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(54) Hydraulic machine, in particular a hydraulic pressure exchanger

(57) A hydraulic machine, in particular hydraulic
pressure exchanger, is provided comprising a drum hav-
ing a first end face and a second end face and being
rotatable about an axis, said drum comprising at least a
cylinder (4), a piston (15) being arranged in said cylinder
(4), said piston (15) being moveable in a first moving
direction and in a second moving direction opposite to
said first moving direction, said piston dividing said cyl-

inder in a first section opening in said first end face and
a second section opening in said second end face.

Such hydraulic pressure exchanger should be oper-
ated with a low noise.

To this end braking means are provided for at least
of said moving directions, said braking means braking
said piston (15) before reaching an end stop.
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Description

[0001] The present invention relates to a machine, in
particular a hydraulic pressure exchanger, comprising a
drum having a first end face and a second end face and
being rotatable about an axis, said drum comprising at
least a cylinder, a piston being arranged in said cylinder,
said piston being moveable in a first moving direction and
in a second moving direction opposite to said first moving
direction, said piston dividing said cylinder in a first sec-
tion opening in said first end face and a second section
opening in said second end face.
[0002] Such a hydraulic pressure exchanger is known
from
EP 1508 361 A1.
[0003] A pressure exchanger of this kind can be used
in a reverse osmosis system. In such a system a liquid
is pumped into a membrane unit. Part of the liquid passes
the membrane. The remaining part of the liquid has to
be wasted. However, the pressure exchanger can be
used to recover the high pressure of this part of the fluid.
To this end the pressure exchanger comprises a first front
plate arrangement at the first end face of the drum and
a second front plate arrangement at the second end face
of the drum. The first front plate arrangement has a high
pressure supply port and a low pressure return port. The
second front plate arrangement comprises a high pres-
sure return port and a low pressure supply port.
[0004] The operation of such a pressure exchanger
can briefly be summarized as follows: a cylinder passing
a first kidney-shaped opening in the first front plate ar-
rangement connected to the high pressure supply port
is filled with liquid under high pressure. The piston ar-
ranged in this cylinder is moved by the incoming liquid in
a direction from the first end face towards the second
end face of the drum. The second section of the cylinder
has previously been filled with fresh liquid from the low
pressure supply port. This fresh liquid is outputted to the
second front plate arrangement via the high pressure re-
turn port. When the drum continues rotating, the cylinder
passes another kidney-shaped opening in the second
front plate arrangement connected to the low pressure
supply port so that this cylinder is filled with fresh liquid.
This fresh liquid pushes the piston in a direction towards
the first end face of the drum and outputs the liquid to be
wasted.
[0005] The amount of fresh liquid which can be pres-
surized by the hydraulic pressure exchanger depends
among other factors on the rotational speed of the drum.
The faster the drum rotates, the more liquid can be pres-
surized. However, increasing rotational speed causes a
corresponding increase of noise.
[0006] The object underlying the invention is to keep
noise low.
[0007] This object is solved in that braking means are
provided for at least one of said moving directions, the
braking means braking said piston before reaching an
end stop.

[0008] It has been discovered that part of the noise is
caused by the pistons in the cylinder at the end of a piston
stroke. When the rotational speed of the drum increases,
the linear speed of the pistons has to be increased as
well. However, a piston having a high speed produces a
rather loud noise when it hits an end stop. The braking
means reduce significantly such noise because the
speed of the piston is reduced by said braking means
before the piston reaches the end stop. The lower the
speed of the piston when reaching the end stop, the lower
the noise is.
[0009] In a preferred embodiment said braking means
are hydraulic braking means. Since the pressure ex-
changer operates with a liquid, this liquid can be used to
brake the piston before it reaches the end stop in order
to reduce noise.
[0010] Preferably a braking chamber is provided for at
least one of said moving directions, said braking chamber
having an opening being open during a part of the move-
ment of said piston and being closed a predetermined
distance before said piston reaches said end stop, said
closed braking chamber having a throttled outlet. The
moving of the piston can be divided in a first part in which
there is no hydraulic braking at all. In this part of the move-
ment the braking chamber is open to allow liquid in the
braking chamber to escape without being throttled. In a
second part of the movement the braking chamber is
closed so that the liquid can escape from the braking
chamber only via the throttled outlet. The force which is
necessary to drive the liquid through the throttled outlet
is the force acting on the piston in a braking direction.
The kinetic energy of the piston is changed into heat.
However, this is no problem, since the heat is transported
away by the liquid.
[0011] Preferably said throttled outlet comprises an or-
ifice. This orifice can be dimensioned to achieve the de-
sired braking effect. Furthermore, it is preferred that said
throttled outlet comprises a valve, in particular a check
valve. Such valve can be used to restrict the flow of fluid
through the throttled outlet. Such a restriction can be a
directional restriction, in case a check valve is used.
[0012] In a further preferred embodiment said throttled
outlet comprises a leakage path. Such a leakage path
can be formed between the piston and a part of the cyl-
inder.
[0013] Preferably during closing of said braking cham-
ber said piston gradually decreases said opening. The
braking means are self-controlled. The movement of the
piston increases a throttling behavior of the flow resist-
ance of the throttled outlet.
[0014] Preferably said braking chamber is arranged
between said piston and a wall of said cylinder. No ad-
ditional parts are necessary to form a limitation of said
braking chamber.
[0015] In a preferred embodiment a first braking cham-
ber having a first opening and a first throttled outlet is
provided for said first moving direction and a second brak-
ing chamber having a second opening and a second
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throttled outlet is provided for said second moving direc-
tion, said first throttled outlet and said second throttled
outlet being separate from each other. The two throttled
outlets do not form a short circuit so that the two braking
means can be operated independently from each other.
[0016] In a preferred embodiment said first opening is
arranged in said wall of said cylinder. In this case the
liquid in the braking chamber is displaced to the interior
of the drum or to the interior of a housing in which the
drum is accommodated.
[0017] In this case it is preferred that said first throttled
outlet is arranged in said wall of said cylinder. In principle,
it is sufficient to have two bores in the wall of the cylinder,
said bores having a predetermined distance and different
diameters. The larger bore is the opening of the first brak-
ing chamber and the smaller bore is the throttled output.
[0018] Furthermore, it is preferred that a sleeve is ar-
ranged within said cylinder reducing an inner diameter
of said cylinder in said first direction, said piston compris-
ing a projection being inserted into said sleeve, said first
braking chamber being delimited by said piston, said
sleeve and said wall of said cylinder. In this embodiment
the two front faces of the piston have surface areas of
different size. Due to the difference in size of the surface
area the fluid in the second chamber can be pressurized
to a pressure which is larger than the pressure in the first
chamber. Furthermore, a simple construction of the ma-
chine is achieved.
[0019] Preferably said second opening is the opening
of said cylinder in an end face. This makes the construc-
tion of the machine simple.
[0020] In this case it is preferred that said second throt-
tled outlet runs through said piston. The braking chamber
is connected to the opening of the cylinder in the second
end face via a path running through the piston.
[0021] In this case it is preferred that said second throt-
tled outlet opens into a low pressure side of said cylinder.
In this case there is no pressure acting against the outlet
via the throttled opening.
[0022] Preferably said second outlet has a section area
smaller than a section area of said cylinder, said piston
having a protrusion penetrating into said second outlet
in a predetermined distance before said piston reaches
said end stop. In this case the second opening is closed
by the piston itself when the protrusion enters the second
outlet.
[0023] In this case it is preferred that said protrusion
comprises a tapered end at least on part of its circumfer-
ence. This tapered end has the effect that the second
opening is not suddenly closed, but it is gradually closed
during a movement of the protrusion of the piston into
said second opening. This is an additionally element for
reducing noise.
[0024] A preferred example of the invention will now
be described in more detail with reference to the drawing,
wherein:

Fig. 1 is a schematic representation of a hydraulic

pressure exchanger,

Fig. 2 is an enlarged sectional view of a cylinder,

Fig. 3 is a detail III of Fig. 2,

Fig. 4 is a perspective view of the cylinder of Fig. 2,

Fig. 5 is a sectional view of the cylinder showing the
piston in another position,

Fig. 6 is a detail VI of Fig. 5 and

Fig. 7 is a perspective view of the cylinder of Fig. 5.

[0025] Fig. 1 shows schematically a hydraulic machine
in the form of a hydraulic pressure exchanger 1 in a lon-
gitudinal section.
[0026] The pressure exchanger comprises a drum 2
rotatable about an axis 3. The term "drum" is used to
facilitate the explanation. It is not necessary that this drum
2 is of cylindrical form. The main purpose of the drum 2
is to form a basis for cylinders 4. The drum 2 comprises
a plurality of cylinders 4, two cylinders 4 being shown in
Fig. 1. The drum 2 can also be termed as "cylinder car-
rier". Each cylinder 4 is limited in circumferential direction
by a wall 5. The term "cylinder" is used to simplify the
description. It is not necessary that the cylinder has a
circular cross section.
[0027] A first front plate arrangement 6 is arranged at
a first end face of the drum 2. A second front plate ar-
rangement 7 is arranged at a second end face of the
drum 2, said second end face being on the opposite side
of the first end face of the drum 2.
[0028] The first front plate arrangement 6 comprises a
first front plate 8 and a pressure shoe 9. The first front
plate 8 comprises a high pressure supply port 10 and a
low pressure return port 11. The high pressure return
port 10 is connected to a high pressure channel 12 of the
pressure shoe 9 by means of a sleeve 13. The drum 2
is rotatable supported within a housing 14. Means for
driving the drum 2 are not shown in order to keep the
illustration simple. However, a driving shaft can be
passed through the second front plate arrangement 7.
[0029] Each cylinder 4 is provided with a piston 15.
The piston 15 divides the cylinder 4 in a first chamber 16
and a second chamber 17. The piston 15 is moveable in
a first direction from the first end face towards the second
end face of the drum 2. Furthermore, the piston 15 is
moveable in a second, opposite direction from the sec-
ond end face towards the first end face of the drum 2.
[0030] The movement of the piston 15 is caused by
pressure differences. In the illustration of Fig. 1 the upper
piston is moved in the first direction under the influence
of a hydraulic pressure present at the high pressure sup-
ply port 10. During this movement, liquid present in the
second chamber 17 is displaced to a high pressure return
port 18 in the second front plate arrangement 7. When
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the drum 2 is further rotated, the cylinder 4 comes in an
overlap to a low pressure supply port 19. Fresh liquid
under a pressure which is higher than the pressure at
the low pressure return port 11 is supplied to the second
chamber 17 moving the piston 15 in the second direction
towards the first front plate arrangement 6 and pushing
liquid out of the first chamber 16 into the low pressure
return port 11.
[0031] One way to increase the capacity of the hydrau-
lic pressure exchanger 1 is to increase the rotational
speed with which the drum 2 rotates. In this case the
pistons 15 have to be moved rather fast since they should
be moved from the first end face to the second end face
or vice versa during less than a half rotation of the drum
2. The high speed movement of the pistons 15 could
cause trouble since the pistons 15 are suddenly stopped
when they hit end stops (not shown). Such a stop causes
noise which should be avoided.
[0032] To this end, braking means are provided for
both moving directions of the piston 15, such braking
means are described in connection with Fig. 2 to 7.
[0033] Fig. 2 to 4 show the braking means for the first
moving direction.
[0034] The cylinder wall 5 is arranged between a holder
20 at the first end face of the drum 2 and a holder 21 at
the second end face of the drum 2. It is possible to use
the holder 20 as end stop.
[0035] A sleeve 22 is arranged in the cylinder 4 sur-
rounding the second chamber 17. The piston 15 com-
prises a section 23 which is guided in the sleeve 22. The
inner diameter of sleeve 22 corresponds to the outer di-
ameter of the section 23.
[0036] This has the additional effect that the piston 15
has an area difference between the front faces so that
the fluid in the exchanger can be amplified and can, in a
reverse osmosis system, for example avoid a booster
pump. However, the difference between the front faces
of the piston can be realized in other ways and is not
limited to the embodiment shown.
[0037] The piston 15 comprises a further section 24
having a larger diameter. The diameter of the section 24
corresponds to the inner diameter of the cylinder 4.
[0038] Furthermore, the piston 15 comprises a protru-
sion 25 being directed towards the first holder 20.
[0039] A braking chamber 26 is limited by the cylinder
wall 5, a circumferential face of the first section 23, a front
face of the sleeve 22 and a front face of the second sec-
tion 24 of the piston 15.
[0040] This braking chamber 26 is connected via a first
opening 27 with the interior of the housing 14. During a
first part of the movement of the piston 15, this first open-
ing 24 allows an almost unrestricted flow of fluid out of
the braking chamber 26 into the interior of the housing
14 which is filled with liquid under low pressure, said low
pressure corresponding to a pressure between the pres-
sure at the low pressure supply port 19 and the pressure
at the low pressure return port 11.
[0041] The first opening 27, however, is open only dur-

ing this first part of the movement of the piston 15 in the
first direction. In other words, it is open only until the sec-
ond section 24 of the piston 15 starts overlapping the first
opening 27. During a further movement of the piston 15
in the first direction, the first opening 27 is gradually
closed until the position shown in Fig. 2 to 4 is reached.
[0042] When the first opening 27 is closed, as shown
in Fig. 2-4, the braking chamber 26 is connected to the
interior of the housing 14 by means of a first throttled
outlet 28 only. The first throttled outlet 28 allows escape
of liquid out of the braking chamber 26, however, the flow
out of the braking chamber 26 is restricted. This restric-
tion converts the kinetic energy of the piston 15 into heat.
[0043] In principle, the first opening 27 can be made
as a bore having a first diameter and the first throttled
outlet 28 can be made by a bore having a second diam-
eter, the second diameter being much smaller than the
first diameter.
[0044] In a way not shown, the braking chamber 26
can be connected to the interior of the housing 14 by
means of a check valve opening in a direction towards
the braking chamber 26. Such a check valve facilitates
refilling of the braking chamber 26 when the piston 15 is
moved in the second direction.
[0045] The first throttled outlet out of the braking cham-
ber 26 can be realized additionally or alternatively in other
ways. Fig. 3 shows a leakage path 29 between the sleeve
22 and the first section 23 of the piston 15. This leakage
path 29 can be made just by a clearance between the
sleeve 22 and the first section 23 of the piston 15. It can
also be made by a groove running in longitudinal direction
of the first section 23 of the piston 15.
[0046] When the piston 15 is moved in the first direc-
tion, liquid escapes out of the braking chamber 26
through the first opening 27 until the second section 24
of the piston 15 starts closing the first opening 27. A fur-
ther movement of the piston 15 makes smaller the first
opening 27 thereby increasing gradually a flow resist-
ance for the liquid to escape out of the braking chamber
26. When the first opening 27 is completely closed, the
liquid can escape through the first throttled outlet 28 only
or through the liquid path 29. Finally, the movement of
the piston 15 stops before the piston 15 reaches an end
stop which can in the present case be formed by the
sleeve 22.
[0047] Fig. 5 to 7 show the braking means at the other
end of the cylinder 4. The same elements are designated
with the same reference numerals.
[0048] A second braking chamber 30 is formed be-
tween the wall 5 of the cylinder, the protrusion 25 of the
piston 15, a front face of the second section 24 and a
front face of the holder 20.
[0049] This second braking chamber 30 is open as long
the protrusion 25 has not been inserted into a channel
31 in the holder 20 when the piston 15 moves in the sec-
ond direction. The channel 31 is connected to the low
pressure return port 11. In this way the second braking
chamber 30 can unrestrictedly output the liquid in the first
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chamber 16 of the cylinder 4 into the low pressure return
port 11 as long as the second braking chamber is not
closed.
[0050] The protrusion 25 comprises a tapered end 32.
In Fig. 6 the tapered end 32 is shown to cover the com-
plete circumference of the protrusion 25. However, in
some cases it is sufficient that the tapered end extends
only over part of the circumference.
[0051] The channel 31 forms a second opening
through which the liquid can escape out of the first cham-
ber 16 when the piston moves in the second direction.
The size of this opening is decreased when the protrusion
25 enters the channel 31. The size of the opening de-
creases gradually because of the tapered end 32.
[0052] When the protrusion 25 has reached the posi-
tion shown in Fig. 6 in which the channel 31 is completely
closed by the protrusion 25, the only way for the liquid
out of the second braking chamber 30 is through a second
throttled outlet 33 running through the piston 15. The sec-
ond throttled outlet 33 comprises an orifice 34 by means
of which the throttling effect of the second throttled outlet
33 can be adjusted.
[0053] Generally, there will always be a leakage path
between the parts of the piston 15 and the surrounding
parts of the cylinder 4. This leakage path can be used as
throttled outlet so that a specific orifice or bleed is not
always necessary.

Claims

1. A hydraulic machine, in particular a hydraulic pres-
sure exchanger (1), comprising a drum (2) having a
first end face and a second end face and being ro-
tatable about an axis, said drum (2) comprising at
least a cylinder (4), a piston (15) being arranged in
said cylinder (4), said piston (15) being movable in
a first moving direction and in a second moving di-
rection opposite to said first moving direction, said
piston (15) dividing said cylinder in a first section (16)
opening in said first end face and a second section
(17) opening in said second end face, characterized
in that braking means are provided for at least one
of said moving directions, said braking means brak-
ing said piston (15) before reaching an end stop.

2. The hydraulic machine according to claim 1, char-
acterized in that said braking means are hydraulic
braking means.

3. The hydraulic machine according to claim 2, char-
acterized in that a braking chamber (26, 30) is pro-
vided for at least one of said moving directions, said
braking chamber (26, 30) having an opening (27, 31)
being open during a part of the movement of said
piston (15) and being closed a predetermined dis-
tance before said piston reaches said end stop, said
closed braking chamber (26, 30) having at least a

throttled outlet (28, 29; 33, 34; 5, 24).

4. The hydraulic machine according to claim 3, char-
acterized in that is arranged in said throttled outlet
(33) comprises an orifice (34).

5. The hydraulic machine according to claim 3 or 4,
characterized in that said throttled outlet (28) com-
prises a valve, in particular a check valve.

6. The hydraulic machine according to any of claims 3
to 5, characterized in that said throttled outlet com-
prises a leakage path (29; 5, 24).

7. The hydraulic machine according to any of claims 3
to 6, characterized in that during closing of said
braking chamber said piston (15) gradually decreas-
es said opening (27, 31).

8. The hydraulic machine according to any of claims 3
to 7, characterized in that said braking chamber
(26, 30) is arranged between said piston (15) and a
wall (5) of said cylinder (4).

9. The hydraulic machine according to any of claims 3
to 8, characterized in that a first braking chamber
(26) having a first opening (27) and a first throttled
outlet (28, 29) is provided for said first moving direc-
tion and a second braking chamber (30) having a
second opening (31) and a second throttled outlet
(33, 34) is provided for said second moving direction,
said first throttled outlet (28, 29) and said second
throttled outlet (33, 34) being separated from each
other.

10. The hydraulic machine according to claim 9, char-
acterized in that said first opening (27) is arranged
in said wall (5) of said cylinder (4).

11. The hydraulic machine according to claim 10, char-
acterized in that said first throttled outlet (28) is ar-
ranged in said wall (5) of said cylinder (4).

12. A pressure exchanger according to claim 10 or 11,
characterized in that a sleeve (22) is arranged with-
in said cylinder (4) reducing an inner diameter of said
cylinder (4) in said second section (17), said piston
(15) comprising a section (23) being inserted into
said sleeve (22), said first braking chamber (26) be-
ing delimited by said piston (15), said sleeve (22)
and said wall (5) of said cylinder.

13. A pressure exchanger according to any of claims 9
to 12, characterized in that said second opening
(31) is the opening of said cylinder (4) in an end face.

14. A pressure exchanger according to claim 13, char-
acterized in that said second throttled outlet (33,
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34) runs through said piston (15).

15. A pressure exchanger according to claim 14, char-
acterized in that said second throttled outlet (33,
34) opens into a low pressure side of said cylinder
(4).

16. A pressure exchanger according to any of claims 13
to 15, characterized in that said second opening
(31) has a section area smaller than a section
area of said cylinder (4), said piston having a protru-
sion (25) penetrating into said second opening (31)
said predetermined distance before said piston (15)
reaches said end stop.

17. A pressure exchanger according to claim 16, char-
acterized in that said protrusion (25) comprises an
end (32) tapered at least on part of its circumference.

Amended claims in accordance with Rule 137(2)
EPC.

1. A hydraulic machine, in particular a hydraulic pres-
sure exchanger (1), comprising a drum (2) having a
first end face and a second end face and being ro-
tatable about an axis, said drum (2) comprising at
least a cylinder (4), a piston (15) being arranged in
said cylinder (4), said piston (15) being movable in
a first moving direction and in a second moving di-
rection opposite to said first moving direction, said
piston (15) dividing said cylinder in a first section (16)
opening in said first end face and a second section
(17) opening in said second end face, wherein brak-
ing means are provided for at least one of said mov-
ing directions, said braking means braking said pis-
ton (15) before reaching an end stop, wherein said
braking means are hydraulic braking means char-
acterized in that a braking chamber (26, 30) is pro-
vided for at least one of said moving directions, said
braking chamber (26, 30) having an opening (27, 31)
being open during a part of the movement of said
piston (15) and being closed a predetermined dis-
tance before said piston reaches said end stop, said
closed braking chamber (26, 30) having at least a
throttled outlet (28, 29; 33, 34; 5, 24).

2. The hydraulic machine according to claim 1, char-
acterized in that is arranged in said throttled outlet
(33) comprises an orifice (34).

3. The hydraulic machine according to claim 1 or 2,
characterized in that said throttled outlet (28) com-
prises a valve, in particular a check valve.

4. The hydraulic machine according to any of claims 1
to 3, characterized in that said throttled outlet com-
prises a leakage path (29; 5, 24).

5. The hydraulic machine according to any of claims 1
to 4, characterized in that during closing of said
braking chamber said piston (15) gradually decreas-
es said opening (27, 31).

6. The hydraulic machine according to any of claims 1
to 5, characterized in that said braking chamber
(26, 30) is arranged between said piston (15) and a
wall (5) of said cylinder (4).

7. The hydraulic machine according to any of claims 1
to 6, characterized in that a first braking chamber
(26) having a first opening (27) and a first throttled
outlet (28, 29) is provided for said first moving direc-
tion and a second braking chamber (30) having a
second opening (31) and a second throttled outlet
(33, 34) is provided for said second moving direction,
said first throttled outlet (28, 29) and said second
throttled outlet (33, 34) being separated from each
other.

8. The hydraulic machine according to claim 7, char-
acterized in that said first opening (27) is arranged
in said wall (5) of said cylinder (4).

9. The hydraulic machine according to claim 8, char-
acterized in that said first throttled outlet (28) is ar-
ranged in said wall (5) of said cylinder (4).

10. A pressure exchanger according to claim 8 or 9,
characterized in that a sleeve (22) is arranged with-
in said cylinder (4) reducing an inner diameter of said
cylinder (4) in said second section (17), said piston
(15) comprising a section (23) being inserted into
said sleeve (22), said first braking chamber (26) be-
ing delimited by said piston (15), said sleeve (22)
and said wall (5) of said cylinder.

11. A pressure exchanger according to any of claims 7
to 10, characterized in that said second opening
(31) is the opening of said cylinder (4) in an end face.

12. A pressure exchanger according to claim 11, char-
acterized in that said second throttled outlet (33,
34) runs through said piston (15).

13. A pressure exchanger according to claim 12, char-
acterized in that said second throttled outlet (33,
34) opens into a low pressure side of said cylinder
(4).

14. A pressure exchanger according to any of claims 11
to 13, characterized in that said second opening
(31) has a section area smaller than a section area
of said cylinder (4), said piston having a protrusion
(25) penetrating into said second opening (31) said
predetermined distance before said piston (15)
reaches said end stop.
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15. A pressure exchanger according to claim 14, char-
acterized in that said protrusion (25) comprises an
end (32) tapered at least on part of its circumference.
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