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Description
Field of the invention

[0001] The invention relates to a system for providing
a diver with breathing gas, the system being an open
system and comprising an external gas source in the
form of a pressurized container which is intended to be
located at a distance from the diver and which delivers
breathing gas under high pressure, a breathing device
which is intended to be worn by the diver, and a hose
which connects the external gas source to the breathing
device. The invention also relates to a method for pro-
viding a diver with breathing gas.

[0002] The system can be used in, for example, what
is known as surface-supplied diving or deep diving, the
diver, via a hose, being provided with breathing gas from
pressurized gas containers located above the surface of
the water or in a space which may be located below the
surface of the water. The system can also be used in
smoke-helmeted firefighting or other hose diving where
the user or diver is provided with breathing gas via a hose
from a gas source whichis located outside the area where
the user/diver is active.

Background of the invention

[0003] Generally, such hose-diving systems can be di-
vided into two different types, namely open and closed
systems. In the open systems, the diver breathes in the
breathing gas which is delivered through the hose, after
which the exhalation gas is conveyed out to the environ-
ment surrounding the diver. In the more complicated
closed systems, or push-pull systems, on the other hand,
the exhalation gas is returned through a second hose to
the gas source for regeneration of breathing gas.
[0004] Hose-diving systems have considerable ad-
vantages compared with other systems where the diver
himself/herself carries the gas source with him/her, usu-
ally in the form of a pressurized gas container. For ex-
ample, the diver does not have to come up to the surface
or leave the working area in order to replenish the gas
supply. In the case of hose-diving, such replenishment
can take place by assistants at the gas source coupling
a new container to the hose when the gas in the previ-
ously used container has been used up. The diver can
continue to work during this operation, and the length of
the working period is therefore not dependent on the size
of the gas supply the diver would otherwise carry with
him/her. Another advantage of hose-diving systems is
that the diver does not have to carry heavy, unwieldy gas
containers. This contributes to increased mobility and a
reduced risk of hose-diver fatigue.

[0005] Hose-divingis therefore often used for protract-
ed and complicated work, such as underwater repairs
and rescue work in smoke-filled premises. Hose-diving
systems are also often used in rescue operations in other
situations, for example in caves with poisonous or oth-
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erwise dangerous atmosphere.

[0006] In order for it to be possible for a hose-diver/
user to perform good, effective work, it is therefore of vital
importance that the mobility of the diver/user is impaired
to the minimum possible extent. It is also important that
the equipment the diver/user carries weighs as little as
possible and is easy to handle. Anotherimportant aspect,
especially in the case of rescue operations, is that the
entire system is simple to transport, even over rough ter-
rain. In this connection, it is furthermore of great impor-
tance that the system can be set in operation quickly and
that the diver/user can transfer rapidly and unhindered
from the installation site where the gas source is located
to the area where the rescue operation is to be effected.
Another important aspect is that the system has great
reliability and includes as few components as possible,
which may suffer breakdown or malfunction.

[0007] In known open hose-diving systems, such as
the system described in US 4,986,267, the gas source
often consists of a pressurized gas container. When filled
completely with breathing gas, the container is usually
pressurized to a maximum of around 300 bar. Afirst pres-
sure regulator is arranged in direct proximity to the con-
tainer. A breathing device worn by the diver comprises
a breathing valve with a mouthpiece through which the
diver breathes. The first pressure regulator is arranged
to reduce the pressure from the container, so that the
pressure in the hose between the first pressure regulator
and the breathing device is around 10 bar plus around 1
bar above the ambient pressure applying around the div-
er. The breathing device often also comprises a second
pressure regulator, for fine adjustment of the pressure
between this second pressure regulator and the breath-
ing valve. Finally, the breathing valve reduces the pres-
sure to a breathing pressure which is approximately the
same as the ambient water or atmospheric pressure.
[0008] As the breathing gas is conveyed from the first
pressure regulator via the hose to the breathing device
under a reduced pressure of around 10 bar plus around
1 bar above the ambient pressure around the diver, a
certain minimum inner cross-sectional area of the hose
is required in order to ensure a sufficiently great flow of
breathing gas through the hose. In particular in the case
of long hoses, this causes considerable problems as the
hose has to be designed with a relatively large inner
cross-sectional area. This results in the hose having to
be made relatively thick, which in turn leads to the hose
being heavy and unwieldy to handle. Moreover, such a
thick hose constitutes considerable wind resistance
when it is used outdoors on land, which of course makes
it more difficult for the user to move unhindered. This
problem is even worse for a diver because a thick hose
constitutes great water resistance and because the ac-
tion of the water on the hose results in great forces which
are difficult to deal with but have to be overcome and
resisted by the diver. It is especially disadvantageous
and even dangerous to use a thick hose in water with
underwater currents because such currents can pull the
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hose along with such force that the diver cannot resist it
but is instead pulled away from the working area.
[0009] US 4,037,594 closest prior art and US
3,370,585 describe two closed hose-diving systems.
These closed systems are considerably more complicat-
ed than the open systems and comprise a gas source in
the form of a regeneration apparatus for regenerating
fresh breathing gas from used exhalation gas and a pump
for conveying the breathing gas through a first hose to
the diver. The breathing gas is conveyed through the
hose under a pressure which is slightly higher than the
ambient pressure in order to feed the gas to the diver.
The exhalation gas is conveyed back to the gas source
through a second hose. In the closed systems, the prob-
lems of the hose hindering the diver in his or her work
are of course even greater because the relatively low
feed pressure requires a large cross-sectional area of
the feed hose and because the system itself requires two
hoses or alternatively a heavy coaxial hose.

Objects of the invention

[0010] One object of the invention is therefore to pro-
duce a system and a method of the kind indicated in the
introduction, which substantially increase the freedom of
movement of the diver.

[0011] Another objectis to produce such a system and
method which are reliable and where the number of com-
ponents included is minimized.

[0012] A further object is to produce such a system
and method which allow a relatively thin and light hose
to be used in order to minimize the negative effect of the
hose on the freedom of movement of the diver.

Summary of the invention

[0013] According to the invention, these and other ob-
jects are achieved with a system as defined by claim 1.
[0014] By virtue of the fact that the breathing gas is
conveyed through the hose under the high pressure
which is delivered from the gas source, a sufficiently great
gas flow through the hose can be ensured even if the
hose is designed with a relatively small inner cross-sec-
tional area. With a suitable choice of hose material, the
outer circumference of the hose can then also be kept
small, the hose then constituting during use considerably
smaller wind or water resistance than was previously
possible. The small cross-sectional dimension of the
hose also reduces the weight of the hose, which makes
both the work at the site of the diver and transport, in-
stallation and setting in operation of the system easier.
A hose with a small cross-sectional dimension is more-
over more flexible and easier to handle, which also makes
both the work of the diver at the site and letting-out and
hauling-in of the hose easier.

[0015] Another advantage of the system according to
the invention is that the number of components included
can be kept to a minimum because no pressure regulator
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is necessary at the gas source. The risk of malfunctioning
of the system is thus reduced.

[0016] Other advantages of the invention emerge from
the dependent claims. For example, the hose can be
made wholly or partly of polyamide fibers, such as Kevlar.
Such a high-strength material ensures that the hose can
withstand the high pressures of up to 700 bar or 300 bar
which are delivered by the gas source. Moreover, if it is
made from such a material, the hose can, in addition to
serving as a gas line, also be designed so as itself to
constitute a lifeline with which the diver/user can, for ex-
ample, be pulled up to the surface or out of smoke-filled
premises in the event of an accident. In this way, an oth-
erwise necessary separate lifeline is eliminated.

[0017] The system also allows flexibility with regard to
how the breathing gas is coupled to the conventional
breathing device which is worn by the diver. According
to one embodiment, for example, the hose can be cou-
pled to the breathing device so that the breathing gas
delivered from the gas source can be used in order to fill
a reserve gas container under high pressure which is
carried by the diver.

[0018] The invention also relates to a method for con-
veying breathing gas to a diver. The method is defined
in independent patent claim 11 and further features and
advantages of the method emerge from subordinate pat-
ent claims 12 to 17.

Description of preferred embodiments

[0019] Different illustrative embodiments are de-
scribed below with reference to the accompanying fig-
ures, in which:

Fig. 1 shows a diagrammatic sketch of a first em-
bodiment of the invention, and

Fig. 2 shows a corresponding diagrammatic sketch
of a second embodiment.

[0020] Fig. 1 shows a first embodiment of a system
according to the invention. The system comprises a gas
source in the form of a pressurized container 1 which
contains breathing gas, for example air or nitrox. The
container is of the standard type found on the market.
These standard containers have different maximum
pressure for different markets. The maximum pressure,
which corresponds to the pressure in the container when
it is full, is 200 bar on some markets, for example, while
it is 300 bar on other markets. Containers with a maxi-
mum pressure of 700 bar are also found. All these differ-
ent standard containers, but also other containers which
deliver breathing gas under high pressure, can be used
in the system according to the invention. The main point
is that the container can deliver exhalation gas under a
pressure which is considerably higher than the ambient
pressure surrounding the diver.

[0021] The container is connected, via a shut-off valve
2,toahigh-pressure hose 3. During normal use, the shut-
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off valve 2 is open, so that the pressure prevailing in the
container 1 also prevails in the hose 3. The shut-off valve
is closed, for example, when the container 1 is ex-
changed, so as to maintain the high pressure in the hose
3, and after work is completed, when the system is de-
mounted. The hose 3 is made from a high-strength ma-
terial and is designed to withstand the high container
pressures. In other words, the high-pressure hose 3 is
constructed and manufactured so as to be capable of
with a good margin supporting internal pressures of 300
bar and in some applications 700 bar without risk of the
high pressure damaging the hose. The hose 3 can, for
example, comprise an inner gastight layer, an interme-
diate pressure-absorbing layer and an outer durable lay-
er. The intermediate layer can, for example, consist of or
contain carbon fibers, such as Kevlar, or braided metal.
[0022] At its other end, via a non-return valve 3a, the
hose 3 is coupled to a breathing device 4 which is worn
by the diver (not shown). The breathing device 4 com-
prises a mouthpiece 5 through which the diver breathes,
a breathing valve 6, a pressure-reducing valve 7, a shut-
off valve 8 and a reserve gas container 9.

[0023] During use, the breathing gas is conveyed from
the container 1 under unregulated container or bottle
pressure via the hose 3 to the breathing device 4. In other
words, the pressure prevailing in the container 1 at any
time also prevails in the hose 3. The shut-off valve 8 of
the breathing device 4 is normally closed. The unregu-
lated bottle pressure also prevails in the line 10 between
this shut-off valve 8 and the pressure-reducing valve 7.
The pressure-reducing valve 7 is arranged so as, irre-
spective of the pressure upstream of it, that is to say in
the container 1, the hose 3 and the line 10, to keep the
pressure in the line 11 at around 10 bar. This pressure
is reduced further by the breathing valve 6, so that the
pressure prevailing in the mouthpiece is approximately
the same as or slightly higher than the ambient water or
atmospheric pressure.

[0024] During use of the system, the pressure in the
container 1 falls gradually as the breathing gas is used
up. When the container pressure falls below a certain
value, a sufficient flow through the hose can no longer
be guaranteed on account of the pressure drop along the
hose. Personnel at the container 1 then close the shut-
off valve 2, the pressure in the system downstream of
this valve 2 then being maintained in a controlled manner,
so that the container 1 can be exchanged. In order to
ensure a good gas supply, this is done when the pressure
in the container and the hose reaches a lower limit value.
This limit value can be related to the ambient pressure
surrounding the diver, for example to the ambient pres-
sure around the diver plus around 30 bar. In practice, a
fixed limit value can be set at around 50 bar. During the
time it takes to exchange the container, the quantity of
breathing gas present in the hose is sufficient for supply-
ing the diver. When the container 1 has been exchanged,
the valve 2 is opened again, the hose 3 then being re-
pressurized to the unregulated bottle pressure.
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[0025] In the event of, for example, the high-pressure
hose 3 breaking, or if the supply of breathing gas from
the container 1 should stop for any other reason, the non-
return valve 3a guarantees that the pressure in the
breathing device does not fall in an uncontrolled manner.
The diver can then open the shut-off valve of the breath-
ing device 4, breathing gas from the reserve container 9
then being received.

[0026] In the embodiment shown in Fig. 1, an oppor-
tunity is also afforded for refilling the reserve container 9
in the course of working. In this connection, the shut-off
valve 8 of the breathing device 4 is opened, the high
unregulated container pressure in the hose 3 and the line
10 overcoming the pressure in the reserve gas container
9, so that breathing gas from the container 1 can fill the
reserve container 9.

[0027] Fig. 2 shows an alternative embodiment. The
components which have an equivalent in Fig. 1 have the
same reference number in Fig. 2 as well. The embodi-
ment shown in Fig. 2 differs from that in Fig. 1 in that the
breathing gas from the container 1 is supplied to a breath-
ing device 4 downstream of the pressure-reducing valve
7 of the breathing device 4. For this, a further pressure-
reducing valve 12 is arranged at the end of the high-
pressure hose 3 at or in proximity to the breathing device
4. This pressure-reducing valve 12 is adapted so as, ir-
respective of the pressure in the container 1 and the hose
3, to keep the pressure in the line 11 at around 10 bar.
A non-return valve 13 is arranged between this pressure
regulator 12 and the line 11 in order to prevent uncon-
trolled pressure drop in the breathing device 4 inthe event
of, for example, the hose 3 breaking. Alternatively, the
pressure-reducing valve 12 and the non-return valve 13
can consist of one and the same component.

[0028] The embodiment shown in Fig. 2 has inter alia
the advantage that connection to the breathing device 4
is easier to carry out because the connection takes place
on the low-pressure side of the breathing device.
[0029] According to an embodiment which is not
shown, fastening means are arranged in proximity to the
downstream end of the hose. These fastening means are
designed to be fastened to, for example, a harness which
is worn by the diver or to the diving suit. The fastening
means also have load-relievers so that the gas-convey-
ing coupling between the hose and the breathing device
is not loaded even if great forces arise between the hose
and the diver. With the aid of the fastening means, the
diver is therefore attached securely to the hose, so that
the hose can be used as a lifeline in order, for example,
to hoist a diver up through the water or to pull a smoke-
helmeted firefighter out of smoke-filled premises. In this
way, a separate lifeline, which should otherwise always
form part of a hose-diving system for safety reasons, is
eliminated completely. Fastening means with load-reliev-
ers can of course also be arranged at the upstream end
of the hose in order to secure the hose/the lifeline against
being pulled loose.

[0030] In the example shown, the maximum container
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pressure is around 300 bar, and the total length of the
hose is around 100 m. In order to ensure a sufficient gas
flow through the hose to the diver, the high-pressure hose
has an inner diameter of around 3 mm. If, as in the ex-
ample, the hose is made wholly from Kevlar, the outer
diameter of the hose can than be kept as small as 9 mm.
This is to be compared with conventional systems where
the pressure in the hose is reduced from 300 bar to
around 10 bar plus around 1 bar above the ambient pres-
sure around the diver and where the inner diameter of
the hose, with the same hose length, is usually around
9 mm in order to provide a sufficient flow. This minimum
permitted inner diameter gives an outer hose diameter
of around 22 mm. With the system according to the in-
vention, it is therefore possible considerably to reduce
the cross-sectional dimension of the hose, which results
in the advantages described above.

[0031] The embodiments described above are given
as examples, and it will be understood that the invention
can be varied within the scope of the following patent
claims. For example, the reserve containers 9 and the
shut-off valves 8 shown in the figures can be dispensed
with if deemed appropriate.

[0032] The breathing device can be designed in many
different ways, as long as the system comprises pres-
sure-reducing means which are worn by the diver and
which reduce the pressure in the hose to a suitable
breathing pressure. The breathing device can, for exam-
ple, comprise a pressure regulator or a nozzle which, on
the upstream side, is connected to the high-pressure
hose and, on the downstream side, is connected to a
helmet, mask or hood which is worn by the diver or to a
diving bell in which the diver is located.

Claims

1. A system for providing a diver/user with breathing
gas, the system comprising an external gas source,
which is intended to be located at a distance from
the diver and which delivers breathing gas under
pressure, a breathing device (4) which is intended
to be worn by the diver/user, and a hose (3) which
connects the gas source to the breathing device,
characterized in that the system is an open system
and comprises a pressure-reducing valve (7, 12),
which is arranged at or in proximity to the breathing
device; the external gas source is a container (1)
which is pressurized to between around 50 and
around 700 bar; the hose (3) is of the high-pressure
type designed to withstand the high pressure pre-
vailing in the container (1); and in that the breathing
gas is conveyed through the hose from the container
(1) to the pressure-reducing valve® (7, 12) under es-
sentially the pressure which is delivered from the
container (1).

2. Thesystemasclaimedinclaim 1, the container being
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10.

11.

pressurized to around 200 or around 300 or around
700 bar when it is full.

The system as claimed in claim 1 or 2, the hose (3)
being designed to transport the breathing gas under
apressure of up toaround 300 bar or around 200 bar.

The system as claimed in any one of claims 1-3, the
hose (3) being made of, or containing, carbon fibers,
preferably Kevlar.

The system as claimed in claim 4, the pressure-re-
ducing valve (7, 12) reducing the pressure to around
10 bar.

The system as claimed in any one of claims 1-5, the
breathing device (4) comprising a breathing valve
(6), a first pressure-reducing valve (7) arranged up-
stream of the breathing valve (6), and a reserve gas
container (9) arranged upstream of the first pressure-
reducing valve (7), and the hose (3) being connected
to the breathing device (4) between the pressure-
reducing valve (7) and the reserve gas container (9).

The system as claimed in any one of claims 1-5, the
breathing device (4) comprising a breathing valve
(6), a first pressure-reducing valve (7) arranged up-
stream of the breathing valve (6), and a reserve gas
container (9) arranged upstream of the first pressure-
reducing valve (7), and the hose (3), via a second
pressure-reducing valve (12), being connected to
the breathing device (4) between the breathing valve
(6) and the first pressure-reducing valve (7).

The system as claimed in any one of claims 1-5, the
breathing device comprising a pressure-reducing
valve and being designed to deliver breathing gas
to a helmet, mask or hood which is intended to be
worn by the diver.

The system as claimed in any one of claims 1-8, the
hose (3) comprising means for being fastened to the
diver, so that the hose can constitute a lifeline.

The system as claimed in any one of claims 1-9, the
breathing gas consisting of air or nitrox.

A method for providing a diver/user with breathing
gas, the breathing gas being conveyed -from a gas
source which is located at a distance from the diver/
user through a hose to a breathing device which is
worn by the diver, characterized in that the gas is
conveyed through an open system comprising a
pressure-reducing valve (7, 12), which is arranged
at or in proximity to the breathing device (4), from a
gas source in the form of a container (1) to the pres-
sure-reducing valve (7, 12) through a hose of the
high-pressure type under a pressure of between
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around 50 and around 700 bar, wich pressure is es-
sentially the pressure delivered by the container (1).

The method as claimed in claim 11, the breathing
gas being conveyed through the hose under a max-
imum pressure of around 200 bar.

The method as claimed in claim 11, the breathing
gas being conveyed through the hose under a max-
imum pressure of around 300 bar.

The method as claimed in claim 11, the breathing
gas being conveyed through the hose under a max-
imum pressure of around 700 bar.

The method as claimed in any one of claims 11-14,
the pressurized container being exchanged when
the pressure in it falls to a limit value.

The method as claimed in claim 15, the limit value
being around 50 bar.

The method as claimed in any one of claims 11-16,
the breathing gas consisting of air or nitrox.

Patentanspriiche

1.

Ein System zur Versorgung eines Tauchers/Benut-
zers mit Atemgas, wobei das System eine externe
Gasquelle umfasst, welche dafiir gedachtist, um be-
abstandet von dem Taucher angeordnet zu sein, und
welche Atemgas unter Druck abgibt, und weiterhin
eine Atemvorrichtung (4) umfasst, welche gedacht
ist, um durch den Taucher/Benutzer getragen zu
werden, und einen Schlauch (3), welcher die Gas-
quelle mit der Atemvorrichtung verbindet,

dadurch gekennzeichnet, dass

das System ein offenes System ist, und ein druck-
reduzierendes Ventil (7, 12) umfasst, welches an
oder in der Nahe der Atemvorrichtung angeordnet
ist, wobei die externe Gasquelle ein Behalter (1) ist,
welcher unter einem Druck zwischen ungeféhr 50
und 700 bar steht, wobei der Schlauch (3) von einer
Hochdruckart ist und gestaltet ist, um dem hohen
Druck zu widerstehen, der in dem Behalter (1) vor-
herrscht,

und dadurch, dass das Atemgas durch den Schlauch
von dem Behalter (1) zu dem druckreduzierenden
Ventil (7, 12) unter im wesentlichen dem Druck ge-
férdert wird, mit welchem es von dem Behalter (1)
abgegeben wird.

System nach Anspruch 1, wobei der Behalter unter
einem Druck von ungeféhr 200 bar oder ungefahr

300 bar oder ungefahr 700 bar steht, wenn er vollist.

System nach Anspruch 1 oder Anspruch 2, wobei
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10.

11.

der Schlauch (3) gestaltet ist, um das Atemgas mit
einem Druck von bis zu ungefahr 300 bar oder un-
gefahr 200 bar zu transportieren.

System nach irgendeinem der Anspriiche 1 - 3, wo-
bei der Schlauch (3) Kohlefasern, vorzugsweise
Kevlar, beinhaltet oder daraus hergestellt ist.

System nach Anspruch 4, wobei das druckreduzie-
rende Ventil (7, 12) den Druck auf ungefahr 10 bar
reduziert.

System nach irgendeinem der Anspriiche 1 - 5, wo-
bei die Atemvorrichtung (4) ein Atemventil (6), ein
erstes druckreduzierendes Ventil (7), welches
stromaufwarts von dem Atemventil (6) angeordnet
ist, und einen Reservegasbehalter (9) umfasst, der
stromaufwarts von dem ersten druckreduzierenden
Ventil (7) angeordnet ist, und der Schlauch (3) mit
der Atemvorrichtung (4) zwischen dem druckredu-
zierenden Ventil (7) und dem Reservegasbehalter
(9) verbunden ist.

System nach irgendeinem der Anspriiche 1 - 5, wo-
bei die Atemvorrichtung (4) ein Atemventil (6), ein
erstes druckreduzierendes Ventil (7), welches
stromaufwarts von dem Atemventil (6) angeordnet
ist, und einen Reservegasbehalter (9) umfasst, wel-
cher stromaufwarts von dem ersten druckreduzie-
renden Ventil (7) angeordnet ist, und der Schlauch
(3) Uber ein zweites druckreduzierendes Ventil (12)
mit der Atemvorrichtung (4) zwischen dem Atemven-
til (6) und dem ersten druckreduzierenden Ventil (7)
verbunden ist.

System nach irgendeinem der Anspriiche 1 - 5, wo-
bei die Atemvorrichtung ein druckreduzierendes
Ventil umfasst und gestaltet ist, um Atemgas zu ei-
nem Helm, einer Maske oder einer Haube zu trans-
portieren, welche(r) dafiir gedacht ist, um von dem
Taucher getragen zu werden.

System nach irgendeinem der Anspriiche 1 - 8, wo-
bei der Schlauch (3) Mittel zur Befestigung an dem
Taucher umfasst, so dass der Schlauch eine Ret-
tungsleine bilden kann.

System nach irgendeinem der Anspriiche 1 - 9, wo-
bei das Atemgas aus Luft oder Nitrox besteht.

Verfahren zur Versorgung eines Tauchers/Benut-
zers mit Atemgas, wobei das Atemgas von einer
Gasquelle, welche beabstandet von dem Taucher/
Benutzer angeordnet ist, durch einen Schlauch zu
einer Atemvorrichtung gefordert wird, welche durch
den Taucher getragen wird,

dadurch gekennzeichnet, dass

das Gas durch ein offenes System geférdert wird,
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welches ein druckreduzierendes Ventil (7, 12) um-
fasst, welches an oder in der Nahe der Atemvorrich-
tung (4) angeordnet ist, von einer Gasquelle in der
Form eines Behalters (1) zu dem druckreduzieren-
den Ventil (7, 12) durch einen Schlauch der Hoch-
druckart mit einem Druck zwischen ungefahr 50 bar
und ungefahr 700 bar, wobei der Druck im wesent-
lichen dem Druck entspricht, der durch den Behalter
(1) abgegeben wird.

Verfahren nach Anspruch 11, wobei das Atemgas
durch den Schlauch mit einem Maximaldruck von
ungefahr 200 bar geférdert wird.

Verfahren nach Anspruch 11, wobei das Atemgas
durch den Schlauch mit einem Maximaldruck von
ungefahr 300 bar geférdert wird.

Verfahren nach Anspruch 11, wobei das Atemgas
durch den Schlauch mit einem Maximaldruck von
ungefahr 700 bar geférdert wird.

Verfahren nach irgendeinem der Ansprtiche 11 - 14,
wobei der unter Druck stehende Behélter ausge-
tauscht wird, wenn der Druck in ihm unter einen
Grenzwert fallt.

Verfahren nach Anspruch 15, wobei der Grenzwert
ungefahr bei 50 bar liegt.

Verfahren nach irgendeinem der Anspriiche 11 - 16,
wobei das Atemgas aus Luft oder Nitrox besteht.

Revendications

Systéme de fourniture de gaz respiratoire a un plon-
geur/utilisateur, le systtme comprenant une source
de gaz externe, qui est destinée a étre placée a dis-
tance du plongeur et qui fournit du gaz respiratoire
sous pression, un dispositif respiratoire (4) qui est
destiné a étre porté par le plongeur/utilisateur, et un
tuyau (3) qui connecte la source de gaz au dispositif
respiratoire, caractérisé en ce que le systéme est
un systeme ouvert et comprend une valve de réduc-
tion de pression (7, 12), qui est disposée au dispositif
respiratoire ou a proximité de celui-ci; la source de
gaz externe est un récipient (1) qui est pressurisé a
entre environ 50 et 700 bar; le tuyau (3) est du type
haute pression, congu pour résister a la haute pres-
sion régnant dans le récipient (1); et en ce que le
gaz respiratoire est transporté du récipient (1) a la
valve de réduction de pression (7, 12) sous essen-
tiellement la pression qui est fournie depuis le réci-
pient (1).

Systéme tel que revendiqué dans la revendication
1, le récipient étant pressurisé a environ 200 ou en-
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viron 300 ou environ 700 bar, lorsqu’il est plein.

Systéme tel que revendiqué dans les revendications
1 ou 2, le tuyau (3) étant congu pour transporter le
gaz respiratoire sous pression allant jusqu’a environ
300 bar ou environ 200 bar.

Systéme tel que revendiqué dans I'une quelconque
des revendications 1 a 3, le tuyau (3) étant fabriqué
en, ou contenant des fibres de carbone, de préfé-
rence du Kevlar.

Systéme tel que revendiqué dans la revendication
4, la valve de réduction de pression (7, 12) réduisant
la pression a environ 10 bar.

Systéme tel que revendiqué dans I'une quelconque
des revendications 1 a 5, le dispositif respiratoire (4)
comprenant une valve respiratoire (6), une premiére
valve de réduction de pression (7) disposée en
amont de la valve respiratoire (6), et un récipient de
gaz de réserve (9) disposé en amont de la premiére
valve de réduction de pression (7), et le tuyau (3)
étant connecté au dispositif respiratoire (4) entre la
valve de réduction de pression (7) et le récipient de
gaz de réserve (9).

Systéme tel que revendiqué dans I'une quelconque
des revendications 1 a 5, le dispositif respiratoire (4)
comprenant une valve respiratoire (6), une premiére
valve de réduction de pression (7) disposée en
amont de la valve respiratoire (6), et un récipient de
gaz de réserve (9) disposé en amont de la premiére
valve de réduction de pression (7), et le tuyau (3)
étant connecté, par le biais d’'une seconde valve de
réduction de pression (12), au dispositif respiratoire
(4) entre la valve respiratoire (6) et la premiére valve
de réduction de pression (7).

Systéme tel que revendiqué dans I'une quelconque
des revendications 1 a 5, le dispositif respiratoire
comprenant une valve de réduction de pression, qui
est congue pour fournir du gaz respiratoire a un cas-
gue, un masque ou une capuche, qui est destiné(e)
a étre porté(e) par le plongeur.

Systéme tel que revendiqué dans I'une quelconque
des revendications 1 a 8, le tuyau (3) comprenant
des moyens destinés a étre attachés au plongeur de
maniére a ce que le tuyau puisse constituer une ligne
de sauvetage.

Systéme tel que revendiqué dans I'une quelconque
des revendications 1 a 9, le gaz respiratoire consis-
tant d’air ou de nitrox.

Procédé de fourniture de gaz respiratoire a un plon-
geur/utilisateur, le gaz respiratoire étant transporté
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d’'une source de gaz qui est située a distance du
plongeur/utilisateur par le biais d’'un tuyau vers un
dispositif respiratoire, qui est porté par le plongeur,
caractérisé en ce que le gaz est transporté par le
biais d’'un systéme ouvert comprenant une valve de
réduction de pression (7, 12) qui est disposé au dis-
positif respiratoire (4) ou a proximité de celui-ci, de-
puis une source de gaz sous la forme d’un récipient
(1) vers la valve de réduction de pression (7, 12) a
travers un tuyau du type haute pression sous une
pression comprise entre environ 50 et environ 700
bar, laquelle pression est essentiellement la pres-
sion fournie par le récipient (1).

Procédé tel que revendiqué dans la revendication
11, le gaz respiratoire étant transporté a travers le
tuyau sous une pression maximale d’environ 200
bar.

Procédé tel que revendiqué dans la revendication
11, le gaz respiratoire étant transporté a travers le
tuyau sous une pression maximale d’environ 300
bar.

Procédé tel que revendiqué dans la revendication
11, le gaz respiratoire étant transporté a travers le
tuyau sous une pression maximale d’environ 700
bar.

Procédé tel que revendiqué dans I'une quelconque
des revendications 11 a 14, le récipient pressurisé
étant échangé lorsque la pression dans celui-ci tom-
be a une valeur-seuil.

Procédeé tel que revendiqué dans la revendication
15, la valeur-seuil étant d’environ 50 bar.

Procédé tel que revendiqué dans I'une quelconque
des revendications 11 a 16, le gaz respiratoire con-
sistant d’air ou de nitrox.
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