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(54) SPLIT-�CHAMBER PRESSURE EXCHANGERS

(57) The invention relates to split- �chamber pressure
exchangers. Split- �chamber pressure exchangers are
characterized in that  the pressure exchange chambers
and the pistons thereof are split in two. Each fluid passes
through the corresponding chamber thereof, such that
said fluids cannot be mixed. The cross sections of the
chambers can be varied in order to vary the transmitted
pressure. The reverse line operation can be established
and synchronized using a U-�shaped tube with telescopic
sides and a fixed base filled with fluid or diametrically
opposed curved lines, and multiple arrangements can be
used. Split-�chamber pressure exchangers can be used
as surface or well pumping systems and the pumping
fluid used can differ from the fluid to be pumped. Different
levels of any material can be exploited at any storage
site using a chamber with elastic walls filled with fluid and
attached to the bottom. Electric power can be generated
by centrifuging the pre-�pumped fluid.
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Description

Field of the Art

�[0001] The invention is comprised within the field of
pressure exchangers, which are for transmitting dynamic
pressure from one fluid to another different fluid.
�[0002] Due to the innovations provided, the invention
is transformed into a new pumping system for any type
of fluids, and even into a new electric power generation
system.

State of the Art

Pressure exchangers

�[0003] Pressure exchangers were invented over more
than twenty-�five years ago and they basically consist of
pressurizing one fluid (fluid 1 in Figure 1) from the pres-
sure of another fluid, which is depressurized after the
process (fluid 2). There are several models, but they all
basically work according to the diagram of Figure 1. The
fluid 1 is introduced in the interconnecting chambers by
means of a system of shut- �off and check valves, repre-
sented by the gray boxes. Once filled, the fluid 2 is al-
lowed to pass through the other end, displacing said fluid
by pushing an transmitting intermediate member which
transmits the residual pressure between them, separat-
ing them (usually a disc or piston, though occasionally
an intermediate fluid or any other system is used). The
fluid 1 is thus pressurized. Then the inlet of the fluid 2 is
shut off and a discharge valve opens. The fluid 1 is again
allowed to pass through by means of the valve system,
displacing fluid 2 (which now does not have pressure),
discharging it through the drain.
�[0004] The system is assembled with two parallel in-
terconnecting lines and is electronically controlled such
that at all times the disc or piston of each tube is located
in the opposite position with regard to the center (reverse
line operation) to thus achieve the most constant pres-
sure possible at the outlet of the fluid 1, and to likewise
achieve the greatest possible exploitation of the pressure
of the fluid 2.
�[0005] Figure 1 shows the fluids 1 and 2 using lighter
shades when they do not have pressure and darker
shades when they are pressurized. These different
shades will be maintained throughout all the figures at-
tached to this description.
�[0006] A thorough worldwide search has been con-
ducted in the espacenet database for patent documents
relating to pressure exchangers, and it has been found
that although there has been considerable development
thereof, none of them provide the innovations described
herein.

Current applications of pressure exchangers

�[0007] Pressure exchangers have traditionally been

used in mining to displace residual processing water with
clean water and the system is used without discs or pis-
tons since it does not matter if both fluids mix.
�[0008] They are starting to be used today in reverse
osmosis water desalination plants according to a scheme
such as that depicted in Figure 2. The process is very
simple: it pre- �treats the water and then raises the pres-
sure of the water until it exceeds its osmotic pressure.
The water is then passed through reverse osmosis filters
which have a semi- �permeable membrane and produce
two outputs: desalinated and depressurized water on one
side and brine at a fairly high pressure on the other side.
This pressure is used to pressurize part of the water com-
ing from the pre- �treatment, thus reducing the output of
high pressure pumps with the subsequent electric power
savings.

Pumping systems

�[0009] Many types of horizontal, vertical and sub-
merged electric pump units for clean water have been
extensively developed to date, as have many pumping
systems for all types of fluids (waste water, viscous fluids,
toxic fluids, hazardous fluids, seawater, chemicals, con-
crete, turbid water, or any type of fluid imaginable, includ-
ing fluids with solids in suspension).

Explanation of the Invention

Technical problems involved with traditional pressure 
exchangers

�[0010] Although the system proposed in the previous
section relating to desalination is fairly energetically effi-
cient, it presents two problems:�

- the outlet pressure of the reverse osmosis filters of
the brine is always lower than that of the feed water,
which means that it is necessary to install a booster
pump increasing the pressure of the water

- since the pre-�treatment water and the brine are sep-
arated in the pressure-�transmitting intermediate
members, there is always a small though significant
mixture of both fluids, therefore the pre- �treatment
water leaves the pressure exchangers with a higher
salt concentration, which obviously jeopardizes the
process

�[0011] Furthermore, traditional pressure exchangers
generally present another drawback, which is that the
fluid to be pressurized (fluid 1) is forced to displace the
fluid 2 once it has been depressurized. This is not so
much of a problem in the case of desalinators because
the water to be pressurized comes from the pre-�treatment
process, from which it leaves with some pressure, but in
other applications it may be a serious drawback, espe-
cially taking into account the fact that the reverse line
operation is necessary, and the natural speeds of the
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discs or pistons in either direction are very different. This
reduces the performance of the exchangers and compli-
cates the system control electronics.
�[0012] All these drawbacks are probably what have
not allowed further development of pressure exchangers
in all types of applications.

Technical problems involved with traditional electric 
pump units

�[0013] Even though the designs of all types of electric
pump units are well optimized today, they have some
shortcomings which until now have been impossible to
solve, such as: �

- regarding electric pump units for removing water
from wells or collection boxes, the motor of vertical
units is on the surface, but they cause many me-
chanical problems with the long shaft they require,
and submerged units have the problem that since
the pump body and the motor are submerged in the
well or collection box, any operating failure causes
the unit to be out of service for a considerable time
period since the unit must be disassembled and then
assembled

- regarding the pumping systems for other fluids, they
have a lower performance in many cases and usually
offer many maintenance problems due to the inlet of
solids, such as the case of waste water pumping, or
due to corrosion of the delicate and expensive pump
body, or due to both effects

General Description of the Invention and Solutions Pro-
vided

Split-�chamber pressure exchangers (SCPEs)

�[0014] These are pressure exchangers characterized
in that the pressure exchange chambers are split in two,
one for each of the fluids, as shown in Figure 3. Each of
the fluids therefore only passes through the correspond-
ing chamber thereof, such that said fluids cannot be
mixed (and the second problem described in the preced-
ing section is therefore solved).
�[0015] The exchange of pressures takes place by re-
placing the pressure-�transmitting intermediate members
in traditional with two rigidly attached discs or pistons, as
shown in Figure 3. The pressurized fluid will thus push
and also displace the other fluid through the correspond-
ing chamber thereof. The chambers obviously need to
have an opening to the outside to allow the inlet and outlet
of air during the movements of the discs or pistons and
to prevent vacuums, as can also be seen in Figure 3.
�[0016] Drains can be arranged at the opposite ends of
the chambers in case it is necessary to drain a small
amount of the fluids which may be lost through the disc
or piston seals.

Arrangements

SCPEs with piston-�type chambers

�[0017] A first possible arrangement would be the one
shown in Figure 3, in which the cross sections of each
chamber are identical. The same pressure would thus
be transmitted from the pressurized fluid to the fluid to
be pressurized, except obviously mechanical losses.
�[0018] The inventive system allows another arrange-
ment, in which the cross sections of the chambers are
different (Figure 4), and therefore the transmitted pres-
sure is also different (the pressure ratio will be equal to
the area ratio, except obviously for mechanical losses,
since the net force is the same). The problem of the need
for the booster pump mentioned above in the description
of the technical problem involved can thus obviously be
solved.
�[0019] Obviously, the vertical or angled arrangement
of the lines is possible (Figure 5), but this will worsen the
problem that the fluid to be pressurized (fluid 1) must
displace the fluid 2 once it has been depressurized, since
in this case it must also overcome the weight of the fluid,
plus that of the discs or pistons and the attachment be-
tween them. To that end an additional lifting system there-
of could also be arranged, the control of which would be
integrated in the electronic control system of the system,
or the drain system shown in Figure 6 can be used, which
consists of exploiting the energy from the pressurized
fluid (fluid 2) not only to transmit it to the fluid to be pres-
surized (fluid 1), but also to aid the actual fluid 1 in dis-
placing fluid 2 in the other line once it has been depres-
surized. This is achieved by means of an auxiliary U-
shaped tube which interconnects both lines as shown in
Figure 6, and it is a telescopic tube on both sides of the
"U", being rigidly supported by the base of the "U". The
ends of the "U" are attached to the discs or pistons of
their respective lines, and the "U" is filled with an incom-
pressible fluid. Therefore, when the fluid 2 under pres-
sure enters its chamber, not only does it apply pressure
to its disc or piston to displace fluid 1, but it also transmits
part of its energy to the disc or piston of the other line to
aid fluid 1 of the other line in displacing the depressurized
fluid 2 in said line and in overcoming the friction of the
discs or pistons and their weight and that of the depres-
surized fluid 2 if necessary. Logically, the cross section
of the tube must be such that the energy transferred to
the disc or piston of the other line is the necessary min-
imum. The reverse line operation is furthermore assured
by means of this system, thus simplifying the system con-
trol electronics. It can be assembled in any type of pres-
sure exchangers, whether they are split chambers or not.
Obviously, instead of being a telescopic tube they could
be several telescopic tubes equidistant from one another
and from the center, or a ring made up of several sections
of the same length and equidistant for the purpose of
better distributing the stress on the discs or pistons.
�[0020] Finally, curved or circular chamber lines can al-
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so be arranged, in which case the attachment between
the discs or pistons will be curved and have the same
radius, and will be attached to the center by means of a
ball- �type joint (Figure 7). An increase of the pressure
transmitted can thus be achieved depending on the dis-
tance of the chambers of both fluids to the center, without
needing to change the cross section of the chambers,
though without jeopardizing the possibility of being able
to combine both effects. Furthermore, if the two lines are
placed diametrically opposed to one another, and the
attachment parts between the discs or pistons of each
line are in turn rigidly attached to one another, as shown
in Figure 7, the same effect is achieved as with the pre-
viously described U-�shaped part, i.e., on one hand the
reverse line operation is achieved, thus simplifying the
system control electronics, and on the other hand the
fluid 2, once it is depressurized, is displaced from the
corresponding chambers thereof without needing auxil-
iary pumping, in cases in which the fluid 1 enters under
very little pressure.
�[0021] The splitting of chambers can be applied to all
types of traditional pressure exchangers developed to-
day. There particularly exists another type of traditional
pressure exchangers, which are mentioned perhaps be-
cause they are the most distinguished of all of them,
which are based on the same operating principle but con-
sisting of a cylinder with a series of inner conduits through
which the fluids pass, the pressures being exchanged.
They further have the particularity that the actual cylinder
rotates about its own axis. The chambers of this type of
exchanger can also be split to obtain the advantages
herein explained.

SCPEs with telescopic chambers

�[0022] These are SCPEs in which in order to transmit
pressures the chambers are telescopic and push one
another, rather than the rigidly attached double disc or
piston system. Figure 8 shows a schematic depiction
thereof. SCPEs with bellows- �type chambers
�[0023] These are SCPEs in which in order to transmit
pressures the chambers are bellows- �type chambers and
push one another, rather than the rigidly attached double
disc or piston system. Figure 9 shows a schematic de-
piction thereof.

SCPEs with membrane-�type chambers

�[0024] These are SCPEs in which the chambers in
each line are arranged such that those corresponding to
the fluid to be pressurized have rigid walls, and those of
the fluid which yields its pressure are membrane-�type
chambers, the latter being included within the rigid wall
type. Figure 10 shows a schematic depiction thereof.

SCPEs with mixed chambers

�[0025] Obviously any of the possible arrangements

(piston-�type, telescopic, bellows-�type or membrane-
type) can be combined such that the chambers corre-
sponding to one of the fluids can have one arrangement
and the chamber corresponding to the other fluid can
have a different arrangement.
�[0026] Two of the possible combinations are depicted
in Figures 11 (piston- �type chambers/ �telescopic cham-
bers) and 12 (telescopic chambers/ �bellows- �type cham-
bers).

Multistage SCPEs

�[0027] Multistage SCPEs consist of the splitting the
chambers of the fluid the pressure of which is yielded
into several chambers, which may or may not be used
depending on the available pressure of the fluid, by
means of a valve system, thus being able to transmit the
most homogenous pressure possible to the fluid to be
pressurized, as shown in Figure 13.
�[0028] They can also be arranged such that the cham-
bers which are split are the chamber of the fluid to be
pressurized, thus pressurizing it at different pressures
depending on the needs at all times.
�[0029] By means of the aid of an auxiliary tank, all the
chambers can be filled continuously so as to allow open-
ing auxiliary chambers midway through if the feed pres-
sure changes, maximally exploiting the energy of the
pressurized fluid, as shown in Figure 14.
�[0030] Both Figures 13 and 14 depict multistage
SCPEs with piston-�type chambers, but they can obvious-
ly also be provided with telescopic, bellows- �type, mem-
brane-�type or mixed chambers. They are further depicted
with the different chambers by way of concentric and
overlapping cylinders, but they can obviously be ar-
ranged with any possible geometry provided that the
pressurized fluid pushes through all the chambers in the
same direction.
�[0031] Figure 15 depicts a multistage SCPE with a cir-
cular arrangement, which allows the aided reverse op-
eration, as explained above. For those applications in
which either the pressure at which the fluid the pressure
of which is yielded must be returned once it has been
depressurized, or the starting pressure of the fluid to be
pressurized is variable, or both, with multistage SCPEs
with a circular arrangement, or with other arrangements
and the U- �shaped tube system also described above,
the control system can adjust the stages that must start
operating also depending on these pressures.
�[0032] Finally, it is also possible to complement the
system with auxiliary pumping and a speed variator to
keep the pressure of the fluid to be pressurized complete-
ly constant, controlling all this from the electronic control
system. If the pressurized fluid comes from pumping, the
speed variator can be placed in said pumping.

Variable section SCPEs (VSSCPEs)

�[0033] Another interesting possibility regarding the de-
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sign of SCPEs rests on their being able to have a variable
section in any of the fluid chambers thereof fluid (one,
several or all). To that end, it is essential for the piston,
the actual chambers, or both, to be able to have variable
sections. Both possibilities are described below.

Variable section pistons

�[0034] These are pistons which have a section that
changes along the piston stroke. To that end, the cham-
ber on which they are housed must have a variable cross
section.
�[0035] The pistons must be designed such that their
section can increase or decrease, maintaining their own
rigidity and the seal of their attachments with the walls
of the corresponding chamber thereof. To that end, any
type of mechanical or pneumatic system, or a combina-
tion thereof, can be used.
�[0036] Figures 16 and 17 depict the starts and the ends
of the stroke of a variable section piston. For the sake of
simplicity, a piston- �type exchanger with a single line has
been considered.
�[0037] Since the section of the piston gradually reduc-
es, the pressure exerted on the fluid to be pressurized
increases.
�[0038] This type of VSSCPE can be applied in those
situations in which the distribution of pressures required
by the system is known beforehand. Variable wall cham-
bers
�[0039] The distribution of pressures required by the
system at all times is generally not known a priori in most
of the possible applications, and the purpose is to attempt
to modulate it depending on the needs of the actual sys-
tem.
�[0040] Variable geometry chambers, either telescopic
or piston-�type chambers, can be used in these cases,
which can open or close and even open at one end and
close at the other. Figures 18 and 19 depict a single-�line
piston- �type VSSCPE with one of its chambers being a
variable section chamber.
�[0041] Any type of mechanical or pneumatic system
can be used to move the walls of the variable section
chambers. The use of auxiliary telescopic cylinders which
are filled with an incompressible fluid and fixed at one
end to the wall of the chamber and at the other end to a
fixed wall, as shown in Figures 18 and 19, may be par-
ticularly interesting. The walls of the chamber are moved
by extracting fluid from or introducing fluid into the cylin-
ders according to the needs of the system.
�[0042] Telescopic cylinders could obviously be re-
placed with a fixed chamber filled with an auxiliary fluid
on which the actual wall of the chamber of the VSSCPE
would move like a piston (Figures 20 and 21).
�[0043] As explained above, it is also possible to pro-
vide chambers such that they can open at one end and
close at the other end or vice versa (Figures 22 and 23).
�[0044] It is important to point out that the walls of the
chambers can move with very little force while the cor-

responding chamber is not loaded, therefore this would
be the ideal time to do it. However, in certain applications
it may be of interest to move them during the stroke of
the piston, when the chamber is loaded, though to that
end it is necessary to exert a greater force.
�[0045] Finally, the possibility of using a membrane or
elastic material so that a telescopic chamber opens or
closes for the purpose of preventing the need for the pis-
ton to have a variable section (Figures 24 and 25) should
also be mentioned.

Control of the speed of the piston

�[0046] An additional advantage of considerable inter-
est is that the VSSCPE can be designed such that the
speed of the piston is constant, except in a small initial
span in which it must be accelerated to the desired speed.
The energy transfer performance is thus optimized since
it is not used for an unnecessary acceleration of the dou-
ble or single disc or piston. Figure 26 depicts a possible
design for this purpose, which consists of providing the
chamber with one of the fluids of an initial variable section
span, during which the piston accelerates until reaching
the design speed, at which time the straight span is
reached, and the speed is kept constant since the system
is designed so that at that time the force exerted on the
piston by the fluid the pressure of which is yielded is equal
to the force exerted by the fluid to be pressurized thereon
plus losses due to friction corresponding to the design
speed.
�[0047] There is another way to design it to keep the
speed of the piston constant which is explained in Figures
27 and 28, and it prevents the piston from having to be
a variable section piston. As can be seen, the chamber
has a section step, and again it is designed to reach the
desired speed of the piston in the initial span with a larger
section. In this case, the piston would have the possibility
of being separated into two or more parts, such that dur-
ing the first span it is kept rigidly attached and during the
second span it separates. This could be done with any
type of mechanical system.
�[0048] Obviously, it is also possible to provide systems
in which the initial acceleration of the piston is done by
means of any other mechanical, electric, magnetic or
pneumatic system imaginable, and even systems in
which the piston accelerates while the gas is entering the
chamber, such that the pressure to overcome is minimal.

Batteries of exchangers

�[0049] As occurs with traditional pressure exchangers,
SCPEs having any of the presented arrangements can
be arranged in series (Figure 29), or in parallel (Figure
30). Likewise, when the pressure surges which are
sought are very high, mixed systems with pumps can be
arranged to increase the pressure of the pressurized fluid
and/or the pressure of the fluid to be pressurized at the
inlet and/or at the outlet of the pressure exchanger (Fig-
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ure 31), without jeopardizing the fact that they can also
be arranged in series or in parallel.

Control electronics

�[0050] Regarding the control electronics of the valves,
a card with a processor can be assembled in situ, or
signals can be sent to a central computer controlling
them. In the case of multistage SCPEs, the control sys-
tem will be more complex as it must regulate the valves
depending on the inlet and/or outlet pressures of the two
fluids involved.

Number of lines per SCPE

�[0051] Regarding the number of lines necessary per
SCPE, there will usually be at least two in number but
depending on the ranges of outputs and pressures
worked with in each case, it may be appropriate to in-
crease the number to three or more lines, although it may
be appropriate for a line to not have the same length,
since it would be used to achieve the most constant outlet
pressure possible of the starting pressurized fluid.
�[0052] In addition, on certain occasions it may be ap-
propriate for only one line to be arranged, considerably
simplifying the system control electronics.

Geometry of the chambers

�[0053] Finally, regarding the geometry of the lines of
the chambers, in any of the longitudinal arrangements
they can be straight, curved and even circular, and the
cross section thereof may be circular, elliptical, triangular,
square, rectangular, polygonal or any imaginable cross
section.

Alignment

�[0054] Finally, the SCPEs in any of the arrangements
put forth can be aligned in any possible way (horizontally,
vertically or angled). Figures 32 and 33 show multistage
SCPEs with vertical alignments, with the pressurized fluid
pushing upwardly (Figure 32) or downwardly (Figure 33).

Design of the attachments in piston- �type SCPEs

�[0055] To reduce the effect of the bending stresses in
piston- �type SCPEs, another possibility consists of rein-
forcing the attachments of the rod, rods, sheets or central
solid parts with the discs or pistons, as shown in Figures
34 and 35.

Advantages of the invention over the prior state of the art

�[0056] As explained above in the general description
of the invention, the essential advantages of the SCPEs
are the following:�

- each of the fluids only passes through the corre-
sponding chamber thereof, such that said fluids can-
not be mixed. This means that this system can be
used to pump any type of fluid transmitting the nec-
essary energy to another different fluid (which can
be clean water, and even distilled water, or any other
fluid that is found to cause less damage to the electric
pump units), and then exchanging the pressures
thereof. Very heavy and non-�corrosive fluids can al-
so be chosen to reduce the size of the pumping and
storage installations. This will entail an increase of
the performance achieved as well as a considerable
savings in maintenance costs and even in installation
design and execution costs

- they allow changing the cross sections of the cham-
bers, thus changing the pressure transmitted to the
fluid to be pressurized. This is another considerable
advantage of this invention, since it allows choosing
between pumping a greater output at a lower height,
or a lower output at a greater height, which makes
it possible to choose in each case the type of pump
offering the best performance and better exploiting
small pressure differences or small level differences
of large amounts of fluid, as will be described below

- they allow assuring and harmonizing aided reverse
line operation, either by means of the U- �shaped tube
with telescopic sides and fixed base filled with in-
compressible fluid or by means of the arrangement
of diametrically opposed curved lines, and attach-
ment parts between pistons of each line rigidly at-
tached to one another

- they allow exploiting the energy of the level differ-
ences of any material in any storage form by means
of the also innovative method described below,�
and furthermore,

- SCPEs with telescopic, bellows-�type, membrane-
type or mixed chambers prevent the problem of
bending stresses occurring in the discs or pistons
rigidly attached to one another, reduce the space
that the chambers occupy by half, and can be de-
signed so that the reverse operation does not have
to be aided, since it is possible to play with the elas-
ticity of the membranes or design telescopic or bel-
lows chambers such that they always automatically
return to their starting position with enough force to
drag the fluid, once depressurized, therein

- multistage SCPEs transmit the most homogenous
pressure possible to the fluid to be pressurized, de-
spite the variations of the pressure of the pressurized
fluid at the inlet, or they pressurize it at different pres-
sures depending on the needs at all times

- for those applications in which either the pressure at
which the fluid the pressure of which is yielded must
be returned once it has been depressurized, or the
starting pressure of the fluid to be pressurized is var-
iable, or both, with multistage SCPEs with a circular
arrangement, or with other arrangements and the U-
shaped tube system, the control system can adjust
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the stages that must start operating also depending
on these pressures

- in piston-�type SCPEs, the reinforcement of the at-
tachments of the rod, rods, sheets or central solid
parts with the discs or pistons reduces the problem
of bending stresses

- VSSCPEs open up the possibility of modulating the
working pressures of split-�chamber pressure ex-
changers, which will allow better adapting to the
needs of a large amount of possible applications

- an additional advantage that is of considerable in-
terest is that VSSCPEs can be designed such that
the speed of the piston is constant, except in a small
initial span in which it must be accelerated to the
desired speed.

�[0057] The energy transfer performance is thus opti-
mized since it is not used for an unnecessary acceleration
of the double or single disc or piston.

Description of the Drawings

�[0058] Fifty drawings are attached to aid in explaining
the operation, arrangements and applications of SCPEs.
Reference is made thereto from several different points
of this document, explaining in each case the content
thereof. In any case, the relation and content of each
drawing is provided below:�

Figure 1: Diagram of traditional pressure exchangers
Figure 2: Process of a desalination plant with tradi-
tional pressure exchangers
Figure 3: Diagram of a split-�chamber pressure ex-
changer
Figure 4: SCPEs with different cross sections
Figure 5: Vertical assembly of SCPEs
Figure 6: Aided reverse operation of SCPEs
Figure 7: Assembly of SCPEs with curved lines
Figure 8: SCPEs with telescopic chambers
Figure 9: SCPEs with bellows-�type chambers
Figure 10: SCPEs with membrane-�type chambers
Figure 11: SCPEs with mixed chambers (piston-
type/�telescopic)
Figure 12: SCPEs with mixed chambers (telescopic/
bellows-�type)
Figure 13: multistage SCPEs
Figure 14: multistage SCPEs with auxiliary tank
Figure 15: multistage SCPEs with circular arrange-
ment
Figure 16: Diagram of a line of a piston- �type VSSCPE
with a fixed section chamber and the other chamber
being a variable section chamber with fixed walls,
the stroke of the piston starting
Figure 17: Diagram of a line of a piston- �type VSSCPE
with a fixed section chamber and the other chamber
being a variable section chamber with fixed walls,
the stroke of the piston ending
Figure 18: Diagram of a line of an immobile wall VSS-

CPE with telescopic pneumatic cylinders for secur-
ing the walls, the stroke of the piston starting
Figure 19: Diagram of a line of an immobile wall VSS-
CPE with telescopic pneumatic cylinders for secur-
ing the walls, the stroke of the piston ending and after
having modified the section of the immobile wall
chamber
Figure 20: Diagram of a line of an immobile wall VSS-
CPE with an outer chamber filled with fluid for secur-
ing the walls, the stroke of the piston starting
Figure 21: Diagram of a line of an immobile wall VSS-
CPE with an outer chamber filled with fluid for secur-
ing the walls, the stroke of the piston ending and after
having modified the section of the immobile wall
chamber
Figure 22: Diagram of a line of an immobile wall VSS-
CPE with two telescopic pneumatic cylinders for se-
curing the walls, which allow the movement and the
rotation of the walls of one of the chambers, the
stroke of the piston starting
Figure 23: Diagram of a line of an immobile wall VSS-
CPE with two telescopic pneumatic cylinders for se-
curing the walls, which allow the movement and the
rotation of the walls of one of the chambers, the
stroke of the piston ending and after having modified
the geometry of the immobile wall chamber
Figure 24: Diagram of a line of an immobile wall VSS-
CPE with telescopic pneumatic cylinders for secur-
ing the walls, fixed section pistons and elastic span
in the immobile wall chamber, the stroke of the piston
starting
Figure 25: Diagram of a line of an immobile wall VSS-
CPE with telescopic pneumatic cylinders for secur-
ing the walls, fixed section pistons and elastic span
in the immobile wall chamber, the stroke of the piston
ending and after having modified the section of the
immobile wall chamber
Figure 26: Diagram of a line of a VSSCPE in which
one of the chambers has an initial variable section
span to accelerate the piston
Figure 27: Diagram of a line of a VSSCPE in which
one of the chambers has an initial smaller section
span to accelerate the piston during the piston ac-
celeration phase
Figure 28: Diagram of a line of a VSSCPE in which
one of the chambers has an initial smaller section
span to accelerate the piston during the constant pis-
ton speed phase once the two parts of the piston are
set
Figure 29: Assembly in series of the SCPEs
Figure 30: Assembly in parallel of the SCPEs
Figure 31: Mixed systems of electric pump units and
SCPEs
Figure 32: Multistage SCPEs in vertical arrange-
ment, with the pressurized fluid pushing upwardly
Figure 33: multistage SCPEs in vertical arrange-
ment, with the pressurized fluid pushing downwardly
Figure 34: Reinforcements in the attachments of the
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rod, rods, sheets or central solid parts with the discs
or pistons (I)
Figure 35: Reinforcements in the attachments of the
rod, rods, sheets or central solid parts with the discs
or pistons (II)
Figure 36: Step- �wise operation of the multistage
SCPE (I)
Figure 37: Step- �wise operation of the multistage
SCPE (II)
Figure 38: Step- �wise operation of the multistage
SCPE (III)
Figure 39: Step- �wise operation of the multistage
SCPE (IV)
Figure 40: Pumping system with SCPEs
Figure 41: Pumping system for wells or collection
boxes with SCPEs
Figure 42: Exploitation of the geographic level differ-
ences of a river
Figure 43: Exploitation of the level difference of tides
(high tide)
Figure 44: Exploitation of the level difference of tides
(low tide)
Figure 45: Exploitation of the level difference of tides
with an elastic wall chamber (high tide discharging
fluid from the chamber)
Figure 46: Exploitation of the level difference of tides
with an elastic wall chamber (high tide when the dis-
charge of fluid from the chamber ends)
Figure 47: Exploitation of the level difference of tides
with an elastic wall chamber (low tide loading of fluid
into the chamber starts)
Figure 48: Exploitation of the level difference of tides
with an elastic wall chamber (low tide loading fluid
into the chamber ends)
Figure 49: Exploitation of the level difference of tides
with an elastic wall chamber and continuous feed
system
Figure 50: Process of a desalination plant with
SCPEs

Detailed Explanation of an Embodiment of the Invention

�[0059] Figures 36 to 39 diagrammatically depict the
operating process of a multistage SCPE, with seven con-
centric chambers located on the side of the pressurized
feed fluid.
�[0060] Figure 36 shows the first of the lines starting to
be filled and the second one starting to drain. The pres-
sure gage at the inlet of the pressurized fluid records a
high pressure of the fluid, therefore the valve feeding the
concentric chambers closes and therefore only pressu-
rized fluid enters the central cylinder. The valve system
in the gray box in the figure allows the passage of pres-
surized fluid to the first line and prevents the passage
thereof to the second line. Likewise, said system allows
draining said already depressurized fluid from the second
line. In addition, since the valve feeding the concentric
chambers in the valve system shown in the figure in the

second line is closed, it allows draining the fluid from the
central cylinder but not from the remaining cylinders. The
fluid contained in the remaining cylinders therefore exits
through the conduit leading it to the auxiliary tank.
�[0061] The system therefore works by raising the fluid
of the first line and lowering the fluid of the second line.
The auxiliary tank furthermore feeds the concentric cyl-
inders of the first line, since the valves giving access to
each of them open. The level in the auxiliary tank does
not drop, since it is in turn fed by the depressurized fluid
of the concentric cylinders of the second line. For this
reason such tank could even be eliminated and convert-
ed into a flow-�off.
�[0062] At a certain time, the lines work up to a mid point
as depicted in Figure 37. At said time, the pressure gage
detects a drop in the pressure of the pressurized feed
fluid, and for this reason the control system immediately
calculates how many chambers must start working in or-
der to keep the pressure transmitted to the fluid to be
pressurized as constant as possible depending on said
drop. In the case that is shown, the control system would
activate four of the concentric cylinders, as shown in Fig-
ure 38. Obviously, since the concentric cylinders are filled
with fluid depressurized coming from the auxiliary tank,
these cylinders are automatically pressurized with the
single opening and closing of the corresponding valves,
the fluid therefore not losing energy while it fills the con-
centric cylinders if they are empty.
�[0063] After this time, since the concentric cylinders of
the second line continue discharging into the auxiliary
tank and the latter only feeds the remaining ones of the
first line, the tank starts to fill and therefore overflow
through the spillway, discharging the fluid into the corre-
sponding drain, as shown in Figure 39, in which the lines
are assumed to be reaching the end of their stroke.
�[0064] Once the end of the stroke has been reached,
it is necessary to start discharging the first line and load-
ing the second line according to a process similar to that
herein shown.
�[0065] The process is repeated indefinitely

Industrial Applications of the Invention

�[0066] Due to the described important advantages pro-
vided by the invention, the range of industrial applications
opened up is very wide. The most relevant ones are listed
below: �

1) As a pumping system in general (Figure 40), since
it has the following advantages as it has split cham-
bers:�

- the fluid which is used to pump (fluid 2 in Figure
40) does not have to be the same as that to be
pumped (fluid 1), which is extremely important
and applicable in infinite cases. In other words,
whether dealing with wastewater, viscous fluids,
toxic fluids, hazardous fluids, seawater, chemi-
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cal products, concrete, turbid water or any type
of fluid imaginable, even fluids with solids in sus-
pension, clean water pumps and even pumps
working with distilled water or any other fluid
which has been proven to damage the electric
pump units less can be used with exchangers
of this type (very heavy and non- �corrosive fluids
can be chosen to reduce the size of the pumping
and storage installations). This will involve an
increase of the performances achieved as well
as enormous savings in the maintenance and
even design and execution of the installations

- a choice can be made between pumping greater
output at a lower height, or a lower output at a
greater height; the type of pump giving a better
performance can thus be chosen in each case.
Furthermore, this enables exploiting in a much
better manner small pressure differences or
small level differences of large amounts of fluid

2) in hydroelectric power stations, by inserting these
SCPEs a choice can also be made between centri-
fuging greater output at a lower height, or a lower
output at a greater height, which allows choosing in
each case the type of turbine giving a better perform-
ance. Obviously, and as has been forth in the previ-
ous point, the fluid to be centrifuged does not have
to be the same, which also involves another impor-
tant advantage since fluids can again be chosen in
a customized manner to reduce the manufacture and
maintenance costs of power stations
3) regarding submersed or vertical pumps in wells
or deep collection boxes, they can be replaced with
surface pumps with SCPEs having long attachments
between the discs of the order of the length of the
well or collection box, such that some chambers are
located on the surface and other at the bottom of the
well or collection box (Figure 41). The chambers of
the surface are fed with any fluid, again chosen to
optimize the manufacture and maintenance costs of
the installations. This system can be assembled in
two stages, such that in the first stage the water or
fluid to be pumped is raised to the surface and in the
second stage its pressure is raised to the desired
pressure. The system can also be assembled with
the lower chambers of the SCPE in dry conditions,
either in the same well or collection box above the
water level, using a small auxiliary feed pumping, or
in a contiguous tight collection box
4) the natural level differences of a river can also be
exploited, placing the SCPEs in one of the banks of
the river at a certain depth, which SPCEs are feed
from an intake coming from the river, and by playing
with the sections of the chambers the pressure of
the fluid to be pumped (water from the river itself for
irrigators, country estates, housing developments,
municipalities or nearby industries, or any other fluid
to be pumped for any type of process) is raised. The

water of the river enters one of the chambers of the
SCPEs with a certain pressure due to the depth at
which the SCPEs are placed and/or to a prior feed
pumping. Furthermore, by suitably placing the in-
take, the kinetic energy of the river current can also
be exploited. At the outlet, this water is again dis-
charged into the river through a conduit which moves
it downstream such that it falls by gravity or at least
the height to be pumped is reduced (Figure 42). If
there is enough geographic level difference, a tur-
bine can also be placed to exploit the residual energy
of the water prior to returning it to the river bed
5) another application consists of exploiting the level
difference caused in seas, rivers and river mouths
by tides. Water can be taken directly from the sea or
from a beach well when the tide is high and, after
pumping it if necessary or driving it downwardly to
increase its pressure, it feeds the SCPEs, and it is
then stored in a basin or tank (Figure 43) in order to
wait until the tide ebbs and it is then returned to the
sea by means of a pumping if necessary, which will
be provided with a check valve at the outlet to prevent
the water from circulating in a reverse direction when
the tide is high (Figure 44). While the tide is low, if
the plant is to be kept operating, it will be necessary
to pump or pump with a higher surge the feed water
of the exchangers. To optimize the system, two
pumps can be assembled in parallel or a pump can
be assembled in parallel with a simple tube,� accord-
ing to the design needs
6) another way to exploit the level difference of the
tides consists of using a fluid installed inside a cham-
ber with elastic walls (membrane-�type chamber).
The chamber is placed inside the sea firmly attached
by its base to the seabed, as shown in Figures 45 to
48. A pipe extending to solid ground emerges from
the bottom of the chamber, which pipe has a shut-
off valve. While the tide rises, the chamber is filled
with the fluid and with the shut-�off valve closed, such
that the pressure of the fluid increases. When the
tide is high, the shut-�off valve opens and the chamber
starts to be drained, feeding the SCPEs (Figure 45).
If necessary, an additional pumping prior to the inlet
to the exchangers would be added, as shown in Fig-
ure 45. The process continues until the chamber is
completely drained (Figure 46). The depressurized
fluid at the outlet of the exchangers has been stored
in a basin or tank, to discharge it or pump it again to
the chamber when the tide ebbs (Figure 47), until
the chamber is filled again (Figure 48). If it is neces-
sary to work continuously, the exchangers can be
fed the rest of the time by means of pumping from
the fluid storage basin or tank (Figure 49). A very
heavy fluid can be chosen to optimize the dimen-
sions of the system, or even the seawater itself or
any other fluid, such as fresh water or even distilled
water can be used to reduce the wear with the use
of the installation. It is also important to emphasize
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the environmental advantage of this system com-
pared to other developed systems for exploiting the
level difference caused by tides (which normally in-
volves constructing dams or other works with a con-
siderable environmental impact), as the environ-
mental impact is zero since the chamber with elastic
walls is submersed. To end this point, it must simply
be added that rigid but telescopic walls, or rigid walls
with the upper part moving upwardly and downward-
ly like a piston rather than elastic walls could be
placed
7) obviously the system for exploiting the level dif-
ferences caused by tides with the system of a cham-
ber with elastic walls set forth in the previous appli-
cation could be extrapolated to any other level dif-
ference occurring over time of any type of material
imaginable, whatever the state in which it is, as is
the case of reservoirs, tanks for drinking water, irri-
gation water or for any other fluid in any type of in-
dustrial process, and even any type of silo, tank or
place in which solids are stored or pooled, since, in
short, what this system does is exploit the fact that
in a certain place there is something which is loaded
and unloaded over time and the weight of which is
exploited to press a fluid feeding the SCPEs. It will
occasionally be suitable for the fluid to be used to be
a gas so that it occupies less when it is compressed
and storage capacity is not lost. The system can be
electronically controlled by means of a computer to
optimize the times in which the pressure of the fluid
inside the chamber is exploited, since in many cases
the levels do not change from maximum to minimum
and vice versa, and therefore it may be suitable to
exploit the turning points from being filled to being
drained and vice versa
8) The geographic levels existing in sanitation net-
works and especially rainwater networks can also
be exploited, because since the latter case involves
clean (rain) water, it is easier to handle as a fluid for
feeding the SCPEs. The mode of operation is similar
to that described for rivers, i.e., an intake is made at
a point of the network which feeds the exchangers,
which are at a lower level to achieve a certain pres-
sure at the inlet, and, once used to increase the pres-
sure of the other fluid (any fluid which is to be
pumped), it is again discharged into the network
downstream, either completely by gravity or with the
aid of a pumping
9) the residual pressure of multiple fluids involved in
industrial processes, and generally any imaginable
residual pressure can be similarly exploited with this
system
10) another very important application is that relating
to fluid distribution networks. The two probably most
important cases are drinking water and irrigation wa-
ter distribution networks. Generally, in a distribution
network, the fluid is introduced at one or several
points, and there are multiple outlets throughout it.

However a minimum pressure is to be arranged at
the most unfavorable point of the network, in many
spans of the network there are overpressures which
sometimes even force placing pressure- �reducing
valves. Furthermore, the output circulating at the
start of the distribution of the network does not need
to be complete for the first supplies, but rather it could
very well be considerably reduced such that only that
necessary one remains to attend to said first sup-
plies. Thus, by means of the corresponding pipe net-
work, a part of the fluid could be collected at the start
of the network, it could be used to feed SCPEs, and
finally it could be returned to the distribution network,
downstream and with less pressure, particularly with
the pressure necessary at that point of the network.
The fluid which is placed on the side of the exchang-
ers, which can be the fluid itself of the network to
supply high points thereof or the header tanks, or
any other fluid which it is necessary to pump (for
example, wastewater in the case of drinking water
distribution networks) is thus pressurized
11) any possible combination of the described ap-
plications; for example, by means of an integrated
control of the system, seawater desalination plants
could well use a combination for exploiting the level
differences of tides, the level differences of a possi-
ble river running or opening out close to the location
of the plant, nearby drinking water or irrigation water
distribution networks, sanitation and/or rainwater
networks, or any other fluid with residual pressure in
any type of industrial process existing in the area.
Figure 50 depicts the diagram of a seawater desal-
ination plant with SCPEs (which obviously also cor-
responds to that of a brackish water desalinator but
without the advantage in most cases of the level dif-
ferences caused by tides). For the sake of simplicity,
it has been depicted with a single storage basin or
tank, assuming that level differences of tides, rivers
or rainwater networks are exploited, and that there-
fore they are later discharged back into the sea, but
obviously if other exploitations (supply, sanitation,
industrial networks, etc) are combined, a basin or
tank for each fluid that must be retuned to a different
place must be made
12) finally, if in the described pressure there is a re-
sidual pressure available after it has been used in
the multiple fluid pumping uses which may be nec-
essary, there is obviously always the possibility of
using it to centrifuge the fluid in question and pro-
ducing electric power. Furthermore, by inserting
SCPEs again, the execution and maintenance costs
as well as the yield of the plants can be considerably
improved, as has been described in point 2 above

�[0067] There is a large variety of arrangements of
SCPEs, as has been set forth above. For the sake of
simplicity, single exchangers with parallel lines have
been depicted in all the figures, but in each application
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the optimal arrangement thereof will be chosen depend-
ing on the design parameters of the installation.

Claims

1. Split- �chamber pressure exchanger (SCPE), charac-
terized by being a pressure exchanger, i.e., a sys-
tem in which the push caused by a fluid (pressurized
fluid) is transmitted to another different fluid (fluid to
be pressurized), wherein the chambers in which the
pressure exchange occurs are split in two, replacing
the pressure- �transmitting intermediate members of
traditional pressure exchangers with two rigidly at-
tached discs or pistons, eliminating any contact be-
tween the pressurized fluid and the fluid which is to
be pressurized, and allowing changing the cross sec-
tions of the chambers corresponding to both fluids.

2. Assisted reverse operation in the pressure exchang-
ers, characterized by the exploitation of the pres-
sure of the pressurized fluid not only to transmit it to
the fluid which is to be pressurized, but also to aid
the actual fluid to be pressurized to displace the other
fluid once it has been pressurized. This is achieved
by means of an auxiliary U-�shaped tube which is
interconnecting both lines, and which is telescopic
at both sides of the "U", being rigidly supported by
the base of the "U". The ends of the "U" are attached
to the discs or pistons of their respective lines, and
the "U" is filled with an incompressible fluid. Thus,
when the pressurized fluid enters its chamber, it not
only presses its disc or piston to displace the fluid to
be pressurized, but also transmits part of its energy
to the disc or piston of the other line to aid the fluid
to be pressurized of the other line to displace the
other already depressurized fluid in said line and to
overcome the friction of the discs or pistons and their
weight and the weight of the already depressurized
fluid if the assembly is vertical or angled. The reverse
line operation is thus further assured, simplifying the
system control electronics.

3. SCPE according to claim 1, characterized by incor-
porating a reinforcement of the attachments of the
rod, rods, sheets or central solid parts with the discs
or pistons, which achieves reducing the problem of
bending stresses.

4. SCPE according to the previous claims, character-
ized by having curved or circular chambers, with the
lines in a diametrically opposed manner, the cham-
bers of each fluid with different curvature radii, and
the attachment between the discs or pistons is
curved with the same radius and attached to the cent-
er by means of a ball- �type joint. This arrangement
allows increasing the pressure transmitted depend-
ing on the distance of the chambers of both fluids to

the center, without needing to change the cross sec-
tion thereof, although without jeopardizing being
able to combine both effects. The attachment parts
between the discs or pistons of each line can in turn
be assembled rigidly attached to one another to as-
sure the reverse line operation, simplifying the sys-
tem control electronics, and to be able to displace
the fluid which has transmitted its pressure in the
SCPE, once depressurized, from the corresponding
chambers thereof without the need for auxiliary
pumping, in the cases in which the fluid to be pres-
surized enters under very little pressure.

5. SCPE according to the previous claims, character-
ized in that its chambers open and close telescop-
ically, eliminating the rigidly attached double discs
or pistons to prevent bending stresses in the attach-
ments, reducing the occupied space, and assuring
the reverse operation without needing to aid it.

6. SCPE according to the previous claims, character-
ized in that its chambers open and close in the form
of a bellows, eliminating the rigidly attached double
discs or pistons to prevent bending stresses in the
attachments, reducing the occupied space, and as-
suring the reverse operation without needing to aid it.

7. SCPE according to the previous claims, character-
ized in that in it the chambers in each line are ar-
ranged such that those corresponding to the fluid to
be pressurized have rigid walls, and those of the fluid
yielding its pressure are of the membrane type, the
latter being included inside those of rigid walls, elim-
inating the rigidly attached double discs or pistons
to prevent bending stresses in the attachments, re-
ducing the occupied space, and assuring the reverse
operation without needing to aid it.

8. SCPE according to the previous claims, character-
ized in that in it the chambers corresponding to one
of the fluids adopt an arrangement (piston type, tel-
escopic, bellows type or membrane type arrange-
ment) and those corresponding to the other fluid
adopt another different arrangement (mixed SCPE).

9. SCPE according to the previous claims, character-
ized in that in it the chambers of the fluid the pres-
sure of which is yielded are split into several cham-
bers, which are used or not depending on the avail-
able pressure of the fluid, by means of an electron-
ically or computer controlled valve system, thus
achieving transmitting the most homogeneous pres-
sure possible to the fluid to be pressurized. It is there-
fore a multistage SCPE. It can also be arranged such
that the chambers which are split are those of the
fluid to be pressurized, thus achieving pressurizing
it to different pressures depending on the needs at
all times, and even extending the multiple stage con-
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cept to both the chambers of the fluid to be pressu-
rized and to those of the fluid the pressure of which
is yielded.

10. Multistage SCPE according to claim 9, character-
ized by having an auxiliary tank or flow-�off, from
which the chambers of the stages which are not ac-
tivated are filled, achieving a homogeneous filling of
all the chambers, which allows activating other stag-
es midway through depending on the needs of the
system, without losses of energy of the pressurized
fluid.

11. Multistage SCPE according to claim 9, character-
ized by having an auxiliary pumping and a speed
variator to achieve keeping the pressure of the fluid
to be pressurized completely constant, controlling it
all from the electronic control system. If the pressu-
rized fluid comes from pumping, the speed variator
can be placed in said pumping.

12. The multistage SCPE according to claim 9, charac-
terized by being provided with circular chambers,
or with other arrangements and the reverse opera-
tion system being aided by means of the U-�shaped
tube for those applications in which the pressure at
which the fluid the pressure of which is yielded must
be returned once it has been depressurized is vari-
able, the starting pressure of the fluid to be pressu-
rized is variable, or both, programming the control
system so that it adjusts the stages which must start
operating also depending on these pressures.

13. SCPE according to the previous claims, character-
ized by having a variable section in any of its fluid
chambers (one, several or all of them). To that end,
it is essential for the piston, the actual chambers or
both to have variable sections. It is therefore a var-
iable section SCPE (VSSCPE).

14. VSSCPE according to claim 13, characterized by
providing the chamber of one of the fluids with an
initial variable section span, during which the piston
accelerates until reaching the design speed, at which
time a straight span of the chamber is reached, and
the speed is kept constant since the system is de-
signed so that at that time the force exerted on the
piston by the fluid the pressure of which is yielded is
equal to the force exerted by the fluid to be pressu-
rized on such piston plus the losses due to friction
corresponding to the design speed.

15. VSSCPE according to claim 13, characterized by
providing the chamber of one of the fluids with an
initial span with a different section, during which the
piston accelerates until reaching the design speed,
at which time a straight span of the chamber is
reached, and the speed is kept constant since the

system is designed so that at that time the force ex-
erted on the piston by the fluid the pressure of which
is yielded is equal to the force exerted by the fluid to
be pressurized on such piston plus the losses due
to friction corresponding to the design speed.

16. SCPE according to the previous claims, character-
ized by having three lines, with the third having a
shorter length adjusted to optimally exploit the pres-
sure of the pressurized fluid depending on the oper-
ating output and pressure ranges in each case.

17. SCPE according to the previous claims, character-
ized by having a single line, simplifying the system
control electronics.

18. Batteries of SCPEs according to the previous claims,
consisting of the arrangement of an assembly of
SCPEs in series or in parallel, or mixed systems,
even adding pumps to increase the pressure of the
pressurized fluid and/or that of the fluid to be pres-
surized at the inlet and/or at the outlet of the SCPEs
when the intended pressure surges are very high.

19. Pumping system for pumping by means of SCPEs
according to the previous claims, consisting of using
traditional electric pump units to pressurize the feed
fluid for feeding the SCPEs, which will yield its pres-
sure to the fluid to be pressurized, thus achieving
pumping it, with the advantages that both fluids can
be different, that a choice can be made between
pumping a greater output at a lower height or a lower
output at a greater height, and that, in the case of
pumping in wells or collection boxes, this system al-
lows extracting the fluid from the well or collection
box by pumping another fluid on the surface. This
system further allows exploiting the energy of geo-
graphic level differences existing in rivers, sanitation
and rainwater networks, or of the overpressures ex-
isting in fluid distribution networks and the residual
pressure of fluids in any type of industrial process,
either to pump other fluids or even to produce electric
power.

20. System for centrifuging by means of SCPEs accord-
ing to the previous claims, consisting of the incorpo-
ration of SCPEs to hydroelectric power stations, as
a step prior to centrifuging, allowing to choose be-
tween centrifuging at a greater output at a lower
height or a lower output at a greater height, and also
allowing the fluid to be centrifuged to differ from the
fluid the energy of which is provided.

21. System for exploiting any level difference occurring
over time of any type of material which can be im-
agined in any form of storage or pool, as is the case
of tides, reservoirs, tanks for drinking water, irrigation
water or for any other fluid in any type of industrial
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process, and even any type of silo, tank or place in
which solids are stored or pooled, characterized by
having a chamber with elastic walls which is filled
with an incompressible fluid and which is located rig-
idly attached to the bottom of the tank, sea, reservoir
or storage site, exploiting by means of an electronic
control or by computer, the high level times to feed
the SCPEs according to the previous claims with the
fluid, and to thus pump another fluid or to centrifuge
the fluid of the chamber or the pressurized fluid in
the SCPEs and generate electric power.
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