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(54) A BALANCING DRUM ASSEMBLY IN A CENTRIFUGAL PUMP AND METHOD OF OPERATING 
A BALANCING DRUM ASSEMBLY

(57) Invention relates to a balancing drum assembly
(10) in a centrifugal pump (100), wherein a shaft (14)
adapted rotatably supported to a housing (12,12’), a bal-
ancing drum (16) having a first axial end (16.1) which is
in fluid communication with a pressure channel (104) of
the centrifugal pump (100), and the balancing drum (16)
having a second axial end (16.2) which opposite to the
first axial end (16.1), the housing (12,12’) forming a space
(18) for balancing fluid which space (18) is at least partly
bordered by the second axial end (16.2) of the balancing
drum (16), an outlet (20) arranged to the housing (12,12’)
for the balancing fluid, a flow control system (23) ar-
ranged between the outlet (20) and the space (18), com-

prising a first fluid flow control element (24) attached with
the housing (12,12’) in the space (18) at a side of the
second axial end (16.2) of the balancing drum (16), the
first fluid flow control element (24) comprising a first flow
control surface (24’), which is co-axial with the shaft (14)
and the balancing drum (16), and a second fluid flow
control element (26) comprising a second flow control
surface (26’) arranged co-axial with the shaft (14) and
the balancing drum (16), attached to a rotatable part of
the balancing drum assembly (10), wherein the first flow
control surface (24’) and the second flow control surface
(26’) form an adaptive fluid constriction for the balancing
fluid discharged to the outlet (20).
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Description

Technical field

[0001] The present invention relates to a balancing
drum assembly in a centrifugal pump and a method of
operating a balancing drum assembly.

Background art

[0002] Centrifugal multi-phase centrifugal pumps are
provided with impeller wheels arranged into a housing
by means of a rotatably supported shaft. During the op-
eration of such centrifugal flow machines axial forces are
subjected to the shaft. Such axial forces can be mini-
mized by suitably designing the pump. Remaining forces
are transmitted to the housing via a thrust bearing. Bal-
ancing axial forces is particularly relevant to multi-stage
centrifugal flow machine where each stage results in an
axial force component i.e. thrust to the system. The net
axial thrust of an impeller is the difference between forces
acting on back and front shrouds. There are number of
hydrodynamic effects that can alter these forces. For in-
stance, ring leakage or impeller axial positioning relative
to the volute or diffuser can alter the pressure distribution
between the impeller and sidewall gaps. Relatively small
changes in pressure are greatly magnified by the large
projected shroud surface areas. The result can be very
large shifts in axial thrust in either direction.
[0003] It is known as such to use a so called balancing
drum of minimizing the axial forces subjected to the bear-
ings. Balancing drum is a part connected to a drive shaft
of the machine, which drum has a cylindrical outer sur-
face parallel with a center axis of the shaft of the centrif-
ugal flow machine. The housing of the centrifugal flow
machine is provided with a cylindrical space for the bal-
ancing drum. There is a clearance gap arranged between
the balancing drum and the space in the housing. The
purpose of the gap is to provide a flow restriction provid-
ing a pressure difference over the balancing drum. How-
ever, the clearance gap makes it possible for the process
fluid to flow through the gap to some extent and therefore
the efficiency of the centrifugal flow machine is de-
creased. Thus, it is often so that using the balancing drum
cannot totally eliminate the need of a thrust bearing.
[0004] The balancing drum provides an axial force
which is based on hydraulic properties of the pump, di-
mensional proportions and prevailing operating point of
the pump. Production tolerances, number impeller
wheels and actual shape of pumps components cause
deviation from designed compensating force of the bal-
ance drum. Thus, actual residual axial force may be con-
siderably greater than the dimensioned one, which ef-
fects on dimensioning, lifetime and/or service interval of
bearings.
[0005] DE2043450A1 discloses an automatic axial
thrust compensation for centrifugal pump in which ad-
justable hole is arranged to its housing downstream a

balancing drum. The adjustable hole faces an end face
of the balancing drum.
[0006] EP2163767B1 discloses a balancing drum in
connection with a multiple-stage centrifugal pump where
the balancing drum is provided with a movable ring ele-
ment which provides minimum leakage flow through the
balancing drum.
[0007] Even if the solution offered by the prior art may
be operational as such it is an object of the invention is
to provide an assembly for a multi-stage pump in which
axial forces are compensated in an improved manner.

Disclosure of the Invention

[0008] Objects of the invention can be met substantial-
ly as is disclosed in the independent claims and in the
other claims describing more details of different embod-
iments of the invention.
[0009] A balancing drum assembly in a centrifugal
pump, comprises

- a shaft adapted rotatably supported to a housing,

- a balancing drum having a first axial end which is in
fluid communication with a pressure channel of the
centrifugal pump, and a second axial end which op-
posite to the first axial end,

- the housing forming a space for balancing fluid which
space is at least partly bordered by the second axial
end of the balancing drum,

- an outlet arranged to the housing for the balancing
fluid,

- a flow control system arranged between the outlet
and the space, comprising

- a first fluid flow control element attached with
the housing in the space at a side of the second
axial end of the balancing drum, the first fluid
flow control element comprising a first flow con-
trol surface, which is co-axial with the shaft and
the balancing drum,

- a second fluid flow control element comprising
a second flow control surface arranged co-axial
with the shaft and the balancing drum, attached
to a rotatable part of the balancing drum assem-
bly, wherein the first flow control surface and the
second flow control surface form an adaptive
fluid flow constriction for the balancing fluid dis-
charged to the outlet.

[0010] This way it is possible to set the flow control
arrangement having suitable initial fluid flow constriction
for a nominal position of the shaft. The initial fluid flow
constriction is set such that it, in practical circumstances,
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does not effect on the pressure at the side of the second
axial end of the balancing drum.
[0011] According to an embodiment of the invention
the second fluid flow control element is attached immov-
ably to a rotatable part of the balancing drum assembly.
[0012] According to an embodiment of the invention
the adaptive fluid constriction is formed by an open gap
between the first flow control surface and the second flow
control surface. The gap is maintained in adjustable man-
ner during the operation of the pump and the balancing
drum.
[0013] According to an embodiment of the invention
the first flow control surface and the second flow control
surface are arranged axially at a distance from each other
and radially overlapping each other.
[0014] According to an embodiment of the invention at
least one of the first flow control surface and the second
flow control sur-face is axially adjustable.
[0015] This way it is possible to adjust the flow control
arrangement after its assembly to have suitable initial
fluid flow constriction for a nominal position of the shaft.
The initial fluid flow constriction is set such that it, in prac-
tical circumstances, does not effect on the pressure at
the side of the second axial end of the balancing drum.
This makes it possible to compensate possible differenc-
es caused by manufacturing tolerances.
[0016] According to an embodiment of the invention
the housing is arranged to cover the second axial end of
the balancing drum and an end of the shaft, and the sec-
ond fluid flow control element is attached immovably to
the shaft, and the second control sur-face is arranged at
central axis of the shaft, and the first fluid flow control
element is arranged co-axial with the shaft, and the first
flow control surface is arranged opposite to the end of
the shaft, wherein the outlet opens into the space at a
center axis of the shaft.
[0017] According to an embodiment of the invention
the outlet comprising an axially adjustable first flow con-
trol surface, and wherein the first flow control surface and
the second flow control surface form an adaptive dis-
charge constriction for balancing fluid.
[0018] According to an embodiment of the invention
outlet comprises a tubular part coaxial with the shaft, the
tubular part having an axial through hole and its end face
forming the first flow control surface, tubular part extend-
ing axially from the housing into the space to the proximity
of the second flow control surface, and the tubular part
is attached to the housing in axially movable manner.
[0019] According to an embodiment of the invention
outlet comprises a tubular part, which comprises thread
at its outer surface and the housing comprises a mating
thread in an opening for the tubular part in the housing
such that the axial position of the tubular part is adjustable
by the threads.
[0020] According to an embodiment of the invention
the second fluid flow control element is attached immov-
ably to the balancing drum and having the second flow
control surface is circular, and the first fluid flow control

element is arranged the housing having its first flow con-
trol surface circular, having its diameter greater than the
diameter of the shaft and smaller than or equal to the
diameter of the balancing drum.
[0021] According to an embodiment of the invention
the second fluid flow control element is a sleeve arranged
co-axial with the shaft to the balancing drum at its first
axial end and the second flow control surface is arranged
to a second axial end of the sleeve.
[0022] According to an embodiment of the invention
the first fluid flow control element is a sleeve arranged
co-axial with the shaft to the housing at its first axial end
and the first flow control surface is arranged to a second
axial end of the sleeve.
[0023] According to an embodiment of the invention
the first fluid flow control element is an annular plate ar-
ranged to the housing, extending radially towards the
shaft from its radially outer end and the first flow control
surface is arranged to its radially inner end.
[0024] According to an embodiment of the invention
the first flow control surface and the second flow control
surface are circular.
[0025] According to an embodiment of the invention
the first flow control surface and the second flow control
surface are circular and they have equal diameters.
[0026] According to an embodiment of the invention
the shaft is arranged axially floating in respect to the
housing.
[0027] According to an embodiment of the invention
the axial play of the shaft is 0,5 - 2 mm.
[0028] According to an embodiment of the invention
the axial play of the shaft is provided with radial bearings
only.
[0029] Method of operating a balancing drum assem-
bly for a centrifugal pump comprising steps of

a) at non-operative stage

a1) setting the position of the shaft such that
shaft is axially positioned at predermined posi-
tion,

a2) setting, the axial position of the first flow con-
trol surface in respect to the second flow control
surface such that a gap re-mains therebetween,

b) at operative stage

b1) causing the axial position of the shaft to be
changing according to a balance between axial
forces created by one or more impellers of the
pump and created by the balancing drum,

b2) adjusting the balance of the axial forces by
axial distance be-tween the first and the second
flow control surfaces, such that
in case the force created by one or more impel-
lers is greater than the force created by the bal-
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ancing drum the axial distance between the first
and the second flow control surfaces increase,
and balancing drum produces greater axial
force, and
in case the force created by the balancing drum
is greater than the force created by one or more
impellers the axial distance between the first and
the second flow control surfaces decrease, and
balancing drum produces smaller axial force.

[0030] Invention provides a flow control system which
controls balance fluid flow based on axial position of the
shaft in respect to the housing. By means of the invention
it is possible to control the pressure difference over the
balance drum, and thus control of the balancing force is
proportional to the axial position of the shaft. This pro-
vides an effect that during normal operation the axial
force to the bearing is practically totally compensated.
[0031] According to an embodiment of the invention
the constriction of the flow control system is axially ad-
justable even after the assembling of the balancing drum
assembly by means of which it is possible to compensate
dimensional differences due to manufacturing tolerances
and/or wearing of the device.
[0032] The exemplary embodiments of the invention
presented in this patent application are not to be inter-
preted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise" is used in this
patent application as an open limitation that does not
exclude the existence of also unrecited features. The fea-
tures recited in depending claims are mutually freely
combinable unless otherwise explicitly stated. The novel
features which are considered as characteristic of the
invention are set forth in particular in the appended
claims.

Brief Description of Drawings

[0033] In the following, the invention will be described
with reference to the accompanying exemplary, sche-
matic drawings, in which

Figure 1 illustrates a balancing drum assembly ac-
cording to an embodiment of the invention,

Figure 2 illustrates a balancing drum assembly ac-
cording to another embodiment of the invention,

Figure 3 illustrates a balancing drum assembly ac-
cording to still another embodiment of the invention,

Figure 4 illustrates a balancing drum assembly ac-
cording to still another embodiment of the invention,

Figure 5 illustrates a balancing drum assembly ac-
cording to still another embodiment of the invention,
and

Figure 6 illustrates a balancing drum assembly ac-
cording to still another embodiment of the invention.

Detailed Description of Drawings

[0034] Figure 1 depicts schematically a multiphase
centrifugal pump 100. The multi-stage pump 100 itself is
not explained in more detailed manner. The pump has a
fluid inlet 102 and a fluid outlet 104 for the fluid to be
pumped. The pump has a shaft 14 and a housing 12.
The shaft is rotatable supported to the housing 12 by
means of suitable bearings (not shown) and it has a cent-
er axis A around which the shaft is rotatable. The bearings
comprise at least radial bearings. The pump may also be
provided with one or more axial thrust bearings, but the
need for axial thrust bearings is minimized, or in some
practical cases even eliminated, by means of the present
invention. The shaft is arranged axially floating in respect
to the housing so that the balancing drum assembly ac-
cording to the invention may operate as intended. Suit-
able axial play of the shaft in most practical applications
is 0,5 - 2 mm.
[0035] The pump in the figure has more than one im-
pellers 14.1 ... 14.n which are attached to the shaft 14.
The shaft may be driven by an electric motor M coupled
with the shaft directly or via a coupling. The pump 100 is
provided with a balancing drum assembly 10 according
to an embodiment of the invention for compensating axial
force created by the impellers to the shaft, in a manner
known as such. The balancing drum assembly 10 com-
prises a balancing drum 16 which is arranged to the shaft
14. The shaft 14 is common with the centrifugal pump
100 and the balancing drum 16. It can be said that the
shaft and the balancing drum 16 belong to the rotatable
parts of the balancing assembly 10 by their nature when
operating the pump. The balancing drum 16 is arranged
to a housing 12’ of the balancing drum assembly 10. Ad-
vantageously the centrifugal pump 100 and the balancing
drum assembly 10 have a common housing 12,12’ which
may be suitably constructed from separate parts.
[0036] The balancing drum 16 has a first axial end 16.1
which is in fluid communication with a pressure channel
103 at the outlet of the centrifugal pump 100, so the pres-
sure of the of the fluid in the pump is transmitted to first
axial end 16.1 of the balancing drum 16. The balancing
drum 16 has a second axial end 16.2. which opposite to
the first axial end 16.1 which is effected by a considerably
lower pressure than the pressure of the pressure of the
of the fluid transmitted to first axial end 16.1. The fluid
flow communication between the first and the second
axial ends is minimized by a gap 22 formed between the
balancing drum and the housing, or other suitable means.
[0037] The housing 12’ of the balancing drum and the
second axial ends 16.2 forms a space 18 for balancing
fluid, which space is at least partly bordered by the sec-
ond axial end 16.2 of the balancing drum. This way the
pressure difference and possible difference of projection
areas of the first axial end 16.1 and the second axial end
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16.2 defines the thrust compensating force created by
the balancing drum 16. Some amount of balancing fluid
leaks through the gap 22 between the balancing drum
16 and the housing 12’ and there is an outlet 20 arranged
to the housing 12’ for the balancing fluid. The outlet 20
is advantageously in flow communication with the fluid
inlet 102 of the pump 100. The thrust compensating force
which is created by the balancing drum 16 is dependent
on the pressure difference over the gap 22, or more par-
ticularly on the pressures which effects on the first axial
end 16.1 of the balancing drum 16 and on the second
axial end 16.2 of the balancing drum 16. The pressure,
together with the area creates the trust compensating
force to the axis 14. In order to control the thrust com-
pensating force practically automatically, the balancing
drum assembly is provided with a flow control system 23
which adjusts the pressure difference over the gap 22,
i.e. the pressure prevailing in the space 18. The pressure
effecting on the first axial end 16.1 of the balancing drum
is practically the outlet pressure of pump, and the pres-
sure in the space 18 is controlled by the flow control sys-
tem 23. The adjustment is based on the relative position
of the shaft 14 and the balancing drum 16 to the housing
12’. The effect of the balancing drum may be oversized
because the flow control system 23 adjusts the thrust
compensating force automatically while the pump is op-
erated.
[0038] The flow of balancing fluid out from the space
18 via the outlet 20 is controlled by the first and the second
fluid flow control elements 24, 26. Controlling of the flow
is accomplished such that the first fluid flow control ele-
ment 24 comprises a first flow control surface 24’ and
the second fluid flow control element 26 comprising a
second flow control surface 26’, which are arranged to
face each other. The control surfaces being coaxial with
the shaft and the balancing drum. The flow control sur-
faces 24’, 26’ are arranged radially at a distance from the
center axis A and they are radially overlapping each other
while being axially at a distance from each other. The
axial distance between the flow control surfaces 24’, 26’
changes constantly according to axial force balance of
the shaft 14. This way the flow control surfaces, and the
gap between them, form an adaptive fluid constriction for
the balancing fluid discharged to the outlet 20. The adap-
tive fluid constriction is responsive to the axial position
of the shaft 14 in respect to the housing 12’ and therefore
the adaptive fluid constriction is responsive to the axial
position of the second flow control surface 26’ to the first
flow control surface 24’. During the assembly work, the
first and the second fluid flow control elements 24, 26 are
initially positioned to axially suitable positions when the
shaft is correctly positioned axially, such that the gap
between the flow control surfaces has, in practical cir-
cumstances, only insignificant effect. The cross section-
al, circumferential flow area of the gap, at its initial size,
is substantially equal to the cross sectional area of the
annual gap between the balancing drum and the housing.
The gap between the flow control surfaces remains open

even if axial movement of the shaft (and the second fluid
flow control element 26) takes place during the operation.
[0039] In the embodiment shown in the figure 1 the
housing 12’ is arranged to cover the second axial end
16.2 of the balancing drum 16 and an end of the shaft
14. Here the second fluid flow control element 26 is at-
tached immovably to the end of the shaft 14, and the
second control surface is arranged at central axis of the
shaft. The second fluid flow control element 26 is radially
at the center of, and at the end of the shaft 14. It may be
an integral part i.e. machined thereto or a removably at-
tached, separate part at the end of the shaft 14.
[0040] The first fluid flow control element 24 is ar-
ranged to the housing co-axial with the shaft 14, and op-
posite to the second fluid flow control element 26 at the
end of the shaft 14. The outlet 20 is arranged to, and to
extend through, the first fluid flow control element 24 and
to open into the space at a center axis of the shaft via a
gap between the first control surface 24’ and the second
control surface 26’. The first control surface 24’ practically
is the rim part of the outlet 20. The outlet 20 comprises
in the figure 1 a tubular part which is coaxial with the shaft
14. The tubular part 20 has an axial through hole and its
inner end face forms the first flow control surface 24’.
The tubular part extends axially from the wall of the hous-
ing 12’ into the space 18 to the proximity of the second
flow control surface 26’.
[0041] The balancing drum assembly according the
figure 1, is advantageously operated by a method which
comprises steps of

a) at assembly stage, which is also a non-operating
stage

a1) setting the axial position of the shaft such
that the impellers are at designed and/or prede-
termined position. The position may be at the
middle of the total obtainable axial movement of
the shaft.

a2) setting the initial axial position of the first flow
control surface in respect to the second flow con-
trol surface such that a gap remains within the
range of predetermined play, which is accom-
plished by attaching the first flow control element
to suitable axial position to the housing and the
second flow control element to the rotatable part
of the assembly to suitable axial position,

b) at operative stage

b1) causing the axial position of the shaft to be
changing according to a balance between axial
forces created by one or more impellers of the
pump and created by the balancing drum,

b2) adjusting the balance of the axial forces by
axial distance between the first and the second
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flow control surfaces, such that

- in case the force created by one or more
impellers is greater than the force created
by the balancing drum the axial distance be-
tween the first and the second flow control
surfaces increase, and balancing drum pro-
duces greater axial force, and

- in case the force created by the balancing
drum is greater than the force created by
one or more impellers the axial distance be-
tween the first and the second flow control
surfaces decrease, and balancing drum
produces smaller axial force.

[0042] The axial position of the first flow control surface
in respect to the second flow control surface is set such
that a gap causes insignificant share of total pressure
losses in the flow path: pump 100 - balancing drum gap
22 - the flow control system 23 - outlet 20 - pump inlet 102.
[0043] Figure 2 shows with a balancing drum assembly
10 according to an embodiment of the invention for com-
pensating axial force created by the impellers to the shaft
of a multistage centrifugal pump 100. The balancing drum
assembly 10 is to a great extent similar to that shown in
the figure 1 having, however, its flow control system 23
different from that in the figure 1.
[0044] Similarly to the embodiment of the figure 1, also
in the balancing drum assembly 10 according the figure
2 the flow control system 23 adjusts the pressure differ-
ence over the gap 21 based on the relative position of
the shaft 14 and the balancing drum 16 to the housing
12’. In the figure 2 the flow control system 23 comprises
a sleeve 24 as the first fluid flow control element. The
sleeve is arranged co-axially with the shaft 14, and it is
attached to the housing 12’ from its first axial end. Re-
spectively a second axial end of the sleeve comprises
the first flow control surface 24’. The sleeve has a diam-
eter which is greater than the diameter of the shaft 14
and smaller than or equal to the diameter of the balancing
drum 16.
[0045] The second fluid flow control element 26 is also
a sleeve 26 which is attached immovably to the balancing
drum 16 at its second axial end 16.2. The second fluid
control element has a diameter which is greater than the
diameter of the shaft 14 and smaller than or equal to the
diameter of the balancing drum 16. The second flow con-
trol surface 26’ is arranged at an axial end of the sleeve
26 of the second fluid flow control element 26. Both the
first and the second fluid flow control surfaces are circular
and they have an equal diameter which is greater than
the diameter of the shaft 14 and smaller than or equal to
the diameter of the balancing drum 16.
[0046] Figure 3 shows with a balancing drum assembly
10 according to an embodiment of the invention for com-
pensating axial force created by the impellers to the shaft
of a multistage centrifugal pump 100. The balancing drum

assembly 10 is to a great extent similar to that shown in
the figures 1 - 2 having, however, its flow control system
23 different from that in the figures 1 to 2. Also in the
balancing drum assembly 10 according the figure 3 the
flow control system 23 adjusts the pressure difference
over the gap 22 based on the relative position of the shaft
14 and the balancing drum 16 to the housing 12’. In the
figure 3 the first fluid flow control element 24 is an annular
plate 24 arranged to the housing 12’. The annular plate
24 is extending radially towards the shaft 14 from its ra-
dially outer end, which is against and attached to the
inner wall of the housing 12’. The annular plate is ar-
ranged axially between the balancing drum 16 and the
axial end housing. The first flow control surface 24’ is
arranged to the radially inner end of the annular plate.
[0047] The second fluid flow control element 26 com-
prises also a radially extending plate 26 which is attached
immovably to the shaft 14 at its radially inner end and
the second flow control surface 26’ is arranged at an ra-
dially outer end of the plate. There is a short sleeve part
at the radial outer end of plate extending axially away
from the balancing drum 16. the end of the sleeve 26 of
the second fluid flow control element 26.
[0048] Both the first and the second fluid flow control
surfaces are circular and they have a diameter which is
greater than the diameter of the shaft 14 and smaller than
or equal to the diameter of the balancing drum 16. Prac-
tically in the figure 3 functions similarly to that shown in
the figure 2 but is only attached differently.
[0049] Figure 4 discloses an embodiment of the inven-
tion which is otherwise similar to the embodiment shown
in the figure 2 but where the flow control system 23 is not
at the end of the shaft 14. Here the shaft 14 extends
through the housing 12’ of the balancing drum. This way
the balancing drum may be arranged between stages of
the pump.
[0050] Figure 5 discloses an embodiment of the inven-
tion where the flow control system 23 comprises two stag-
es of flow control elements 26,24, and respectively flow
control surfaces 24’,26’. In addition to the flow control
system according to the figure 1 the figure 5 has a primary
flow control system 23 in connection with the balancing
drum. The balancing drum 16 acts as the second fluid
flow control element 26 and the first fluid flow control
element 24 is an annular plate 24 arranged to the housing
12’. The annular plate 24 is extending radially towards
the shaft 14 from its radially outer end, which is against
and attached to the inner wall of the housing 12’. The
annular plate is arranged axially adjacent to the balancing
drum 16 so as to form the control gap between the plate
and the balancing drum.
[0051] Figure 6 shows and embodiment of the inven-
tion which is further modified from the embodiment
shown in the figure 1. Therefore, the description of the
figure 1 is applicable to the embodiment shown in the
figure 6. However, in the figure 6 the flow control system
23 is different from that shown in the figure 1 in the fol-
lowing way. The flow control system 23 comprises a first
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fluid flow control element 24 which attached to the hous-
ing 12’ in axially adjustable manner, meaning that the
initial axial position of the first fluid flow control element
24, and thus also the first flow control surface 24’ in the
first fluid flow control element 24 is axially adjustable even
after the assembling of the balancing drum assembly.
The first fluid flow control element 24 is a tubular part,
which comprises thread at its outer surface. Respectively
the housing 14’ comprises a mating thread in an opening
for the tubular part in the housing such that the axial po-
sition of the tubular part is adjustable by the threads. The
position of the tubular part is advantageously locked in
respect to the housing such that it may not move during
the operation of the assembly. As a particular feature of
the figure 6, the first fluid flow control element 24 is axially
adjustable during operation of the balancing drum as-
sembly and the pump.
[0052] Optionally, as is shown in the figure 6, the as-
sembly may comprise a separate fitting part 30 via which
the first fluid flow control element 24 is coupled to the
housing 12’. Here the fitting part 30 is attached to the
housing 12’ by suitable means. It is also provided with
an opening for the tubular part provided with an inner
thread in the opening. Also in this embodiment, during
normal operation of the balance drum, the first fluid flow
control element 24 holds its position in relation to the
housing 12’, even if the position may be easily pre-ad-
justed.
[0053] The flow control system 23 comprises also a
second fluid flow control element 26 which coupled to
the shaft 14 or the balancing drum 16 in adjustable man-
ner. Also in this embodiment, during normal operation of
the balance drum, the second fluid flow control element
26 holds its position in relation to the shaft 14, even if the
position may be easily adjusted during standstill of the
pump. The second fluid flow control comprises a screw
section 32 which can be screwed to a hole 34 arranged
at an end of the shaft. The axial position of the second
fluid flow control element 26 can be pre-adjusted by po-
sitioning a suitable shim 36 to the screw section. Figure
6 is shown to illustrate that at least one of the first fluid
flow control element 24 and the second fluid flow control
element 26 is axially adjustable.
[0054] The balancing drum assembly for a centrifugal
pump according to figure 6, is advantageously operated
by a method which comprises steps of

a) at non-operative stage

a1) setting the axial position of the shaft such
that the impellers are at designed position,
where the impellers are at correct position for
operating the pump.

a2) setting the initial axial position of the first flow
control surface in respect to the second flow con-
trol surface such that a gap remains within the
range of predetermined play

b) at operative stage

b1) causing the axial position of the shaft to be
changing according to a balance between axial
forces created by one or more impellers of the
pump and created by the balancing drum,

b2) adjusting the balance of the axial forces by
axial distance between the first and the second
flow control surfaces, such that

- in case the force created by one or more
impellers is greater than the force created
by the balancing drum the axial distance be-
tween the first and the second flow control
surfaces increase, and balancing drum pro-
duces greater axial force, and

- in case the force created by the balancing
drum is greater than the force created by
one or more impellers the axial distance be-
tween the first and the second flow control
surfaces decrease, and balancing drum
produces smaller axial force.

[0055] The shaft is arranged axially floating having a
predetermined play such that the gap remains within the
range of predetermined play, in which cross sectional
flow area is 80-120% of cross sectional flow area of the
gap between the balancing drum and the housing, such
that the gap between the first flow control surface and
the second flow control surface does not cause substan-
tial pressure losses.
[0056] While the invention has been described herein
by way of examples in connection with what are, at
present, considered to be the most preferred embodi-
ments, it is to be understood that the invention is not
limited to the disclosed embodiments, but is intended to
cover various combinations or modifications of its fea-
tures, and several other applications included within the
scope of the invention, as defined in the appended
claims. The details mentioned in connection with any em-
bodiment above may be used in connection with another
embodiment when such combination is technically fea-
sible.

Claims

1. A balancing drum assembly (10) in a centrifugal
pump (100), wherein

- a shaft (14) adapted rotatably supported to a
housing (12,12’),
- a balancing drum (16) having a first axial end
(16.1) which is in fluid communication with a
pressure channel (104) of the centrifugal pump
(100), and

11 12 
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- the balancing drum (16) having a second axial
end (16.2) which opposite to the first axial end
(16.1),
- the housing (12,12’) forming a space (18) for
balancing fluid which space (18) is at least partly
bordered by the second axial end (16.2) of the
balancing drum (16),
- an outlet (20) arranged to the housing (12,12’)
for the balancing fluid,
- a flow control system (23) arranged between
the outlet (20) and the space (18), comprising

+ a first fluid flow control element (24) at-
tached with the housing (12,12’) in the
space (18) at a side of the second axial end
(16.2) of the balancing drum (16), the first
fluid flow control element (24) comprising a
first flow control surface (24’), which is co-
axial with the shaft (14) and the balancing
drum (16),
+ a second fluid flow control element (26)
comprising a second flow control surface
(26’) arranged co-axial with the shaft (14)
and the balancing drum (16), attached to a
rotatable part of the balancing drum assem-
bly (10), wherein the first flow control sur-
face (24’) and the second flow control sur-
face (26’) form an adaptive fluid constriction
for the balancing fluid discharged to the out-
let (20).

2. A balancing drum assembly (10) according to claim
1, characterized in that the adaptive fluid constric-
tion is formed by an open gap between the first flow
control surface (24’) and the second flow control sur-
face (26’).

3. A balancing drum assembly (10) according to claim
1, characterized in that the first flow control surface
(24’) and the second flow control surface (26’) are
arranged axially at a distance from each other and
radially overlapping each other.

4. A balancing drum assembly (10) according to claim
1 or 2, characterized in that at least one of the first
flow control surface (24’) and the second flow control
surface (26’) is axially adjustable.

5. A balancing drum assembly (10) according to any-
one of the preceding claims, characterized in that
the housing (12,12’) is arranged to cover the second
axial end (16.2) of the balancing drum (16) and an
end of the shaft (14), and the second fluid flow control
element (26) is attached immovably to the shaft (14),
and the second control surface is arranged at central
axis of the shaft (14), and the first fluid flow control
element (24) is arranged co-axial with the shaft (14),
and the first flow control surface (24’) is arranged

opposite to the end of the shaft (14), wherein the
outlet (20) opens into the space (18) at a center axis
of the shaft (14).

6. A balancing drum assembly (10) according to any-
one of the preceding claims, characterized in that
the outlet (20) comprising an axially adjustable first
flow control surface (24’), and wherein the first flow
control surface (24’) and the second flow control sur-
face (26’) form an adaptive discharge constriction
for balancing fluid.

7. A balancing drum assembly (10) according to any-
one of the preceding claims, characterized in that
outlet (20) comprises a tubular part coaxial with the
shaft (14), the tubular part having an axial through
hole and its end face forming the first flow control
surface (24’), tubular part extending axially from the
housing (12,12’) into the space (18) to the proximity
of the second flow control surface (26’), and the tu-
bular part is attached to the housing (12,12’) in axially
movable manner.

8. A balancing drum assembly (10) according to any-
one of the preceding claims, characterized in that
outlet (20) comprises a tubular part, which comprises
thread at its outer surface and the housing (12,12’)
comprises a mating thread in an opening for the tu-
bular part in the housing (12,12’) such that the axial
position of the tubular part is adjustable by the
threads.

9. A balancing drum assembly (10) according to claim
1, characterized in that the second fluid flow control
element (26) is attached immovably to the balancing
drum (16) and having the second flow control surface
(26’) is circular, and the first fluid flow control element
(24) is arranged the housing (12,12’) having its first
flow control surface (24’) circular, having its diameter
greater than the diameter of the shaft (14) and small-
er than or equal to the diameter of the balancing drum
(16).

10. A balancing drum assembly (10) according to claim
9, characterized in that the second fluid flow control
element (26) is a sleeve arranged co-axial with the
shaft (14) to the balancing drum (16) at its first axial
end (16.1) and the second flow control surface (26’)
is arranged to a second axial end (16.2) of the sleeve.

11. A balancing drum assembly (10) according to claim
9 or 10, characterized in that the first fluid flow con-
trol element (24) is a sleeve arranged co-axial with
the shaft (14) to the housing (12,12’) at its first axial
end (16.1) and the first flow control surface (24’) is
arranged to a second axial end (16.2) of the sleeve.

12. A balancing drum assembly (10) according to claim
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9 or 10, characterized in that the first fluid flow con-
trol element (24) is an annular plate arranged to the
housing (12,12’), extending radially towards the
shaft (14) from its radially outer end and the first flow
control surface (24’) is arranged to its radially inner
end.

13. A balancing drum assembly (10) according to any-
one of the preceding claims, characterized in that
the first flow control surface (24’) and the second
flow control surface (26’) are circular.

14. A balancing drum assembly (10) according to any-
one of the preceding claims, characterized in that
the first flow control surface (24’) and the second
flow control surface (26’) are circular and they have
equal diameters.

15. Method of operating a balancing drum assembly (10)
for a centrifugal pump (100), according to anyone of
the preceding claims, comprising steps of

a) at non-operative stage

a1) setting the position of the shaft (14) such
that shaft (14) is axially positioned at pred-
ermined position,
a2) setting, the axial initial position of the
first flow control surface (24’) in respect to
the second flow control surface (26’) such
that a gap remains therebetween,

b) at operative stage

b1) causing the axial position of the shaft
(14) to be changing according to a balance
between axial forces created by one or more
impellers of the pump (100) and created by
the balancing drum (16),
b2) adjusting the balance of the axial forces
by axial distance between the first and the
second flow control surface (26’)s, such that
in case the force created by one or more
impellers is greater than the force created
by the balancing drum (16) the axial dis-
tance between the first and the second flow
control surface (26’)s increase, and balanc-
ing drum (16) produces greater axial force,
and
in case the force created by the balancing
drum (16) is greater than the force created
by one or more impellers the axial distance
between the first and the second flow con-
trol surface (26’)s decrease, and balancing
drum (16) produces smaller axial force.
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