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@ Flow-stabilizing volute pump and liner.

&) Uniquely contoured interior surfaces (17, 18, 19) have
been found to stabilize the flow patterns through centrifugal
pumps of the volute type, especially pumps having wide
impellers and wide volutes for pumping slurries. The con-
toured interior surfaces may be provided in the pump
casing, but are preferably defined by a volute liner (10). The
interior surfaces comprise a volute region and a discharge
nozzle region which both are at least in part contoured
interior surfaces and which cooperate to provide a flowingly
contoured interior surface of changing axial cross-section.
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FLOW-STABILIZING VOLUTE PUMP AND LINMNER

The invention relates to centrifugal pumps of the
volute type, and more particularly to modified pump casings
and/or removable volute liners for pumps designed for pumping

5 slurries.

In conventional centrifugal pumps of the volute type,
the section of the pump casing surrounding the perépﬁérj~of the
impeller is of changing cross-section. The outer éeripheral pro-

. file is made to approximate a volute shape having a radiué of
10 curvature increasing to a maximum at a point where it becomes
tangential to a discharge nozzle. WNot only does the cross-
sectional area.of.this.volute section of.the casing vary but the
cross—sectional profile also varies around the periphery of the
pump. The normal volute type casing therefore has a complex
15 shape.

Centrifugal pumps are often fitted with replaceable
abrasion resistant liners, especially pumps for pumping slurries.
Refer for example to U.S. Patent Nos. 4,243,291 to Hurst et al,
"Wear Lining™ and 4,264,273 to Grzina, "Casing and Casing Liners

20 for Centrifugal Pumps of the Volute Type", the disclosures of
which are herein incorporated by reference. These well-known

liners generally have contours which essentially correspond to
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the contours of the pump casings into which they will be insert-
ed.
Known also are casing liners having uniguely contoured

interior surfaces which may or may not correspond to the interior

5 wall configuration of the pump casing. Refer for example to U.S.
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Patent No. 3,265,002 to Warman, "Centrifugal Pumps and the Like®,
the disclosure of which is herein incorporated by reference. The
disclosure of Warman refers to obtaining gains in pump perfor-
mance by controlling the shapes of the hydraulic passages in the
volute region.

Regions of instability in pump pefformance profiles,
where filuid flow through the pump becomes unstable! ;re.well
known. Unstable flow through a pump is defined as“aﬁ abrupt
change in pressure or efficiency. A cyclic pattern of flow and
pressure swings could trigger surging or vibration which is known
to be. damaging to both the pump and the system. Traditionally,
high specific- speed pumps-and fans are characterized by an inher-
ently unstable flow at low flow rates. The mechanism causing the
instability in these cases is thought to be due to flow stream-
lines stalling or separating at the impeller inlet vanes. This
condition is acknowledged and generally accepted in the industry
such that pump or fan operation in such unstable zones is gen-
erally avoided.

In centrifugal pumps for pumping slurries, the unstable
flow conditions can result from other mechanisms and/or parame-
ters, such as "distorted", i.e., unusually wide (compared to the

width of the impeller discharge opening) volute hydraulic
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passages. Slurry pumps typically have very wide impellers d&ic-
tated by low velocity designs so és to minimize wear and provide
the required thick shrouds to allow space foriexpellers or allow-
ances for sacrificial wear. In the case of slurry pumps without
5 expellers or with worn expellers, unstable flow has been found to
occur closer to design point than is the case for clear water
pumps. Aside from destructive surging or vibration, unstable
flow in a slurry pump is known to accelerate wear due to the dis-
sipation of energy. A sudden drop in pressure and efficiency is
10 an index of this dissipation of energy. The loss in static pres-
sure is believed to be due to turbulence or ‘destructive high ve-

locity vorticies, which occur in the zone of instabiliti.

4

The purpose of the instant invention is to provide a
volﬁte pump having a uniquely contoured interior surface defined
15by_the pump casing walls or a_liner, which stabilizes the flow
patterns therethrough, especially a pump having a wide impeller
and wide volute for pumping slurries.
To accomplish this purpose, a centrifugal pump- is pro-
vided comprising a casing, an impeller mounted in said casing
20 having at least one impeller discharge opening in an outer pe-
riphery, a drive shaft extending axially for rotating said im-
peller mounted in said casing, a pair of side wall portions dis-
posed opposite and spaced apart from one another, a volute
passage defined by a volute wall portion connecting said pair of

25 said side wall portions which has a fluid outlet discharge Viozzle
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tangentially leading therefrom, said volute passage having a con-
toured interior surface with a volute region extending from a
cutwater to a throat portion, said discharge nozzle extending
outwardly from said throat portion, said contoured interior sur-
5 face in the volute wall portion of the volute region comprising
in axial cross-section a circumferentially extending recircula-
tion region adjacent said outer periphery of said impeller ex-
tending away from saigd impelle:, said contoured interior surface
further comprising a circumferentially extending collector region
10 radially outwardly of said recirculation region, the axial width
of said collector region being less than thé axial width of said
recirculation region, said axial width of said recirculation re-
gion decreasing continuously at a first rate in a airection ra-
dially outwardly of said impeller, said axial width of said col-
15 lector region decreasing continuously at a second rate in a di-
rection radially outwardly of said impeller. The first rate may
be é;gager:tygnzgyg;second_rate._ _
7 In accordance with one aspect of the invention, the
recirculation region of the pump of the previous paragraph
20 defines a pair of buffer zones on opposite sides of the impeller
discharge opening which act to channel the flow exiting the im-
peller d;schargé opening into the collector region.
Stated more specifically, the purpose of the invention
may be accomplished by providing a removable volute liner for a
25 pump casing, comprising:
a. a pair of liner side wall portions disposed oppo-

site and spaced apart from one another, one of the pair having an
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opening for receiving an impeller drive shaft, the other of the
pair having a f£luid inlet opening, and each wall portion having
an exterior surface which matingly engages a corresponding
portion of a casing interior surface; and

b. a liner volute-wall portion which connects to-
gether the pair of liner side wall portions when the liner is
assembled within the casing and which has a fluid outlet dis-
charge nozzle tangentially leading therefrom, the wall portion
and the discharge nozzle each having an exterior surface which
matingly engages a corresponding portion of the casing interior
surface, and _ )

.said volute wall portion including said fluid‘outlet
discharge nozzle when assembled within the casing.%ofming.a com~
plete volute liner passage arocund a pump impeller, which éassage
has a contoured interior surface, which is preferably arcuately
contoured, having a volute region extending from a cutwater to a
thro.ai:..po:ticn'-and_a:d_iscl.u.arge.r,xgzzlg region extending outwardly.
from the throat portion, the arcuately contoured interior surface
in the volute wall portion of the volute region-comprising in
axial cross-section a trio of concave portions which are inter-
connected. Preferably, the interconnection is by a pair of
convex portions. These portions cooperate to provide a flowingly
contoured surface of changing axial cross-section in the volute '
wall portion of the volute region. In one embodiment, the
concave portions comprise a central concave portion with a
variable radius R flanked on each side by one of a pair of side

concave portions having fixed radii r; and Ty wherein R may vary
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from R greater than one of T, and T, near the cutwater

to R less than or equal to one of r, and T, near the
throat portion, said flowingly contoured surface

extending past the throat'portion into the discharge
nozzle region wherein said surface gradually becomes

circular in axial cross-section.

In ordexr to minimize static ;messune]ssses,thé
collection of flow leaving the pump discharge openings
of the impeller should be accomplished as smoothly
as possible to minimize accelerations and decelerations
of the fluid flow. The flow areas throughout the
collector or volute are typically designed to achieve
the best possible efficiency at a predetermined target
flow by optimizing the hydraulic interaction between the
impeller (with or without expeller vanes) and the
volute. As previously discussed, a wide impeller can
cause the volute passage to be "distorted", i.e.,
unusually wide {compared to the width of the impeller
discharge opening), for the typically required flow
area. As an example a wide volute passage results for
pumps having wide impellers, because a fixed width for
a fixed flow area dictates a given average passage height.
Tests have proven that this "distorted"™ volute passage
shape results in flow instabilities,”especially for
impellers having no expeller vanes or having-worn
expeller vanes. :

The uniquely contoured interior surfaces of this in-
vention have been found to eliminate undesirable flow
instabilities and by inference to stabilize the flow
patterns through centrifuged pumps of the wvolute type.
The interior surfaces may be defined by the pump casing,
but are preferable defined by a volute liner. The volute
interior surfaces comprise a volute region and a fluid
outlet discharge nozzle region which define a volute
passage and which are both at least in part contoured
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interior surfaces and preferably, arcuately contoured interior
surfaces.

These contoured interior surfaces cooperate to provide
a flowingly contoured volute interior surface of changing axial

5 cross-section which is believed to reduce fluid turbulence when
the pump is operated, especially around the volute cutwater. The
novel volute passage contours according to this invention pre-
ferably provide smooth, flowing transitions at all stations
within the volute, e.g., from cutwater around to throat and out

10 the discharge nozzle.

The volute 1iners of this invention may be fabricated
from any suitable materials such as plastics; elastoﬁé?s,vsuch as
a silicon elastomer; or rubﬁers, such as vﬁlcanize; rubber and
neoprene. Alternately the liners may be fabricated of metal,

15 such as white cast iron; metal alloys; and composite materials
may be used, such as rubberized fabrics including but not limited
to, for example, a fiberglass reinforced molded neoprene liner.
The replaceable liners serve to preven£ wear to the interior of
the pump casing and choice of materials is dictated by the fluids

20 to be pumped, as is well-known in the art.

A preferred embodiment according to this invention is a
multi-piece liner having two or more sections. Sections which
are subject to greater wear may thus be singlely and more fre-
quentlx replaced. The liner may be fabricated and split.into as

75 many sections as desired. For example, when the liner is a two-
section or two-piece liner, the liner may be split through a

plane which extends perpendicularly to the longitudinal axis of

1

8
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the impeller drive shaft or through the same plane as the longi-
tudinal axis of the impeller drive shaft, or through any other
plane.

A centrifugal pump of the volute type includes a pump

5 casing which surround an impeller and a drive shaft for rotating
the impeller. The casing is typically comprised of a pair of
side wall portions disposed opposite and spaced apart from one
another. One of the pair of side wall portions has an opening
for receiving the impeller drive shaft which has a longitudinal

10 a%is. The other of the pair of side wall portions has a fluid
inlet opening. The pair of side wall portiéns lie in planes
éhich extend generally in the same planes as-the Sidé'wail }

_ portions of the impeller. The casing is further comprised of an
volute wall portion which connects together the pair of side wall

15 portions and has a fluid outlet opening. A casing interior is
comprised of the interior surfaces of -said pair of side wall
portions and said vdiute wall-portion ihncdluding said fluid outlet
opening. The casing in general is split intc two halves. The
casing halves sealingly engaged one another and cooperate to form

20 a complete veolute passage around the pump impeller when the pump
is assembled.

The contoured interior surface in the volute wall por-
tion of the volute region, according to this invention, comprises
in axial cross—-section, a circumferentially extending recircula-

25 tion region adjacent the outer periphery of the impeller, which
extends away from the impeller. The contoured interior surface

further comprises a circumferentially extending collector region
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radially outwardly of said recirculation region. The axial width
of the collector region is preferable at least egual to cor

greater than the width of the perirhery of the
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said impeller and is less than the axial widih of the
recirculation region. The axial width of the recirculation
region decreases continuously at a £irst rate in a direc<icn
radially outwardly of the impeller. The axial width cf +re
collector region decreases continuously at a seconé rate in a
direction radially ocutwardly of the impeller. The £first rzze is
preferably greater than the seconé rate. There may be a sharp
inflection point as the first rate changes éo the seconé rate,
where the rate of change may become very large.

The recirculation region may further include a2 pair of
buffer zones on opposite sides of the impeller discharge openirng.
These zones each extend in axial cross-section from the impeller
shrouds to the wall defining the recirculation region. The im-
peller shrouds extend from the impeller discharge opening to the
side walls of the impeller. The buffer zones act to channel the
flow exiting the iﬁpeller discharge opening into the collector
region. Flow deceleration is believed to be minimized thereby.
These zones provide an area for some recirculation ané dead
pocket flow ovér the impeller shrouds to be discharged smocthly
out the discharge nozzle with a reduced amount of turbulence at
the cutwater. In any event, the resulting stable pump
performance indicates that main flcow Eeceleraticns have keen

minimized by the provision of these buffer zones (as will te
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discussed further in the Work Example to follow), which act to
éhannelrsaid main flow.

Preferably, this contoured interior surface is
arcuately coﬁtoured and comprises in axial cross-section a trio
of concave portions which are interconnected, most preferably the
interconnéction being by a pair of convex portions which
coopefate to provide a flowingly contoured surface of changing
axial cross—sections in the volute wall portion of the volute
region. The concave portions comprise a central concave portion
(which correspéh@s to the collector regionj with a radius R,
which radius R is preferably variable ana is most advantageously

greater near the cutwater and gradually varys to a radius R which -

is smaller near the throat portion. N

15

20

25

In this preféiréd embodiment, the central concave por-
tion is flanked on each side by one of a pair of side concave
portions having radii Ty and Ty which are preferably fixed.
Depending on the typé of ifpeller, r, may ééﬁal;ri or be differ-
ent from r2; Central concave portion radius R may vary from R
greater than one-of'r1 and T, near the éﬁtWater to R less than or
equal to one of r; and r, near the throat pértion.

The central concave portion and the pair of side con-
cave porfions are interconnected. Interconnection most pref-
erably is 5& a pair of convex portions, one of said pair of con- -
vex portions on either side of the central concavé portion. The
radii of the pair of convex portions are selected so as to pro-
vide a flowingly contoured surface of changing axial cross-sec-

tion in the volute wall portion of the volute region. The

6203218 -
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flowingly contoured surface extends, moreover, past the
throat portion, into the discharge nozzle region wherein said

surface gradually becomes circular in axial cross-section.

Thus the flow-stabilizing interior surface contours for
the casings or the wvolute liners according to this in-
vention provide improved flow stability for centrifugal
pumps in operation, especially for pumps designed for
pumping slurries. Increased wear life for the volute
liners according to this invention compared to the wear
life for similar volute line'rs accbrding to the prio;: art,
is anticipated. An increased mechanical life, due to the
absence of flow surges and vibration, is anticipated for
pumps and parts thereof which include these novel interior
contours. Anticipated also is higher pumping efficiency.

The invention may be better understood by referring
to the detailed description of the invention when taken
in conjunction with the accompanying drawings in which:

Figure 1 is a break-away isometric view of a centri-
fugal pump showing an impeller drive shaft, a split pump
casing, a two section removable volute iiner , and an im-
peller.

Figure 2 is an inside view showing half of a two sec-
tion liner.

Figures 3A through 3H are partial axijial cross-sections
and Figures 3I through 3K are axial cross-sections at
various section lines A throuthK {see Figure 2).

Figure 4 is an axial cross-sectional view'throﬁgh sec-

tion line I (see Figure 2) showing a partial axial
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cross—sectional view through section line H (see Figure 2)
in phantom. 7

Figure 5 is an axial cross-sectional view through sec-
tion line 5 (see Figure 2) showing the general flow of
fluid from the impeller discharge openings into the
collector regions of the volute passage.

Figure 6 is a pump performance graph.

Referring to Figure 1, a two section liner according to
this invention is shown in a break-away isometric view of
the pertinent portion of a centrifugal pump. The pump com-
prises a motor 1 having a shaft 2. The casing, shown
generally at 3, is a split casing having a first section 4
and a second section 5, the two casing sections 4, 5
{shown as symmetrical halves) being so constructed as to
matingly engage, and being provided with a closure means
(not shown), which is generally an array of nuts and bolts.
The impeller 6 is surrounded by a liner shown generally
at 7 when the pump is assembled. The liner 7 is shown as
a two section liner having a pair of wall portions 8 and 9
and a volute wall portion 10 which includes a discharge
nozzle 11. The interior 12 of the volute wall portion 10 is

shown as having a unigquely contoured surface which is the

subject of this invention.

Referring to Figure 2, shown is an inside view of half

of a two section liner 7. The volute shape (i.e. spiral shape)

is most apparent in this view. The volute shape may be

either an ideal volute shape or, as a matter of design and

fabrication convenience, it may be a modified volute shape.

Shown generally in this view is the cutwater 13 of the



10

15

20

25

0203215

- 13 - X
volute region shown generally at 14. The wvolute region 14 extends fram this

cutwater 13 to a throat portion shown generally at 15. The discharge nozzle

region shown generally at 16, extends outwardly from the throat
portion 15 to a connection means (not shown) which may be a pipe.

Figure 2 is provided with section lines A through K so
that the interior contour 12 of the volute wall portion 10 (shown
without any split section lines) may be better understood in
Figures 3A through 3K. ¥igures 3A through 3H are parti;l'axial
cross-sections at various section lines A through E. Figures 31
through 3K are axial cross-sections at various section lines. I
through XK.

Referring'to Figure 3G, a partial axial cross-section
through section line G of the interior contour 12 of the volute
wall portion 10 according to this invention as viewe&lffohrthe
interior of the liner (without any split section 1;nés) is shawn.
Section G is selected from upstream of the throat region shown
generally at 15. This view clearly shows the arcuately contoured
interior surface 12 of the volute wall portion 10 in the volute
region 14. Shown are a -trio of concave portions interconnected
by a pair of convex portions which cooperate to provide a flow-
ingly contoured@ surface. A central concave portion 17 having a
radius R is flanked on each side by one of a pair of side concave
portions 18 and 19, having a radii T and Ty, respectively. The
central concave portion 17 and the pair of side concave portions
18 and 19 are interconnected by a pair of convex portions 20 and
21 which cooperate to provide the flowingly contoured surface of
changing axial cross-section according to this invention. Figure

3G also shows the recirculation zone having a width Wy and the
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collector zone having a width Woe Figures 3A through 3H serially
show this éhanging axial cross-section.
The flowingly contoured surface of the interior 12 of
the volute wall portion 10 in the volute region 14 extends past
5 the throat portion shown generally at 15 into the discharge
nozzle region shown generally at 16, wherein the surface gradual-
ly becomes circular in axial cross-section. Referring to Figures
3I through 3K, which are axial cross-sections through section
lines I, J, and X, respectively, tﬁe flowingly contoured surface
10 is serially shown to extend past the throat portion 15 into the
dischargé nozzle region shown generally at 16. Within the
discharge nozzle region 16, the flowingly contoured éﬁrfacé grad-

-

vally becomes circular in axial cross-section as sﬁo&n in Figure
3K. T -

15 Figure 4 is an axial cross-sectional view (without
split section lines) through section line I (see Figure 2)
showing a partial axial -cross-sectional.view through section line
H (see Figure 2) in phantom. This figure more clearly shows the
smooth transition of the interior contours of the voluée region

20 as they flowingly move into the discharge nozzle region. Shown
clearly also is the slight asymmetry of this example of the
uniquely contoured surfaces according to this invention, which
results from the fact that radii Ty and r, of side concave
portions 18 and 19 are not shown as equal. As shown in Figure 4,

25 the nozzle at section line I includes concave portions 24 and 25

which are positioned to bleed off a portion of the flow from the

recirculation zone.
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Figure 5 is an axial cross-sectional view through sec-

tion line 5 (see Figure 2). The general flow of fluids from the
impelier discharge openings 22 is shown. The central concave
portion 17 (the collector‘region) is'shown as having an axial
width which is slightly greater than the width of the impeller
discharge openings 22 and as serving to receive the main flow
f:om the impeller discharge openings 22.

Referring to Figure 5, the pair of buffer zone$ extend
in axial cross-section from the impeller shrouds 23 to the walls
of the side concave port?ons 18 and 19. The buffer zones channel
the main flow from the impeller discharge openings 22 into the

¢ollector region as generally shown by the flow arro&é in'Figure

&

S.

With reference to Figure 6, a pump performance graph is
shown which compares the performance of a pump having a volute
liner according to the instapt invention, liner A, with that of a
pump having a volute liner typically encountered in industry, |
liner B. Test vo}ute liner B, had a continuously arcuately con-
cave surface when viewed from the interior of the liner, and had
a variable radius R' which was, at any section line of the annu-
lar wall portion of the liner, the same value as the variable
radius R of the central concave portion 40 according to test
volute liner A. Both liner A and liner B were fabricated of

thick~walled molded elastomer.
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Full-sized model pumps, each having a design point of
600GPM, were fitted with removable volute liners A and B and per-
forﬁance tested with water. With reference to Figure 6, test
results are set forth for each liner design run at 1270 RPM in a
5 x 4 model pump with the same impeller, but with no expeller
vanes. It is seen that unstable flow sets in very close to the
design point (600GPM) for the volute liner generally according to
the prior art, liner B, indicated by B on the graph. ©Note the
abrgpt change in total dynamic head, TDH (pressure) with flow
rate as well as the abrupt change in efficiency with flow rate,
as measured by a non-contact strain gauge type torque sensor, for
thisrliner. Flow rate was measured by a magnetic.flé& metér in
series with a turbine flow meter. Dual meésuremen;s with dupli-
cate instrumentation were taken at all times. This abrup£ change

is characteristic of a region of instability where fluid flow

through a pump becomes unstable, indicated generally by U. This

unstable flow characteristic was previously discussed.

By comparison, the volute liner according to this in-
vention, liner A, indicated by A on the graph, exhibits slightly
higher efficiency without any instability. This is considered to
be a2 most significant finding and is believed to be due to the
novel, flowingly contoured volute liner interior surfaces accord-
ing to the instant invention. 7

In the Working Example, the removable volute liners &
and B were performance tested with water. If the performance
tests were made with abrasive slurry, similar performance results

would be anticipated such that at a flow rate of around 600GPM,



203218

- 17 -
for the same TDE (pressure}, highgr speed and more power would be
required for the conventional unstable volute liner B by inference
from the comparative performance curve of Figure 6. It is there-
fore believed reasonable to conclude that the extra power would
be absorbed by the £luid in the form of turbulence, which in turn
would act to accelerate wear compared to the stable volute liner

A. according to this invention, without the turbulence.
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1. A centrifugal pump characterized by a casing (4, 5),
an impeller (6) mounted in said casing (4, 5) having
at least one impeller discharge opening (22) in an
outer periphery, a drive shaft (2) extending axially
for rotating said impeller (6) mounted in said
casing (4, 5), a pair of side wall portions (8, 9)
disposed opposite and spaced apart from one another,
one of the pair of side wall portions having an
opening for receiving said impeller drive shaft,
the other of the pair having a fluid inlet opening,

a volute passage defined by a volute wall portion

{106) connecting said pair of said side wall portions
(8, 9) which has a fluid outlet discharge nozzle (11}
tangentially leading therefrom, said volute passage
having a contoured interior surface (12) with a volute
region (14) extending from a cutwater (13) to a

throat portion (15), said discharge nozzle (11)
extending outwardly from said throat portion (15),
said contoured interior surface (12) in the volute
wall portion (10) of the volute region (14) comprising
in axial cross-section a circumferentially extending
recirculation region (18, 19) adjacent said outer
periphery of said impeller (6) extending away from
said impeller (6), said contoured interior surface
(12) further comprising a circumferentially extending
collector regioﬂ {17) radially outwardly of said re-
circulation region (18, 19), the axial width (w3) of
said collector region (17) being less than the axial
width (w,;) of said recirculation region (18, 19), said
axial width (w1) of said recirculation region (18, 19)
decreasing contimiously at a first rate in a direction
radially outwardly of said impeller (6}, said axial
width (wz) of said collector region (17) decreasing con-
tinucusly at a second rate in a direction radially

outwardly of said impeller (6).
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A centrifugal pump according to claim 1, character-
ized in that said recirculation region (18, 19)
includes a pair of buffer zones on opposite sides
of said impeller discharge opening (22) which act
to channel the flow exiting said impeller discharge
opening (22) into said collector region (17).

A centrifugal pump according to claim 1 or 2,
characterized in that the side wall portions (8, 9)
and the volute wall portion (10) comprise a
removable volute liner for said pump casing (4, 5).

A centrifugal pump according to one of claims 1 to
3, characterized in that the side wall portions

(8, 9) lie in planes which extend generally
perpendicularly to the longitudinal axis of the
shaft (2), that a.liner volute wall portion (10)
connects together said pair of side wall portions
(8, 9) when the liner is assembled within the
casing (4, 5) and which has a fluid outlet discharge
nozzle (11) tangentially leading therefrom, -

said volute wall portion (10) when assembled within
the casing (4, 5) forming a complete volute liner

passage around said pump impeller (6), which passage

has an arcuately contoured interior surface (12)
having a volute region extending from the cutwater
(13) to the throat portion (15) and a discharge
nozzle region (16) extending ocutwardly from the throat
portion (15), the arcuately contoured interior:
surface (12)- in the volute wall portion (10) of the
volute region (14) comprising in axial cross-section
a trio of concave portions (17, 18, 19) which are
interconnected and which cooperate to provide a
flowingly contoured surface of changing axial
cross-section in the volute wall portion (10) of the
volute region (14).
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A centrifugal pump according to claim 4, characterized
in that the trio of concave portions (17, 18, 19) is
interconnected by a pair of convex portions (20, 21) which
cooperate to provide a flowingly contoured surface

of changing axial cross-section in the volute wall
portion (10) of the volute region (14), said concave
portions {17, 18, 19) comprising a central concave
portion (17) with a radius R flanked on each side

by one of a pair of side concave portions (18, 19)
having radii r, and Tor wherein R may vary from R
greater than one of r, and r, near the cutwater (13)

to R less than or equal to one of r
the throat portion (15).

and r., near

1 2

A centrifugal pump according to one of the claims 1

to 5, characterized in that the casing is split into
two halves, said halves sealingly engaging one another
and cooperating to form a complete volute passage
around said pump impeller when the pump is assembled,
and in that each wall portion of the pair of liner
side wall portions and the discharge nozzle have an
exterior surface which matingly engages a corresponding
portion of the casing interior surface, wherein the
flowingly contoured surface extends past the throat
portion (15)- into the discharge nozzle region

(16) wherein said surface gradually becomes circular
in axial cross-section.

A centrifugal pump according to one of the claims 1
to 6, characterized in that the liner volute wall
portion is connected to the pair of liner side wall
portions (8, 9) and the liner is split into two
sections through one of a plane which extends

'perpendicularly to and a plane which extends in the

same plane as said longitudinal axis of the impeller
drive shaft (2).
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8. A centrifugal pump according to one of the claims 1
to 6, characterized in that the liner volute wall
portion is connected to the pair of liner side wall
portions (8, 9) and the liner is split into a

5 plurality of sections.

9. A centrifugal pump according to one of the claims 5
to 8, characterized in that r, is equal to r,.
10. A centrifugal pump according to one of the claims

and r., are variable.

5 to 9, characterized in that r1 2

10 11. A centrifugal pump accdrding to one of the
claims 5 to 8, characterized in that one of r1 and
T, is fixed and the other is wvariable.
12. A centrifugal pump according to claim 1, characterized
in that said first rate is greater than said second
15 rate.
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