EP 0 648 934 B1

) I
(19) 0 European Patent Office

Office européen des brevets (11) EP 0 648 934 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) Intcle: FO4D 1/00, FO4D 13/14,
of the grant of the patent: F04D 1/06. FO4D 29/42

04.11.1998 Bulletin 1998/45 FO4D 13/06, FO4D 29/22

(21) Application number: 94113241.7

(22) Date of filing: 24.08.1994

(54) Full-circumferential flow pump
Seitenstrémungspumpe

Pompe a écoulement latéral

(84) Designated Contracting States: ¢ Isemoto, Koji, c/o Ebara Research Co., Ltd.
ATBECHDEDKESFRGBGRIEITLILUMC NL Fujisawa-shi, Kanagawa-ken (JP)
PT SE
(74) Representative:
(30) Priority: 13.10.1993 JP 280114/93 Geyer, Ulrich F., Dr. Dipl.-Phys. et al
01.03.1994 JP 54861/94 WAGNER & GEYER,
Patentanwilte,
(43) Date of publication of application: Gewiirzmiihlstrasse 5
19.04.1995 Bulletin 1995/16 80538 Miinchen (DE)
(73) Proprietor: EBARA CORPORATION (56) References cited:
Ohta-ku, Tokyo (JP) EP-A- 0 346 731 EP-A- 0 420 218
DE-A- 1 653 692 DE-C- 739 006
(72) Inventors: FR-A- 1 157 493 GB-A-2 007 770
¢ Uwali, Keita, c/o Ebara Research Co., Lid. US-A- 4172 695
Fujisawa-shi, Kanagawa-ken (JP)
¢ Miyazaki, Yoshiaki, c/o Ebara Research Co., Ltd. e PATENT ABSTRACTS OF JAPAN vol. 7, no. 89
Fujisawa-shi, Kanagawa-ken (JP) (M-207) (1234) 13 April 1983 & JP-A-58 013 196
¢ Kobayashi, Makoto, c/o Ebara Research Co., Ltd. (HITACHI) 25 January 1983
Fujisawa-shi, Kanagawa-ken (JP) ¢ POWER, vol.133, no.10, October 1989, NEW
¢ Yamamoto, Masakazu, YORK US pages 29 - 33, XP000094443 WILLIAM
c/o Ebara Research Co,, Ltd. O’KEEFE ’novel pump-impeller concept may
Fujisawa-shi, Kanagawa-ken (JP) solve low-flow recirc problems’

* Miyake, Yoshio, c/o Ebara Research Co., Ltd.
Fujisawa-shi, Kanagawa-ken (JP)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 0 648 934 B1 2

Description
BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a full-circumferen-
tial flow pump, and more particularly to a full-circumfer-
ential flow pump which has an impeller mounted on an
end of the shaft of a motorand an annular space defined
around the motor.

Description of the Prior Art:

One known pump in which the fluid being handled
flows circumferentially around the motor is disclosed in
German laid-open patent publication No. 1653692 (DE
1653692). The disclosed pump allows the shaft to be
rotated manually and the pump assembly to be serviced
without the piping's being detached.

FIG. 17 of the accompanying drawings shows such
a known pump. As shown in FIG. 17, the pump has a
block-shaped housing 100 which houses a motor com-
prising a stator 101 and a rotor 102 that is positioned
within the stator 101 with a small gap defined therebe-
tween. Impellers 103, 104 are mounted on the respec-
tive ends of the shaft of the rotor 102. The fluid which is
being handled flows in from an inlet port 105 and is di-
vided into two fluid flows which are pressurized by the
respective impellers 103, 104 which are being rotated.
The fluid forced out of the impellers 103, 104 merges
and is then discharged from an outlet port 106.

In the known pump, however, the stator 101 is sub-
ject to pressure irregularities and tends to suffer various
mechanical failures. Specifically, there are developed
three regions on the outer circumferential surface of the
motor. These three regions include:

(1) aregion where the fluid flows underthe inlet suc-
tion pressure;

(2) a region where the fluid flows under the outlet
discharge pressure; and

(3) a region where the fluid does not flow. Accord-
ingly, pressures or external forces which are not uni-
form are applied to the stator 101, possibly causing
the stator 101 to be strained or deformed.

The motor is highly likely to undergo mechanical
distortions particularly if an outer motor frame casing is
made of thin sheet metal or the pressure for discharging
the fluid is high. Furthermore, since the outer motor
frame casing and an outer pump casing are integrally
formed with each other in the disclosed pump, the motor
may possibly malfunction when subjected to external
forces due to a piping load or the like.
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SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a full-circumferential flow pump which can uni-
formize external forces or pressures applied to an outer
motor frame casing surrounding a motor stator to there-
by prevent the motor frame from being strained or de-
formed, and can be serviced internally without detach-
ment of the piping.

According to an aspect of the present invention,
there is provided a full-circumferential flow pump com-
prising: a motor having a stator, a rotor mounted on a
shaft and disposed in the stator for rotation relative to
the stator and an outer frame casing enclosing the sta-
tor; an outer cylindrical pump casing disposed around
the outer frame casing with an annular space defined
therebetween; a pump assembly mounted on an end of
the shaft for pumping a fluid into the annular space; and
a suction case mounted on an outer circumferential sur-
face of the outer cylindrical pump casing and having a
suction port defined therein for introducing a fluid into
said pump assembly through said suction part, through
the suction window, and then through a suction opening
15¢, 16¢ provided axially adjacent said pump assembly.

A fluid drawn in through the suction port flows
through the suction case into the pump assembly, and
is introduced into impellers mounted on the end of the
shaft of the motor. The fluid pressurized by and dis-
charged from the impellers flows into the annular space
or passage defined between the outer cylindrical pump
casing and the outer frame casing. Since the entire cir-
cumferential wall of the outer frame casing is surround-
ed by the fluid to be discharged from the pump, the entire
circumferential wall of the outer frame casing is subject
to a uniform fluid pressure and prevented from being ir-
regularly strained or deformed.

According to another aspect of the present inven-
tion, there is also provided a full-circumferential flow
double-suction pump comprising: a motor having a sta-
tor, a rotor mounted on a shaft and disposed in the stator
for rotation relative to the stator and an outer frame cas-
ing enclosing the stator; an outer cylindrical pump cas-
ing disposed around the outer frame casing with an an-
nular space defined therebetween, the outer cylindrical
pump casing having a pain of suction windows near the
respective axial ends and a discharge port defined
therein in communication with the annular space be-
tween the suction windows; a pair of pump assemblies
mounted on respective opposite ends of the shaft for
pumping a fluid into the annular space; and a suction
case mounted on an outer circumferential surface of the
outer cylindrical pump casing having a suction port de-
fined therein for introducing a fluid into said pump as-
semblies through said suction part, through the suction
windows, and then through suction openings provided
axially adjacent said pump assemblies.

In the full-circumferential flow double-suction pump,
a fluid drawn in through the suction port is divided into
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fluid flows which are introduced into the respective
pump assemblies where the fluid flows are pressurized
by impellers. The fluid flows pressurized by and dis-
charged from the impellers are then introduced into the
annular space or passage defined between the outer cy-
lindrical pump casing and the outer frame casing. While
flowing through the annular space or passage, the fluid
flows are combined with each other and discharged
from the discharge port.

The above and other objects, features, and advan-
tages of the present invention will become apparent
from the following description when taken in conjunction
with the accompanying drawings which illustrate pre-
ferred embodiments of the present invention by way of
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-sectional view of a full-
circumferential flow pump according to the first em-
bodiment of the present invention;

FIG. 2 is a cross-sectional view taken along line Il
-1l of FIG. 1,

FIG. 3 is a cross-sectional view illustrative of a pro-
cedure for assembling the full-circumferential flow
pump according to the first embodiment;

FIGS. 4A and 4B are front and side elevational
views, respectively, of the full-circumferential flow
pump according to the first embodiment;

FIGS. 5A and 5B are a cross-sectional view, re-
spectively, of the impeller;

FIGS. 5C and 5D are a perspective view, respec-
tively, of a blade;

FIG. 6 is a longitudinal cross-sectional view of a full-
circumferential flow pump according to a second
embodiment of the present invention;

FIG. 7Ais afragmentary longitudinal cross-section-
al view of an outer cylindrical pump casing of the
full-circumferential flow pump according to the sec-
ond embodiment;

FIG. 7B is a cross-sectional view taken along line
VII(B) - VII(B) of FIG. 7A,

FIG. 8 is an enlarged cross-sectional view of an en-
circled region A of the full-circumferential flow pump
shown in FIG. 6;

FIG. 9 is a cross-sectional view taken along line IX
- 1X of FIG. 6;

FIG. 10 is a perspective view of the full-circumfer-
ential flow pump shown in FIG. 6;

FIG. 11 is a longitudinal cross-sectional view of a
full-circumferential flow pump according to the third
embodiment of the present invention;

FIG. 12 is a cross-sectional view of a double-suction
pump according to the fourth embodiment of the
present invention;

FIG. 13is across-sectional view of a double-suction
impeller according to the fourth embodiment of the
present invention;
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FIG. 14A is a graph showing the relationship be-
tween capacity (Q) and head (H) according to the
fourth embodiment of the present invention;

FIG. 14B is a graph showing the relationship be-
tween capacity (Q) and power (P) according to the
fourth embodiment of the present invention;

FIG. 14C is a graph showing the relationship be-
tween capacity (Q) and efficiency (n) according to
the fourth embodiment of the present invention;
FIG. 15 is a cross-sectional view of a modified im-
peller according to the fourth embodiment of the
present invention;

FIG. 16A is a cross-sectional view of single-suction
impellers in FIG. 1;

FIG. 16B is a cross-sectional view of single-suction
impellers in FIG. 1; and

FIG. 17 is a longitudinal cross-sectional view of a
conventional pump.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A full-circumferential flow pump according to the
first embodiment of the present invention is shown in
FIGS. 1 through 4A and 4B. As shown in FIG. 1, the full-
circumferential flow pump is of the double-suction type
and has a canned motor 1 disposed centrally therein.
The canned motor 1 includes a shaft 2 having opposite
ends on which there are fixedly mounted respective
pairs of impellers 3A, 4A and 3B, 4B each having an
axially outwardly open suction region. Thus, two pump
assemblies are disposed respectively on the opposite
sides of the canned motor 1, the two pump assemblies
having the same shut-off head but different flow rates.
The canned motor 1 and the impellers 3A, 4A, 3B, 4B
are housed in an outer cylindrical pump casing 5 and a
pair of spaced end covers 6, 7. The end covers 6, 7 are
detachably fastened to the respective axial ends of the
outer cylindrical pump casing 5 by respective flanges 8,
9. The impellers 3A, 4A, 3B, 4B have blades made of
sheet metal.

The outer cylindrical pump casing 5 has a pair of
suction windows 5a, 5b defined therein near the respec-
tive axial ends, and a suction case 10 is mounted on an
outer surface of the outer cylindrical pump casing 5 so
as to connect the suction windows 5a, 5b to each other.
The suction case 10 is a substantially rectangular cup-
shaped case having a bottom on one end and an open-
ing on the other end. The suction case 10 is provided
with a suction nozzle 11 on the bottom thereof. As shown
in FIG. 2, the suction case 10 has a width W,, and the
suction windows 5a, 5b having a circumferential width
W, substantially equal to the width W, so that no air will
be trapped in the suction case 10. A suction flange 12
is mounted on the suction nozzle 11 with a suction port
11a defined therein.

As shown in FIG. 1, two axially spaced partition
walls 15, 16 are fixedly mounted in the outer cylindrical
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pump casing 5 substantially around the respective pairs
of impellers 3A, 4A, 3B, 4B. The partition walls 15, 16
have respective axial openings 15a, 16a in which re-
spective seal members 17 of a resilient material such
as rubber are secured, and include respective bottoms
15b, 16b with suction openings 15¢, 16¢c defined respec-
tively therein.

First inner casings 18A, 18B are disposed in the re-
spective partition walls 15, 16, and second inner casings
19A, 19B are disposed in the respective partition walls
15, 16. The first inner casings 18A, 18B have respective
return blades 18a for guiding a fluid from the first stage
impellers 3A, 3B to the second stage impellers 4A, 4B,
and the second inner casings 19A, 19B have respective
guides 19a which serve as guide vanes or volutes for
guiding a fluid therethrough. The second inner casings
19A, 19B have respective socket-and-spigot joints
which are fitted over a motor frame 24 of the canned
motor 1. Seal members 20 are interposed between the
first inner casings 18A, 18B and the partition walls 15,
16, respectively, for thereby sealing a suction pressure
side (low pressure side) communicating with the suction
windows 5a, 5b and a discharge pressure side (high
pressure side) communicating with an annular space 40
(described later on) from each other. Liner rings 21 are
mounted on radially inner ends, respectively, of the first
inner casings 18A, 18B and the second inner casings
19A, 19B.

The motor frame 24 of the canned motor 1 compris-
es a substantially cylindrical outer frame casing 25 and
a pair of axially spaced side frame members 26, 27 at-
tached respectively to axial open ends of the outer frame
casing 25. A cable housing 22 is welded to the outer
frame casing 25. Leads extend outwardly from motor
coils in the outer frame casing 25 and are electrically
connected to power supply cables 46 in the cable hous-
ing 22. The power supply cables 46 are held by a cable
connector 47 which is welded to the cable housing 22.

The canned motor 1 includes a stator 28 and a rotor
29 which are disposed in the motor frame 24. The rotor
29 is supported on the shaft 2 and housed in a cylindrical
can 30 which is fitted in the stator 28.

Bearing housings 31, 32 are detachably fixed to the
side frame members 26, 27, respectively, by clearance-
fit socket-and-spigot joints and resilient O-rings 37, 38.
The bearinghousings 31, 32 hold respective radial bear-
ings 33, 34 on their radially inner ends. A shaft sleeve
35 fitted over the shaft 2 is rotatably supported by the
radial bearing 33, and a shaft sleeve 36 fitted over the
shaft 2 is rotatably supported by the radial bearing 34.

As shown in FIGS. 1 and 2, an annular space 40 is
defined between the outer cylindrical pump casing 5 and
the motor frame 24. The outer cylindrical pump casing
5 has an opening 5¢ defined in its circumferential wall
and held in communication with the annular space 40.
A discharge nozzle 41 with a discharge port 41a defined
therein is fixedly mounted on the outer cylindrical pump
casing 5 around the opening 5¢, and a discharge flange
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42 is fixedly mounted on the discharge nozzle 41.

A procedure for fixing the canned motor 1 and the
outer cylindrical pump casing 5 to each other will be de-
scribed below with reference to FIG. 3.

First, as shown in FIG. 3, the side frame members
26, 27 and the cable housing 22 are welded to the outer
frame casing 25, and a support 43 is welded to the outer
frame casing 25, thus producing a motor frame assem-
bly 50.

Then, the motor frame assembly 50 is inserted into
the outer cylindrical pump casing 5, and the cable hous-
ing 22 is inserted into a hole 5d defined in the outer cy-
lindrical pump casing 5.

Thereafter, a water drain pipe 45 havinga notch 45a
defined therein is inserted through a hole defined in the
outer cylindrical pump casing 5 and pressed against the
outer frame casing 25, and then the water drain pipe 45
is welded to the outer cylindrical pump casing 5. Since
the end of the notch 45a bites into the outer frame casing
25, the outer frame casing 25 and the outer cylindrical
pump casing 5 are securely fixed to each other.

FIGS. 4A and 4B show the full-circumferential flow
double-suction pump in front and side elevations, re-
spectively. As shown in FIGS. 4A and 4B, the full-cir-
cumferential flow double-suction pump is of the side-top
type where the suction port 11a is positioned on the side
and the discharge port 41a on the top. Legs 48 fixedly
mounted on a base 49 are secured to the flanges 8, 9
which interconnect the outer cylindrical pump casing 5
and the end covers 6, 7.

Operation of the full-circumferential flow double-
suction pump which is of the above structure will be de-
scribed below.

The fluid which is drawn in through the suction port
11ais divided by the suction case 10 into two fluid flows
which are introduced into the pump assemblies through
the suction windows 5a, 5b. The fluid flows introduced
into the pump assemblies flow through the suction open-
ings 15¢, 16¢ into the first inner casings 18A, 18B and
the second inner casings 19A, 19B in which the fluid
flows are pressurized by the impellers 3A, 3B, 4A, 4B.
The fluid flows discharged from the impellers 3A, 3B flow
into the impellers 4A, 4B, from which the fluids flow ra-
dially outwardly through the guides 19a and then axially
into the annular space or passage 40 defined between
the outer cylindrical pump casing 5 and the motor frame
24. The fluid flow passing through the annular passage
40 merges in the middle of the annular passage 40 and
is then discharged through the opening 5¢ of the outer
cylindrical pump casing 5 and the discharge nozzle 41
from the discharge port 41a.

Since the outer frame casing 25 is surrounded en-
tirely circumferentially by the fluid, the outer frame cas-
ing 25 is subject to a uniform pressure and free from
strains or deformations. The partition walls 15, 16
mounted in the outer cylindrical pump casing 5 are ef-
fective in separating the interior space of the outer cy-
lindrical pump casing 5 into the suction and discharge
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pressure sides in the pump which make radial and cir-
cumferential pressure distributions uniform in the outer
cylindrical pump casing 5.

Inasmuch as the resilient seal members 17 are in-
terposed between the inner circumferential surface of
the outer cylindrical pump casing 5 and the outer cir-
cumferential surfaces of the partition walls 15, 16, the
partition walls 15, 16 can be detached from the outer
cylindrical pump casing 5 and the suction and discharge
pressure sides are reliably separated from each other.

The detachable covers 6, 7 on the respective oppo-
site ends of the outer cylindrical pump casing 5 allow
the internal mechanism of the pump to be serviced with-
out the piping's being detached. The canned-motor
pump is mainly serviced at its slidable and rotatable
components such as bearings, liner rings, etc., and,
when the covers 6, 7 are removed, the rotatable com-
ponents and the bearing assemblies can be dismounted
even if the piping is not detached.

Because the full-circumferential flow pump is of the
double-suction type, the fluid introduced into the pump
is divided and handled by the two pump assemblies. The
specific speed of the pump is represented by Ns = 1/
(2)12 , and each of the impellers 3A, 3B, 4A, 4B may be
composed of substantially two-dimensional blades,
which can easily be pressed to shape. In general, a mo-
tor for driving a pump can be smaller as it can rotate at
higher speed. In the pump, head is proportional to the
square of rotational speed, flow rate is proportional to
rotational speed. Further, in the pump, head and flow
rate are proportional to the square of an outer diameter
of an impeller. Therefore, the motor and the pump can
be smaller as they can rotate at higher speed,

However, as rotational speed of an impeller increas-
es, increasing rate of head is larger than increasing rate
of flow rate. As a result, Q-H curve shows a remarkably
increasing tendency.

Inthe case where a single suction pump is operated
at high speed, in order to satisfy large flow rate and low
head, a specific speed Ns of the pump becomes very
large. The specific speed Ns is represented as follows:

Ns = nQ1/2/H3/4

where H is head, Q is flow rate and n is rotational speed.

In general, an impeller having a small specific
speed has such a profile as shown in FIG. 5A, and an
impeller having a large specific speed has such a profile
as shown in FIG. 5B. That is, the impeller having a small
specific speed has two-dimensional blades B as shown
in FIG. 5C. As a specific speed increases, the profile of
the blade becomes three-dimensional as shown in FIG.
5D. The impeller having three-dimensional blades is
troublesome in manufacturing, compared with the im-
peller having two-dimensional blades. Especially, in
case of the impeller manufactured by press working, it
is difficult to manufacture the impeller having three-di-
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mensional blades.

However, since the impeller having a small specific
speed can be used in the present invention, the impel-
lers may be composed of substantially two-dimensional
blades, which can easily be pressed to shape.

It is generally known that the higher the speed of
the fluid at the inlet of the impellers, the poorer the suc-
tion performance of the pump at the time the pump is in
pumping operation. The double-suction-type pump has
high suction performance, however, because the intro-
duced fluid is handled by the two pump assemblies.

The double-suction-type pump minimizes the load
capacity of the bearings as axial thrusts produced by the
pump are in balance. The balanced axial thrusts allow
the bearing housings 31, 32 to be fixed to the motor
frame 24 through a simple arrangement. Specifically, in-
asmuch as the bearing housings 31, 32 are fixed to the
motor frame 24 through the clearance-fit socket-and-
spigot joints and the resilient O-rings 37, 38, the radial
bearings 33, 34 can automatically be centered, and
components associated with the radial bearings 33, 34
are not required to be machined and assembled with
high accuracy. The double-suction-type pump in this
embodiment is advantageous particularly in a high
speed range of 4000 r.p.m. or higher from the stand-
points of hydrodynamic design considerations and axial
thrust loads.

In this embodiment, the pressures in regions before
and after the rotor chamber, i.e., the chamber in which
the rotor 29 is positioned, are in complete equilibrium.
Consequently, no slurry is drawn into the rotor chamber.
If each of the impellers is equipped with pump-out
blades behind its blades, then any slurry which ap-
proaches the back side of the impeller is forcibly repelled
radially outwardly. Therefore, the pump is of a structure
highly resistant to the slurry solution.

Furthermore, the outer frame casing 25 andthe side
frame members 26, 27 are welded before the outer cy-
lindrical pump casing 5 is welded. Therefore, it is pos-
sible to extend the opposite ends of the outer cylindrical
pump casing 5, install the suction case 10 on the outer
cylindrical pump casing 5, and define the suction win-
dows 5a, 5b in the outer cylindrical pump casing 5. It is
thus unnecessary to provide a header pipe or the like
for interconnecting the suction windows 5a, 5b.

FIGS. 6 through 10 show a full-circumferential flow
pump according to the second embodiment of the
present invention. The full-circumferential flow pump ac-
cording to the second embodiment is of the double-suc-
tion type and is essentially the same as the full-circum-
ferential flow pump according to the first embodiment
which is illustrated in FIGS. 1 through 4A and 4B. Those
parts shown in FIGS. 6 through 10 which are identical
to those shown in FIGS. 1 through 4A and 4B are de-
noted by identical reference numerals, and will not be
described in detail below.

According to the second embodiment, as shown in
FIGS. 6 and 7A, the outer cylindrical pump casing 5 has
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axial bars 51 axially extending across each of the suc-
tion windows 5a, 5b defined in the outer cylindrical pump
casing 5 (only the suction window 5a is shown in FIG.
7A). The axial bars 51 permit the partition walls 15, 16
with the seal members 17 installed thereon to be easily
inserted into the outer cylindrical pump casing 5 over
the suction windows 5a, 5b. In order to prevent air from
being trapped in the suction case 10, the suction win-
dows 5a, 5b have a circumferential width W, substan-
tially equal to the width W, of the suction case 10, as
shown in FIG. 7B, so that no air will be trapped in the
suction case 10.

As shown in FIG. 8, a stopper 52 is attached to the
distal end of each of the partition walls 15, 16 (only the
partition wall 15 is shown in FIG. 8) to hold the seal mem-
ber 17 against accidental dislodgment. The outer cylin-
drical pump casing 5 has enlarged casing portions 5d
(only one enlarged casing portion 5d is shown in FIG.
8) on the suction pressure side for also allowing the par-
tition walls 15, 16 with the seal members 17 installed
thereon to be easily inserted into the outer cylindrical
pump casing 5 over the suction windows 5a, 5b. The
enlarged casing portions 5d prevent the suction win-
dows 5a, 5b from being deformed in the direction indi-
cated by the arrow in FIG. 8 owing to the difference be-
tween pressures inside and outside of the outer cylin-
drical pump casing 5. The enlarged casing portions 5d
are further effective in keeping the outer cylindrical
pump casing 5 cylindrical in shape and strong in struc-
ture.

According to the second embodiment, as shown in
FIG. 6, afrequency converter 54 is fixed to an outer sur-
face of the cover 6 which closes one end of the outer
cylindrical pump casing 5, and is covered with a cover
55. Since the frequency converter 54 is fixed to the cover
6 which is held in contact with the fluid being handled,
the frequency converter 54 can efficiently be cooled.
Highly integrated circuits such as a frequency converter
are generally susceptible to external forces or vibra-
tions. The frequency converter 54 is more reliable and
resistant to damage by being mounted on the cover 6
which is subject to only the suction pressure of the
pump, rather than being mounted on the outer circum-
ferential surface of the outer cylindrical pump casing 5
which is subject to and can be deformed by the dis-
charge pressure of the pump.

A plug 56, which may be removed for the user to
confirm the manual rotatability of the rotatable assembly
of the pump, is detachably mounted on the cover 7
which closes the other end of the outer cylindrical pump
casing 5. The plug 56 allows the user to confirm the
manual rotatability of the rotatable assembly without de-
taching the cover 7. Specifically, the user removes the
plug 56, inserts the forward end of a screwdriver into a
slot 2a defined in the end of the shaft 2, tries to turn the
screwdriver to confirm that the rotatable assembly can
be rotated, and thereafter attaches the plug 56 again.

As shown in FIGS. 6 and 9, the outer cylindrical
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pump casing 5 has an opening 5e defined in its circum-
ferential wall and held in communication with the annu-
lar space 40, and a discharge nozzle 57 is sealingly
welded to the circumferential wall of the outer cylindrical
pump casing 5 in registry with the opening 5e. The dis-
charge nozzle 57 has a discharge port 57a defined
therein, and a discharge flange 58 is sealingly welded
to the discharge nozzle 57 near the discharge port 57a.
The discharge flange 58 is welded to a reinforcing mem-
ber 59 which is in turn welded to an outer circumferential
surface of the outer cylindrical pump casing 5. The dis-
charge flange 58 and the reinforcing member 59 thus
welded protect the discharge nozzle 57 from external
forces due to a piping load or the like. Since external
forces that are applied to the pump are absorbed by the
outer cylindrical pump casing 5, external forces which
would otherwise damage the pump are not directly ap-
plied to the outer frame casing 25 and the stator 28.
Even in the absence of the reinforcing member 59, no
external forces will be transmitted to the outer frame
casing 25 as the pump is a fully double-walled structure
unlike the conventional pump. As indicated by the phan-
tom line in FIG. 9, the reinforcing member 59 may be
mounted on the entire circumferential wall of the outer
cylindrical pump casing 5 to prevent the outer cylindrical
pump casing 5 from being expanded radially outwardly
under the internal pressure of the pump.

FIG. 10 shows in perspective the full-circumferen-
tial flow double-suction pump shown in FIG. 6. As shown
in FIG. 10, the full-circumferential flow double-suction
pump is of the side-top type where the suction port 11a
is positioned on the side and the discharge port 57a on
the top.

FIG. 11 shows a full-circumferential flow pump ac-
cordingto the third embodiment of the present invention.
The full-circumferential flow pump according to the third
embodiment is of the single-suction type. Those parts
shown in FIG. 11 which are identical to those shown in
FIG. 6 are denoted by identical reference numerals, and
will not be described in detail below.

As shown in FIG. 11, the full-circumferential flow
single-suction pump according to the third embodiment
has a canned motor 1 disposed centrally therein. The
canned motor 1 includes a shaft 2 supporting on one
end thereof a pair of impellers 3A, 4A each having an
axially outwardly open suction region. No impellers are
mounted on the opposite end of the shaft 2, and no par-
tition walls are disposed in the outer cylindrical pump
casing 5 around the other end of the shaft 2. The other
details of the pump shown in FIG. 11 are substantially
the same as those of the pump shown in FIG. 6.

The full-circumferential flow single-suction pump
shown in FIG. 11 operates as follows: The fluid which is
drawn in through the suction port 11a is introduced into
the pump assembly through the suction window 5a in
the suction case 10. The fluid introduced into the pump
assembly flows through the suction opening 15¢ into the
inner casings 18A, 19A in which the fluid is pressurized
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by the impellers 3A, 4A. The fluid discharged from the
impeller 3A flows into the impeller 4A, from which the
fluid flows radially outwardly through the guide 19a and
then axially into the annular space or passage 40 de-
fined between the outer cylindrical pump casing 5 and
the motor frame 24. The fluid is then discharged through
the discharge nozzle 57 from the discharge port 57a.
Except for its inherent operational features and advan-
tages, the full-circumferential flow single-suction pump
shown in FIG. 11 operates in the same way, and offers
the same advantages, as the full-circumferential flow
double-suction pumps shown in FIGS. 1 through 10.

As described above, the full-circumferential flow
pumps according to the preferred embodiments of the
present invention offer the following advantages:

Since the outer frame casing is surrounded by the
fluid to be discharged from the pump, the outer frame
casing is subject to a uniform pressure and free from
irregular strains and deformations. The partition walls in
the outer cylindrical pump casing separate the interior
space of the outer cylindrical pump casing into the suc-
tion pressure side and the discharge pressure side in
the pump, making radial and circumferential pressure
distributions uniform in the outer cylindrical pump cas-
ing.

Because the resilient seal members such as rubber
are interposed between the inner circumferential sur-
face of the outer cylindrical pump casing and the outer
circumferential surfaces of the partition walls, the parti-
tion walls can be detached from the outer cylindrical
pump casing and the suction and discharge pressure
sides are reliably separated from each other.

The detachable covers on the respective opposite
ends of the outer cylindrical pump casing allow the in-
ternal mechanism of the pump to be serviced without
the piping's being detached. The canned-motor pump
is mainly serviced at its slidable and rotatable compo-
nents such as bearings, liner rings, etc., and, when the
covers are removed, the rotatable components and the
bearing assemblies can be dismounted even if the pip-
ing is not detached.

In the case where the full-circumferential flow pump
is of the double-suction type, the fluid introduced into
the pump is divided and handled by the two pump as-
semblies. The specific speed of the pump is thus repre-
sented by Ns = 1/(2)12, and each of the impellers may
be composed of substantially two-dimensional blades,
which can easily be pressed to shape.

Inasmuch as the flanges interconnecting the outer
cylindrical pump casing and its end covers are support-
ed on the legs and the fluid flows fully around the motor,
the pump can be cooled efficiently, and hence the motor
can be reduced in size.

The fluid being handled flows freely into and out of
the rotor chamber. The motor can be cooled by the fluid
and hence can be of a relatively small size. Since it is
not necessary to provide a water seal between the rotor
chamber and the pump assemblies and the axial thrusts
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are in equilibrium, the radial bearings may be fixed to
the motor frame by a simple structure. Specifically, in-
asmuch as the bearing housings are fixed to the motor
frame through the clearance-fit socket-and-spigot joints
and the resilient O-rings, the radial bearings can auto-
matically be centered, and components associated with
the radial bearings are not required to be machined and
assembled with high accuracy.

The pump assemblies disposed on the opposite
sides of the motor may be of different flow rates or ca-
pacities. For example, if pump assemblies having a flow
rate ratio of 1 : 1.6 are available for use in various com-
binations, then it is possible to manufacture three pumps
havingaflowrateof2 (1 +1),2.6 (1 +1.6),and 3.2 (1.6
+ 1.6).

Because the pressures in regions before and after
the rotor chamber are in complete equilibrium, no slurry
is drawn into the rotor chamber. If each of the impellers
is equipped with pump-out blades, then any slurry which
approaches the back side of the impeller is forcibly re-
pelled radially outwardly. Therefore, the full-circumfer-
ential flow pump is highly resistant to the slurry solution.

As no air is trapped in the suction case, the pump
does not suffer any problems in operation which would
otherwise be caused by trapped air. Since it is unnec-
essary to provide a header pipe or the like for intercon-
necting the suction windows, the pump assemblies can
be serviced without the piping's being detached.

Furthermore, in the case where a multi-stage dou-
ble-suction pump is constructed, an outer circumferen-
tial passage may be defined using a partition wall, and
a suction cover may be disposed over the outer circum-
ferential passage. Such an arrangement makes it pos-
sible to reduce the entire length of the multi-stage dou-
ble-suction pump.

Next, another type of double-suction pump will be
described below with reference to FIGS. 12 through 14.
FIG. 12 shows a double-suction pump according to the
fourth embodiment of the present invention. As shown
in FIG. 12, a double-suction pump has a casing com-
prising an upper casing 61 and a lower casing 62. The
lower casing 62 has a suction port 62a and a discharge
port (not shown). A double-suction impeller 70 is dis-
posed in the casing. The double-suction impeller 70 is
fixed to a shaft 63 which is rotatablly supported at both
ends thereof by bearings 64 and 65. Sealing devices 66
and 67 are provided at the portions where the shaft 63
pierces through the casing.

Next, the double-suction impeller 70 in the double-
suction pump will be described in detail with reference
to FIG. 13. As shown in FIG. 13, the double-suction im-
peller 70 has a main plate 71 whose central portion has
aboss 71a for transmitting a driving force from the shaft
63 to the impeller 70. The boss 71a is formed with a key
way 71b into which a key 68 (see FIG. 12) is inserted,
whereby a driving force is transmitted from the shaft 63
tothe boss 71a. A plurality of A-blades 74 and an A-side
plate 72 are provided on one side of the main plate 71.
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The outer diameter of the main plate 71 is equal to the
outer diameters of the A-blades 74 and A-side plate 72.

A plurality of B-blades 75 and a B-side plate 73 are
provided on the other side of the main plate 71. The out-
er diameter of the B-blades 75 is equal to the outer di-
ameter of the B-side plate 73, and the outer diameters
of the B-blades 75 and the B-side plate 73 are smaller
than the outer diameter of the main plate 71. The span
of the A-blades 74 is longer than that of the B-blades
75, that is, Bop > Bog in FIG. 13. Liner rings 76 and 77
are provided around the A-side plate 72 and the B-side
plate 73 with a slight dearance, respectively.

The A-side plate 72, the A-blades 74 and the main
plate 71 jointly constitute an impeller element A, and the
B-side plate 73, the B-blades 75 and the main plate 71
jointly constitute an impeller element B. In this specifi-
cation, an impeller element is defined as a rotating ele-
ment for imparting energy to a fluid to be pumped. The
outer diameter Dy, of the impeller element A is larger
than the outer diameter D,g of the impeller element B,
that is, Dop > Dog in FIG. 13. Further, the diameter D5
of suction port of the impeller element A is larger than
the diameter D, of the suction port of the impeller ele-
ment B, that is, Dy 5 > Dgin FIG. 13. Inthis embodiment,
the main plate 71, the A-blades 74, the B-blades 75, the
A-side plate 72 and the B-side plate 73 are manufac-
tured by press working, and the double-suction impeller
70 is manufactured by welding such components.

In this embodiment, the exit angle of the A-blades
74 is different from that of the B-blades 75 or the number
of the A-blades 74 is different from the number of the B-
blades 75 so that shutoff head (no-discharge head) of
the impeller element A is equivalent to that of the impel-
ler element B. This is because if the shutoff head of the
impeller elemnts A and B is different from each other,
backflow from the impeller element A to the impeller el-
ement B or vice versa occurs due to unbalanced pres-
sure at an operating point of small flow rate.

With the above structure, the performance charac-
teristics of the impeller elements A and B are different
from each other. FIGS. 14A, 14B and 14C show per-
formance curves of the impeller elements A and B. FIG.
14A shows the relationship between capacity or flow
rate (Q) and head (H), FIG. 14B shows the relationship
between capacity (Q) and power (P), and FIG. 14C
shows the relationship between capacity (Q) and effi-
ciency (n). In FIGS. 14A, 14B and 14C, the impeller el-
ement A represents a characteristic curves (2), and the
impeller element B represents characteristic curves (1).
Therefore, in the double-suction pump comprising the
impeller element A and the impeller element B, the ca-
pacity or flow rate (Q) and the power (P) are obtained
by simply adding the capacity and the power of the im-
peller element A to the capacity and the power of the
impeller element B, respectively, at the same head.
Thus, the relationship between the capacity and the
power of the double-suction pump is represented by
characteristic curves (3) in FIGS. 14A and 14B. The
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characteristic curves of a conventional double-suction
pump are represented by curves (4) in FIGS. 14A, 14B
and 14C.

On the other hand, the efficiency (1) of the impeller
element B is higher than the efficiency of the impeller
element A at small flow rate and high head, and is lower
than the efficiency of the impeller element A at large flow
rate and low head. Further, the maximum efficiency of
the impeller element A is higher than that of the impeller
element B. In this case, the efficiency of the double-suc-
tion pump comprising the impeller element A and the
impeller element B is obtained by weighted mean of ef-
ficiencies of the impeller elements A and B. As a result,
the efficiency characteristic curve of the double-suction
pump has such a tendency that the maximum efficiency
is relatively low and the change of efficiency is small
over the entire capacity. Therefore, the efficiency char-
acteristic curve represents a gently-sloping tendency.

Further, a thrust applied to the impeller is obtained
by subtracting area of the suction port from area of the
main plate and then multiplying the resultant value by
pressure. In FIG. 13, the thrust F acting on the impeller
element A and the thrust Fg acting on the impeller ele-
ment B are expressed by the following formulas.

2

F o = (1/4) {(Dpp>-D )} X P

Fg = (1/4) {(Dpp°>-D 5 )} X P

Since the relationship between the diameter D, 5 of
the suction port and the diameter D, g of the suction port
is expressed as Dy, > D, the thrust acting on the entire
impeller is expressed by the following formula.
2

)

2
The total thrust = F5-F, = (n/4) {(D4p -Dyg )} X P

Therefore, the thrust acts in one fixed direction. The
absolute value of the thrust is not so large because the
thrust is generated by the diameter difference of suction
ports of the impeller elements A and B. Accordingly, the
thrust bearing does not need a large load capacity.

In the embodiment of FIG. 13, the two impeller ele-
ments A and B have various different factors including
Dop, Dog; D1a D1g; Boa, Bog from each other, but do not
need to make all factors different from each other. As a
simple method, improvement of efficiency characteristic
curve is obtainable only by Dys = Dog, Dy5 > Dyg and
Bop > Bog @s shown in FIG. 15.

Next, an example in which two impeller elements
are separated into two single-suction impellers and a
double-suction pump is constructed using a set of two
single-suction impellers will be described below with ref-
erenced FIGS. 16Aand 16B. FIGS. 16Aand 16B shows
impellers which are incorporated in the full-circumferen-
tial flow double-suction pump in FIG. 1. Single-suction
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impellers 3A and 3B constitute a set of two impeller el-
ements, and single-suction impellers 4A and 4B consti-
tute a set of two impeller elements. The impellers 3A
and 4A have the same capacity-head (Q-H) character-
istics with each other, the impellers 3B and 4B have the
same capacity-head (Q-H) characteristics with each
other, and the impellers 3A and 4A have a different ca-
pacity-head (Q-H) characteristics from the impellers 3B
and 4B. In an example in FIG. 16A, the impeller 3A (or
4A) has the same factors as the impeller element A in
FIG. 13, and the impeller 3B (or 4B) has the same fac-
tors as the impeller element B in FIG. 13. In an example
in FIG. 16B, the impeller 3A (or 4A) has the same factors
as the impeller element A in FIG. 15, and the impeller
3B (or 4B) has the same factors as the impeller element
Bin FIG. 15. Thatis, in examples in FIGS. 16A and 16B,
the two impeller elements A and B of FIGS. 13 and 15
correspond to the single-suction impellers 3A and 3B;
4A and 4B, respectively, and the two-stage double-suc-
tion pump is constructed using two sets of single-stage
double-suction impellers 3A and 3B; 4A and 4B.

According to the embodiment of FIGS. 16A and
16B, the characteristic curves shown in FIGS. 14A, 14B
and 14C are obtainable by preparing two kinds of single-
suction impellers which have different capacity-head
characteristics from each other. As a result, the embod-
iment of FIGS. 16A and 16B has the same result as the
embodiment of FIGS. 13 and 15. In this case, existing
single-suction impellers can be used, therefore, a multi-
stage double-suction pump can be easily manufactured.

According to the embodiments in FIGS. 12 through
16, two impeller elements having different capacity-
head characteristics from each other are provided in a
parallel arrangement, and one of the impeller elements
has a flow rate range of a relatively large flow rate and
the other of the impeller elements has a flow rate range
of arelatively small flow rate. Therefore, the double-suc-
tion pump has a gently-sloping efficiency characteristic
curve. Even if an operating point of the pump is
changed, efficiency is not so changed and can be main-
tained at a certain level.

Further, according to the embodiments in FIGS. 12
through 16, since the thrust acts in one fixed direction,
the thrust bearings can be designed so as to receive the
thrust from one fixed direction. Further, vibration of the
shaft can be prevented, resulting in solving the problem
of noise.

Although certain preferred embodiments of the
present invention has been shown and described in de-
tail, it should be understood that various changes and
modifications may be made therein without departing
from the scope of the appended claims.

It should be noted that the objects and advantages
of the invention may be attained by means of any com-
patible combination(s) particularly pointed out in the
items of the following summary of the invention and the
appended claims.
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Claims

1.

A full-circumferential flow pump comprising:

a motor (1) having a stator(28), a rotor(29)
mounted on a shaft(2) and disposed in said sta-
tor for rotation relative to said stator and an out-
er frame casing(25) enclosing said stator;

an outer cylindrical pump casing(5) disposed
around said outer frame casing with an annular
space(40) defined therebetween, said outer cy-
lindrical pump casing having a suction window
(5a, 5b) for introducing a fluid therethrough;

a pump assembly(3A, 3B, 4A, 4B) mounted on
an end of said shaft for pumping a fluid into said
annular space; and

a suction case (10) mounted on an outer cir-
cumferential surface of said outer cylindrical
pump casing and having a suction port (11a)
defined therein for introducing a fluid into said
pump assembly through said suction opening,
through said suction window, and then through
a suction opening (15¢, 16¢) provided axially
adjacent said pump assembly.

A full-circumferential flow pump according to claim
1, further comprising a partition wall (15, 16) dis-
posed in said outer cylindrical pump casing and di-
viding the interior space of said outer cylindrical
pump casing into a suction pressure side commu-
nicating with said suction window and a discharge
pressure side communicating with said annular
space.

A full-circumferential flow pump according to claim
2, further comprising a resilient seal member (17)
interbetween an inner circumferential surface of
said outer cylindrical pump casing and an outer cir-
cumferential surface of said partition wall.

A full-circumferential flow pump according to claim
3, further comprising a stopper (52) mounted on the
outer circumferential surface of said partition wall
for preventing said seal member from being de-
tached.

A full-circumferential flow pump according to claim
1, wherein said outer cylindrical pump casing has
at least one bar (51) extending axially over said suc-
tion window.

A full-circumferential flow pump according to claim
1, wherein said outer cylindrical pump casing (5)
has an enlarged portion (5d) positioned in said suc-
tion pressure side.

A full-circumferential flow pump according to claim
1, wherein said suction window (5a, 5b) has a cir-
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cumferential width (W) substantially equal to a
width (W,) of said suction case for preventing air
from being trapped in said suction case.

A full-circumferential flow pump according to claim
1, further comprising a cover (6, 7) detachably
mounted on an axial end of said outer cylindrical
pump casing.

A full-circumferential flow pump according to claim
8, further comprising a plug (56) removably mount-
ed on said cover for confirming manual rotatability
of said shaft when removed.

A full-circumferential flow pump according to claim
8, further comprising a frequency converter (54)
mounted on an outer surface of said cover.

A full-circumferential flow pump according to claim
1, wherein said outer cylindrical pump casing is
made of sheet metal, said outer cylindrical pump (5)
casing has a discharge opening (5¢) defined in an
outer circumferential wall thereof, further compris-
ing a discharge nozzle (57) sealingly welded to said
outer cylindrical pump casing in registry with said
discharge opening, a discharge flange (58) sealing-
ly welded to said discharge nozzle, and a reinforc-
ing member (59) welded to said discharge flange
and said outer circumferential wall of said outer cy-
lindrical pump casing.

A full-circumferential flow pump according to claim
11, wherein said outer circumferential wall of the
outer cylindrical pump casing (5) is surrounded by
said reinforcing member (59) and said suction case
(10).

A full-circumferential flow double-suction pump
comprising:

a motor (1) having a stator(28), a rotor(29)
mounted on a shaft(2) and disposed in said sta-
tor for rotation relative to said stator and an out-
er frame casing(25) enclosing said stator;

an outer cylindrical pump casing (5) disposed
around said outer frame casing with an annular
space (40) defined therebetween, said outer
cylindrical pump casing having a pair of suction
windows(5a, 5b) near the respective axial ends
and a discharge port(5¢c) defined therein in
communication with said annular space be-
tween said suction windows;

a pair of pump assemblies(3A, 3B, 4A, 4B)
mounted on respective opposite ends of said
shaft(2) for pumping a fluid into said annular
space; and

a suction case (10) mounted on an outer cir-
cumferential surface of said outer cylindrical
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pump casing having a suction port (11a) de-
fined therein for introducing a fluid through into
said pump assemblies through said suction
part, through said suction windows, and then
through suction openings (15¢, 16¢) provided
axially adjacent said pump assemblies.

A full-circumferential flow double-suction pump ac-
cording to claim 13, further comprising a partition
walls (15, 16) disposed in said outer cylindrical
pump casing and dividing the interior space of said
outer cylindrical pump casing into a suction pres-
sure side communicating with said suction window
and a discharge pressure side communicating with
said annular space.

A full-circumferential flow double-suction pump ac-
cording to claim 13, further comprising a pair of cov-
ers (6, 7) mounted on respective opposite ends of
said outer cylindrical pump casing and removable
for servicing the pump assemblies.

A full-circumferential flow double-suction pump ac-
cording to claim 13, further comprising a leg (48)
mounted on said outer cylindrical pump casing for
installation on a base (49).

A full-circumferential flow double-suction pump ac-
cording to claim 13, wherein each of said suction
windows (5a, 5b) has a circumferential width (W)
substantially equal to a width (W,) of said suction
case (10) for preventing air from being trapped in
said suction case.

A full-circumferential flow double-suction pump ac-
cordingto claim 13, wherein said motor (1) compris-
es a canned motor including bearing housings (31,
32) supported by said outer frame casing and bear-
ings (33, 34) supported on said bearing housings,
said shaft is rotatably supported by said bearings,
and said bearing housings are fixed to said outer
frame casing by socket-and-spigot joints and resil-
ient O-rings (37, 38).

A full-circumferential flow double-suction pump ac-
cording to claim 13, wherein said motor (1) is rotat-
able in a speed range of at least 4000 r.p.m.

A full-circumferential flow double-suction pump ac-
cording to claim 13, wherein each of said pump as-
semblies comprises at least one impeller (3A, 3B,
4A, 4B) having blades made of sheet metal.

A full-circumferential flow double-suction pump ac-
cording to claim 13, wherein said pump assemblies

have the same shut-off head but different flow rates.

A full-circumferential flow double-suction pump ac-
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cording to claim 13, wherein each of said pump as-
semblies comprises at least one impeller (3A, 3B,
4A, 4B) having blades and pump-out blades dis-
posed therebehind.

A full-circumferential flow double suction pump ac-
cording to claim 13, wherein each of said pump as-
semblies comprises a multistage impellers (3A, 3B,
4A, 4B), a partition wall (15, 16) disposed in said
outer cylindrical pump casing and dividing the inte-
rior space of said outer cylindrical pump casing into
a suction pressure side communicating with said
suction windows and a discharge pressure side
communicating with said annular space, an inner
casing (18A, 18B, 19A, 19B) disposed in said par-
tition wall in covering relation to the impellers of
each of the pump assemblies except for a final
stage impeller, and a return blode (18a) provided in
said inner casing for guiding a fluid from one of said
impellers to the next stage impeller.

A double-suction pump of claim 13 comprising:

a pump casing (5);

said motor (1) housed in said pump casing; and
a set of two impeller elements (3A, 3B, 4A, 4B)
fixed to respective ends of said shaft, the two
impeller elements (3A, 3B, 4A, 4B) having dif-
ferent capacity-head (Q-H) characteristics from
each other.

A double-suction pump according to claim 24,
wherein said two impeller elements (3A, 3B, 4A, 4B)
have a different outer diameter (Dyp), Dog) from
each other and a different diameter (D5, D4g) of
suction port from each other.

A double-suction pump according to claim 24,
wherein said two impeller elements (3A, 3B, 4A, 4B)
have the same outer diameter (D5, Dog) with each
other and a different diameter (D45, D4g) of suction
port from each other.

A double-suction pump according to claim 24,
wherein said two impeller elements (3A, 3B, 4A, 4B)
have a different span (B,a, Bog) of a blade from
each other.

A double-suction pump according to claim 24,
wherein said two impeller elements (3A, 3B, 4A, 4B)
have a different exit angle of a blade from each oth-
er.

A double-suction pump according to claim 24,
wherein said two impeller elements (3A, 3B, 4A, 4B)
have a plurality of blades, and the number of blades
of said impeller elements are different from each
other.
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Patentanspriiche

Voll-Umfangsstrébmungspumpe bzw. Seitenstré-
mungspumpe, die folgendes aufweist:

einen Motor (1) mit einem Stator (28), einen auf
einer Welle (2) angebrachten Rotor (29) und
zwar angeordnet in dem Stator zur Drehungbe-
ziglich des Stators und mit einem AuBenrah-
mengehause (25), welches den Stator um-
schlief3t;

ein &uBeres zylindrisches Pumpengehause (5)
angeordnet um das AuBenrahmengehause
herum und zwar mit einem dazwischen defi-
nierten Ringraum (40), wobei das &uBere zylin-
drische Pumpengehause ein Saugfenster (5a,
5b) zum Einflhren eines Stréomungsmittels da-
hindurch aufweist;

eine Pumpenanordnung (3A, 3B, 4A, 4B) an-
gebracht an einem Ende der Welle zum Pum-
pen eines Stréomungsmittels in den Ringraum;
und

ein Sauggehause (10) angebracht an einer Au-
Benumfangsoberflache des auBeren zylindri-
schen Pumpengehduses und mit einem Saug-
anschluf (lla) definiert darinnen zum Einfihren
eines Stromungsmittels in die Pumpenanord-
nung durch die Saugéfinung, durch das Saug-
fenster und dann durch eine Saugéffnung (15c¢,
16¢), die axial benachbart zur Pumpenanord-
nung vorgesehen ist.

Seitenstrdbmungspumpe nach Anspruch 1, wobei
ferner eine Unterteilungswand (15, 16) vorgesehen
ist und zwar angeordnet in dem &auBeren zylindri-
schen Pumpengeh&use und den Innenraum des
auBeren zylindrischen Pumpengehauses in eine
Saugdruckseite und eine Abgabedruckseite unter-
teilend, wobei die Saugdruckseite mit dem Saug-
fenster in Verbindung steht, und wobei die Abgabe-
druckseite mit dem erwahnten Ringraum in Verbin-
dung steht.

Seitenstrdbmungspumpe nach Anspruch 2, wobei
ferner ein elastisches Dichtglied (17) zwischen ei-
ner Innenumfangsoberflache des duB3eren zylindri-
schen Pumpengeh&uses und einer AuBenum-
fangsoberflache der Unterteilungswand vorgese-
hen ist.

Seitenstrdbmungspumpe nach Anspruch 3, wobei
ferner ein Stopper (52) an der AuBBenumfangsober-
flache der Unterteilungswand angeordnet ist, um zu
verhindern, daf3 das Dichtglied entfernt wird.

Seitenstrdbmungspumpe nach Anspruch 1, wobei
das auBere zylindrische Pumpengeh&use minde-
stens eine Stange (51) aufweist, die sich axial tber
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das Saugfenster erstreckt.

Seitenstrdbmungspumpe nach Anspruch 1, wobei
das auBere zylindrische Pumpengehause (5) einen
vergréBerten Teil (5d) aufweist, und zwar positio-
niert in der Saugdruckseite.

Seitenstrdbmungspumpe nach Anspruch 1, wobei
das Saugfenster (5a, 5b) eine Umfangsbreite (W,)
aufweist, und zwar im wesentlichen gleich einer
Breite (W,) des Sauggehauses, um zu verhindern,
dafB Luftin dem erwahnten Sauggehause eingefan-
gen wird.

Seitenstrdbmungspumpe nach Anspruch 1, wobei
ferner eine Abdeckung (6, 7) ldsbar an einem Axi-
alende des &auBeren zylindrischen Pumpengehau-
ses angebracht ist.

Seitenstrdbmungspumpe nach Anspruch 8, wobei
ferner ein Stopfen (56) entfernbar an der Abdek-
kung angebracht ist, und zwar zur Bestatigung ei-
ner manuellen Verdrehbarkeit der Welle bei Entfer-
nung.

Seitenstrdbmungspumpe nach Anspruch 8, wobei
ferner ein Frequenzwandler (54) an der AuBBenober-
flache der Abdeckung angebracht ist.

Seitenstrdbmungspumpe nach Anspruch 1, wobei
das auBere zylindrische Pumpengehduse aus Me-
tallblech besteht, und wobei das auBere zylindri-
sche Pumpengehause (5) eine AuslaBdffnung (5¢)
definiert in einer AuBenumfangswand davon auf-
weist, und wobei ferner eine AuslaBdlse (57) ab-
dichtend an das &uBere zylindrische Pumpenge-
hause geschweif3t ist, und zwar in Ausrichtung mit
der AuslaBoéfinung, wobei ferner ein AuslaBflansch
(58) abdichtend an die AuslaBdise angeschweift
ist, und wobei ferner ein Verstarkungsglied (59) an
den AuslaBflansch und die AuBenumfangswand
des auBeren zylindrischen Pumpengehauses an-
geschweiBt ist.

Seitenstrdbmungspumpe nach Anspruch 11, wobei
die AuBenumfangswanddes auBeren zylindrischen
Pumpengehauses (5) von dem Verstarkungsglied
(59) und dem Sauggehause (10) umgeben ist.

Doppelt ansaugende Voll-Umfangsstrémungspum-
pe bzw. doppelt ansaugende Seitenstrébmungs-
pumpe, die folgendes aufweist:

einen einen Stator (28) aufweisenden Motor
(1),

einen an einer Welle (2) angebrachten Rotor
(29) und zwar angeordnet in dem Stator zur
Drehung relativ zum Stator und mit einem Au-
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14.

15.

16.

17.

22

Benrahmengehduse (25), welches den Stator
umschlieBt;

ein &uBeres zylindrisches Pumpengehause (5)
angeordnet um das AuBenrahmengehause
herum und zwar mit einem dazwischen defi-
nierten ringférmigen Raum (40), wobei das du-
Bere zylindrische Pumpengehause ein Paar
von Saugfenstern (5a, 5b) nahe den entspre-
chenden Axialenden aufweist und mit einem
AuslaBanschluB3 (5¢) definiert darinnen, und
zwar in Verbindung mit dem Ringraum zwi-
schen den Saugfenstern;

ein Paar von Pumpenanordnungen (3A, 3B,
4A, 4B) angebracht an entsprechenden entge-
gengesetzt liegenden Enden der Welle (2) zum
Pumpen eines Strémungsmittels in den Ring-
raum; und

ein Sauggehause (10) angebracht an einer Au-
Benumfangsoberflache des auBeren zylindri-
schen Pumpengehduses mit einem Saugan-
schluf3 (11a) definiert darinnen zur Einfihrung
eines Stromungsmittels in die Pumpenanord-
nungen durch den SauganschluB3, durch die
Saugfenster und sodann durch die Saugdff-
nung (15¢, 16¢), die axial benachbart zu den
Pumpenanordnungen vorgesehen sind.

Seitenstrébmungspumpe nach Anspruch 13, wobei
ferner eine Unterteilungswand (15, 16) vorgesehen
ist, und zwar angeordnet in dem auBeren zylindri-
schen Pumpengeh&use und den Innenraum des
auBeren zylindrischen Pumpengehauses in eine
Saugdruckseite und eine Abgabedruckseite unter-
teilend, wobei die Saugdruckseite mit dem Saug-
fenster in Verbindung steht, und wobei die Abgabe-
druckseite mit dem Ringraum in Verbindung steht.

Seitenstrébmungspumpe nach Anspruch 13, wobei
ferner ein Paar von Abdeckungen (6, 7) vorgesehen
ist, und zwar angebracht auf entsprechenden ent-
gegengesetzt liegenden Enden des auBeren zylin-
drischen Pumpengehauses und entfernbar zum
Warten der Pumpenanordnungen.

Seitenstrdbmungspumpe nach Anspruch 13 wobei
ferner ein Schenkel (48) an dem auBeren zylindri-
schen Pumpengeh&use angebracht ist, und zwar
zur Installation auf einer Basis (49).

Seitenstrébmungspumpe nach Anspruch 13, wobei
jedes der Saugfenster (5a, 5b) eine umfangsmagi-
ge Breite (W,) besitzt, und zwar im wesentlichen
gleich einer Breite (W,) des Sauggehéuses (10),
um zu verhindern, daf3 Luft in dem Sauggehause
eingefangen wird.

. Seitenstrdomungspumpe nach Anspruch 13, wobei

der Motor (1) einen gekapselten Motor aufweist,
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und zwar einschlie8lich Lagergehausen (31, 32)
getragen durch das AuBenrahmengehduse und La-
ger (33, 44) getragen an den Lagergehausen, wo-
beidie Welle drehbar in den Lagern gelagert ist, und
wobei die Lagergeh&use an dem AuBenrahmenge-
hause durch Sockel und Eingreifverbindungen und
elastische O-Ringe (37, 39) befestigt sind.

Seitenstrébmungspumpe nach Anspruch 13, wobei
der Motor (1) in einem Geschwindigkeitsbereich
von mindestens 4000 Umdrehungen pro Minute
drehbar ist.

Seitenstrébmungspumpe nach Anspruch 13, wobei
jede der Pumpenanordnungen mindestens ein
Laufrad (3A, 3B, 4A, 4B) aufweist und zwar mit
Schaufeln aus Metallblech.

Seitenstrébmungspumpe nach Anspruch 13, wobei
die Pumpenanordnungen den gleichen Abschalt-
druck aber unterschiedliche Strdmungsraten auf-
weisen.

Seitenstrébmungspumpe nach Anspruch 13, wobei
jede der Pumpenanordnungen mindestens ein
Laufrad (3A, 3B, 4A, 4B) aufweist und zwar mit
Schaufeln und dahinter angeordneten Heraus-
pumpschaufeln.

Seitenstrébmungspumpe nach Anspruch 13, wobei
jede der Pumpenanordnungen mehrstufige Laufra-
der (3A, 3B, 4A, 4B) aufweist, eine Unterteilungs-
wand (15, 16) angeordnet in dem &uBeren zylindri-
schen Pumpengeh&use und den Innenraum des
auBeren zylindrischen Pumpengehauses in eine
Saugdruckseite und eine Abgabedruckseite unter-
teilend, wobeidie Saugdruckseite mit den Saugfen-
stern in Verbindung steht, und wobei die Abgabe-
druckseite mit dem Ringraum in Verbindung steht,
und ferner mit einem Innengeh&use (18A, 18B,
19A, 19B) angeordnet in der Unterteilungswand in
abdeckender Beziehung zu den Laufradern jeder
der Pumpenanordnungen mit Ausnahme eines
Laufrades der letzten Stufe, und wobei ferner eine
Ruckfihrschaufel (18a) in dem Innengeh&use vor-
gesehen ist, um ein Strémungsmittel von einem der
erwahnten Laufréder zu dem Laufrad der n&chsten
Stufe zu leiten.

Seitenstrébmungspumpe nach Anspruch 13, wobei
folgendes vorgesehen ist:

ein Pumpengehause (5);

wobei der Motor (1) in dem Pumpengehause
untergebracht ist; und

wobei ein Satz von zwei Laufradelementen
(3A, 3B, 4A, 4B) anden entsprechenden Enden
der Welle befestigt ist, und wobei zwei Laufrad-
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25.

26.

27.

28.

29.

24

elemente (3A, 3B, 4A, 4B) unterschiedliche Ka-
pazitatsdruck-(Q-H)-Charakteristiken vonein-
ander haben.

Seitenstrébmungspumpe nach Anspruch 24, wobei
die zwei Laufradelemente (3A, 3B, 4A, 4B) einen
unterschiedlichen AuBendurchmesser (Dop, Dog)
voneinander besitzen, und einen unterschiedlichen
Durchmesser (D45, Dqg) des Sauganschlusses
voneinander.

Seitenstrébmungspumpe nach Anspruch 24, wobei
die zweiLaufradelemente (3A, 3B, 4A, 4B) den glei-
chen AuBendurchmesser (Dop, Dog) miteinander
besitzen, und einen unterschiedlichen Durchmes-
ser (D45, Dqg) des Sauganschlusses voneinander.

Seitenstrébmungspumpe nach Anspruch 24, wobei
die zwei Laufradelemente (3A, 3B, 4A, 4B) eine un-
terschiedliche Spanne (B,a, Bog) einer Schaufel
voneinander aufweisen.

Seitenstrébmungspumpe nach Anspruch 24, wobei
die zwei Laufradelemente (3A, 3B, 4A, 4B) einen
unterschiedlichen Austrittswinkel von einer Schau-
fel zur anderen aufweisen.

Seitenstrébmungspumpe nach Anspruch 24, wobei
die zwei Laufradelemente (3A, 3B, 4A, 4B) eine
Vielzahl von Schaufeln aufweisen, und wobei die
Anzahl der Schaufeln der Laufradelemente unter-
schiedlich voneinander ist.

Revendications

1.

Pompe & écoulement totalement circonférentiel,
comprenant :

un moteur (1) ayant un stator (28), un rotor (29)
monté sur un arbre (2) et disposé dans le stator
afin qu'il tourne par rapport au stator, et un car-
ter externe (25) de béti entourant le stator,

un carter cylindrique externe (5) de pompe pla-
cé autour du carter externe de bati avec un es-
pace annulaire (40) délimité entre eux, le carter
cylindrique externe de pompe ayant une fené-
tre d'aspiration (5a, 5b) pour l'introduction d'un
fluide,

un ensemble de pompe (3A, 3B, 4A, 4B) monté
sur une extrémité de l'arbre pour un pompage
de fluide dans I'espace annulaire, et

un carter (10) d'aspiration monté sur une sur-
face circonférentielle externe du carter cylindri-
que externe de pompe et ayant un canal d'as-
piration (lla) délimité pour lintroduction d'un
fluide dans I'ensemble de pompe par l'ouvertu-
re d'aspiration, par l'intermédiaire de la fenétre



10.

25

d'aspiration puis par une ouverture d'aspiration
(15¢c, 16¢) disposée axialement prés de l'en-
semble de pompe.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 1, comprenant en outre une pa-
roi (15, 16) formant cloison disposée dans le carter
cylindrique externe de pompe et divisant I'espace
interne de ce carter en un cbté a pression d'aspira-
tion communiquant avec la fenétre d'aspiration et
un cbté a pression de décharge communiquant
avec l'espace annulaire.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 2, comprenant en outre un or-
gane élastique d'étanchéité (17) placé entre la sur-
face circonférentielle interne du carter cylindrique
externe de pompe et une surface circonférentielle
externe de la paroi formant cloison.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 3, comprenant en outre un or-
gane d'arrét (52) monté sur la surface circonféren-
tielle externe de la paroi formant cloison pour em-
pécher l'organe d'étanchéité de se détacher.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 1, dans laquelle le carter cylin-
drique externe de pompe a au moins une barre (51)
s'étendant axialement & travers la fenétre d'aspira-
tion.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 1, dans laquelle le carter cylin-
drique externe (5) de pompe a une partie élargie
(5d) placée du cété de la pression d'aspiration.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 1, dans laquelle la fenétre d'as-
piration (5a, 5b) a une largeur circonférentielle (W)
pratiquement égale a la largeur (W) du carter d'as-
piration pour empécher le piégeage de l'air dans le
carter d'aspiration.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 1, comprenant en outre un cou-
vercle (6, 7) monté de fagon amovible sur une ex-
trémité externe du carter cylindrique externe de
pompe.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 8, comprenant en outre un bou-
chon (56) monté de fagon amovible sur le couvercle
pour confirmer les possibilités de rotation manuelle
de l'arbre lorsqu'il est retiré.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 8, comprenant en outre un con-
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11.

12.

13.

26

vertisseur de fréquence (54) monté & la surface ex-
terne du couvercle.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 1, dans laquelle le carter cylin-
drique externe de pompe est formé d'une feuille mé-
tallique, le carter cylindrique externe de pompe (5)
a une ouverture de décharge (5¢) délimitée dans sa
paroi circonférentielle externe, et la pompe com-
prend en outre une buse de décharge (57) soudée
de fagon étanche sur le carter cylindrique externe
de pompe en position alignée sur l'ouverture de dé-
charge, une bride de décharge (58) soudée de fa-
con étanche a la buse de décharge, et un organe
de renforcement (59) soudé sur la bride de déchar-
ge et la paroi circonférentielle externe du carter cy-
lindrique externe de pompe.

Pompe & écoulement totalement circonférentiel se-
lon la revendication 11, dans laquelle la paroi cir-
conférentielle externe du carter cylindrique externe
de pompe (5) est entourée par l'organe de renfor-
cement (59) et le carter d'aspiration (10).

Pompe & écoulement totalement circonférentiel a
double aspiration, comprenant :

un moteur (1) ayant un stator (28), un rotor (29)
monté sur un arbre (2) et disposé dans le stator
afin qu'il tourne par rapport au stator, et un car-
ter externe (25) de béti entourant le stator,

un carter cylindrique externe (5) de pompe pla-
cé autour du carter externe de bati avec un es-
pace annulaire (40) délimité entre eux, le carter
cylindrique externe de pompe ayant deux fené-
tres d'aspiration (5a, 5b) prés des extrémités
axiales respectives et un canal de décharge
(5c) délimité dans le carter, en communication
avec l'espace annulaire formé entre les fené-
tres d'aspiration,

deux ensembles de pompe (3A, 3B, 4A, 4B)
montés aux extrémités opposées respectives
de l'arbre (2) pour le pompage d'un fluide dans
I'espace annulaire, et

un carter d'aspiration (10) monté sur une sur-
face circonférentielle externe du carter cylindri-
que externe de pompe et ayant un canal d'as-
piration (11a) délimité dans le carter pour l'in-
troduction d'un fluide dans les ensembles de
pompe par l'intermédiaire du canal d'aspiration,
des fenétres d'aspiration puis des ouvertures
d'aspiration (15¢, 16¢) qui sont axialement ad-
jacentes aux ensembles de pompe.

14. Pompe a écoulement totalement circonférentiel a

double aspiration selon la revendication 13, com-
prenant en outre une paroi (15, 16) formant cloison
disposée dans le carter cylindrique externe de pom-
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pe et divisant I'espace interne du carter cylindrique
externe de pompe en un cbté a pression d'aspira-
tion communiquant avec la fenétre d'aspiration et
un cbté a pression de décharge communiquant
avec l'espace annulaire.

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, com-
prenant en outre une paire de couvercles (6, 7)
montées sur les exirémités opposées respectives
du carter cylindrique externe de pompe et qui peu-
vent &tre retirés pour I'entretien des ensembles de
pompe.

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, com-
prenant en outre un pied (48) monté sur le carter
cylindrique externe de pompe pour son installation
sur une base (49).

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, dans
laquelle chacune des fenétres d'aspiration (5a, 5b)
a une largeur circonférentielle (W) pratiquement
égale a la largeur (W) du carter d'aspiration (10)
pour empécher le piégeage de l'air dans le carter
d'aspiration.

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, dans
laquelle le moteur (1) comprend un moteur gainé
comprenant des boitiers (31, 32) de paliers suppor-
tés par le carter externe de béti et des paliers (33,
34) supportés par des boitiers de paliers, I'arbre est
supporté en rotation par les paliers, et les boitiers
de paliers sont fixés au carter externe de bati par
des joints & emboitement et des joints toriques élas-
tiques (37, 38).

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, dans
laquelle le moteur (1) peut étre entrainé en rotation
dans une plage de vitesses atteignant au moins 4
000 tr/min.

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, dans
laquelle chacun des ensembles de pompe com-
prend au moins une roue (3A, 3B, 4A, 4B) ayant
des pales formées d'une tle métallique.

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, dans
laquelle les ensembles de pompe ont la méme pres-
sion statique d'arrét mais des débits différents.

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, dans
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laquelle chacun des ensembles de pompe a au
moins une roue (3A, 3B, 4A, 4B) ayant des pales et
des pales d'extraction placées derriére les précé-
dentes.

Pompe & écoulement totalement circonférentiel a
double aspiration selon la revendication 13, dans
laquelle chacun des ensembles de pompe com-
prend des roues & plusieurs étages (3A, 3B, 4A,
4B), une paroi formant cloison (15, 16) disposée
dans le carter cylindrique externe de pompe et di-
visant I'espace interne du carter cylindrique externe
de pompe en un cbté a une pression d'aspiration
communiquant avec les fenétres d'aspiration et un
cbté a pression de décharge communiquant avec
I'espace annulaire, un carter interne (18A, 18B,
19A, 19B) placé dans la paroi formant cloison et re-
couvrant les roues de chacun des ensembles de
pompe a l'exception de la roue de I'étage final, et
une pale de retour (18a) placée dans le carter inter-
ne et destinée & guider un fluide de I'une des roues
vers la roue de |'étage suivant.

Pompe a double aspiration selon la revendication
13, comprenant :

un carter de pompe (5),

le moteur (1) logé dans le carter de pompe, et
un ensemble de deux éléments de roue (3A,
3B, 4A, 4B), fixé aux extrémités respectives de
l'arbre, les deux éléments de roue (3A, 3B, 4A,
4B) ayant des caractéristique capacité-pres-
sion statique (Q-H) qui sont différentes.

Pompe a double aspiration selon la revendication
24, dans laquelle les deux éléments de roues (3A,
3B, 4A, 4B) ont des diamétres externes différents
(Dop, Dop) I'un de l'autre et des diamétres différents
(D1a, D4g) du canal d'aspiration.

Pompe a double aspiration selon la revendication
24, dans laquelle les deux éléments de roue (3A,
3B, 4A, 4B) ont le méme diamétre externe (Dyp,
Dog) et des diamétres différents (D45, D1g) du canal
d'aspiration.

Pompe a double aspiration selon la revendication
24, dans laquelle les deux éléments de roue (3A,
3B, 4A, 4B) ont des portées (Bop, Bog) différentes
de pales.

Pompe a double aspiration selon la revendication
24, dans laquelle les deux éléments de roue (3A,
3B, 4A, 4B) ont des angles de sortie de pale diffé-
rents I'un de l'autre.

Pompe a double aspiration selon la revendication
24, dans laquelle les deux éléments de roue (3A,
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3B, 4A, 4B) ont plusieurs pales et les nombres de
pales des éléments de roue sont différents.
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(1) characteristic curve of impeller element A
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