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(54) CENTRIFUGAL PUMP FOR CONVEYING A FLUID

(57) A centrifugal pump for conveying a fluid is pro-
posed, comprising a pump housing (2) with an inlet (3)
at a suction side (S) and an outlet (4) at a discharge side
(D), at least one impeller (5, 51) for conveying the fluid
from the inlet (3) to the outlet (4), a shaft (6) for rotating
the impeller (5, 51) about an axial direction (A), a first
sealing device (91) for sealing the shaft (6) at the suction
side (S), a second sealing device (92) for sealing the
shaft (6) at the discharge side (D), a balance drum (7)
fixedly connected to the shaft (6) and arranged between
the at least one impeller (5, 51) and the second sealing
device (92), wherein the balance drum (7) defines a front
side (71) facing the at least one impeller (5, 51) and a

back side (72) facing the second sealing device (92),
wherein a relief passage (73) is provided between the
balance drum (7) and a stationary part (21) configured
to be stationary with respect to the pump housing (2),
wherein the relief passage (73) extends from the front
side (71) to the back side (72), wherein a balance line
(10) is provided connecting the back side (72) with the
suction side (S), wherein a discharge opening (70) is ar-
ranged at the relief passage (73) between the front side
(71) and the back side (72), and wherein a connecting
line (40)is provided for connecting the discharge opening
(70) with the first sealing device (91).
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Description

[0001] The invention relates to a centrifugal pump for
conveying a fluid in accordance with the preamble 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. Centrifugal
pumps have at least one impeller and a shaft for rotating
the impeller. The at least one impeller may be configured
for example as a radial impeller or as an axial or semi-
axial impeller or as a helicoaxial impeller. Furthermore,
the impeller may be configured as an open impeller or
as a closed impeller, where a shroud is provided on the
impeller, said shroud at least partially covering the vanes
of the impeller.

[0003] A centrifugal pump may be designed as a single
stage pump having only one impeller mounted to the shaft
or as a multistage pump comprising a plurality of impel-
lers, wherein the impellers are arranged in series on the
shaft.

[0004] Many centrifugal pumps are provided with it at
least one balancing device for at least partially balancing
the axial thrust that is generated by the impeller(s) during
operation of the pump. The balancing device reduces the
axial thrust that is acting on the axial bearing or the thrust
bearing. The balancing device may comprise a balance
drum for at least partially balancing the axial thrust that
is generated by the rotating impellers. The balance drum
is fixedly connected to the shaft of the pump in a torque
proof manner. Usually, the balance drum is arranged at
the discharge side of the pump between the last stage
impeller and a shaft sealing device. The balance drum
defines a front side and a back side. The front side is the
side facing the last stage impeller. The back side is the
side facing the shaft sealing device. A relief passage is
provided between the balance drum and a stationary part
being stationary with respect to the pump housing. The
back side is usually connected to the suction side of the
pump by means of a balance line. During operation there
is aleakage flow through the relief passage from the front
side along the balance drum to the back side and from
there through the balance line to the suction side. At the
front side of the balance drum the high pressure or the
discharge pressure prevails, and at the back side essen-
tially the suction pressure prevails. The pressure differ-
ence between the front side and the back side results in
a axial force or an axial thrust which is directed in the
opposite direction as the axial thrust generated by the
rotating impeller(s). Thus, the axial thrust that has to be
carried by the axial or thrust bearing is at least consider-
ably reduced. Of course, the leakage flow along the bal-
ance drum results in a decrease of the hydraulic perform-
ance or efficiency of the pump. Therefore, the relief pas-
sage is configured such, that the leakage flow is as low
as possible but still sufficient for generating the axial
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thrust counteracting the axial thrust generated by the im-
peller(s).

[0005] A centrifugal pump has at least one shaft seal
device for sealing the shaft against a leakage of the fluid
along the shaft. In a so-called between-bearing design
the rotating shaft and all impellers are arranged between
two shaft sealing devices, which are typically arranged
next to the bearings at the drive end and at the non-drive
end of the shaft, respectively.

[0006] The sealing devices may be configured for ex-
ample as a mechanical seal. Typically, a mechanical seal
comprises a stator and a rotor. The rotor is connected in
a torque-proof manner with the shaft of the pump and
the stator is fixed with respect to the pump housing such
that the stator is secured against rotation. During rotation
of the shaft the rotor is in sliding contact with the stator
thus performing the sealing action. A liquid, e.g. the fluid
conveyed by the pump or any other lubricant is supplied
to the mechanical seal for generating a fluid film between
the stator and the rotor.

[0007] A sealing device such as a mechanical seal re-
quires cooling for removing the heat from the sealing de-
vice, as well as flushing to keep particles away from the
sealing elements. Therefore a certain flow is required for
cooling and flushing. It is a known measure that the flow
required to flush and to cool the sealing devices is ex-
tracted either at or near the outlet of the pump or at an
intermediate stage of the pump. This required flow for
flushing the sealing devices causes additional losses
which reduces the efficiency of the pump.

[0008] Nowadays in many applications the most effi-
cient use of the pump is strived for. It is desirable to have
the highest possible ratio of the power, especially the
hydraulic power, delivered by the pump to the power
needed for driving the pump. This desire is mainly based
upon an increased awareness of environment protection
and a responsible dealing with the available resources
as well as on the increasing costs of energy.

[0009] Itis therefore an object of the invention to pro-
pose a centrifugal pump for conveying a fluid, having a
high efficiency without a reduction in the operating safety
of the pump.

[0010] The subject matter of the invention satisfying
these objects is characterized by the features of the re-
spective independent claim.

[0011] Thus, according to the invention, a centrifugal
pump for conveying a fluid is proposed, comprising a
pump housing with an inlet at a suction side and an outlet
at a discharge side, at least one impeller for conveying
the fluid from the inlet to the outlet, a shaft for rotating
the impeller about an axial direction, afirst sealing device
for sealing the shaft at the suction side, a second sealing
device for sealing the shaft at the discharge side, a bal-
ance drum fixedly connected to the shaft and arranged
between the at least one impeller and the second sealing
device, wherein the balance drum defines a front side
facing the at least one impeller and a back side facing
the second sealing device, wherein a relief passage is
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provided between the balance drum and a stationary part
configured to be stationary with respect to the pump
housing, wherein the relief passage extends from the
front side to the back side, wherein a balance line is pro-
vided connecting the back side with the suction side,
wherein a discharge openingis arranged at the relief pas-
sage between the front side and the back side, and
wherein a connecting line is provided for connecting the
discharge opening with the first sealing device.

[0012] Thus, apartofthe flow passing through the relief
passage along the balance drum is guided away from
the relief passage through the connecting line to the first
sealing device and used for flushing and cooling the first
sealing device. Therefore, there is no need to extract an
additional flow of the fluid e.g. at the discharge side or at
an intermediate stage of the pump. This results in an
increase of the efficiency of the pump, because only the
unavoidable leakage flow through the relief passage is
used forflushing the first sealing device. There is no need
for an additional take-off of pressurized fluid in order to
flush the first sealing device.

[0013] At the first sealing device, or in the first seal
housing/chamber, respectively, a pressure prevails that
is at most slightly higher than the suction pressure at the
suction side of the pump. The pressure at the discharge
opening in the relief passage is considerably higher than
the suction pressure. Therefore the flow of fluid in the
connecting line is directed towards the first sealing device
and may be used for flushing the first sealing device.
[0014] Preferably, the connecting line comprises at
least one flow control element for controlling the flow
through the connecting line. This has the advantage that
the volumetric flow for flushing the first sealing device
may be adjusted. The flow control element may be, for
example, a valve or an orifice.

[0015] In order to make the pump even more efficient
it is preferred that the connecting line comprises a first
branch and a second branch, wherein the first branch is
connected with the first sealing device, and the second
branch is connected with the second sealing device.
Thus, the flow discharged fromthe relief passage through
the discharge opening and the connecting line is addi-
tionally used to also flush the second sealing device.
[0016] According to a preferred configuration, the first
branch comprises a first flow control element for control-
ling the flow through the first branch, and the second
branch comprises a second flow control element for con-
trolling the flow through the second branch. By this meas-
ure both the flow to the first sealing device and the flow
to the second sealing device can be controlled.

[0017] Furthermore, it is preferred that the connecting
line comprises a third branch, wherein the third branch
is connected to the suction side. The third branch may
be connected for example to the inlet of the pump or to
the balance line or to a suction tank being in fluid com-
munication with the inlet of the pump. By means of the
third branch the flow extracted from the relief passage
may be routed directly back to the suction side, i.e. with-
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out passing through one of the sealing devices, for ex-
ample if the extracted flow exceeds the required flow for
the sealing devices or if the pressure requires an adjust-
ment. The third branch is particularly advantageous to
adjust the leakage flow through the relief passage.
[0018] Preferably, the third branch comprises a third
flow control element for controlling the flow through the
third branch.

[0019] According to a preferred design at least one of
the flow control elements is configured as an adjustable
valve.

[0020] For many embodiments it is advantageous that
each flow control element is configured as an adjustable
valve.

[0021] Preferably, the first sealing device comprises a
mechanical seal.

[0022] Itis also preferred that the second sealing de-
vice comprises a mechanical seal.

[0023] According to a preferred embodiment the pump
is configured as a multistage pump having a plurality of
impellers, wherein the impellers are arranged one after
another on the shaft.

[0024] Furthermore,itis preferredthatthe pumpis con-
figured as a between-bearing pump.

[0025] In particular, the pump may be configured as a
barrel type pump comprising an outer barrel casing, in
which the pump housing is arranged.

[0026] Further advantageous measures and embodi-
ments of the invention will become apparent from the
dependent claims.

[0027] The invention will be explained in more detail
hereinafter with reference to embodiments of the inven-
tion and with reference to the drawings. There are shown
in a schematic representation:

a schematic cross-sectional view of an embod-
iment of a centrifugal pump according to the
invention, and

Fig. 1:

Fig. 2:  a cross-sectional view illustrating a configura-
tion of the balance drum and the connecting

line.

[0028] Fig. 1 shows a schematic cross-sectional view
of an embodiment of a centrifugal pump according to the
invention, which is designated in its entity with reference
numeral 1. The pump 1 is designed as a centrifugal pump
for conveying a fluid, for example a liquid such as water.
[0029] The centrifugal pump 1 comprises a pump
housing 2 having an inlet 3 and an outlet 4 for the fluid
to be conveyed. The inlet 3 is arranged at a suction side
S, where a suction pressure prevails, and the outlet 4 is
arranged at a discharge side D, where a discharge pres-
sure prevails. The suction pressure is also referred to as
low pressure, and the discharge pressure is also referred
to as high pressure. The centrifugal pump 1 further com-
prises at least one impeller 5, 51 for conveying the fluid
from the inlet 3 to the outlet 4 as indicated by the dashed
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arrows without reference numerals, as well as a shaft 6
for rotating each impeller 5, 51 about an axial direction
A. The axial direction A is defined by the axis of the shaft
6. Eachimpeller5, 51 is mounted to the shaft 6 in atorque
proof manner. The shaft 6 has a drive end 61, which may
be connected to a drive unit (not shown) for driving the
rotation of the shaft 6 about the axial direction. The drive
unit may comprise, for example, an electric motor. The
other end of the shaft 6 is referred to as non-drive end 62.
[0030] In the following description reference is made
by way of example to an embodiment, which is suited for
many applications, namely that the centrifugal pump 1 is
configured as a multistage pump 1 having a plurality of
impellers 5, 51, wherein the impellers 5, 51 are arranged
one after another on the shaft 6. The reference numeral
51 designates the last stage impeller 51, which is the
impeller 51 closest to the outlet 4. The last stage impeller
51 pressurizes the fluid to the discharge pressure. The
embodiment shown in Fig. 1 has nine stages, which has
to be understood exemplary. The plurality of impellers 5,
51 may be arranged in an in-line configuration as shown
in Fig. 1 or in a back-to-back configuration.

[0031] The multistage centrifugal pump 1 shown in Fig.
1 is designed as a horizontal pump, meaning that during
operation the shaft 6 is extending horizontally, i.e. the
axial direction A is perpendicular to the direction of grav-
ity. In particular, the centrifugal pump 1 shown in Fig. 1
may be designed as a horizontal barrel casing multistage
pump 1, i.e. as a double-casing pump. The multistage
pump 1 may be designed, for example, as a pump 1 of
the pump type BB5 according to API 610. When config-
ured as a BB5 type pump, the centrifugal pump 1 com-
prises an outer barrel casing 100, in which the pump
housing 2 is arranged.

[0032] It has to be understood that the invention is not
restricted to this type of centrifugal pump 1. In other em-
bodiments, the centrifugal pump may be configured with-
out an outer barrel casing, for example as a BB4 type
pump, or as an axially split multistage pump, oras a single
stage pump, or as a vertical pump, meaning that during
operation the shaft 6 is extending in the vertical direction,
which is the direction of gravity, or as any other type of
centrifugal pump.

[0033] The centrifugal pump 1 comprises bearings on
both sides of the plurality of impellers 5, 51 (with respect
to the axial direction A), i.e. the centrifugal pump 1 is
designed as a between-bearing pump. A firstradial bear-
ing 81, a second radial bearing 82 and an axial bearing
83 are provided for supporting the shaft 6. The first radial
bearing 81 is arranged adjacent to the drive end 61 of
the shaft 6. The second radial bearing 82 is arranged
adjacent or at the non-drive end 62 of the shaft 6. The
axial bearing 83 is arranged between the plurality of im-
pellers 5, 51 and the first radial bearing 81 adjacent to
the first radial bearing 81. The bearings 81, 82, 83 are
configured to support the shaft 6 both in the axial direction
A and in a radial direction, which is a direction perpen-
dicular to the axial direction A. The radial bearings 81
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and 82 are supporting the shaft 6 with respectto the radial
direction, and the axial bearing 83 is supporting the shaft
6 with respect to the axial direction A. The first radial
bearing 81 and the axial bearing 83 are arranged such
that the first radial bearing 81 is closer to the drive end
61 ofthe shaft 6. Of course, itis also possible to exchange
the position of the first radial bearing 81 and the axial
bearing 83, i.e. to arrange the first radial bearing 81 be-
tween the axial bearing 83 and the plurality of impellers
5, 51, so that the axial bearing 83 is closer to the drive
end 61 of the shaft 6.

[0034] A radial bearing, such as the first or the second
radial bearing 81 or 82 is also referred to as a "journal
bearing" and an axial bearing, such as the axial bearing
83, is also referred to as an "thrust bearing". The first
radial bearing 81 and the axial bearing 83 may be con-
figured as separate bearings as shown in Fig. 1, butitis
also possible that the first radial bearing 81 and the axial
bearing 83 are configured as a single combined radial
and axial bearing supporting the shaft both in radial and
in axial direction.

[0035] The second radial bearing 82 is supporting the
shaft 6 in radial direction. In the embodiment shown in
Fig. 1, there is no axial bearing provided at the non-drive
end 62 of the pump shaft 6. Of course, in other embod-
imentsitis also possible that an axial bearing for the shaft
6 is provided at the non-drive end 62. In embodiments,
where an axial bearing is provided at the non-drive end
62, a second axial bearing may be provided at the drive
end 61 or the drive end 61 may be configured without an
axial bearing.

[0036] The centrifugal pump 1 further comprises two
sealing devices, namely a first sealing device 91 for seal-
ing the shaft 6 at the suction side S and a second sealing
device 92 for sealing the shaft 6 at the discharge side D.
With respect to the axial direction A the first sealing de-
vice 91 is arranged between the plurality of impellers 5
an the second radial bearing 82, and the second sealing
device 92 is arranged between the last stage impeller 51
and the axial pump bearing 83. Both sealing devices 91,
92 seal the shaft 6 against a leakage of the fluid along
the shaft 6 e.g. into the environment. Furthermore, by
the sealing devices 91 and 92 the fluid may be prevented
from entering the bearings 81, 82, 83. Preferably each
sealing device 91, 92 comprises a mechanical seal. Me-
chanical seals are well-known in the art in many different
embodiments and therefore require no detailed explana-
tion. In principle, a mechanical seal is a seal for a rotating
shaft 6 and comprises a rotor fixed to the shaft 6 and
rotating with the shaft 6, as well as a stationary stator
fixed with respect to the pump housing 2. During opera-
tion the rotor and the stator are sliding along each other
- usually with a liquid as lubricant there between - for
providing a sealing action to prevent the fluid from es-
caping to the environment or entering the bearings 81,
82, 83. In many embodiments a separate bearing isolator
is provided which prevents liquids or solids to enter the
bearings 81, 82, 83. In such embodiments where sepa-
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rate bearing isolators are provided, the sealing devices
91, 92, e.g. the mechanical seals prevent the fluid from
leaking into the environment.

[0037] The centrifugal pump 1 further comprises a bal-
ance drum 7 for atleast partially balancing the axial thrust
that is generated by the impellers 5, 51 during operation
of the centrifugal pump 1. The balance drum 7 is fixedly
connected to the shaft 6 in a torque proof manner. The
balance drum 7 is arranged at the discharge side D be-
tween the last stage impeller 51 and the second sealing
device 92. The balance drum 7 defines a front side 71
and a back side 72. The front side 71 is the side facing
the last stage impeller 51. The back side 72 is the side
facing the second sealing device 92. The balance drum
7 is surrounded by a stationary part 21, so that a relief
passage 73 is formed between the radially outer surface
of the balance drum 7 and the stationary part 21. The
stationary part 21 is configured to be stationary with re-
spect to the pump housing 2. The relief passage 73 forms
an annular gap between the outer surface of the balance
drum 7 and the stationary part 21 and extends from the
front side 71 to the back side 72. The front side 71 is in
fluid communication with the outlet 4, so that the axial
surface of the balance drum 7 facing the front side 71 is
exposed essentially to the discharge pressure prevailing
at the outlet 4 during operation of the pump 1. Of course,
due to smaller pressure losses caused by the fluid com-
munication between the outlet 4 and the balance drum
7 the pressure prevailing at the axial surface of the bal-
ance drum 7 facing the front side 71 may be somewhat
smaller than the discharge pressure. However, the con-
siderably larger pressure drop takes place over the bal-
ance drum 7. At the back side 72 a chamber 74 is pro-
vided, which is connected by a balance line 10 with the
suction side S, e.g. with the inlet 3. The pressure in the
chamber 74 at the back side 72 is somewhat larger than
the suction pressure due to the pressure drop over the
balance line 10 but considerably smaller than the dis-
charge pressure.

[0038] Since the front side 71 is exposed essentially
to the discharge pressure at the outlet 4 a pressure drop
exists over the balance drum 7 resulting in a force that
is directed to the right side according to the representa-
tion in Fig. 1 and therewith counteracts the axial thrust
generated by the impellers 5, 51 during operation of the
pump 1.

[0039] The balance line 10 is provided for recirculating
the fluid from the chamber 74 at the back side 72 to the
suction side S. A part of the pressurized fluid passes from
the front side 71 through the relief passage 73 to the back
side 72, enters the balance line 10 and is recirculated to
the suction side S of the centrifugal pump 1. The balance
line 10 constitutes a flow connection between the back
side 72 and the suction side S at the pump inlet 3. The
balance line 10 may be arranged - as shown in Fig. 1 -
outside the pump housing 2 and inside the barrel casing
100. In other embodiments the balance line 10 may be
designed as internal line completely extending within the
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pump housing 2. In still other embodiments the balance
line may be arranged outside the barrel casing 100.
[0040] According tothe invention, a discharge opening
70 is arranged at the relief passage 73 between the front
side 71 and the back side 72 and a connecting line 40 is
provided for connecting the discharge opening 70 with
the first sealing device 91. Thus, a part of the flow passing
through the relief passage 73 enters the connecting line
40 through the discharge opening 70 and is guided to
the first sealing device 91 for flushing and cooling the
first sealing device 91. Due to the location of the dis-
charge opening 70 between the front side 71 and the
back side 72 the pressure at the discharge opening 70
is an intermediate pressure, which is smaller than the
discharge pressure at the outlet 4 of the pump 1 and
larger than the pressure in the chamber 74 at the back
side 72 that is a bit larger than the suction pressure at
the suction side S of the centrifugal pump 1. The pressure
in the first sealing device 91, e.g. the pressure in the
sealing chamber of the mechanical seal, is at most slight-
ly higher than the suction pressure, so that this pressure
in the first sealing device 91 is considerably lower than
the intermediate pressure prevailing at the discharge
opening 70. Thus, the flow discharged through the con-
necting line 40 can be used for flushing the first sealing
device 91 in order to cool the first sealing device 91 down
and to keep particles away from the sealing elements of
the first sealing device 91. During operation of the cen-
trifugal pump 1 a volume of the pumped fluid is constantly
extracted from the relief passage 72, guided through the
connecting line 40 and injected into the first sealing de-
vice 91 for flushing. Consequently, there is no need to
extract pressurized fluid at any other location e.g. from
the outlet 4 or at an intermediate stage of the pump 1 for
flushing the first sealing device 91. Only a part of the
unavoidable leakage flow through the relief passage 73
along the balance drum 7 is used for flushing the first
sealing device 91. Therefore, the efficiency of the cen-
trifugal pump 1 is enhanced.

[0041] Referring now to Fig. 2 some preferred meas-
ures and variants are explained, each of which may be
realized in particular in the embodiment shown in Fig. 1.
Since it is sufficient for the understanding, in Fig. 2 only
one impeller is shown, which may be for example the
only impeller of a single stage pump or the last stage
impeller 51 of a multistage pump.

[0042] Fig. 2 shows a cross-sectional view illustrating
a configuration of the balance drum 7 and the connecting
line 40. The connecting line 40 as well as the balance
line 10 are at least partially represented as single lines
inFig. 2, wherein the direction of flow trough the particular
line isindicated by the arrows without reference numeral.
The Fluid flowing through the pump 1 is indicated by the
dashed arrows without reference numeral.

[0043] Preferably, the connecting line 40 comprises at
least one flow control element, namely a first flow control
element 45, for controlling the flow through the connect-
ing line 40 into the first sealing device 91. The first flow
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control element 45 may be designed as a throttle or as
a orifice or as a valve such as a flow control valve or any
other adjustable valve. With the first flow control element
45 the flushing volumetric flow injected into the first seal-
ing device 91 may be adjusted.

[0044] As a further advantageous measure the con-
necting line 40 may comprise a first branch 41 and a
second branch 42, wherein the first branch 41 is con-
nected with the first sealing device 91, and the second
branch 42 is connected with the second sealing device
92. If the first flow control element 45 is provided in this
design, the first flow control element 45 is arranged in
the first branch 41.

[0045] Flushingboth the first sealing device 91 and the
second sealing device 92 with the flow extracted from
the relief passage 73 through the discharge opening 70
still increases the efficiency of the centrifugal pump 1,
because there is no need to extract the flow for flushing
the second sealing device 92 at any other location of the
centrifugal pump than at the discharge opening 70 in the
relief passage 73. Since the second sealing device 92
faces the chamber 74 at the back side 72 of the balance
drum 7, the pressure at or in the second sealing device
92 is at most as high as the pressure at the back side
72, i.e. only slightly higher than the suction pressure.
Thus, the pressure in the second sealing device 92, e.g.
the pressure in the sealing chamber of the mechanical
seal of the second sealing device 92, is considerably low-
er than the intermediate pressure at the discharge open-
ing 70. Thus, the flow taken from the discharge opening
70 and guided through the connecting line 40 may be
injected into the second sealing device 92.

[0046] Preferably, the second branch 42 of the con-
necting line 40 comprises a second flow control element
46, for controlling the flow through the second branch 42
into the second sealing device 92. The second flow con-
trol element 46 may be designed as a throttle or as a
orifice or as a valve such as a flow control valve or any
other adjustable valve. With the second flow control el-
ement 46 the flushing volumetric flow injected into the
second sealing device 92 may be adjusted.

[0047] It is a further preferred measure that the con-
necting line 40 comprises a third branch 43, wherein the
third branch 43 is connected to the suction side S. Thus,
a part of the flow discharged from the relief passage 73
through the discharge opening 70 may be directly recir-
culated to the suction side S without passing through any
of the sealing devices 91, 92. The third branch 43 may
be connected for example to the inlet 3 of the centrifugal
pump 1 or to a tank, from which the fluid is supplied to
the inlet 3 of the centrifugal pump 1. Furthermore, it is
also possible, that the third branch 43 leads into the bal-
ance line 10.

[0048] Optionally, the third branch 43 of the connecting
line 40 comprises a third flow control element 47, for con-
trolling the flow through the third branch 43 leading to the
suction side S. The third flow control element 47 may be
designed as a throttle or as a orifice or as a valve such
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as a flow control valve or any other adjustable valve.
[0049] It has to be noted that the preferred measures,
in particular those explained referring to Fig. 2, do not
have to be realized all together. Each of the measures
may be realized independently from the other measures.
In addition, all combinations of specific measures may
be realized.

[0050] The centrifugal pump 1 renders possible to con-
trol and to adjust the balancing flow passing through the
relief passage 72 and the balance line 10, i.e. the flow
that is recirculated through the balance line 10 can be
adjusted. Said adjustment may be realized by regulating
the flow passing through the discharge opening 70 into
the connecting line 40. Thus, by controlling the flow
through the connecting line 40 the balance flow recircu-
lated to the suction side S can be adjusted. This is in
particular advantageous for such embodiments of the
centrifugal pump 1, that are designed for high to very
high discharge pressures and a low discharge flow.

Claims

1. A centrifugal pump for conveying a fluid, comprising
a pump housing (2) with an inlet (3) at a suction side
(S) and an outlet (4) at a discharge side (D), at least
one impeller (5, 51) for conveying the fluid from the
inlet (3) to the outlet (4), a shaft (6) for rotating the
impeller (5, 51) about an axial direction (A), a first
sealing device (91) for sealing the shaft (6) at the
suction side (S), a second sealing device (92) for
sealing the shaft (6) at the discharge side (D), a bal-
ance drum (7) fixedly connected to the shaft (6) and
arranged between the at least one impeller (5, 51)
and the second sealing device (92), wherein the bal-
ance drum (7) defines a front side (71) facing the at
least one impeller (5, 51) and a back side (72) facing
the second sealing device (92), wherein a relief pas-
sage (73) is provided between the balance drum (7)
and a stationary part (21) configured to be stationary
with respect to the pump housing (2), wherein the
relief passage (73) extends from the front side (71)
to the back side (72), and wherein a balance line (10)
is provided connecting the back side (72) with the
suction side (S), characterized in that a discharge
opening (70) is arranged at the relief passage (73)
between the front side (71) and the back side (72),
wherein a connecting line (40) is provided for con-
necting the discharge opening (70) with the first seal-
ing device (91).

2. A centrifugal pump in accordance with claim 1,
wherein the connecting line (40) comprises at least
one flow control element (45, 46, 47) for controlling
the flow through the connecting line (40).

3. Acentrifugal pump in accordance with anyone of the
preceding claims, wherein the connecting line (40)
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comprises a first branch (41) and a second branch
(42), wherein the first branch(41) is connected with
the first sealing device (91), and the second branch
(42) is connected with the second sealing device
(92).

A centrifugal pump in accordance with claim 3,
wherein the first branch (41) comprises a first flow
control element (45) for controlling the flow through
the first branch (41), and the second branch (42)
comprises a second flow control element (46) for
controlling the flow through the second branch (42).

A centrifugal pump in accordance with anyone of the
preceding claims, wherein the connecting line (40)
comprises a third branch (43), wherein the third
branch (43) is connected to the suction side (S).

A centrifugal pump in accordance with claim 5,
wherein the third branch (43) comprises a third flow
control element (47) for controlling the flow through
the third branch (43).

A centrifugal pump in accordance with anyone of
claims 2-6, wherein at least one of the flow control
elements (45, 46, 47) is configured as an adjustable
valve.

A centrifugal pump in accordance with anyone of
claims 2-7, wherein each flow control element (45,
46, 47) is configured as an adjustable valve.

A centrifugal pump in accordance with anyone of the
preceding claims, wherein the first sealing device
(91) comprises a mechanical seal.

A centrifugal pump in accordance with anyone of the
preceding claims, wherein the second sealing device
(92) comprises a mechanical seal.

A centrifugal pump in accordance with anyone of the
preceding claims, wherein the pump is configured
as a multistage pump having a plurality of impellers
(5, 51), wherein the impellers (5, 51) are arranged
one after another on the shaft (6).

A centrifugal pump in accordance with claim 11, con-
figured as a between-bearing pump.

A centrifugal pump in accordance with claim 11 or
claim 12, comprising an outer barrel casing (100), in
which the pump housing (2) is arranged.

10

15

20

25

30

35

40

45

50

55

12



EP 3 896 288 A1

‘m- i e
P Feepy—

g — i
| S
_‘WM‘W
«a-tﬂ”‘”w




EP 3 896 288 A1




10

15

20

25

30

35

40

45

50

55

EP 3 896 288 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 21 15 9213

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A EP 3 121 450 Al (SULZER MANAGEMENT AG 1-13 INV.
[CH]) 25 January 2017 (2017-01-25) FO4D29/041
* figures 1,4-6 * FO4D29/10
* claim 1 *
A DE 15 28 717 Al (HALBERGERHUETTE GMBH) 1
30 October 1969 (1969-10-30)
* figure 2 *
* page 10, paragraph 1 *
A EP 0 224 764 Al (SULZER AG [CH]) 1

10 June 1987 (1987-06-10)
* figure 1 *
* column 2, line 30 - column 3, line 33 *

TECHNICAL FIELDS
SEARCHED (IPC)

FO4D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 20 July 2021 Ingelbrecht, Peter

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

10




EP 3 896 288 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 21 15 9213

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-07-2021
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 3121450 Al 25-01-2017 AU 2016204438 Al 09-02-2017
BR 102016014783 A2 31-01-2017
CA 2935527 Al 23-01-2017
CN 106368977 A 01-02-2017
EP 3121450 Al 25-01-2017
KR 20170012022 A 02-02-2017
SG 10201605244Q A 27-02-2017
US 2017022997 Al 26-01-2017

DE 1528717 Al 30-10-1969  NONE

EP 0224764 Al 10-06-1987  CH 669241 A5 28-02-1989
EP 0224764 Al 10-06-1987
FI 864381 A 28-05-1987
Us 4892459 A 09-01-1990

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

1"




	bibliography
	abstract
	description
	claims
	drawings
	search report

