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(57) A multistage centrifugal pump for conveying a
fluid is proposed, comprising a pump housing (2) with an
inlet (3) and an outlet (4) for the fluid, a first stage impeller
(5) and a second stage impeller (6) for conveying the
fluid from the inlet (3) to the outlet (4), and a shaft (7) for
rotating each impeller (5, 6) about an axial direction (A),
wherein each impeller (5, 6) is configured as a double
suction impeller (6), having a first suction side (S1), a
second suction side (S2) for receiving the fluid and a
discharge side (D) for discharging the fluid, wherein the

MULTISTAGE CENTRIFUGAL PUMP FOR CONVEYING A FLUID

discharge side (D) of the first stage impeller comprises
two separate exits, namely a first exit (20) for discharging
the fluid into a first crossover line (91), and a second exit
(30) for discharging the fluid into a second crossover line
(92), wherein the first crossover line (91) is in fluid com-
munication with the first suction side (S1) of the second
stage impeller (6), and the second crossover line (92) is
in fluid communication with the second suction side (S2)
of the second stage impeller (6).
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Description

[0001] The invention relates to a multistage centrifugal
pump for conveying a fluid in accordance with the pre-
amble of the independent claim.

[0002] Centrifugal pumps for conveying a fluid, for ex-
ample a liquid such as water, are used in many different
industries. Examples are the oil and gas industry, the
power generation industry, the chemical industry, the wa-
ter industry or the pulp and paper industry. Multistage
centrifugal pumps have at least two impellers and a shaft
for rotating the impellers. The impellers may be config-
ured for example as radial impellers or as axial or semi-
axial impellers or as helicoaxial impellers. Furthermore,
the impellers may be configured as open impellers or as
a closed impellers, where a shroud is provided on the
impeller, said shroud at least partially covering the vanes
of the impeller, or as a semi-open impeller.

[0003] Furthermore,itis known to configure animpeller
as a single suction impeller or as a double suction impel-
ler. In the case of a single suction impeller the fluid ap-
proaches the impeller only from one side, i.e. the impeller
has only one suction side. In the case of a double suction
impeller the fluid approaches the impeller from both
sides, i.e. the impeller has two suction sides. It is also
known to design centrifugal pumps with a combination
of single suction impeller(s) and double suctionimpellers.
[0004] In a multistage centrifugal pump a plurality of
impellers is mounted to the shaft in a torque proof man-
ner, wherein the impellers are arranged in series on the
shaft.

[0005] Many multistage centrifugal pumps are provid-
ed with at least one balancing arrangement for at least
partially balancing the axial thrust that is generated by
the impellers during operation of the pump. The balanc-
ing arrangement shall reduce the total axial thrust gen-
erated by the rotating impellers (hydraulic forces) and
acting on the axial bearing or the thrust bearing. The re-
sidual thrust needs to be absorbed by the bearing, whose
size, weight and cost is proportional to the magnitude of
said residual thrust, hence there is a need of reducing
the residual thrust as much as possible. Besides this,
high forces are associated with higher mechanical losses
that ultimately reduce the efficiency of the pump.
[0006] Itis known to balance the axial thrust to a good
extent by a proper disposition of the impellers, for exam-
ple by an back-to-back arrangement, whereby the thrust
generated by one impeller is at least partially compen-
sated by an equivalent but opposite force acting on an-
other impeller fitted symmetrically on the shaft.

[0007] Problems occur with this kind of balancing the
axial thrust for example in two stage pumps, when the
first stage impeller is configured as a double suction im-
peller because in such configurations the second stage
impelleris usually configured as a single suction impeller.
In such a combination of a double suction first stage im-
peller and a single suction second stage impeller the rotor
of the pump (comprising both impellers) is inherently un-
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balanced regarding the axial thrust, because the single
suction impeller of the second stage is unbalanced. This
asymmetry generates a considerable residual axial
thrust on the rotor, which should be reduced for example
by means of a balancing device such as a balance drum
or a center bush. However, such balance devices have
a negative impact on the efficiency of the pump. Another
means for handling the residual axial thrust is to provide
strong or properly sized bearings, which can absorb the
residual thrust. However, this measure, too, may have a
negative impact on the overall efficiency of the pump,
because of higher mechanical losses associated with
higher bearing loading.

[0008] Starting from this state of the art, it is therefore
an object of the invention to propose a multistage cen-
trifugal pump for conveying a fluid, providing a better bal-
ancing of the axial thrust and avoiding said drawbacks
of prior art embodiments.

[0009] The subject matter of the invention satisfying
this object is characterized by the features of the inde-
pendent claim.

[0010] Thus, according to the invention, a multistage
centrifugal pump for conveying a fluid is proposed, com-
prising a pump housing with an inlet and an outlet for the
fluid, a first stage impeller and a second stage impeller
for conveying the fluid from the inlet to the outlet, and a
shaft for rotating each impeller about an axial direction,
wherein each impeller is configured as a double suction
impeller, having afirst suction side, a second suction side
for receiving the fluid, and a discharge side for discharg-
ing the fluid, wherein the discharge side of the first stage
impeller comprises two separate exits, namely a first exit
for discharging the fluid into a first crossover line, and a
second exit for discharging the fluid into a second cross-
over line, wherein the first crossover line is in fluid com-
munication with the first suction side of the second stage
impeller, and the second crossover line is in fluid com-
munication with the second suction side of the second
stage impeller.

[0011] The configuration according to the invention en-
ables a fully symmetric design of the hydraulics of the
multistage pump, thus providing a balancing of the axial
thrust generated by the rotating impellers. At the dis-
charge side of the first stage impeller the fluid discharged
from the discharge side is divided by the two separate
exits. A part of the fluid flows through the first exit into
the first crossover line and is supplied to the first suction
side of the second stage impeller, and another part of
the fluid flows through the second exit into the second
crossover line and is supplied to the second suction side
of the second stage impeller.

[0012] This fully symmetric design results - at least ap-
proximately - to a complete balancing of the axial thrust
so that the residual thrust equals zero.

[0013] Preferably, the first crossover line and the sec-
ond crossover line are arranged within the pump housing.
Each crossover line may be configured as a channel, for
example as a channel delimited by the pump housing,
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wherein said channel guides the fluid from the discharge
side of the first stage impeller to the first or the second
suction side of the second stage impeller. Arranging the
crossover lines inside the pump housing has the advan-
tage that bulky and heavy external pipes may be avoided
which considerably reduces the weight of the pump and
also the manufacturing costs.

[0014] Accordingtoa preferred configuration the pump
has a first volute for guiding a first stream of the fluid from
the discharge side of the first stage impeller into the first
crossover line, and a second volute for guiding a second
stream of the fluid into the second crossover line. Since
the first and the second volute transform kinetic energy
of the fluid into pressure the efficiency of the pump is
enhanced.

[0015] In order to minimize the radial hydraulic force
acting on the first stage impeller it is preferred that the
first exit and the second exit are displaced by 180° with
respect to each other, when viewed in a circumferential
direction of the first stage impeller.

[0016] Furthermore itis a preferred design that the first
suction side of the first stage impeller is in fluid commu-
nication with the inlet by means of a first suction line, and
the second suction side of the first stage impeller is in
fluid communication with the inlet by means of a second
suction line, wherein the first suction line and the second
suction line are arranged within the pump housing. Each
suction line may be configured as a channel, for example
as a channel delimited by the pump housing, wherein
said channel guides the fluid entering through the inlet
to the first or the second suction side of the first stage
impellers.

[0017] According to a preferred embodiment the cen-
trifugal pump has exactly two impellers, namely the first
stage impeller and the second stage impeller. However,
it has to be noted that the centrifugal pump according to
the invention may also be configured with more than two
stages

[0018] Preferably the multistage centrifugal pump is
configured as a between-bearing pump.

[0019] Further advantageous measures and embodi-
ments of the invention will become apparent from the
dependent claims.

[0020] The invention will be explained in more detail
hereinafter with reference to an embodiment of the in-
vention and with reference to the drawings. There are
shown in a schematic representation:

Fig. 1:  a first embodiment of a multistage centrifugal
pump according to the invention, and

Fig. 2:  across-sectional view of the first stage impeller
in a section perpendicular to the axial direction.

[0021] Fig. 1 shows a schematic representation of an

embodiment of a multistage centrifugal pump according
to the invention, which is designated in its entity with ref-
erence numeral 1. The pump 1 is designed as a centrif-
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ugal pump for conveying a fluid, for example a liquid such
as water.

[0022] The multistage centrifugal pump 1 comprises a
pump housing 2 having an inlet 3 and an outlet 4 for the
fluid to be conveyed. The centrifugal pump 1 further com-
prises a first stage impellers 5 and second stage impeller
6, as well as a shaft 7 for rotating the impellers 5, 6 about
an axial direction A. The axial direction A is defined by
the axis of the shaft 7. Each impeller 5, 6 is mounted to
the shaft 7 in a torque proof manner. The shaft 7 has a
drive end 71, which may be connected to a drive unit (not
shown) for driving the rotation of the shaft 7 about the
axial direction A. The drive unit may comprise, for exam-
ple, an electric motor. The other end of the shaft 7 is
referred to as non-drive end 72.

[0023] In this embodiment the multistage centrifugal
pump 1 is configured as a two stage pump with the first
stage impeller 5 and the second stage impeller 6. In other
embodiments the multistage centrifugal pump according
to the invention may be configured with more than two
stages.

[0024] Both the first stage impeller 5 and the second
stage impeller 6 are configured as a double suction im-
peller, i.e. the fluid approaches the particular impeller 5
or 6 from both sides regarding the axial direction A. Thus,
both the first stage impeller 5 and the second stage im-
peller 6 have a first suction side S1 on the left side in Fig.
1 and a second suction side S2 at the right side in Fig.
1. In addition, each impeller 5 and 6 has a discharge side
D at the radially outer region of the particular impeller 5
or 6, where the fluid exits the impeller 5 or 6.

[0025] Generally speakingthe suction sides S1,S2 are
these sides where the eyes of the impellers 5 or 6 are
arranged, i.e. the sides, from which the fluid approaches
the impeller 5 or 6. The discharge side D is the side where
the fluid is discharged from the impeller 5 or 6.

[0026] The discharge side D of the second stage im-
peller 6 is in fluid communication with the outlet 4 of the
pump 1. The outflow of the fluid discharged through the
outlet 4 is indicated by the arrow O in Fig. 1. Each of the
suction sides S1 and S2 of the first stage impeller 5 is in
fluid communication with the inlet 3. A first suction line
81 constitutes the fluid communication between the inlet
3 and the first suction side S1 of the first stage impeller
5, and a second suction line 82 constitutes the fluid com-
munication between the inlet 3 and the second suction
side S2 of the first stage impeller 5. Each suction line 81,
82 may be configured as a channel which is delimited by
the pump housing 2 or an inlet housing (not shown) that
is part of the pump housing 2. The inflow | of the fluid to
be conveyed enters the pump housing 2 through the inlet
3 and is then divided in a first stream passing through
the first suction line 81 and a second stream passing
through the second suction line 82.

[0027] Forabetterunderstanding Fig.2 shows a cross-
sectional view of the first stage impeller 5in a section
perpendicular to the axial direction A.

[0028] The discharge side D of the first stage impeller
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5 comprises two separate exits, namely a first exit 20 and
a second exit 30. Through the first exit 20 a part of the
fluid is discharged into a first crossover line 91 (see Fig.
1). Through the second exit 30 a part of the fluid is dis-
charged into a second crossover line 92. The first cross-
over line 91 is connected to the first suction side S1 of
the second stage impeller 6 and the second crossover
line 92 is connected to the second suction side S2 of the
second stage impeller 6. Thus, during operation the flow
of the fluid leaving the discharge side D of the first stage
impeller5is divided in afirst stream leaving the discharge
side D of the first stage impeller 5 through the first exit
20 and a second stream leaving the discharge side D of
the first stage impeller 5 through the second exit 30. By
means of the first crossover line 91 the first stream is
guided to the first suction side S1 of the second stage
impeller 6. By means of the second crossover line 92 the
second stream is guided to the second suction side S2
of the second stage impeller 6.

[0029] Due to this symmetric arrangement the result-
ing axial thrust acting upon the pump shaft and the bear-
ing is at least considerably reduced.

[0030] The residual thrust generated by the first stage
impellers 5 is at least approximately zero due to the dou-
ble suction design. Since the second stage impeller 6 is
also configured as a double suction impeller 6 with the
first suction side S1 and the second suction side S2, the
residual axial thrust generated by the second stage im-
peller 6 is also at least approximately zero.

[0031] It has to be noted that each of the crossover
lines 91, 92 is preferably configured as an internal line
completely arranged inside the pump housing 2.

[0032] The centrifugal pump 1 comprises bearings (not
shown) on both ends of the shaft 7, namely at or near
the non-drive end 72 of the shaft, and near the drive end
71 of the shaft 7, i.e. the centrifugal pump 1 is designed
as a between-bearing pump.

[0033] During operation of the multistage pump 1 the
inflow | of the fluid enters the pump housing 2 through
the inlet 3 and is then divided into a part passing through
the first suction line 81 to the first suction side S1 of the
first stage impeller 5 and another part passing through
the second suction line 82 to the second suction side S2
of the first stage impeller 5.

[0034] Atthe discharge side D of the first stage impeller
5 the first stream is discharged through the first exit 20
in the first crossover line 91 and guided to the first suction
side S1 of the second stage impeller 6. The second
stream is discharged at the discharge side D of the first
stage impeller 5 through the second exit 30 in the second
crossover line 92 and guided to the second suction side
S2 of the second stage impeller 6. At the second stage
impeller 6 the first stream and the second stream are
reunited with each other and leave the pump 1 through
the outlet 4 as outflow O.

[0035] According to a preferred embodiment and as it
is shown in Fig. 2 the multistage pump 1 has a first volute
21 for guiding the first stream of the fluid from the dis-
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charge side D of the first stage impeller 5 into the first
crossover line 91, and a second volute 31 for guiding the
second stream of the fluid from the discharge side D of
thefirst stage impeller 5into the second crossover line 92.
[0036] Furthermore, in view of a very symmetric design
it is a preferred measure that the first exit 20 and the
second exit 30 are displaced by 180° with respect to each
other, when viewed in a circumferential direction of the
first stage impeller 5.

Claims

1. A multistage centrifugal pump for conveying a fluid,
comprising a pump housing (2) with an inlet (3) and
an outlet (4) for the fluid, a first stage impeller (5) and
a second stage impeller (6) for conveying the fluid
from the inlet (3) to the outlet (4), and a shaft (7) for
rotating each impeller (5, 6) about an axial direction
(A), wherein each impeller (5, 6) is configured as a
double suctionimpeller (6), having afirst suction side
(S1), a second suction side (S2) for receiving the
fluid and a discharge side (D) for discharging the
fluid, characterized in that the discharge side (D)
of the first stage impeller comprises two separate
exits, namely a first exit (20) for discharging the fluid
into a first crossover line (91), and a second exit (30)
for discharging the fluid into a second crossover line
(92), wherein the first crossover line (91) is in fluid
communication with the first suction side (S1) of the
second stage impeller (6), and the second crossover
line (92) is in fluid communication with the second
suction side (S2) of the second stage impeller (6).

2. A multistage centrifugal pump in accordance with
claim 1 ,wherein the first crossover line (91) and the
second crossover line (92) are arranged within the
pump housing (2).

3. A multistage centrifugal pump in accordance with
anyone of the preceding claims, having a first volute
(21) for guiding a first stream of the fluid from the
discharge side (D) of the first stage impeller (5) into
the first crossoverline (91), and a second volute (31)
for guiding a second stream of the fluid into the sec-
ond crossover line (92).

4. A multistage centrifugal pump in accordance with
anyone of the preceding claims, wherein the first exit
(20) and the second exit (30) are displaced by 180°
with respect to each other, when viewed in a circum-
ferential direction of the first stage impeller (5).

5. A multistage centrifugal pump in accordance with
anyone of the preceding claims, wherein the first suc-
tion side (S1) of the first stage impeller (5) is in fluid
communication with the inlet (3) by means of a first
suction line (81), wherein the second suction side
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(S2) of the first stage impeller (5) is in fluid commu-
nication with the inlet (3) by means of a second suc-
tion line (82), and wherein the first suction line (81)
and the second suction line (82) are arranged within
the pump housing (2). 5
A multistage centrifugal pump in accordance with
anyone of the preceding claims, having exactly two
impellers (5, 6), namely the first stage impeller (5)
and the second stage impeller (6). 10
A multistage centrifugal pump in accordance with

anyone of the preceding claims, configured as a be-

tween-bearing pump.
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