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3,146,722
CENTRIFUGAL PUMPS AND THE LIKE

Charles Harold Warman, Castlecrag, New South Wales,

Australia, assignor to Research and Development Pty.

Ltd., Perth, Western Australia, Australia, a corperation

of Western Auwsiralia

Filed Jan. 13, 1961, Ser, No. 82,552
Claims priorify, application Australia Jan., 19, 1960
3 Claims. (CL 103—103)

This invention relates to cenirifugal pumps, blowers,
fans, compressors and like centrifugal units which will
hereinafter be referred to as centrifugal pumps for con-
venience. .

One object of the invention is to provide more efﬁmer}t
pump components and constructions. Another object is
to provide a pump casing which, when the pump is used
for pumping abrasive material, is less liable to wear.
Other objects are to provide improved components and
constructions as hereinafter described.

In any centrifugal pump, whatever its type or con-
struction, the finid discharged from the impeller into
the casing has a variable total energy—variable both as
to time and point of discharge from the impeller. In
the casing there are losses of fluid energy. These losses
are not uniform throughout the fluid and tend further to
distort the already uneven distribution of energy of the
fiuid leaving the impeller. Losses of fluid energy in the
casing occur chiefly at the cuiwater, adjacent the contain-
ing surfaces and in the discharge branch.

In conventional pumps the fluid of higher energy issues
from the impeller within a disclike layer substantially
normal to the axis of rotation and of less thickness than
the axial width of the impeller passages. If the impeller
has a single axial intake from one side the disc layer will
be towards or against the opposite side wall of the im-
peller passages. If the impeller is symmetrical in axial
section and has axial fluid entry from both sides and flow-
rates from each side are substantially equal the disc layer
will emerge more or less centrally from the periphery of
the impeller.

It is a fundamental physical requirement of fluid flow
in a curved path that the fluid of higher total energy
will move to and displace lower energy fluid from the
outer portion of the path. The higher energy fiuid with«
in the disclike layer emerging from the impeller con-
sequently moves to the outer portion of the casing where
it circulates until either it passes into the discharge branch
of the casing or, by shock and turbulence from the cut-
water or friction against the casing surfaces, it loses
energy sufficient to be displaced toward the axis of the
pump by fluid of higher energy. The displaced fiuid con-
stitutes a return flow moving towards the impeller and,
superimposed on the main flow, gives rise to spiral flows
in the casing. If the disc layer of higher energy fluid
emerges from the impeller symmetrically with respect to
the casing the flow in the casing consists of right and
left hand spiral flows of approximately equal strength mov-
ing outwards in the center of the casing and inwards ad-
jacent each of the sidewalls towards the axis of the pump.
The result of the fluid movements described is that fluid
of lower energy is displaced to positions adjacent the
peripheries of the running clearances between the impeller
and the sidewalls of the casing and portion of it passes
into the clearances from where it either returns to the
casing by being re-energized by the side disc friction of
the rotating impeller or joins the fluid entering the intake
opening of the impeller. If the disc layer of higher
energy fluid emerges from the impeller asymmetrically
with respect to the casing then the spiral flows will cor-
respondingly differ in size and strength and more or
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less lower energy fluid will be displaced to each side of
the impeller. When the fluid contains solids in suspension
the solids, particularly if large and of high density rela-
tive to the fluid in which they are transported, lose even
more energy than does the fluid by shock and turbulence
from the cutwater and friction against the casing surfaces
and tend to become concentrated in the lower energy fluid
and to pass with it into the running clearances between
the impeller and the casing and there cause rapid wear of
the parts and consequent reduced performance of the
pump. Certain features of this invention provide zones
of higher energy fluid adjacent the peripheries of the run-
ning clearances between the impeller and the sidewalls
of the casing which act as barriers to isolate these clear-
ances from the lower energy fluid in the casing.

In conventional pumps the discharge branch forms on
the one side a continuation of the casing at its maximum
radius and hence it preferentially discharges the higher
energy fluid which occupies the outer portion of the cas-
ing. The other or cutwater side of the discharge branch
is adjacent the periphery of the impeller and extends for
the full width of the casing at this point. Consequently
the higher energy fluid issuing from the impeller im-
pinges directly on the cutwater and even under the most
favourable conditions at best efficiency point, consider-
able shock and turbulence take place with corresponding
loss in efficiency. When the fluid contains solids in sus-
pension, as with slurry or dredge pumps, the shock and
turbulence from impingement on the cutwater and result-
ant production of lower energy fluid with a higher than
average concentration of solids is the most potent cause
of wear of the pump components. This invention provides
a construction in which the cutwater can be of substan-
tially less width than the casing. It also provides that
the cutwater may be so positioned that it cuts only fluid
of lower energy. In these ways efficiency can be improved
and wear reduced.

In conventional pumps a portion of the disc layer of
higher energy fluid issuing from the impeller enters the
discharge branch directly without impinging on any sur-
face and, having moved the least distance of any fluid in
the casing, has the highest energy of all fluid entering the
discharge branch. It is flanked on either side in an axial
direction by fluid of lower energy entering the discharge
branch and this lower energy fluid is held towards the cut-
water side by higher energy fluid occupying the outer
portion of the discharge branch. Conventionally the dis-
charge branch comprises a diverging nozzle with a sub-
stantially straight axis and its object is to convert fluid
kinetic energy into pressure at the discharge flange. As
the axis is straight the pressure over any cross section of
t%le d.ischarge branch is substantially uniform so that varia-
tion in energy level of the fluid entering the branch from
the casing appears as variation in kinetic energy and
hence as variation in velocity over the cross section, areas
of higher velocity corresponding with the areas occupied
by fluid of higher energy. It is well known that it is
not possible efficiently to convert fluid kinetic energy to
pressure in a diverging nozzle when the velocity distribu-
tion is sensibly non-uniform and as the conversion cor-
responds to that to be expected from the lower velocity
fluid, substantial loss of energy is sustained by the fluid
of higher velocity. Features of this invention enable the
fluid to enter the discharge branch with substantially uni
form energy and velocity and thereby allow a higher
efficiency of conversion of kinetic energy to pressure to
be attained than is possible in a conventional pump.

Generally in a pump or blower according to the in-
vention, means are provided for segregating and directing
or for producing, segregating and directing fluid of dif-
fering energy levels in such a way that in the casing
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fluid of higher energy level forms an envelope about the’
fluid of lower energy level.

As a means of preserving the envelope of higher energy
fluid and also of ensuring the greatest uniformity in the
level of the energy of the fluid leaving the casing, t‘he
entry to the discharge branch from the casing is so lo-
cated and shaped as to receive preferentially fluid of
lower energy level and to exclude fluid of high emergy
level. As a result fluid energy losses resulting from
casing wall contact are borne substantially by the higher
energy fluid. . .

In one specific form the invention comprises an im-
peller so shaped that its discharge consists of two periph-
eral side zones of higher energy fluid separated by a zone
of lower energy fluid, the zones of higher energy being
directed towards the casing sidewalls adjacent the pe-
riphery of the impeller.

One function of the shape of an impeller according
to the invention is so to control the difference in energy
levels of the fiuid discharged by the impeller that the
energy level of the higher energy fluid is reduced in the
casing to substantially that of the lower enmergy fluid at
entry to the discharge branch of the casing.

Some specific forms of the invention are illustrated in
the accompanying drawings, wherein:

FIGS. 1, 2A, 2B and 3 are axial sections showing
different forms of impeller and casing,

FIG. 4 is a section on line 4—4 of FIG. 1 with sup-
porting shell members removed,

FIG. 5a is a fragmentary section of the casing on line
5q—35a of FIG. 4,

FIG. 5b is a fragmentary section of the casing on line
5b—5b of FIG. 4,

FIG. 5c is a fragmentary section of the casing on line
5¢—>5c of FIG. 4,

FIG. 5d is a fragmentary section of the casing on line
5d—5d of FiG. 4,

FIG. 5¢ is a fragmentary section of the casing on line
5¢—5e of FIG. 4,

FIG. 5f is a fragmentary section of the casing on line
5f—S5f of FIG. 4,

FIG. 6a is a fragmentary section of the casing on line
6a—06a of FIG. 4,

FIG. 6b is a fragmentary section of the casing on line
6b—6b of FI1G. 4,

FIG. 6c is a fragmentary section of the casing on line
6c—6c of FI1G. 4,

FIG. 6d is a fragmentary section of the casing on line
6d4—6d of FIG. 4.

Like parts are illustrated by like characters throughout
the specification and drawings.

As shown in the drawings, and especially with reference
to FIGS. 1 and 4, the pump comprises a casing C which
has axially spaced opposed walls 34 and 46, which in
the embodiment of FIG. 1 are lined with a soft wear
resistant material at 33 and 45. The casing C has a pe-
ripheral wall 21 made up of the peripheral portions of the
casing halves and lined with wear resistant linings 29
and 31. The axially spaced walls and peripheral wall
define a pumping chamber 3, and projecting into the
pumping chamber toward the axis of the casing is a ridge
22 which extends around a substantial portion of the
periphery of the circumferential wall of the casing. The
opposite peripheral ends 24 and 25 of said ridge taper
gradually outwardly toward the circumferential wall of
the casing in the circumferential direction of said ridge.
The ridge 22 has a top surface 224 which has an axial
width substantially less than the axial spacing of the side
walls. The ridge 22 and the side walls define between
them circumferentially extending concave grooves 23
which are coextensive with said ridge.

An impeller 1 is mounted on a shaft 2 for rotation in
the counterclockwise direction (as viewed in FIG. 4)
within the pumping chamber 3 of the casing. The im-
peller has opposed axially spaced walls 5 and 6 with the
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peripheral portions of the inwardly opposed surfaces of
the walls 5 and 6 flared smoothly outwardly at 16 toward
the respective adjacent opposed walls of the casing. The
impeller 1 further has blades 4 between the walls 5 and
6 which define between them passages 7 leading from an
axial inlet § to impeller outlets 9. The outside surfaces
of the impeller walls 5 and 6 can have auxiliary side
vanes 1 mounted thereon.

The radially outer trailing ends of the blades 4 have a
smooth concave recess 11 in the central portion thereof,
the effect of which is to reduce the energy imparted to
the fluid in the region of the groove by the impeller. As
illustrated, the centerline of the groove 11 is offset in
the axial direction from the centerline of the impeller
in the direction of the impeller wall 5 which is remote
from the intake, in order to counteract the effect of the
single axial intake, which would otherwise cause the fluid
to issue from the impeller with energy and volume which
is greater adjacent the plate 5 than adjacent the plate 6.
The extent, shape and position of the grooves 11 and the
ends of the vanes 4 depends on the relative energy levels,
volumes, positions and flow directions of the fiuid energy
zones required by a particular pump construction and
the point of operation on the pump characteristic per-
formance curve.

The opposed side walls of said casing are curved
smoothly at 29z and 31a from adjacent the periphery of
the impeller 1 into the grooves 23.

The casing has a discharge branch 29 thereon which
opens into the pumping chamber 3 of the casing only
through the top surface 22a of the ridge 22 at 19 along
a portion of the length of the ridge 22, said portion of the
length of the ridge being at radial distances from the
center of the casing which are less than the radial dis-
tances of the remainder of the top surface 224 from the
center of the casing.

It will thus be seen that the impeller walls 5 and 6, with
the outwardly flared portions 16 thereof, the opposed
casing wall portions 294, the concave grooves 23, and the
ridge 22 coact to produce a pair of fluid flows represented
by the arrows 12, which flows are outwardly diverging
from the periphery of the impeller 1, and then inwardly
converging at the sides of the ridge 22. The flows 12
define a low energy central zone 13 into which fluid dis-
charged from the grooved portion of the ends of the
impeller vanes is discharged. In this manner the higher
energy fluid flows form an envelope about the lower
energy fluid, sustaining the losses from friction with the
walls and isolating the low energy fluid from the impeller
clearance spaces 18 between the impeller and the side
walls.

By locating the opening 19 into the discharge branch
20 in the top of the ridge 22 at a smaller radius from
the casing axis than the radius of the outer wall 21 of
the casing, the higher energy fluid is excluded from the
discharge. The ridge 22 and the grooves 23 are shaped
so as to minimize the disturbance to the fluid flow in
the casing, and the grooves are made of sufficient size to
allow the higher energy fluid to bypass the entry 19 to
the discharge branch. The ridge 22 is in general sym-
metrically positioned with respect to the casing as viewed
in axial section, but it may be offset to suit some types of
pump construction.

The entry 19 to the discharge branch, is in the form of
an elongated circumferential slot occupying substantially
the whole of the width of the top of the ridge 22 which
is substantially less than the width of the casing. One end
of the slot forms the cutwater 26 the width of which is
consequently also substantially less than the width of
the casing. In effect the ridge 22 penetrates the envelope
of higher energy fluid 12 and places the entry to the dis-
charge branch in a position to receive preferentially the
lower energy fluid 13. The loss of energy at the cut-
water 26 is a minimum because the cutwater has the
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least possible width and cuts only the fluid of lower
energy.

To ensure minimum loss of energy the area and atti-
tude of the entry to the discharge branch are so arranged
as to allow the fluid to pass from the casing into the dis-
charge branch with velocity substantially unchanged in
both direction and magnitude. The area of cross section
of the discharge branch 20 provided at the cutwater sec-
tion §d—6d (FIG. 6d) is such that the velocity of the
flnid passing this cross section is substantially the same
as at the entry 19 to the discharge branch. The portion
of the discharge branch from the cutwater cross section
6d—6d to the discharge flange 27 is of increasing cross
sectional area and so shaped that the centers of area of
cross sections (FIGS. 6a to 64 inclusive), lie on a straight
line substantially normal to the discharge flange, the rate
of increase of cross sectional area being low enough
throughout to ensure that high efficiency of conversion of
the fluid kinetic energy to pressure at the discharge flange
27 is achieved. The shape of the discharge branch 20 is
such that the walls are regular in the direction of fluid
flow and transition in change of direction and of shape
and area of cross section is gradual, as shown in FIGS. 4
and Sa and FIGS. 6a to 64 inclusive.

Within the casing the cross sectional area increases
uniformly from the cutwater 26 to the commencement of
the discharge branch at 28, in the direction of rotation,
to accommodate fluid discharged by . the impeller 1.
From the commencement of the discharge branch at 28
to the cutwater 26 in the direction of rotation the cross
sectional area of the casing decreases so as to maintain
a constant average fluid velocity in this portion of the
casing as fluid enters the discharge branch 20.

The casing comprises separately renewable sections
shaped according to the invention with suitable joints
between. For abrasive duty the casing sections are con-
structed of wear desistant materials and are supported
and located by separate shell members. Such construc-
tions are jllustrated in FIG. 1 for a low specific speed
type pump and in FIGS. 2A and 2B for a pump of higher
specific speed. For non-abrasive or very slightly abrasive
duty the casing sections are self-supporting and self-
locating. Such a construction is illustrated in FIG. 3.
FIGS. 1 and 2A illustrate abrasion resisting construction
in resilient material such as natural or synthetic rubber
reinforced where necessary with metal. FIG. 2B illus-
trates abrasion resisting constructions in hard metal.

A half outer casing section liner shaped according to
the invention is shown in resilient material construction as
29a in FIGS. 1 and 2A. M carries half of the ridge liner
22b and half of the discharge branch 20 and has a flange
30 adapted to be joined on the plane of symmetry of the
casing to a half outer casing section liner 31a of opposite
hand. The outer half casing section liners each have a
side flange 32 adapted to make a joint in the manner
shown with the casing side section.

The intake side casing section is made up of liner 33
which is a disc-like member formed of wear resistant ma-
terial such as resilient natural or synthetic rubber bonded
to a metal reinforcing wall 34 which carries a hollow cylin-
drical metal portion 35 to which is bonded the rubber lin-
ing 6 to form the intake 8. The cylindrical metal rein-
forcement 35 is provided with an annular shoulder 38
against which bear tapered cotters 39 driven through slots
in the supporting intake side shell member 48. Driving
of the cotters 39 draws the intake side casing section liner
33 tightly against the resilient flange 32 of the outer casing
section liner 2%9a which is supported by the shell member
40 and a fluid-tight joint is thus made with the resilient
facing 41 of the side casing section liner. The rubber-
lined intake branch 8 of the side casing section liner 33
projects slightly beyond the face of the flange 42 of the
shell member 49 and is adapted to make a fluid-tight joint
with an intake pipe bolted to the flange. The intake side
casing section liner 33 may be bevelled as at 43 in FIG.
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2A to conform with the direction and facilitate the move-
ment of the higher energy fluid flow from the impeller.
A conical projection 44 to which the impeller conforms, is
provided about the intake branch 8 to facilitate the entry
of abrasive slurry into the impeller and direct abrasive
particles away from the side clearance space 18 between
the impeller and the casing side section,

The shaft side casing section liner 45 is a disc-like mem-
ber formed of resilient material such as natural or syn-
thetic rubber bonded to a metal reinforcing wall 46. It
has an annular projection 47 to the outer surface of which
the auxiliary vanes 10 on the impeller conform with suit-
able running clearance, the purpose of the projection being
to return to the vanes fluid leakage from the running clear-
ance between the impeller and the casing side section.
The reinforcing wall 46 is provided with threaded
bosses 48 into which studs 49 are screwed. The studs
pass through holes in the shell member 56 and are pro-
vided with nuts 51 which may be tightened to draw the
casing section liner 45 against the flange 32 of the outer
casing section liner 31a and against the face 52 of the seal
member 53, where fluid-tight joints are thus made. The
shaft side casing section liner 45 may be bevelled as at
54 in FIG. 2 to conform with the direction and facilitate
the movement of the higher energy fiuid flow from the
impeller.

The shell members 49 and 50 which locate and support
the casing sections are drawn together by suitable bolts
not shown in the figures and press together the resilient
flanges 3@ of the outer casing sections to make a fluid-
tight joint. The shell member 56 is adapted to locate
and support interchangeably various forms of jmpeller
shaft sealing means and to attach to a frame not shown in
the figures for supporting the shaft bearings and main-
taining alignment of the various parts.

An outer casing section shaped according to the inven-
tion is shown in two piece hard metal coastruction in
FIG. 2B. It has raised annular faces 56 which may be
rough ground and are adapted to make fluid-tight joints
with annular rings 57 of resilient material supported by
the shell members 49 and 30 respectively. The half sec-
tions 58 and 59 are of opposite hand and have flanges 60
between which a finid-tight joint is made by means of a
gasket 61 of resilient material. The hard metal outer
casing sections are shaped and sized externally so as to
be everywhere clear of the shell members 46 and 59 from
which they are supported, and have joint sealing pressure
applied, through the joint rings 57.

The hard metal intake side casing section 62 shown in
FIG. 2A is similar in shape and size to the corresponding
sections in rubber covered construction illustrated in
FIGS. 1 and 2A. The raised annular face 63, which may
be rough ground, is pressed against the resilient ring 57 to
make a fluid-tight joint by driving the tapered cotters 39
which pass through slots in the shell member 46 and bear
on the annular shoulder 38.

The hard metal shaft side casing section 64 is similar
in most respects to the corresponding sections in rubber
covered construction, The raised annular face 63, which
may be rough ground, is pressed against the resilient ring
57 by tightening the nuts of bolts 65 which pass through
the shell member 50 in the manner of the studs 49 and
which engage by means of square heads 66 and locknuts
67 suitable lugs 68 cast integrally with the side casing
section 64. Resilient gaskets 69 and 70 serve to make
fluid-tight joints between the casing side section 64 and
adjacent seal member 71.

The self supporting casing construction illustrated in
FIG. 3 comprises two casing sections 72 and 73 face-
jointed with a gasket at 74 and held together by studs 75
and nuts 76. Casing section 72 is flanged as at 77 for at-
taching to any suitable supporting frame and is provided
with sealing means 78 where the shaft 2 supporting the
impeller 1 passes through the casing. Casing section 72
has a cylindrical opening 7¢ co-axzial with the impeller
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and of diameter sufficiently Jarge to permit easy removal
of the impeller when the casing section 73, which closely
fits the opening, is removed. The axial dimensions of
the casing sections are such that when assembled the faced
annular projections 89 and 81 on the respective sections
are a close running fit with corresponding faced annular
projections 82 and 83 on the sides of the impeller. The
casing section 73 is provided with the intake branch 8
which may be flanged as at 85 or otherwise adapted for
connection to an intake pipe. Casing section 72 is pro-
vided with integral discharge flange 86 or other suitable
means for connection to a discharge pipe.

As depicted in FIG. 3 the impeller and casing are for a
pump of medium specific speed. Beyond the diameter of
the impeller the walls of the casing diverge as at 87 and
the outward flare of the impeller side plates and the di-
mensions and location of the groove 11 in the periphery
of the impeller vanes are such as to project the streams
i2 of higher energy fluid leaving the impeller adjacent
and parallel to the diverging walls of the casing. The
outer portion and discharge branch of the casing ssction
72 is shaped on its internal surface substantially as pre-
viously described with reference to FIGS. 4, 5 and 6.

What I claim is:

1. A cenirifugal pump, comprising a casing having
axially spaced opposed walls and a peripheral wall dsfin-
ing a pumping chamber, said peripheral wall having a cir-

umferentially extending ridge extending around a sub-
stantial portion of the periphery of said circumferential
wall and projecting inwardly toward the axis of the casing,
the opposite peripheral ends of said ridge tapering grad-
vally outwardly toward said circumferential wall in the
circumferential direction of said ridge, said ridge having a
top surface having an axial width substantially less than
the axial spacing of said side walls, said ridge and spaced
side walls defining between them circumferentially ex-
tending concave grooves coextensive with said ridge, an
impeller in the pumping chamber of said casing rotatable
about the axis of said casing, said impeller having opposed
axially spaced walls with the peripheral portions of the
inwardly opposed surfaces thereof flared smoothly out-
wardly toward the respective adjacent opposed walls of
said casing, said impeller further having blades between
said walls, the radially outer trailing ends of said blades
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having a smooth concave recess in the central portion
thereof, said opposed walls of said casing curving smoothly
from adjacent the periphery of said impeller into said
grooves, and a discharge branch on said casing and open-
ing into said pumping chamber of said casing only through
the top surface of said ridge along a portion of the length
of said ridge, said portion of the length of the ridge being
at radial distances from the center of the casing which are
less than the radial distances of the remainder of the top
suiface from the center of the casing, whereby said im-
peller walls and blades, said opposed casing walls, the
concave grooves in said peripheral wall and said ridgs
coact to produce a pair of fluid flows which are outwardly
diverging from the periphery of said impeller and then
inwardly converging at the sides of said ridge, and said
flows defining a lower energy central zone at said dis-
charge opening in said top surface of said ridge.

2. A centrifugal pump as claimed in claim 1 in which
the said ridge is symmetrically positioned on the periph-
eral wall of said casing.

3. A centrifugal pump as claimed in claim 1 in which
said opposed walls of said casing are inclined outwardly
at an angle to the casing axis adjacent the periphery of
said impeller.
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