Oxygen reduction system and method for operating an.oxygen reduction system
Description

Accordingly, an aspect of the invention provides a method for operating an oxygen
reduction system comprising a source of inert gas for providing an oxygen-reduced
gas mixture, or inert gas respectively, and a line system. The line system of the
oxygen reduction system is fluidly connected or connectable to the inert gas
source and to at least one enclosed area in order to supply at least a portion of
the gas mixture or gas provided by the inert gas source to the at least one
enclosed area as needed, The method comprises supplying for at least a portion of
the gas mixture or gas provided by the inert gas source to be fed through the line
system to the at least one enclosed area during the normal operation of the
oxygen reduction system such that the oxygen content in the atmosphere of the
enclosed area assumes a predefined or definable value which is reduced compared
to the oxygen content of the normal ambient air. The method further comprises
the method step of conducting a leak test on at least one section of the line
system by pressure-testing the line section to be checked for tightness using at
least a portion of the gas mixture or gas provided by the inert gas source, and
wherein the inert gas source comprises a compressor system and a gas separation
system situated downstream of the compressor system in terms of the flow,
wherein an initial gas mixture compressed by the compressor system is at least
intermittently introduced into an inlet of the gas separation system and wherein
the compressed initial gas mixture is at least partly separated into different gas
components in the gas separation system such that an oxygen-reduced and
nitrogen-enriched gas mixture is provided at an outlet of the gas separation
system, wherein to conduct the leak test, either the compressed initial gas mixture
provided by the compressor system or the nitrogen-enriched gas mixture provided
at the outlet of the gas separation system is introduced into the section of the line
system to be checked.

Embodiments of the invention further relate to an oxygen reduction system for
the regulated reducing of the oxygen content in the atmosphere of an enclosed
area, wherein the oxygen reduction system comprises an Inert gas source for
providing an oxygen-reduced gas mixture, or inert gas respectively, and a line
system which is fluidly ¢onnected or connectable to the inert gas source and to
the enclosed area in order to supply at least a portion of the gas mixture or gas
provided by the inert gas source to the enclosed area as needed.
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The method or system according to embodiments of the invention, serves for
example in minimizing risk and in extinguishing fires in a protected room subject to
monitoring, whereby the enclosed room may be continuously rendered inert to
different drawdown levels for the purpose of preventing or controlling fire.

A further application example for the inventive inerting method is providing
hypoxic training conditions in an enclosed room in which the oxygen content has
been reduced. Such a room enables training under artificially simulated high-
altitude conditions, also referred to as “normobaric hypoxic training.” Another



example of use is the storing of itemns, particularly food, preferentially pomaceous
fruit, in a so-called “controlied. atmosphere (CA)" in which the proportional
percentage of atmospheric oxygen is regulated in order to, among other things,
slow the aging process acting on the perishable merchandise.

The basic principle behind inerting technoiogy to prevent fires is based on the
knowledge that in enclosed rooms which are only entered occasionally by humans
or animals, and in which the equipment housed therein reacts sensitively to the
effects of water, the risk of fire can be countered by reducing the oxygen
concentration in the relevant area to a value of e.g. approximately 15% by
volume. At such a {reduced) oxygen concentration, most combustible materials
can no longer ignite. Acéordingly, the main areas of application fo'r inerting
technology in preventing fires also include IT areas, €lectrical switching and

- distribution rooms, enclosed facilities as well as storage areas containing high-
value commercial goods.

The preventative effect resulting from this method is based on the principle of
oxygen displacement. As is known, normal ambient air consists of 21% oxygen by
volume, 78% nitrogen by volume and 1% by volume of other gases. For fire
pravention purposes, the oxygen content of the spatial atmosphere within the
enclosed room is decreased by introducing an oxygen-displacing gas, for example
nitrogen. A preventative effect is known to begin as soon as the percentage of
oxygen drops below about 15% by volume. Depending upon the flammable
substances stored in the protected room, it may be necessary to further lower the
percentage of oxygen to, for example, 12% by volume,

The principle of an oxygen reduction system of the type cited at the outset is
known from the prior art. For example, the published DE 198 11 851 Al
document describes an inerting system designed to lower the oxygen content in
an enclosed room to a specific base inerting level and, in the event of a fire, to
rapidly lower the oxygen content further to a specific full inerting level.

The term “base inerting level” as used herein is to be understood as referring to
a reduced oxygen content compared to the oxygen content of the normal ambient
air, however whereby this reduced oxygen content poses no danger of any kind
to persons or animals such that they can stil! enter into the area continuously
rendered inert — at least briefly — without any problem; i.e. without any special



protective measures such as e.g. oxygen masks. The base inerting level

corresponds to an oxygen content within the protected area of for example 15%
to 17% by volume,

On the other hand, the term “full inerting level” is to be understood as an oxygen
content which has been further reduced compared to the oxygen content of the
base inerting level such that the flammability of most materials has already been
decreased to a level at which they are no longer able to ignite. Depending upon
the fire load within the respective area, the full inerting level generally ranges
from 12% to 14% oxygen concentration by volume. ‘

In order to equip an enclosed area with an oxygen reduction system, an
appropriate source of inert gas is first to be provided so as to be able to supply
an oxygen-reduced gas mixture or an inert gas to be introduced into the enclosed
room. The dispensing capacity of the inert gas source; i.e. the amount of inert
gas the inert gas source is able to provide per unit of time, should thereby be
designed for the properties of the enclosed area, particularly the spatial velume
and/or the airtightness of the enclosed area. If the oxygen reduction system is
used as a (preventive) fire control measure, it is particularly to be ensured that,
in the event of a fire, a sufficient amount of inert gas can be introduced into the
spatial atmosphere of the enclosed area within a very short period of time so that
an extinguishing effect occurs as quickly as possible.

Although the oxygen-reduced gas mixture respectively inert gas to be introduced
into the enclosed area as needed can in principle be stored in @ bank of high-
pressure cylinders; it has become standard practice to produce at least a portion
of the oxygen-reduced gas mixture to be supplied by the inert gas source in situ,
particularly because the storage of inert gas in gas cylinder banks requires
special structural measures.

In order to be able to produce at least some of the oxygen-reduced gas mixture
and/or inert gas to be supplied in situ, the inert gas source usually comprises a
compressor system as well as a gas separation system connected to the
compressor system’s discharge-side outlet, The compressor system compresses
an initial gas mixture and at least a portion of the oxygen contained within the
compressed initial gas mixture is separated out in the gas separation system



fluidly connected to the compressor system so that an oxygen-reduced gas
mixture is provided at the outlet of the gas separation system.

As used herein, the term “initial gas mixture” refers in general to a mixture of
gas which, in addition to containing oxygen, particularly also comprises nitrogen
and further gases as applicable such as e.g. noble gases. Normal ambient air is
for example feasible as an initial gas mixture; i.e. a mixture of gas consisting of
21% oxygen by volume, 78% nitrogen by volume and 1% by volume of other
gases. It is however also conceivable to use a portion of the enclosed area’s air
as the initial gas mixture, whereby fresh air is then preferably added to this
portion of air from the enclosed area.

Realizing the technical configuration of an enclosed area equipped with an
oxygen reduction system in particular requires the provision of a line system via
which the oxygen-reduced gas mixture or inert gas supplied by the inert. gas
source can bhe fed to the enclosed area when needed. It is hereby not uncommon
for the line system to not only fluidly connect just one individual area to the inert
gas source; the line system in fact frequently connects a plurality of areas to the
oxygen reduction system’s inert gas source so as to be able to render multiple
areas inert when needed, for example within a building having only one oxygen
reduction system. The line system is inasmuch particularly realized to some
extent as a gas pipeline system of rather complex design.

The present invention is based on the task of specifying an oxygen reduction
system, respectively a method for operating an oxygen reduction system, able fo
ensure compliance with the technical configuration standards without separate
verification. In the present context, standards in particular refer to compliance
with the respective safety reguiations and — when the oxygen reduction system is
used for the purpose of preventive fire protection — the assurance of a sufficient
extinguishing agent supply in case of fire.-

With respect to the method, the task on which the invention is based is solved
by the subject matter of independent claim 1 and with respect to the oxygen
reduction system, by the subject matter of independent claim 14. Advantageous
further developments of the inventive operating method are indicated in
dependent claims 2 to 13 and of the Inventive oxygen reduction system in
dependent claim 15.



To solve the task on which the invention is based and to ensure that the oxygen
reduction system is in compliance with the respectively applicable technical
configuration standards without performing separate verification thereof, it is
inventively provided to enlist the technical components of the oxygen reduction
system in conducting preferably regular leakage testing on at least one section of
the line system. The leak test uses at least a portion of the gas mixture or gas
provided by the inert gas source of the oxygen reduction system to pressure-test
the line section to be checked for tightness.

The leak test is preferably conducted at predefinabie times and/or upon
predefinable events, whereby it can particularly occur automatically and/or
selectively automatically. In conjunction hereto, it is for example conceivable for
the leak test to be conducted when the oxygen content in the atmosphere of the
at least one enclosed area has been reduced to the predefined or definable value
by the reguiated.feed of at least a portion of the gas mixture or gas provided by
the inert gas source, whereby none of‘the gas mixture or gas provided by the
inert gas source is fed into the at least one enciosed area through the line system
while the leak test is being conducted.

Pressure-testing the line section to be checked for tightness of the line system part
of the oxygen reduction system is conducted according to the inventive solution by
means of a gas, or a gas mixfure respectively, provided by the inert gas source
part of the axygen reduction system. In one preferential realization of the

inventive solution, it is in this context provided for the inert gas source to comprise
a compressor system and a gas separation system situated downstream thereof in
terms of the flow, wherein an initial gas mixture compressed by the compressor
system is at least intermittently introduced into an inlet of the gas separation
system, and wherein the compressed initial gas mixture is at least partly separated
into different gas components in the gas separation system such that an oxygen-
reduced and nitrogen-enriched gas mixture is provided at an outlet of the gas
separation system. To conduct the leak test, either the compressed initial gas
mixture provided by the compressor system or the nitrogen-enriched gas mixture
provided at the outlet of the gas separation system can then be used and
introduced into the section of the line system to be checked.



The solution according to the invention is not only suitable for assessing the
tightness of the entire line system of the oxygen reduction system as a whole;
localization of any leakage there may'be in the line system is in fact also con-
ceivabie. All that is required hereto is for the line system to be divided into multiple
directly adjacent sections able fo be separated from one another by controllable
valves. This measure enables the directly adjacent and valve-separabie sections of
the line system to be individually tested for tightness one after the other.

With respect to conductin.g the line section leak test in the line system part of the
oxygen reduction system, one aspect of the present invention provides for initially
cutting off a flow of the gas mixture or gas provided by the inert gas source
through the line system of the oxygen reduction system such that the section of
the line system to be tested for tightness still remains fluidly connected to the
inert gas source but is no longer connected to the at least one enclosed area. The
line section to be tested for tightness is thereafter filled with at least a portion of
the gas mixture or gas provided by the inert gas source such that excess pressure
builds up in the line section to be tested. It can then be determined whether the
excess pressure which developed in the line section under testing drops below a
critical threshold value within a predefined or definable time period.

To block a flow of the gas mixture or gas respectively provided by the inert gas
source through the line system such that the section of the line system to be
tested for tightness remains fiuidly connected to the inert gas source but not to
the at least one enclosed area, an appropriate approach would be the closing of a
respective valve in the flow path, particularly a zone vaive in the line system.

To increase the precision of the leak test, a further development of the inventive
method provides for there being a time lag between the method step of filling the
line section under testing with the gas mixture or gas provided by the inert gas
source and the method step of detecting the development of the excess pressure
in the line section under testing over time in order to enable the gas mixture/gas
introduced into the section of the line system being tested to settle.

The precision of the leak test is then in particutar aiso increased by quantifying a
chronological pressure curve and detecting any decrease in pressure indicative of
leakage by accordingly analyzing the chronological pressure curve. An absolute



pressure or differential pressure measuring system lends itself particulariy well to
the chronological pressure curve measurement.

When the presence of a leak in the section of the line system under testing is
detected by way of the inventive method, a corresponding malfunction
notification and/or alarm signal is/are preferably emitted. This particularly occurs
upon determining that the pressure which buiit up in the section of the tested
line system has dropped below a critical threshold value within a predefined or
definable time period.

The following will reference the accompanying drawings in describing embodiments
of the inventive soiution.

Shown are:

Fig. 1: a schematic view of an example embodiment of the oxygen
reduction system according to the invention; and

Fig. 2: a schematic view of a further example embodiment of the

oxygen reduction system according to the invention.

Fig. 1 shows a schematic depiction of an example embodiment of the inventive
oxygen reduction system 1 which, in this embadiment, serves to set and maintain
a predefinable drawdown level (inerting level) in the spatial atmosphere of at
least one enclosed area.

In detail, the oxygen reduction system 1 depicted schematically in Fig. 1 serves
as a so-called dual-zone system with which a predefinabie drawdown level can be
respectively set and maintained in a total of twe enclosed areas 20.1, 20.2. The
drawdown level in the two enclosed areas 20.1, 20.2 can be defined and
correspondingly set independently of one another.

It is to be noted at this point that the inventive oxygen reduction system 1 can of
course also be designated for only one individual enclosed area or for more than
two enclosed areas. Hence, Fig. 2 shows an example embodiment of an oxygen
reduction system 1 designed as a single-zone system with which a predefinable
drawdown leve! is set and maintained in only one individual enclosed area 20.1.



Regardiess of whether the oxygen reduction .system is configured as a single,
dual or multi-zone system, an enclosed area 20.1, 20.2 assigned to the oxygen
reduction system 1 can for example in particuiar be a stockroom in which the
oxygen content in the air of the room can be lowered to and maintained at a
specific {base) inerting level of e.g. 15% oxygen cantent by volume, particuiarly
as a preventive flre control measure. However, a different (further reduced)
oxygen content is of course also conceivable for the spatial atmosphere of the
enclosed area 20.1, 20.2 associated with the oxygen reduction system 1.

The oxygen reduction system 1 in the embodiment depicted as an example in
Fig. 1 comprises a compressor system 2 with which fresh air is sucked in
through its inlet 2a as the initial gas mixture during operation.

The compressor system 2 comprises an outlet 2b which is fiuidly connected or
connectable to an inlet 3a of a gas separation system 3. The fresh air can in
this way be supplied to the gas separation system 3 as an initial gas mixture
compressed by the compressor system 2.

As indicated in Fig. 2, however, it is also conceivable for a recirculation to be
provided in one modification of the embodiment depicted in Fig. 1 such that fresh
air alone is not used for the initial gas-mixture but rather a mixture of fresh air
and air from the enclosed area. In detail, the inlet 2a of the compressor system 2
is hereby fluidly connected or connectable to an outlet 4c of a mixing chamber 4
in the embediment schematically depicted in Fig. 2. The mixing chamber 4 has
two inlets 4a, 4b. A first inlet 4a of the mixing chamber 4 is fluidly connected or
connectable to the spatial atmosphere of the {in Fig. 2 single) enclosed area 20.1
by way of a compressor or blower 2.1 respectively.

Extrapolated to the embodiment depicted in Fig. 1 which shows — in contrast to
the single-zone system depicted in Fig. 2 — a dual/multi-zone system, it is. thus in
principle conceivable, also in the embodiment depicted in Fig. 1, for a mixing
chamber 4 to be pravided, whereby the inlet 4a of the mixing chamber 4 can be
fluidly connected to the spatial atmosphere of the first and/or second enclosed
area 20.1, 20.2. Air from within the first enclosed area 20.1 and/or second
enclosed area 20.2 can then be supplied in regulated manner to the mixing
chamber 4 via the inlet 4a and the compressor or blower 2.1,



As Fig. 2 shows, the further inlet 4b of the mixing chamber 4 serves to feed frash
air as needed to the mixing chamber 4. For this purpose, a compressor or blower
system 2.2 is allocated to the mixing chamber 4 for drawing in fresh air (external
air) and supplying it to the mixing chamber 4 via inlet 4b.

The initial gas mixture to be supplied to the compressor system 2 is provided
within the mixing chamber 4. The initial gas mixture can be either pure fresh air —
as in the embodiment according to Fig. 1 — or also a mixture of fresh air and some
of the room air extracted from the first and/or second enclosed area 20.1, 20.2.

To be noted at this point is that the mixing chamber 4 is not essential to the
present invention and one realization of the invention can of course also dispense
with said mixing chamber 4. As is disclosed in conjunction with the oxygen
reduction system 1 schematically depicted in Fig. 1, it is in particular conceivable
for fresh air to be directly sucked in from the outside via the inlet 2a of the
compre'ssor system 2. In this case, the compressed initial gas mixture in the
compressor system 2 would be pure fresh air.

The gas separation system 3 only depicted schematically in Fig. 1 serves to
provide a nitrogen-enriched gas mixture at the outlet 3b of said gas separation
system 3. The gas separation system 3 is thereto desighed to separate out at
least a pottion of the oxygen contained in the initial gas mixture provided by the
compressor system 2 in compressed form. The oxygen separated from the initial
gas mixture is released to the external atmosphere via an exhaust gas line 3.
Membrane generators or nitrogen generators based on j:he VPSA or PSA principle
are typically used as a gas separation system 3.

The gas separation system 3 is advantageously designed to be selectively operated
in VPSA mode or PSA mode.

To be generally understood by a gas separation system operating in VPSA mode
is a system for providing nitrogen-enriched air which functions according to the
principle of Vacuum Pressure Swing Adsorption (VPSA).

According to one embodiment, a membrane generator or a nitrogen generator
operating according to the VPSA or PSA principle is used in the oxygen reduction
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system 1 as the gas separation system 3. Particularly with respect to saving
resources (energy), it is hereby conceivable for a membrane generator or a
nitrogen generator to be used which genei‘ally operates according to the VPSA
principie but which can, however, be operated in a PSA mode when needed; i.e.
an operating mode based on the PSA principle.

The “PSA” acronym stands for “pressure swing adsorption,” normally dencting
pressure swing adsorption technology.

In order to be able to switch the operating mode of the gas separation system 3
used in the example embodiment from VPSA to PSA, it is provided to accordingly
increase the degree to which the initial gas mixture is compressed by the
combressor system 2.

In conjunction hereto, it is specifically conceivable for an initial gas mixture
comprising oxygen, nitrogen and other elements as applicable to first be
appropriately compressed in the compressor system 2 and then fed to the gas
separation system 3 in which at least a portion of the oxygen contained in the
compressed initial gas mixture is separated out such that a nitrogen-enriched gas
mixture is provided at the outlet 3b of the gas separation system 3, Said nitrogen-
enriched gas mixture furnished at the outiet 3b of the gas separation system 3 can
thereafter be introduced into the spatial atmosphere of the first enclosed area 20.1
and/or the second enclosed area 20.2 so as to set and/or maintain an oxygen
content in the respective area 20.1, 20.2 which is predefinable and contains less
oxygen than normal ambient air.

As Fig. 1 shows, the example embodiment of the inventive oxygen reduction
system 1 is provided with a line system 7 via which the outlet 3b of the gas
separation system 3 can be fluidly connected to the first and/or second enclosed
area 20.1, 20.2. A first valve 5.1 is provided for this purpose at the outlet 3b of
the gas separation system 3. This first valve 5.1 connects a first line section 7.1
associated with the first enclosed area 20.1 and a second line section 7.2
associated with the second enclosed area 20.2. This valve 5.1 provided at the
outlet 3b of the gas separation system 3 is designed to alternatingly fluidly
connect the outlet 3b of the gas separation system 3 to the line section 7.1
associated with the first enclosed area 20.1 and/or the outlet 3b of the gas
separation system 3 to the line section 7.2 associated with the second enclosed
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area 20.2. On the other hand, the valve 5.1 provided at the outlet 3b of the gas
separation system 3 can also fluidly disconnect the two line sections 7.1, 7.2 from
the outlet 3b of the gas separation system 3.

A further valve 5.4 is arranged in the line section 7.1 associated with the first
enclosed area 20.1, preferably in the vicinity of its junction with the first enclosed
area 20.1, by means of which the line section 7.1 is fluidly connected to the
interior of the enclosed area 20.1 and can thus be called a zone valve. In the
same way, a further (zone) vaive 5.3 is also provided in the line section 7.2
associated with the second enclosed area 20.2. Further valves 5.2, 5.5 are
moreover also provided in the respective line sections 7.1, 7.2. Additional valves
and/or branchings, e.g. to other consuming units, not shown in Fig. 1 are likewise
conceivable in line sections 7.1, 7.2.

As depicted, the valves 5.1, 5.2, 5.3, 5.4, 5.5 and 5.6 provided in the line system
7 divide the individual line sections 7.1, 7.2, 7.3, 7.4 of the line. system 7 into
distinct separable areas.

The inventive oxygen reduction system 1 is designed to independently check the
line system 7 connecting the outlet 3b of the gas separation system 3 to the
areas 20.1, 20.2 assigned fo the oxygen reduction system 1 with respect to
tightness. It is hereby essential for the standard components of the oxygen
reduction system 1 to be employed during the leakage testing.

The compressor system 2 and/or gas separation system 3 is thus accorded a dual
function in the inventive solution:

In the nermal operating mode of the oxygen reduction system 1, the compressor
system 2 serves to compress an initial gas mixture to a predefined or predefinable
degree and feed the compressed initial gas mixture to the gas separation system
3. Starting from the compressed initial gas mixture furnished at outlet 3b of the
gas separation system 3, an oxygen-reduced gas mixture or inert gas respectively
is then provided in the gas separation system 3 which is fed as needed to the first
and/or second enclosed area 20.1, 20.2 via the line system 7.

In the test mode, however, the compressor system 2 / gas separation system 3 of
the oxygen reduction system 1 serves to ready compressed gas for the purpose
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of the leakage test which is introduced into at least individual line sections 7.1,
7.2, 7.3, 7.4 of the line system 7 so that a ieak test can be performed by
pressure-testing the line sections 7.1, 7.2, 7.3, 7.4.

If, for example, the tightness of the line section 7.1 allocated to the first enclosed
area 20.1 is to be tested, the valve 5.1 provided at the outlet 3b of the gas
separation system 3 in the example embodiment depicted in Fig. 1 is then switched
such that the line section 7.1 allocated to the first enclosed area 20.1 is fluidly
connected to the outlet 3b of the gas separation system 3, while the line section
7.2 aliocated to the second enclosed area 20.2 is fluidly disconnected from the
outlet 3b of the gas separation system 3. The further valve 5.4 provided in the line
section 7.1 associated with the first enclosed area 20.1 is additionally closed so as
to block all flow of the gas mixture provided by the gas separation system 3 to the
first enclosed area 20.1. Since, however, the valve 5.1 provided at the outlet 3b of
the gas separation system 3 fluidly connects the line section 7.1 allocated to the
first enclosed area 20.1 to the outlet 3b of the gas separation system 3, the sec-
tion 7.1 of the line system 7 to be tested as to tightness remains fluidly connected
to the outlet 3b of the gas separation system 3. Excess pressure can thus in
particular build up in the line section 7.1 ailocated to the first enclosed area 20.1
from the introduction of the gas mixture provided by the gas separation system 3.

After a certain excess pressure has deveioped in the section 7.1 of the line
system 7 to be tested for tightness, the valve 5.1 provided at the outlet 3b of the
gas separation system 3 is closed so that the line section 7.1 of the line system 7
to be tested is no longer fluidly connected to the outlet 3b of the gas separation
system 3. A pressure measuring system 8.1, particularly an absolute pressure
measuring system or a differential pressure measuring system, thereafter
determines whether, and if yes, how quickly, the excess pressure previously built
up drops off in the line section 7.1 under testing. It is hereby provided for a leak
to be inferred in the line section 7.1 under testing upon detection of a drop in
pressure which falls below a critical threshold value within a predefined or
definable period of time.

In the example embodiment depicted in Fig. 1, the coordination of the controllable
components of the oxygen reduction system 1 in test mode, and in particular the
coordination of the compressor system 2 and/or the gas separation system 3 as
well as the coordination of the respective valves 5.1 to 5. 7 associated with the
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line system 7, is provided by a control device 10C. The pressure curve over time
determined by means of the pressure measuring system 8.1 to 8.4 in the test mode
of the oxygen reduction system 1 is also evaluated in said control device 100.

At least one accordingly assigned threshold value is preferably stored in the
control device 100 for each section 7.1 to 7.4 of the line system 7 subjectable to
tightness testing. The threshold value can be recorded or determined upon the
start-up of the oxygen reduction system 1, but it is of course also conceivable for
the threshold to be determined analytically.

The inventive solution is not limited to using the nitrogen-enriched gas mixture
provided at the outlet 3b of the gas separation system 3 in the test mode of the
oxygen reduction system 1 for pressure-testing the line section 7.1 to 7.4 to be
tested. It is in fact advantageous to employ the compressed initial gas mixture
provided directly at the outlet 2b of the compressor system 2 for pressure-testing
the line section 7.1 to 7.4 in the test mode. The gas separation system 3 can then
be switched off or operated in a corresponding standby mode during the test mode,
which for example enables maintenance to be performed on the gas separation
system 3 while the oxygen reduction system 1 is in the test mode.

Furthermore, directly using the (compressed) initial gas mixture provided at the
outlet 2b of the compressor system 2 for the purpose of the leak test in the test
mode of the oxygen reduction system 1 can use less resources (energy).

For that reason, the oxygen reduction system 1 depicted schematically in Fig. 1
comprises a bypass line 6 which fluidly connects the outlet 2b of the compressor
system 2 directly to the outlet of the gas separation system 3 by way of valves
5.6 and 5.7 in the test mode of the oxygen reduction system 1.

Testing of the other line sections 7.2, 7.3, 7.4, particularly the line section 7.2
associated with the second enclosed area 20.2, is performed analogously to that
as described above in conjunction with section 7.1.

In order to enable a leak in a line section 7.1 to 7.4, e.g. in the line section 7.1
allocated to the first enclosed area 20.1, to not only be identified but also
localized, it is advantageous for the respective line section 7.1 to 7.4 to be divided
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into a plurality of directly adjacent areas separable from one ancther be valves so
that the tightness of these areas can be successively tested one after the other.,

Leakage testing is preferably performed automatically, and even more
preferentially selectively automatically, at predefinable times and/or upon
predefinable events, in order to always be able to guarantee compliance with
the system’s technical standards.

As depicted schematically in Fig. 1, it is advantageous in the oxygen reduction
system 1 according to the invention for a measuring system 9 to detect the
oxygen content prevailing in the spatial atmosphere of the respective at least one
enclosed area 20.1, 20.2 associated with the oxygen reduction system 1
continuousiy or at predefined or predefinable times/events, whereby the oxygen
reduction system 1 introduces additional nitrogen-enriched gas into the area
20.1, 20.2 as needed as a function of the detected oxygen content in order to
maintain-a predefined inertization level within said enclosed area 20.1, 20.2.

Fig. 2 is a schematic view of a further example embodiment of the inventive
oxygen reduction system 1 of substantially the same configuration as the oxygen
reduction system 1 depicted in Fig. 1. In centrast to the embodiment shown in
Fig. 1, however, the oxygen reduction system 1 depicted schematically in Fig. 2
is not realized as a multi-zone system. Instead, the oxygen reduction system 1
shown in Fig. 2 is only associated with one single enclosed area 20.1 and serves
to set and maintain a predefined or predefinable drawdown or inerting level in
said (singie) enclosed area 20.1.

However, the example embodiment of the oxygen reduction system 1 according to
Fig. 2 differs from the embodiment described above with reference to the represen-
tation provided in Fig. 1 by the provision of a mixing chamber 4 in the oxygen
reduction system 1 according to Fig. 2. Specifically, in the embodiment depicted
schematically in Fig. 2, the inlet 2a of the compressor system 2 is fluidly connected
or connectable to an outlet 4c of a mixing chamber 4. The mixing chamber 4 has
two inlets 4a, 4b. A first inlet 4a of the mixing chamber 4 is fluidly connected or
connectable to the spatial atmosphere of the (in Fig. 2 single) enclosed area 20.1
by way of a compressor or biower 2.1. Air from the first enclosed area 20.1 and/or
the second enclosed area 20.2 can then be supplied to the mixing chamber 4 in
regulated manner via inlet 4a and the compressor / blower 2.1.
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As shown in Fig. 2, the further inlet 4b of the mixing chamber 4 serves to supply
fresh air to the mixing chamber 4 as needed. To this end, a compressor or blower
system 2.2. is allocated to the mixing chamber 4 for drawing in fresh air (external
air) and supplying it to the mixing chamber 4 through inlet 4b.

The mixing chamber 4 provides the initial gas mixture to be supplied to the
compressor system 2. The initial gas mixture can be ~ as with the embodiment
according to Fig. 1 — either pure fresh air or also a mixture of fresh air and a

portion of the spatial air withdrawn from the first and/or second enclosed area
20.1, 20.2.

In all other respects, the exampie embodiment of the oxygen reduction system
depicted schematically in Fig. 2 corresponds to the system described above with
reference to the Fig. 1 depiction. Reference is made to the previously disclosed
aspects so as to avoid repetition.

Although it is hereby to be noted that in the embodiment of the inventive oxygen
reduction system 1 depicted schematically in Fig. 2, the mixing chamber 4 is not
essential to the present invention. As stated above with reference to the
embodiment depicted in Fig. 1, it is of course also possible to dispense with the
mixing chamber 4 in the single-zone system according to Fig. 2. For example — as
disclosed in conjunction with the oxygen reduction system 1 depicted schematically
in Fig. 1 — fresh air couid be drawn in directly from the outside via the inlet Za of
the compressor system 2. In this case, the compressed initial gas mixture in the
compressor system 2 would be then pure fresh air.

The invention is not limited to the example embodiments depicted in the
drawings but rather yields from an integrated consideration of all the features
disclosed herein in context.

It is furthermore to be noted in conjunction hereto that - although not depicted
in the drawings ~ it is of course advantageous for the area(s) 20.1, 20.2 assigned
to the oxygen reduction system 1 to be provided with a pressure relief system
from the building itself, to preferably automatically achieve a release of pressure
in the respective area 20.1, 20.2 during the supplying of the gas / gas mixture
provided by the inert gas source (compressor system 2, gas separation system
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3). Such a pressure relief system could for example comprise one or more
pressure relief valves accordingly dimensioned and configured so as to promptly
effect suitable pressure refief in the respective enclosed area 20.1, 20.2 when
said area 20.1, 20.2 is flooded with inert gas.
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Claims

A method for operating an oxygen reduction system comprising an inert
gas source for providing an oxygen-reduced gas mixture, or inert gas
respectively, and a line system which is fluidly connected or connectable
to the inert gas source and to at least one enclosed area in order to
supply at least a portion of the gas mixture or gas provided by the inert
gas source to the at least one enclosed area as needed, wherein the
method comprises the following method step:

- supplying at least a portion of the gas mixture or gas provided hy
the inert gas source to the at least one enclosed area through-the
line system such that the oxygen content in the atmosphere of the
enclosed area assumes a predefined or definable value which is
reduced compared to the oxygen content of the normal ambient air,

wherein the method further comprises the method step of conducting a
leak test on at least one section of the line system by pressure-testing the
line section to be checked for tightness using at least a portion of the gas
mixture or gas provided by the inert gas source, and

wherein the inert gas source comprises a compressor system and a gas
separation system situated downstream of the compressor system interms
of the flow, wherein an initial gas mixture compressed by the compressor
system is at least intermittently introduced into an inlet of the gas
separation system and wherein the compressed initial gas mixture is at
least partly separated into different gas components in the gas separation
system such that an oxygen-reduced and nitrogen-enriched gas mixture is
provided at an outlet of the gas separation system, wherein to conduct the
leak test, either the compressed initial gas mixture provided by the
compressor system or the nitrogen-enriched gas mixture provided at the
outlet of the gas separation system is introduced into the section of the
line system to be checked.

The method according to claim 1,
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wherein the following method step is performed in the conducting of the
feak test on the line section:

i) blocking a flow of the gas mixture or gas provided by the inert gas
source through the line system such that the section of the line
system to be tested for tightness remains fluidly connected to the
inert gas source but not to the at least one enclosed area;

), filling the line section under testing with at least a portion of the gas
mixture or gas provided by the inert gas source such that excess
pressure builds up in the line section to be tested for tightness; and
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i) determining whether the excess pressutre which developed in the
line section under testing drops below a critical threshold value
within a predefined or definable time period.

The method according to claim 2,
wherein the flow through the line system is blocked in method step i) by

means of closing at least one valve, particularly a zone valve in the line
system.

The method according to ¢laim 2 or 3,
wherein method step iii) is Initiated after the gas mixture or gas introduced
inte the section of the line system to be tested has settled.

The method according to one of claims 2 to 4,
wherein a chronological pressure curve is quantified in method step iii)

and the decrease in pressure determined by analyzing the chronological
pressure curve.

The method according to claim 5,
wherein the chronological pressure curve is determined by an absolute
pressure or differential pressure measuring system.

The method according to any one of claims 2 fo 6,

wherein the foliowing further method step is provided subsequent to
method step iii}):

iv) emitting a malfunction notification when the pressure which built up
in the section of the line system under testing drops below the
critical threshold value within the given time period in method step

if).

The method according to any one of claims 1 to 7,
wherein a plurality of directly adjacent sections of the line system
separable by valves are successively tested for tightness.
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The method according to any one of claims 1 to 8,

wherein the method step of conducting a leak test is preferably performed
automatically at predefinable times and/or upon predefinable events, and
even more preferentially selectively automatically.

The method according to any one of claims 1 to 9,

wherein the method step of conducting a leak test is performed when the
oxygen content in the atmosphere of the at least one enclosed area has
been reduced to the predefined or definable value by the regulated feed of
at least a portion of the gas mixture or gas provided by the inert gas
soutrce, and wherein none of the gas mixture or gas provided by the inert
gas source Is fed to the at [east one enclosed area through the line system
while the leak test is being conducted.

The method according to any one of claims 1 to 10,
wherein the method further comprises the following method step:

- determining the oxygen content in the atmosphere of the at least
one enclosed area,

wherein the oxygen content is preferably determined continuously or at
predefined or predefinable times/events.
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The method according to claim 11,

wherein the method step of supplying at least a portion of the gas mixture
or gas provided by the inert gas source to the at ieast one enclosed area
occurs as a function of the oxygen content detected in the atmosphere of
the at least one enclosed area such that the oxygen content in the
atmosphere of the at least one enclosed area can be maintained ~ with a
control range as applicabie — at the predefined or predefinable value.

An oxygen reduction system for the regulated reducing of the oxygen
content in the atmosphere of an enclosed area, wherein the oxygen
reduction system comprises the following:

- an inert gas source for providing an oxygen-reduced gas mixture or
inert gas respectively;

- a line system which is fluidly connected or connectable to the inert
gas source and to the enciosed area in order to supply at least a
portion of the gas mixture or gas provided by the inert gas source
to the enclosed area as needed;

- at least one device for blocking a fiow of the gas mixture or gas
provided by the inert gas source through the line system; and

- a control device designed to control the inert gas source and the at
least one blocking device so as to realize a method in accordance
with any one of claims 1 to 12,
wherein the inert gas source comprises a compressor system and a gas
separation system situated downstream of the compressor system in terms
of the flow, wherein an initial gas mixture compressed by the compressor
system is at least intermittently introduced into an inlet of the gas
separation system and wherein the compressed initial gas mixture is at least
partly separated into different gas componentis in the gas separation system
such that an oxygen-reduced and nitrogen-enriched gas mixture is provided
at an outlet of the gas separation system, wherein to conduct the feak test,
either the compressed initial gas mixture provided by the compressor
system or the nitrogen-enriched gas mixture provided at the outlet of the
gas separation system is introduced into the section of the line system to
be checked.
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The oxygen reduction system according to claim 13,

wherein the at least one device for blocking a flow of the gas mixture or
gas provided by the inert gas source through the line system comprises a
valve, particularly a zone valve, able to be controlled by the control device.



