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16 Claims. (C1. 10 
This invention relates to pumps, and more par 

ticularly to pumps of the centrifugal type. 
One object of the invention is to increase the 

ability of a centrifugal pump to operate at high 
suction lift or at low net positive suction head 
without necessitating the operation of the pump 
at reduced speeds. 
Another object is to assure the delivery of 

liquid to a pump impeller in a state best suited 
to assure maximum impelling effect upon th 
liquid. ...' 

Other objects will be in part obvious and in 
part pointed out hereinafter. 

In the drawings accompanying this specifica 
tion and in which similar reference numerals 
refer to similar parts, 

Figure 1 is an elevation, partly in section, of 
a centrifugal pump constructed in accordance 
with the practice of the invention, - 

Figure 2 is a view similar to Figure 1, although 
somewhat enlarged, showing the impelling ele 
ment of the pump in section, 

Figures 3 and 4 are perspective views of the 
pumpinpellers, and - 

Figures 5 and 6 are views similar to Figure 2 
showing modified forms of the invention. 

Referring to the drawings and at first more 
particularly to Figures i to 4 inclusive, 20 desig 
nates a centrifugal pump comprising a casing 2 
having an impeller chamber 22 and an inlet pas 
sage 23 for conveying liquid to the impeller 
chamber. The casing also has an outlet passage 
24 for the discharge of liquid from the impeller 
chamber, and a head 25 is secured to the casing 
2 by bolts 26 to form a closure for one end of . 
the impeller chamber 22. 
The head 25 is provided with a horizontal bore 

-27 to receive, among other elements, a shaft 28 
that extends through the hub 29 of an impeller 33 
arranged in the impeller chamber. A sleeve 3 
encasing the shaft 28 and rotatable therewith 
abuts the hub 29, and the end of the sleeve 3 
adjacent the hub 29 cooperates with the reduced 
portion 32 of the shaft upon which the impeller 
is mounted to define a chamber for the recep 
tion of packing material 33 intended to exclude 
liquid from the cooperating surfares of the shaft 
28 and the sleeve 3. 
The bore 27 is of sufficiently larger d'amote 

than the sleeve 3 to receive packing material 34 
which is disposed about the sleeve 3 for prevent 
ing leakage of liquid through the bore 27 ex 
teriorly of the sleeve. The inner end of the pack 
ing material 34 seats against an annular wear 
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peller. 30 and which may be termed the main 
impeller is secured to the shaft 28 by clamping its 
hub against the sleeve 3 with a nut 36 on the 
outef extremity of the reduced portion 32 of the 
shaft. 
In order to avoid subjecting the packing mem 

bers 33 and 34 to the high pressure of the liquid 
in the impeller chamber 22 the impeller is pro 
vided on its end surface with radially extending 
vanes 37 to eject liquid from the space between 
the impeller and the head 25 and thereby main 
tains a Zone of low pressure adjacent the end 
of the bore 2. 

In arcordance with the practice of the inven 
tion, the liquid pumped by the impeller 30 is 
delivered thereto by a second or booster im 
peller 38 also arranged in the impeller chamber 
22. The booster impeller 38 is capable of free 
rotation relatively to the main impeller and is 
mounted, for such rotation, upon an end portion 
39 of the shaft 28, the shaft having a sleeve 40 
to provide a bearing surface for bushings 4 
extending into the opposite ends of the hub 42 
of the impeller 38. 
A seat, in the form of a washer 43, clamped 

against a shoulder 44 at the juncture of the 
reduced and end portions 32 and 39, respectively, 
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of the shaft is provided for the inner end of the 
sleeve 40. A cap nut 45 threaded upon the ex 
tremity of the end portion 39 of the shaft se 
cures the sleeve 40 and the washer 43 in as 
sembled positions and overlies the end of the 
outermost bushing 4 to serve as an abutment 
therefor. The sleeve 40 is of such length and 
the cap nut 45 and the washer 43 are, in con 
sequence, so spaced with respect to each other 
that the impeller 38 is capable of rotating freely 
upon the shaft without hindrance from the ele 
ments restraining it from endwise movement. 

In the form of the invention illustrated, the eye 
46 of the impeller 30 is of frusto-conical shape 
and its bottom 47 is defined by the inner wall 
48 of the impeller 30. Owing to this arrange- - 
ment the inner ends 49 of the vanes 50. of the 
impeller 39 lie at an acute angle with respect 
to the axis of the shaft and the inner end por 
tions of the water-ways in the impeller are only 
slightly curved as indicated at 5 so that there 

ing piece 35 inserted in the bore 27. The im- 55 

will be only a small degree of deviation of the 
course of the liquid within the impeller 30. The 
vanes 50 may be of any known design to assure 
desired impelling surfaces but are preferably 
curved as indicated more particularly in Figure 4 
of the drawings. 

It is in the booster impeller 38 that the initial 
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transition from axial flow to radial flow of the 
liquid takes place. The vanes 52 of said impeller 
are, as indicated more particularly in Figure 3 
of the drawing, of the curved type. They extend 
into the radial plane of the eye of the main 
impeller, and operate to deliver the liquid to 
the main impeller in a whirling body. As a pre 
ferred arrangement the inner or discharge ends 
53 of the vanes 52 are separated by a suitable 
space 54 from the ends 49 of the vanes 50 of 
the main impeller in order to assure a full sup 
ply of liquid to the main impeller in all relative 
positions of theimpellers. 
The force serving to cause rotation of the 

booster impeller 38 is derived from the impeller 
30. To this end the main impeller is provided 
on the end surface confronting the booster im 
peller with a plurality of radially extending ribs 
55 for imparting rotary motion to the liquid in 
the adjacent portion of the impeller chamber 22, 
The force thus generated acts against the side 
of a flange 56 on the periphery of the impeller 
30 and lying closely adjacent the ribs 55. The 
side of the flange 56 confronting the ribs 55 may, 
as shown, also be provided with radially extend 
ing ribs 57 to assure the utmost utilization of 
the force or thrust of the rotating body of liquid 
between the impeller 30 and the flange 56. 
The liquid serving the function of transmit 

ting driving force from the impeller 30 to the 
impeller 38 is cast centrifugally into the impeller 
chamber by the ribs 55 which cause a constant 
circulation of liquid between the impeller 30 and 
the flange 56. Such liquid, in the present in 
stance, is derived in part from the space 54 which 
communicates with the space between the in 
peller 30 and the flange 56 through an annular 
groove 58 in the inner end of the rim 59 of the 
impeller. 38. The groove 58 is of considerable 
depth to accommodate an annular flange 60 on 
the impeller 30, and ample clearances exist be 
tween the annular surfaces of the groove 58 and 
the flange 60 so that liquid will flow freely through the groove. 

Suitable balancing means are provided to as 
sure against undue end thrust of the boosterim 
peller 38 in the direction of the inlet passage 
2. To this end the booster impeller is provided 
with a cylindrical extension 6 on the end of the 
rim 59. The extension 6f extends rotatably into 
an annular groove 62 in the inner surface of a 
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liner 63 defining the inlet passage directly adja 
cent the booster impeller 38. 
The extension 6 has a free running fit in the 

groove 62 so that liquid, under pressure may 
flow freely from the impeller chamber 22 into 
the bottom of the groove 62 to act against the end 
of the cylindrical extension for performing its 
balancing function. An outlet is provided for 
liquid from the groove 62 by passages 64 in the 
extension 6 and the rim 59 and leading into the groove 58. Thus, some of the liquid impelled by 
the ribs 55 for driving the booster impeller 38 is 
also derived from the impeller chamber 22. 
The operation of the device is as follows: At 

the beginning of rotation of the main impeller 
the force generated by the ribs 55 may be in 

sufficient to overcome the resistance of the 
booster impeller. But upon acceleration of the 
impeller 30this force will increase until it reaches 
a critical value sufficient to set the impeller 38 
in motion. As the speed of the impeller 30 

55 

60 

65 

O 

increases the impeller 38 will also accelerate until 
it attains the maximum speed consistent with 
the force serving to drive it. 5 
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Owing to the slippage that must naturally re 

sult between the driving and driven elements the 
impeller 38 will, of course, operate at a some 
what lower speed than the main impeller. The 
extent of this differential in speed will vary in 
accordance with variations in size of the area. On 
the booster impeller against which the force is 
applied for driving it, as will be readily under 
stood. 

During this operation of the pump the liquid 
flowing through the inlet passage 23 will first be 
handled by the comparatively slow moving in 
peller 38 so that a whirling motion will be in 
parted to it for delivering it as a whirling body 
to the main impeller which will impress addis 
tional Welocity to the liquid. 

In practice, it has been found that, owing to 
the use of the booster impeller arranged and 
driven in the manner hereinbefore described, a 
centrifugal pump of a given design may Operate 
with increased efficiency at a considerably greater 
suction lift or at lower positive suction head and 
without necessitating reduced rotative speed of 
the impeller thap would be the case if the liq 
uid were pumped only by the main impeller. It 
has further been found that these advantages 
may be obtained without necessitating an appre 
ciable expenditure of additional power for driv 
ing the pump. 
The modified form of the invention shown in 

Figure 5 differs from that previously described 
principally in that the impellers are mounted 
upon separate shafts arranged coaxially with re 
spect to each other. The inapeller 30 is accesrd 
ingly mounted upon the end of the shaft 28 which 
has threaded thereon a nut 36 for clamping the 
impeller upon the shaft. The impeller 33 is 
secured, in like manner, by a nut 65 upon a re 
duced end portion 66 of a shaft 6. 
The impeller 38 is suitably keyed to the shaft 

67 and said shaft extends through a packing 
element 68 in the end of the casing 2 and into a 
bearing cage 69 exteriorly of the casing 2. Suit 
able anti-friction bearings 70 are arranged in 
the ends of the cage 69 for the shaft 67 and the 
shaft preferably has shoulders 7 to abut the 
inner races of the anti-friction bearings for pre 
venting axial movement of the shaft. 
Although the shaft 67 is shown as terminating 

within the bearing cage 69, it will be readily un 
derstood that the shaft could be extended through 
the Outer end of the bearing cage for connec 
tion with a driving motor whereby the speed of 
the impeller 38 could be definitely controlled to 
assure best pumping results. 
In the modified form of the invention shown 

in Figure 6 the casing 2 is provided with a re 
movable head 72 on the inlet side of the pump. 
The inlet passage 23 is, moreover, located within 
the head 72 and the inner end of the head forms 
a bounding surface for the impeller chamber 22. 

In this form of the invention the main im 
peller designated 73 is open on one side and a 
flange T4 on the periphery of the booster impeller 
38 serves as a shroud for the open side of the 
main impeller. The flange 74 is disposed closely 
adjacent the open side of the impeller 73 so that 
its inner surface 75 will be subjected to frictional 
contact with the liquid in the main impeller and 
moving rotatively therewith for driving the 
booster impeller 38. 
The booster impeller 38 is shown as being 

mounted rotatively upon an end portion 76 of 
the shaft 77 carrying the main impeller, and a 
collar 78 on the shaft 77 lies between the hubs 
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of the impellers to clamp the impeller 13 against 
the sleeve 3 and to act as an abutment for the 
innermost of the bushings 4 in , the booster 
inpeller. 

I claim: 
1. A centrifugal pump, Acomprising a casing 

having an impeller chamber, a main impeller 
rotatable in the impeller chamber, a second im 
peller in the said impeller chamber positioned 
to discharge/directly into the eye of the main 
impeller, arid flange means on the said second 
impeller located adjacent the side of the main 
impeller and having means on the side thereof 
to absorb power from the fluidt pumped by the 
main impeller for effecting rotation of the said 
Second impeller. 

2. A centrifugal pump, comprising a casing 
having an impeller chamber, an impeller in the 
impeller chamber, a shaft in the casing for the 
impeller, means for locking the impeller to the 
shaft, and a second impeller supported by and 
freely rotatable upon the said shaft to deliver 
liquid to the first mentioned impeller fluid-im 
pelling means on the side of the main impeller, 
and flange means on the second said impeller 
and having means on a side thereof presenting 
radially extending surfaces to absorb power from 
the fluid pumped by the said fluid-impelling 
means for effecting rotation of saidsecond im 
peller. 

3. A centrifugal pump, comprising a casing 
having an impeller chamber, a main impeller in 
the impeller chamber, a second impeller for de 
livering liquid to the main impeller, blade means 
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on an outer side surface of the main impeller 
for imparting rotary motion to liquid in the im 
peller chamber, and blade means on the second 
impeller subjected to the force of the liquid ro 
tating in the impeller chamber for driving the 
second impeller. 

4. A centrifugal pump, comprising a casing 
having an impeller chamber, a main impeller in 
the impeller chamber, ribs on the side of the 
main impeller to impart a whirling motion to 
liquid in the impeller chamber, a second impeller 
in the said impeller chamber to deliver liquid to 
the main impeller, and a flange on the second 
impeller arranged adjacent the said ribs and hav 
ing ribs subjected to the whirling motion of the 
liquid impelled by the first-mentioned ribs for 
rotating the second impeller. 

5. A centrifugal pump, comprising a casing 
having an impeller chamber, an open-type im 
peller in the impeller chamber, a second impeller 
to deliver liquid to the first mentioned impeller, 
and means on the second impeller forming a 
shroud for the open side of the open-type im 
peller. - 

6. A centrifugal pump, comprising a casing 
having an impeller chamber, an open-type in 
peller in the impeller chamber, a second impeller 
to deliver liquid to the first mentioned impeller, 
and a flange on the second impeller forming a 
shroud for the open-type impeller and being sub 
jected to the liquid passing through the open-type 
impeller for driving said second impeller. 

HANNS HORNSCHUCH. 


