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CPAP kit to support breathing

DESCRIPTION

Technical Field

The present invention refers to a kit to support the breathing of a non-
anesthetized individual with respiratory diseases but is able to breathe
spontaneously. In particular, breathing occurs in CPAP mode, i.e. Continuous
Positive Airway Pressure i.e. the kit works at positive pressure with respect to
ambient pressure and ideally constant both when the user inhales and when the
user exhales, in particular between values of 5 and 25 cmH20O, more preferably
between values of 5 and 20 cmH2O and controlled by a pressometric ventilation
system.

STATE OF THE ART

It is known to support breathing by delivering positive pressure flows
with relatively high flow rates of pressurized gas in order to remove exhaled
carbon dioxide. However, in addition to high consumption of medical gases,
this also causes the generation of noise and alters the humidity of the breathed
gas, reducing the comfort of the user.

Closed circuits equipped with a CO:. absorber commonly used for
anesthesia are also known, however the inhalation of fresh gases and possibly
anesthetic gas takes place through a pressovolumetric machine in different
conditions than the CPAP mode in spontaneous breathing ie. with a
pressometric fan. During the supply of an anesthetic substance, not only the
quantity of active principle suplied is monitored but, due to the user loss of

consciousness, it is essential to control both the volumes and the frequency of
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gases provided by means of suitable pressure oscillations in the closed circuit.
This is valid both in the case of anesthesia with assisted ventilation and in that
with controlled ventilation.

Document WO-A1-2015048766 describes a unit for suppling Heliox
comprising a closed breathing circuit and a first and a second re-breathing
cylinder of respriatory gas; wherein the internal pressure fluctuates due to the
patient's breathing and cannot exceed peaks of 4 cmH>O. Air circulation is
guaranteed by a turbine in line with the circuit. This is useful to help the user
overcome the fluid-dynamic friction of the circuit during spontaneous
breathing.

SCOPES AND SUMMARY OF THE INVETIONE

The object of the present invention is to provide a kit to support
spontaneous lung respiration without anesthesia capable of solving the
problems indicated above and, in addition, reducing the flow rate and in
particular the consumption of oxygen from an additional source to that of the
air, avoid the generation of aerosols, which carry contagious pathogens, and
adapting to existing devices with a relatively low cost.

The object of the present invention is achieved by means of a breathing
support kit comprising: a first inlet for receiving pressurized air; a second inlet
for receiving oxygen; a section where the air from the first inlet and the oxygen
from the second inlet converge; a closed air circuit comprising the first node, a
wearable breathing element applicable at least on the nose and mouth of a
patient and configured to receive from the circuit a mixture of air and oxygen
coming from the section via a first circuit branch and to transfer the exhaled air

enriched with carbon dioxide to the circuit via a second circuit branch, an air
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treatment filter along the second circuit branch to reduce or eliminate carbon
dioxide in the second circuit branch, a valve unit configured for force a one-way
air circulation from the section to reach the treatment filter via the breathing
wearable element, a pressure sensor and a pressure regulator configured to
adjust the pressure in the closed circuit based on a pressure sensor signal to
obtain a constant CPAP pressure in the closed loop during breathing
spontaneous by the user in the wearable breathing element.

In this way, the kit has a closed circuit for enriched air which includes the
wearable device or breathing interface, e.g. a partial or full face mask to be
applied to the individual's face or a ventilation hood/helmet, and thus no
aerosols carrying viral, bacterial or, more generally, microbial loads are diffused
into the environment surrounding the individual or patient. Furthermore, since
it is a closed fluid circuit during spontaneous breathing, only the amount of
oxygen breathed and retained by the user, i.e. the oxygen used in the
respiratory cycles must be reintegrated, allowing a substantial containment of
oxygen consumption. Carbon dioxide is absorbed by the treatment filter. The
constant positive CPAP pressure with respect to the atmospheric pressure
applied to the air provides an expansion action of the pulmonary alveoli, thus
favoring the exchange of oxygen / carbon dioxide with the blood. A simple and
highly functional tool is therefore provided to treat users suffering from
respiratory diseases and pathogenic contagious respiratory viruses, bringing a
respiratory benefit through the opening of the pulmonary alveoli, greatly
limiting the consumption of oxygen and the circulation of pathogens. In
addition, the closed circuit allows easier conservation of the humidity levels of

the air breathed and intrinsically reduces the noise allowing a support to the
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user with autonomous breathing for long periods with a good overall comfort.

According to a preferred embodiment, the valve unit is configured to open
and close to lead the air in the direction of circulation following the respiratory
activity of the patient to whom the mask is applied.

According to a preferred embodiment, the kit comprises a fluidic capacity
connected in derivation to the first branch to reduce the pressure fluctuations of
the air entering the mask.

It is in fact demonstrable that a patient benefits from breathing air at
constant or low oscillating pressure, i.e. constant and positive CPAP pressure,
which is maintained thanks to the regulating device on the base of the pressure
Sensor.

According to a preferred embodiment, the kit comprises a carbon dioxide
sensor and / or a temperature sensor and / or a humidity sensor and a safety
valve configured to open automatically and allow air to enter the circuit on the
basis of a signal coming from at least one of said sensors.

Optionally, in addition to opening the safety valve, the kit includes an
alarm device activated on the basis of at least one of the sensors. In particular,
the pressure sensor detects undesired operating conditions such as excessive
variations or inversions of pressure in the circuit. In this way, safety in the event
of oxygen mixing malfunction is increased.

Preferably, the kit includes an antiviral / antibacterial or antimicrobial
filter in order to purify the air in the closed circuit from pathogens.

According to a preferred embodiment, the kit comprises an electronic
control unit programmed to control the quantity of air entering and leaving the

first inlet on the basis of at least one operating parameter of the circuit and,
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therefore, through the first inlet in use there is an exchange of gas volumes also
from the inside of the closed circuit towards the outside; during normal
operation of the closed circuit, the average flow rate exchanged is zero. It
should be noted that the first inlet can be connected to a nitrogen source which,
mixed with the inlet oxygen, provides the gas mixture with the desired FiO>
and the desired positive pressure for the user. This is possible, for example, in a
hospital. It is also possible that the first inlet receives pressurized atmospheric
air, for example via a fan, preferably centrifugal and speed-controlled. In use,
the oxygen consumption during a start-up transient is limited only to the
quantity necessary to reach the desired and set FiO: in the closed circuit; in
steady state operation, i.e. when the set CPAP pressure is reached, this
consumption is always equal to the quantity consumed by the patient alone.

Furthermore, via the electronic control, it is possible to increase
performance and safety measures. Examples of operating parameters in one or
more points of the circuit are, preferably in order of importance, representative
of: amount of carbon dioxide (for the user's safety) and / or amount of oxygen
and / or temperature and / or humidity. It is also possible to monitor the flow
rate circulating in the closed circuit for patient diagnosis. The control unit can
be programmed to collect and process the data received from the sensors in
order to produce data interpolation according to predefined algorithms to be
displayed by connecting to a screen, allowing the operator to intervene as
needed. The internal pressure of the circuit can also be controlled by pneumatic
control circuits or fluidic devices.

According to a preferred embodiment, the kit comprises an electric fan

connected to the first inlet. The electric fan is an embodiment of a source of
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pressometric pressure and, given the extremely small quantities of air to be
integrated in the start-up transient and the ideally zero average flow rate in
steady-state operation, this fan can have extremely small construction
dimensions e.g. together with its own electric motor it can also fit in the palm of
a hand.

In particular, the fan is an electrical fan capable of generating a pressure of
less than 30 cm of H>O. This also allows to make the kit portable, for example
by connecting the fan to a rechargeable battery.

According to a preferred embodiment, the kit comprises a portable source
of pressurized oxygen connected to the second inlet.

According to a preferred embodiment, a method for setting up a device
for breathing aid is provided, comprising the steps of:

- providing a kit comprising: a first inlet for receiving pressurized air; a
second inlet for receiving oxygen; a section where the air from the first inlet and
the oxygen from the second inlet converge; an air circuit comprising: the first
node, a first branch configured to adduct a mixture of air and oxygen to the
user, a second branch to receive the mixture of air exhaled by the user enriched
with carbon dioxide, a treatment filter of the air along the second branch of the
circuit to reduce or eliminate carbon dioxide in the second branch and a valve
assembly configured to impose air circulation in a single direction starting from
the first node to reach the treatment filter via the wearable breathing element

- mounting the kit to a wearable breathing element applicable at least on
the nose and mouth of a patient and configured to receive from the circuit a
mixture of air and oxygen coming from the first node through the first branch

of the circuit and to give the second branch the exhaled air enriched with
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carbon dioxide;

- controlling the internal pressure of the closed circuit to obtain a constant
CPAP pressure during the user's spontaneous breathing in the breathing
wearable, using a pressure sensor and a pressure regulator configured to adjust
the pressure in the closed circuit based on a signal from the pressure sensor.

In this way, the wearable breathing element can also be treated
commercially in a different way from the other components of the kit: for
example, the mask can be reusable e.g. after sterilization and the other
components of the kit be disposable or the other way around.

Other advantages of the present invention are discussed in the description
and cited in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described below on the basis of non-limiting examples
illustrated by way of example in the figure that schematically shows a kit
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The figure schematically shows with 1 as a whole a kit for supporting
autonomous breathing without anesthetic gases comprising a closed circuit 2
having an inspiration branch 3, an expiration branch 4 and a wearable
breathing element 5 applicable in use at least on the nose and mouth of the
patient to receive air richer in oxygen via the inhalation branch 3 and send air
richer in carbon dioxide to the exhalation branch 4. Conveniently, a valve unit
creates a forced air flow along the circuit to circulate in a single direction, i.e.
from the inspiration branch 3 to the expiration branch 4. Preferably, the valve

assembly comprises a first non-return valve 6 along the inspiration branch 3
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and a non-return valve 7 along the expiration branch 4. According to an
embodiment, the breathing wearable 5 is releasably connected to the circuit 2
and the valve assembly 6, 7 can either be on board the breathing wearable
element 5, or be carried on the inhalation and exhalation branches 3, 4 when the
wearable breathing element 5 is fluidically disconnected from circuit 2.

In order to ensure the best respiratory conditions for a user, the inspiration
branch 3 comprises a branch 8 that can be releasably connected to an oxygen
source, such as a portable pressure vessel or an oxygen circuit provided within
an health care facility such as a hospital and the exhalation branch 4 comprises
an air treating unit with a trap 9 for carbon dioxide and preferably also an
antiviral / antibacterial filter i.e. antimicrobial 10.

In order to adjust the pressure inside the circuit during the user's
breathing cycles and therefore, as clinically tested, improve the absorption of
oxygen in the lungs, circuit 2 includes at least one accumulator C, e.g. of 1 liter,
preferably one per branch 3, 4. The effect of the accumulator C can also be
obtained by an appropriate sizing of the internal volume of the circuit, e.g.
diameter and length of the tubes and internal volume of the wearable breathing
element 5, especially when a helmet is used.

In order to prevent any high microbial load air leaks towards the outside,
which is harmful to those around the user, circuit 2 comprises at least one
antimicrobial filter 10a preferably arranged at the outlet of the wearable
breathing element 5, even more preferably downstream of the non-return valve
7. According to a preferred embodiment, further ports towards the outside of
circuit 2, preferably all of them, comprise a respective antimicrobial filter. In

particular, the circuit in the figure includes a vent port 11 and the derivations 8
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for the entry of oxygen and 12 for the entry or exit of pressurized air.

According to a preferred embodiment, circuit 1 preferably comprises,
downstream of trap 9, a gas analysis device 13, for example electronic. The
related data allow monitoring of the user's conditions, in particular of pressure
and optionally of one or more of other chemical or physical parameters such as
flow rate, temperature, relative humidity, quantity of oxygen and carbon
dioxide. For example, the gas analysis device is of the type usable in an
operating room.

According to a preferred embodiment, circuit 1 is associated with an
electronic control unit 15 connected in data exchange with gas analysis device
13 and programmed to perform one or more of the following functions:

- Monitoring one or more physical and / or chemical parameters of the gas
and generate warning messages when these parameters reach or exceed pre-
defined thresholds. Such thresholds can be static, e.g. constant over time and
adaptable e.g. through the electronic control unit 15 before using the circuit; or
adaptive or dynamic e.g. vary during use on the basis of mathematical models
stored in the electronic control unit 15;

- Actuating one or more actuated valves 16 on the basis of one or more
signals from the gas analysis device 13. For example, if the pressure in circuit 2
during use is too low or too high, valve 16 relating to port 12, i.e. a pressure
regulating valve as shown in the figure, to fill-in or evacuate air and restore a
condition of operational use of the circuit. Preferably, the evacuation of air
through inlet 12 is performed to maintain the CPAP pressure, without the
intervention of safety valve 16 associated with vent port 11, the valve being

calibrated at a pressure higher than the operating CPAP pressure. In particular,
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to supplement the effect of accumulators C, the transit of gas e.g. air through
port 12 to the circuit occurs during inspiration and the transit of gas to the
outside of the closed circuit occurs during exhalation; or, when too high values
of carbon dioxide are detected, generating a signal for the replacement or
washing of trap 9; or adjusting the amount of oxygen entering through branch 8
and / or air through port 12. This happens to keep the CPAP pressure at its
substantially constant value during the user's breathing and, at the same time,
the desired value of FiO2 on the basis of a specific measurement of the internal
pressure of the closed circuit. The valves can therefore be either discretely
valves, e.g. for vent port 11, or continuous valves, with or without feedback for
the position of the shutter, as in the case of branch 11 and port 12 for the
purpose of oxygen / air dosing; or the quantity of oxygen in the circuit; or open
the vent port in case of excessive temperature and / or humidity.

For example, gas analysis e.g. exhaled air is performed by photoacoustic
spectrometry, refractometry, piezoelectric absorption, Raman scattering, mass
spectrometry.

In use, the circuit is connected to a source of pressurized air and oxygen in
such a way that, preferably, a gas mixture consisting of nitrogen and oxygen
circulates in the circuit, i.e. the user breathes air. According to an embodiment,
the source of pressurized air is a centrifugal fan having a controlled rotational
speed, which in conditions of zero average flow rate of air in the circuit is able
to maintain the constant value of CPAP pressure at the delivery. Furthermore,
even in the presence of a centrifugal fan, the air is evacuated from the inside of
the circuit towards the outside to reduce the pressure when the internal

pressure of the circuit exceeds the delivery pressure generated at an assigned
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number of revolutions and in condition of zero flow. Since a centrifugal fan has
for each angular speed value a corresponding value of delivery pressure at zero
flow, the electronic control unit 15 is programmed to apply the number of
revolutions of the centrifugal fan for which the delivery pressure at zero flow is
equal to the desired CPAP pressure.

Alternatively, it is possible to provide a bellows connected to port 12, to
which a calibrated weight of constant mass applied to the head of the bellows
itself is applied to obtain constant CPAP pressure in the closed circuit. In this
case, of particularly simple execution, the constant positive pressure value is
obtained by compensating the volumes of air inhaled or exhaled, even abruptly,
by simple weight oscillation. In fact, the pressure value is exclusively
determined by the action of the weight, whose constant mass leads to a constant
pressure value in the closed circuit. In this embodiment, however, a controlled
pressure regulating valve 16 or another controllable source of pressurized air
may be present to supplement or evacuate any volume of air which tend to
cause a reduction or increase in the CPAP pressure in the closed circuit and / or
to introduce into the circuit a quantity of fresh washing air at CPAP pressure.

According to an exemplary embodiment, via the control unit 15, the
pressure inside the circuit during use does not exceed 25 cmH;O, preferably
does not exceed 20 cmHO: this value is sufficient to facilitate the opening of the
pulmonary alveoli during inspiration and, at the same time, can be obtained by
means of a fan, also battery operated and preferably centrifugal, as well as by
means of a pressurized air circuit controlled by the controlled pressure
regulating valve 16 in order to obtain the desired positive and constant

pressure. Likewise, branch 8 can be connected to an oxygen pressure vessel or
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to a circuit of a facility, including a field, hospital or first aid facility. It is
therefore possible to size a kit including circuit 2 and the sources of pressurized
air and oxygen so as to be portable and operable at least for predefined time
intervals even without being connected to power supply grids: this allows use
even in remote areas, impervious or with damaged systems. Furthermore, the
minimum value of the constant positive pressure within the circuit is 5 cmH>O
and this is achieved via the use of the gas analysis device 13 including a
pressure sensor. Control unit 15, on the basis of the signal from the pressure
sensor, controls the source of pressurized gas e.g. the fan by means of the
relative number of revolutions or the controlled pressure regulating valve 16
when the derivation 12 is connected to a generic source of pressurized air; and
controls the reintegration of only the amount of oxygen consumed by the user
through the flow control valve 16 associated with branch 8.

In use, when the wearable breathing element is a helmet and the leaks are
ideally zero, the inlet and outlet flow rates of air or nitrogen through branch 12
are at zero average values since the quantity of inhaled gas and that of gas
exhaled is normally the same and, in the case of high or ideally infinite circuit
capacity, the flow to branch 12 is zero. However, it is possible to provide for a
washing step, for example at regular intervals of programmable periodicity via
the control device 15, in which appropriately pressurized fresh atmospheric air
is introduced at the CPAP positive pressure to replace the recirculating gas
mixture.

If during use for long periods, small gas leaks from the circuit to the
external environment occur, e.g. through the seals of the breathing wearable

element 5, the pressure sensor detects a drop in the internal pressure of the
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circuit and, through appropriate adjustment of the source of pressurized air by
the control unit 15, a quantity of new gas would be added, preferably air, to
restore the constant pressure inside the circuit to the desired value during the
user's autonomous breathing. Such additions of air volumes are however absent
in the ideal case of a closed circuit without leaks and with high or ideally
infinite capacity.

Circuit 2 was built in prototype form using existing devices. The main
purpose of this demonstration circuit is to verify the actual performance of the
circuit. Three blowers for the home treatment of sleep apnea in CPAP mode
were tested together with two anesthetic gas analyzers and two different
sources of oxygen. Reference CPAP pressure values of 5, 10, 15 and 20 cm H20
were applied. All measurements were collected 5 minutes after operational
setup in order to achieve stabilization of the oxygen concentration within the
circuit. The respiratory rate of a healthy human volunteer ranged from 10 to 14
breaths per minute. The test results are summarized in Table 1. For all the above
reference pressure settings, the flow rate was always less than 10 L / min. The
incomplete tightness of the CPAP helmet was verified, which required oxygen
flow rates greater than those strictly necessary to compensate for the patient's
consumption. In an industrialized version of the circuit, the wearable breathing
element will be configured to be hermetic when worn: for example through a
specific design of the sealing systems, e.g. elastic silicone valves, on the patient's
body. The resistance to the air flow of the circuit components is always less than
0.5 cmH>0O, measured by imposing the maximum recorded flow rate of 10 1 /
min. Furthermore, the noise both in the helmet and in the environment was

negligible.
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The carbon dioxide produced was totally absorbed by the soda lime of
trap 9, as reported in the inspiratory data column of Table 1 (iCO, EtCO2:
inhaled, exhaled COy). In all cases the fan was able to set the rpm values such to
keep the CPAP pressure in the entire range of 5-20 cmH2O thanks to the
measurement of the pressure through the gas analysis device 13 and the

connected control unit 15 both to the device 13 and to the blower.
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Table 1

The test results confirmed that the closed configuration of circuit 1
guarantees effective control of the air to be breathed and of its high fraction of
oxygen, obtained with a very low oxygen supply, about two orders of
magnitude less than in conventional CPAP open circuits, thus avoiding the
waste of medical gases. Tests have also shown that the proposed closed-loop
configuration ensures high efficiency. In fact, FiO; values are obtained, i.e.
percentage of oxygen in the inspired air, of 30-40% with only 1 1 / min of
oxygen. This low oxygen flow allows for the potential replacement of the
medical oxygen cylinder with an oxygen concentrator.

Measured FiO: levels were highest when measured proximal to the

14
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breathing wearable 5 to the expiratory branch, confirming the correct direction
of flow in the circuit.

The data reported on the expiratory CO, measurements were lower than
the standard physiological values due to the dilution effect of the dead space of
the helmet, which acts as an accumulator, and, for the same reason, decreased
almost linearly with increasing pressure levels. CPAP.

Finally, it is clear that it is possible to apply modifications or variants to
the kit described and illustrated here without departing from the scope of
protection as defined by the attached claims.

For example, it is possible to insert a safety valve with automatic opening
calibrated with respect to a maximum pressure whose actuation is independent
of the pressure sensor. This valve on the diagram could be integrated into the

controlled valve 16 associated with the vent port 11.
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CLAIMS

1. Breathing support kit comprising: a first inlet (12) for receiving

pressurized air; a second inlet (8) for receiving oxygen; a section
where the air coming from the first entrance and the oxygen coming
from the second entrance converge; an air circuit (2) comprising the
section, a wearable breathing element (5) applicable at least on the
nose and mouth of a patient and configured to receive from the
circuit a mixture of air and oxygen coming from said section through
a first circuit branch (3) and to transfer to the circuit an enriched
mixture of exhaled air comprising carbon dioxide in a second circuit
branch (4), an air treatment filter (9) along the second circuit branch
to reduce the quantity of carbon dioxide, a valve assembly (6, 7)
configured to impose air circulation in a single direction from the
section to reach the treatment filter (9) through the breathing
wearable element (5), the first and second branches (3, 4) being
fluidically connected to each other to define in use a closed air circuit,
a pressure sensor (13) and a pressure regulation device (15, 16)
configured to adjust the pressure within the closed circuit based on a
signal from the pressure sensor (13) to obtain a CPAP pressure
during the spontaneous breathing of the user in the breathing
wearable element (5).

Kit according to claim 1, wherein the pressure regulating device (15,
16) is configured to obtain a CPAP pressure between 5 cmH2O e 25
cmHO.

3. Kit according to any of the preceding claims, wherein the pressure
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regulating device (15, 16) is configured to treat a gas mix constituted
of nitrogen and oxygen to obtain a predefined FiO: value.

Kit according to any of the previous claims, wherein in at least a
functioning condition, a flow of nitrogen or air entering the closed
circuit via said inlet (12) is zero during a breathing cycle of the user
and oxygen is added to obtain a predefined FiO: value.

Kit according to claim 1, wherein the valve assembly (6, 7) is
configured to open and close to conduct air in the direction of
circulation following the respiratory activity of the patient to whom
the breathing wearable element (5) is applied.

Kit according to any of the preceding claims, comprising a capacity
tank (C) connected in derivation to the first branch to reduce the
pressure fluctuations of the air entering the wearable breathing
element (5).

Kit according to any one of the preceding claims, wherein the circuit
(2) comprises a gas analysis device (13) configured to detect one or
more physical and / or chemical parameters of the circulating air and
a control unit (15) programmed to generate an alert or alarm signal
based on one or more signals from the gas analysis device (13).

Kit according to claim 7, wherein the control unit (15) is programmed
to open a vent valve (11) based on one or more signals of the gas
analysis device (13) or the vent valve is opens automatically when a
predetermined level of pressure in the circuit is reached.

Kit according to any of the preceding claims, wherein the circuit (2)

comprises an antiviral/antibacterial or antimicrobic filter (10) to
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10.

11.

12.

13.

14.

purify the circulating air.

Kit according to any one of the preceding claims, comprising a
pressurized air generator releasably connected to said first inlet (13).
Kit according to claim 10, wherein the pressurized air source
comprises an electric centrifugal fan.

Kit according to claim 10, wherein the pressurized air source
comprises a bellows and a weight on the bellows to apply a
compression on the gas volume inside the closed circuit.

Kit according to any one of the preceding claims, comprising an
oxygen source releasably connected to said second inlet (8).

Method of setting up a breathing aid device including the steps of:

- providing a kit comprising: a first inlet for receiving pressurized air;
a second inlet for receiving oxygen; a section where the air coming
from the first entrance and the oxygen coming from the second
entrance converge; an air circuit comprising: said section, a first
branch configured to conduct a mixture of air and oxygen coming
from the first node, a second branch to receive a mixture of exhaled
air enriched with carbon dioxide, a filter for the treatment of air along
the second circuit branch to reduce carbon dioxide, and a valve
assembly configured to enforce air circulation in a single direction
from the section to reach the treatment filter through the breathing
wearable, the first and second branches (3, 4) being fluidically
connected to each other to define in use a closed air circuit;

- mounting the kit to a wearable breathing element applicable at least

on the nose and mouth of a patient and configured to receive from

18
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the circuit a mixture of air and oxygen coming from the first node
through a first circuit branch and to transfer an enriched mixture to
the circuit of exhaled air comprising carbon dioxide in a second
circuit branch; and

- controlling an internal pressure of the closed circuit so as to obtain a
CPAP pressure during the spontaneous breathing of the user in the
wearable breathing element (5), via a pressure sensor (13) and a
pressure regulating device (15, 16) configured to adjust the pressure

in the closed circuit based on the signal from the pressure sensor (13).
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