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A removable casing liner (10) In a centrifugal pump for processing heavy duty slurries containing abrasive particles has a selectively
configured volute (60) which Is asymmetrical in axial cross section along the circumference of the casing liner (10) from the cut
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(57) Abrege(suite)/Abstract(continued):
water region to the throat region, the asymmetry being about a plane which radially bisects the casing (10) and volute (60) region.

The liner (10) Is particularly suitable for use in connection with an impellers (20) equipped with expelling vanes (50) for pumping out
slurry from the seal face (62).
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configured volute (60) which is asymmetrical in axial cross section along
the circumference of the casing liner (10) from the cut water region to the
throat region, the asymmetry being about a plane which radially bisects the
casing (10) and volute (60) region. The liner (10) is particularly suitable
for use in connection with an impellers (20) equipped with expelling vanes
(50) for pumping out slurry from the seal face (62).
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CENTRIFUGAL PUMP WITH CONFIGURED VOLUTE

BACKGROUND OF THE INVENTION

Field of the Invention: This invention relates to centrifugal pumps used in industrial

applications to process slurries, and specifically relates to centrifugal pumps having a

volute especially configured to process highly abrasive slurries.

Description of Related Art: Centrifugal pumps of the volute type are well-known in the art

and have a pump casing that is generally circular or toroidal in shape. The outer peripheral
region of the circular pump casing defines the volute region of the pump. The volute
region surrounds an impeller positioned within the pump casing and 1s pdsitipned to
receive fluids which are processed by the impeller. The mner volute region of the pump

casing thus serves as a collector of fluid being forced outwardly by the impeller under

centrifugal forces.

Typically, the volute region of the pump casing changes in volume as it extends about the
circumference of the pump casing. That is, the axial cross section of the volute region of
the pump casing taken at any point around the circumference of the pump casing reveals
that the volute has a volume that changes. The varying volume of the volute about the
circumference of the pump casing effects the flow dynamics of the pump as the fluid

moves from the cutwater region of the pump casing to the discharge nozzle.

Additionally, the type of fluids being processed by the pump further dictate the selected
volume or shape of the volute. It is well known that regions of instability occur in
centrifugal pumps of the volute type. Such tlow instabilities can cause fluctuations 1n fluid
pressure and can adversely affect pump efficiencies. Instabilities in the flow are also
known to be caused by the type of fluids being pumped (i.e., clear water versus slurries).

US. Patent No. 5,127,800 to Hyll, et al., describes how volute pump design differs

between a pump used to process clearwater (1.e., fluid that is low in, or essentially devoid

of, solids content) and a pump used to process slurries. Namely, the impeller of a clear
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water pump has shrouds the thickness of which is typically comparatively smaller because
the fluid, being devoid of particulates, does not cause wear on the impeller. However, the
shrouds of the impeller in a slurry pump are described as being thicker to compensate for
degradation of the impeller due the solids content of the fluid. The increased thickness of
the impeller shrouds results in the development of turbulent flow patterns as the fluid exits
the impeller and enters the volute re gion of the pump. The patent to Hyll, et al., therefore
discloses a volute that is particularly shaped to compensate for the turbulent flow patterns

that result 1in slurry pumps.

The volute design that is disclosed in the ‘800 patent to Hyll et al., is selectively configured
with arcuate contours the shape or radius of curvature of which varies about the
circumference of the pump casing. Specifically, the volute contour at the cutwater region
of the pump, when viewed in axial cross section, comprises a single symmetrical
curvature. The contour of the volute gradually changes to comprise a trio of connected
concave areas the radii of curvature of which change along the circumference of the pump
casing in the direction of the discharge nozzle. The cross section configuration of the
volute at any point along the circumference of the pump casing in the '800 patent 1S

essentially symmetrical about a plane radially bisecting the volute region.

The volute design disclosed in the '800 patent to Hyll, et al., is particularly suited for
processing slurries of lower solids content at high flow rates. It has been found, however,
that while the design of that volute provides stable performance curves, the design is prone
to wear by abrasive solid particles in the pumped slurry. This 1s particularly true in slurry
applications that are considered "heavy duty" by virtue of the size and coarseness of the

solids contained in the slurry, such as crushed ore slurries.

When pumping heavy duty slurries, the impeller of the pump must be configured with
aggressive expelling vanes on the front shroud of the impeller (i.e., the shroud adjacent the
pump inlet) to protect the seal face from abrasive solids. More aggressive expelling vanes
operate to create extensive outward oriented vortices behind the expelling vanes which

keep abrasive solid particles in suspension in the volute of the pump and prevent the
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particles from infiltrating the seal area. The vortices created by aggressive expelling vanes
iransfer additional velocity to the abrasive solid particles, however, which wears out the
convex portions of the contoured volute design disclosed in the '800 patent and degrades

the wall surface of the volute.

Thus, it would be beneficial in the art to provide a configured volute for a centrifugal pump
that is designed to address the volute degradation encountered i the processing of slurries,
particularly those containing coarse nd/or more abrasive solids particulates, while st1ll

providing stable performance curves.
BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a centrifugal pump of
the volute type having a pump casing with a suction side and a drive side, a circular
portion extending between a cutwater region and a throat region, a discharge nozzle
extending tangentially from the circular portion, and an impeller po sitioned within the
pump casing and a drive shaft axially connected to the impeller for rotating the impeller
within the pump casing, the improvement comprising a contoured volute re gion formed
along the outer periphery of the circular portion of the pump casing extending from the
cutwater region to the throat region of the pump casing, the contour of the volute re glon, 1n
axial cross section, being such that in a section of the circular portion extending from
beyond said cutwater to said throat region the drive side of the casing is formed with two
radii of curvature and the suction side of the casing is formed with a single radius of

curvature.

According to a further aspect of the present invention there is provided a removable liner
for a centrifugal slurry pump having a pump casing defining a volute region and discharge
nozzle, comprising:

a pump casing liner body sized to be received in the pump casing of a centrifugal
slurry pump having a circular portion and a discharge nozzle extending tangentially from

the circular portion, said pump casing liner body having a cutwater re gion, a throat region
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and a discharge nozzle portion, a drive side and a suction side, and further having an inner
peripheral surface extending from said cutwater region to said discharge nozzle portion;

2 contoured volute located along said inner peripheral surface of said pump casing
liner body extending continuously from said cutwater region to said throat region of said
pump casing liner body, said drive side of said contoured volute being configured in axial
cross section, and in a section of said circular portion extending from past the cutwater 1o
the throat region, with at least one concave portion positioned adjacent a convex portion
and said suction side of said contoured volute i1 axial cross section is configured with a

curved surface devoid of any convexity.

According to yet another aspect of the present invention there is provided the centrifugal
pump of claim 18 wherein said contoured volute is formed as a removable pump casing

liner.

Various preferred forms and other aspects of the invention will hereinafter be described.

Tn accordance with the present invention, the volute region of a centrifugal pump 1S
configured with an interior surface contoured to process fluid slurries, particularly those
containing coarse and abrasive solids, and to withstand the degradation caused by such
slurries  thereby providing stable. performance Curves for the pump. The volute
configuration of the present iqvention can be incorporated into the interior surface of a
pump casing or can be incorporated as the interior configuration n of a pump liner sized to

fit within a pump casing.

A centrifugal pump incorporating the volute configuration of the present invention
generally comprises a circular pump casing having an impeller po sitioned within the pump
casing. The impeller is connected to an axially-oriented drive shatt which rotates the
impeller within the pump casing. The impeller further comprises at least one impeller
blade positioned between spaced apart shrouds, and has at least one discharge opening
positioned at the periphery of the impeller for directing fluid toward the volute of the pump

casing. The impeller 1s also structured with at least one expelling vane extending axially
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together, enclose the impeller. One side of the pump casing, hereinatter referred to as the
drive side casing, has an opening through which the drive shaft extends to connect to the
impeller. The opposing side of the pump casing, hereinafter referred to as the suction side
casing, has an opening which defines the inlet for fluid flow into the impeller. The interior
surface of the outer peripheral wall of the conjoined drive side and suction side pump
casings defines the volute. In one embodiment of the invention, the pump casing may be
configured in accordance with the invention. In an alternative embodiment, the volute
configuration of the invention may be incorporated into a liner which is positioned within

the pump casing.

The volute configuration of the present invention extends along a substantial length of the
circumference of the pump casing or pump lmer between a cutwater region and a throat
region that leads mnto a discharge nozzle formed in the pump casing. The volute i§
configured with a contoured 1nner surface the shape of which is selected to optimize fluid
flow from the impeller into and through the volute of the pump, thereby providing stable

performance curves.

As is known in the art of pumping slurries, the impeller is selected to have a thicker shroud
(as compared with the impeller shrouds of a clear water pump) because the impeller 1s
desirably made to withstand the abrasive effects of the slurry. Consequently, the axial
width of the impeller opening may be «maller than the axial width of the volute. The
disparity between those resp ective widths can result in flow instabilities. Thus, the volute

of the present invention is contoured {0 reduce those flow instabilities.

Additionally, when pumping heavy duty shurries, the impeller must be configured with
ageressive expelling vanes, located on the suction side shroud of the impeller, to protect
the seal face from abrasive solids. More aggressive expelling vanes operate to create

extensive outward oriented vortices behind the expelling vanes which keep abrasive solid
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particles in suspension in the volute region and prevent the particles from infiltrating the
sea] area. As used herein, aggressive expelling vanes are those which produce a differential
head which is generally not less than about forty percent of the total pump head produced
by the impeller vanes. The vortices created by aggressive expelling vanes transfer
additional velocity to the abrasive solid particles which wears out the convex portions of
known volute designs. Thus, the volute configuration. of the present invention 1s selected to
reduce the degradation caused by those vortices and to prevent degradation of the inmer

surface of the volute caused by more aggressive slurries.

To achieve the foregoing stated objectives, the volute of the present invention comprises a
configured inner surface which 1s asymmetrical about a radial plane that bisects the pump
casing. The volute comprises a first wall that is curved from a point near the impeller
shroud bearing the expelling vanes to the outer periphery of the volute and a second wall
that is configured with two concave reglons having disparate radii of curvature. The first
wall contour defines a collector zone for receiving fluid from the impeller. The concave
regions of the second wall respectively define a contiguous portion of the collector zone
and a circulation zone for channeling the flow exiting the impeller opening into the

collector zone to thereby reduce turbulence in the fluid flow entering the volute.

The configuration of the axial cross section of the volute changes from the cutwater of the
pump to the throat region near the discharge nozzle of the pump to optimize the flow of
slurry entering into and traveling through the volute region to the discharge nozzle. The
contoured surface of the volute extends to the beginning of the discharge nozzle of the

pump where the inner surface of the discharge nozzle gradually becomes circular in axial

Ccross section.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

In the drawings, which illustrate what is currently considered to be the best mode for

carrying out the invention:
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FIG. 1 is an exploded perspective view of a pump casing liner and impeller;

FIG. 2 is a view in axial cross section of the pump casing liner and impeller of the present

invention taken at line 2-2 of FIG. 4;

FIG. 3 1s a view 1n ax1al cross section of a portion of a pump casing liner and impeller of the

prior art;

FI1G. 4 1s a view 1n elevation of the inner side of the suction side pump casing liner shown 1n FIG.

1;

FIGS. 5A-5K are views in partial axial cross section of a pump casing liner and impeller of the
present invention, as shown in FIG. 1, the figures being taken at lines A-A through K-K of FIG.
4: and

FIG. 6 1s a partial view 1n axaal cross section of the pump casing liner and impeller of the present
invention taken at line K-K of FIG. 4, with the contour of the section of the volute taken at line

H-H superimposed 1in phantom thereover.

DETAILED DESCRIPTION OF THE INVENTION

The volute configuration of the present invention is part of a centrifugal pump of'the volute type,
a pump structure which 1s well-known in the art. Accordingly, reference is made to U. S. Patent
No. 5,127, 800, as 1llustrating the essential elements of a centrifugal pump of the volute type. In
particular, the centrifugal pump comprises a pump casing which is typically formed in two

clamshell-like halves. Each pump casing half is generally circular and has a tangentially
extending portion defining a discharge nozzle portion. The outer peripheral portion of each
casing half provides a wall portion. When the two halves of the pump casing are joined together
and are sealed about their circumference and along the discharge nozzle portion, the peripheral

wall portions join to provide a volute region of the pump. An impeller is
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positioned within the pump casing and is driven by an axially-oriented drive shaft
connected to the impeller. The impeller has at least one impeller opening that is oriented

toward the volute region of the pump.

FIG. 1 illustrates that a centrifugal pump of the volute type may have a pump casing liner
body 10 sized to be received in the pump casing. The pump casing liner body 10, like the
pump casing, may be comprised of two clamshell-like halves 12, 14 that are sized to nest
in the respective halves of a pump casing. It is preferred in most applications that a pump
casing liner be used in the pump since a pump casing liner, once degraded by wear, can be
removed and replaced with a new pump casing liner. The volute configuration of the
present invention is, therefore, described and principally illustrated 1n terms of being
incorporated into a pump casing lner of the type shown in FIG. 1. However, it 18

understood that the volute configuration of the present invention may be incorporated nto o

the inner surface of the pump casing itself and is still within the purview of the invention.

Referring again to FIG. 1, one half of the pump casing liner body 10 may be referred to as
the drive side liner 12 since the drive side liner 12 is formed with an opening 16 through
which a portion of the impeller 20 extends to connect with the drive shaft (not shown) ot a
motor. The drive side liner 12 is generally comprised of a circular portion 22 and a
tangentially extending discharge nozzle portion 24. The other half of the pump casing liner
body 10 may be referred to as the suction side liner 14 since the suction side liner 12 1s
formed with an opening 26 which defines a fluid inlet through which slurry enters into the
impeller 20. Likewise, the suction side liner 14 is generally comprised of a circular portion

28 and a tangentially extending discharge nozzle portion 30.

When the pump casing liner body 10 1s positioned in the pump casing and the halves of the
pump casing are aligned together, the respective peripheral edges 32, 34 of the drive side
liner 12 and suction side liner 14 come into registration with each other and seal the
impeller 20 within the pump casing. The drive side liner 12 of the pump casing liner body
10 has a wall portion 36 which extends substantially about the circumference of the

circular portion 22, and the suction side liner 14 has a wall portion 38 which extends
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substantially about the circumference of the circular portion 28. The combination of the
respective wall portions 36, 38, when the pump casing liner body 10 halves are brought

together, defines the volute region of the pump, as described more fully below.

The impeller 20 that may typically be employed in a centrifugal pump having the volute
configuration of the present invention 1s one formed with at least one impeller blade 40
that extends between a first shroud 42 oriented toward the drive side Jiner 12 and a second
shroud 44 oriented toward the suction side liner 14. The impeller 20 is formed with a
central opening 46 through which slurry enters into the impeller 20. The slurry contacts the
impeller blades 40 and is directed out of the impeller 20 through at least one impeller
opening 48 that is formed adjacent an impeller blade 40 and between the first shroud 42
and second shroud 44. The impeller 20 is further configured with at least one expelling
vane 50 (a plurality being shown) which extends axially from the surface of the second

shroud 44 in the direction of the suction side liner 14.

The elements of the pump casing liner body 10 and impeller 20 are further illustrated in
FIG. 2, which is an axial cross section view of a pump casing liner body 10 and impeller
20 as it would appear within a pump casing. The pump casing is not shown. FIG. 2 further
illustrates by directional arrows how fluid enters into the impeller 20 through the opening
46 of the impeller 20 and is directed under centrifugal forces of the rotating impeller 20 to
the volute 60 of the pump. The impeller 20 used n processing heavy duty slurries 1s
structured with a relatively thick first shroud 42 and thick second shroud 44 to withstand
the wear and degradation caused by the abrasiveness of the slurry. Consequently, the width
W1 of the impeller opening 48 is more narrow than the general width W2 of the volute 60.
As is known in the art, the disparity between the width W1 of the impeller opening 48 and
width W2 of the volute 60 produces flow instabilities.

Additional effects on pump performance are brought about by the expelling vanes 50 that
are incorporated in the impeller 20 used for processing heavy duty slurries. Expelling
vanes 50 are beneficially used to direct abrasive slurry away from the seal face 62 between

the second shroud 44 and the suction side liner 14. Slurry which infiltrates between the
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second shroud 44 and suction side liner 14 wears away at the seal face and degrades both
the impeller 20 and liner 14, thereby adversely affecting pump performance. The
aggressive expelling vanes 50 of the impeller 20 produce an extensive vortex behind each
expelling vane 50 which pumps the slurry out and away from the seal face 62 and keeps
the abrasive particles in suspension in the volute 60. However, the vortices produced by
the expelling vanes 50 transfer added velocity to the solids particles which causes

degradation of the pump casing or pump liner in prior art volute configurations.

FIG. 3 illustrates more clearly how the use of an impeller 20 having aggressive expelling
vanes 50 causes degradation in a prior art pump casing liner L. The pump casing Iiner L
described in the prior art has a volute V which comprises a collection zone C and a
recirculation zone R. The recirculation zone R further comprises two spaced apart bufter

zones B, each of which is defined by a concave region. The collection zone C further

B by a convex structure A that extends inwardly toward the impeller 20. It can be seen
fom FIG. 3 that the configuration of the prior art volute V is substantially symmetrical
about a plane P which radially bisects the pump liner L and volute V. The vortices that are
produced by the aggressive expelling vanes 50 produce an increased velocity in the
particulates of the slurry which strike the convex structure A of the prior art pump liner L
and degrade it. Consequently, rapid material erosion results, pump performance suffers and

premature failure in service may occur.

Accordingly, the volute 60 of the present invention, Mlustrated in FIGS. 2-6, is configured
to withstand the increased velocities of the slurry particulates and to attain stable flow
performance in the pump. Referring again to FIG. 2, the volute 60 of the present invention
is formed from a first wall portion 36 associated with the drive side liner 12 and a second
wall portion 38 associated with the suction side liner 14. The second wall portion 38 1s
configured with a curved surface 66 which defines at least a portion of a collection region
68 of the volute 60. The collection region 68 receives fluid being expelled from the
impeller opening 48 and from the expelling vanes 50. The curved surface 66 of the

collection region 68 has a radius of curvature which is selected to stabilize fluid flow in the
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collection region 68.

The volute 60 of the present invention is further formed from a first wall portion 36
associated with the drive side liner 12 of the pump casing liner body 10. The first wall
portion 36, along a significant extent of the circumference of the pump casing liner body
10, is configured with a first concave region 70 which is continuous with the curved
surface 66 of the second wall portion 38 to complete the collection region 68 of the volute
60. The first wall portion 36, along a significant extent of the circumference of the pump
casing liner body 10, is further configured with a second concave region 72 which defines
2 circulation zone 74. The first concave region 70 and second concave region 72 are
separated by a convex structure 76 therebetween which extends toward the impeller 20.
The circulation zone 74 operates to receive fluid flowing from the impeller opening 48 and
redirect it at a modified flow velocity into the collection zone 68, thereby reducing tlow

turbulence.

It can be appreciated from the illustration of F1G. 2 that the configuration of the volute 60,
as viewed in axial cross section, changes as the volute 60 continuously extends about the
circumference of the pump casing liner body 10. The configuration of the volute 60
gradually and continuously changes as the volute 60 extends about the circumference of
the pump casing liner body 10 to optimize the hydraulic interaction between the impeller
and the volute 60 and to provide stable flow performance and efficient pump performance.
FIG. 4 illustrates more clearly that the pump casing liner body 10 comprises a circular
portion 28 and a discharge nozzle 30 portion which extends tangentially from the circular
portion 28. The volute 60 of the pump casing liner body 10 extends continuously along the
circumference of the pump casing liner body 10 from a region known as the cutwater 80 to
a throat region 82. The throat region 82 continues into the discharge nozzle 30 portion of
the pump casing liner body 10 to a terminal end 84 of the discharge nozzle portion 30.
Sections designated A-A through K-K of the pump casing liner body 10 are shown in FIG.

4 and correspond to the partial axial cross section views of the volute 60 shown in FIGS.

30 SA through 5K.
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FIG. 5A is a partial axial cross section of the pump casing liner body 10, impeller and
volute 60 at the cutwater 80 (FIG. 4) of the pump. It can be seen that the curved surface 66
of the suction side liner 14 has a selected radius of curvature R which is comparatively
«mall in this section of the pump. It can also be seen that in this section of the pump, the
first concave section 70 is continuous with the second concave section 72, but the radius of
curvature R1 of the first concave section 70 is distinct from the radius of curvature R2 of
the second concave section. It is also notable that the configuration of the volute 60 at the
cutwater is asymmetrical about a plane 88 which radially bisects the pump casing liner
body 10 and volute 60. The plane 88 may be generally defined by the point of joinder of

the suction side liner 14 to the drive side liner 12.

As the volute 60 continues smoothly about the circumference of the pump, as shown in
FIGS. 5B and 5C, the configuration of the volute 60 transitions to a curved surface 66 the
radius of curvature R of which is increasing, Also the radius of curvature R1 of the first
concave region 70 continues to mcrease, as does the radius of curvature R2 of the second
concave region 72 to form a circulation zone 74. The convex structure 76 which separates
the first concave region 70 from the second concave region 72 becomes more pronounced

and extends toward the impeller 20.

FIGS. 5D through 5H illustrate that as the volute 60 extends further along the
circumference of the pump, the collection zone 68 becomes moOre elongated in a radial
direction from the impeller 20 to produce a collection zone 68 of greater volume as
compared with the collection zone 65 near the cutwater (FIG. 5A). The radius of curvature
R of the curved surface 66 continues to change, as do the radii of curvature R1 and R2,
respectively, of the first concave region 70 and the second concave region 72. As the
volute 60 nears the throat region 82 (FIG. 4) of the pump, as shown in FIG. 5H, the
circulation zone 74 begins to compress in radial length as the radial length at the collection

zone 68 has increased.

As the volute 60 transitions into the throat region 82 of the pump, as shown in FIG. 51, the

configuration of the volute 60 remains asymmetrical about radial plane 88. The circulation
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sone 74 is reduced in size and the radius of curvature R1 of the first concave region 70
begins to approach the radius of curvature R of the curved surface 66. At a midpoint
between the throat region 82 and terminal end 84 of the discharge nozzle portion 30, as
Atustrated in FIG. 57, the volute 60 smoothly transitions into the inner surface 90 of the
discharge nozzle portion 30. At this point, the configuration of the inner surface 90 of the
pump casing liner body 10, in axial cross section, 1s becoming generally circular until, at
the terminal end 84 of the discharge nozzle portion 30 shown in FIG. 5K, the inner surface

00 is substantially circular.

FIG. 6 illustrates more clearly the smooth change in the configuration of the volute 60 as
the volute 60 approaches the throat region 82 of the pump. Shown in axial cross section 1s
the configuration of the volute 60 at line -1 of FIG. 4 with an outline of the configuration
of the volute 60 configuration at line H-H superimposed in phantom thereover. It can be
scen that as the volute 60 extends circumferentially toward the discharge nozzle portion
30, the convex structure 76 gradually recedes in prominence until the convex structure 76

disappears at the discharge nozzle portion 30 (FIG. 3J).

The configured volute of the present invention is selected to provide efficient pump
performance and stable flow performance in centrifugal pumps of the volute type when
used to process slurries contaiming particularly coarse and/or abrasive particulates. The
configured volute of the present invention is described herein principally with respect to 1ts
incorporation into the pump casing liner of a pump. However, the configured volute as
described herein may also be incorporated directly into a cast or machined pump casing
which does not employ a liner. Further, the exact dimensions of the elements of the volute
configuration as described herein may vary as dictated by a particular application or type
of slurry being processed. Therefore, reference herein to specific details of the volute

configurations are by way of example only and not by way of limitation.
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1. A centrifugal pump of the volute type comprising a pump casing with a suction side and
a drive side, a circular portion extending between a cutwater region and a throat region, a
discharge nozzle extending tangentially from the circular portion, and an impeller positioned
within the pump casing and a drive shaft axially connected to the impeller for rotating the
impeller within the pump casing about an axis, the pump casing having a contoured volute region
formed along the outer periphery of the circular portion of the pump casing extending from the
cutwater region to the throat region of the pump casing, the contour of the volute region, in axial
cross section, being such that 1n a section of the circular portion extending from beyond said
cutwater to said throat region the drive side of the casing 1s formed with two radii of curvature
separated by a convex portion, the suction side of the casing 1s formed with a single radius of
curvature and said outer periphery of said pump casing extending between said drive side and
said suction side 1s curved relative to said axis and the curvature of said curved outer periphery
changes about the arc of the circular portion extending from said cutwater region to said throat

region.

2. The centrifugal pump of claim 1 wherein said drive side of said contoured volute region
further comprises a first wall portion having a first concave region having a selected first radius
of curvature that changes about the arc of said circular portion and a second concave region
having a selected second radius of curvature, and wherein said suction side of said contoured
volute region further comprises a second wall portion having a curved surface which, in

combination with said first concave region, defines a collection zone for receiving fluid.

3. The centrifugal pump of claim 2 wherein said second concave region defines a circulation

zone for directing fluid from said impeller to said collection zone.

4. The centrifugal pump of claim 3 wherein said impeller is further configured with at least

one expelling vane positioned proximate said curved surface of said second wall portion.

5. The centrifugal pump of claim 4 wherein said contoured volute region is formed in the

interior peripheral surface of a pump casing liner which is sized to be received in said pump

casing.



10

15

20

25

30

CA 02509841 2007-06-29

-15-

6. The centrifugal pump of claim 4 wherein said radius of curvature of said collection zone
increases as said contoured volute region extends continuously from said cutwater region of said

pump to said throat region of said pump.

7. The centrifugal pump of claim 1 wherein said contoured volute region 1s formed in the

interior peripheral surface of a pump casing liner sized to be received in said pump casing.

8. A removable liner for a centrifugal shurry pump having a pump casing defining a volute
region and discharge nozzle, comprising:

a pump casing liner body sized to be received in the pump casing of a centrifugal slurry
pump having a circular portion and a discharge nozzle extending tangentially from the circular
portion, said pump casing liner body having a cutwater region, a throat region and a tangentially-
directed discharge nozzle portion, a drive side and a suction side, and further having an inner
peripheral surface extending from said cutwater region to said discharge nozzle portion; and

a contoured volute located along said inner peripheral surface of said pump casing liner
body extending continuously from said cutwater region to said throat region of said pump casing
liner body, said contoured volute comprising a drive side being configured, in axial cross section,
with at least one concave portion positioned adjacent a convex portion, a suction side configured,
in axial cross section, with a curved surface devoid of any convexity and an arcuate surface
extending between said drive side and said suction side of said contoured volute co-extensive
with said peripheral surface of said pump casing, the curvature of said arcuate surface changing

along an arc of said contoured volute from said cutwater to said throat region.

9. The removable liner of claim 8 wherein said contoured volute further comprises a
collection zone and a circulation zone positioned to direct fluid into said collection zone, said

circulation zone comprising a concave region having a smaller radius of curvature than the radius

of curvature of said collection zone.

10. The removable hiner of claim 9 wherein said radius of curvature of said collection zone

Increases from said cutwater region to said throat region of said contoured volute as said
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contoured volute extends continuously therebetween.

11.  The removable liner of claim 8 wherein said pump casing liner body further comprises
a drive side liner having a peripheral edge and a suction side liner having a peripheral edge which
1s positioned in registration with said peripheral edge of said drive side liner to provide an

enclosure for an impeller, said drive side liner and said suction side liner each having a wall

portion the combination of which defines said contoured volute.

12.  The removable liner of claim 11 wherein said wall portion of said suction side liner has
a curved surface which defines a portion of a collection zone and wherein said wall portion of
said drive side liner further comprises a first concave region which 1s continuous with said curved
surface to define said collection zone and a second concave region which defines a circulation

Z0N¢C.

13. The removable liner of claim 12 wherein said curved surface of said suction side has a
radius of curvature which increases as said contoured volute extends continuously from said

cutwater region to said throat region.

14. The removable liner of claim 12 wherein said first concave region has a radius of
curvature and said second concave region has a radius of curvature, said radius of curvature of
said first concave region increasing relative to said radius of curvature of said second concave

region as said contoured volute extends continuously from said cutwater region to said throat

region.

15. Theremovable liner of claim 12 wherein said curved surface of said suction side liner is
located for positioning proximate to an expelling vane of an impeller to receive slurry from the

expelling vane.

16. Theremovable liner of claim 12 wherein said first concave region is separated from said

second concave region by a convex structure which extends outward from said wall portion of

sald drive side liner.
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17.  The removable liner of claim 16 wherein said convex structure gradually recedes n

prominence as said contoured volute extends continuously toward said throat region.

18. A centrifugal pump of the volute type comprising a pump casing with a suction side and
a drive side and having a contoured volute region formed along an outer periphery of an outer
circular portion of the pump casing extending from the cutwater region to the throat region of the
pump casing, the contour of the volute region, in axial cross section, being such that in any
section of the circular portion extending from past the cutwater to the throat region the drive side
of the casing is formed with at least one concavity positioned adjacent a convex portion, said

suction side of the casing is formed with a curved surface devoid of any convexity, and an arcuate
surface extends between said curved surface of said suction side and said drive side along said
outer periphery of said outer circular portion, the curvature of said arcuate surface changing

through the arc of said circular portion from said cutwater region to said throat region.

19.  Thecentrifugal pump of claim 18 wherein said contoured volute 1s formed as a removable

pump casing liner.
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