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8 Claims.

This invention relates to improvements in cen-
trifugal pumps and particularly to centrifugal

bumps which are required to handle relatively -

small quantities of liquid at very high pressures.
In the usual centrifugal pumps, the pump cas-
ing is divided on a horizontal plane through the
horizontal axis of the pump for convenience in
manufacture and maintenance, And the volutes
which produce conversion of the impeller dis-
charge from velocity into pressure, are normally
cast as parts of the casing. The high velocities
produced in such high pressure pumps require
- that the volute passages be carefully shaped to
secure the area and contour which will produce
the most effective velocity-pressure conversion
and that such passages be so finishéd as to avoid
local turbulences and to minimize friction. The
volute passages in high pressure pumps handling
relatively small quantities of liquid are however
very small in cross-sectional ares and relatively
complicated in shape thus making it very diffi-
cult to secure the proper finishing of the passage
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surfaces by chipping and grinding which are the .

only metal surfacing processes available.

: When such pumps are used to supply a rela-
. tively small quantity of water such as 1000 g.p, m.
at pressures of the order of 1800 pounds per
square inch as in present day boiler feed pumps,
the high velocities encountered cause erosion par-
ticularly in the volute passages receiving the dis-
charge from the impellers where the velocity is
highest. The cavities formed by such erosion
must be filled by welding proper material into
the cavities and must then be ground to the
proper contour and finish. ‘The operations re-
quired for repairing erosion in pump. volutes are
always expensive and frequently the erosion takes
place in locations in which it is extremely difficult
to do satisfactory welding or grinding,

In high pressure centrifugal pumps it was also
found that it is exceedingly difficult to provide
sufficient bolting to keep the horizonta] joint
tight, Prior constructions have been provided
with two rows of bolts to hold the upper and lower
casing parts together at the pressure mentioned.
The inrier row of bolts was located in portions of
the pump casing between the several pump im-
pellers as close to the horizontal axis of the pump
as possible without interference with the various
‘internal passages. The inner row of bolts was
accordingly placed in portions of the casing sur-
rounded at least in part by internal passages and
projecting from the outer wall of the casing in-
wardly toward the center thereof. And the outer
row of bolts was necessarily placed outside of the
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outer walls of the internal passages. However,
even the inner row of bolts was still a considera-
ble distance from the center line of the pump and
it was difficult to exert sufficient pressure there-
on to produce g tight joint. Consequently at the
high velocities encountered in pumps producing
high pressures, erosion takes place at those por-
tions of the joint projecting into the regions of
high velocity and continues to such extent as to
cause leakage to the exterior of the joint regard-
less of the pressure exerted by the outer row of
bolts.

If the pump casing is bored out to such diameter
as to permit the formation of volute passages
within the bore with solid inferstage diaphragms
extending from the casing to support the pump
shaft and the impellers, casing projections be-
tween the several impeller stages of the pump are
eliminated and a single row of bolts can be pro-
vided which are placed at substantially uniform
distances from the center line of the pump which
was impossible heretofore. It is accordingly pos-
sible to secure a uniform distribution of pressure
over the entire joint surface and to avoid points
at which erosion may occur in the joint. The
volute passages may then be formed as separate
castings or may be made as a built up construe-
tion which may be individually finished to the
contour and finish required and may then be se-
cured in the bore of the casing. Any single volute
may then be removed for repair and replacement
whenever desired. - . -

‘It is therefore an object of the present inven-
tion to provide a centrifugal pump in which at
least the high velocity receiving portions of the
volute passages are formed and finished sepa-
rately and are then secured within the pump cas-
ing.

Another object of the invention is to. provide a
centrifugal pump in which the casing is bored
out as a cylinder to receive at least the high ve-
locity portions of the volute passages as struc-
tures to be inserted and seated in such bore.

Another object of the invention is to provide
a centrifugal pump in which the volute passages
are formed from separate diaphragms extending
into a bore within the casing from the wall there-
of with separate volute pieces placed between the
diaphragms and shaped to provide the desired
volute passage cross section. :

Another object of the invention is to provide a

~centrifugal pump with separate diaphragms be-

b6

tween the several impeller stages and extending
inwardly from the outer wall of the pump casing
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to form supports for the pump shaft and pump
jimpellers. ) ‘

Another object of the invention is to provide a
centrifugal pump for producing high pressure in
which the horizontal joint in the pump casing
is kept tightly closed by a single row of bolts pro-
viding a uniform distribution of pressure over the
entire casing joint area.

‘Objects and advantages other than those above
set forth will be apparent from the following de-
seription when read in connection with the accom-
panying drawings, in which:

Fig. 1 is a vertical cross-sectional view of a
pump constructed according to the present in-
vention, the view being taken on a vertical plane
through the longitudinal axis of the pump;
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Fig. 2 is a vertical cross-sectional view taken

on the plane of line II—II of Fig. 1; .

Fig. 3 is a vertical cross-sectional view taken
on the plane of line III—III of Fig. 1;

Tig. 4 is an enlarged fragmentary view taken
on the plane of line IV—IV of Fis. 5 to show in
detail, the manner in which the several separate
portions forming the circurpferential volute
pieces are mounted and fastened in the casing
of the pump;

Fig. 5 is a horizontal cross-sectional view taken
on the plane of line V—V of Fie. 4 to illustrate
the manner of mounting and securing the several
volute forming diaphragms in the pump casing
and to the circumferential volute portions to pre-
vent both axial and rotational movement of such
diaphragms, and

Pig. 6 is a view taken on the plane of line VI—VI
of Fig. 4 to illustrate the prticular configuration
of the water conducting surface of the several
portions forming one of the volutes.

Referring more particularly to the drawings by
characters of reference, the reference numeral 11
designates the lower portion of a pump casing and
reference numeral 12 designates the upper portion
of a pump casing, the portions being formed by

division of the casing on a horizontal plane

" through the longitudinal axis of the pump. Each
of the casing halves is cast with the appropriate
portions of the various internal passages so that
joining ‘of the casing halves completes the inlet
passage 13, the interstage passages 14 and 15 and
the discharge passage 16. The two casing halves
are joined and are bored out on the axis of the
pump to provide a cylindrical space somewhat
larger than the diameter of the pump impellers.
Such boring out of the casing provides a smooth
finish on the interior of the casing and allows
access to all portions of the above mentioned cas-
ing passages to provide for finishing of the sur-
faces thereof. All of the bolts |7 joining the two
casing halves are set in a straight line in the
casing flanges and relatively closely to the edges
of such flanges thus providing considerable sim-
plification in the bolt arrangement and placing
the bolts in the best possible positions to secure
uniform distribution of the pressure over the
entire casing joint surfaces thereby preventing
separation of such flanges.

A shaft 21 extends through casing i1, 12 and is
sealed in the casing at the ends thereof by a
pressure reducing bushing 22 spaced from the
usual packing 23 and packing glands 24. A plu-

rality of double inlet impellers 26 are mounted
on the shaft in spaced relation to be severally
supplied by a liquid to be pumped by way of pas-
sages 13, 4 and I5. As shown, the impellers are
preferably of the double inlet type which are in-
herently balanced in the axial direction. Shaft
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21 of course is protected against contact with the
liquid by sleeves 27 made of non-corrosive nia-
terial.

With the interior of the pump casing formed as
a smooth cylinder, the usual volute passages into
which the impellers discharge, are formed by sep-
arate pieces mounted in the bore in the casing
halves. As is shown in the drawings, each volute
passage is made of the circumferential volute
pieces 31, 32 and 33 set into and secured in the
casing and enclosed at the sides by the diaphragms
4| and 82. The circumferential portions of the
volutes are substantially segr. ents of a hollow cyl-
inder and are necessarily made in three pieces
because the casing is horizontally split and be-
cause g passage of the full cross-sectional area of
the volute passageway must be provided to allow

“ flow of the liquid from the volute into the passage
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leading to the inlet of the next stage. And the
several circumferential volute pieces are also nec-~
essarily made with inner surfaces of different de-
grees of concavity and with increasingly greater
depth from the so-called lip or cut-off point to the
point of discharge from the volute. Thus the
contour of the volute piece 31 varies from a sub-
stantially flat surface at the cut-off end to a con-
cave surface of material depth at the end join-
ing the volute piece’ 32, the depth of the volute
piece 32 increases toward its end adjacent the
volute piece 33 and even though the volute piece
33 is very short, the depth of its concave surface
increases from the end adjacent the piece 32 to
the discharge passage. Such constant change of
depth and degree of concavity provides volute
passages of constantly increasing area from the

‘eut-off point to the discharge passage thus pro-

viding for uniform conversion of velocity to pres-
sure throughout the entire volute. The circum-
ferential volute pieces are individually held in
position by pins 34, 35, 36, 31 and 38 extending
through such volute pieces and threaded into the
casing and the inner ends of the pins are fastened
by welding to the volute pieces. It will be under-
stood that the inner ends of the pins are ground
to conform with the adjacent volute surfaces.
The diaphragms 41, 42 are each made as sepa-
rate plates and extend from the interior surface
of the casing bore to adjacent the inlet edges of
each of the double inlet impellers 26 where suit-
able wearing rings are provided. Each of the
diaphragms is accordingly annular in shape and
each pair of diaphragms together with the cir-
cumferential volute pleces as described above,
combine to form- a2 complete volute inclosure for
the discharge edge of an impeller 26 and for con-
verting the velocity of the discharged liquid into
pressure. The diaphragms 41 and 42 are pro-
vided on the outer periphery thereof with tongues
43 fitting into matching grooves 44 in the casing,
the grooves being so located that the inner sur-
faces of the diaphragms contact with the sides of
the volute pieces 3f, 32 and 33. The diaphragms
are accordingly held against lateral displacement
by their tongue and groove joints with the casing
and are held against rotational movement by pins
46 threaded into the diaphragms from the inner
surface thereof and extending into matching
apertures between the volute portions 31 and 32
formed by matching semi-circular grooves in the
circumferential volute pieces on the horizontal
division plane of the casing. The diaphragms are
assembled on the shaft in their proper relation to
the impellers and placed in the lower casing half
{{ as the shaft is lowered into place in its bear-

78 ings, The diaphragms are then locked in place
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simply by lowering of the upper half 12 of the
casing into its proper position on the lower half
thereof.

Interstage dlaphragms 51 are located between
the several impellers 26 and are likewise annular
plates with tongues 52 fitting into grooves in the
interior of the pump casing, The inner periph-
eries of the diaphragms 51 are broadened and are
-seated in grooves provided therefor in split sleeves
© 53 fitting on the impeller shaft 21.and forming
. bushings between impeller stages which reduce
interstage leakage to a minimum. The grooves in
the casing and in the bushings 53 prevent lateral
displacement of the interstage diaphragms and
bushings. Each of the diaphragms 51 is provided
with one or more fins 54 extending into the space
adjacent the volute inclosures and pins 35 are
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fixed in the casing adjacent the diaphragms.. The -

diaphragms may rotate until one or the other
fins is stopped by the pin which then prevents
further rotational movement of the diaphragm.

The interstage diaphragms are therefore held

against both lateral and rotational dlsplacement
after seating in the grooves and against the pin
respectively. The diaphragms 51 are integral and
hence must be mounted on the shaft 21 at the
time the several impellers 26 and the volute dia-
phragms 4, 42 are mounted thereon.

"In the manufacture and assembly of the var-
ious parts of the pump, the flanges of the two
casing halves are faced and drilled to receive
the bolts. A boring bar and tool are inserted
through the opening in the end of the casing
for the bearings and extension of shafts there-
through and the casing is bored out on a given
diameter. The interior of the pump casing is
accordingly formed as a finished hollow cylinder
and the grooves are likewise formed for receiv-
ing the tongues of the several diaphragms. The
inlet, interstage and outlet passages are now fin-
ished by chipping and grinding to minimize re-
sistance to the flow therethrough. Properly
shaped and finished circumferential volute pieces
are set into the casing on the surface of the bore
and are fixed therein by pins extending through
such pieces. The impellers and the interstage
and volute diaphragms are assembled on the shaft
and are lowered into the lower half of the casing
to seat the tongues on the lower half of the inter-
stage and volute diaphragms into the grooves
provided therefor.
ered on the lower casing half thus setting the
tongues of all of the diaphragms into the grooves
provided therefor in the upper casing half. The
casing halves are then bolted together and the
pump is completely assembled.

Although but one embodiment of the present
invention has been illustrated and described, it
will be apparent to those skilled in the art that
various changes and modifications may be made
therein without departing from the spirit of the
invention or the scope of the appended claims.

It is claimed and des1red to secure by'Letters

- Patent: :

1. In a centrifugal pump, a casing divided
through the longitudinal axis thereof, a shaft
extending through -said casing, an impeller
mounted on said shaft, and an enclosure com-
prising volute pieces extending circumiferentially
about said impeller and divided into -a plurality
of segments individually mounted in said casing
and diaphragm plates extending at right angles
to the axis of said shaft from adjacent said casing
along opposite sides of said volute pieces and
individually circumferentially mounted in said
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casing said enclosure being positioned within said
casing about said impeller and forming a volute
passage receiving the fluid discharged therefrom.

2. In a cenirifugal pump, & casing divided
through the longitudinal axis thereof, a shaft
extending through said casing, an impeller
mounted on said shaft, and an enclosure com-
prising volute pieces extending circumferentially
about said impeller and mounted directly in said’
casing and diaphragm plates adjacent to and co-
operating with said volute pieces and having cir~
cumferential tongues entering grooves in said
casing to prevent lateral displacement of said
plates, said enclosure being mounted in said cas-
ing about said impeller and forming a volute pas-
sage receiving the fluid discharged therefrom.

3. In a centrifugal pump, a casing divided .
through the longitudinal axis thereof, a shaft
extending through said casing, an ‘impeller
mounted on said shaft, and an enclosure com-
prising voluté pieces extending cucumferentmlly
about said impeller and mounted in said casing
and -diaphragm blates having circumferential
tongues entering grooves in said casing and hav-
ing pins extendmg into said volute pieces from
said plates to prevent lateral and rotational move-
ments thersof respectively, said enclosure being
mounted in said casing about said 1mpeller and
forming a volute passage receivmg the fluid dis-
charged therefrom.

4. In a centrifugal pump, a casing d1v1ded
through the longitudinal axis thereof, a shaft
extending through said casing, an impeller
mounted on said shaft, and an enclosure com-
prising volute pieces extending circumferentially
about said 1mpe11er and divided into a plurality
of segments individually mounted in said casing
and annular diaphragm plates peripherally
mounted mdmdually in said casing adjacent op-
posite sides of said volute pieces, said enclosure
being mounted in said casing ahout said impeller
and forming a volute passage receiving the fluid
discharged therefrom.

5. In a centrifugal pump, a casmg divided
through the longitudinal axis thereof, a shaft
extending through said casing, a plurality of im-
pellers mounted on said shaft, sleeves on said
shaft between said impellers, an enclosure
mounted in said casing and forming a vodlute
passage for receiving the fluid discharged there-
from, and an interstage diaphragm mounted in
a groove in each of said sleeves, said diaphragms
having tongues formed circumferentially thereon
to enter grooves in said casing for preventing lat-
eral displacement of said diaphragms.

6. In a -centrifugal pump, a casing divided
through the longitudinal axis thereof, a shaft
extending through said casing, a plurality of im-
pellers mounted on said shaft, an enclosure
mounted in said casing and forming a volute
passage for receiving the fluid discharged there-
from, and interstage diaphragms severally
mounted on said shaft between said impellers,
said diaphragms having g fin extending there-
from into engagement with a pin extending from
said casing for preventing rotational displace--
ment of said diaphragms.

7. In a centrifugal pump, a casing d1v1ded
through the longitudinal axis thereof, a shaft
extending through said casing, a plurality: of
impellers mounted on said shaft, an enclosure
mounted in said casing and forming a volute
passage for receiving the fluid discharged there-
from, and interstage diaphragms severally
mounted on said shaft between impellers, said
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diaphragms having tongues formed circumferen-
tially thereof to enter grooves in said casing and
having & fin extending therefrom into engage-
ment with a pin extending from said casing for
preventing lateral and rotational displacement,
respectively, of said diaphragms.

8 In a centrifugal pump, a casing divided
through the longitudinal axis thereof, a shaft
extending through said casing, a plurality of
impellers mounted on said shaft, and enclosures
each comprising volute pieces extending circum-
ferentially about said impellers and diaphragm
plates extending at right angles to the axis of
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said shaft, said enclosures being severally
mounted in said casing and severally forming
volute passages for receiving the fluid discharged
from the several said impellers, and interstage
diaphragms having tongues formed circumfer-
entially thereof to enter grooves in said casing
and fins extending therefrom into engagement
with pins extending from said casing for prevent.
ing lateral and rotational displacement of said
diaphragms, said interstage diaphragms being
severally mounted on said shaft between said
impellers.
CHARLES L. BABB.



