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FLUSH VALVE AND PUMP STATION COMPRISING SUCH A FLUSH VALVE

Technical field of the Invention

The present invention relates generally to the technical
field of devices for preventing accumulation of solid matter
in a pump station, and in particular to the technical field
of devices for automatic mixing/circulation of the content of
the pump station.

In accordance with a first aspect, the present invention
relates to a flush valve configured to be connected with a
pump that is located in a reservoir containing liquid. In
accordance with a second aspect, the present invention
relates to a pump station comprising a reservoir configured
to contain liguid, a pump that is located in said reservoir,
and a flush valve connected with the pump. The pump station
is configured to contain liquid comprising solid matter,
organic as well as inorganic, such as sewage/wastewater.

The flush valve comprises an inlet configured to be in
fluid communication with a volute of said pump, an outlet
configured to open into said reservoir, and a valve
arrangement configured to open and close, respectively, the
flush valve. The valve arrangement comprises a first chamber,
a second chamber that is partly delimited by a diaphragm, and
a conduit extending between and connecting the first chamber
and the second chamber. Thereto, the valve arrangement
comprises a third chamber that connects the inlet and the
outlet of the flush valve and that is partly delimited by
said diaphragm, the third chamber comprising a valve member
configured to control a fluid flow from the inlet to the
outlet based on the position of said diaphragm, and a control

mechanism arranged in said conduit.

Background of the Invention

The mixing/circulation of the content of the pump station
is required in order to prevent sedimentation of solid matter
at the bottom of the pump sump and in order to prevent
accumulation of grease and the like at the liquid surface. If

no mixing is performed, accumulation of solid matter and
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grease will inevitably occur in the pump station, and this
mean a lot of problems such as a bad smell, risk for
explosions, problems with corrosion, etc.

It is known to use so-called flush wvalve arrangements,
which are arranged at the pump outlet and configured to
temporarily direct the pumped liquid back into the pump sump
upon start of the pump cycle in order to obtain
mixing/circulation of the content of the pump station. See
for instance the applicants own European Patent EP0472509.
However, known flush valve arrangements are operating/open
each and every pump cycle whether it is needed or not, i.e.
at the beginning of pump cycle in connection with activation
of the pump. During the time the flush valve is open the pump
consumes energy without performing any useful pumping work.
In some applications the flush valve can be open for about 20
seconds before the flush valve is closed, and thereafter the

active pump time can be about 30 seconds.

Object of the Invention

The present invention aims at obviating the aforementio-
ned disadvantages and failings of previously known flush
valves, and at providing an improved flush valve. A primary
object of the present invention is to provide an improved
flush valve of the initially defined type that is not
operating/open each and every pump cycle. It is another
object of the present invention to provide a flush valve,
which is automatic. It is another object of the present
invention to provide a flush valve, which can be adapted to

the operational conditions of the specific pump station.

Summary of the Invention

According to the invention at least the primary object is
attained by means of the initially defined flush valve and
pump station having the features defined in the independent
claims. Preferred embodiments of the present invention are
further defined in the dependent claims.

According to the present invention, there is provided a

flush valve of the initially defined type and a pump station
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comprising such a flush valve, wherein the flush wvalve is
characterized in that the control mechanism comprises a
stepper and a plunger, the plunger being displaceable back
and forth between an inactive position and an active
position, the plunger being biased towards said inactive
position and being displaced towards said active position by
means of the pressure [P2] in the second chamber when the
pressure [P2] in the second chamber is greater than a
threshold value [PT], the plunger being configured to engage
the stepper when the plunger is in the active position,
wherein the stepper, each time the plunger engages the
stepper, changes position once in a repeated set of positions
according to a step-by-step routine, and wherein the stepper
in at least one position of said set of positions enables
fluid communication between the first chamber and the second
chamber via said conduit.

Thus, the present invention is based on the insight that
there is normally redundant work to circulate the wastewater/
liquid in the pump station each and every pump cycle. For
some pump stations having certain operational conditions the
mixing/circulation may for instance be needed every second
pump cycle, or every third or fourth or fifth pump cycle,
etc., and each and every pump cycle the flush valve is closed
energy will be saved in relation to prior art flush valves.

In a preferred embodiment of the present invention, the
Stepper is arranged in a recess and is configured to change
position by a revolving motion in relation to said recess.
This means that the individual positions of the set of
positions of the stepper are distributed about one full
turn/revolution, thereby providing an automatic repetition of
the set of positions.

According to a preferred embodiment, the control
mechanism comprises a timing mechanism, the timing mechanism
being located in the conduit between the first chamber and
the stepper and being configured to regulate the smallest
cross sectional area of the conduit. Thereby, when the flush

valve 1s open/active, the time period the flush valve is open
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can be adapted to the specific operational conditions of the
individual pump station.

According to a preferred embodiment the first chamber is
at least partly delimited by a bellows, an outer side of the
bellows being configured to face the liquid in the reservoir.
It is also preferred that the pressure threshold [PT] is
equal to a pressure [P1l] in the first chamber.

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

A more complete understanding of the abovementioned and
other features and advantages of the present invention will
be apparent from the following detailed description of
preferred embodiments in conjunction with the appended draw-

ings, wherein:

Fig. 1 1is a schematic cross sectional side view of an
inventive pump station,

Fig. 2 is a schematic cross sectional side view of an
inventive flush wvalve,

Fig. 3 1is a schematic exploded perspective view of a part of
the control mechanism of the flush wvalve,

Fig. 4 1is a schematic side view of a part of the flush valve
comprising the part of the control mechanism
disclosed in figure 3,

Fig. 5 is a schematic cross sectional side view of a
preferred embodiment of the control mechanism of the
flush valve, wherein the stepper of the control
mechanism is disclosed in a closed state and the
Stepper is disclosed in an inactive position,

Fig. 6 is a schematic cross sectional side view of the
control mechanism disclosed in figure 5, wherein the
plunger engages the stepper, and

Fig. 7 is a schematic cross sectional side view of the

control mechanism disclosed in figures 5 and 6,
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wherein the stepper is disclosed in an open state and

the stepper is disclosed in an active position.

Detailed description of preferred embodiments of the inven-

tion

Reference is initially made to figure 1, disclosing an
inventive pump station, generally designated 1. The pump
station 1 is configured to contain liquid comprising solid
matter, usually both organic and inorganic solid matter, such
as sewage/wastewater. The present invention relates generally
to the technical field of devices for preventing accumulation
of solid matter in such a pump station 1, by automatic
mixing/circulation of the content (liguid and solid matter)
of the pump station 1. The pump station 1 comprises a
reservoir 2, also known as tank or pump sump, which is
configured to contain the liquid/slurry. The reservoir 2
comprises at least one inlet 3 for influent wastewater and an
outlet 4 for effluent wastewater.

The pump station 1 comprises a pump 5 that is located in
the reservoir 2 and that is configured to pump/transport the
wastewater away from the pump station and towards a waste-
water treatment plant. The pump 5 is in the disclosed
embodiment a submersible centrifugal pump, and the pump 5
comprises an inlet 6 and an outlet 7 that is connected to the
outlet 4 of the reservoir 2 by means of an outlet pipe 8. The
pump 5 comprises a rotatable impeller (not disclosed) that is
arranged in a volute 9 of the pump 5. The impeller and the
volute 9 together compose a hydraulic unit of the pump 5. A
conventional pump station 1 comprises at least one pump start
level sensor 10 and a pump stop level sensor 11, the pump 5
being activated when the liquid level in the reservoir 2
reaches the pump start level sensor 10 and the pump 5 being
stopped/deactivated when the liquid level reaches the pump
stop level sensor 11.

The inventive pump station 1 also comprises an inventive
flush valve, generally designated 12, that is connected with/
attached to the pump 5, more precisely connected
with/attached to the volute 9 of the pump 5. The term
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connected with the pump 5, include direct as well as indirect
connection between the flush valve and the pump/volute. Thus,
the flush valve can be directly attached to the pump and be
in fluid communication with the volute of the pump. Thereto,
the flush valve can be attached to the outlet pipe 8 or at
the outlet of the pump, i.e. indirectly connected with the
volute of the pump, but still in fluid communication with the
volute of the pump.

Reference is now also made to figure 2, disclosing a
schematic embodiment of the inventive flush valve 12.

The flush valve 12 comprises an inlet 13 that is in fluid
communication with the volute 9 of the pump 5, an outlet 14
that open into said reservoir 2, and a valve arrangement 15.
In the disclosed embodiment, the flush valve 12 comprises
also an outlet nozzle 16 connected to the outlet 14 of the
flush valve 12. The nozzle 16 is configured to direct the
outgoing liquid flow in a suitable direction into the
reservoir 2, and may for instance comprise a bend.

In figure 2 the flush valve 12 (more precisely the valve
arrangement 15) is open, i.e. permits liquid flow from the
inlet 13 to the outlet 14. When the pump 5 is active and the
flush valve 12 is open, the pumped liquid will be ejected
from the volute 9 via the flush valve 12 instead of via the
outlet pipe 8 since the counter-pressure in the flush wvalve
12 is lower than in the outlet pipe 8, and when the pump 5 is
active and the flush valve 12 is closed, the pumped liquid
will be ejected from the volute 9 via the outlet pipe 8 in a
conventional way.

The valve arrangement 15 comprises a control circuit that
comprises a first chamber 17, a second chamber 18 and a
conduit 19 extending between and connecting said first
chamber 17 and said second chamber 18. During operation the
control circuit is a closed system and comprises a control
liquid, preferably hydraulic oil. The first chamber 17 is
primarily a storage chamber. The control ligquid has a first
pressure [P1l] in the first chamber 17.

In the disclosed embodiment the first chamber 17 is at

least partly delimited by a bellows 20, an outer side of the
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bellows 20 being configured to face the liquid in the
reservoir 2. The bellows 20 is arranged to expand and
contract as a response to control liquid being pressed into
the first chamber 17 and released from the first chamber 17,
respectively. Thereby the first pressure [Pl] in the first
chamber 17 is equal to the fluid pressure acting/present on
the outer side of the bellows 20. The second chamber 18 is
partly delimited by a diaphragm 21. The control liquid has a
second pressure [P2] in the second chamber 18.

The valve arrangement 15 comprises also a third chamber
22 that connects the inlet 13 and the outlet 14 of the flush
valve 12, and that is partly delimited by said diaphragm 21.
The third chamber 22 comprises a first portion 22’ arranged
aligned with the inlet 13 and outlet 14 of the flush valve
12, and a second portion 22” that is located below the first
portion 22’ . The second chamber 18 is located below the third
chamber 22, i.e. below the second portion 22” of the third
chamber 22, and the first chamber 17 is preferably arranged
at a level above the third chamber 22. The third chamber 22
comprises a valve member 23 configured to control fluid flow
from the inlet 13 to the outlet 14 of the flush valve 12
based on the position/state of said diaphragm 21. In the
preferred embodiment the valve member 23 is constituted by a
ball/sphere made of metal, which can rotate freely.

When the valve member 23 is located at the outlet 14 of
the flush valve 12, disclosed by means of phantom lines in
figure 2, the flush wvalve 12 (more precisely the wvalve
arrangement 15) is closed, i.e. prevents liquid flow from the
inlet 13 to the outlet 14.

According to the present invention the flush valve 12
comprises a control mechanism arranged in the conduit 19
extending between the first chamber 17 and the second chamber
18. The control mechanism will be described in more detail
herein below. However, the overall function/operation of the
flush valve 12 will be described with reference to a flush
valve 12 lacking said control mechanism.

When the pump 5 is inactive and the flush valve 12 is

open, the stagnant liquid in the reservoir 2 fill up the



10

15

20

25

30

35

WO 2018/073138 8 PCT/EP2017/076268

entire third chamber 22 and the volute 9 of the pump 5,
wherein the fluid pressure acting on the upper side of the
diaphragm 21 in the second portion 22” of the third chamber
22 1s more or less equal to the fluid pressure acting/present
on the outer/upper side of the bellows 20. Thereto, the valve
member 23 rests on top of the diaphragm 21 due to gravity. As
a result the second pressure [P2] in the second chamber 18 is
greater than the first pressure [P1l] in the first chamber 17.
Thereby, given that the second chamber 18 is in fluid
communication with the first chamber 17, the second chamber
18 has a minimum volume, preferably not equal to zero, and
the first chamber 17 has a maximum volume, and the bellows 20
is in the expanded state. This is the basic state of the
flush valve 12.

When the pump 5 is activated fluid flow is generated from
the inlet 13 to the outlet 14 of the flush wvalve 12, which
fluid flow is used to mix/circulate the content of the pump
station 1. Said fluid flow passing through the first portion
22"’ of the third chamber 22 causes the fluid pressure in the
second portion 227 of the third chamber 22 to decrease, and
eventually the pressure difference across the diaphragm 21 is
enough to lift the diaphragm 21 and the valve member 23. In
other words, when the second pressure [P2] in the second
chamber 18 is less than the first pressure [P1l] in the first
chamber 17, the volume of the second chamber 18 will increase
and the volume of the first chamber 17 will decrease. Thus,
the control fluid will move from the first chamber 17 via the
conduit 19 to the second chamber 18. Finally, the second
chamber 18 has a maximum volume, and the first chamber 17 has
a minimum volume. When the diaphragm 21 is lifted the valve
member 23 will be displaced from the second portion 227 of
the third chamber 22 to the first portion 22’ of the third
chamber 22. When the valve member 23 reaches the first
portion 22’ of the third chamber 22, the wvalve member 23 will
be caught by the fluid flow and brought into engagement with
a valve seat 24 thereby closing the flush valve 12 (phantom

lines). Thus, the pump 5 is still active and the flush wvalve
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12 is now closed, i.e. the pump 5 starts to empty the
reservoir 2 via the outlet pipe 8.

In a flush valve 12 lacking a control mechanism, the
second pressure [P2] in the second chamber 18 will now be
equal to the pump pressure that is present in the third
chamber 22, which is greater then the first pressure [Pl] in
the first chamber 17. Thereby, the control fluid will be
pressed back from the second chamber 18 to the first chamber
17 via the conduit 19 and the diaphragm 21 will take the
lower position/state. When the pump 5 is deactivated the
valve member 23 will fall down into the second portion 227 of
the third chamber 22 and the flush valve 12 is back in the
basic state.

Reference is now made to figures 3 to 7, disclosing a
preferred embodiment of the control mechanism of the valve
arrangement 15.

The above-mentioned control mechanism is essential for
the present invention, and is arranged in the conduit 19
extending between the first chamber 17 and the second chamber
18.

The control mechanism comprises a stepper arrangement
comprising a stepper, generally designated 25, and a plunger,
generally designated 26. The stepper arrangement is
configured to enable and prevent, respectively, fluid
communication between the first chamber 17 and the second
chamber 18. The plunger 26 is displaceable back and forth in
a recess 27 between an inactive position (to the right in the
figure 4) and an active position (to the left in the figure
4) . The plunger 26 is biased towards the inactive position by
means of a spring member 28, preferably a helical spring.
When the second pressure [P2] in the second chamber 18 is
greater than a threshold pressure [PT], the plunger 26 is
displaced towards the active position. The pressure threshold
[PT] is preferably equal to or more than the first pressure
[P1] in the first chamber 17.

The plunger 26 is configured to engage the stepper 25
when the plunger 26 is displaced towards the active position,

and each time the plunger 26 engage the stepper 25 the
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stepper will change position once in a repeated set of
positions according to a step-by-step routine. The set of
positions comprises at least two positions, preferably more
than three positions. Thus, upon each new occasion the pump 5
is active and the flush valve 12 is closed, the second
pressure [P2] in the second chamber 18 will become higher
than the pressure threshold [PT] and the stepper 25 changes
position once.

In at least one position of the set of positions the
stepper 25 enables fluid communication between the first
chamber 17 and the second chamber 18 via said conduit 19.

Thereto, the stepper 25 prevents fluid communication
between the first chamber 17 and the second chamber 18 in at
least one position of said set of positions. When fluid
communication is prevented the second chamber 18 will retain
the maximum volume even when the pump 5 is inactive, and when
the pump 5 is reactivated the valve member 23 will directly
engage the valve seat 24. When fluid communication is
enabled, the control fluid will move from the second chamber
18 to the first chamber 17 and when the pump 5 is deactivated
the valve member 23 will fall into the second portion 227 of
the third chamber 22, and the flush valve 12 is back in the
basic state.

The stepper 25 is arranged in the same recess 27 as the
plunger 26 and is preferably configured to change position by
a revolving motion in relation to said recess 27. Thus, each
time the stepper 25 is engaged by the plunger 26, the stepper
25 will turn a predetermined degree, for instance 120, 90,
72, 60, etc. degrees corresponding to 3, 4, 5, 6, etc.
positions every full turn/revolution of the stepper 25. A
linear motion of the stepper 25 in relation to the recess 27
is also conceivable, but not disclosed, or a combination of
linear and revolving motion.

A preferred embodiment of the stepper arrangement of the
control mechanism is disclosed in the figures and will now be
described in detail.

The stepper arrangement comprises a guide sleeve,

generally designated 29, that is arranged as a liner in the
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recess 27 and that comprises locking means 30 in order to
prevent rotation of the guide sleeve 29 in relation to the
recess 27. In the disclosed embodiment the locking means 30
is constituted by a projection that is in engagement with a
corresponding slit in the recess 27. Preferably there is a
small radial play between the guide sleeve 29 and the recess
27. The recess 27 is part of the conduit 19 that extends
between the first chamber 17 and the second chamber 18. The
recess 27 is preferably a cylindrical boring in the flush
valve 12. The guide sleeve 29 has an axial length equal to
about 2/3 of the total axial length/depth of the recess 27,
and presents an end rim 31 (facing right in figure 4).

The portion of the conduit 19 that extends to/from the
first chamber 17 open in the radial direction into the recess
27, at a location overlapped by the guide sleeve 29. The
guide sleeve 29 comprises an opening 32 that is aligned with
the portion of the conduit 19 extending to the first chamber
17. The stepper 25 is inserted into the guide sleeve 29, and
is prevented from moving in the axial direction by means of a
internal shoulder 33 of the guide sleeve 29 and an end cap 34
closing the recess 27.

The stepper 25 comprises a base portion 35, wherein a
small radial play is arranged between the base portion 35 of
the stepper 25 and the inner side of the guide sleeve 29,
such that the stepper 25 may rotate in relation to the guide
sleeve 29. The base portion 35 of the stepper 25 is located
distant from the end rim 31 of the guide sleeve 29 and at a
location overlapping the opening 32 in the guide sleeve 29.
Thereto, the stepper 25 comprises a pipe portion 36 that is
concentric with the base portion 35 and extends in the axial
direction from the base portion 35 into the recess 27 past
the end rim 31 of the guide sleeve 29. The stepper 25
comprises an axial channel 37 extending in the axial
direction from the free end of the pipe portion 36 and all
the way into the base portion 35. The axial channel 37 is
always/constantly in fluid communication with the second
chamber 18. Thereto the stepper 25 comprises a radial channel

38, which is arranged in the base portion 35 at a radial
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plane through the base portion 35 that is aligned with the
opening 32 in the guide sleeve 29. The radial channel 38
extends from the axial channel 37 and open in the envelope
surface of the base portion 35. Thus, the radial channel 38
is aligned with the opening 32 in the guide sleeve 29 in one
position of the set of positions, and thereby setting the
first chamber 17 and the second chamber 18 in fluid
communication with each other. The stepper 25 may comprise a
plurality of radial channels extending from the axial channel
37 to the envelope surface of the base portion 35. A seal 39
is arranged in the base portion 35 at the interface between
the base portion 35 of the stepper 25 and the guide sleeve
29, wherein said seal 39 is arranged about the opening of the
radial channel 38.

At least one circumferential O-ring 40 is arranged at the
interface between the guide sleeve 29 and the base portion 35
of the steeper 25, said O-ring 40 being arranged to increase
the friction between the guide sleeve 29 and the stepper 25,
such that the stepper 25 is standing still after the plunger
26 has rotated the stepper 25 to its next position. In an
alternative embodiment, the stepper 25 can be kept in the
predefined positions by means of a mechanical index element,
i.e. a ball that is arranged in the stepper 25 and that is
biased by means of a spring, said ball being configured to
engage recesses in the inner surface of the guide sleeve.

Thereto, the stepper 25 comprises a tooth-shaped rim 41
at the transition between the base portion 35 and the pipe
portion 36, the tooth-shaped rim 41 facing the bottom of the
recess 27, i.e. facing the plunger 26. The tooth-shaped rim
41 is configured to be engaged by the plunger 26, in order to
turn the stepper 25 to its next position.

The plunger 26 is arranged adjacent the bottom of the
recess 27, wherein the liguid and pressure in the second
chamber 18 always have effect on the end surface of the
plunger 26. The plunger 26 comprises a circumferential seal
42 that is in engagement with the recess 27. The plunger 26
is arranged radially outside the pipe portion 36 of the

stepper 25, i.e. the plunger 26 is in telescopic engagement



10

15

20

25

30

35

WO 2018/073138 13 PCT/EP2017/076268

with the pipe portion 36. A circumferential seal 43 is
arranged between the pipe portion 36 of the stepper 25 and
the plunger 26. The plunger 26 is movable in the axial
direction in relation to the recess 27 and is guided in the
axial direction by means of the guide sleeve 29 and the pipe
portion 36 of the stepper 25. The above mentioned spring
member 28 is arranged between the end rim 31 of the guide
sleeve 29 and a radially extending flange 44 of the plunger
26.

The plunger 26 comprises a main portion 45 and an engage-
ment portion 46. The engagement portion 46 of the plunger 26
comprises radially extending pins 47 configured to engage the
tooth-shaped rim 41 of the stepper 25 in order to turn the
stepper 25 in a direction of rotation when the plunger 26 is
displaced in the axial direction towards the stepper 25, i.e.
from the inactive position towards the active position. The
engagement portion 46 can in the disclosed embodiment turn a
few degrees in the direction of rotation of the stepper 25 in
relation to the main portion 45, in order to be able to
disengage the tooth-shaped rim 41 without turning the stepper
25 in an opposite direction in relation to the direction of
rotation of the stepper 25 when the second pressure [P2] in
the second chamber 18 is decreasing and the plunger 26 is
returned to its inactive position by means of the spring
member 28. In the disclosed embodiment the engagement portion
46 is inserted into a bore of the main portion 45, wherein
there is a radial gap between the main portion 45 and the
engagement portion 46. Said bore of the main portion 45 is
concentric with the pipe portion 36 of the stepper 25. In the
disclosed embodiment, see figure 3, the engagement portion 46
comprises a projection 48 that engage a recess 49 in the main
portion 45. The projection 48 of the engagement portion 46
has a lesser extent in the circumferential direction than the
recess 49 of the main portion 45, in order to permit a mutual
movement between the main portion 45 and the engagement
portion 46 in the direction of rotation of the stepper 25.
The engagement portion 46 is biased in the opposite direction

in relation to the direction of rotation of the stepper 25,



10

15

20

25

30

35

WO 2018/073138 14 PCT/EP2017/076268

by means of a finger shaped segment 50 that engage the bore
of the main portion 45.

The main portion 45 of the plunger 26 comprises at least
one wing 51 running along a groove 52 in the guide sleeve 29,
such that the main portion 45 of the plunger 26 may not
rotate in relation to the guide sleeve 29.

The part of the recess 27 comprising the tooth-shaped rim
41 and the spring member 28 is sealed off in relation to the
second chamber 18 and is in fluid communication with the
first chamber 17. The end cap 34 is arranged to close and
seal the recess 27 in relation to the surrounding ligquid.

It shall be pointed out that the guide sleeve 29, in an
alternative embodiment, may be constituted by the inner wall
of the recess 27.

According to a preferred embodiment the control mechanism
also comprises a timing mechanism, generally designated 53.
The timing mechanism 53 is located in the conduit 19
extending between the first chamber 17 and the recess 27. The
timing mechanism 53 is configured to regulate a minimum cross
sectional area of the conduit 19, and thereby the time it
takes for a given amount of control fluid to flow from the
first chamber 17 to the second chamber 18. In the disclosed
embodiment the timing mechanism 53 comprises a set of holes
having different diameters. The timing mechanism 53 is
positioned/turned such that the selected hole is aligned with
the conduit 19.

According to a preferred embodiment a bypass 54 extends
from the conduit 19, preferably at a location between the
timing mechanism 53 and the stepper 25, to the second chamber
18. A check-valve 55 is arranged in the bypass 54 and is
configured to admit fluid flow from the conduit 19 to the
second chamber 18. If the stepper 25 for some reason is
mounted in an incorrect starting position, i.e. in a position
where the fluid communication between the first chamber 17
and the second chamber 18 is prevented and the second chamber
18 is emptied, the bypass 54 admit proper action of the flush
valve 12 by admitting the control fluid to move from the

first chamber 17 to the second chamber 18 via said bypass 54.
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Thereafter the check-valve 55 is closed and the plunger 26
engages the steeper 25 as described above. In the disclosed
embodiment the timing mechanism 53 and the check-valve 55 are
combined into one unit.

Reference is now specifically made to figures 5-7. In
figure 5 the control liquid is in the first chamber 17 and
the valve member 23 is located in the second portion 227 of
the third chamber 22, i.e. the flush wvalve 12 is open.
However, the stepper 25 has been mounted in an incorrect
position, i.e. the radial channel 38 is not aligned with the
conduit 19 extending to the first chamber 17. When the pump 5
is activated the second pressure [P2] will decrease and the
control fluid will run from the first chamber 17 via the
timing mechanism 53 and the bypass 54 to the second chamber
18. The diaphragm 21 will move upwards and push the valve
member 23 into the first portion 22’ of the third chamber 22,
i.e. closing the flush valve 12. Then the second pressure
[P2] in the second chamber 18 will arise and exceed the first
pressure [P1l] in the first chamber 17. Thereby the check-
valve 55 will close the bypass 54, see figure 6. The second
pressure [P2] in the second chamber 18 will move the plunger
26 from the inactive position towards the active position.
During the displacement of the plunger 26, the pins 47 of the
engagement portion 46 of the plunger 26 engage the tooth-
shaped rim 41 of the stepper 25 and the stepper 25 is
turned/revolved. In figure 7 the turning of the stepper 25 is
completed and the radial channel 38 is aligned with the
opening 32 in the guide sleeve 29. The control fluid will now
run from the second chamber 18 towards the first chamber 17
via the control mechanism, i.e. inside the pipe portion 36 of
the stepper 25, and when the second pressure [P2] in the
second chamber 18 is decreasing the plunger 26 will be
returned to its inactive position be means of the spring 28.
During the return stroke of the plunger 26 the engagement
portion 46 of the plunger 26 will turn a few degrees in the
direction of rotation of the stepper 25 in order for the pins
47 to disengage the teeth of the tooth-shaped rim 41.

Thereafter the plunger 26 is back in the inactive position as
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disclosed in figure 5. Next time the pump 5 is activated the

flush valve 12 is open.

Feasible modifications of the Invention

The invention is not limited only to the embodiments
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 embodiments described herein, thus the
present invention is defined by the wording of the appended
claims and the equipment may be modified in all kinds of ways
within the scope of the appended claims.

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 equipment oriented
according to the figures, having the drawings oriented such
that the references can be properly read. Thus, such terms
only indicates mutual relations in the shown embodiments,
which relations may be changed if the inventive equipment is
provided with another structure/design.

It shall also be pointed out that even thus it is not
explicitly stated that features from a specific embodiment
may be combined with features from another embodiment, the
combination shall be considered obvious, if the combination

is possible.
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Claims

1. A flush valve suitable for being connected with a pump (5)
that is located in a reservoir (2) containing liguid, the
flush valve (12) comprising:

- an inlet (13) configured to be in fluid communication with

a volute (9) of said pump (5),

- an outlet (14) configured to open into said reservoir (2),
and

- a valve arrangement (15),

wherein the valve arrangement (15) comprises:

- a first chamber (17), a second chamber (18) that is
partly delimited by a diaphragm (21), and a conduit (19)
extending between and connecting the first chamber (17)
and the second chamber (18),

- a third chamber (22) that connects the inlet (13) and the
outlet (14) of the flush wvalve (12) and that is partly
delimited by said diaphragm (21), the third chamber (22)
comprising a valve member (23) configured to control a
fluid flow from the inlet (13) to the outlet (14) based
on the position of said diaphragm (21), and

- a control mechanism arranged in said conduit (19),

the flush valve (12) being characterized in that said control
mechanism comprises a stepper (25) and a plunger (26), the
plunger (26) being displaceable back and forth between an
inactive position and an active position, the plunger (26)
being biased towards said inactive position and being
displaced towards said active position by means of the second
pressure [P2] in the second chamber (18) when said second
pressure [P2] in the second chamber (18) is greater than a
threshold value [PT], the plunger (26) being configured to
engage the stepper (25) when the plunger (26) is displaced
towards the active position, wherein the stepper (25), each
time the plunger (26) engages the stepper (25), changes
position once in a repeated set of positions according to a
step-by-step routine, and wherein the stepper (25) in at
least one position of said set of positions enables fluid
communication between the first chamber (17) and the second

chamber (18) via said conduit (19).
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2. The flush valve according to claim 1, wherein the stepper
(25) in at least one position of said set of positions
prevents fluid communication between the first chamber (17)

and the second chamber (18) via said conduit (19).

3. The flush valve according to claim 1 or 2, wherein the
stepper (25) is arranged in a recess (27) and is configured
to change position by a revolving motion in relation to said

recess (27).

4. The flush valve according to any preceding claim, wherein
the first chamber (17) is at least partly delimited by a
bellows (20), an outer side of the bellows (20) being

configured to face the liquid in the reservoir (2).

5. The flush valve according to any of claims 1-4, wherein
the control mechanism comprises a timing mechanism (53), the
timing mechanism (53) being located in the conduit (19)
between the first chamber (17) and the stepper (25) and being
configured to regulate a minimum cross sectional area of the
conduit (19).

6. The flush wvalve according to claim 5, wherein a bypass
(54) extends from the conduit (19), at a location between the
timing mechanism (53) and the stepper (25), to the second
chamber (18), wherein a check-valve (55) is arranged in the
bypass (54) and is configured to admit fluid flow from the
conduit (19) to the second chamber (18).

7. The flush valve according to any preceding claim, wherein
the pressure threshold (PT) is equal to or more than a first

pressure [P1l] in the first chamber (17).

8. The flush valve according to any preceding claim, wherein

the valve member (23) is constituted by a ball.
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9. The flush valve according to any preceding claim, wherein

the control liquid is constituted by hydraulic oil.

10. A pump station comprising:

- a reservoir (2) configured to contain liquid,

- a pump (5) that is located in said reservoir (2), and
- a flush valve (12) connected with said pump (5) and
comprising:

- an inlet (13) that is in fluid communication with a
volute (9) of said pump (5),

- an outlet (14) that open into said reservoir (2), and

- a valve arrangement (15),

wherein the wvalve arrangement (15) comprises:

- a first chamber (17) containing a control liquid,

- a second chamber (18) that is partly delimited by a
diaphragm (21), a conduit (19) extending between and
connecting the first chamber (17) and the second chamber
(18),

- a third chamber (22) that connects the inlet (13) and the
outlet (14) of the flush wvalve (12) and that is partly
delimited by said diaphragm (21), the third chamber (22)
comprising a valve member (23) configured to control a
fluid flow from the inlet (13) to the outlet (14) based
on the position of said diaphragm (21), and

- a control mechanism arranged in said conduit (19),

the pump station (1) being characterized in that said control
mechanism comprises a stepper (25) and a plunger (26), the
plunger (26) being displaceable back and forth between an
inactive position and an active position, the plunger (26)
being biased towards said inactive position and being
displaced towards said active position by means of the second
pressure [P2] in the second chamber (18) when the second
pressure [P2] in the second chamber (18) is greater than a
threshold value [PT], the plunger (26) being configured to
engage the stepper (25) when the plunger (26) is in the
active position, wherein the stepper (25), each time the
plunger (26) engages the stepper (25), changes position once

in a repeated set of positions according to a step-by-step
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routine, and wherein the stepper (25) in at least one
position of said set of positions enables fluid communication

between the first chamber (17) and the second chamber (18)

via said conduit (19).
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