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(54) HYDRAULIC AXIAL PISTON PUMP HAVING A FLOATING ROTATORY DRUM

(57)  The invention relates to a pump comprising: a
housing (1); a drum (2) having cylinders in which pistons
(3) are mounted, which pistons are supported by sup-
porting shoes (32) on a fixed inclined plate (4); and first
and second fluid-distributing plates (5a, 5b) having open-
ings (51, 52) for establishing in an alternating manner
the connection between first mouths (23) of the cylinders
(22) and a first inlet (11) and first outlet (12) of primary

liquid, and between second mouths (24) and a second
inlet (13) and second outlet (14) of the secondary liquid.
The pump comprises first and second strips (6a, 6b) ar-
ranged between the drum (2) and the distributing plates
(5a, 5b), said strips being movable in a longitudinal di-
rection and allowing the drum to tilt to a certain extent,
forming a sealed closure between the ends of the drum
(2) and the distributing plates (5a, 5b).

1 52 6a 8 1 3 2 76b 5b 14 31 32 4
»\ 5 ! { J;‘ f i { i i ’ f 1 §
5, J‘ / i; 1{ ; {"I /
4 = '”"’IL e A N\:L ey e ~L 1 1iE -
ISNESS:
| g
N j\:\\\s NN j’)// f
A
mllnn 7
L [\\ \:: ;//:,
4P
= 7,
SN iy
/ \ NN L
/ . "~ "‘f‘\:? SN : N
(- S = S = \\\ S =
/ \

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 070 329 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to a hydraulic ax-
ial piston pump having a floating rotatory drum, which
can mainly be applied in seawater reverse osmosis de-
salination systems.

PRIOR ART

[0002] A numberof documents are known which relate
to axial piston pumps intended for being used in equip-
ment, for example seawater desalinating equipment, re-
quiring for operation the addition of a primary liquid at a
high pressure, propelled by the axial piston pump, and
returning a secondary liquid at a pressure that is slightly
lower than the feed pressure; said axial piston pumps
incorporating means for harnessing the energy of the
secondary liquid that is rejected or returned by the equip-
ment in question.

[0003] In the specific case of seawater reverse osmo-
sis desalination equipment, the primary liquid is seawater
supplied to the osmosis membranes at a high pressure,
whereas the secondary liquid is the reject water with a
high salt content supplied by the osmosis membrane at
pressure that is lower than the pressure of the primary
liquid.

[0004] Some axial piston pumps of this type are de-
scribed, for example, in the following patent documents:
US 7799221 B1 (MACHARG JOHN P), WO 2010025729
A1 (DANFOSS AS ET AL.), or in PCT application ES
2012/000279 (BOLSAPLAST S.L.), which belongs to the
same inventor of the present invention.

[0005] Energy-harnessing axial piston pumps de-
scribed in said documents generally comprise a housing
in which a rotatory drum is housed, said drum being pro-
vided with a drive shaft for operation by means of an
external motor, and with a plurality of cylinders arranged
in circular fashion around the geometric axis of said drum
and communicated at their ends by first inlet and outlet
mouths of a primary liquid and second inlet and outlet
mouths of a secondary liquid; said first and second
mouths being defined at first and second ends of the
rotatory drum.

[0006] Pistons are mounted axially in the cylinders of
the drum and prolonged in rods projecting through a sec-
ond end of the drum and ending in supporting shoes on
a fixed inclined plate, such that when the drum rotates
said pistons establish in an alternating manner a forward
and backward movement inside the cylinders.

[0007] These pumps comprise first and second fluid-
distributing plates facing opposite ends of the drum, pro-
vided with openings suitably distributed for establishing
in an alternating manner, during rotation of the drum, the
connection between first mouths of the cylinders and the
first inlet and first outlet of primary liquid of the housing;
and the connection between second mouths of the cyl-
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inders and the second inlet and second outlet of the sec-
ondary liquid; said connections being established such
that it is synchronized with the direction of movement of
the pistons inside the cylinders.

[0008] A common problem in pumps of this type is de-
termined by the need to form a sealed closure between
the opposite ends of the rotatory drum and the corre-
sponding fluid-distributing plates that remain stationary.
[0009] There obviously must be suitable tolerance be-
tween the opposite ends of the rotatory drum and the
fluid-distributing plates in order to allow the rotation of
the drum, however the existence of these tolerances
translates into an existence of leakages between the
drum and the distributing plates because said drum tends
to tilt laterally and to become misaligned with respect to
the axial direction due to the axial and opposing move-
ment of the pistons inside the cylinders.

[0010] This lateral tilt or pitch of the drum causes the
opposite ends thereof to exert, at diametrically opposite
points, excessive pressure against the respective fluid-
distributing plates and to be spaced, at diametrically op-
posite points with respect to the aforementioned points,
from said distributing plates, providing liquid leakage ar-
eas.

[0011] This problem, which is common in the men-
tioned prior art, prevents axial pumps of this type with
energy recovery from being able to work correctly for a
prolonged time since excessive wear occurs due to ir-
regular friction of the drum against the fluid-distributing
plates.

[0012] In axial piston pumps of this type with energy
recovery, the primary liquid gains access to the inner
area of the cylinders through the first inlet mouth in order
to be propelled towards the first outlet mouth during the
forward movement ofthe pistons; whereas the secondary
liquid gains access to the rear area of the cylinders
through the second inlet mouth and collaborates in the
forward movement of the pistons before being expelled
through the second outlet mouth during the backward
movement of said pistons.

[0013] This means that the pressures of the primary
liquid and secondary liquid also act on the drum, causing
the drum to become imbalanced in the axial direction.
[0014] The technical problem that is posed is the de-
velopment of a hydraulic axial piston pump with energy
recovery of the aforementioned type, but which effective-
ly solves the problems of the mentioned prior art.

DISCLOSURE OF THE INVENTION

[0015] The hydraulic axial piston pump having a float-
ing rotatory drum, object of this invention, which is of the
aforementioned type, has constructive particularities
which seek to assure a sealed closure between the op-
posite ends of the rotatory drum and fluid-distributing
plates by means of the interposition, between a first end
of the drum and the first distributing plate and between
a second end of the drum and the second distributing
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plate, of first and second strips rotating together with the
drum and allowing a floating assembly or being mounted
with certain clearance of the rotatory drum in both the
longitudinal direction and the axial direction, maintaining
said sealing in the closure.

[0016] Another objective of the invention is to achieve
cancelling out the horizontal components of the forces
produced by the pressures of the primary and secondary
liquids on the drum, regardless of the value of said pres-
sures.

[0017] Another objective of the invention is to achieve
the operation in the axial direction of the strips responsi-
ble for forming the sealed closure between the ends of
the drum and the distributing plates with the collaboration
of the actual pressures of the primary and secondary
liquids.

[0018] Thefirstand second strips rotating together with
the drum and responsible for forming a sealed closure
against the fluid-distributing plates, have openings facing
the first and second mouths of the drum and coupling
means suitable for allowing movement of the first and
second strips in the axial direction with respect to the
drum, and the head-on actuation of said strips against
the respective distributing plates, said strips forming a
sealed closure between the ends of the drum and the
respective distributing plates.

[0019] The openings of the strips are peripherally pro-
longed in sleeves suitable for being housed in the first
and second mouths of the drum with the interposition of
sealing elements, allowing a certain tilt or misalignment
of the drum, and for receiving, by action of the pressure
of the primary and secondary liquids, a thrust that axially
moves said strips against the distributing plates.

[0020] This coupling between the drum and the strips
assures that the strips remain parallel to one another and
form a sealed closure against the distributing plates even
if the rotatory drum tilts or does not remain perfectly
aligned.

[0021] Said sleeves are also suitable for receiving, by
action of the pressure of the primary and secondary lig-
uids, axial thrusts which move the first and second strips
head-on against the respective distributing plates, said
strips forming a sealed closure between the opposite
ends of the drum and the respective distributing plates.
[0022] Another relevant feature of the invention con-
sists of the surfaces of the drum intended for coming into
contact with the primary and secondary liquids being suit-
ably arranged and sized so that the resultant of the forces
generated by the pressure of the primary and secondary
liquids on the drum have a zero component in the axial
direction. The drum therefore remains balanced.

[0023] Theinvention comprises springs, orientedinthe
axial direction and suitable to assure a certain pressure
of said strips against the respective distributing plates,
between a first end of the drum and the first strip, and
between a second end of the drum and the second strip.
[0024] These springs are particularly effective during
the initial pump starting phase in which the first liquid and
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the second liquid are not yet pressurized.

[0025] These springs also initially contribute to center-
ing the drum with respect to the first and second strips.
[0026] As mentioned above, this pump also has fea-
tures that seek to achieve balance of the drum in the axial
direction, preventing the forces caused by the pressures
of the primary liquid and secondary liquid on the drum
from tending to move it in the axial direction.

[0027] To that end and according to the invention, the
firstinletand outlet mouths of the primary liquid are axially
aligned with the cylinders of the drum and have diameters
coinciding with those of said cylinders for preventing the
pressure of the primary liquid from producing a thrusting
force on the drum in the axial direction.

[0028] In turn, the second inlet and outlet mouths of
the secondary liquid are connected to the cylinders of
the drum by means of suitably shaped and sized conduits
so that the resultant of the set of forces generated by the
pressure of the secondary liquid on the drum has a zero
component in the axial direction.

DESCRIPTION OF THE DRAWINGS

[0029] To complement the description that is being
made and for the purpose of aiding to better understand
the features of the invention, a set of drawings is attached
to the present specification in which the following is de-
picted in an illustrative and non-limiting manner:

Figure 1 shows a schematic elevational view of an
embodiment of the hydraulic axial piston pump hav-
ing a floating rotatory drum, according to the inven-
tion, sectioned by a vertical plane.

Figure 2 shows an exploded view of the different
internal elements of the pump.

DETAILED DISCLOSURE OF THE INVENTION

[0030] As can be seen in the attached drawings, the
pump comprises a housing (1) with a first inlet (11) and
a first outlet (12) of a primary liquid, and a second inlet
(13) and a second outlet (14) of a secondary liquid.
[0031] The rotatory drum (2) is arranged inside the
housing (1) and can be operated by a drive element (not
depicted) through the drive shaft (21).

[0032] The drum (2) has a plurality of cylinders (22)
arranged in circular fashion around its geometric axis.
[0033] The cylinders (22) are communicated with first
inlet and outlet mouth (23) of the primary liquid and with
a second inlet and outlet mouth (24) of the secondary
liquid.

[0034] Pistons (3) are mounted in the cylinders (22)
and prolonged at one of their ends in rods (31) going
through openings made on the rear surface of the cylin-
ders (22) and projecting from the drum (2), and ending
in respective shoes (32) acting on a fixed inclined plate

(4).
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[0035] The pump comprises first and second liquid-
distributing plates (5a, 5b) facing the respective ends of
the drum (2) and provided with openings for the alternat-
ing connection between the first mouth (23) of the cylin-
ders and the first inlet (11) and the first outlet (12) of
primary liquid, and the alternating connection between
the second mouth (24) of the cylinders (22) and the sec-
ond inlet (13) and the second outlet (14) of secondary
liquid during rotation of the drum (2).

[0036] The arrangement of the first mouth (23) and
second mouth (24) facing the inlets and outlets of primary
liquid and secondary liquid is synchronized with the al-
ternating axial movement of the pistons (3) as they move
over the inclined plate (4).

[0037] The entry of primary liquid at a low pressure, in
the range of 2 bar, into any one of the cylinders (22) is
done during the backward movement of the correspond-
ing piston (3), whereas the entry of secondary liquid into
the same cylinder will be done during the forward move-
ment of said piston (3), the pressure of said secondary
liquid contributing, together with the action of the inclined
plate (4), to moving the piston (3) towards the front area
and propelling the primary liquid towards the first outlet
(12) of primary liquid.

[0038] First and second closure strips (6a, 6b) rotating
together with the drum (2) are mounted between the op-
posite ends of the drum and the respective distributing
plates (5a, 5b) to form an effective closure between said
elements.

[0039] For the passage of the primary and secondary
liquids, said strips (6a, 6b) are provided with openings
prolonged along the periphery in sleeves (61 and 62)
coupled in the first mouths (23) and the second mouths
(24) of the drum, respectively, with the interposition of
sealing elements (7) depicted as O-ring seals.

[0040] These couplings allow a certain tilt or pitch of
the drum (2) while the strips (6a, 6b) remain parallel to
the first and second distributing plates (5a, 5b), exerting
a closure against same due to the thrust of the primary
and secondary liquids against the ends of said sleeves
(61 and 62) of the strips (6a and 6b).

[0041] Springs (8) pressing said strips (6a, 6b) against
respective distributing plates (5a, 5b), contributing to the
formation of a sealed closure, are arranged between the
opposite ends of the drum (2) and the closure strips (6a,
6b).

[0042] The first inlet and outlet mouths of the primary
liquid are axially aligned with the cylinders (22) of the
drum and have diameters coinciding with those of said
cylinders (22), preventing the pressure of the primary lig-
uid from transmitting a thrusting force in the axial direction
to the drum (2).

[0043] The second inlet and outlet mouths (24) of the
secondary liquid are connected to the corresponding cyl-
inders (22) by means of respective conduits (25), the
second mouths (24) having a section identical to that end
surface of the corresponding cylinder (22) which is ex-
posed to the pressure of the secondary liquid, such that
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the set of forces generated by the pressure of the sec-
ondary liquid on the drum has a zero component in the
axial direction, as do the forces generated by the pres-
sure of the primary liquid, so the drum (2) is kept balanced
during the operation of the pump.

[0044] Having sufficiently described the nature of the
invention as well as a preferred embodiment thereof, it
is hereby stated that the materials, shape, size and ar-
rangement of the described elements could be modified,
provided that this does not change the essential features
of the invention claimed below.

Claims

1. A hydraulic axial piston pump having a floating rota-
tory drum, comprising:

- a housing (1) provided with: afirstinlet (11) for
the intake of a primary liquid; a first outlet (12)
for the delivery of said primary liquid at a high
pressure; a second inlet (13) for the intake of a
secondary liquid at a pressure that is lower than
the delivery pressure of the primary liquid and a
second outlet (14) for the delivery of said sec-
ondary liquid;

- a drum (2) provided with a drive shaft (21) and
with a plurality of cylinders (22) arranged in cir-
cular fashion around the geometric axis of said
drum (2) and communicated at its ends with first
inlet and outlet mouths (23) of the primary liquid
and with second inlet and outlet mouths (24) of
the secondary liquid, said first and second
mouths (23, 24) being defined at a first end and
at a second end of the drum (2);

- pistons (3) mounted in the respective cylinders
(22) and being prolonged in rods (31) projecting
through one end of the drum (2) and ending in
supporting shoes (32) on a fixed inclined plate
4);

- a first fluid-distributing plate (5a) and a second
fluid-distributing plate (5b), facing opposite ends
of the drum (2) and provided with openings (51,
52) suitably distributed for establishing in an al-
ternating manner, during rotation of the drum
(2), the connection between first mouths (23) of
the cylinders (22) and the first inlet (11) and first
outlet (12) of primary liquid of the housing (1),
and the connection between second mouths
(24) of the cylinders (22) and the second inlet
(13) and second outlet (14) of the secondary lig-
uid, said connections being established such
thatitis synchronized with the direction of move-
ment of the pistons (3) inside the cylinders (22);

characterized in that:

first and second strips (6a, 6b) rotating together
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with the drum (2) are mounted with certain clear-
ance in the axial direction between a first end of
the rotatory drum (2) and the first distributing
plate (5a), and between a second end of the
drum (2) and the second distributing plate (5b);
saidfirst and second strips (6a, 6b) having open-
ings facing the first and second mouths (23, 24)
of the drum and coupling means suitable for al-
lowing a movement of the first and second strips
(6a, 6b) in the axial direction with respect to the
drum (2) and the head-on actuation of said strips
(6a, 6b) against the respective distributing
plates (5a, 5b), said strips (6a, 6b) forming a
sealed closure between the ends of the drum
(2) and the respective distributing plates (5a,
5b).

The pump according to claim 1, characterized in
that the surfaces of the drum (2) intended for coming
into contact with the primary and secondary liquids
are suitably arranged and sized so that the resultant
of the forces generated by the pressure of the pri-
mary and secondary liquids on the drum (2) have a
zero component in the axial direction.

The pump according to claim 1, characterized in
that the openings of the strips (6a, 6b) are periph-
erally prolonged in sleeves (61, 62) suitable for being
housed in the first and second mouths (23, 24) of
the drum (2) with the interposition of sealing ele-
ments (7), allowing a certain tilt or misalignment of
the drum, and for receiving, by action of the pressure
of the primary and secondary liquids, a thrust that
axially moves said strips (6a, 6b) against the distrib-
uting plates (5a, 5b).

The pump according to claim 1, characterized in
that it comprises springs (8) oriented in the axial di-
rection, suitable to assure certain pressure of said
strips (6a, 6b) against the respective distributing
plates (5a, 5b), between a first end of the drum (2)
and the first strip (6a), and between a second end
of the drum (2) and the second strip (6b).

The pump according to claim 2, characterized in
that the first mouths (23) of the drum (2) are axially
aligned with the cylinders (22) of the drum and have
diameters coinciding with those of said cylinders for
preventing the pressure of the primary liquid from
causing a thrusting force on the drum (2) in the axial
direction.

The pump according to claim 1, characterized in
that the second mouths (24) of the drum (2) are ori-
ented axially and connected to the cylinders (22) by
means of intermediate conduits (25), the second
mouths (24) having a section that is equal to an end
surface (26) of the corresponding cylinder (22) ex-
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posed to the pressure of the secondary liquid, such
that the resultant of the set of forces generated by
the pressure of the secondary liquid on the drum (2)
has a zero component in the axial direction.
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