
ity head. 

5. In a centrifugal pump, the combination of 
a casing having a fluid inlet provided with a 
curved inner Surface and also having a discharge 
chamber which is substantially concentric with 
the axis of the inlet and of substantially uniform 
CrOSS-Sectional area, and an impeller rotatable 
in said casing Substantially on the axis of said 
inlet, Said in peller having a plurality of rear 
wardly inclined vanes spaced relatively far apart 
circumferentially of the impeller and being rela 
tively Wide in the direction of the axis of the im 
peller to provide therebetween fluid passages of 
large cross-sectional area and said impeller also 
having a curved surface for cooperation with the 
curved surface of the inlet for directing fiuid 
into said passages, each of said curved surfaces 
being Substantially a surface of revolution gen 
erated by revolution of an involute curve about 
the axis of the impeller, said inlet and impeller 
paSSages being effective for causing fluid to flow 
relatively freely and substantially without shock 
and to be delivered into said concentric discharge 
chamber substantially tangentially in a forward 
direction and with relatively high velocity head. 
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