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(54) A CENTRIFUGAL PUMP AND A METHOD OF BALANCING AXIAL FORCES OF THE 
CENTRIFUGAL PUMP

(57) The present invention relates to a single- or mul-
ti-stage centrifugal pump having a novel balancing ar-
rangement for balancing the axial forces of the centrifugal

pump. The balancing arrangement comprises a dynam-
ically adjustable constriction (52) provided in parallel with
a slide bearing (28) of the shaft of the centrifugal pump.
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Description

Technical field

[0001] The present invention relates to a centrifugal
pump in accordance with the preamble of claim 1 and a
method of balancing axial forces of the centrifugal pump
in accordance with the preamble of claim 15. More spe-
cifically the present invention relates to single- or multi-
stage centrifugal pumps having novel disc- type means
for balancing the axial forces of the centrifugal pump.

Background art

[0002] The means for balancing axial forces or thrust
of centrifugal pumps are normally in use in multistage
pumps, which have a high pressure head, and are pro-
vided with several subsequent centrifugal impellers on
the same shaft. An axial force is generated while an im-
peller, or a plurality of impellers, draws liquid axially in
the pump and discharges the liquid radially from the
pump. The axial force tends to draw the impeller/s to-
wards the pump inlet, whereby the bearings of the pump
shaft are subjected to a considerable axial force when
keeping the pack of impellers in place. In order to reduce
the axial force subjected to the bearings, and, thus, to
make it possible to use smaller or lighter bearings or dif-
ferent types of bearings various means for balancing the
axial force have been developed.
[0003] Prior art knows two basic types of means for
balancing the axial force. One is a so-called drum-type
balancing means, and the other a disc-type balancing
means. Also hybrid balancing means are known, i.e. one
comprising both a balancing drum and a balancing disc.
In most cases the balancing means are positioned on
the pump shaft behind the last impeller when viewed from
the pump inlet towards the pump outlet. However, it is
possible, if desired, to construct a centrifugal pump such
that the balancing means are between the stages of a
multi-stage centrifugal pump or in front of the impeller/s
thereof. The disc-type balancing means may be consid-
ered as the preferred choice of the two basic balancing
means as it adjusts its operation automatically, i.e. slight
wear does not affect the operation of the balancing
means at all, whereas even the slightest wear of the
drum-type balancing means results in a change in the
balancing capability of the balancing means. Further-
more, the disc-type balancing means occupies also less
space in the axial direction than drum-type balancing
means.
[0004] The disc-type balancing means the present in-
vention discusses later on in more detail is formed of a
balancing disc fastened on the shaft of the pump and a
stationary counter member. In most cases the stationary
counter member is arranged to extend from the pump
volute or casing radially inwardly between the last impel-
ler, which is the most used construction, or between one
of the impellers, and the balancing disc. Most usually the

stationary counter member is the rear wall of the last
pumping stage of the multi-stage centrifugal pump. The
balancing disc and the stationary counter member leave
a radially extending annular cavity, so called balancing
space, therebetween. Either the balancing disc or the
counter member or both have an annular axial extension,
sometimes a separate circular ring, at the outer periphery
of the balancing disc, i.e. radially outside the annular bal-
ancing space, for forming a thin gap between the balanc-
ing disc and the counter member. The purpose of the
thin gap is to limit the leakage flow of the pressurized
balance liquid from the pump. However, it should be un-
derstood that the balancing means, i.e. the balancing
disc, its stationary counter member and the balancing
space, may be located between a pair of impellers and
also in front of the impeller/s when viewed from the di-
rection of the inlet opening of the pump. In the latter case
it is required that the pressurized liquid is taken to the
balancing space along a separate flow passage.
[0005] The disc-type balancing means functions in its
most used constructional alternative such that a part of
the liquid pressurized by the impeller or the pack of im-
pellers enters, as is well known in centrifugal pumps, to
the cavity behind the impeller of the last pumping stage,
and finds its way via the gap between the shaft of the
pump or the shaft sleeve of the balancing disc and the
stationary counter member to a radially extending bal-
ancing space between the balancing disc and the sta-
tionary counter member. Thus the above described part
of the liquid may be called ’balance liquid’. Now that the
pressure of the balance liquid is, in practice, not reduced
the full pressure of the pumped liquid affects on the rotary
balancing disc pushing the balancing disc, and the pump
shaft attached thereto, away from the inlet of the pump,
i.e. contrary to the axial force or thrust created by the
impellers. Thereby, the true axial thrust loading the bear-
ings of the pump (in case the bearings are capable of
absorbing any axial force) is the difference of the two
axial forces having opposite directions. By properly di-
mensioning the balancing means the two opposite forces
may be equalized resulting in zero thrust, whereby the
shaft bearings may be changed into slide bearings that,
by nature, are not capable of carrying any axial load.
[0006] However, while the pressurized balance liquid
flows radially outwardly in the balancing space between
the balancing disc and its stationary counter member,
the balance liquid reaches the thin annular gap between
the balancing disc and its stationary counter member
close to the outer perimeters thereof. Now that the an-
nular gap is very thin, i.e. its axial dimension is very small,
and the pressure difference radially over the gap is rel-
atively high (depending mostly on the head of the pump),
the flow velocity of the balance liquid in the thin gap is
high. Due to the high velocity of the balance liquid the
pressure in the gap between the rotary balancing disc
and the stationary counter member is low resulting in that
in the area of high flow velocity, i.e. at the gap area, the
disc is not able to create any significant axial force,
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whereby the gap, i.e. the axial dimension thereof, tends
to decrease in appropriate conditions unless specific
measures are taken. The reduction in the size or axial
dimension of the gap may lead to increase in friction in
the gap, to generation of heat in the liquid in the gap, to
evaporation of the balance liquid, and finally, at its worst,
to mechanical contact, either impacts or continuous con-
tact between the surfaces of the rotary balancing disc
and its stationary counter member resulting in wear and,
in the long run, in the need to replace the worn parts.
Additionally, as soon as the friction in the balancing ar-
rangement starts to increase it has, naturally, a negative
effect on the power consumption, and overall efficiency
of the centrifugal pump.
[0007] The above mentioned specific measures relate
to preventing the excess decrease in the size or axial
dimension of the gap by dimensioning the volume flow
via the balancing means sufficient for all operating con-
ditions. It is a well-known fact that the size or axial di-
mension of the gap is at its smallest when the capacity
or volume flow of the pump is the smallest. Therefore,
the balancing arrangement is, in all prior art arrange-
ments, dimensioned to provide sufficient balance liquid
film in the narrow or thin gap of the balancing means in
such low capacity conditions. This kind of dimensioning,
naturally, prevents premature wear of the balancing
means and provides the pump with a relatively long life-
time. However, as soon as the capacity of the pump starts
to increase, the size of the gap widens and the volume
flow via the balancing arrangement increases, though
there is no need for such. Such an increase in the volume
flow of the balance liquid taken from the main flow de-
creases the net capacity of the pump and reduces the
efficiency of the pump significantly, i.e. a significant
amount of the power used for pumping is wasted in pump-
ing the excess balance liquid via the balancing arrange-
ment.
[0008] Thus an object of the present invention is to
offer such a novel balancing arrangement for a centrifu-
gal pump that does not reduce excessively the efficiency
of the centrifugal pump.
[0009] Another object of the present invention is to offer
such a novel balancing arrangement for a centrifugal
pump that dynamically controls the volume flow through
the balancing means.
[0010] A further of the present invention is to offer such
a novel balancing arrangement for a centrifugal pump
that keeps the volume flow through the balancing ar-
rangement at its optimum, whereby the power used in
pumping the balance liquid via the balancing arrange-
ment is minimized.
[0011] A still further object of the present invention is
to offer such a novel balancing arrangement for a cen-
trifugal pump that adjusts automatically its operating
clearance.

Disclosure of the Invention

[0012] At least one of the problems is solved and at
least one of the objects of the present invention are met
with a centrifugal pump having an arrangement for bal-
ancing axial forces of a centrifugal pump, the centrifugal
pump comprising a pump casing with an inlet, an outlet
and at least one centrifugal pumping stage therebe-
tween, a shaft mounted rotatably to the pump casing by
means of bearings, an impeller for each pumping stage
fastened on the shaft for rotation therewith and a means
for balancing axial forces of the centrifugal pump; the
balancing means comprising a balancing disc fastened
on the shaft for rotation therewith, a stationary counter
member extending from the casing radially inwardly be-
tween the at least one pumping stage and the balancing
disc, an annular balancing space located between the
stationary counter member and the balancing disc, a thin
gap forming a variable constriction positioned radially
outside the annular balancing space between the sta-
tionary counter member and the balancing disk, a recir-
culation flow path leading away from the variable con-
striction, the recirculation flow path comprising at least
one fixed constriction arranged in series with the variable
constriction and downstream thereof, and a recirculation
pipeline, wherein at least one dynamically adjustable
constriction is provided either in parallel with the at least
one fixed constriction or in connection therewith, and
means for following a variable used for controlling the
dynamically adjustable constriction.
[0013] Other characteristic features of the present in-
vention become apparent in the appended dependent
claims.
[0014] The present invention brings about the following
advantages over the prior art balancing means

• the overall reliability of the centrifugal pump is in-
creased as the mechanical contact between the
components of the balancing arrangement is pre-
vented,

• lower power consumption than traditional disc-type
balancing means,

• continuous adjustment of the gap between the bal-
ancing disc and its counter surface, and

• the balancing means adjusts itself dynamically for
different pump properties, especially to varying
head.

Brief Description of Drawings

[0015] The centrifugal pump and the method of bal-
ancing axial forces thereof of the present invention are
discussed more in detail below with reference to the ac-
companying drawings, of which

Fig. 1 illustrates schematically, and in an axial cross
section, a prior art multi-stage centrifugal pump in-
cluding a disc-type balancing means;
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Fig. 2 illustrates schematically an axial cross section
of a multi-stage centrifugal pump in accordance with
a first preferred embodiment of the present invention;

Fig. 3 illustrates schematically an axial cross section
of a multi-stage centrifugal pump in accordance with
a second preferred embodiment of the present in-
vention;

Fig. 4 illustrates schematically an axial cross section
of a multi-stage centrifugal pump in accordance with
a third preferred embodiment of the present inven-
tion;

Fig. 5 illustrates schematically an axial cross section
of a multi-stage centrifugal pump in accordance with
a fourth preferred embodiment of the present inven-
tion;

Fig. 6 is a schematical representation of a prior art
arrangement of balancing the axial forces of a cen-
trifugal pump, i.e. those of the centrifugal pump of
Figure 1;

Fig. 7 is a schematical representation of a novel ar-
rangement of balancing the axial forces of a centrif-
ugal pump, i.e. those of the centrifugal pump of Fig-
ure 2 in accordance with the first preferred embodi-
ment of the present invention;

Fig. 8 is a schematical representation of a novel ar-
rangement of balancing the axial forces of a centrif-
ugal pump, i.e. those of the centrifugal pump of Fig-
ure 3 in accordance with the second preferred em-
bodiment of the present invention;

Fig. 9 is a schematical representation of a novel ar-
rangement of balancing the axial forces of a centrif-
ugal pump, i.e. those of the centrifugal pump of Fig-
ure 4 in accordance with the third preferred embod-
iment of the present invention;

Fig. 10 is a schematical representation of a novel
arrangement of balancing the axial forces of a cen-
trifugal pump, i.e. those of the centrifugal pump of
Figure 5 in accordance with the fourth preferred em-
bodiment of the present invention;

Fig. 11 is a schematical representation of a novel
arrangement of balancing the axial forces of a cen-
trifugal pump in accordance with a fifth preferred em-
bodiment of the present invention; and

Fig. 12 is a schematical representation of a novel
arrangement of balancing the axial forces of a cen-
trifugal pump in accordance with the sixth preferred
embodiment of the present invention.

Detailed Description of Drawings

[0016] Figure 1 illustrates an axial cross section of a
prior art multi-stage centrifugal pump having a casing 10
with an inlet 12 and an outlet 14, the casing 10 housing
a plurality of, here four, impellers 16 attached on a shaft
18 for rotation therewith and a disc-type balancing
means. The disc-type balancing means is formed of a
disc 20 fastened on the shaft for rotation therewith and
a stationary counter member, preferably, but not neces-
sarily, an annular ring 22 fastened on an intermediate
wall 24 extending as a part of the casing 10 radially in-
wardly between the impeller 16 of the last, i.e. in the draw-
ing the leftmost impeller, pumping stage and the balanc-
ing disc 20. The shaft 18 is supported on a first and a
second slide bearing 26 and 28 at opposite ends of the
casing 10, i.e. at the drive end 30 and at the free end 36
of the shaft 18. At the drive end 30 of the shaft 18 the
pump casing 10 is provided with a shaft seal 32 (shown
schematically) arranged at such a distance from the first
slide bearing 26 that a first cavity 34 is left between the
shaft seal 32 and the first slide bearing 26. The opposite,
free end 36 of the shaft 18 is isolated from the atmosphere
by means of an end cover 38, which leaves a second
cavity 40 at a side of the second slide bearing 28 opposite
the balancing disc 20, i.e. between the end cover 38 and
the second slide bearing 28. The first cavity 34 and the
second cavity 40 are connected by means of a pipeline
42.
[0017] The balancing of the axial forces of the centrif-
ugal pump is performed such that a part of the liquid to
be pumped is allowed to flow, in the shown embodiment,
as a balance liquid, from the leftmost impeller 16 in the
outlet pressure of the pump to a balancing space 44 be-
tween the balancing disc 20 and the intermediate wall 24
and further to a gap 46 radially outside the balancing
space 44 between the balancing disc 20 and its stationary
counter member 22. As the gap 46 throttles the balance
liquid flow the pressure acting on the balancing disc 20
pushes the disc 20 and the shaft 18 fastened thereto to
the left, i.e. in a direction opposite to the direction of the
thrust created by the impellers 16. The gap 46 may thus
be considered a variable constriction, as the pressure
acting on the disc 20 tends to change the axial dimension
of the gap. From the gap or variable constriction 46 the
liquid flows to a balance chamber 48 between the bal-
ancing disc 20, or, in view of the function of the balance
chamber 48, between the variable constriction 46 and
the second slide bearing 28 and further through the sec-
ond slide bearing 28 to the second cavity 40 (at the side
of the second slide bearing 28 facing away from the bal-
ancing disc 20) from where the balance liquid advances
via the pipeline 42 to the first cavity 34 and therefrom
through the first slide bearing 26 to the inlet 12 of the
centrifugal pump. In other words, the same liquid that is
used for balancing the axial forces is utilized in lubricating
the slide bearings at both ends of the shaft. Thus, the
flow path of the liquid used for balancing the axial forces,
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i.e. the thrust of the centrifugal pump, and for lubricating
the slide bearings from the impeller 16 of the last pumping
stage (in this embodiment, though the balance liquid
could be taken from any one of the pumping stages) to
the inlet 12 of the centrifugal pump has two fixed con-
strictions, i.e. the first and the second slide bearings, 26
and 28, and one variable constriction, i.e. the gap 46.
[0018] The above has to be understood as a general
example of a prior art construction of a multi-stage cen-
trifugal pump having a disc-type balancing means. There
are also multi-stage pumps that are not circulating the
balance liquid through the bearings, but use a separate
fixed constriction instead. In other words, in more general
terms, the balancing arrangement of prior art most often
comprises a variable constriction in connection with the
balancing disc and at least one fixed constriction ar-
ranged in series with the variable one.
[0019] The prior art construction has, however, a rel-
atively serious drawback, as the balancing arrangement
may be dimensioned to function optimally in only one
operating condition. Such being the case it is self-evident
that the operating condition chosen as the design condi-
tion is the one where the mechanical durability of the
disc- type balancing means is the dictating factor. The
risk of mechanical contact between the balancing disc
and its counter member is at its highest when the capacity
of the pump is at its lowest. Now that the size or axial
dimension of the gap, i.e. the variable constriction, is, in
theory, without any specific measures, directly propor-
tional to the volume flow through the gap/constriction the
low capacity also means that the volume flow through
the variable constriction, i.e. the gap 46, is relatively
small. Thereby the surfaces facing each other at the gap
are at risk of getting in mechanical contact with one an-
other. To prevent this from taking place the fixed con-
striction/s in series of the balancing means, i.e. the con-
striction 46, is/are dimensioned to allow such a volume
flow through the series of constrictions that is sufficient
for keeping the surfaces facing one another out of me-
chanical contact. However, now that such low capacities
are rarely needed the higher capacities in the normal
operating range result in a wider gap and in volume flows
higher than actually needed. That is, in itself, not a prob-
lem, but when taking the efficiency of the pump in con-
sideration, the excess volume flow is a clear problem. In
practice, for example, the required minimum volume flow
for making the balancing arrangement of a centrifugal
pump work, i.e. preventing mechanical contact between
the stationary and rotary parts of the balancing arrange-
ment, is of the order of 0.1 - 1 % of the total capacity of
the pump, depending largely on the pump characteristics.
The volume flow through the balancing arrangement in
normal operating conditions of the centrifugal pump may
be, again depending on the pump characteristics, of the
order of 0.5 - 5 % of the total capacity. In other words,
the excess flow through the balancing arrangement may,
in this exemplary case, vary between 0.4 and 4% of the
total flow of the pump. Thus, in such a case that the flow

of the balance liquid through the balancing arrangement
may be kept at a level of 0.1 - 1.0 % of the total flow of
the pump over the entire operating range of the centrif-
ugal pump, the lifetime savings are considerable. In a
pump having a nominal power consumption 3 MW al-
ready a reduction of 0.5 % in the balance liquid flow
means that the entire sales price of the pump is saved
in about 20 years, i.e. during the lifetime of the pump.
Naturally, if the reduction is 2.5 % the sales price of the
pump may be saved in about 4 years.
[0020] Fig. 2 illustrates schematically an axial cross
section of a multi-stage centrifugal pump in accordance
with a first preferred embodiment of the present inven-
tion. The multi-stage centrifugal pump of this embodi-
ment is for the most parts thereof identical with that of
Figure 1, only the parts differing therefrom are discussed
in the following. Here, the fixed constriction is formed of
a single slide bearing 28, whereby the recirculation pipe-
line 42’ from the second cavity 40 at a side of the second
slide bearing 28 facing away from the balancing disc
leads directly to the inlet 12 of the pump. In accordance
with the first preferred embodiment of the present inven-
tion the balance chamber 48 is arranged in communica-
tion with the inlet 12 of the pump by means of a recircu-
lation pipeline 50 to which a dynamically adjustable con-
striction 52 is arranged. The dynamically adjustable con-
struction 52 is, thus, coupled in parallel with the fixed
constriction, i.e. the slide bearing 28. Now, the balancing
arrangement may be dimensioned such that the volume
flow through the variable constriction, i.e. the gap 46, in
connection with the balancing disc, is always sufficient
but not excessive. For instance, if the capacity of the
pump is, for some reason, decreasing, whereby both the
pressure acting on the surfaces of the balancing space
and the volume flow (as well as the size or axial dimension
of the gap 46) in the balancing arrangement also tend to
decrease, by opening the dynamically adjustable con-
striction 52 the volume flow may be maintained, whereby
the size of the gap 46 or variable constriction remains
sufficient for preventing mechanical contact between the
facing surfaces.
[0021] Fig. 3 illustrates schematically an axial cross
section of a multi-stage centrifugal pump in accordance
with a second preferred embodiment of the present in-
vention. The multi-stage centrifugal pump of this embod-
iment is for the most parts thereof identical with that of
Figure 1, only the parts differing therefrom are discussed
in the following. Thus, the fixed constriction is formed of
the two slide bearing 26 and 28, whereby the recirculation
pipeline 42 from the second cavity 40 at a side of the
second slide bearing 28 facing away from the balancing
disc leads to the first cavity 34 between the first slide
bearing 26 and the shaft seal 32. In accordance with the
second preferred embodiment of the present invention
the balance chamber 48 is arranged in communication
with the inlet 12 of the pump by means of a recirculation
pipeline 50 to which an dynamically adjustable constric-
tion 52 is arranged. The dynamically adjustable constric-
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tion 52 is, thus, coupled in parallel with the fixed constric-
tion, i.e. the slide bearings 26 and 28. Now, the balancing
arrangement may be dimensioned such that the volume
flow through the variable constriction, i.e. the gap 46, in
connection with the balancing disc, is always sufficient
but not excessive. For instance, if the capacity of the
pump is, for some reason, decreasing, whereby both the
pressure acting on the surfaces of the balancing space
and the volume flow (as well as the size or axial dimension
of the gap 46) in the balancing arrangement also tend to
decrease, by opening the dynamically adjustable con-
striction 52 the volume flow may be maintained, whereby
the size of the gap 46 or variable constriction remains
sufficient for preventing mechanical contact between the
facing surfaces.
[0022] Fig. 4 illustrates schematically an axial cross
section of a multi-stage centrifugal pump in accordance
with a third preferred embodiment of the present inven-
tion. The multi-stage centrifugal pump of this embodi-
ment is for the most parts thereof identical with that of
Figure 1, only the parts differing therefrom are discussed
in the following. Thus, the fixed constriction is formed of
the two slide bearing 26 and 28, whereby the recirculation
pipeline 42 from the second cavity 40 at a side of the
second slide bearing 28 facing away from the balancing
disc leads to the first cavity 34 between the first slide
bearing 26 and the shaft seal 32. In accordance with the
third preferred embodiment of the present invention the
balance chamber 48 is now arranged in communication
with the recirculation pipeline 42 by means of a branch
pipeline 60 to which a dynamically adjustable constriction
62 is arranged. The dynamically adjustable constriction
62 is, thus, coupled in parallel with the fixed constriction,
i.e. the second slide bearing 28. Now, the balancing ar-
rangement may be dimensioned such that the volume
flow through the variable constriction, i.e. the gap 46, in
connection with the balancing disc, is always sufficient
but not excessive. For instance, if the capacity of the
pump is, for some reason, decreasing, whereby both the
pressure acting on the surfaces of the balancing space
and the volume flow (as well as the size or axial dimension
of the gap 46) in the balancing arrangement also tend to
decrease, by opening the dynamically adjustable con-
striction 62 the volume flow may be maintained, whereby
the size of the gap 46 or variable constriction remains
sufficient for preventing mechanical contact between the
facing surfaces.
[0023] Fig. 5 illustrates schematically an axial cross
section of a multi-stage centrifugal pump in accordance
with a fourth preferred embodiment of the present inven-
tion. The multi-stage centrifugal pump of this embodi-
ment is for the most parts thereof identical with that of
Figure 1, only the parts differing therefrom are discussed
in the following. Thus, the fixed constriction is formed of
the two slide bearing 26 and 28, whereby the recirculation
pipeline 42 from the second cavity 40 at a side of the
second slide bearing 28 facing away from the balancing
disc leads to the first cavity 34 between the first slide

bearing 26 and the shaft seal 32. In accordance with the
fourth preferred embodiment of the present invention the
balance chamber 48 is arranged in communication with
the recirculation pipeline 42 by means of a first branch
pipeline 60 to which a first dynamically adjustable con-
striction 62 is arranged. The dynamically adjustable con-
striction 62 is, thus, coupled in parallel with the fixed con-
striction, i.e. the second slide bearing 28. In addition to
the first branch pipeline 60 and the first dynamically ad-
justable constriction 62 the recirculation pipeline 42 has
a second branch pipeline 70 to which a second dynam-
ically adjustable constriction 72 is arranged. The second
dynamically adjustable constriction 72 is thus coupled in
parallel with the first slide bearing 26. Now, the balancing
arrangement may be dimensioned such that the volume
flow through the variable constriction, i.e. the gap 46, in
connection with the balancing disc, is always sufficient
but not excessive. For instance, if the outlet pressure of
the pump is, for some reason, decreasing, whereby both
the pressure acting on the surfaces of the balancing
space and the volume flow (as well as the size or axial
dimension of the gap 46) in the balancing arrangement
also tend to decrease, by opening at least one of the
dynamically adjustable constrictions 62 and 72 the vol-
ume flow may be maintained, whereby the size of the
gap 46 or variable constriction remains sufficient for pre-
venting mechanical contact between the facing surfaces.
[0024] Fig. 6 is a schematical representation of a prior
art arrangement for balancing the axial forces of a cen-
trifugal pump, i.e. those of the centrifugal pump of Figure
1. The reference numerals used already above are used
here, too. In other word, it is shown that liquid for the
balancing arrangement is taken from the outlet 14 of the
pump so that the liquid flows through the variable con-
striction 46 and the second slide bearing or fixed con-
striction 28 to the recirculation pipeline 42 which takes
the liquid via the first slide bearing or fixed constriction
26 to the inlet 12 of the pump. Thus, as there are no
adjustable constrictions in the flow path of the liquid used
for both balancing the thrust and lubricating the slide
bearings, the volume flow through the variable constric-
tion 46 cannot be controlled dynamically, i.e. such that it
would match the varying operating conditions of the
pump, such as changes in outlet pressure and/or capac-
ity. Such a balancing arrangement has the above dis-
cussed drawbacks and problems.
[0025] Fig. 7 is a schematical representation of a novel
arrangement for balancing the axial forces of a centrifugal
pump, i.e. those of the centrifugal pump of Figure 2 in
accordance with the first preferred embodiment of the
present invention. The reference numerals used already
above are used here, too. In other word, it is shown that
liquid for the balancing arrangement is taken from the
outlet 14 of the pump so that the balance liquid flows
through the variable constriction 46 and the second slide
bearing or fixed constriction 28 to the recirculation pipe-
line 42’, which takes the liquid directly to the inlet 12 of
the pump. To solve the problem relating to the control of
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the volume flow through the variable constriction 46 a
dynamically adjustable constriction 52 is arranged in a
pipeline 50 in parallel with the fixed constriction 28. The
dynamically adjustable constriction 52 receives its con-
trol instructions from the pressure difference between the
balance chamber or the pipeline 50 upstream of the dy-
namically adjustable constriction 52 and the inlet 12 of
the pump or the pipeline 50 downstream of the dynami-
cally adjustable constriction 52. i.e. the pressure differ-
ence over the dynamically adjustable constriction 52.
Thus, as there is a dynamically adjustable constriction in
the flow path of the liquid used for both balancing the
thrust and lubricating the slide bearings, the volume flow
through the variable constriction 46 may be controlled
dynamically.
[0026] Fig. 8 is a schematical representation of a novel
arrangement for balancing the axial forces of a centrifugal
pump, i.e. those of the centrifugal pump of Figure 3 in
accordance with the second preferred embodiment of
the present invention. The reference numerals used al-
ready above are used here, too. In other word, it is shown
that liquid for the balancing arrangement is taken from
the outlet 14 of the pump so that the liquid flows through
the variable constriction 46 and the second slide bearing
or fixed constriction 28 to the recirculation pipeline 42
which takes the balance liquid via the first slide bearing
or fixed constriction 26 to the inlet 12 of the pump. To
solve the problem relating to the control of the volume
flow through the variable constriction 46 a dynamically
adjustable constriction 52 is arranged in a pipeline 50 in
parallel with the fixed constrictions 26 and 28. The dy-
namically adjustable constriction 52 receives its control
instructions from the pressure difference between the
balance chamber or the pipeline 50 upstream of the dy-
namically adjustable constriction 52 and the inlet 12 of
the pump or the pipeline 50 downstream of the dynami-
cally adjustable constriction 52. i.e. the pressure differ-
ence over the dynamically adjustable constriction 52.
Thus, as there is a dynamically adjustable constriction in
the flow path of the liquid used for both balancing the
thrust and lubricating the slide bearings, the volume flow
through the variable constriction 46 may be controlled.
[0027] Fig. 9 is a schematical representation of a novel
arrangement for balancing the axial forces of a centrifugal
pump, i.e. those of the centrifugal pump of Figure 4 in
accordance with the third preferred embodiment of the
present invention. The reference numerals used already
above are used here, too. In other word, it is shown that
liquid for the balancing arrangement is taken from the
outlet 14 of the pump so that the balance liquid flows
through the variable constriction 46 and the second slide
bearing or fixed constriction 28 to the recirculation pipe-
line 42, which takes the liquid via the first slide bearing
or fixed constriction 26 to the inlet 12 of the pump. To
solve the problem relating to the control of the volume
flow through the variable constriction 46 a dynamically
adjustable constriction 62 is arranged in a by-pass pipe-
line 60 in parallel with the fixed constriction 28. The by-

pass pipeline 60 connects the balance chamber to the
recirculation pipeline 42 downstream of the dynamically
adjustable constriction 62. The dynamically adjustable
constriction 62 receives its control instructions from the
pressure difference between the balance chamber or the
by-pass pipeline 60 upstream of the dynamically adjust-
able constriction 62 and the inlet 12 of the pump or the
by-pass pipeline 60 downstream of the dynamically ad-
justable constriction 62, i.e. the pressure difference over
the dynamically adjustable constriction 62. Thus, as there
is a dynamically adjustable constriction in the flow path
of the liquid used for both balancing the thrust and lubri-
cating the slide bearings, the volume flow through the
variable constriction 46 may be controlled dynamically.
[0028] Fig. 10 is a schematical representation of a nov-
el arrangement for balancing the axial forces of a cen-
trifugal pump, i.e. those of the centrifugal pump of Figure
5 in accordance with the fourth preferred embodiment of
the present invention. The reference numerals used al-
ready above are used here, too. In other word, it is shown
that liquid for the balancing arrangement is taken from
the outlet 14 of the pump so that the balance liquid flows
through the variable constriction 46 and the second slide
bearing or fixed constriction 28 to the recirculation pipe-
line 42, which takes the liquid via the first slide bearing
or fixed constriction 26 to the inlet of the pump. To solve
the problem relating to the control of the volume flow
through the variable constriction 46 a dynamically adjust-
able constriction 72 is arranged in a by-pass pipeline 70
in parallel with the fixed constriction 26 and a dynamically
adjustable constriction 62 in by-pass pipeline 60 in par-
allel with fixed constriction 28. The dynamically adjusta-
ble constrictions 62 and 72 receive their control instruc-
tions from the pressure difference between the balance
chamber or the by-pass pipeline 60 upstream of the dy-
namically adjustable constriction 62 and the inlet 12 of
the pump or the by-pass pipeline 60 downstream of the
dynamically adjustable constriction 62. i.e. the pressure
difference over the dynamically adjustable constriction
62. Thus, as there is a dynamically adjustable constric-
tion in the flow path of the liquid used for both balancing
the thrust and lubricating the slide bearings, the volume
flow through the variable constriction 46 may be control-
led.
[0029] In the above the dynamically adjustable con-
striction receives its control information from the pressure
difference over the constriction itself. However, data con-
cerning other control variables measurable when the
pump is running, like the temperature in the balance
chamber 48, the temperature difference between the
pump inlet 12 and the balance chamber 48 (see figure
3, for instance), the axial shift of the shaft or the total
flows in the recirculation pipelines 42 and 50, may be
used to control the operation of the dynamically adjust-
able constriction 52 (see figure 3, again). Preferably,
such data is taken to a control unit, which either compares
the data with preprogrammed values or manipulates the
data such that appropriate control signals may be sent
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to control the operation of the dynamically adjustable
constriction/s. The temperature difference between the
inlet and the balance chamber may be utilized either such
that when the difference exceeds a predetermined value
the dynamically adjustable constriction/s is/are opened,
or such that when the temperature value in chamber 48
exceeds a predetermined value the dynamically adjust-
able constriction/s is/are opened. In a corresponding
manner the axial shift of the shaft is utilized such that
when the value of the axial shift reaches a predetermined
value (corresponding to a minimum allowable gap in the
balancing arrangement between the rotary balancing
disc and its stationary counter member) the dynamically
adjustable constriction/s is/are opened. The axial shift of
the shaft may be determined by means of specific device
arranged in connection with the shaft or, for instance, by
means of measuring the axial position of the balancing
disc in relation to the casing of the pump. The changes
in the axial shift mean, naturally, equal changes in the
axial dimension of the balancing gap. The total flows are
preferably measured by means of arranging flow meters
in the corresponding pipelines and passing the flow data
to the control unit. Again, in the control unit the flow data
is compared to the information stored in the memory of
the control unit, and when the overall flow in the recircu-
lation pipelines decreases to a predetermined value the
dynamically adjustable constriction is opened. The basis
for this kind of an action is the fact that the axial dimension
of the balancing gap is directly proportional to the flow
through the gap.
[0030] In practice, there are three alternatives for the
dynamically adjustable constrictions 52, 62 or 72 dis-
cussed above. In its simplest mode the constriction may
be an on-off constriction valve, which is arranged to open,
when the pressure difference over the constriction falls
below a predetermined value. Another alternative is a
springloaded constriction valve, which starts opening
when the pressure difference over the constriction falls
below a predetermined ideal value. If the pressure differ-
ence does not return to its ideal value or continues to
decrease, the valve continues opening until a balance,
i.e. ideal value, is reached. And a third alternative is to
input the value of the variable to be followed (pressure
difference, temperature, temperature difference, axial
shift, total recirculation flow) to a control unit, which, when
needed, provides an electrically controlled dynamically
adjustable constriction/s with operating instructions.
[0031] In addition to what is disclosed above, the
present invention includes a number of alternatives. For
instance, when, in the above, the balancing disc and its
counter member are discussed, the detailed construction
thereof has a number of alternatives.
[0032] Thus, either the balancing disc or the interme-
diate wall having the counter surface is provided with a
raised annular part such that the balancing space is
formed radially inside the raised annular part, though
such a raised annular part may also be found on both
facing components. The raised annular part or parts may

be either integral elements of the balancing disc and/or
the intermediate wall or separate elements fastened ther-
eon. The surface of the raised annular part and the sur-
face facing thereto are, at least for the most part thereof,
machined smooth surfaces so that the friction between
the facing surfaces is as small as possible in case the
surfaces get into contact with one another. The two sur-
faces facing one another are parallel and their direction
may be radial, though also an inclined direction is possi-
ble, as long as the surfaces are not cylindrical.
[0033] Also, in the above, the slide bearing/s has/have
been presented as the only options for the fixed constric-
tion arranged in series of the variable constriction. How-
ever, if, for instance, desired or needed, the shaft of the
centrifugal pump may be sealed between the balancing
disc and the slide bearing, whereby it is not easy to ar-
range the bearing to function as the fixed constriction.
Also, when the balancing disc is arranged between the
pumping stages of a multi-stage centrifugal pump, the
bearing is hardly at a side of the pumping stage but at a
distance thereof, whereby it is not easy to arrange the
bearing to function as the fixed constriction. Thus, a sep-
arate fixed constriction has to be used as disclosed in
Figure 11. The separate fixed constriction 80 is prefera-
bly, but not necessarily, a throttling provided in a conduit
or pipeline taking the balance liquid to the inlet of the
pump or to some other position having a lower pressure
than that downstream of the variable constriction or the
balancing gap 46. Figure 11 also shows, as a fifth pre-
ferred embodiment of the present invention, a dynami-
cally adjustable constriction 82 arranged in parallel with
the fixed constriction 80 and means for controlling the
dynamically adjustable constriction by means of follow-
ing the pressure difference over the constriction.
[0034] And further, in the above, the recirculation pipe-
line bringing back the fluid used in balancing the axial
thrust of the pump is taught to terminate either to the
pump inlet 12 or the first cavity 34 between the shaft
sealing and the slide bearing (see Fig. 3, for instance).
However, the pipeline may, in practice, lead to any such
place that is in a lower pressure than that in the balance
chamber. Thus, the pipeline may lead to a tank or another
vessel upstream of the pump inlet 12, or to one of the
pumping stages of the actual pump, just to name a few
alternatives. In the claims the various above discussed
positions for receiving the balance liquid is generally re-
ferred to as ’balance liquid discharge cavity’.
[0035] Further, now that the above discussed embod-
iments and various alternatives always require that there
is, in series with the variable constriction, i.e. the balanc-
ing gap, a fixed constriction either in the form of at least
one slide bearing (Figs. 2 - 10) or a separate fixed con-
striction (Fig. 11), and then a dynamically adjustable con-
striction coupled in parallel with the fixed constriction, the
present invention also proposes, as a sixth preferred em-
bodiment of the present invention, in Figure 12, to com-
bine the functions of the fixed constriction and the dy-
namically adjustable constriction to one device 92. The
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device 92 is constructed such that it has an always open
cross section corresponding to the fixed constriction and
a further openable cross section corresponding to the
dynamically adjustable constriction, whereby it is perfect-
ly justified to call the device a dynamically adjustable con-
striction. In its simples form the new dynamically adjust-
able constriction is a valve where the valve opening is
not capable of closing entirely but leaving an open cross
section, which may be then be opened further by means
of the three different manners discussed already above.
Figure 12 shows the novel dynamically adjustable con-
striction 92 in series with the variable constriction 46 as
well as means for controlling the dynamically adjustable
constriction by means of following the pressure differ-
ence over the constriction.
[0036] In other words, the phrase "dynamically adjust-
able constriction" refers here in this application to such
a constriction that is controlled by continuously following
at least one of the pressure difference over the dynami-
cally adjustable constriction, the temperature difference
between the pump inlet and the balance chamber 48, the
temperature in the balance chamber, the axial shift of the
shaft and the total flows in the recirculation pipelines.
[0037] 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 centrifugal pump having an arrangement for bal-
ancing axial forces of a centrifugal pump,

a) the centrifugal pump comprising a pump cas-
ing (10) with an inlet (12), an outlet (14) and at
least one centrifugal pumping stage therebe-
tween, a shaft (18) mounted rotatably to the
pump casing (10) by means of bearings (26, 28),
an impeller (16) for each pumping stage fas-
tened on the shaft (18) for rotation therewith and
a means for balancing axial forces of the cen-
trifugal pump;
b) the balancing means comprising a balancing
disc (20) fastened on the shaft (18) for rotation
therewith, a stationary counter member (24) ex-
tending from the casing (10) radially inwardly
between the at least one pumping stage and the
balancing disc (20),, an annular balancing space
(44) located between the stationary counter

member (24) and the balancing disc (20), a thin
gap (46) forming a variable constriction posi-
tioned radially outside the annular balancing
space (44) between the stationary counter
member (24) and the balancing disk (20), a re-
circulation flow path leading away from the var-
iable constriction (46) to a balance liquid dis-
charge cavity (12, 34), the recirculation flow path
comprising at least one fixed constriction ar-
ranged in series with the variable constriction
(46) and downstream thereof, and a recircula-
tion pipeline (42, 42’) arranged between the
fixed constriction and the balance liquid dis-
charge cavity (12, 34),

characterized in at least one dynamically adjusta-
ble constriction (52, 62, 72, 82, 92) provided either
in parallel with the at least one fixed constriction (26,
28) or in connection therewith and means for follow-
ing a variable used for controlling the dynamically
adjustable constriction (52, 62, 72, 82, 92).

2. The centrifugal pump as recited in claim 1, charac-
terized in the recirculation flow path further compris-
ing a balance chamber (48) between the at least one
fixed constriction (28) and the variable constriction
(46).

3. The centrifugal pump as recited in claim 2, charac-
terized in the recirculation flow path further compris-
ing a second recirculation pipeline (50) providing flu-
id communication from the balance chamber (48) to
the balance liquid discharge cavity (12, 34), the dy-
namically adjustable constriction (52) being provided
in the second recirculation pipeline (50).

4. The centrifugal pump as recited in claim 2, charac-
terized in the recirculation flow path further compris-
ing a first by-pass pipeline (60) providing a flow path
from the balance chamber (48) to the recirculation
pipeline (42), the dynamically adjustable constriction
(62) being provided in the first by-pass pipeline (60)
in parallel with the fixed constriction (28).

5. The centrifugal pump as recited in claim 2 or 4, char-
acterized in the recirculation flow path further com-
prising a second by-pass pipeline (70) providing a
flow path from the recirculation pipeline (42) to the
balance liquid discharge cavity (12, 34), the dynam-
ically adjustable constriction (72) being provided in
the second by-pass pipeline (70) in parallel with the
fixed constriction (26).

6. The centrifugal pump as recited in any one of the
preceding claims, characterized in the fixed con-
strictions (26, 28) being the first and second slide
bearings supporting the shaft (18) of the centrifugal
pump.
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7. The centrifugal pump as recited in claim 6, charac-
terized in the shaft (18) having a free end (36) and
a drive end (30), the shaft (18) having a shaft seal
(32) at its drive end (30), the shaft seal (32) leaving
a first cavity (34) between itself and the first slide
bearing (26), the casing (10) being provided at the
free end (36) of the shaft (18) with a cover (38) leav-
ing a second cavity (40) between itself and the sec-
ond slide bearing (28).

8. The centrifugal pump as recited in claim 1, charac-
terized in the dynamically adjustable constriction
(52, 62, 72, 82) being a valve opening at a certain
value of a control variable.

9. The centrifugal pump as recited in claim 1, charac-
terized in the dynamically adjustable constriction
(52, 62, 72, 82) being a valve starting to open at a
certain value of a control variable.

10. The centrifugal pump as recited in claim 1, charac-
terized in the dynamically adjustable constriction
(92) being a valve having a continuously open cross
section and capable of being opened further at a
certain value of a control variable.

11. The centrifugal pump as recited in claim 8, 9 or 10,
characterized in that the control variable is one of
a pressure difference over the dynamically adjusta-
ble constriction (52, 62, 72, 82, 92), a temperature
difference between the pump inlet (12) and the bal-
ance chamber (48), the temperature in the balance
chamber (48), an axial shift of the shaft (18) and the
total flows in the recirculation pipelines (42, 42’, 50,
60, 70).

12. The centrifugal pump as recited in claim 11, char-
acterized in a control unit provided to receive data
concerning at least one control variable and to ma-
nipulate such for controlling the operation of the dy-
namically adjustable constriction (52, 62, 72, 82, 92).

13. The centrifugal pump as recited in claim 1, charac-
terized in the balance liquid discharge (12, 34) cavity
having a lower pressure than that in the balance cav-
ity (48).

14. The centrifugal pump as recited in claim 1 or 13,
characterized in the balance liquid discharge cavity
being one of the pump inlet (12), the first cavity (34)
between the shaft sealing (32) and the first slide
bearing (26), a vessel upstream of the pump inlet
(12) and any one of the pumping stages of the cen-
trifugal pump.

15. A method of balancing an axial thrust of the centrif-
ugal pump of claim 1, characterized by the steps of

a) determining, for the balance liquid, a volume
flow sufficient for preventing mechanical contact
between the rotary balancing disc (20) and the
stationary counter member (24)
b) determining such a borderline value for a con-
trol variable that ensures the sufficient volume
flow for the balance liquid,
c) dimensioning the at least one fixed constric-
tion to allow the sufficient volume flow in all op-
erating conditions of the centrifugal pump,
d) providing the balancing arrangement with
means for monitoring the control variable,
and when the pump is running,
e) monitoring values of the control variable,
f) comparing the values of the control variable
with the borderline value,
g) opening at least one dynamically adjustable
constriction, when the value of the control value
reaches the borderline value.

16. The balancing method of claim 15, characterized
by, in step e) monitoring the values of the control
variable by collecting such to a control unit, manip-
ulating the values of the control variable to be able
to perform step f), and performing step g) by instruct-
ing the at least one dynamically adjustable constric-
tion to open.

17. The balancing method of claim 15, characterized
by using pressure difference over the at least one
dynamically adjustable constriction as the control
variable and performing step d) by directly utilizing
the pressure difference to open the at least one dy-
namically adjustable constriction.
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