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(54) AGITATOR ARRANGEMENT

(57) The present disclosure relates to an agitator ar-
rangement (2) for mixing a liquid within a mixing tank (1)
and for cleaning the interior of the tank (1). The agitator
arrangement (2) comprises a stationary outer pipe (22)
extending in an axial direction (5) having an upper end
region (14) configured for being fastened to the mixing
tank (1) and a lower end region (23) configured to be
located within the tank (1), a rotatable inner pipe (4) lo-
cated partly within and extending coaxially with the sta-
tionary outer pipe (22) and forming a first flow channel
(24) within the rotatable inner pipe (4) and a second flow
channel (25) in a space between an interior surface (38)
of the stationary outer pipe (22) and an exterior surface
(55) of the rotatable inner pipe (4), a rotatable outer mem-
ber (15) fastened to the rotatable inner pipe (4) and in-
cluding a cleaning unit (28) having at least one opening
(9) for spraying a pressurized cleaning liquid supplied
through the second flow channel (25) on an interior sur-
face (3) of the tank (1), and a seal (26) for sealing an
axial gap (32) between an axial end surface (33) of the
lower end region (23) of the stationary outer pipe (22)
and an oppositely facing upper axial end surface (34) of
the rotatable outer member (15). The seal (26) has a
substantially cylindrically shaped portion (35) and a ra-
dially inwardly protruding rib (36) located in the axial gap
(32). Furthermore, the seal (26) is configured to interact
with the pressurized cleaning liquid, such that a lower
sealing surface (37) of the seal (26), upon flow of the
pressurized cleaning liquid in the second channel (25) to
the cleaning unit (28), is arranged to sealingly abut the
upper axial end surface (34) of the rotatable outer mem-
ber (15) while allowing relative motion between the sta-
tionary outer pipe (22) and the rotatable outer member

(15) in a radial direction (6).
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Description

TECHNICAL FIELD

[0001] The disclosure relates to an agitator arrange-
ment for mixing a liquid in a mixing tank and for cleaning
the mixing tank. The disclosure also relates to a mixing
tank comprising such an agitator arrangement.
[0002] The disclosure can be arranged for example in
the liquid food industry of dairy, beverage, brewing, proc-
essed foods, pharmaceutical and cosmetics, or the like.

BACKGROUND ART

[0003] In the food and beverage industry mixing tanks
and agitators should preferably be designed for providing
improved lifetime cost-efficiency, zero in-tank mainte-
nance and eliminating contamination risks.
[0004] Consequently, there is a continuous demand
for providing more cost-efficient agitator equipment in
terms of simplified manufacturing and installation, while
also enabling high reliability and adequate cleaning of
the agitator arrangement and tank interior.
[0005] However, despite the activities in the field, cur-
rently known solutions are not entirely satisfactory. There
is therefore still a demand for an improved agitator ar-
rangement, which is capable of meeting the above-men-
tioned requirements.

SUMMARY OF THE DISCLOSURE

[0006] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its
full scope or all of its features.
[0007] An object of the present disclosure is to provide
an agitator arrangement where the previously mentioned
problems are avoided. This object is at least partly
achieved by the features of the independent claim. The
dependent claims contain further developments of the
agitator arrangement.
[0008] According to a first aspect of the present disclo-
sure, an agitator arrangement for mixing a liquid within
a mixing tank and for cleaning the interior of the tank is
disclosed. The agitator arrangement comprises: a sta-
tionary outer pipe extending in an axial direction having
an upper end region configured for being fastened to the
mixing tank and a lower end region configured to be lo-
cated within the tank, a rotatable inner pipe located partly
within and extending coaxially with the stationary outer
pipe and forming a first flow channel within the rotatable
inner pipe and a second flow channel in a space between
an interior surface of the stationary outer pipe and an
exterior surface of the rotatable inner pipe, a rotatable
outer member fastened to the rotatable inner pipe and
including a cleaning unit having at least one opening for
spraying a pressurized cleaning liquid supplied through
the second flow channel on an interior surface of the tank,
and a seal for sealing an axial gap between an axial end

surface of the lower end region of the stationary outer
pipe and an oppositely facing upper axial end surface of
the rotatable outer member.
[0009] The seal has a substantially cylindrically
shaped portion and a radially inwardly protruding rib lo-
cated in the axial gap. Furthermore, the seal is configured
to interact with the pressurized cleaning liquid, such that
a lower sealing surface of the seal, upon flow of the pres-
surized cleaning liquid in the second channel to the clean-
ing unit, is arranged to sealingly abut the upper axial end
surface of the rotatable outer member while allowing rel-
ative motion between the stationary outer pipe and the
rotatable outer member in a radial direction.
[0010] In this way, increased level of radial play be-
tween the stationary outer pipe and the rotatable outer
member in a radial direction is accomplished with main-
tained sealing performance of the seal and without dam-
ages to the seal. Consequently, a more reliable sealing
design is provided that enables larger flexibility in terms
of agitator arrangement design.
[0011] For example, since the novel seal design allows
increased level of bending of the rotatable inner pipe, i.e.
increased level of radial play between the stationary outer
pipe and the rotatable outer member in a radial direction,
a smaller material thickness of the rotatable inner pipe,
or a longer rotatable inner pipe can be used although this
may result in larger bending of the rotatable inner pipe
during mixing or cleaning operation. Moreover, the agi-
tator arrangement may be designed with less support
points between the agitator arrangement and the mixing
tank although also this typically result in larger bending
of the rotatable inner pipe during mixing or cleaning op-
eration.
[0012] To conclude, the new seal design contributes
to providing improved lifetime cost-efficiency due to larg-
er freedom for more cost-efficient design of the agitator
arrangement, reduced in-tank maintenance due to re-
duced maintenance requirement of the seal, and reduced
contamination risk due to maintained sealing perform-
ance over a larger span of operating conditions so that
cleaning spray efficiency of the cleaning unit is main-
tained.
[0013] Further advantages are achieved by imple-
menting one or several of the features of the dependent
claims.
[0014] In one example embodiment, the seal is move-
able a certain distance in the axial direction relative to
the stationary outer pipe and the rotatable outer member,
and the rib extends radially inwardly beyond the interior
surface of the stationary outer pipe and is configured to
interact with the flow of pressurized cleaning liquid, such
that the lower sealing surface of the seal, upon flow of
pressurized cleaning liquid in the second channel to the
cleaning unit, is arranged to sealingly abut the upper axial
end surface of the rotatable outer member. A floating
installation of the seal provides improved cleaning of the
sealing area, reduced risk for contamination and reduced
sealing wear, and automatic positioning of the seal in
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sealingly abutment with the upper axial end surface of
the rotatable outer member upon flow of pressurized
cleaning liquid in the second channel to the cleaning unit
ensures low leakage at the sealing area during for ex-
ample cleaning mode operation.
[0015] In a further example embodiment, the seal is
axially moveable between an axially uppermost position,
in which a portion of the seal abuts the axial end surface
of the lower end region of the stationary outer pipe, and
an axially lowermost position, in which the lower sealing
surface of the seal abuts the upper axial end surface of
the rotatable outer member. Thereby, a floating installa-
tion of the seal with clear boundaries is provided.
[0016] In still a further example embodiment, when the
lower sealing surface of the seal sealingly abuts the upper
axial end surface of the rotatable outer member, a first
axial force acting on the seal in a downwards direction
and caused by hydraulic pressure of the pressurized
cleaning liquid acting on upwards facing surface area of
the seal, is larger than any second axial force acting on
the seal in an upwards direction caused by hydraulic
pressure of the pressurized cleaning liquid acting on any
downwards facing surface area of the seal. Thereby, the
seal is forced into sealing contact with upper axial end
surface of the rotatable outer member such that high seal-
ing performance is provided.
[0017] According to one example embodiment, when
the lower sealing surface of the seal sealingly abuts the
upper axial end surface of the rotatable outer member,
the upwards facing surface area of the seal on which
pressurized cleaning liquid is acting is larger, specifically
at least 5% larger, more specifically at least 10% larger,
even more specifically at least 20 % larger, and still more
specifically at least 100% larger, than any downwards
facing surface area of the seal on which pressurized
cleaning liquid is acting. The difference in surface area
between the upwards and downwards facing surface ar-
ea of the seal on which pressurized cleaning liquid is
acting is decisive for the total axial force acting on the
seal in a downwards direction and caused by hydraulic
pressure of the pressurized cleaning liquid. With larger
difference in sealing surface larger sealing force is pro-
vided.
[0018] According to one example embodiment, the ra-
dially inwardly protruding rib has an annular shape and
extends along the entire interior circumference of the
seal. Thereby a continuous sealing contact is provided
between the lower sealing surface of the seal and the
upper axial end surface of the rotatable outer member.
[0019] According to one example embodiment, the ra-
dially inwardly protruding rib is located at a lower axial
end of the seal, and the lower sealing surface is located
at a lower axial end of the rib. Thereby, there is reduced
risk for undesirable interference between the seal and
the rotatable outer member upon relative radial motion
there between.
[0020] In some example embodiments, the lower seal-
ing surface extends primarily in the radial direction.

Thereby relative motion between the stationary outer
pipe and the rotatable outer member in a radial direction
is accomplished.
[0021] According to a further example embodiment,
the lower sealing surface and the upper axial end surface
of the rotatable outer member are configured for enabling
a radial relative displacement between the seal and the
rotatable outer member with maintained sealing contact
between the lower sealing surface and the upper axial
end surface of the rotatable outer member along the en-
tire circumference of the lower sealing surface. Thereby
it is ensured that the sealing performance between the
seal and the rotatable outer member is maintained also
upon relative motion between the stationary outer pipe
and the rotatable outer member in a radial direction.
[0022] According to a further example embodiment, a
maximal radial relative displacement between the seal
and the rotatable outer member is in the range of 3 - 25
mm, specifically 3 - 15 mm, and more specifically 5 - 10
mm. These ranges enable a significant increased free-
dom in terms of more cost-efficient design of the agitator
arrangement, reduced maintenance requirement of the
seal, and improved sealing performance over a larger
span of operating conditions.
[0023] According to yet a further example embodi-
ment, a difference between an outer radius of the lower
sealing surface and an inner radius of the lower sealing
surface is in the range of 3 - 50 mm, specifically 3 - 25
mm, and more specifically 5 - 10 mm. A relatively large
flat lower sealing surface enables large relative radial
motion of the upper axial end surface of the rotatable
outer member with maintained effective sealing contact
with the lower sealing surface.
[0024] According to still a further example embodi-
ment, the substantially cylindrically shaped portion of the
seal is mounted on an exterior surface of the lower end
region of the stationary outer pipe. Thereby the seal is
kept in place while still allowing a floating installation in
the axial direction.
[0025] In some example embodiments, the seal and
the rotatable outer member do not overlap in the axial
direction. This enables a particularly large relative motion
between the lower sealing surface and the upper axial
end surface of the rotatable outer member because all
types of undesirable interference there between is avoid-
ed.
[0026] In some example embodiments, a cross-sec-
tion of the seal, as seen in a plane extending through the
centre of the seal and parallel with the axial direction,
has two cross-sectional areas, of which a first cross-sec-
tional area is substantially L-shaped. This shape has
proven to be particularly cost-efficient because the lower
portion of the L-shape provides a large lower sealing sur-
face extending in the radial direction, such that a relatively
large relative motion between the lower sealing surface
and the upper axial end surface of the rotatable outer
member is enabled.
[0027] Further features of, and advantages with, the
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present disclosure will become apparent when studying
the appended claims and the following description. The
skilled person realize that different features of the present
disclosure may be combined to create embodiments oth-
er than those described in the following, without departing
from the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The various example embodiments of the dis-
closure, including its particular features and example ad-
vantages, will be readily understood from the following
illustrative and non-limiting detailed description and the
accompanying drawings, in which:

Fig. 1 is a sectional view through a mixing tank and
further including an agitator arrangement;
Fig. 2 is a cross-sectional view of a portion of the
agitator arrangement of figure 1;
Fig. 3 is a cross-sectional view of the seal in assem-
bled state and with the stationary outer pipe coaxial
with the rotatable outer member;
Fig. 4 is magnification of the sealing arrangement of
figure 3;
Fig. 5 is a cross-sectional view of the seal in assem-
bled state and with the rotatable outer member ra-
dially displaced relative the stationary outer pipe; and
Fig. 6 is a cross-sectional view of the seal.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS OF THE DISCLOSURE

[0029] The present disclosure will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which exemplary embodiments of the
disclosure are shown. The disclosure may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein;
rather, these embodiments are provided for thorough-
ness and completeness. Like reference characters refer
to like elements throughout the description. The drawings
are not necessarily to scale and certain features may be
exaggerated in order to better illustrate and explain the
exemplary embodiments of the present disclosure.
[0030] Referring now to figure 1, there is depicted a
partly sectional view of a mixing tank 1 and an outside
view of an agitator arrangement 2 located within the mix-
ing tank 1 according to the disclosure.
[0031] The mixing tank 1 and agitator arrangement 2
are configured for being employed in the food and bev-
erage industry, but also pharmaceutical and cosmetics
industry, and should thus preferably be designed for pro-
viding highly efficient mixing, improved cost-efficiency,
zero in-tank maintenance and very low contamination
risk.
[0032] Low contamination risk is partly realised by
manufacturing the mixing tank 1 and the agitator arrange-
ment 2 primarily from stainless steel, and to provide a

Clean-in-place (CIP) technology for enabling automatic
cleaning the interior surface 3 of the mixing tank 1 and
internal and external surfaces of the agitator arrange-
ment 2 without disassembly and without need for manual
cleaning.
[0033] CIP cleaning may for example include providing
high-energy spray of a cleaning solution to the interior of
the mixing tank 1 and the agitator arrangement 2. This
is typically performed by supplying high pressure clean-
ing solution to an interior pipe of the agitator arrangement
2 and further to spray openings at one or more locations
along the length of the agitator arrangement 2. CIP clean-
ing further often involves providing highly turbulent flow
of the cleaning solution within the mixing tank 1 by means
of the agitator arrangement 2. The cleaning process is
generally performed using high temperature cleaning so-
lution with added chemical detergents for improved
cleaning effectiveness.
[0034] The agitator arrangement 2 is suitable for mix-
ing a liquid in the mixing tank 2 and for cleaning the mixing
tank 2. The agitator arrangement thus at least has a dual
functionality.
[0035] In the example embodiment of figure 1 the ag-
itator arrangement 2 is configured for being attached to
a top portion 20 of the mixing tank and to protrude into
the mixing tank from said top portion 20. The attachment
of the agitator arrangement to the tank may for example
be realised by means of a flange of the agitator arrange-
ment and threaded fasteners.
[0036] The agitator arrangement 2 comprises a sta-
tionary outer pipe 22 extending in an axial direction 5
having an upper end region 14 configured for being di-
rectly or indirectly fastened to the mixing tank, 1 and a
lower end region 23 configured to be located within the
tank 1.
[0037] The axial direction 5 is perpendicular to a radial
direction 6, and the axial direction 5 may for example be
parallel with a vertical direction and the radial direction 6
may for example be parallel with a horizontal direction.
[0038] The agitator arrangement 2 further comprises
a rotatable inner pipe 4 located partly within and extend-
ing coaxially with the stationary outer pipe 22.
[0039] A first axial length 18 of the stationary outer pipe
22 within the mixing tank 1 is typically significantly smaller
than a second axial length 10 of the rotatable inner pipe
4 within the mixing tank 1. In other words, starting from
the top portion 20 of the mixing tank 1, the rotatable inner
pipe 4 and stationary outer pipe 22 first extend overlap-
ping and coaxially over the first axial length 18 within the
mixing tank 1. At this position, the stationary outer pipe
22 ends and the rotatable inner pipe 4 extends without
the stationary outer pipe 22 until the end of the second
axial length 10.
[0040] The agitator arrangement 2 furthermore com-
prises a rotatable outer member 15, which is fastened to
the rotatable inner pipe 4 and includes a cleaning unit
28, such as a spray ball. The cleaning unit 28 has at least
one opening 9 for spraying a pressurized cleaning liquid
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supplied through the second flow channel on the interior
surface 3 of the tank 1.
[0041] The agitator arrangement further comprises at
least one mixing tool, such as an impeller, rotationally
fastened to the rotatable inner pipe at a location below
the rotatable outer member 15 and configured for mixing
a liquid within the mixing tank. For example, as shown in
the example embodiment of figure 1, a first impeller 7
having impeller blades 31 may be secured to the rotatable
inner pipe 4 at a first axial position and a second impeller
8 having impeller blades 31 may be secured to the rotat-
able inner pipe 4 at a second axial position. However,
the agitator arrangement may alternative comprises one,
three or more impellers or other types of mixing tools
rotationally attached to the rotatable inner pipe 4.
[0042] A lower end 29 of the agitator arrangement 2
may be free from attachment to the mixing tank 1. In other
words, the agitator arrangement 2 may be designed to
be attached to the mixing tank 1 only at the top portion
20 of the mixing tank 1. This enables simplified installa-
tion of the agitator arrangement within the mixing tank,
as well as reduced cleaning need and reduced risk for
contamination. However, in certain implementations, a
bottom bearing support may be provided for giving the
agitator arrangement increased support for more control-
led rotational motion and less bending of the agitator ar-
rangement.
[0043] A mixing mode and a cleaning mode will now
be described with reference to figure 2, which shows an
enlarged cross-sectional view of a an upper portion of
the agitator arrangement 2 according to the disclosure.
[0044] A first flow channel 24 is formed within the ro-
tatable inner pipe 4 and a second flow channel 25 is
formed in a space between an interior surface of the sta-
tionary outer pipe 22 and an exterior surface of the ro-
tatable inner pipe 4.
[0045] In the cleaning mode, pressurized cleaning liq-
uid from an external source may be supplied to both a
first and a second external inlet 13, 17 of the agitator
arrangement 2, which first and second external inlets 13,
17 are located outside of the mixing tank 1. The first ex-
ternal inlet 13 is in fluid communication with the first flow
channel 24, and the second external inlet 17 is in fluid
communication with the second flow channel 25.
[0046] Thereby, pressurized cleaning liquid supplied
at the first external inlet 13 of the agitator arrangement
2 may flow through the first flow channel 24 and be
sprayed out within the mixing tank 1 at suitable spray
openings (not shown) located for example at the first
and/or second impellers 7, 8, or other cleaning units lo-
cated along the rotatable inner pipe 4.
[0047] Moreover, pressurized cleaning liquid may also
be supplied at the second external inlet 17 in the cleaning
mode and further conveyed via the second flow channel
25 to one or more openings 9 located in the cleaning unit
28 of the rotatable outer member 15.
[0048] Cleaning liquid may be drained from the mixing
tank via an outlet (not shown) of the mixing tank 1 and

re-circulated to the first and second external inlets 13, 17
of the agitator arrangement 2.
[0049] Depending in the specific circumstances of the
implementation, the agitator arrangement may alterna-
tively be configured such that pressurized cleaning liquid
from an external source is supplied only to the second
external inlet 17 of the agitator arrangement 2 in the
cleaning mode.
[0050] In the mixing mode of the agitator arrangement
a power source 11, such as an electrical motor, drivingly
connected to the rotatable inner pipe 4, for example via
a transmission unit 12, causes the rotatable inner pipe 4
and associated first and second impellers 7, 8 to rotate
and to generate a strong whirl flow and mixing effect of
for example a liquid food product located within the tank 2.
[0051] A deaeration process of the liquid food product
within the mixing tank 1 may also be performed for re-
ducing the oxygen content in liquid food products like soft
drinks, beer and edible oil leads to extended shelf life
and improved taste stability.
[0052] A deaeration process involves injecting a de-
aeration gas into the liquid food product of the tank 1.
The deaeration gas, e.g. N2 or CO2, may be supplied to
the liquid food product within the tank via first external
inlet 13 and the first flow channel 24. The stripping gas
may for example be supplied to the liquid food product
using the openings of the agitator arrangement that are
configured for spraying a cleaning liquid in a cleaning
mode of the agitator arrangement 2.
[0053] It is generally preferred to inject the deaeration
gas at a low position within the mixing tank for enabling
a long reaction time of the deaeration gas bubbles with
the liquid food product before the gas bubbles reach the
surface of the liquid food product within the tank 1. Con-
sequently, in some example embodiments it may be se-
lected to avoid supplying deaeration gas to the second
external inlet 17, because this would allow deaeration
gas to be injected at the rotatable outer member 15, which
is located at a relatively high position within the mixing
tank 1.
[0054] The agitator arrangement 2 further comprises
a seal 26 for sealing an axial gap between the stationary
outer pipe 22 and the rotatable outer member 15. The
rotatable outer member 15 may for example comprise a
cleaning unit 28 with one or more openings for spraying
cleaning liquid and a substantially cylindrical sealing col-
lar configured for contacting the seal 26. The rotatable
outer member 15 may for example be made in one piece.
[0055] Figure 3 shows a cross-sectional view of a mag-
nification of a sealing arrangement including the seal 26
in assembled state and with the stationary outer pipe 22
substantially coaxial with the rotatable outer member 15
and rotatable inner pipe 4.
[0056] The seal 26 is configured for sealing an axial
gap 32 between an axial end surface 33 of the lower end
region 23 of the stationary outer pipe 22 and an oppositely
facing upper axial end surface 34 of the rotatable outer
member 15.
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[0057] The seal 26 may for example be manufactured
in one-piece for improved cost-efficiency.
[0058] The seal 26 has a substantially cylindrically
shaped portion 35 and a radially inwardly protruding rib
36 located in the axial gap 33.
[0059] The substantially cylindrically shaped portion
35 of the seal 26 is mounted on an exterior surface 41
of the lower end region 23 of the stationary outer pipe 22.
[0060] In addition, the seal 26 is configured to be float-
ingly installed in the axial gap 32, meaning that the seal
26 is not fastened to neither the stationary outer pipe nor
the rotatable outer member. This is accomplished by hav-
ing a certain play between an inner surface 40 of the
substantially cylindrically shaped portion 35 of the seal
26 and the exterior surface 41 of the lower end region of
the stationary outer pipe 22. For example, when the sta-
tionary outer pipe 22 is positioned coaxially with seal 26,
the seal 26 may have a radial play in relation to the sta-
tionary outer pipe 22 of 0.3 - 5 mm, specifically 0.4 - 3
mm, and more specifically 0.5 - 1.5 mm on each side in
the radial direction.
[0061] A floating mounting of the seal 26 enables a
small amount of cleaning liquid to escape out from the
second flow channel 25 out through said radial play, such
that the area where the seal 26 overlaps the outer sta-
tionary pipe 22 is properly cleaned.
[0062] Moreover, a floating mounting of the seal 26
also provides reduced wear on the seal 26 during mixing
mode of the agitator arrangement because the seal is
then not pushed against the upper axial end surface 34
of the rotatable outer member 15.
[0063] In fact, during for example the mixing mode op-
eration when no flow is present in the second flow chan-
nel 25, the seal 26 is moveable a certain distance in the
axial direction relative to the stationary outer pipe 22 and
the rotatable outer member 15. Specifically, the seal is
axially moveable between an axially uppermost position,
in which a portion of the seal abuts the axial end surface
33 of the lower end region 23 of the stationary outer pipe
22, and an axially lowermost position, in which the lower
sealing surface 37 of the seal 26 abuts the upper axial
end surface 34 of the rotatable outer member 15.
Due to the floating mounting of the seal 26, the seal 26
may also during for example the cleaning mode operation
begin to rotate together with the rotatable outer member
15, or the seal 26 may alternatively be non-rotating to-
gether with the stationary outer pipe 22.
[0064] Furthermore, the seal 26 is configured to inter-
act with the pressurized cleaning liquid flowing in the sec-
ond flow channel 25, such that a lower sealing surface
37 of the seal 26, upon flow of the pressurized cleaning
liquid in the second flow channel 25 to the cleaning unit
in the rotatable outer member 15, is arranged to sealingly
abut the upper axial end surface 34 of the rotatable outer
member 15 while allowing relative motion between the
stationary outer pipe 22 and the rotatable outer member
15 in a radial direction 6.
[0065] The sealing abutment of the seal 26 on the up-

per axial end surface 34 of the rotatable outer member
15 caused by the flow of pressurized cleaning liquid in
the second flow channel 25 to the cleaning unit is accom-
plished by having the rib 36 extending radially inwardly
a distance 39 beyond the interior surface 38 of the sta-
tionary outer pipe 22, because thereby the rib 36 will pro-
trude out into the flow of pressurized cleaning liquid in
the second flow channel 25. As a result, the flow of pres-
surized cleaning liquid will generate a force that will act
on the rib and push the rib towards the upper axial end
surface 34 of the rotatable outer member 15, such that
the lower sealing surface of the seal will sealingly abut
the upper axial end surface of the rotatable outer member
and a satisfactory sealing effect is accomplished.
[0066] However, the sealing effect may be even further
improved by means of hydraulic pressure acting on the
seal 26 towards a sealing engagement. In particular,
when the lower sealing surface 37 of the seal 26 sealingly
abuts the upper axial end surface 34 of the rotatable outer
member 15, the sealing arrangement may be given a
geometry that enables a first axial force 42 acting on the
seal 26 in a downwards direction and caused by hydraulic
pressure of the pressurized cleaning liquid acting on up-
wards facing surface area 46 of the seal, to be larger
than any second axial force 44 acting on the seal in an
upwards direction caused by hydraulic pressure of the
pressurized cleaning liquid acting on any downwards fac-
ing surface area 47 of the seal 26.
[0067] This force relationship acting on the seal 26 is
further shown on figure 4, which illustrates a magnifica-
tion of a cross-sectional view of the sealing arrangement
of figure 3. Hydraulic pressure is the force imparted per
unit area of a liquid on the surfaces, with which it has
contact. A liquid pressure thus exerts a force on the walls
of a space in a direction perpendicular to the surface
plane of the walls, wherein the force per unit area is pro-
portional to the liquid pressure, and wherein the force
acting in any direction is proportional to the effective area
perpendicular to said direction.
[0068] In a steady-state cleaning mode operation the
second flow channel 25 may be deemed representing a
space, such that the liquid pressure acting on the seal
26 can be deemed be substantially identical upstream
and downstream of the seal 26. Moreover, as clearly
showed in figure 4, the geometry of the sealing arrange-
ment, i.e. the geometry of the seal 26, the end surface
33 of the stationary outer pipe 22 and the oppositely fac-
ing end surface 34 of the rotatable outer member 15,
renders the upwards facing surface area 46 of the seal
26 on which hydraulic pressure of the pressurized clean-
ing liquid can act, and which is represented by an upper
distance 43, clearly larger than the downwards facing
surface area 47 of the seal 26 on which hydraulic pres-
sure of the pressurized cleaning liquid can act, and which
is represented by a lower distance 45.
[0069] Thereby, the first axial force 42 pushing the seal
towards a sealing engagement with the upper axial end
surface 34 of the rotatable outer member 15 will be larger
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than the second axial force 44 pushing the seal upwards
and away from said sealing engagement, such that an
improved sealing effect is accomplished by means of hy-
draulic pressure acting on the seal 26.
[0070] In detail, when the lower sealing surface 37 of
the seal 26 sealingly abuts the upper axial end surface
34 of the rotatable outer member 15, the upwards facing
surface area 46 of the seal on which pressurized cleaning
liquid is acting is larger, specifically at least 5% larger,
more specifically at least 10% larger, even more specif-
ically at least 20 % larger, and still more specifically at
least 100% larger, than any downwards facing surface
area 47 of the seal on which pressurized cleaning liquid
is acting.
[0071] The relationship between the sizes of the up-
wards facing surface area 46 and the size of the down-
wards facing surface area 47 may be selected taking into
account the specific circumstances of each implementa-
tion, such as flow rate, liquid pressure level, sealing ar-
rangement geometry, and the like. Too little sealing pres-
sure may result in leakage between the seal and upper
axial end surface 34 of the rotatable outer member 15,
while too high sealing pressure may cause increased
wear of the seal 26, in particular upon relative motion
between the stationary outer pipe and the rotatable outer
member in a radial direction.
[0072] A key aspect of the agitator arrangement ac-
cording to the disclosure is that the seal 26 is configured
to seal the joint between the stationary outer pipe 22 and
the rotatable outer member 15 while allowing relatively
large level of relative motion between the stationary outer
pipe 22 and the rotatable outer member 15 in a radial
direction 6, because thereby larger flexibility in terms of
agitator arrangement design is enabled.
[0073] For example, an agitator arrangement with larg-
er level of bending of the rotatable inner pipe during op-
eration thereof can be provided, which larger level of
bending for example may be caused by less support
points between the agitator arrangement and the mixing
tank, e.g. eliminated bottom bearing support, or use of
smaller diameter or material thickness of the rotatable
inner pipe, or use of a longer rotatable inner pipe.
[0074] To conclude, the new sealing arrangement de-
sign contributes to providing improved lifetime cost-effi-
ciency due to larger freedom for more cost-efficient de-
sign of the agitator arrangement, reduced in-tank main-
tenance due to reduced maintenance requirement of the
seal, and reduced contamination risks due to maintained
sealing performance over a larger span of operating con-
ditions.
[0075] The relatively large level of relative motion be-
tween the stationary outer pipe 22 and the rotatable outer
member 15 in a radial direction 6 with maintained sealing
capacity is accomplished by having the lower sealing sur-
face of the seal arranged to sealingly abut the upper axial
end surface of the rotatable outer member. In other
words, the lower sealing surface extends primarily in the
radial direction of the agitator arrangement 2. Thereby,

the lower sealing surface of the seal remains in sealing
abutment with the upper axial end surface of the rotatable
outer member despite a certain level of relative motion
between the sealing parts.
[0076] Figure 5 shows a cross-sectional view of a mag-
nification of a sealing arrangement including the seal 26
in assembled state but with the rotatable outer member
15 and rotatable inner pipe 4 displaced towards the right
in the figure relative to the stationary outer pipe 22, such
that the inner rotatable pipe 4 is in contact with the rib 36
of the seal 26.
[0077] Figure 5 thus illustrates an example behaviour
of the sealing arrangement upon relatively large level of
relative motion between the stationary outer pipe 22 and
the rotatable outer member 15 in a radial direction 6.
Moreover, figure 5 also shows that the lower sealing sur-
face 37 of the seal remains in sealing abutment with up-
per axial end surface 34 of the rotatable outer member
despite the radial displacement rotatable outer member
15 and rotatable inner pipe 4, i.e. that the sealing ar-
rangement provides maintained sealing capacity.
[0078] In other words, the lower sealing surface 37 and
the upper axial end surface 34 of the rotatable outer mem-
ber 15 are configured for enabling a radial relative dis-
placement between the seal 26 and the rotatable outer
member 15 with maintained sealing contact between the
lower sealing surface 37 and the upper axial end surface
34 of the rotatable outer member 15 along the entire cir-
cumference of the lower sealing surface 37.
[0079] The relative radial motion with maintained seal-
ing capacity is the result of having at least one, or both,
of the lower sealing surface 37 of the seal and the upper
axial end surface 34 of the rotatable outer member 15
defining a relatively large flat sealing surface extending
in the radial direction 6. Thereby, the lower sealing sur-
face 37 of the seal can be radially displaced without losing
sealing contact with the upper axial end surface 34 of the
rotatable outer member 15.
[0080] In the example embodiment of figures 3-5 the
lower sealing surface 37 of the seal 26 defines a relatively
large flat sealing surface extending in the radial direction
6, whereas the upper axial end surface 34 of the rotatable
outer member 15 defines a much smaller sealing surface.
[0081] Specifically, a difference between an outer ra-
dius 50 and an inner radius 51 of the upper axial end
surface 34 of the rotatable outer member 15 is about 10
- 70 %, specifically about 20 - 40 % of a difference be-
tween an outer radius 52 and an inner radius 53 of the
lower sealing surface 37 of the seal 26. It is generally
more cost-efficient to provide the seal with relatively large
flat sealing surface 37 extending in the radial direction 6
than providing the rotatable outer member 15 with a large
flat sealing surface.
[0082] In absolute terms, the difference between the
outer radius 52 of the lower sealing surface 37 and an
inner radius 53 of the lower sealing surface 37 may be
in the range of 3 - 50 mm, specifically 3 - 25 mm, and
more specifically 5 - 10 mm.
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[0083] These dimension of the lower seal surface 37
would enable a maximal radial relative displacement be-
tween the seal 26 and the rotatable outer member 15 in
the range of about 3 - 25 mm, specifically 3 - 15 mm, and
more specifically 5 - 10 mm, in each radial direction, when
measured in a coaxial position of the seal 26 and rotat-
able outer member 15, and the upper axial end surface
34 of the rotatable outer member 15 is located approxi-
mately in a centred position of the lower seal surface 37.
[0084] It is thus clear that the level of relative radial
motion between the seal and rotatable outer member 15
can be easily adjusted for handling various levels of rel-
ative motion. For example, increased radial relative mo-
tion can be accomplished by increasing the size of the
lower sealing surface 37 of the seal 26.
[0085] However, a further aspect to take into account
may be the level of radial play between a radially inner-
most surface 54 of the seal 26 and an exterior surface
55 of the rotatable inner pipe 4. If this level of radial play
is small a relatively large radial play provide by the sealing
arrangement may not be fully exploited, because the seal
abuts the exterior surface 55 of the rotatable inner pipe
4. Consequently, the level of radial play between an ra-
dially innermost surface 54 of the seal 26 and an the
exterior surface 55 of the rotatable inner pipe 4 is pref-
erable taken into account and matched with the level of
radial play provide by the sealing arrangement, as shown
in figure 5, where the innermost surface 54 of the seal
26 contacts the exterior surface 55 of the rotatable inner
pipe 4 near a limit of the level of radial play provide by
the sealing arrangement.
[0086] In absolute numbers, a radial play between the
radially innermost surface 54 of the seal 26 and the ex-
terior surface 55 of the rotatable inner pipe is 2 - 25 mm,
specifically 2.5 -10 mm, and more specifically 3 - 5 mm,
as measured in a coaxial position of the seal 26 and ro-
tatable outer member 15.
[0087] Since the lower sealing surface 37 of the seal
26 extends primarily in the radial direction of the agitator
arrangement 2, there is generally no need for an axial
overlap between the seal and rotatable outer member
15. Consequently, the seal 26 and rotatable outer mem-
ber 15 may be configured to be free from any overlap in
the axial direction.
[0088] Figure 6 shows a cross-sectional view of an ex-
ample embodiment of the seal 26. Figure 6 shows that
the radially inwardly protruding rib 36 has an annular
shape, and the rib 36 extends along the entire interior
circumference of the seal 26.
[0089] Moreover, an axial length 58 of the rib 36 is typ-
ically smaller than the axial gap 32 between the axial end
surface 33 of the lower end region 23 of the stationary
outer pipe 22 and the oppositely facing upper axial end
surface 34 of the rotatable outer member 15, such that
the seal 26 is axially moveable in the axial gap 32 be-
tween the axially uppermost and lowermost positions of
the seal 26.
[0090] Figure 6 also clearly illustrates that the radially

inwardly protruding rib 36 is located at a lower axial end
of the seal 26, and that the lower sealing surface 37 is
located at a lower axial end of the rib 36.
[0091] Figure 6 further illustrates that a cross-section
of the seal 26, as seen in a plane extending through the
centre of the seal and parallel with the axial direction,
has two cross-sectional areas 56, 57, of which a first
cross-sectional area 56 is substantially L-shaped and a
second cross-sectional area 57 is the mirror image of the
first cross-sectional area 56. In other words, the cross-
sectional view of the seal 26 in figure 6 has mirror sym-
metry around a central axis 60 of the seal 26 extending
in the axial direction 5.
[0092] Although the disclosure has been described in
relation to specific combinations of components, it should
be readily appreciated that the components may be com-
bined in other configurations as well which is clear for
the skilled person when studying the present application.
Thus, the above description of the example embodiments
of the present disclosure and the accompanying draw-
ings are to be regarded as a non-limiting example of the
disclosure and the scope of protection is defined by the
appended claims. Any reference sign in the claims should
not be construed as limiting the scope.
[0093] The use of the word "a" or "an" in the specifica-
tion may mean "one," but it is also consistent with the
meaning of "one or more" or "at least one." The term
"about" means, in general, the stated value plus or minus
10%, or more specifically plus or minus 5%. The use of
the term "or" in the claims is used to mean "and/or" unless
explicitly indicated to refer to alternatives only.
[0094] The terms "comprise", "comprises" "compris-
ing", "have", "has", "having", "include", "includes", "in-
cluding" are open-ended linking verbs. As a result, a
method or device that "comprises", "has" or "includes"
for example one or more steps or elements, possesses
those one or more steps or elements, but is not limited
to possessing only those one or more elements.

Claims

1. Agitator arrangement (2) for mixing a liquid within a
mixing tank (1) and for cleaning the interior of the
tank (1), wherein the agitator arrangement (2) com-
prises:

a stationary outer pipe (22) extending in an axial
direction (5) having an upper end region (14)
configured for being fastened to the mixing tank
(1) and a lower end region (23) configured to be
located within the tank (1);
a rotatable inner pipe (4) located partly within
and extending coaxially with the stationary outer
pipe (22) and forming a first flow channel (24)
within the rotatable inner pipe (4) and a second
flow channel (25) in a space between an interior
surface (38) of the stationary outer pipe (22) and

13 14 



EP 3 581 263 A1

9

5

10

15

20

25

30

35

40

45

50

55

an exterior surface (55) of the rotatable inner
pipe (4),
a rotatable outer member (15) fastened to the
rotatable inner pipe (4) and including a cleaning
unit (28) having at least one opening (9) for
spraying a pressurized cleaning liquid supplied
through the second flow channel (25) on an in-
terior surface (3) of the tank (1),
a seal (26) for sealing an axial gap (32) between
an axial end surface (33) of the lower end region
(23) of the stationary outer pipe (22) and an op-
positely facing upper axial end surface (34) of
the rotatable outer member (15),
wherein the seal (26) has a substantially cylin-
drically shaped portion (35) and a radially in-
wardly protruding rib (36) located in the axial gap
(32), and
wherein the seal (26) is configured to interact
with the pressurized cleaning liquid, such that a
lower sealing surface (37) of the seal (26), upon
flow of the pressurized cleaning liquid in the sec-
ond channel (25) to the cleaning unit (28), is ar-
ranged to sealingly abut the upper axial end sur-
face (34) of the rotatable outer member (15)
while allowing relative motion between the sta-
tionary outer pipe (22) and the rotatable outer
member (15) in a radial direction (6).

2. Agitator arrangement according to claim 1, wherein
the seal (26) is moveable a certain distance in the
axial direction (5) relative to the stationary outer pipe
(22) and the rotatable outer member (15), and
wherein the rib (36) extends radially inwardly beyond
the interior surface (38) of the stationary outer pipe
(22) and is configured to interact with the flow of pres-
surized cleaning liquid, such that the lower sealing
surface (37) of the seal (26), upon flow of pressurized
cleaning liquid in the second channel (25) to the
cleaning unit (28), is arranged to sealingly abut the
upper axial end surface (34) of the rotatable outer
member (15).

3. Agitator arrangement according to any one of the
preceding claims, wherein the seal (26) is axially
moveable between an axially uppermost position, in
which a portion of the seal (26) abuts the axial end
surface (33) of the lower end region (23) of the sta-
tionary outer pipe (22), and an axially lowermost po-
sition, in which the lower sealing surface (37) of the
seal (26) abuts the upper axial end surface (34) of
the rotatable outer member (15).

4. Agitator arrangement according to any one of the
preceding claims, wherein when the lower sealing
surface (37) of the seal (26) sealingly abuts the upper
axial end surface (34) of the rotatable outer member
(15), a first axial force (42) acting on the seal (26) in
a downwards direction and caused by hydraulic

pressure of the pressurized cleaning liquid acting on
upwards facing surface area (46) of the seal (26), is
larger than any second axial force (44) acting on the
seal (26) in an upwards direction caused by hydraulic
pressure of the pressurized cleaning liquid acting on
any downwards facing surface area (47) of the seal
(26).

5. Agitator arrangement according to claim 4, wherein
when the lower sealing surface (37) of the seal (26)
sealingly abuts the upper axial end surface (34) of
the rotatable outer member (15), the upwards facing
surface area (46) of the seal (26) on which pressu-
rized cleaning liquid is acting is larger, specifically at
least 5% larger, more specifically at least 10% larger,
even more specifically at least 20 % larger, and still
more specifically at least 100% larger, than any
downwards facing surface area (47) of the seal (26)
on which pressurized cleaning liquid is acting.

6. Agitator arrangement according to any one of the
preceding claims, wherein the radially inwardly pro-
truding rib (36) has an annular shape and extends
along the entire interior circumference of the seal
(26).

7. Agitator arrangement according to any one of the
preceding claims, wherein the radially inwardly pro-
truding rib (36) is located at a lower axial end of the
seal (26), and wherein the lower sealing surface (37)
is located at a lower axial end of the rib (36).

8. Agitator arrangement according to any one of the
preceding claims, wherein the lower sealing surface
(37) extends primarily in the radial direction (6).

9. Agitator arrangement according to any one of the
preceding claims, wherein the lower sealing surface
(37) and the upper axial end surface (34) of the ro-
tatable outer member (15) are configured for ena-
bling a radial relative displacement between the seal
(26) and the rotatable outer member (15) with main-
tained sealing contact between the lower sealing sur-
face (37) and the upper axial end surface (34) of the
rotatable outer member (15) along the entire circum-
ference of the lower sealing surface (37).

10. Agitator arrangement according to claim 9, wherein
a maximal radial relative displacement between the
seal (26) and the rotatable outer member (15) is in
the range of 3 - 25 mm, specifically 3 - 15 mm, and
more specifically 5 - 10 mm.

11. Agitator arrangement according to any one of the
preceding claims, wherein a difference between an
outer radius (52) of the lower sealing surface (37)
and an inner radius (53) of the lower sealing surface
(37) is in the range of 3 - 50 mm, specifically 3 - 25
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mm, and more specifically 5 - 10 mm.

12. Agitator arrangement according to any one of the
preceding claims, wherein the substantially cylindri-
cally shaped portion (35) of the seal (26) is mounted
on an exterior surface (41) of the lower end region
(23) of the stationary outer pipe (22).

13. Agitator arrangement according to any one of the
preceding claims, wherein the seal (26) and the ro-
tatable outer member (15) do not overlap in the axial
direction (5).

14. Agitator arrangement according to any one of the
preceding claims, wherein a cross-section of the seal
(26), as seen in a plane extending through the centre
of the seal (26) and parallel with the axial direction
(5), has two cross-sectional areas (56, 57), of which
a first cross-sectional area (56) is substantially L-
shaped.

15. Agitator arrangement according to any one of the
preceding claims, wherein a lower end (29) of the
agitator arrangement (2) is configured to be free from
attachment to the mixing tank (1).
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