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WILLIAM DOUGLAS CARTER, OF EAST ORANGE, NEW JERSEY.

CENTRIFUGAL PUMF.

Application filed May 14, 1920. Seriail No. 381,455,

To all whom.it may concern:

Be it known that I, Wirriam D. Carrer,
a citizen of the United States, residing at
East Orange, in the county of Essex and
State of New Jersey, have invented a new
and useful Improvement in Centrifugal
Pumps, of which the following is a specifica-
tion.

This invention relates to an improved con-
struction for centrifugal, turbine or similar
pumps of the multi-impeller type and per-
taing particularly to improvements in multi-
gzrvice pumps of the type illustraied in
my Patents Nos. 1,260,839 and 1,267,512, in
which a pair of casing sections are movable
with relation to each other so as to bring
suitable ports of one casing into register
with selected ports of the other casing and
thereby permit the impeilers éc operate in
parallel, in series, or in multiple series.

The object of this invention is to simplify
and safeguard the bearings of = mulitiple-
service centrifugal pump. This object is
attained first by means of an improved hy-
draulic impeller balancing device which
makes a thrust bearing unnecessary; second
by the method of supporting the bearings
which insures their accurate slignment un-
der all of the several operaiing positions of
the pump; and third by the casing con-
struction which facilitates the opening of
the pump for inspection or removal of Lhe
operating parts, all without subjecti
bearings to possible misalignment
jury.

The invention further consisis of the parts
and the construction and combination of
parts as hereinafter more fully described
and claimed, having reference to the accom-
panying drawings, in which—

Fig. 1 is a longitudinal vertical cross
section of a double service centrifugal pump,
taken on line 1—1, of Fig. 2, with the pas-
sages in position for combining the flow
from the two sides of the double impeller in
parallel, and showing the bearings carried
by the inside or volute casing.

Fig. 2 is a cross section taken on line
2—2, of Fig. 1, with passages connected as
in Fig. 1, and showing the inside and out-
side casings split longitudinally, and the
upper and lower parts held together by bolts.

Fig. 3 is a cross section taken on line 3—3,

of Fig. 1, but showing passages connected
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50 as to combine the flow from the two sides
of the double impeller in series.

Fig. 4 is 2 longitudinal vertical cross sec-
tion of the lower part of the exterior casing
taken on line 4—4, of Fig. 8, and showing
the course of the water when the two sides of
the double impeller are operating in series.

Fig. 5 is a side elevation of the pump
showing the horizontally split casing, the
location of the casing jack-screws, and the
arrangement of the bearings.

Fig. ¢ is an end elevation of the same

‘vith entrance openir
reral discharge ope
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The volute ¢ 20 has fonges 17 ¢
which make ru joinis in the ususl man
ner with the oussids surfaces of the impsller
necks surrounding eutrance opsnings & and
7 respectivaly.
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Volute casing 20 contains voluie passages

9 and 10 which recsive water from the re-
spective peripheral impeller openings 8 and
8%, and discharge it into manifold casing 50.
Volute casing 20 likewise contains inlet pas-
sages 22 and 23.

Volute casing 20 is provided with trun-
nions 24 and 25 which contain stuffing boxes
26 and 27 avound shaft 18. These trunnions
carry brackets 28 and 29 for supportin
bearings 30 and 31, and have holes 32 an
33 cast in them to receive bars or levers 56
%or turning the volute casing 20 as shown in

ig. 6.

56

60

¢

[eR]
en

160

108



10

- against the split ring 39 whicle in turn

15

40

45

50

58

60

Since bearings 30 and 31 are carried by
rigid extensions of volute casing 20, 1t 1s
obvious that their proper ali%nment will not
be subject to any motion of volute casing
20 on its supporting seat in outside casing 50.

Trunnion 24 passes through a stuffing box
35 in the outside casing 50 and the opposite
end of volute casing 20 carries a flange 36
which, by means of gasket 37, forms a
water-tight joint with the outside casing 50.

- Jack-bolts 88 are threaded into the end
of outside casing 50 and may be backed

presses uniformly against the split flange 40
at the end of trunnion 25, and so pulls flange
36 tightly against gasket 37. o
Flanges 41 have an outside cylindrical
surface concentric with the seat or surface
of contact between the volute casing 20 and
the outside casing 50. Set-screws 42 are pro-

vided to engage flanges 41 in order to hold,

inside casing 20 and manifold casing 50 to-
gether at their surface of contact. g

A brass or other non-corrosive facing 43
may be provided on the outside cylindrical
surface of the volute casing 20. A similar
facing may be placed on the concave cylin-
drical surface or seat in the manifold cas-
ing 50 if desired to avoid all corrosion there
and any consequent sticking together of the
two casings.

The above facings could serve as gaskets
although the leakage at this seat, between
accurately machined surfaces will be insig-
nificant. . '

The exterior casing 50 is also made in two
main sections which are bolted together on
a plane passing through the center line of
the shaft. The top half serves primarily as
a cover; and the lower half contains the main
suction opening 44, the main discharge open-
ing 45, and the several manifold passages
used to connect the openings in the volute
casing 20 in parallel or series as conditions
may require. ‘

These manifold passages are indicated by
the numbers 46, 47, 48 and 49, in Figs. 1, 2,
8 and 4, and will be referred to again in de-
scribing the operation of the pump.

Drip boxes 51 and 52 are provided to col-
lect any water which may drip or spill from
the stuffing boxes. o

Rollers 53 are carried on jack-screws 54,
and are designed to lift the volute casing 20
slightly from its seat in the outside casing 50
by bearing upward against the cylindrical
surfaces of the bearing brackets 28 and 29.

For low head service the position of the
casing is as shown in Figs. 1 and 2. In this
position the passages are connected so that
the two sides of the double impeller operate
in parallel as in a double suction pump, and
the flow is as follows: c

Referring to Figs. 1 and 2 the water en-
ters the outside casing 50 through the sug-
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tion opening 44. Part of it pasées through

entrance passage 22 in the volute casing 20
to entrance opening 6 in the impeller, and
the other part flows through manifold pas-
sage 48, and volute casing entrance passage
23, into the impeller entrance opening 7.
The two sides of the impeller discharge the
water, under approximately the same pres-
sure, Into volute passages 9 and 10, from
which it is combined in the manifold casing
50 and discharged through main discharge
opening 45.

For- high head service the volute casing

70
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20 is rotated to the position shown-in Fig. 3 -

so that water enters the main suction open-
ing 44 as before, passes through volute cas-
ing inlet passage 22, see Figs..1 and 4, to
entrance opening 6 in impeller 5, thence
through volute passage 9, manifold passages
47 and 49, and volute inlet passage 23 to im-
peller entrance opening 7; and from im-
peller discharge 8 and volute passage 10, it
1s discharged into manifold passage 46 and
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so on through main pump discharge open-

ing 45. In this connection it is evident that
the water has passed through the two sides
of the impeller in series, thereby receiving
approximately twice the pressure obtained
in the above low head position.

It is obviously practical to assemble on
the same shaft a larger number of impellers
than shown here, and to arrange connecting
passages to permit of more than two com-
binations of connections, and therefore to
give a greater number of services—all in ac-
cord with the principles of this invention.
For instance, in my Patent No. 1,260,639, a
three-service. pump is shown which is ca-
pable of parallel, series, or multiple series
operation. o -

If the volute casing 20 were left in one
position and not moved in its seat in the
outside casing for a long time, it is: possible
that the above seat might stick and make it
difficult to turn the volute casing. Such a
corroded joint which has a very small sur-
face can be broken loose easily if pressure
can be applied approximately at right angles
to the surfaces of contact, after which the
surfaces will slide easily enough.

Consequently the set-screws 42, which are
provided to hold the volute casing 20 against
its seat in the outside casing 50 when the
pump is in operation, can be loosened and
clearance thereby provided to permit of a
slight raising of the volute casing 20 in an

~ emergency for the purpose aforesaid.

‘To facilitate the separation of the above
surfaces of contact the flange and gasket
joint 36—37 is provided at one end of the
volute casing, although it is possible that
‘enough motion could be obtained through a
stuffing box such as stuffing box 35 shown at
tht other end of the volute casing.

In very large pumps a pair of roller jacks
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53—b54, as shown in Figs. 5 and 6, are pro-
vided to raise the weight of the volute cas-
ing 20 and to facilitate turning it. Other
lifting devices may also be employed for this
purpose.

In centrifugal and turbine pumps a se-
rious problem is often encountered in over-
coming the longitudinal thrust of the im-
peller, or impellers in .the case of multi-
impeller pumps, due to the different water
bressures exerted on different areas on the

two sides of the impellers. The problem re-

quires special treatment where the impellers
must operate either in paraiiel or series,
when it is desired to dispense with a thrust
bearing and its accompanying difficulties.

The hydraulic balancing device here shown
which forms part of this invention, is lo-
cated between the two peripheral discharge
openings 8* and 8® of the doubls impeller,

It consists of the following construction,
in which the chambers 14 and 14% are
formed between the inner faces of the im-
peller and the two sides of the stationary
central partition of the volute casing. Con-
centric flanges, one on each side of the cen-
tral stationary partition, cooperate with

similar flanges on the two sides of the im-

peller to form running joints 11® and i1®
surrounding chambers 14% and 4%, A simi-
lar running joint 18 of smaller dinmeter
separates the two chambers 14° and 14, ¢
is formed between the central partition and
2 close running concentrie surfs ol
impellers, :

Chamber 14* is in leakage connection
through running joint 132, with volute pas-
sage 9; and chamber 14 is in leakage con-
nection through running joint 11* with
volute passage 10. Ports 15° connect cham-
ber 14* with impeller entrance passage §;
and ports 15° connect chamber 14® with im-
peller entrance passage 7. Ports 15° and 15
are closed and opened alternately as one or
the other sets of ports moves towards or
away. from the central partition of the
volute casing.

When the pump is running as a single-
stage double-suction pump, the operation of
the hydraulic balancing device is as follows:
Approximately equal pressure exists in
volute pasages 9 and 10, and also in impeller
entrance passages 6 and 7. If the above
pressures could be maintained exactly equal
in practice, and if the pressure-areas were
exactly equal, there would of course be no

end thrust when the pump is operating as a

double-suction single-stage pump. However
this is seldom the case owing to unequal fric:
tion in the various water areas, and to un-
equal leakage through the several running
joints; and so in most types of pumps a
thrust-bearing is provided to receive the un-
balanced end-thrust.

With the construction shown a thrust

bearing is not required, for if there should
be any unbalanced pressure, resulting in a
slight movement toward the suction-end of
the pump, ports 15 would be moved away
irom the central partition and thereby
opened, while ports 15* would be moved to-
ward the central partition and closed.

The opening of ports 15* would placs
chamber 14* in communication with the low
pressure impeller entrance opening 6, there-
by tending te reduce the pressure in cham-

70

ber 14* and to move the impeller in s direc- -

tion away from the suction-end of the pump.
The closing of poris 15° would permit the
pressure in chamber 14® {o rise, owing (o
the leakage of higher pressure water
through running joint 11°, and this would
Likewise tend to move the impeller away
from the suciion end of the pump. ,

The leakage through the small running
joint 13 would not materially afiect the
above result and so both chambers would
operate to bring the impeller back away
from the suction-end of the pump.

If on the other hand unbalanced forces
should tend to move the impeller too far i
the opposite direction, it is obvious thas s
sizailar reversal of conditions would engue,
and the impeller would find 2 position of
squilibrium  through the automatic adjusi-
men§ of pressures in the two chambers 14e
and 149,

ot
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. When the pump is running as & two stags

single-suction pump the same genaral results

will be obtained although the pressures op- 18

erating in impeller entrance 7, volute passage
10 and consequently in chamber 14% wili

tend o be approximately one stage higher

than those cbiained on the opposite side of
the impeller. ‘

The operation mey be explained clearly by
first assuming as 2 hypothetical case, that
running joints 11* and 11® do not exist, and
therefore that chamber 14* is in direct con-
nection with volute passage 9 and chamber
14" is in direct connection with volute pas-
sage 10. In this case there would obviously
be an unbalanced force toward the suction
end of the pump approximately equal in
amount to the single stage pressure of im-
peller entrance passage 7 against a cireular
area whose circumference is that of the run-
ning joint 13,

In considering the operation of the actual
construction shown it is only necessary to
add or subtract this initial unbalanced force
from other forces which may be clearly
analyzed.

It is necessary to consider only the two
extreme positions of the impeller, and if the
unbalanced force prevailing in either posi-
tion tends to move the impeller toward the
opposite end, it is obvious that a position of
equilibrium will be found soméwhere be-
tween the two extreme positions, ‘
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-ports 15*

L

For instance if the impeller should be in
its extreme position away from the suction-
end of the pump, port 15* would be closed
and port 15* would be operned. Chamber

14 would therefore be of the same pressure’

as volute passage 9 with which it is in leak-
age connection through Tunning joint 11%;
and chamber 14° would be of the same pres-
sure as impeller entrance opening 7 by con-
nection through open ports 15°.

The walls of chamber 142 would therefore
be subjected to the same pressure as in the
hypothetical case where running joints 11°
and 11° were eliminated, but the side-walls
of chamber 14° would be under one stage
less pressure than in the hypothetical case.

Consequently an unbalanced force equal
to one stage pressure on the wall area of
chamber 14 would be added to the initial
force pressing the impeller toward the suc-
tion and away from the extreme assumed
position. o

1 on the other hand the impeller should
be in its extreme position toward the suec-
tion-end of the jump, port 15* would be
open and port 15° would be closed. Cham-
ber 14* would therefore be subjected to the
same pressure as impeller entrance opening
8 by connection through ports 15°; and
chamber 14 would build up to the same
pressure as volute passage 10 with which
it is in leakage connection through running-
joint 11%.

Chamber 14° would therefore be of the
same pressure as in the hypothetical case
where running joints 11* and 11 were elimi-
nated; but the side walls of chamber 14*
would be under one stage pressure less than
in the hypothetical case. Consequently the

.resulting force would be the algebralc sum

equivalent to one stage pressure on the side
wall area of chamber 14° pressing away
from the suction-end-of the pump, and the
initial force equivalent to one stage pressure
on the area bounded by running-joint 13
in the opposite direction. ~ Since the area of
the former is much larger than the latter
area, the unbalanced force would tend to
move the impeller toward its opposite ex-
treme position. Consequently a _position of
equilibrium would be automatically assumed
between the two extreme positions in the
endwise motion of the impeller.

This balancing device is effective in bal-
ancing any number of impellers mounted on
the same shaft and operating in parallel, in
series, or in multiple series.

Tt is obviously péssible to modify the con-
struction shown without. departing from the
principles of the invention. For instance
and 15® could be carried through
the volute casing stationary wall at 55 and
connected with ‘passages having pressures
approximately equal to impeller entrance
cpenings 6 and 7 respectively. Or ports

1,456,051

15* could connect with impeller entrance
passage 6 instead of with impeller entrance
passage 7 with a possible variation in the
relative diameters of the running joints 11®
and 11

These and other modifications are possible
without departing from the spirit of this in-
vention and without detracting materially
from the efficiency of the balancing device
under either series or parallel operation.

All of the features herein described con-
tribute to the object sought, namely to sim-
plify and safeguard the bearings which are
of prime importance in the successful opera-
tion of a centrifugal or turbine pump.

Having thus described my invention, what
T claim and desire to sccure by Letters Pat-
ent is— o

1. In a multiple service pump having im-
pellers assembled on a shaft, a casing sur-
rounding the impellers, shaft bearings sup-
ported by the casing on each side of the
impellers, and another casing surrounding
and supporting the first casing.

2. In a multiple service pump having im-
pellers a sectional inside casing surround-
ing the impellers and partable on a plane
through the axis of rotation of the im-
pellers, a sectional outside casing surround-
ing the inside casing and partable likewise
on a plane through the axis of rotation of
the impellers, an extension on each side of
the inside casing passing through the out-
side casing, and a bearing supported on each
extension of the inside casing.

3. In a multiple service pump, a plurality
of impellers, an inside casing section sur-
rounding the impellers, an outside casing
section surrounding the inside casing sec-
tion, an extension on each side of the inside
casing passing through the outside casing,
a2 movable water-tight joint between the in-
side and outside casings where the exten-
sions to the inside casing pass through the
outside casing.

4. In a multiple service pump, a plurality
of impellers assembled upon one driving
shaft, a longitudinally split inside casing
surrounding the impellers, a longitudinally
split outside casing surrounding the inside
casing except at its ends, stuffing boxes to
prevent leakage where the inside casing
passes through the outside casing, and shaft
Dearings formed in the ends of the inside
casing.

5. In a multiple service pump, a plurality
of impellers assembled upon one driving
shaft, a longitudinally split inside casing
surrounding the impellers, a longitudinally
split outside casing surrounding the inside
casing except at its ends, and means to press
laterally on the ends of the inside casing.

6. In a multiple service pump, a plurality
of impellers assembled upon one driving
shaft, a longitudinally split inside casing
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- surrounding the impellers, a longitudinally
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split outside casing surrounding the inside
casing except at its ends, a stuffing box at
one end and a ring gasket at the other end
to prevent leakage where the inside casing
passes through the outside casing.

7. In 2 multiple service pump, a pair of
concentric casing sections having a concen-
tric surface of contact between them, and
means for helding together or separating
the casings at their surface. of contact.

8. In a pump of the character described,

a shaft, a plurality of impellers secured
thereon, a volute casing surrounding the im-
pellers, a journal member at each end of
the casing for the reception of the shaft,
an exterior casing enclosing the volute cas-
ing, and bearing members in said exterior
casing for the reception of the shaft bear-
ings.
9. In a pump of the character described 2
shaft, a plurality of impellers secured there-
on, a volute casing ‘surrounding the im-
pellers, a journal member at each end of the
casing for the reception of the shaft, an ex-
terior casing enclosing the volute casing,
bearing members in said exterior casing for
the reception of the shaft bearings, a plu-
rality of inlet and discharge passeges
formed in the volute casing, two sets of pas-
sages formed in the exterior casing, means
permitting movement of the volute casing
within the exterior casing to bring the inlet
and the discharge passages into register wi
one set or another of the sets of passages
formed in the exterior casing.

10. In 2 pump of the character describad
a shaft, a plurality of impellers secursd
thereon, a volute casing surrounding the im-
pellers, a journal member at each end of
the casing for the reception of the shaft, an
exterior casing enclosing the volute casing,

“bearing members in said exterior casing for

the reception of the shaft bearings, a plu-
rality of inlet and discharge passages
formed in the volute casing, two sets of
passages formed in the exterior casing,
means permitting movement of the volute
casing within the exterior casing to bring
the inlet and the discharge passages into
register with one set or another of the sets
of passages formed in the exterior casing,
means permitting a limited lateral movement
of the volute casing within the exterior cas-
ing, and means for imparting a lateral move-
ment to the volute casing.

11. In a pump of the character described
a shaft, a plurality of impellers secured
thereon, a volute casing surrounding the
impellers, a journal member at each end of
the casing for the reception of the shaft, an
exterior casing enclosing the volute casing,
bearing members in said exterior casing for
“the reception of the shaft bearings, means

-permitting a slight lateral movement of the

volute casing and bearings with relation to
the bearings in the exterior casing, and
means for imparting a lateral movement
thereto. e

12. In a pump of the character described
the combination with the volute casing and
the exterior casing enclosing the same, of
a seat member formed between the two cas-
ings, means permitting a slight lateral move-
ment of the volute casing with relation to
the seat member, and means for imparting
a lateral movement to the volute casing.

13. In a pump of the character described
a volute casing, an exterior casing enclosing
the same, a pair of extensions, one on each
end of the volute casing, bearing members
in the exterior casing for the reception of
said extensions, a sest member formed be-
tween the volute casing and the exterior
casing, and means permitting lateral move-
ment of the volute casing and the extension
formed therecn with relation to the seat
member and the bearings formed in the ex-
terior casing. _

14. In a pump of the character described
a volute casing, an exterior casing enclosing
the same, & pair of extensions, one on sach
end of the velute casing, bearing members
in the exterior casing for the reception of
said extensions, a seat member formed ba-

‘{ween the volute casing and the exterior cas-

ing, means permitting lateral movemeni of
the volute casing and the extension formed
thereon with relation to the seat member and
the bearings formed in the exterior casing,
2 palr of screw jacks, one adjacent each
eaving member engageable with the voluie
casing extensions {o impart a lateral move-
ment thereto. '

15. In 2 pump of the character described
a volute casing, an exterior casing enclos-
ing the same, a pair of extensions, one on
each end of the volute casing, bearing mem-
bers in the exterior casing for the reception
of said extensioms, a seat member formed
between the volute casing and the exterior
casing, means permitting lateral movement
of the volute casing and the extension
formed thereon with relation to the seat
member and the bearings formed in the ex-
terior casing, a pair of screw jacks, one ad-
jacent each bearing member, an arm sup-
ported by each screw jack, and a pair of
rollers on each .arm engageable with the
volute casing extensions to support the
saine,

16. In a pump of the character desceribed
the combination with the volute casing and
the exterior casing enclosing the same, of
a seat member formed between the two cas-
ings, & plurality of registering passages
formed in said casings, passing through the
seat member, and means carried by the ex-

70

78

110

118

120

125



10

terior casing adapted to exert a lateral pres-
sure on the volute casing to retain it in snug
engagement with the seat member.

" 17. In 2 pump of the character described
the combination with the volute casing and
the exterior casing enclosing the same, of
a seat member formed between the two cas-
ings, & plurality of registering passages
formed in said casings, passing through the
seat member, and means carried by the ex-

. terior casing adapted to exert a lateral pres-
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sure on the volute casing to retain it in snug
engagement with the seat member, said
means comprising a screw supported by the
exterior casing and engageable with the vo-
lute casing. : )

18. In a pump of the character described
a volute casing; an exterior casing enclosmﬁ
the same, a pair of extensions, one on eac
end of the volute casing, bearing members
in the exterior casing for the reception of
said extensions, a seat member formed be-
tween the volute casing and the exterior
casing, means permitting lateral movement
of the volute casing and the extension
formed thereon with relation to the seat
member and the bearings formed in the ex-
terior casing, a pair of screw jacks, one ad-
jacent each bearing member, an arm sup-
ported by each screw jack, a pair of rollers
on each arm engageable with the volute
casing extensions to support the same, and
other means for imparting a lateral move-
ment to the volute casing to raise it away
from the seat. ) :

19. In a pump of the character described
the combination with the volute casing and
the exterior casing enclosing the same, of a
shaft bearing on each end of the volute
casing, a bearing at each end of the exterior
casing through which said shaft bearings
extend, and means for imparting a turning
movement to the volute casing with relation
to the exterior casing.

20. In a pump of the character described
the combination with the volute casing and
the exterior casing enclosing the same, of a
shaft bearing on each end of the volute
casing, a bearing at each end of the exterior
casing through which said shaft bearings
extend, a stuffing box on each shaft bearing,
and a stuffing box in one of the exterior
housing bearings to prevent leakage between
the shaft bearing and the exterior housing.

21. In a pump of the character described
the combination with the volute casing and
the exterior casing enclosing the same, of a
shaft bearing on each end of the volute
casing, a bearing at each end of the exterior

g0 .casing through which said shaft bearings

extend, an annular flange on one end of the
volute casing, a packing gasket interposed
between said flange and the exterior housing,
and means for exerting an endwise pressure

1,456,051

on the volute casing to exert a pressure

‘upon the gasket.

92. In a pump of the character described

_the combination with the volute casing and

the exterior casing enclosing the same, of a
shaft bearing on each end of the volute cas-
ing, a bearing at each end of the exterior
casing through which said shaft bearings
extend, an annular flange on one end of the
volute casing, a packing gasket interposed
between said flange and- the exterior
housing, and means for exerting an endwise
pressure on the volute casing to exert a
pressure upon the gasket, said means ecom-
prising a second annular flange formed on
one of the shaft bearings and screws inter-
posed between said flange and the exterior
housing.

23. In a pump of the character described
the combination with the volute casing and
the exterior casing enclosing the same, of
a shaft bearing on each end of the volute
casing, a bearing at each end of the exterior
casing through which said shaft bearings
extend, a stuffing box on each shaft bearing,
a stuffing box in one of the exterior housing
bearings to prevent leakage between the
shaft bearing and the exterior housing, an
annular flange formed on one end of the
volute casing, a gasket interposed between
said flange and the exterior housing. a sec-
ond annular flange on the adjacent shaft
bearing, and screws interposed between said
flange and the exterior housing to exert a
pressure on the gasket interposed between
the first named annular flange and the ex-
terior housing. 7

24. In a pump of the character described
a plurality of impellers, a shaft upon which
the impellers are secured, a divided volute
casing enclosing the impellers, a bearing
member at each end of the volute casing for
the reception of the shaft, a divided exterior
casing enclosing the volute casing, and bear-
ings formed in said exterior casing for the
reception of the shaft bearings formed on
the volute casing. '

25. In a pump of the character described
a plurality of impellers, a shaft upon which
the impellers are secured, a divided volute
casing enclosing the impellers, a bearing
member at each end of the volute casing for
the reception of the shaft, a divided exterior
casing enclosing the volute casing, bearings
formed in said exterior casing for the recep-
tion of the shaft bearings formed on the
volute casing, a plurality of registering pas-
sages formed in the volute casing and in the
exterior casing, a seat member formed be-
tween the volute casing and the exterior cas-
ing, means carried by the exterior casing
for exerting a lateral pressure on the volute
casing against the seat member, and other

~means carried by the exterior casing for
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raising the volute casing with relation to
the seat member. :

26. In a pump of the character described
z volute casing, 2 shaft bearing on each end
thereof, an exterior casing enclosing the vo-
lute casing, and bearing members in said
exterior casing for the reception of the shaft
bearings and for the support of the volute
casing. .

27. In a pump of the character described
a pair of opposed impellers, a volute casing
enclosing the same, 2 partition member with-
in the volute casing separating the impellers
and a hydraulic thrust chamber formed be-
tween each impeller and said partition mem-

28. In a pump of the character described
2 pair of opposed impellers, a volute casing
enclosing the same, 2 partition member with-
in the volute casing separating the impellers,
a hydraulie thrust chamber formed between
each impeller and said partition member,
and a port formed on each impeller, said
ports communicating at one end with the
suction side of each impeller and at the op-
posite end with the adjacent hydraulic thrust

. chamber.

'29. In a pump of the character described
2 pair of opposed impellers, a volute casing
enclosing the same, a partition member witk-
in the volute easing separating the impellers,
a hydraulic thrust chamber formed between
each impeller and said partition member, an
annular hub-like projection on each impeller

» in which the ports are formed, and an annu-

lar flange on each side of the partition mem-
ber forming a running joint with the respec-
tive hub members,

30. In a centrifugal pump a pair of inter-
spaced impellers, a volute casing enclosing
the same, separate intake passages formed
in the casing connecting with the respective
suction sides of each impeller, a.central par-

tition member in the volute casing forming .

separate discharge passages for each im-
peller, and a hydraulic thrust chamber
formed between each impeller and the cen-
tral partition member. . .

31. In a centrifugal pump a pair of infer-
spacded impellers, a vo}i)ute casing enclosing’
the same, separate intake passages formed in
the casirig connecting with the respective
suction sides of each impeller, a central par-
tition member in the volute casing forming
separate discharge passages for each im-
peller, a hub member formed on the inner
side of each impeller, an. annular flange
formed on each side of the partition member
forming a running joint with the respective
hub. members, &. hydraulic thrust chamber
formed between the partition member and
each hub member, and a discharge port

w

formed in each hub member, said ports com-

municating at one end with their respective

hydraulic thrust chambers, and at their op-.

posite ends with areas of lower pressure.
32. In a cenirifugal pump a pair of inter-
spaced impellers, & volute casing enclosing

the same, separate intake passages formed in .

the casing connecting with the respective
suction sides of each impeller, a central par-
tition member in the volute casing forming
separate discharge passages for each im-
peller, 2 hub member formed on the inner
side of each impeller, an annular flange
formed on each side of the partition member
forming a running joint with the respective
hub members, 2 hydraulic thrust chamber
formed between the partition member and
each hub member, a discharge port formed
in each hub member, said ports communicat-
ing at one end with their respective hy-
draulic thrust chambers, and at their oppo-
site ends with the suction sides of the im-
pellers, and means permitting a limited end-
wise_ movement of the impellers with rela-
tion to the hydraulic thrust chambers to
permit opening and closing of the respective
discharge ports. o

33. In a centrifugal pump, an impeller
having a pair of opposed intake epenings
and a pair of spaced independent annuler
discharge passages, o stationary partition
extending between the annular 0%1
passages of the impeller, & pair of concen-
tric flanges on each side of the stationary
partition, a third concentric flange of sinaller
diameter located between the other flanges

on the stationary partition, corresponding-

concentric flanges on the impeller designed
to run in close proximity to the flanges on

the stationary partition, a chamber formed

between each side of the stationary partition
and the impeller and bounded by the respec-
tive adjacent faces of the corresponding con-
centric flanges on the stationary partition
and the impelier, and ports connecting each
pressure chamber with a water area of lower
pressure and arranged to open and close
with the endwise movement of the impeller.

34. It a centrifugal pump the combina-
tion of a casing, an impeller shaft, twin
impellers on the shaft with individual inlets
and a suitable outlei, and means between the
impellers forming an automatic hydraulic
counterbalance for the impellers. :

In testimony whereof I have hereunto set
my hand in the presence of two subscribing
witnesses.

WILLIAM

Witnesses:
Mowmracur FERRY,
£, M. Carren,

DOUGLAS CARTER.
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