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Description

Technical field of the Invention

[0001] The present invention relates generally to the
field of pumps configured to pump liquid comprising
solid/abrasive matter. Further, the present invention re-
lates specifically to the field of pumps such as sewage/-
wastewater pumps, dewatering pumps and drainage
pumps especially configured for pumping liquid compris-
ing solid matter, such as sand and stone material. The
pumped liquid is for instance wastewater, drilling water in
mining/tunneling applications, surface water on con-
struction sites, etc. i.e. transport and dewatering applica-
tions. The present invention relates specifically to an
impeller suitable for said pumps and applications, and
relates also to a pump comprising such an impeller. The
inventive pump may be wet installed and/or dry installed,
and may be of submergible type in both installations.
[0002] The present invention relates to an impeller
comprising a hub, an upper cover disc connected to
the hub, a lower cover disc and at least one vane ex-
tending between and connecting the upper cover disc
and the lower cover disc, wherein the impeller comprises
a lower seal member that is located in a circumferential
lower seat of the lower cover disc.

Background of the Invention

[0003] In mines, tunneling, quarries, on construction
sites, and the like applications, there is almost always a
need to remove unwanted water in order to secure a dry
enough environment at the working site. In mining/tun-
neling/quarries applications a lot of drilling water is used
when preparing for charging before blasting, and water is
also used to prevent dust spreading after the blasting,
and if the production water is not removed at least the
location of the blast and the lower parts of the mine will
become flooded. Surface water and groundwater will
also add up to accumulation of unwanted water to be
removed. It is customary to use drainage/dewatering
pumps to lift the water out of the mine to a settling basin
located above ground, and the water is lifted stepwise
from the lower parts of the mine to different basins/pits
located at different depths of the mine. Each step/lift may
for instance be in the range 25-50 meters in the vertical
direction, and the length of the outlet conduit, i.e. the
transport distance, in each stepl/lift may for instance be in
the range 100-300 meters. In mining applications, a
considerable amount of sand and stone material is sus-
pended in the water, in some applications as much as
10%. Also pump stations for sewage/wastewater handle
liquid comprising abrasive matter, especially pump sta-
tions also handling surface water. Thus, there are several
applications wherein the pumped media is very abrasive
and comprises sand, stones, etc. and applications
wherein high head/pressure are required.

[0004] Between the stationary diffusor and the rotating
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impeller there are gaps at which a back flow of liquid will
be generated from the downstream side to the upstream
side due to pressure differences, i.e. generally speaking
higher pressure on the downstream side of the impeller
then on the upstream side of the impeller leading to a
back flow in the upstream direction. Thereto, like the
pumped media/liquid discharged from the pump also
the back flow of liquid carries solid/abrasive matter/par-
ticles that are suspended in the media, and the abrasive
particles will act as grinders on the surfaces of the gap,
and the greater back flow the more wear on the gap and
thereby greater back flow and decreased capacity/effi-
ciency of the pump. Thus, back flow creates losses and
the smaller gap the smaller back flow and thereby less
wear and decreased losses over time.

[0005] However, a pump and especially a multistage
pump having a plurality of pressure stages there are long
tolerance chains in the construction. According to prior
art, the location of the impeller side of the gap, i.e. the
location of the impellers, are defined by the position of the
drive shaft that is journalled in the housing of the drive
unit, and the location of the stationary side of the gap, i.e.
the location of the diffusers, are defined by the housing of
the hydraulic unit that is connected to the housing of the
drive unit. Thus, there are many components between
the impeller side of the gap and the stationary side of the
gap, i.e. along tolerance chain, and in order to be able to
have a small gap the tolerance range of each dimen-
sion/surface of each component has to be decreased/-
tight resulting in an accelerating increase of manufactur-
ing/machining cost when having a long chain of toler-
ances.

[0006] A known way to try to provide small gaps is to
have a lining of resilient material at the stationary parts,
whereby some contact is allowed between the rotating
partand the stationary part without entailing wear and risk
for damages to the components. However, when/if the
lining is lost there will be a huge decrease in capacity/ef-
ficiency of the multistage pump. The lining is not as
resistive to wear as metal, and the abrasive matter will
inevitably provide wear to the lining.

[0007] Generally, the site manager, i.e. the process at
the working site, requires a constant low liquid level and
therefor the drainage pump is in constant operation even
though there is only little water/liquid available in the
cavity/basins. The water can be constituted by ground
water leakage, rainwater, and especially process water
from drilling, reducing dust, etc. If the water is not re-
moved the production will be negatively affected, which
cannot be accepted. Thus, the water is pumped/tran-
sported by means of dewatering/drainage pumps. To
be on the safe side, in many applications, the drainage
pumps are in constant operation, irrespective of water
being pumped or not. If the stationary parts and the
rotating impeller comes in contact with each other at
the gap when no media is pumped or present in the
gap, the components are more susceptible for damage/-
wear. Due to the long tolerance chains and the risk of
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damage, the gaps of the prior art pumps are wider then
optimal considered from a back flow point of view.
[0008] Thus,thereisaneedtobe abletoobtainsmaller
and/or more wear resistant gaps between the stationary
parts and the rotating impellers of a pump without being
forced to conduct labor-intensive and expensive manu-
facturing/machining of the components of the submergi-
ble multistage pump, and without being forced to harden
exposed parts of the impeller.

[0009] When having tighter gaps between the rotating
impeller and the stationary diffuser, itis a solution to use a
face seal arrangement comprising a wear ring or seal
member connected to the impeller, wherein the seal
member is manufactured from a harder material than
the impeller. According to prior art, the seal member is
glued to the seat of the impeller in order to secure that the
seal member does not disengage from the impeller.
However, from a manufacturing/environmental point of
view and from a workers health point of view there is a
need to obtain a solution not comprising glue.

[0010] Aknownimpellerhavingalower sealmemberis
shown for example in document CN 203 717 362 U.

Object of the Invention

[0011] The present invention aims at obviating the
aforementioned disadvantages and failings of previously
known impellers and pumps, and at providing an im-
proved impeller and pump. A primary object of the pre-
sent invention is to provide an improved impeller and
pump of the initially defined type that comprises a con-
struction that makes it possible to have small gaps be-
tween the stationary parts and the rotating impellers of
the pump by having an impeller that is less susceptible to
wear, and thereby less back flow and retained efficiency.
[0012] Itis another object of the invention to provide an
improved impeller and pump wherein the seal member is
secured to the impeller without using glue. It is another
object of the present invention to provide an improved
impeller and pump that is more wear resistant due to
decreased back flow at said gaps and thereby longer
service interval may be applied. Itis another object of the
present invention to provide an improved impeller and
pump that has less decrease in capacity/efficiency over
time and thereby longer service interval may be applied. It
is another object of the present invention to provide an
improved impeller and pump that entails that fewer and
smaller abrasive particles are passing through the gaps
and thereby reduced wear from the back flow of pumped
media and thereby longer service interval may be ap-
plied.

Summary of the Invention

[0013] According to the invention at least the primary
objectis attained by means of the initially defined impeller
and pump having the features defined in the independent
claims. Preferred embodiments of the present invention
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are further defined in the dependent claims.

[0014] According to the present invention, the lower
seathas an envelope surface, wherein the inner diameter
of the lower seal member is greater than the diameter of
the envelope surface of the lower seat, and that the
impeller comprises a retainer ring that is in press fit
connection with the envelope surface of the lower seat,
wherein the retainer ring is configured to retain the lower
seal member in the lower seat.

[0015] Thus, the present invention is based on the
insight that when using of a lower seal member, that is
less sensitive to wear, it is of outermost importance that
the lower seal member is fixated to the impeller. Should
the lower seal member become loose/break and disen-
gage the impeller, the entire pump risk to become da-
maged.

[0016] Since the lower seal member is harder and
more brittle than the impeller, the inventors has stipulated
thatthe inner diameter of the lower seal member has tobe
greater than the diameter of the envelope surface of the
lower seat. Should one try to have a press fitengagement
between the lower seat and the lower seal member, the
latter will crack/break upon mounting or when subject to
already minor external force. Thus, the hard/brittle lower
seal member is designed to manage wear but has less
resistibility to tensile forces. It is no solution to manufac-
ture the entire impeller of the same material as the lower
seal member, since such impeller is much too expensive
and also more prone to breakage. Thereto itis a wide aim
within all manufacturing/mounting not to use glue/adhe-
sive. Glue/adhesive is messy to handle, requires time to
cure and requires safety measures for the work environ-
ment, which entails longer and more expensive mount-
ing. Thus, the inventors have solved the necessity to
securely fixate the lower seal member in the lower seat
ofthe impeller without exerting the lower seal member for
the risk of cracking/breaking and without the use of glue,
by utilizing a retainer ring that is in press fit engagement
with the lower seat, wherein the retainer ring is made of a
material not prune to crack/break when exposed to ten-
sile force. Thereby a harder and more wear resistant
lower seal member may be utilized, resulting in a possi-
bility to have a small gap and less wear, and thereby less
back flow and longer service interval may be applied.
[0017] According to various embodiments of the pre-
sentinvention, aresilientmember is located between and
separates the lower seal member and the lower seat in
the radial direction. Thereby the lower seal member is
secured in a concentric relationship with the lower seat
without the risk of having excessive tensile force acting
on the lower seal member, at the same time as the
resilient member will assist in securing corotation be-
tween the lower seal member and the impeller.

[0018] According to various embodiments of the pre-
sent invention, the outer diameter of the retainer ring is
smallerthan the outer diameter of the lower seal member.
Thereby the retainer ring will not risk to engage the seal
member of the stationary part of the pump during opera-
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tion.

[0019] According to various embodiments of the pre-
sent invention, the impeller comprises an upper seal
member connected to at least one of the hub and the
upper cover disc of the impeller. By using an upper seal
member at the upper interface between the impeller and
the stationary part of the pump, any back flow at this
interface can be suppressed at the same way as at the
lower interface between the impeller and the stationary
part of the pump, especially in a multistage pump.
[0020] Further advantages with and features of the
invention will be apparent from the other dependent
claims as well as from the following detailed description
of preferred embodiments.

Brief description of the drawings

[0021] A more complete understanding of the above-
mentioned and other features and advantages of the
present invention will be apparent from the following
detailed description of preferred embodiments in con-
junction with the appended drawings, wherein:

Fig. 1  is a schematic cross-sectional side view of an
inventive pump comprising an inventive impel-
ler,

is a schematic cross-sectional side view of the
hydraulic unit and part of the drive unit of a
submergible multistage pump comprising a
plurality of inventive impellers,

is a schematic perspective view from above of
an inventive impeller,

is a schematic perspective view from below of
the impeller according to figure 3, and

is a schematic cross-sectional side view of the
impeller according to figures 3 and 4 together
with the stationary part of the multistage pump.

Fig. 2

Fig. 3
Fig. 4

Fig. 5

Detailed description of preferred embodiments of the
invention

[0022] The presentinvention relates specifically to the
field of submergible pumps especially configured for
pumping liquid comprising abrasive/solid matter, such
as water comprising sand and stone material. The sub-
mergible pumps are especially wastewater pumps and
drainage/dewatering pumps. The present invention re-
lates specifically to an impeller suitable for such pumps
and such applications, and to a pump comprising such an
impeller.

[0023] Referenceisinitially made tofigure 1, disclosing
a schematic illustration of cross-sectional side view of a
pump, generally designated 1. The general structural
elements of a pump 1 will be described with reference
to figure 1. The pump 1 comprises two major parts, i.e. a
drive unit, generally designated 2, and a hydraulic unit,
generally designated 3.

[0024] The hydraulic unit 3 of the pump 1 comprises an
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inlet4, an outlet 5 and a volute 6 located intermediate said
inlet 4 and said outlet 5, i.e. the volute 6 is located
downstream the inlet 4 and upstream the outlet 5. The
volute 6 is partly delimited by an impeller seat, generally
designated 7, that at least partly encloses the inlet 4 and
by a housing 8. The impeller seat 7 is stationary and
connected to the housing 8. The pump 1 also comprises
an intermediate wall structure 9 separating the hydraulic
unit 3 from the drive unit 2 of the pump 1 in a liquid tight
manner. The intermediate wall structure 9 may also
comprise a liquid seal chamber 10 or the like sealing
arrangement between the volute 6 of the hydraulic unit 3
and a motor compartment 11 of the drive unit 2. Said
volute 6 is also known as pump chamber and said im-
peller seat 7 is also known as suction cover, wear plate,
inlet insert/plate, diffuser. In figure 1 the inlet 4 is an axial
inlet and the outlet 5 is a radial outlet.

[0025] Insome applications, the outlet 5 of the hydrau-
lic unit 3 also constitutes the outlet of the pump 1 (as
disclosed in figure 1) and in other applications the outlet 5
of the hydraulic unit 3 is connected to a separate outlet of
the pump 1, e.g. via a cooling jacket volume. The outlet of
the pump 1 is configured to be connected to an outlet
conduit (not shown). Thereto the pump 1 comprises an
impeller, generally designated 12, wherein the impeller
12 is located in the volute 6, i.e. the hydraulic unit 3 of the
pump 1 comprises an impeller 12. The impeller 12 is a
channel impeller having so-called closed channels.
[0026] The hydraulic unit 3 of the pump may comprise
an inlet strainer having perforations or holes, wherein the
inlet strainer is configured to prevent larger objects from
reaching the inlet 4 and the volute 6. Such larger objects
may otherwise jam or clog the impeller 12.

[0027] The drive unit 2 of the pump 1 comprises an
electric motor, generally designated 13, arranged in a
liquid tight pump housing 14, and a drive shaft 15 ex-
tending from the electric motor 13 through the intermedi-
ate wall structure 9 and into the volute 6. The electric
motor 13 comprises a stator 16 and a rotor 17, wherein
the drive shaft 15 is connected to the rotor 17 of the
electric motor 13 in conventional way. The impeller 12 is
connected to and driven in rotation by the drive shaft 15
during operation of the pump 1, wherein liquid is sucked
into said inlet 4 and pumped out through said outlet 5 by
means of the rotating impeller 12 when the pump 1 is
active. The pump housing 14, the housing 8, the impeller
seat 7, the impeller 12, and other essential components,
are preferably made of metal, such as aluminum and
steel. The electric motor 13 is powered via an electric
power cable 18 extending from a power supply, and the
pump 1 comprises a liquid tight lead-through 19 receiving
the electric power cable 18.

[0028] Accordingto various embodiments, the pump 1,
more precisely the electric motor 13, is operatively con-
nected to a control unit 20, such as an Intelligent Drive
comprising a Variable Frequency Drive (VFD). Thus, said
pump 1 is configured to be operated at a variable opera-
tional speed [rpm], by means of said control unit 20.
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According to various embodiments, the control unit is
located inside the liquid tight pump housing 14, e.g. inan
electronics chamberofatop unit21,i.e. itis preferred that
the control unit 20 is integrated into the pump 1. The top
unit 21, i.e. the electronics/connection chamber, is sepa-
rated from the motor compartment 11 in a liquid tight
manner. The control unit 20 is configured to control the
operational speed of the pump 1. According to alternative
embodiments the control unit is an external control unit,
or the control unit is divided into an external sub-unit and
an internal sub-unit. The operational speed of the pump 1
is more precisely the rpm of the electric motor 13 and of
the impeller 12 and correspond/relate to a control unit
output frequency. The control unit 20 is configured and
capable of operating the pump 1 and impeller 12 in a
normal direction of rotation, i.e. forward, in order to pump
liquid, and in an opposite direction of rotation, i.e. back-
wards, in order to clean or unblock the volute 6 and
impeller 12.

[0029] The components of the pump 1 are usually cold
down by means of the liquid/water surrounding the pump
1, i.e. when the pump 1 is in a submerged configuratio-
n/application. In dry installed applications/configurations
the pump 1 comprises dedicated cooling systems. Both
configurations may comprise a submergible pump 1, i.e.
the pump 1 is designed and configured to be able to
operate in a submerged configuration/position, i.e. dur-
ing operation be located entirely under the liquid surface.
However, it shall be realized that the submersible pump 1
during operation must not be entirely located under the
liquid surface but may continuously or occasionally be
fully or partly located above the liquid surface.

[0030] Referenceis now made to figure 2, disclosing a
hydraulic unit 3 of a multistage pump 1 and portions of the
drive unit 2, wherein elements/components of the figure 2
embodiment/pump corresponding to elements/compo-
nents of the figure 1 embodiment/pump are given the
same reference numbers. One difference is that accord-
ing to figure 2, the drive unit 2 is located separated from
the hydraulic unit 3 by an inlet volume 22, wherein the
drive shaft 15 extends from the rotor 17 of the drive unit 2
through the inlet volume 22 to the hydraulic unit 3. The
inlet volume 22 is delimited by an inlet strainer 23. Ac-
cording to the figure 2 embodiment the drive unit 2 is
located on the upstream side of the inlet 4 of the hydraulic
unit 3. The inlet strainer 23 comprises perforations or
holes, wherein the inlet strainer 23 is configured to pre-
ventlarger objects from reaching the inlet 4 of the leading
pressure stage.

[0031] A multistage pump comprises a plurality of
pressure stages connected in series with each other,
wherein the disclosed embodiment comprises three
pressure stages. The hydraulic unit 3 also comprises a
top element 24 comprising the outlet 5 of the hydraulic
unit 3 and of the pump 1. Each pressure stage comprises
an impeller 12 connected to the drive shaft 15, wherein
the impeller 12 is driven in rotation during operation of the
pump 1. Each pressure stage also comprises a circum-
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ferential housing 25 and a circumferential internal diffu-
ser 26, wherein the housing 25, the diffuser 26 and the
impeller 12 define a flow path from the inlet to the outlet of
the pressure stage. The diffuser 26 is connected to the
housing 25, wherein the diffuser 26 and the housing 25
are stationary. The outlet of one pressure stage is con-
nected to the inlet of the next pressure stage, seen in the
downstream direction. According to the disclosed embo-
diment all inlets of the pressure stages are configured as
axial inlets and all outlets of the pressure stages are
configured as axial outlets. The outlet 5 of the pump 1
is configured as an axial outlet in the disclosed embodi-
ment, but it shall be realized that the outlet 5 may be
configured as a radial outlet.

[0032] The present invention is based on a new and
improved impeller 12, that is configured to be used in
pumps 1 pumping abrasive media, for instance water or
wastewater/sewage comprising sand and stones.
[0033] Between the stationary diffusor 26 and the ro-
tating impeller 12 there are gaps at which a back flow of
liquid will be generated from the downstream side to the
upstream side due to pressure differences, i.e. generally
speaking higher pressure on the downstream side of the
impeller 12 then on the upstream side of the impeller 12
leading to a back flow in the upstream direction. Thereto,
like the pumped media/liquid discharged from the pump 1
also the back flow carries solid/abrasive matter/particles
that are suspended in the media, and the abrasive par-
ticles will act as grinders on the surfaces of the gap, and
the greater back flow the more wear on the gap and
thereby greater back flow and decreased capacity/effi-
ciency of the pump. Impellers 12 wear quite fast in such
installations due to the solid/abrasive matter in the
pumped liquid and conventionally need to be replaced
every 7 weeks in rough conditions because of accelerat-
ing decrease in efficiency of the pump 1 when the impeller
12 wear.

[0034] Referenceis now made tofigures 3-5 disclosing
aninventive impeller 12, thatis a closed channel impeller.
The impeller 12 comprises a hub 27, an upper cover
disc/plate 28 connected to the centrally located hub
27, a lower cover disc/plate 29 and at least one vane
30 extending between and connecting the upper cover
disc 28 and the lower cover disc 29. The impeller 12
preferably comprises a plurality of vanes/blades 30 that
are equidistantly located around the hub 27. The vane/-
vanes 30 are preferably spirally swept from an inner
leading edge to an outer trailing edge, i.e. in the direction
from the hub 27 towards the periphery of the impeller 12,
in a direction opposite the direction of rotation of the
impeller 12 during normal (liquid pumping) operation of
the pump 1.

[0035] Each blade 30 comprises a leading edge adja-
cent the hub 27 and a trailing edge at the periphery of the
impeller 12, wherein two adjacent blades 30 together
defines a channel extending from the leading edges to
the trailing edges. The leading edge is located adjacent
the inlet 4. During operation, the leading edges grabs
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hold of the liquid, the channels accelerate the liquid and
the liquid leaves the impeller 12 at the trailing edges.
Thereafter the liquid is guided by the diffusers 26 and
housing 25 (or volute 6) towards the outlet. Thus, the
liquid is sucked into the impeller 12 and pressed out of the
impeller 12. Said channels are also delimited by the
upper cover plate 28 and the lower cover plate 29 of
the impeller 12. The diameter of the impeller 12 and the
shape and configuration of the channels/vanes deter-
mines the pressure build up in the liquid and the pumped
flow.

[0036] According to the invention, the impeller 12 com-
prises a lower seal member 31 that is located in a cir-
cumferential lower seat 32 of the lower cover disc 29,
wherein the lower seat 32 has an envelope surface. The
lower seal member 31 of the impeller 12 is configured to
co-rotate with the impeller 12.

[0037] The lower seal member 31 of the impeller 12 is
configured to cooperated with a lower seal member 33 of
the diffuser 26, wherein the lower seal member 33 of the
diffuser 26 is stationary. Thus, the lower seal member 31
of the impeller 12 and the lower seal member 33 of the
diffuser 26 together constitute a lower face seal having an
axially extending gap between an outer diameter of the
lower seal member 31 of the impeller 12 and an inner
diameter of the lower seal member 33 of the diffuser 26.
The lower seal member 33 of the diffuser 26 is preferably
in press fit engagement with the diffuser 26, in order to
avoid use of glue/adhesive. The lower seal member/ring
33 of the diffuser 26 is subject to compressive force/-
strain. Hereinbelow the wear plate 7 shall be considered
full equivalent to the diffusor 26, i.e. the lower seal mem-
ber 31 of the impeller 12 may also cooperate with a lower
seal member 33 of the wear plate 7 in the same way.
[0038] The lower seal member 31 of the impeller 12
and the lower seal member 33 of the diffuser 26 are made
of material that is less affected by wear than the impeller
12 and the diffuser 26. The lower seal member 31 of the
impeller 12 and the lower seal member 33 of the diffuser
26 preferably comprises or is made of cemented carbide
or the like.

[0039] The inventor has identified that the lower seal
member 31 of the impeller 12 shall not be exposed to
elevated tensile force, due to the risk of breaking/bursting
during mounting and during operation, and thereby must
not be in press fit engagement with the lower seat 32 of
the lower cover disc 29. Thus, the inner diameter of the
lower seal member 31 of the impeller 12 is greater than
the diameter of the envelope surface of the lower seat 32
of the impeller 12. In order to secure that the lower seal
member 31 co-rotate with the impeller 12, the impeller 12
comprises a retainer ring 34 that is in press fit connection
with the envelope surface of the lower seat 32 of the
impeller 12, wherein the retainer ring 34 is configured to
retain/clamp the lower seal member 31 in the lower seat
32 of the lower cover disc 29. The retainer ring 34 is made
of material that is able to withstand greater tensile forces
than the lower seal member 31. The retainer ring 34 is
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preferably made of duplex stainless steel or the like.
According to various embodiments there is mechanical
engagement, i.e. pin or the like, between the retainer ring
34 and the lower seal member 31 in order to secure co-
rotation of the lower seal member 31 and the impeller 12.
[0040] According to various embodiments, the outer
diameter of the retainer ring 34 is smaller than the outer
diameter of the lower seal member 31. Thereby, it is
easier to mount/insert the impeller 12 into the lower seal
member 33 of the diffuser 26, thanks to the smaller outer
diameter of the retainer ring 34. Thereto the envelope
surface of the lower seat 32 of the lower cover disc 29
may have different diameters for the lower seal member
31 and the retainer ring 34.

[0041] According to various embodiments, a resilient
member 35 is located between and separates the lower
seal member 31 and the lower seat 32 in the radial
direction. The resilient member 35 is preferably consti-
tuted by a rubber O-ring. Thereby the lower seal member
31iscentredinrelation to the lower seat 32 and thereby in
relation to the drive shaft 15. According to various em-
bodiments, the retainer ring 34 abuts the resilient mem-
ber 35, and the lower seal member 31. Thus, the retainer
ring 34 clamps the lower seal member 31 in the axial
direction in order to have the lower seal member 31 co-
rotate with the impeller 12. The resilient member 35 also
promotes co-rotation of the lower seal member 31 and
the impeller 12. Thereto, the resilient member 35 works
as a damper, i.e. entailing that the lower seal member 31
may be slightly displaced in the radial direction should it
be exposed to external force in the radial direction, i.e.
due to contact between the lower seal member 31 of the
impeller 12 and the lower seal member 33 of the diffusor
26.

[0042] Accordingto various embodiments, the impeller
12 also comprises an upper seal member 36 connected
toatleastone of the hub 27 and the upper cover disc 28 of
theimpeller 12. The upper seal member 36 is located in a
circumferential upper seat 37 having an envelope sur-
face. The upper seal member 36 of the impeller 12 is
configured to co-rotate with the impeller 12.

[0043] The upper seal member 36 of the impeller 12 is
configured to cooperated with an upper seal member 38
of the diffuser 26, wherein the upper seal member 38 of
the diffuser 26 is stationary. Thus, the upper seal member
36 of the impeller 12 and the upper seal member 38 of the
diffuser 26 together constitute an upper face seal having
an axially extending gap between an outer diameter of
the upper seal member 36 of the impeller 12 and an inner
diameter of the upper seal member 38 of the diffuser 26.
The upper seal member 38 of the diffuser 26 is preferably
in press fit engagement with the diffuser 26, in order to
avoid use of glue/adhesive. The upper seal member/ring
38 of the diffuser 26 is subject to compressive force/-
strain.

[0044] The upper seal member 36 of the impeller 12
and the upper seal member 38 of the diffuser 26 are made
of material that is less affected by wear than the impeller
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12 and the diffuser 26. The upper seal member 36 of the
impeller 12 and the upper seal member 38 of the diffuser
26 preferably comprises or is made of cemented carbide
or the like.

[0045] The inventor has identified that the upper seal
member 36 of the impeller 12 shall not be exposed to
elevated tensile force, due to the risk of breaking/burst-
ing, and thereby must not be in press fitengagement with
the upper seat 37 of the impeller 12. Thus, the inner
diameter of the upper seal member 36 is larger than
the diameter of the envelope surface of the upperseat 37.
[0046] Inorderto promote co-rotation of the upper seal
member 36 with the impeller 12 and in order to prevent
back-flow, the impeller 12 according to various embodi-
ments comprises a resilient member 39 that is located
between and separates the upper seal member 36 and
the upper seat 37 in the radial direction. The resilient
member 39 between the upper seal member 36 and the
upper seat 37 is preferably constituted by a rubber O-ring.
Thereto, the resilient member 39 works as a damper, i.e.
entailing that the upper seal member 36 may be slightly
displaced in the radial direction should it be exposed to
external force in the radial direction, i.e. due to contact
between the upper seal member 36 of the impeller 12 and
the upper seal member 38 of the diffusor 26.

[0047] According to various embodiments, the outer
diameter of the lower seal member 31 of the impeller 12is
greater than the outer diameter of the upper seal member
36 of the impeller 12. Thereto, the radial gap width of the
upper face seal is equal to or less than the radial gap
width of the lower face seal, thereby in case of drive shaft
15 deflection the upper face seal will contact before the
lower face seal which is preferred since the mutual sur-
face velocity is lower at the upper face seal than at the
lower face seal. According to various embodiments, the
radial gap width of the upper face seal is equal to or more
than 0,05 mm and equal to or less than 0,25 mm, pre-
ferably 0,15 mm, and the radial gap width of the lower
face seal is equal to or more than 0,1 mm and equal to or
less than 0,3 mm, preferably 0,2 mm.

Feasible modifications of the Invention

[0048] The invention is not limited only to the embodi-
ments described above and shown in the drawings,
which primarily have an illustrative and exemplifying
purpose. This patent application is intended to cover
all adjustments and variants of the preferred embodi-
ments described herein, thus the present invention is
defined by the wording of the appended claims and thus,
the equipment may be modified in all kinds of ways within
the scope of the appended claims.

[0049] It shall also be pointed out that all information
about/concerning terms such as above, under, upper,
lower, etc., shall be interpreted/read having the equip-
ment oriented according to the figures, having the draw-
ings oriented such that the references can be properly
read. Thus, such terms only indicate mutual relations in
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the shown embodiments, which relations may be chan-
ged if the inventive equipment is provided with another
structure/design.

[0050] Itshallalso be pointed outthateven thusitis not
explicitly stated that features from a specific embodiment
may be combined with features from another embodi-
ment, the combination shall be considered obvious, if the
combination is possible.

Claims

1. Impeller (12) for a pump (1), the impeller (12) com-
prising a hub (27), an upper cover disc (28) con-
nected to the hub (27), a lower cover disc (29) and at
least one vane (30) extending between and connect-
ing the upper cover disc (28) and the lower cover disc
(29), wherein the impeller (12) comprises a lower
seal member (31) that is located in a circumferential
lower seat (32) of the lower cover disc (29),
characterized in that the lower seat (32) has an
envelope surface, wherein the inner diameter of the
lower seal member (31) is greater than the diameter
of the envelope surface of the lower seat (32), and
that the impeller (12) comprises a retainer ring (34)
that is in press fit connection with the envelope sur-
face of the lower seat (32), wherein the retainer ring
(34) is configured to retain the lower seal member
(31) in the lower seat (32).

2. Impeller (12)according to claim 1, wherein a resilient
member (35) is located between and separates the
lower seal member (31) and the lower seat (32) in the
radial direction.

3. Impeller (12) according to claim 2, wherein the re-
silient member (35) is constituted by a rubber O-ring.

4. Impeller (12) according to claim 2 or 3, wherein the
retainer ring (34) abuts the resilient member (35),
and the lower seal member (31).

5. Impeller (12) according to any preceding claim,
wherein the outer diameter of the retainer ring (35)
is smaller than the outer diameter of the lower seal
member (31).

6. Impeller (12) according to any preceding claim,
wherein the impeller (12) comprises an upper seal
member (36) connected to at least one of the hub
(27) and the upper cover disc (28) of the impeller
(12).

7. Impeller (12) according to claim 6, wherein the upper
seal member (36) is located in a circumferential
upper seat (37) having an envelope surface, wherein
the inner diameter of the upper seal member (36) is
larger than the diameter of the envelope surface of
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the upper seat (37).

Impeller (12) according to claim 7, wherein a resilient
member (39) is located between and separates the
upper seal member (36) and the upper seat (37) in
the radial direction.

Impeller (12) according to claim 8, wherein the re-
silient member (39) is constituted by a rubber O-ring.

Impeller (12) according to any preceding claim,
wherein the lower seal member (31) comprises ce-
mented carbide.

Impeller (12) according to any preceding claim,
wherein the retainer ring (34) is made of duplex
stainless steel.

Pump (1) configured for pumping liquid comprising
abrasive matter, the pump (1) comprising a drive unit
(2) having an electric motor (13) and a drive shaft
(15), and a hydraulic unit (3) having an inlet (4) and
anoutlet (5) and atleast one impeller (12) connected
to the drive shaft (15) of the drive unit (2), character-
ized in that the at least one impeller (12) is con-
stituted by animpeller (12) according to any of claims
1-11.

The pump (1) according to claim 12, wherein the
pump is constituted by a submergible multistage
pump having a plurality of pressure stages, wherein
each pressure stage comprises an impeller (12)
according to any of claims 1-11.

Patentanspriiche

1.

Impeller (12) fiir eine Pumpe (1), wobei der Impeller
(12) eine Nabe (27), eine obere Abdeckscheibe (28),
die mit der Nabe (27) verbunden ist, eine untere
Abdeckscheibe (29) und zumindest eine Schaufel
(30), die sich zwischen der oberen Abdeckscheibe
(28) und der unteren Abdeckscheibe (29) erstreckt
und diese verbindet, aufweist, wobei der Impeller
(12) ein unteres Dichtelement (31) aufweist, das sich
in einem umfangsseitigen unteren Sitz (32) der un-
teren Abdeckscheibe (29) befindet,

dadurch gekennzeichnet, dass der untere Sitz
(32) eine Manteloberflache aufweist, wobei der in-
nere Durchmesser des unteren Dichtelements (31)
groRer ist als der Durchmesser der Umfangsober-
flache des unteren Sitzes (32), und dass der Impeller
(12) einen Haltering (34) aufweist, der in Presspass-
verbindung mit der Manteloberflache des unteren
Sitzes (32) ist, wobei der Haltering (34) dazu aus-
gestaltet ist, das untere Dichtelement (31) in dem
unteren Sitz (32) zu halten.
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Impeller (12) nach Anspruch 1, wobei sich ein elasti-
sches Element (35) zwischen dem unteren Dicht-
element (31) und dem unteren Sitz (32) befindet und
diese in der radialen Richtung voneinander trennt.

Impeller (12) nach Anspruch 2, wobei das elastische
Element (25) durch einen Gummi-O-Ring gebildet
ist.

Impeller (12) nach Anspruch 2 oder 3, wobei der
Haltering (34) an dem elastischen Element (35) und
dem unteren Dichtelement (31) anliegt.

Impeller (12) nach einem der vorhergehenden An-
spriiche, wobei der dufiere Durchmesser des Halte-
rings (35) kleinerist als der duf3ere Durchmesserdes
unteren Dichtelements (31).

Impeller (12) nach einem der vorhergehenden An-
spruiche, wobei der Impeller (12) ein oberes Dicht-
element (36) aufweist, das mit zumindest einem von
der Nabe (27) und der oberen Abdeckscheibe (28)
des Impellers (12) verbunden ist.

Impeller (12) nach Anspruch 6, wobei sich das obere
Dichtelement (36) in einem umfangsseitigen oberen
Sitz (37) befindet, der eine Manteloberflache auf-
weist, wobei der innere Durchmesser des oberen
Dichtelements (36) groRer ist als der Durchmesser
der Manteloberflache des oberen Sitzes (37) .

Impeller (12) nach Anspruch 7, wobei sich ein elasti-
sches Element (39) zwischen dem oberen Dichtele-
ment (36) und dem oberen Sitz (37) befindet und
diese in der radialen Richtung voneinander trennt.

Impeller (12) nach Anspruch 8, wobei das elastische
Element (39) durch einen Gummi-O-Ring gebildet
ist.

Impeller (12) nach einem der vorhergehenden An-
spriiche, wobei das untere Dichtelement (31) Hart-
metall aufweist.

Impeller (12) nach einem der vorhergehenden An-
spruche, wobei der Haltering (34) aus Duplex-Edel-
stahl hergestellt ist.

Pumpe (1), die zum Pumpen von Fliissigkeit ausge-
staltet ist, die abrasives Material aufweist, wobei die
Pumpe (1) eine Antriebseinheit (2), die einen Elekt-
romotor (13) und eine Antriebswelle (15) aufweist,
und eine Hydraulikeinheit (3), die einen Einlass (4)
und einen Auslass (5) aufweist, und zumindest einen
Impeller (12), der mit der Antriebswelle (15) der An-
triebseinheit (2) verbunden ist, aufweist, dadurch
gekennzeichnet, dass der zumindest eine Impeller
(12) durch einen Impeller (12) nach einem der An-
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spriiche 1 bis 11 gebildet ist.

Pumpe (1) gemafl Anspruch 12, wobei die Pumpe
durch eine durch eine mehrstufige Tauchpumpe ge-
bildet ist, die eine Mehrzahl von Druckstufen auf-
weist, wobei jede Druckstufe einen Impeller (12)
nach einem der Anspriiche 1 bis 11 aufweist.

Revendications

Turbine (12) pour une pompe (1), la turbine (12)
comprenant un moyeu (27), un disque de recouvre-
ment supérieur (28) relié au moyeu (27), un disque
de recouvrement inférieur (29) et au moins une aube
(30) s’étendant entre et reliant le disque de recou-
vrement supérieur (28) et le disque de recouvrement
inférieur (29), dans laquelle la turbine (12) comprend
un organe d’étanchéité inférieur (31) qui est situé
dans un siége inférieur circonférentiel (32) du disque
de recouvrement inférieur (29), caractérisée en ce
que le siege inférieur (32) présente une surface
d’enveloppe, dans laquelle le diamétre intérieur de
I'organe d’étanchéité inférieur (31) est supérieur au
diameétre de la surface d’enveloppe du siege infé-
rieur (32), et en ce que la turbine (12) comprend une
bague de retenue (34) qui est en liaison par ajuste-
ment avec serrage avec la surface d’enveloppe du
siége inférieur (32), dans laquelle la bague de rete-
nue (34) est configurée pour retenir 'organe d’étan-
chéité inférieur (31) dans le siége inférieur (32).

Turbine (12) selon la revendication 1, dans laquelle
un organe élastique (35) est situé entre et sépare
I'organe d’étanchéité inférieur (31) et le siege infé-
rieur (32) dans la direction radiale.

Turbine (12) selon la revendication 2, dans laquelle
I'organe élastique (35) est constitué d’un joint torique
en caoutchouc.

Turbine (12) selon la revendication 2 ou 3, dans
laquelle la bague de retenue (34) vient en butée
contre l'organe élastique (35) et I'organe d’étan-
chéité inférieur (31).

Turbine (12) selon 'une quelconque des revendica-
tions précédentes, dans laquelle le diamétre exté-
rieur de la bague de retenue (35) est inférieur au
diameétre extérieur de I'organe d’étanchéité inférieur
(31).

Turbine (12) selon 'une quelconque des revendica-
tions précédentes, dans laquelle la turbine (12)
comprend un organe d’étanchéité supérieur (36)
relié¢ a au moins I'un du moyeu (27) et du disque
de recouvrement supérieur (28) de la turbine (12).
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Turbine (12) selon la revendication 6, dans laquelle
I'organe d’étanchéité supérieur (36) est situé dans
un sieége supérieur circonférentiel (37) ayant une
surface d’enveloppe, dans laquelle le diamétre in-
térieur de I'organe d’étanchéité supérieur (36) est
supérieur au diameétre de la surface d’enveloppe du
siége supérieur (37).

Turbine (12) selon la revendication 7, dans laquelle
un organe élastique (39) est situé entre et sépare
I'organe d’étanchéité supérieur (36) et le siege su-
périeur (37) dans la direction radiale.

Turbine (12) selon la revendication 8, dans laquelle
I'organe élastique (39) est constitué d’un joint torique
en caoutchouc.

Turbine (12) selon 'une quelconque des revendica-
tions précédentes, dans laquelle I'organe d’étan-
chéité inférieur (31) comprend du carbure cémenté.

Turbine (12) selon 'une quelconque des revendica-
tions précédentes, dans laquelle la bague de rete-
nue (34) est en acier inoxydable duplex.

Pompe (1) configurée pour pomper un liquide
comprenant une matiére abrasive, la pompe (1)
comprenant une unité d’entrailnement (2) ayant un
moteur électrique (13) et un arbre d’entrainement
(15), et une unité hydraulique (3) ayant une entrée
(4) etune sortie (5) etau moins une turbine (12) reliée
a l'arbre d’entrainement (15) de l'unité d’entraine-
ment (2), caractérisée en ce que I'au moins une
turbine (12) est constituée d’'une turbine (12) selon
I'une quelconque des revendications 1 a 11.

Pompe (1) selon larevendication 12, danslaquellela
pompe est constituée d’'une pompe multicellulaire
submersible ayant une pluralité d’étages de pres-
sion, dans laquelle chaque étage de pression
comprend une turbine (12) selon 'une quelconque
des revendications 1 a 11.
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