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(57) Abréegée/Abstract:

A device for fluid power recuperation comprises a hydropneumatic accumulator (1) communicating via its gas port (/) with a gas
recelver (8) which Is made in the form of an aggregate of cells (9) communicating with the gas port of the accumula-tor via the
collector (10), wherein the ratio of the recelver volume to the area of the cells internal surfaces does not exceed 0.01 m. At gas
compression or expansion In the receiver the heat exchange between the gas and the cells walls occurs at reduced distances, with
smaller temperature differentials, which increases reversibility of the heat exchange processes and recuperation efficiency. The
aggregate of the recelver cells should be preferably embodied in a honeycomb structure where the partitions (17) between the cells
are connected with one another and the outer shell (16) of the recelver.
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(57) Abstract: A device for fluid power recuperation comprises a hydropneumatic accumulator (1) communicating via its gas port

(7) with a gas receiver (8) which 1s made in the form of an agg;

regate of cells (9) communicating with the gas port of the accumula-

tor via the collector (10), wherein the ratio of the receiver volume to the area ot the cells internal surfaces does not exceed 0.01 m.
& At gas compression or expansion in the receiver the heat exchange between the gas and the cells walls occurs at reduced distances,
with smaller temperature differentials, which mcreases reversibility of the heat exchange processes and recuperation efficiency.
The aggregate of the receiver cells should be preferably embodied mm a honeycomb structure where the partitions (17) between the
cells are connected with one another and the outer shell (16) of the receiver.
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Device for fluid power recuperation

The invention refers to mechanical engineering and may be used for fluid

power recuperation with increased efficiency and safety, including mobile
applications, such as road building machines, hoisting and conveying equipment

as well as hydraulic hybrid trucks and light vehicles.

State of the Art

There are known devices for fluid power recuperation in the form of
hydropneumatic accumulators (hereinafter accumulators), their housing containing
a variable-volume gas reservoir filled with pressurized gas via a gas port as well
as a variable-volume fluid reservoir filled with fluid via a fluid port. These gas and

fluid reservoirs are separated by a separator movable relative to the housing.

For fluid power recuperation accumulators are used both with a solid

separator in the form of a piston and elastic separators in the form of elastic
polymer membranes or cylinders [1] as well as in the form of metal bellows [2].

Before operation the gas reservoir of the accumulator is charged with

pressurized gas, generally nitrogen, via the gas port up to the initial pressure from
several to dozens MPa.

At power transfer from the fluid power system to the accumulator (during

hydraulic hybrid vehicle braking, for example) the working fluid is pumped from the

fluid power system into the accumulator and working gas is compressed in it, with

gas pressure and temperature increasing. Power return from the accumulator into

the fluid power system (during acceleration of the hydraulic hybrid vehicle, for

example) causes expansion of the pressurized working gas and displacement of

the working fluid into the fluid power system.

As a rule, the accumulator contains one gas reservoir and one fluid
reservoir with equal gas and fluid pressures in them. The more fluid power is
transferred to the accumulator, the higher the gas compression ratio in it. To
maintain the required recuperated power the pressure growth has to be

compensatéd by the reduced delivery of the hydraulic machine (a pump or a
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motor) hydraulically connected with the accumulator. As the delivery reduces, the
hydraulic machine efficiency drops; hence, the recuperation efficiency integrally
drops, which is a disadvantage of such devices.

An Increased volume of the accumulator or an increased number of

accumulators to reduce gas compression ratio raises the cost of the system, also

making it heavier, which is critical for mobile applications.
A well-known device [3] is used to reduce gas compression and, at the
same time, to increase the maximum possible recuperated power. The device

includes a hydropneumatic accumulator. its housing containing a fluid port

communicating with the fluid reservoir of the accumulator. The fluid reservoir is

separated by a movable separator from the gas reservoir of the accumulator that
communicates at least with one gas receiver via a gas port.
When the working fluid is forced from the fluid power system into the fluid

reservolr of the accumulator, the separator is displaced and forces the gas out of

the accumulator into the receiver compressing the gas in the receiver and in the
accumulator. The work of pumping fluid into the accumulator is transformed into
internal energy of the pressurized gas, its pressure and temperature increasing.

When the power returns from the device into the fluid power system, the

pressurized working gas expands and is partially forced out of the receiver into the
gas reservoir of the accumulator. The separator is displaced, the volume of the
fluid reservoir of the accumulator decreases and the working fluid is displaced
from it into the fluid power system via the fluid port. The internal power of the
pressurized gas is transformed into the work of fluid displacement, i.e. the device

returns the fluid power received from the fluid power system back into the system,

with the gas pressure and temperature decreasing.

Adding the receiver that is lighter and cheaper than the accumulator into the
system allows to increase the amount of the recuperated power through better use
of the accumulator volume and to reduce gas compression ratio and, accordingly,
the variation range of the delivery of the hydraulic machines building up the

system, which increases the recuperation efficiency.

A disadvantage of such devices used for fluid power recuperation is the
high level of heat losses due to the fact that when compressed and expanded the

gas In the receiver exchanges its heat only with the internal walls of the receiver,
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the distance between them for typical receiver volumes (units and dozens of liters)
being too large (dozens and hundreds mm) and the gas heat conductivity being
too small.

With such distances the gas heat exchange with the receiver walls is
Insignificant due to the gas heat conductivity. Therefore, the gas compression and

expansion processes are essentially non-isothermal and there emerge

considerable temperature gradients of dozens and even hundreds degrees in the
receiver. Considerable temperature differentials in a large receiver volume
generate convective flows increasing the heat transfer to its walls dozens and
hundreds times. Therefore, the gas heated during compression in the receiver and
partially in the accumulator cools down, which results in the gas pressure
reduction and accumulated power losses increasing during storage of the
accumulated power (for example, when the hydraulic hybrid vehicle stops). The
non-equilibrium heat transfer processes in case of high temperature differentials
are irreversible, i.e. the greater part of the heat transferred from the pressurized
gas to the receiver walls cannot be returned to the gas during expansion. Thus,
when the gas expands, the amount of the fluid power returning to the fluid power
system Is much less than the amount received during gas compression.

Therefore, the above described device has low efficiency of fluid power

recuperation due to the high heat losses.

Another disadvantage of the device is the fact that the accumulator and the
receiver are made separately in their own rugged housings, which increases the
dimensions and mass of the unit.

An additional disadvantage is the fact the receivers in such devices are
made with outer shells in the form of rotary bodies, which hampers their integration
in densely-packed aggregates, for example, vehicles.

Another essential disadvantage of all the above described devices used in
vehicles and other mobile applications is the fact that when the shell of the

recelver or accumulator is damaged as a result of a traffic accident, for example,

the entire pressurized gas in the receiver and accumulator may be immediately

discharged into the breach with high kinetic energy, which may cause hazardous
damage to the neighbouring objects and people.
Besides, even with a small breach the loss of the entire pressurized gas

results in complete failure of the device, which is also a disadvantage.
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Essence of the invention

The object of the present invention is creation of a device for fluid power

recuperation with reduced heat losses and increased efficiency of fluid power

recuperation as well as decreased kinetic energy of the gas that may be
discharged in case of destruction of the outer walls of the device and higher safety

when used in mobile applications.

An additional object of the present invention is ensuring performance of the
device in case of partial destruction of its outer walls and, thus, ensuring its higher
reliability.

Another additional task is facilitating integration of the device in various
assemblies, including trucks and motor cars.

To solve the task a device for fluid power recuperation is proposed that
Includes at least one hydropneumatic accumulator, containing in its housing a fluid
port communicating with the fluid reservoir of the accumulator separated by a
movable separator from the gas reservoir of the accumulator communicating via a
gas port with at least one gas receiver, wherein the receiver made in the form of
aggregate of cells communicating with the gas port of the accumulator.

To improve the heat exchange the cells are preferably made in the form of

narrow long channels so that the receiver volume average distance from a point in
the gas to the nearest heat-exchange surface of the channel does not exceed 5
mm for the embodiments designed for recuperation with compression/expansion
times of tens of seconds, and does not exceed 2 mm for the embodiments

designed for recuperation with compression/expansion times of units of seconds.

At that for typical cylindrical or prismatic forms of the cells, the ratio between the

recelver volume and the area of the internal surfaces of the cells does not exceed

10 mm or 4 mm correspondingly. To ensure higher safety the receiver preferably

comprises at least 10 cells.
Thus, in case of gas compression or expansion in the receiver the heat
exchange between the gas and the cells walls occurs at reduced distances and,

therefore, with smaller temperature differentials, which increases reversibility of

the heat exchange processes and recuperation efficiency.
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Additional reduction of the heat losses is reached when the cells are made
with vorticity elements ensuring the possibility of higher turbulence of the gas flow
in the cells.

The intensity of the gas heat exchange with the walls in a turbulent flow is
much higher than in case of a laminar flow. The higher the recuperated power, the
higher the gas flow rate through the cells and the stronger the turbulence and,
hence, the heat exchange intensity.

Heat losses are further decreased by improved heat exchange in the

accumulator as well: the accumulator includes a compressible regenerator in the
gas reservolr that allows to decrease the distance between the heat exchange
surfaces when the volume of the gas reservoir decreases and to increase the

distance when the volume increases. With the maximum volzume of the gas

reservoir of the accumulator the average distance between the neighbouring heat

exchange surfaces of the regenerator does not exceed 10 mm.

Therefore, when the gas in the accumulator compresses or expands, the .
heat exchange between the gas and the regenerator surfaces occurs at reduced -

distances and, hence, with less temperature differentials, which increases -

reversibility of the heat exchange processes and recuperation efficiency.

The compressible regenerator in the accumulator can be produced from a -

flexible foam material, for example, from a foamed elastomer. In this case the

accumulator is provided with a filter allowing gas to pass from the gas reservoir of

the accumulator into the receiver and entrapping the foam material while the

regenerator is made with increased gas permeability near the gas port of the
accumulator.

In its preferred embodiment in terms of service life and reliability the

compressible regenerator of the accumulator is made from leaf, preferably metal

elements located transversely to the direction of the separator movement and

dividing the gas reservoir into interconnected gas layers of variable depth, while

leaf elements of the regenerator are kinematically connected with the separator

allowing to increase the depth of the gas layers separated by them at the volume

of the gas reservoir increase and to decrease the depth at the volume decrease.
Besides the increased service life and reliability due to better springing
properties and the small relative strain of the leaf elements, this embodiment

reduces considerably the risk of damage to the surrounding objects and people. In
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case of local damage of the shell in a traffic accident, for example, the gas is
discharged into the breach creating pressure drops on the leaf elements and
entraining them towards the breach, which results in formation of a package of leaf
elements opposite the breach while the kinetic energy of the gas discharged into
the breach drops considerably.

The receiver can be made in the form of separate cells communicating with

the collector, with each cell having its own housing, which ensures maximum

~ flexibility in choosing the cells shape and location.

To reduce the weight and heat exchange with the environment the receiver

is made with common walls for adjacent cells. Such receiver has an outer shell

containing a set of inner partitions dividing the interior volume of the receiver into
an aggregate of cells in the form of thin tubes, so that the total thermal capacity of
the partitions exceeds the gas thermal capacity at the maximum pressure,
preferably exceeding 100 kJ/K/m3.

The receiver can be made with a conventional massive tough outer shell
(for example, in the form of a rotary housing) made so that to withstand the
maximum pressure in the receiver in case of no partitions. The set of the partitions

located inside the outer shell in such embodiments performs the function of a heat-

exchanger-regenerator only. In such embodiment it is technologically preferable to
make the set of the partitions in the form of a springing structure allowing to be
inserted into the ready outer shell of the receiver, for example, from elastic metal
or polymer materials.

t is preferable to make the aggregate of the receiver cells in the form of a
honeycomb structure where the partitions are connected with one another ana
with the outer shell of the receiver allowing to balance the gas press forces by the
sum of the elastic stretching strain forces of the outer shell and partitions
connected to it. Thus, taking some part of the load the partitions unload the outer
shell, which allows making it less strong and massive and extends the possibility

of producing receivers of various shapes and dimension ratios, thus facilitating

integration of the device into existing aggregates, including vehicles.

For cells adjacent to the outer shell it is preferéble to make their bounding
partitions so that they could withstand without destruction the pressure drop
(between the maximum pressure and the atmospheric pressure) arising in case of

instantaneous outer shell seal failure, for example at a traffic accident. Thus, In
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case of local damage of the outer shell and puncture of one or few cells the
remaining cells stay undamaged. The gas from undestroyed cells in discharged
into the breach passing through the undestroyed cells, the collector and the cell
adjacent to the destroyed part of the shell, which decreases its kinetic energy and
destructive potential considerably.

For further reduction of the kinetic energy of the discharged gas It Is
preferable to emhousing flow restriction elements in the cells that restrict the gas

flow at pressure drops above the chosen level exceeding the pressure drop at the

maximum working rate of gas exchange between the accumulator and the receiver

for at least 10 times. The flow restriction elements can be made, for example, In

the form of a critical orifice. The maximum working rate of gas exchange between
the accumulator and the receiver can be determined by the operating mode of the
fluid power system.

For devices of common use it is preferable to choose the maximum gas
exchange rate corresponding to the maximum rate of the fluid flow through the
fluid port of the accumulator which is determined by the fluid port design.

Further reduction of power of the gas discharged in case of an accident and
for keeping performance in case of damage of some par’t of the cells can be
ensured by the proposed embodiment of the device including at least one
emergency valve mounted on the way of the gas flow between the accumulator

and a group of the cells of the receiver (or at least one cell), for example, at the

inlet of the group of cells or even at the inlet of every cell and allowing blocking the

gas flow through it if the pressure drop on said valve exceeds the set level

preferably chosen in the range from 0.03 to 0.3 of the maximum gas pressure In
the device. The emergency valves are made, for example, in the form of elastic
leafs that can deform and block communication of the cell or its part with the
collector if the pressure drop on it exceeds said chosen level. Such simple valves
can be installed in each cell and supplemented by several separate valves with

increased reliability of locking installed to lock the groups of cells for reliability

improvement.
In this case the instantaneous gas discharge in case of a local damage of
the outer shell resulting from a traffic accident, for example, is limited by the

amount of the gas contained in one or several cells adjacent to the destroyed

section of the outer shell while the gas in the other cells is kept by the partitions,
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that deform but preserve their integrity, and the locked emergency valves, which
ensures keeping performance of the device, thus increasing its reliability, and
reduces considerably the total discharge power, reducing further the risk of
damage to the surrounding objects and people.

In the embodiments where the accumulator and the receiver are made
separate and the gas port of the accumulator is connected with the receiver cells
via a gas line, receiver port and receiver collector, for better safety said emergency
valves are made to capable of separating the gas line from the gas port of the

accumulator and from the receiver collector. Hence, the amount of the gas

discharged in case of the line damage Is limited and gas exchange between the
accumulator and the receiver is prevented when either of them is damaged.
Proposed is an integral embodiment of the device where the received made
in the form a honeycomb structure contains at least one accumulator, so that the
receiver is the housing for the accumulator, which ensures considerably smaller
dimensions and weight compared to a separate embodiment as well as higher
reliability and safety due to exclusion of the vulnerable external main connecting
the receiver and the accumulator and protection of the accumulator from an

external destructive impact.

In the integral embodiment of the device the accumulator can be made with

an elastic separator in the form of a balloon, for example.

To reduce gas leakages through the separator the accumulator should

preferably have a piston separator having a sliding insulating contact with a thin-
walled metal sleeve placed inside the housing in the form of a honeycomb
receiver, with the gap between the metal sleeve and the receiver partitions
communicating with the gas or fluid reservoir of the accumulator, and the metal
sleeve being connected with the receiver so that to prevent the sleeve deformation

in the zone of the sliding insulating contact with the piston at increased gas

oressure preferably by connecting the metal sleeve with the receiver outside said

zone. Thus, the pressures inside and outside the metal sleeve are equal while the

stresses from the receiver partitions are transferred to it outside the zone of the

sliding insulating contact with the piston: therefore, the sleeve is not deformed In
this zone when the gas pressure changes. This allows multiple reduction of the

weight of this thin-walled piston accumulator inbuilt in the receiver.
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To reduce the wear of the piston seals when used in fluid power sysiems
with high level of fluid flow ripples an embodiment is proposed where the piston
contains a  chamber with an elastic membrane separator dividing the piston

chamber into a gas part communicating with the gas reservoir of the accumulator

“and a fluid part communicating with the fluid reservoir of the accumulator. In such

embodiment the high-frequency ripples of the flow and the pressure cause

membrane vibration when the piston does not move or moves uniformly. This

ensures integrity of the piston seals and high degree of ripple smoothing.

To minimize leakages such elastic separator should be preferably made in
the form of a metal bellows made from leaf elements placed transversely to the
direction of the piston movement and dividing the gas part of the piston chamber
into interconnected gas layers of variable depth, allowing increasing the depth of

the gas layers separated by said leaf elements at increase of the volume of the

gas part of the chamber and decreasing the depth of said gas layers at volume
decrease. Such embodiment of the separator also ensures good heat exchange
and heat regeneration in the gas part of the chamber increasing the total
recuperation efficiency.

The invention is described in more detail in the examples given below and
llustrated by the drawings presenting:

Fig. 1 — Device for fluid power recuperation with a piston accumulator and
receiver cells in the form in separate tubes, axial section.

Fig. 2 — Receiver cell in the form of a tube with vorticity elements, axial
section.

Fig. 3 — Device for fluid power recuperation with a piston accumulator

provided with a compressible regenerator and receiver cells in the form of tubes

located over the accumulator housing, axial section and sectional view in the plane
perpendicular to the axis of rotation.

Fig. 4 — Receiver with an outer shell in the form of a rotary housing and
cells formed by the set of partitions made from elastic metal strips, axial section

and sectional view in the plane perpendicular to the axis of rotation.

Fig. 5 — Device for fluid power recuperation with an accumulator, external
ine and receiver with an outer shell and cells in the form of a honeycomb

structure, axial section and sectional view in the plane perpendicular to the axis of

rotation.
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Fig. 6 — Fragment of the honeycomb structure of the receiver — unstrained
state of the partitions, sectional view in the plane perpendicular to the axis of
rotation of the receiver.

Fig. 7 — Fragment of the honeycomb structure of the receiver — strained

state of the partitions in case of the damaged outer shell, sectional view in the

plane perpendicular to the axis of rotation of the receiver.

Fig. 8 — Embodiment of the emergency valve, sectional view.

Fig. 9 — Device for fluid power recuperation with a piston accumulator,

piston placed in the metal sleeve inside the housing in the form of a honeycomb
receiver, axial section and sectional view in the plane perpendicular to the axis of
rotation of the accumulator.

Fig. 10 — Device for fluid power recuperation with three accumulators
surrounded by receiver cells making the housing of the accumulators, axial section
and sectional view in the plane perpendicular to the axis of rotation of the
accumulators.

Fig. 11 — Device for fluid power recuperation with two high pressure
accumulators and five low pressure accumulators surrounded by receiver cells

making the housing of the accumulators, sectional view in the plane perpendicular

to the axis of rotation of the accumulators.

The device for fluid power recuperation in Fig. 1 includes a hydropneumatic
accumulator 1. its housing 2 having the fluid port 3 communicating with the fluid
reservoir 4 of the accumulator. The fluid reservoir 4 is separated by a movable
separator in the form of a piston 5 (hereinafter the piston) from the gas reservolr 6
of the accumulator that communicates via the gas port 7 with the receiver 8 made
as a set of cells 9 in the form of separate tubes. The cells 9 communicate with one
another and with the gas port 7 of the accumulator 1 via the collector 10. 1o
ensure good heat exchange between the gas and the walls of the cells 9 the ratio

hetween the receiver volume and the area of internal surfaces of the cells should

not exceed 10 mm for the embodiments designed for recuperation with

compression/expansion times of tens of seconds, and should not exceed 2 mm for

the embodiments designed for recuperation with compression/expansion times of

units of seconds. For long cylindrical tubes this corresponds to the radius of the

tubes of hot more than 20 mm and 8 mm corréspondingly.
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To improve the heat exchange between the gas and the receiver cell walls
the cells can be made with vorticity elements. Fig. 2 shows a cell 9 in the form of a

tube with vorticity elements in the form of orifices 11 increasing the gas flow

turbulence in the cell, The higher the power being recuperated, the higher the rate
of the gas flow through the cell 9 and the orifice 11 and, hence, the higher the gas
flow turbulence in the cell. Consequently, the intensity of the gas heat exchange

with the walls 12 of the cell 9 is also higher. The diameter of the holes 13 in

orifices 11 and the number of orifices are chosen on the basis of the maximum gas

pressure in the receiver and the working range of rates of the gas flow between
the receiver and the accumulator.

Heat losses in recuperation are further reduced by improved heat exchange
in the accumulator as well. The device in Fig. 3 includes a hydropneumatic
accumulator 1 with a compressible regenerator 14 mounted in its gas reservoir 6
in the form of a multilayer spring made of metal leaf elements 15 placed
transversely to the separator movement, so that the distance between the heat
exchange surfaces of the leaf elements 15 decreases at the volume of the gas

reservoir 6 decrease and increases at the volume increase. The number of leaf

elements 15 is chosen so that in case of the maximum volume of the gas reservolr

6 the average distance between the neighbouring heat exchange surfaces of the

compressible regenerator 14 should not exceed 10 mm for the embodiments
designed for recuperation with compression/expansion times of tens of seconds,
and does not exceed 3 mm for the embodiments designed for recuperation with
compression/expansion times of units of seconds. In the embodiments preferable
cost wise the compressible regenerator of the accumulator can be made from a
flexible foam material, a foam elastomer, for example. A combined embodiment Is
also possible where spacers made from a flexible foam material are placed
between the metal |eaf elements of the compressible regenerator. Such

embodiment has the |east heat losses in the accumulator.

The receivers in Fig. 4, Fig. 5, Fig. 9 - Fig. 11 are made with common walls
for adjacent cells. The receiver 8 in Fig. 5 has an outer shell 16 with a set of
partitions 17 made inside it breaking the internal volume of the receiver into an
aggregate of cells 9 in the form of thin tubes. The thickness and number of the

partitions 17 are chosen so that their total thermal capacity exceeds the thermal

-capacity of the gas in the receiver at the maximum pressure.
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In the embodiment preferred in terms of manufacturability the receiver In
Fig. 4 has an outer shell 16 in the form of a rotary body, with a set of partitions 17
placed inside it. The outer shell 16 is designed for the maximum pressure in the
receiver without partitions and performs in such receiver the function ot the heat-
exchanging fegenerator only. The partitions 17 are made from elastic metal or
polymer strips coiled into a multilayer spiral spring for convenient inserting into the
outer shell 16 of the receiver via its port 18.

The set of the cells with common walls for adjacent cells in the receivers In

Fig. 5, Fig. 9 - Fig. 11 is made in the form of a honeycomb structure where the

partitions 17 are connected with one another and with the outer shell 16 so that
they are capable of extending when the gas pressure in the receiver iIncreases.

Since the partitions 17 in the honeycomb structure take some part of the

load unloading the outer shell 16 of the receiver, the latter can be less thick and
massive, which extends the possibilities of manufacturing receivers of various
shapes and dimension ratios.

Fig. 5 shows a receiver with the outer shell 16 in the form of a rotary body

filled with partitions 17 in the form of a honeycomb structure. The partitions of the
cells adjacent to the outer shell 16 of the receiver are preferably made capable of
withstanding without destruction the pressure drop (between the maximum
operating pressure and the atmospheric pressure) in case of instantaneous seal

failure of outer shell 16 or any neighbouring cell 9.

Fig.6 and Fig.7 show fragments of the honeycomb structure with

undamaged (Fig.6) partitions 17 adjacent to the outer shell 16 and their strained
state in Fig.7 in case of the damaged outer shell 16. The configuration of the
partitions 17 of the honeycomb structure, their material and thickness are chosen
so that in case of local destructions of the outer shell 16 the partitions 17 deform
but keep their integrity. The type of the damage in Fig. 7 chosen for finite element
modeling corresponds to the breach of the outer shell 16 in one cell 9. For better
visualization all strains in Fig. 8 and Fig. 7 are multiply magnified. Thus, the gas
from the accumulator and undestroyed cells is discharged into the breach 39
overcoming the resistance of the honeycomb structure and the collector, which
reduces considerably its kinetic energy and destructive potential.

For further reduction of kinetic energy of the gas discharged in case of the

damaged outer shell 16 it is preferable to make flow restriction elements in the
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cells 9. Fig. 2 shows the cell 9 in the form of a tube with orifices 11. The orifices 11
are embodied as critical orifices and function as vorticity elements at working rates
of gas exchanges between the accumulator and the receiver. At pressure drops on
the orifices 11 above the chosen level exceeding at least 10 times the pressure
drop at the maximum working rates of gas compression and expansion in the

device the orifices 11 perform the function of flow restricting elements.

To maintain the performance of the device in case of partially damaged
outer shell it is preferable to equip the receiver collector or its cells with emergency
valves locking the cell or its part where the pressure dropped sharply relative to
the pressure on the other side of the valve. Fig. 8 shows embodiment of a
bidirectional emergency valve in the form of orifice 11, also performing the function
of a vorticity element, and elastic leafs 19. The elastic leafs 19 are capable of
deforming and closing the hole 13 of the orifice 11 thus blocking communication

between the cell or its part with the collector at increased pressure drop on the

orifice 11 up to the chosen level which exceeds at least 10 times the pressure drop
on it at the maximum working rate of gas compression and expansion In the

device. The maximum working rate of gas exchange between the accumulator

and receiver can be determined by the operating mode of the fluid power system.

For common use devices it is preferable to provide the emergency valve locking at

the pressure drop on it exceeding the set level preferably chosen in the range from
0.03 to 0.3 of the maximum gas pressure in the device.

For better safety in Fig. 5 the gas port 7 of the accumulator 1 and port 18 of
the receiver 8 include emergency valves 20 locking in case of a sharp pressure
drop in the gas line 21 connecting the accumulator 1 with the receiver 8. This
restricts the amount of the gas discharged in case of the damaged line 21 and
prevents gas exchange between the accumulator 1 and the receiver 8 if either of
them is damaged.

Fig. 9 shows the preferred accumulator in terms of gas losses minimization,
its piston 5 having a sliding insulating contact with a thin-walled metal sleeve 22

placed inside the receiver 8 in the form of a honeycomb structure. The gap 23

between the metal sleeve 22 and the partitions 17 of the receiver 8 communicates
with the gas reservoir 6 of the accumulator. The pressures in the accumulator,
cells 9 of the receiver 8 connected with it and the gap are equal, which ensures

preserved shape of the sleeve 22 and the quality of the seal between it and the
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piston 5. Thus, the deforming impacts from the walls of the cells 9 of the receiver
8, subject to extension at gas pressure increase, are applied outside the seal area
while deformation of the sleeve 22 in the zone of the sliding insulating contact with
the piston 5 iIs prevented. To reduce the wear of the seals 24 of the piston 5 when
used in fluid power systems with high level of fluid flow ripples the piston 5
contains chamber 25 with an elastic membrane separator in the form of lightweight
bellows 26 dividing the chamber 25 in the piston 5 into the gas part 27

communicating with the gas reservoir 6 of the accumulator through windows 28

and the fluid part 29 communicating with the fluid reservoir 4 of the accumulator

through windows 30. The lightweight bellows 26 takes the high-frequency ripples

- of the flow and pressure while the more massive piston 5 moves uniformly or does

not move. This ensures integrity of the seals 24 of the piston 5 and high degree of
ripple smoothing.
In the receiver in Fig. 10 the cells 9 in the form of the honeycomb structure

formed by the aggregate of partitions 17 surround the lightened housings 2 of

three accumulators 1 and together with the outer shell serve a common housing
for these accumulators. In such embodiment an additional light insulating housing
in the form of a metal sleeve 22 is sufficient for accumulators 1 with piston

separators 5 like in the embodiment in Fig. 9 while the accumulators with

membrane or cylinder separators can be placed directly in the cavities inside the

honeycomb structure. The proposed configuration allows placement of any

required number of accumulators inside the honeycomb structure of the cells.

In the fluid power systems comprising accumulators on the low pressure

side as well (for example, in hydraulic hybrid vehicles) it is preferable to apply an
Integral configuration shown in Fig. 11. The device in Fig. 11 includes two high
pressure accumulators 1 and five low pressure accumulators 31. The high
pressure accumulators 1 are surrounded by two layers of smaller size cells 9,
which ensures increased strength of the housings of the accumulators 1. The
smaller size cells 9 form the high pressure receiver 32 connected with the high
pressure accumulators 1 while the larger cells 33 form the low pressure receiver
34 connected with the low pressure accumulators 31 (for simplicity these

connections are not shown in Fig. 11). The low pressure accumulators 31 are

located on the side of the most probable destructive impact upon the device, for

example, from the outside relative to the chassis of the hydraulic hybrid vehicle
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while the high pressure accumulators 1 and the high pressure receiver 32 are
located on the most protected side of the device, for example, on the side of the
chassis of the hydraulic hybrid vehicle. The proposed configuration ensures even
greater safety protecting the high pressure receiver and accumulators irom
destruction and considerably reducing the power of the gas jet in case of the
damaged outer shell. It also allows creation of devices with any required
number of high and low pressure accumulators, of any required volume of the
receiver united into one unit of the required geometric Shape, which facilitates
integration of the device into various assemblies, including trucks and motor cars.
The embodiments described above are examples of embodiment of the
main idea of the present invention that also presupposes a lot of other
embodiments that are not given here in detail and including, for example, several
accumulators and receivers connected by a set of gas lines and equipped with a
set of emergency valves with the possibility of disconnecting the damaged

accumulators and groups of cells of receivers as well as various embodiments of

emergency valves in the receiver or in the accumulator.

Thus, the proposed solutions allow creation of a device for fluid power
recuperation with the following properties:

- reduced heat losses and increased efficiency of fluid power recuperation;

- reduced kinetic energy of the gas that can be discharged in case of

destruction of the outer walls of the device;

- preserved performance of the device in case of partial destruction of its

outer walls:

- flexibility in choosing the external shape of the receiver.
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CLAIMS

A device for fluid power recuperation comprising at least one hydropneumatic
accumulator containing in its housing a fluid port communicating with the fluid
reservoir of the accumulator separated by a movable separator from the gas reservoir of
the accumulator that communicates via a gas port with at least one gas receiver, wherein
the receiver is made as an aggregate of cells communicating with the gas port of the
accumulator, while the ratio between the receiver volume and the area of internal

surfaces of the cells does not exceed 10 mm.

The device according to claim 1 wherein the cells have vorticity elements allowing to

increase gas flow turbulence in the cells.

The device according to claim 1 wherein the hydropneumatic accumulator includes a
compressible regenerator in the gas reservoir allowihg to decrease the distance between
the heat exchange surfaces at the volume of the gas reservoir decrease and to increase
the distance at the volume increase, while the average distance between the
neighbouring heat exchange surfaces of the regenerator does not exceed 10 mm at the

maximum volume of the gas reservoir.

The device according to claim 3 wherein the compressible regenerator in the

accumulator is made from a flexible porous material and includes a filter allowing gas to

pass from the gas reservoir of the accumulator into the receiver and entrapping the
porous material, while the regenerator is made with increased gas permeability near the

gas port of the accumulator.

The device according to claim 3 wherein the compressible regenerator of the
accumulator is made from leaf elements located transversely to the direction of the
separator movement and dividing the gas reservoir into intercommunicating gas layers
of variable depth, while the leaf elements of the regenerator are kinematically connected

with the separator allowing to increase the depth of the gas layers separated by them at
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the gas reservoir volume increase and to decrease the depth of said gas layers at the gas

reservolr volume decrease.
The device according to claim 5 wherein the leaf elements are metal.

The device according to claim 1 wherein the gas receiver is made with common walls
for adjacent cells and has an outer shell containing an aggregate of partitions dividing
the interior volume of the receiver into the aggregate of the cells in the form of thin
tubes, so that the total thermal capacity of the partitions exceeds the gas thermal capacity

at the maximum_working pressure.

The device according to claim 7 wherein the outer shell of the gas receiver is made so
that to withstand the maximum pressure in the receiver while the aggregate of the
partitions are made from springing metal or polymer elements allowing their insertion

into the outer shell of the recelver.

The device ‘according to claim 7 wherein the aggregate of the cells of the gas receiver
are made in the form of a honeycomb structure where the partitions are connected with
one another and with the outer shell of the receiver allowing to balance the gas pressure
forces by the sum of the elastic stretching strain forces of the outer shell and partitions

connected to it.

The device according to claim 9 wherein the partitions of the cells adjacent to the outer
shell of the gas receiver are made so that they withstand without destruction the pressure
drop arising in case of instantaneous seal failure of the receiver outer shell or

neighboring cells.

The device according to claims 2 or 10 wherein the cells of the gas receiver have flow
restriction elements restricting the gas flow at pressure drops on them being above the
chosen level exceeding the pressure drop at the maximum working rate of gas exchange

between the accumulator and the receiver at [east 10 times.
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The device according to claim 10 wherein it includes at least one emergency valve
allowing to separate at least one cell from the remaining device at the pressure drop on

said valve exceeding a set level of the maximum gas pressure in the device.

The device according to claim 12 wherein the gas port of the accumulator is connected
with the receiver cells via a gas line, the receiver port and the receiver collector, while
the emergency valves allow to separate the gas line from the gas port of the accumulator
and from the receiver collector at the pressure drop on said valves exceeding the set

level.

The device according to either claim 12 or 13 wherein the set level is chosen in a range

from 0.03 to 0.3.

The device according to claim 9 wherein the gas receiver made in the form of a
honeycomb structure contains inside at least one hydropneumatic accumulator, so that

the receiver is the housing for the accumulator.

The device according to claim 15 wherein the hydropneumatic accumulator has a piston
separator having a sliding insulating contact with a thin-walled metal sleeve placed
inside the housing made in the form of the honeycomb receiver; while a gap between the
metal sleeve and the receiver partitions is communicating with the gas reservoir of the

accumulator, and the metal sleeve is connected with the receiver outside the zone of said

sliding insulating contact.

17. The device according to claim 1 wherein the hydropneumatic accumulator has a piston

separator containing a chamber with an elastic separator dividing the chamber in the
piston into a gas part communicating with the gas reservoir of the accumulator and a

fluid part communicating with the fluid reservoir of the accumulator.

18. The device according to claim 17 wherein said elastic separator is made in the form ot a

metal bellows made from leaf elements located transversely to the direction of the piston

movement and dividing the gas part of the chamber in the piston into interconnected gas
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layers of variable depth, allowing to increase the depth of the gas layers separated by
sald leaf elements at increase of the volume of the gas part of said chamber and to
decrease the depth of said gas layers at decrease of the volume of the gas part of said

chamber.

The device according to claim 15 wherein it includes at least one high pressure
hydropneumatic accumulator connected with the cells of the high pressure receiver and
at least one low pressure accumulator connected with the cells of the low pressure
receiver, wherein the high pressure accumulator is located inside the high pressure

receiver located, in its turn, inside the low pressure receiver.



CA 02760276 2011-10-27

WO 2010/134840 PCT/RU2010/000056

1/11

f

[ Lperapaseyryeney - —rr 33
T

~ —r ya 2:1*;452::

AR SO0 T NN N T oy

i-'~ oo

,
VAT LS SV ST SOV AN SN ST Y S L—;—a—m?‘? eyt .

: ”.ﬂ."‘”’” A AR A S0 P, AN SN N S SN Y pM fj

-"- - --- ~ _~-.‘

Fig.



CA 02760276 2011-10-27
WO 2010/134840 PCT/RU2010/000056

2/11

12 13 11 9

F1g.2



CA 02760276 2011-10-27

WO 2010/134840 PCT/RU2010/000056
3/11
9 14 12 2 0 5
A
— 4
1 5 e ~ \X:; < < \7 \\\\\ ;‘L \\\\\\ T
A, . - AW WU W NPT W A, O U Y sy
\ AT I TTITTTZ

B U OO T 00 WU W OO W

FI1g.3



CA 02760276 2011-10-27
WO 2010/134840 PCT/RU2010/000056

4/11

F19.4



CA 02760276 2011-10-27

WO 2010/134840 PCT/RU2010/000056
5/11
A-A
20 18 10 "_\..._...,I 9 16\ 17
A / NN \_\___y “““ .
’ N AR
‘ \\ [0
f- < \ (Rotetotes
|21 H ‘
/ A
7 9 1
- ]
20/ 7

F1g.9



CA 02760276 2011-10-27
WO 2010/134840 PCT/RU2010/000056

6/11

Fig.6



CA 02760276 2011-10-27
WO 2010/134840 PCT/RU2010/000056

7111

Fig.7



00000000000000000000
WO 2010/134840 PCT/RU2010/000056

3/11

19

F1g.8



CA 02760276 2011-10-27

WO 2010/134840 PCT/RU2010/000056

9/11

7 14 6 16 26 25 22 29 4
\ - \
\\\\\\.\\\\\\\X\\\\\\ \ \\\7\
NS \
\ 3 .
‘ A
- \
| . (el rurnnion \[\;2\_{‘221\\&\\\\\\ imenebinssadirrmr - }.k\i “
W=
\\§ NN\ /\\\\I\/\V\AA\\X\\\\ I\\\\\\A\S_ \ \‘\:-[\\ \ NN\
W
gty |
10 15 [ 23/ A 9| 28]27 24 \5 \30

17




WO 2010/134840

CA 02760276 2011-10-27

10/11

. — so— — — T ‘——

PCT/RU2010/000056

A-A

-\ '

’
- - — - —r————— -~

T ID OO I

Fig.10

17

16

< ‘ ' ',:‘
."" o5 .-. i - '- g
y. . N 7 N,
v \ ’\»
X 3! . '
{5 7.
~ " s > () ’l’ . ’
P, ' p. '
Y. "

e, e ”
‘ /
AR\




CA 02760276 2011-10-27

WO 2010/134840 PCT/RU2010/000056
11/11
34 9 31
33
\ LLLLLLL
~ 1
32

Fig.11



SN, W

I N I, WO "

I

y/

A e PV WA

10

l}:/
(2



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - abstract drawing

