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This invention relates to centrifugal pumps having a
yolute-shaped discharge chamber surrounding the im-
peller.

A centrifugal pump containing a single volute-shaped
discharge chamber creates high unbalanced radial loads
on the impeller which makes it necessary to use large,
heavy shafts and bearings in such pumps to withstand
these loads. In order to reduce these unbalanced radial
loads, pump designers have used the twin volute type of
centrifugal pump which contains an internal wall known

as a “splitter” extending around the impeller for about ¢

180 degrees and dividing the annular chamber surround-
ing the impeller into two volute chambers. Generally,
this splitter is cast integrally into the pump housing.

While the use of a 180 degree or “full” splitter greatly
reduces the unbalanced radial loading on the pump im-
peller, it creates other problems. For example, a pump
containing a splitter has a larger and heavier housing than
an equivalent pump of the single volute design. Second-
ly, the casting of the splitter integrally with the housing
is difficult because the portions of the mold forming the
splitter must be accurately held by special core supports.
Notwithstanding these core supports, such portions fre-
quently shift during molding causing spoilage of the re-
sulting casting. Another problem is caused by the fact
that the splitter extends around the housing for about 180
degrees which makes it difficult to inspect, clean and
smooth or grind the surfaces of the casting hidden by the
splitter.  Finally, centrifugal pump housings generally
comprise a pair of separable half-sections for convenience
of assembly of the pump. In such pumps, a full splitter
will extend over portions of both half-sections which
makes it necessary for the portions of the splitter in both
half-sections to be aligned in the assembled housing. The
need of alignment of the splitter portions further increases
the need for accuracy in the positioning of the splitter
in the housing during the casting process.

The principal object of this invention is to eliminate or
substantially minimize the objections and problems en-
countered with the use of the conventional centrifugal
pump design employing a splitter.

Other important objects of this invention are: to pro-
vide a centrifugal pump having a splitter which is easy
to cast and which makes it easy to inspect, clean, and
grind surfaces of the housing hidden by the splitter; to
provide a pump design employing a splitter which does
not require matching of the portions of the splitter in the
separate halves of the pump housing; and to provide a
centrifugal pump design which substantially reduces the
amount of unbalanced radial loading on the impeller
without substantially increasing the size of the pump
casing.

In brief, the objects of this invention are attained by
limiting or shortening the splitter to extend over an
angle of much less than 180 degrees, forming the short-
ened splitter wholly in one of the pump casing halves and
locating the shortened splitter in the casing where it great-
ly reduces the unbalanced radial loading on the impeller
when the pump is operating under normal fluid output
conditions.

The invention is described in connection with the ac-
companying drawings wherein:
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FIG. 1 is a side elevation of a centrifugal pump made
in accordance with the disclosed invention;

FIG. 2 is an enlarged section of the centrifugal pump
shown in FIG. 1 and taken across the axis of the impeller;

FIG. 3 is a fragmentary enlarged section taken on the
line 3—3 of FIG. 2;

FIGS. 4, 5 and 6 are diagrammatic ssctional views
illustrating centrifugal pumps employing, respectively, a
180° splitter, a 90° splitter and a 221 ° splitter; and

FIG. 7 is a curve illustrating the change in unbalanced
radial loads applied to the impeller in each of the pumps
shown in FIGS. 4, 5 and 6 as a function of the pump
oufput.

The centrifugal pump 1 shown in FIGS. 1 to 3 includes
an outer housing or casing 2 formed by a pair of sep-
arable halves, including an upper half 3 and a lower half
4, fastened together by bolts 5. The housing 2 is mount-
ed on a base 6 and contains a fluid inlet 7 and a discharge
outlet 8, both of which are formed in the lower half
4 of the housing 2. A pump impeller 9 is mounted in the
housing 2 on a shaft 10 and contains a series of pumping
vanes 11. The housing 2 forms a volute-shaped chamber
12 surrounding the circumference 14 of the impeller 9
and having a cutwater area 15 located at its small end
and a throat area 16 at its large end. All of the foregoing
structure is conventional in the centrifugal pump art.

This invention resides in providing a splitter partition
18 in the chamber 12 to divide the space in the chamber
adjacent the splitter 18 into two portions, including an
outer space 1% located outside the splitter 18, and an in-
ner space 28 located on the inside of the splitter 18 be-
tween it and the impeller circumference 14. The splitter
18 is formed in the upper half 3 of the housing 2 and is
positioned so that the cross-sectional area of the outer
space 19 remains substantially constant along the length
of the splitter 18. The inner space 20 has a volute
shape extending in the direction of the length of the
splitter 18, as illustrated in FIG. 2.

The splitter 18 illustrated in FIG. 2 extends over an
angle of about 60°. In general, the angular length of the
splitter 18 can vary between a minimum of about 22%4°
and a maximum of about 90°. The inlet end 22 of the
splitter £8 will begin at a point located approximately
diametrically opposite the cutwater area 15 of the cham-
ber 12. Both the inlet end 22 and the outlet end 23
of the splitter 18 are tapered to reduce flow losses caused
by turbulence.

It will be noted that the splitter 18 is located wholly
within the upper half of the housing 2. This eliminates
the need for matching or aligning two splitter portions
located in separate halves of the housing which is the
case in the prior art using a 180° splitter. Furthermore,
the splitter 18 is short encugh for hidden internal sur-
faces located in the housing behind the splitter to be
easily inspected, cleaned and smoothed or ground when-
ever necessary.

The radial load curves of pumps having a 2234 ° split-
ter and a 90° splitter are illustrated in FIG. 7. Each
of these curves have a vertical axis indicating the un-
balanced radial 1oad on a pump impeller and a horizon-
tal axis indicating pump output in gallons per minute. In
addition, FIG. 7 illustrates a curve showing the opera-
tion of a pump having a “full” or 180° splitter. FIGS.
4, 5 and 6 diagrammatically illustrate the various types
of pumps having curves shown in FIG. 7.

In FIG. 7, it will be noted that the unbalanced radial
load created by a pump having a 22%4° splitter is rather
high, when the pump output is low (a 2215 ° spliiter pro-
vides about 50% of the radial loading, at low outputs,
created in a pump which does not have a splitter), and
that it then drops off to a load which is below the radial
load created by a pump having a 180° splitter in the
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vicinity designated by the vertical dashed line 25, located
on the pump -output axis of the curve. A pump having
a 90° splitter creates a somewhat reduced radial load at
low output, compared to the pump with a 22142 ° splitter,
and then drops off to a load well below the load curve
produced by the pump having a 180° splitter. The low-
est load created by the pump having a 90° splitter occurs
in the region of the dotted line 26 located on the pump
output axis.

As should now be obvious, when the pumps having the
2215 ° splitter or the 90° splitter are operated with pump
outputs occurring in the regions generally indicated by
the dotted lines 25 and 26, the unbalanced radial loads
on the impeller are minimized and, in some cases, below
that which are applied to the impeller by a pump having
a 180° splitter. It has been found that the maximum
efficiency of pumps having reduced splitters, in accordance
with this invention, occurs in the vicinity of the output
values which correspond to the reduced radial loads on
the impeller. For example, both of the pumps contain-
ing 22%° and 90° splitters have a maximum efficiency
when operating in the vicinity of the dotted line 27 lo-
cated along the pump output axis.

The invention in this case is believed to be the dis-
covery that a pump having a greatly shortened or reduced
length splitter, of much less than 180°, can provide a
large reduction in unbalanced radial loading on the im-
peller of a centrifugal pump at all pump output condi-
tions. When a pump is operated at a point on its output
curve providing maximum pump efficiency, which is gen-
erally its normal operating output, a shortened splitter
provides substantially the same or better results than a
180° splitter when the pump is delivering its normal
output or capacity. In addition, even when a pump is
normally operated at a reduced output, less than an out-
put providing maximum efficiency, a shortened splitter
often reduces the radial loading on the impeller enough to
make it unnecessary to use heavier shafts and bearings in
the pump. In cases where the higher radial Icads of a
shortened splitter can be tolerated, it is believed that the
many advantages provided by the shortened splitter are
sufficiently attractive to justify its use in place of a full
splitter.

While only a single embodiment of the invention is
described and illustrated in detail, this invention is not
limited simply to the described embodiment, but contem-
plates other embodiments and variations which utilize the
concepts and teachings of this invention.

Having thus described our invention, we claim:

1. A centrifugal pump comprising:

an impeller;

a casing surrounding the impeller and containing a
volute-shaped chamber extending around the circum-
ference of the impeller and including a cutwater area
at one end and a throat outlet area at the other end;

said casing being divided into two halves for purposes
of assembly of the pump;

one of said halves containing said cutwater area; and

a splitter partition located in said volute chamber and
wholly contained in the other of said casing halves
for dividing the discarge flow of the impeller into
two paths extending along a portion of said volute
chamber.
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2. The pump of claim 1 wherein:

said splitter partition has an inlet edge located in said
casing substantially diametrically opposite said cut-
water area of said volute chamber,

3. The pump of claim 2 wherein:

the area of said chamber located on the outside of said
splitter partition remote from said impeller is sub-
stantially constant in cross section throughout the
length of said splitter partition.

4. The centrifugal pump of claim 3 wherein:

the area on the inside face of the splitter partition ad-
jacent the impeller forms a smaller volute chamber
extending along the length of the splitter partition.

5. The pump of claim 4 wherein:

said splitter partition is located so that the pump fluid
discharged from both sides of the splitter has sub-
stantially the same velocity.

6. The pump of claim 5 wherein:

said splitter partition extends along the circumference
of said impeller over an angle located in a range
extending between substantially 22%° and substan-
tially 90°. :

7. A centrifugal pump comprising:

an impeller;

a casing surrounding the impeller and containing a
volute-shaped chamber extending around the circum-
ference of the impeller and including a cutwater area
at one end and a throat outlet at the other end op-
posite said cutwater area;

a splitter partition located in said volute chamber ap-
proximately midway between said cutwater area.and
said throat outlet and extending over an angle lo-
cated in a range extending between substantially
2215 ° and substantially 90°;

said splitter partition being curved generally in the di-
rection of said volute chamber and extending sub-
stantially parallel to the outer peripheral wall of said
casing defining said volute chamber; and

said splitter partition being circumferentially spaced
from said throat outlet by a portion of said volute-
shaped chamber forming a single passage which is
bordered by said casing and said impeller and re-
ceives fluid discharged from both the inner and outer
faces of said splitter partition.
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