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57 ABSTRACT 

An inductive driven centrifugal pump having an im 
peller mounted in a bearing for limited universal 
movement and including a seal between the impeller 
and a portion of the pump casing and fluid passage 
means connecting opposite sides of the impeller 
whereby fluid pressure acting on opposite sides of the 
impeller is equalized. 

6 Claims, 4 Drawing Figures 
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1 
AXIAL THRUST COMPENSATION FOR 

CENTRFUGAL PUMPS 

BACKGROUND OF THE INVENTION 

This invention relates to centrifugal pumps of the 5 
kind having a shrouded impeller and a single entry eye, 
the impeller being rotatable in a casing the interior of 
which is subjected to wholly or partially to the pressure 
generated by the pump. In such a pump, the impeller 10 
is subject to an axial thrust because of the following. 
The effective front axially-projected area of the intake 
eye is unbalanced as to the fluid pressure upon it, 
namely the mean intake pressure (or 'suction'), which 
acts on the upstream or front side of the impeller only; 15 
whilst the fluid pressure within the casing acts on the 
axially projected area of the shroud to result in an axial 
thrust on the front of the impeller in one sense of direc 
tion and in the opposite sense of direction this fluid 
pressure acts on the back of the impeller over the 
whole of its projected area. Such pumps are known 
(and are the particular kind to which the invention ap 
plies) in which the impeller rotor unit embodies a mag 
netic mass having a spherical convex contour corre- 25 
sponding to the spherical concave contour of a thin 
non-magnetic wall of the casing, there being a small 
gap between such contours, the rotor unit then being 
driven as an induction motor by the electromagnetic 
field of coil windings external to the said wall. For ex 
ample, centrifugal pumps of this type are described in 
U.S. Pat. No. 3,354,833. The magnetic forces tend to 
thrust the rotor unit axially and rearwardly but such 
thrust is not always sufficient to exceed the net axial 35 
thrust due to the fluid pressures above referred to. 
When the impeller of such a pump is allowed some 

universal angular freedom to tilt by running on a 
spherical-type bearing, the combined effect of the fluid 
pressure and magnetic thrusts may be such - espe 
cially when running in a throttled condition - as to lift 
the impeller rotor unit away from such bearing, which 
is a circumstance which must be avoided. 
The main aim of the invention is to ensure, in such 45 

a pump, that in all circumstances of running the impel 
ler rotor is held in engagement with the bearing. 

sUMMARY OF THE INVENTION 
The invention therefore resides primarily in a centrif- 50 

ugal pump of the kind having a single sided shrouded 
impeller, a casing in which the pump-generated fluid 
pressure exists or at least a partial pump pressure exists 
which greater than that in the intake eye, and a spheri- 55 
cal bearing and induction a electromagnetic drive 
where the pump is provided a seal between the impeller 
rotor unit and the casing at an effective radius such as 
to define an axially-projected area approximately equal 
to the effective axially-projected area of the entry eye 60 
of the impeller, the bearing being on the low pressure 
side of the seal, and fluid communication being pro 
vided between the entry eye and the front side of the 
seal. 
By this means, the fluid entry pressure normally ex 

erted on one side of the impeller resulting in net forces 
tending to lift the impeller from the bearing is relieved. 
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DESCRIPTION OF THE DRAWINGS 
The invention includes various embodiments of the 

foregoing characterising features; four of these are il 
lustrated in the accompanying drawings in which each 
of 
FIG. 1 is a schematic sectional view in the plane of 

the median axis of rotation and of a diameter of the im 
peller of a centrifugal pump constructed according to 
the invention; 
FIG. 2 is a view similar to FIG. 1 of a second embodi 

ment of a pump constructed according to the inven 
tion; 
FIG. 3 is a view similar to FIG. 1 of a third embod 

ment of a pump constructed according to the inven 
tion; and 
FIG. 4 is a view similar to FIG. 1 of a still fourth em 

bodiment of a pump constructed according to the in 
vention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1 there is illustrated a fixed intake duct 1 of 
a centrifugal type pump aligned with a hollow stub 
shaft 2 leading fluid in to the eye region 3 of the an im 
peller which is generally indicated at 4. The impeller 
has radially-disposed vanes 5 which interattacha front 
shroud 7 and the impeller disc 8. The disc 8 is some 
what domed to form a central boss 9, in which on the 
rear side of the disc is fixed the rotating cup 10 of a 
spherical bearing having ball 11 and non-rotating cup 
12. The cup 12 is sealedly secured in a frustoconical 
axial extension 13 of a thin, nonmagnetic, concavely 
spherically contoured casing wall 14 which is joined to 
the pump casing. 
The impeller 4 is part of an impeller rotor unit, com 

prising the impeller itself and a magnetic mass 15 which 
is convexly spherically contoured to correspond with 
the wall 14; the spherical centres of the casing, mass 
15, cups 9 and 12, are all common with that of the ball 
11, so that the rotor unit as a whole is able to tilt univer 
sally as well as to rotate. 

External to the wall 14 and not shown, there is pro 
vided in known manner as for example as shown in U.S. 
Pat. No. 3,354,833 electromagnetic winding to drive 
the rotor unit in the manner of an induction motor. For 
that reason the gap between the surfaces of 14 and 15 
is made minimal. This gap is, however, in effect a 
chamber charged at the pump-generated pressure. This 
pressure is operative therefore on the rearwardly axial 
ly-projected area of the rotor unit to tend to thrust the 
rotor off the bearing; and the same pressure acts on the 
forwardly axially-projected area of the shroud 7, to 
thrust the rotor towards the bearing. The two effective 
areas being substantially equal (as will be explained) 
the opposed thrusts balance out. The magnetic force 
between the mass 15 and exterior inductive winding 
(not shown) still however, produces a rearward thrust 
on the rotor unit tending to keep the elements 9, 10 and 
11 properly engaged. 
Holes 16 are bored through the impeller disc 8 so as 

to form fluid passages connecting the front side of the 
impeller containing the eye area 3 with the rear or back 
side of the impeller. 
The extension 13 has at its inner end a seal element 

17 in the form of an annular lip whose margin is in a 
plane in which the spherical centre lies. The element 17 
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has a close clearance from a cylindrical bore 18 which 
is coaxial in the impeller disc 8 and which the holes 16 
connect with the eye region 3. The pressure on the for 
ward side of the seal element 17 is, therefore, the in 
take or eye pressure of the pump and the bearing is 
within this low-pressure ambience. The seal element in 
effect results in relieving the impeller of the axial thrust 
otherwise caused by the eye pressure. It is true that 
when the rotor unit tilts, a slight increase of the seal 
clearance will occur but this is not important if the di 
mensions are fairly small. The internal hollow 15A of 
the mass 15 is frustoconical like the extension 13, so as 
to afford clearance for rotor tilt. The ends of the duct 
1 and stub 2 are complementarily spherical - again on 
the ball-centre - to permit the universal tilting re 
quired. 

Indicated at A is the annular axial projected area of 
the shroud 7 (which is the same as that of the mass 15) 
and at B, the like area of the eye (which is the same as 
that of the seal element 17). 

In FIG. 2, so far as they apply the same references are 
used. In this embodiment of the invention the seal ele 
ment 20 is relatively much larger in effective area, cor 
responding to the larger projected area of the eye 3; the 
area of the shroud is proportionately less. In this case 
the seal element 20 is screwed on to the tubular axial 
extension 22 of the wall 14. In order to facilitate assem 
bly the element 20 is notched as at 21 for the engage 
ment of a tool for which access is provided by the hole 
16. The size of the element 20 is now such that it could 
not effectively seal in a cylinder as in FIG. 1, so the 
mass 15 is provided with a spherically formed liner 23 
with which the margin of the element 20 forms a small 
but constant clearance. The function of the design is 
the same as in the FIG. 1 example. 

In FIG. 3 again like parts have the same references. 
In this embodiment however the seal is considerably 
changed. The cup 12 is again mounted on a casing ex 
tension 30 and this is itself fixed with a boss 31 forming 
an axial extension of the casing wall 14. The magnetic 
mass 15 is provided with a frustoconical internal lining 
33 which has an inward flange or lip 34 with a spheri 
cally concentric external surface. Against this surface 
bears a seal ring 35 which is a short cylinder slidable ax 
ially in a cylindrical annular recess 36 formed in the 
boss 31. The ring 35 is urged axially, for example by a 
resilient corrugated washer at 37, so that its edge at 
35A bears lightly but positively against the surface of 
the lip 34. This seal defines substantially the same axial 
ly-projected area as that of the eye 3. The hole (or 
holes) 16 connect the eye with the interior of the mass 
15 as before. 
Lastly turning to FIG. 4, there is shown a variant of 

the FIG. 3 embodiment (again the references, where 
common, are retained) in which the seal is like that of 
FIG. 3 but mounted in the rotor unit. In this construc 
tion the magnetic mass 15 has a skirt-like liner 40 sur 
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4. 
rounding and well clear of the support extension 30 of 
the casing wall 14. The liner 40 has a cylindrical axial 
channel or recess 41 in which is axially slidable a seal 
ring 42, again urged axially by a resilient washer (not 
shown). The edge of the ring 42 is fashioned spherically 
to bear against the concave interior surface of the wall 
14. The function is as in the previous embodiments. 

I claim: 
1. A centrifugal pump of the type having a casing, an 

axial fluid inlet in said casing, a rotatable impeller in 
said casing having an eye area on the front surface 
thereof opposite said inlet subjected to the fluid pres 
sure in said inlet and a shrouded area on the front sur 
face extending radially outwardly from said eye area 
subjected to increased fluid pressure imparted by said 
impeller when said pump is operating, bearing means 
mounting said impeller for rotation and adjacent the 
rear surface thereof, magnetic means on said impeller 
for effecting a magnetic couple with an inductive drive 
means, and a separating wall forming a part of said cas 
ing sealing said impeller from the inductive drive 
means; the improvement which comprises including a 
circular sealing means between said separating wall and 
said impeller where the axially projected area defined 
by the sealing means along the outer diameter thereof 
is approximately equal to the axially projected area of 
said eye area, and including fluid passage means in the 
impeller extending from the eye area on the front side 
thereof to a rear side thereof axially opposite said eye 
area whereby the fluid pressure acting on the rear side 
will be the same as the fluid pressure acting on the eye 
aea. 

2. A centrifugal pump according to claim 1 wherein 
said impeller has a convex spherical surface, said sepa 
rating wall has a concave spherical surface closely 
spaced with respect to said convex surface, and 
wherein said sealing means comprises an annular ele 
ment fixed to said separating wall, said element being 
closely spaced from a circular surface on said impeller. 

3. A centrifugal pump according to claim 2 wherein 
said bearing is a spherical bearing and wherein said an 
nular element lies in a plane passing through the center 
of said bearing. 

4. A centrifugal pump according to claim 2 wherein 
said bearing is a spherical bearing, were said impeller 
has a concave spherical surface, and where said annu 
lar element is closely spaced to the concave surface of 
said impeller. 

5. A centrifugal pump according to claim 1 wherein 
said sealing means comprises an annular element on 
said separating wall moveable axially with respect 
thereto and engaging said impeller. 

6. A centrifugal pump according to claim 1 wherein 
said sealing means comprises an annular element on 
said impeller moveable axially with respect thereto and 
engaging said separating wall. 
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