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(54) SAFETY MONITOR FOR GAS MIXTURES REQUIRING STORAGE IN SPECIFIC TEMPERATURE 
REGIMES

(57) The present invention pertains to providing a monitoring of the status of a gaseous mixture within a gas cylinder,
which may be subjected to various ambient temperatures that influence the state of the gaseous mixture. Accordingly,
a gas monitoring device a gas monitoring device (10) for use with a gas cylinder (12) is suggested, comprising a first
temperature sensor (16) for measuring an ambient temperature of the gas cylinder (12), an indicator (18) for indicating
a status of a gaseous mixture comprised in the gas cylinder(12), and an evaluation unit(20) in communication with the
first temperature sensor (16) and the indicator (18) and configured to determine a status of the gaseous mixture based
on the received ambient temperature measurement. The evaluation unit (20) is furthermore configured to output a signal
corresponding to said status to the indicator (18), when the gas monitoring device (10) is coupled to the gas cylinder (12).
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Description

Technical Field

[0001] The invention relates to a gas monitoring device
for use with the gas cylinder and a corresponding valve
comprising suchgas monitoring device, in particular for
determining a liquid phase in a gaseous mixture.

Technological Background

[0002] Gaseous mixtures comprising one or more gas-
eous components are used in a variety of fields and are
often applied at remote locations and/or in varying com-
positions and concentrations, such that the on-site pro-
duction of such gaseous mixtures is limiting. In order to
ensure that the required amount of the gaseous mixture
is provided in a sufficient and well defined amount, such
gaseous mixtures are hence commonly stored in gas cyl-
inders having a predefined volume and permitting a com-
pression of the gaseous mixture to provide the gaseous
mixture in a compressed state.
[0003] Depending on the use and original fill level or
filling pressure of a respective gas cylinder, pressures of
the respective gaseous mixtures may however vary be-
tween gas cylinders. Furthermore, the gas cylinders may
be stored at different locations having distinct ambient
temperatures. Since the gaseous mixtures are generally
stored in a strongly compressed state at high pressures,
e.g. above 100 bar, the storage temperature may affect
the physical state of the gases mixture comprised within
the gas cylinder.
[0004] For example, a gaseous mixture may comprise
two or more gaseous components having a distinct den-
sity, wherein both gaseous components are in the gas
state at the respective pressure and within a predefined
temperature range, while a reduction of the temperature
below the lower limit of said temperature range, i.e. below
a critical temperature, may result in a transition from the
gas state into a liquid state for at least one of the gaseous
components. In such situation, the mixture comprised
within the gas cylinder is provided as a two-phase mixture
comprising both a gas state and a liquid or condensed
state, wherein the liquid state, may e.g. adhere to the
inner wall of the gas cylinder in the form of droplets or is
collected at a lower end of the respective gas cylinder.
This poses the problem that the gaseous mixture is no
longer homogeneous and is comprised at a different con-
centration in the gas state, such that during the applica-
tion of the gaseous mixture, i.e. by opening a valve of
the gas cylinder, the gaseous mixture comprises an in-
correct concentration or even a lack of a particular com-
ponent.
[0005] Such situation is of particular concern in medical
applications, wherein the gaseous mixture is adminis-
tered to a patient in the form of a breathable medicament
or support gas. For example, a medical gas may be pro-
vided as a gaseous mixture comprised of two gaseous

components, such as nitrous oxide and oxygen, which
may be administered to a patient e.g. using a demand
valve downstream of a pressure regulator of the valve of
the gas cylinder. The demand valve in such case admin-
isters the appropriate volume of gas to the patient, de-
pendent on the patients inspiratory effort. Although these
gases are highly stable at the pressures and tempera-
tures specified for the product, an ambient temperature
below the lower limit may result in a transition of the gas-
eous nitrous oxide into a condensed or liquid state, such
that the administration of the breathing gas initially pro-
vides an oxygen-rich gaseous mixture with a low amount
of nitrous oxide or no nitrous oxide at all. Thereby, the
desired therapeutic effect may not be achieved and det-
rimental side effects may occur, potentially leading to crit-
ical conditions and harming the patient.
[0006] In order to avoid the phenomena where the ni-
trous oxide will condense out of the mixture, preventive
techniques commonly include the provision of specific
advice to the patient or user, e.g. by providing proper
instructions prior to use, a patient information leaflet
and/or by properly labeling the gas cylinder. Such pre-
ventive techniques in particular comprise the advice to a
user that the respective gas cylinder should be stored at
a temperature above 10éC for at least 24 hours before
use. Where this is not possible, the optional instructions
are given to invert the gas cylinderthree times prior to
use to mix the gas before administration.
[0007] However, in case of an urgent requirement of
the gaseous mixture, it may not be possible to wait for
the prescribed storage time to lapse. Furthermore, al-
though depending on the particular circumstances a brief
storage at lower temperatures may not immediately re-
sult in a condensation of at least one gaseous compo-
nent, the useror patient may not be capable to assess
the exact state of the gaseous mixture and the necessity
of further preventive measures. In addition, even if such
measures are performed, e.g. by multiple inversions of
the gas cylinder, such inversions may have been per-
formed incorrectly or may be insufficient to fully reduce
the liquid state, even when performed correctly. There-
fore, an increased risk of administering an incorrect gas-
eous mixture remains.
[0008] Accordingly, further improvements are required
to e.g. determine that the gaseous mixture has been
stored correctly and has been mixed properly to ensure
the safe use of the gaseous mixture.

Summary of the invention

[0009] It is an object of the present invention to provide
a device for use with a gas cylinder, which is adapted to
monitor a state of a gaseous mixture within the gas cyl-
inder to improve the safe use of the gaseous mixture.
[0010] Accordingly, in a first aspect, a gas monitoring
device for use with a gas cylinder device is suggested,
which comprises a first temperature sensor for measur-
ing an ambient temperature of the gas cylinder, an indi-
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cator for indicating a status of a gaseous mixture com-
prised in the gas cylinder, and an evaluation unit in com-
munication with the first temperature sensor and the in-
dicator and configured to determine a status of the gas-
eous mixture based on the received ambient temperature
measurement and to output a signal corresponding to
said status to the indicator, when the gas monitoring de-
vice is coupled to the gas cylinder.
[0011] By measuring an ambient temperature of the
respective gas cylinder, the evaluation unit may hence
determine whether the detected temperature corre-
sponds to a predefined temperature or exceeds a partic-
ular threshold. For example, the evaluation unit may be
configured for a particular type of gas and/or a particular
mixing ratio of various gaseous components having a
corresponding critical temperature at which a transition
from the gas state into the liquid state may occur. Ac-
cordingly, the evaluation unit may determine the state of
the gaseous mixture within the gas cylinder based on the
detected ambient temperature and depending on wheth-
er said temperature is above or below such critical tem-
perature, so as to indicate a probability of the presence
of a liquid state within the gaseous mixture. The type of
gas, the ratio of the gaseous components, and/or a preset
critical temperature may be stored in the evaluation unit
and/or may be adjusted and provided to the evaluation
unit by means of an inputting device, such as a keyboard,
touchscreen, or a selective mechanical switch or dial pro-
vided on the device.
[0012] When the ambient temperature sensor meas-
ures a temperature that is below the critical temperature,
the evaluation unit may hence determine an increased
probability of a liquid state being present in the gaseous
mixture and accordingly outputs a signal to the indicator,
such that the indicator may indicate the determined sta-
tus. By the same token, if the measured ambient tem-
perature is above the critical temperature, the evaluation
unit may accordingly output a signal corresponding to a
low probability of a liquid state being present, such that
the indicator may provide a status indicating that the gas-
eous mixture may be safely used. A user, e.g. a patient
or medical professional, is hence provided with an actual
status of the gaseous mixture comprised within the gas
cylinder and indicates to a user whether a use of the gas
cylinder may impose a potential risk.
[0013] In order to provide a reliable measurement of
the first temperature sensor, the temperature sensor is
preferably arranged at a position, wherein the tempera-
ture sensor is not in direct contact with the components
arranged at the gas cylinder outlet, e.g. the pressure reg-
ulator, a valve, or valve outlet, such that a temperature
change during active use of the gas cylinder caused by
the expansion of the gaseous mixture does not affect the
ambient temperature measurement of the first tempera-
ture sensor. For example, the first temperature sensor
may be arranged at an outer end or outer surface of the
gas monitoring device and preferably points away from
the valve components. Alternatively, the first temperature

sensor may be arranged so as to be in contact with or
parallel to a wall of the gas cylinder in the coupled state.
The temperature sensor may be formed as e.g. a ther-
mistor, a thermocouple, or digital thermometer.
[0014] It is to be understood that the gas monitoring
device may be provided as a separate electronic module,
which may be coupled to a gas cylinder, in particular to
a valve of a gas cylinder. Accordingly, the gas monitoring
device is configured to be coupled with at least one com-
ponent of the gas cylinder and/or valve thereof, for ex-
ample, by the provision of attachment or fixation means,
e.g. by the provision of an electromagnetic coupling,
screwing attachment, clamp or strap. Thereby, the gas
monitoring device may be coupled to any gas cylinder
irrespective of the type of gas comprised within the re-
spective gas cylinder and/or the type of valve used with
the gas cylinder. Existing valves, pressure regulators,
and/or gas cylinders may hence be retrofitted with the
gas monitoring device without requiring any invasive
modifications with pressure regulating elements being in
fluid communication with the gaseous mixture and po-
tentially being under high pressure. The coupling may
also be indirectly provided, for example, by providing a
coupling to a framework or rack of the gas cylinder. Such
coupling may hence also be provided for a plurality of
gas cylinders stored and transportable in a single rack.
[0015] The gas monitoring device may hence be cou-
pled and securely fixed to the gas cylinder yet provides
a releasable modular unit, which may be removed, ad-
justed, and/or replaced. Alternatively, the gas monitoring
device may also be embedded in the valve of the gas
cylinder to form an integral unit therewith. Due to the cou-
pling with a respective gas cylinder, the ambient temper-
ature measurement furthermore becomes more reliable
and specific for the respective gas cylinder.
[0016] Preferably, the evaluation unit is further config-
ured to determine the status of the gaseous mixture
based on an evaluation of the ambient temperature
measurement over a predefined time period and/or a
comparison of the ambient temperature measurement
with a predefined temperature range, wherein the out-
putted signal comprises an alarm, when the determined
status deviates from a predefined status stored in the
evaluation unit. In other words, the evaluation unit can
record whether the gas cylinder has been stored at the
correct temperature for the correct amount of time and
so is safe for use, i.e does not comprise a gaseous mix-
ture with separated phases.
[0017] For example, the gas cylinder may be subjected
to an ambient temperature below a critical temperature
of the respective gaseous mixture for a brief period of
time, e.g., during transportation between nearby facilities
after being stored at room temperature. Although the
temperature of the wall of the gas cylinder, which is gen-
erally made of metal, may be accordingly reduced, the
gaseous mixture may not fall below the critical tempera-
ture during said period of time. Accordingly, the evalua-
tion unit may determine the status of the gaseous mixture
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based on the time in which the ambient temperature was
measured below the critical temperature. By the same
token, the probability of a transition from the gas state
into the liquid state may be increased for a particular tem-
perature range, such that even in a case where the am-
bient temperature measurement does not fall below the
critical temperature or only for a brief period of time, the
evaluation unit may determine an increased probability
of the presence of a liquid state, if the ambient temper-
ature measurement is within the predefined temperature
range. Preferably, the evaluation unit determines the sta-
tus based on an evaluation of the ambient temperature
measurement over a predefined time period and a com-
parison with a predefined temperature range.
[0018] Based on the determined status of the gaseous
mixture, the evaluation unit accordingly outputs a signal
to the indicator so as to provide the user with information
relating to the gaseous mixture, e.g. a level of safety for
using the gaseous mixture. When the determined status
deviates from a predefined status stored in or otherwise
provided to the evaluation unit, the outputted signal may
comprise an alarm to indicate an increased risk when
using the gas cylinder. For example, the measured am-
bient temperature may exceed a lower threshold or crit-
ical temperature for the gaseous mixture and the evalu-
ation unit may determine an increased probability of the
presence of a liquid state of the gaseous mixture, such
that the actual status of the gaseous mixture no longer
corresponds to a safe status and instead corresponds to
a risk status, which is provided to the user in the form of
an alarm, e.g. a visual warning light or acoustic alarm,
e.g. by means of a speaker or buzzer.
[0019] The determined status of the gaseous mixture
and the corresponding outputted signal may indicate e.g.
whether the gaseous mixture is at a temperature which
is compatible with a medical gas application, i.e. is at a
temperature suitable for being used as a breathable med-
ical gas. Preferably, the determined status indicates the
probability of the presence of a liquid phase within the
gas cylinder, wherein the gaseous mixture preferably
comprises nitrous oxide, oxygen, helium, nitrogen, nitric
oxide, carbon monoxide, and/or carbon dioxide.
[0020] Accordingly, the gaseous mixture may be a
medical gas or breathing gas for a patient, in particular
for a patient suffering from a respiratory disorder, wherein
the gaseous mixture is administered to the patient via
inhalation or mechanical ventilation. The gaseous mix-
ture may e.g. comprise a mixture of nitrous oxide and
oxygen or may comprise a combination of helium and
nitric oxide, depending on the required therapeutic effect.
[0021] For example, a combination of nitrous oxide,
also known as laughing gas, and oxygen, e.g. at equal
parts, may be provided as an anesthetic, due to its pain
alleviating or analgesic effects while at the same time
providing the patient with a sufficient level of oxygen.
However, while the oxygen is maintained in the gas state,
the nitrous oxide component of the gaseous mixture may
at least partly transition into a liquid state, when a partic-

ular pressure is provided and the gaseous mixture is sub-
jected to a temperature below the specific critical tem-
perature, due to its larger density. Thereby, the gaseous
mixture exiting the gas cylinder upon valve actuation is
comprised of enriched oxygen, wherein the nitrous oxide
is reduced or absent, thereby having a limited therapeutic
effect. By providing the measurement of the ambient tem-
perature of the gas cylinder, the evaluation unit may de-
termine a probability of the presence of a liquid state and
may accordingly alert the user via the outputted signal
and the indicator.
[0022] The indicator may be provided as any means
capable of visually, acoustically, and/or electromechan-
ically representing the outputted signal. Preferably, the
indicator is configured to present the status by activating
one or more LEDs, by providing a graphical representa-
tion or text message on a display, and/or by outputting
an acoustic signal. For example, the indicator may com-
prise one or more LE Ds emitting light in different colors
corresponding to a different status of the gaseous mix-
ture, e.g. red and green, wherein red indicates an in-
creased risk for the user and green indicates that the
gaseous mixture is safe for use. Alternatively, or in ad-
dition, a display or screen may be provided, which may
represent the status by means of a graphical icon or pic-
togram and/or by providing a text message correspond-
ing to the status. Furthermore, an acoustic signal may
be provided by means of e.g. a speaker or buzzer, or in
the acoustic signal may be outputted as an alarm, e.g.
when the determined status deviates from a predefined
status or poses a potential risk to a user.
[0023] In other words, a real time indication may be
provided whether the gas cylinder has been stored cor-
rectly and is ready for immediate use, which reduces the
potential risk of a patient using the gaseous mixture
where the gas has been stored incorrectly or not mixed
properly.
[0024] Instead of continuously outputting the signal to
the indicator, the indicator may be configured to present
the status on-demand by means of an actuation of a
touch-sensitive object of the indicator, preferably a button
or mechanical switch, or upon actuation due to a coupling
with a remote device via NFC, Bluetooth, Zigbee, RFID,
or WiFi.
[0025] By providing a retrievable status rather than a
continuous status the energy consumption of the gas
monitoring device may be reduced. Furthermore, the sta-
tus may be only retrievable, when an identifier is provided
to the gas monitoring device. Such identifier may be pro-
vided by means of a touch- sensitive object or keypad,
but may also be automatically retrieved upon a success-
ful coupling with a compatible remote device, e.g. via
NFC in case of a nearby remote device or control or via
Wi-Fi, orWLAN in case of more remote devices. Thereby,
a level of security may be provided to the determined
status of the gaseous mixture in the gas monitoring de-
vice.
[0026] The gas monitoring device may furthermore
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comprise a valve activation sensor for a valve of the gas
cylinder, which is in communication with the evaluation
unit and wherein the evaluation unit outputs the signal
based on the determined status and the detected valve
activity.
[0027] By means of the valve activation sensor an
opening or closing of the valve may be detected. Should
the evaluation unit determine a status of the gaseous
mixture indicating an increased risk for a user when using
the gaseous mixture and detect an activation of the valve
by means of the valve activation sensor, e.g. an opening
or flow rate setting of the valve, a signal may be outputted
and be presented by the indicator to alert the user, e.g.
by means of an alarm. Such detection mechanism hence
facilitates that a further use of the gaseous mixture may
be prevented. By the same token, if no increased risk is
determined, the evaluation unit may either not output a
signal or may output a signal indicating a safe use of the
gaseous mixture. Accordingly, the valve activation sen-
sor provides an additional confirmation and level of safety
for a user or patient.
[0028] The valve activation sensor is preferably con-
figured as a flow sensor for detecting a flow of a gas
through the valve of the gas cylinder or the gas monitoring
device comprises a second temperature sensor for
measuring a temperature of a valve body of the gas cyl-
inder and being in communication with the evaluation
unit, wherein the evaluation unit determines an activation
of the valve based on the first temperature sensor meas-
urement and the second temperature sensor measure-
ment.
[0029] For example, a flow sensor may be arranged at
a valve outlet of the gas cylinder and may accordingly
comprise a coupling device to provide a fluid coupling
between the valve outlet and e.g. a gas application de-
vice, for example, by means of a bayonet or luer coupling.
The use of such a flow sensor has the advantage that
not only an activation of the valve may be detected, but
also a current flow rate of the gas being applied is pro-
vided as additional information to the evaluation unit.
[0030] Alternatively, a second temperature sensor ar-
ranged at the valve body may provide a temperature
measurement of the valve body to the evaluation unit,
wherein the evaluation unit processes a compensated
temperature calculated from the difference between the
measured valve body temperature and the ambient tem-
perature overtime to determine the flow-rate of the flow
of gas from the cylinder and/or the pressure on the gas.
Such compensated temperature may be based on the
fact that when a gas experiences a rapid change in pres-
sure, for example when it flows through a valve or regu-
lator, the gas experiences an iso-enthalpic process lead-
ing to a temperature change, known as the Joule-Thom-
son effect. The valve body temperature can then be proc-
essed to distinguish between the change in temperature
that is attributable to the flow-rate of the gas, and the
change in temperature due to the pressure change in the
cylinder. The flow-rate of the gas and the pressure

change in the cylinder can then both be determined from
the temperature and time data.
[0031] From the flow-rate it is furthermore possible to
calculate the change in volume in the gas cylinder over
the time the valve was opened, and from the pressure
change it is possible to calculate the volume change
based on knowing the initial or last recorded and stored
pressure and volume. Knowing the volume change
hence enables the remaining volume of gas to be calcu-
lated.
[0032] The measured compensated temperature and
time information can be processed to calculate the rate
of change of temperature with time (the first temperature
derivative), and the rate of change of the first derivative
with time (the second temperature derivative) at any giv-
en time. Advantageously, information about the gas cyl-
inder contents can be obtained from measuring the tem-
perature alone rather than having to rely on flow-rate or
pressure data which requires more sophisticated and in-
vasive monitoring equipment.
[0033] Furthermore, the activation state of the valve
may be factored into the temperature measurement of
the first temperature sensor. This is particularly advan-
tageous when the spatial arrangement between the first
and second temperature sensor may not exclude that
both sensor measurements influence each other. In ad-
dition, activation of the valve may incur a temperature
change of the valve body, which may extend towards the
wall of the gas cylinder and hence to the first temperature
sensor. Accordingly, the measurement of the tempera-
ture of the valve body may be used to correct an ambient
temperature measurement. Since the activation of the
valve may furthermore cause a pressure difference within
the gas cylinder, the activation state may furthermore be
used to determine the status of the gaseous mixture, such
that, for example, a low probability of the presence of a
liquid state may be neglected, when a high flow rate is
indicated by the valve activation sensor.
[0034] Preferably, the indicator is configured to prompt
a user to maintain the gas cylinder within a predefined
temperature range for a predefined time period and/or to
invert the gas cylinder for a predefined number of times
based on the determined status. Said time period and/or
number of inversions may e.g. correspond to a probability
level of the presence of a liquid state within the gaseous
mixture or generally to an absolute ambient temperature
measurement or sequence of ambient temperature
measurements. For example, a prolonged storage of a
respective gas cylinder below a critical temperature may
require that the gas cylinder is maintained at e.g. room
temperature for a prolonged period of time, while a brief
ambient temperature measurement just below the critical
temperature may be remedied by e.g. one to three inver-
sions of the gas cylinder.
[0035] In order to ensure whether an inversion of the
gas cylinder has taken place, the gas monitoring device
preferably comprises an accelerometer or motion sensor
in communication with the evaluation unit, wherein the
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evaluation unit is configured to update the determined
status based on a received measurement of said accel-
erometer or motion sensor. A brief storage of a respective
gas cylinder and below the critical temperature of the
gaseous mixture may e.g. be followed by one or more
inversions of the gas cylinder, such that the presence of
a liquid state of the gaseous mixture may be insignificant
or may at least not pose a risk for the user. Accordingly,
even if such status of the gaseous mixture is initially de-
termined, the status is automatically updated upon a de-
tection of an inversion or other movement by the accel-
erometer or motion sensor.
[0036] In addition, this provides a feedback mecha-
nism to the evaluation unit in the case where the indicator
prompts a user to invert the gas cylinder for a predefined
number of times based on the determined status. In oth-
erwords, the actual number of inversions within a prede-
fined period of time may be compared with the prescribed
number of inversions and the evaluation unit may accord-
ingly output a signal based on said comparison. If the
comparison indicates that the prescribed number of in-
versions have occurred, a previously determined status
corresponding to an increased risk of the presence of a
liquid state within the gaseous mixture may be updated,
so as to indicate to a user that the gaseous mixture is
now safe for use. If the indicator is configured as a display
or screen, the display may also indicate the temperature
and the remaining time and/or number of inversions re-
quired to ensure that the gaseous mixture is safe for use,
e.g., in the form of a countdown.
[0037] Since large institutions and facilities generally
comprise a plurality of gas cylinders for a plurality of users
or patients, which may be used or stored at different and
remote locations, it is furthermore preferable that the sta-
tus, for each of these gas cylinders is remotely retrieva-
ble. Accordingly, the gas monitoring device preferably
comprises a wireless communication module in commu-
nication with the evaluation unit, wherein the wireless
communication module is configured to transmit the out-
put signal to a remote device, preferably a remote monitor
and/or monitoring system. Thereby, it is possible to locate
and track a respective gas cylinder and it is ensured that
a required gaseous mixture is available for use. Further-
more, should the evaluation unit of the respective gas
cylinder indicate a potential risk due to the determined
status of the respective gaseous mixture, e.g. due to an
undesirable storage temperature, maintenance or relo-
cation may be provided to ensure a proper storage of
said gas cylinder.
[0038] In a medical setting, this may furthermore en-
sure that medical personnel is alerted, when a status of
a gaseous mixture deviates from a predefined status and
use of said gaseous mixture potentially poses a risk for
a corresponding patient. If the gas monitoring device is
furthermore equipped with a valve activation sensor, an
actuation or opening of said valve may furthermore in-
voke an alarm in a monitoring system or in a remote de-
vice coupled with the gas monitoring device, such that

the medical personnel may be immediately directed to
the respective gas cylinder to avoid further usage.
[0039] In order to facilitate the transmission of the out-
put signal to a remote device, the wireless communica-
tion module is preferably configured with Bluetooth, Blue-
tooth Low Energy, Zigbee, RFID, WLAN, WiFi, and/or
similar communication standards to facilitate a nearby or
remote communication.
[0040] To facilitate transportation and for ease of im-
plementation of the gas monitoring device, the gas mon-
itoring device is preferably configured as a stand-alone
unit comprising an electrical energy storage medium
and/or comprises an electrical coupling. For example,
the gas monitoring device may be powered by a battery,
such as half an AA, an AA or an AAA standard battery,
which provides a sufficient longevity to maintain the gas
monitoring device between one to five years in standby
or low activity mode. Such battery power has the advan-
tage that no further implementations are required other
than a correct coupling of the gas monitoring device to
the gas cylinder and that the gas monitoring device may
be used with a gas cylinder at an arbitrary location. Al-
ternatively, or in addition, the gas monitoring device may
be provided with an electric coupling device, such that
the gas monitoring device may be charged or powered
by an external electrical energy source. Furthermore, the
gas monitoring device may be electrically coupled to a
powered integrated valve by means of a corresponding
interface.
[0041] According to a further aspect of the invention,
a valve for a gas cylinder is suggested, comprising a gas
monitoring device as described in the above. For exam-
ple, the gas monitoring device may be coupled to the
valve via an attachment or fixation means, such as a
screwing attachment, or alternatively via an electromag-
netic coupling. Preferably, the gas monitoring device is
integrated in the valve, e.g. embedded or otherwise se-
curely fixed to the valve. Accordingly, the gas monitoring
device may be provided as a releasable module, which
is secured to the valve, e.g., for retrofitting purposes of
existing valves, or may be formed as an integral part.
[0042] The valve may furthermore comprise a pres-
sure sensor, which is in communication with the evalua-
tion unit, wherein the evaluation unit is configured to de-
termine the status based on the received ambient tem-
perature measurement and the detected pressure of the
gaseous mixture in the gas cylinder. As described in the
above, the state of each gaseous component in the gas-
eous mixture may be dependent on both the pressure
and the temperature within the gas cylinder. Although
most gaseous components are in a gas state at ambient
temperature and even at high pressure, gaseous com-
ponents may transition into the liquid state below a par-
ticular temperature, known as the critical temperature.
Accordingly, including the pressure of the gaseous mix-
ture within the gas cylinder in the determining of the status
of the gaseous mixture further increases the validity of a
determined probability of the presence of a liquid state
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within the gaseous mixture. For this purpose the evalu-
ation unit may be in direct communication with the pres-
sure sensor or may communicate with said pressure sen-
sorvia an interface provided in the valve.
[0043] The evaluation unit, as described in the above
may comprise any computing means, such as a proces-
sor or microprocessor to process the various measure-
ments and may furthermore comprise a data storage,
storing e.g. lists of critical temperatures for particular gas-
eous components, and may be configured to compare
said measurements with available data, e.g. thresholds
or temperature ranges, stored in said storage. In addition,
and inputting means may be provided, such that relevant
data for determining the status of the gaseous mixture
may be manually or automatically inputted.
[0044] The evaluation unit may furthermore be in com-
munication with or be configured as a control unit of the
valve, wherein the control unit is configured to control the
valve actuation based on the determined status. The
evaluation unit may hence be coupled with an existing
control unit, e.g. via an interface, or may form an integral
part of a control unit.
[0045] The evaluation unit may hence also be config-
ured as being part of a controller or as controller itself
and may accordingly be operatively coupled with various
actuation components of a valve, e.g. a pressure regu-
lator and/or a valve actuation wheel or knob, either di-
rectly or via an interface of the valve.
[0046] Accordingly, based on the determined status of
the gaseous mixture, the evaluation unit may actively pre-
vent an activation or actuation of the valve, for example,
when the determined status indicates a risk for a user.
The control function of the activation may furthermore be
provided by a remote device, e.g. a coupled remote de-
vice or central monitoring device, by means of a corre-
sponding coupling, e.g. by means of a wireless commu-
nication module.

Brief description of the drawings

[0047] The present disclosure will be more readily ap-
preciated by reference to the following detailed descrip-
tion when being considered in connection with the ac-
companying drawings in which:

Figure 1 is a graphical representation of the physical
state of nitrous oxide at different pressures and tem-
peratures;

Figure 2 is a schematic view of a gas monitoring
device coupled to a gas cylinder;

Figure 3 is another schematic view of a gas moni-
toring device securely attached to a valve and gas
cylinder wall of a gas cylinder;

Figure 4 is another schematic view of the gas mon-
itoring device according to Figure 3 with further func-

tional features;

Figure 5 is a schematic view of the gas monitoring
device according to Figure 4 in communication with
a remote device; and

Figure 6 is a perspective view of a valve with an
attached gas monitoring device.

Detailed description of preferred embodiments

[0048] In the following, the invention will be explained
in more detail with reference to the accompanying Fig-
ures. In the Figures, like elements are denoted by iden-
tical reference numerals and repeated description there-
of may be omitted in order to avoid redundancies.
[0049] In Figure 1 a graph is shown indicating the phys-
ical state of nitrous oxide, which may be used in a gas
mixture together with oxygen, e.g. at equal parts, and is
normally administered to a patient for therapeutic pur-
poses. The physical behavior of nitrous oxide is depicted
for the respective pressure (P) and temperature (T) rang-
es. As shown by curve A and rectangular elements, ni-
trous oxide may be in a gas state or phase even at high
pressures yet reaches a critical point, as indicated by C.
Provided that the pressure and temperature of the gas
mixture remain to the left of curve A, there will be no
separation of the gas mixture, i.e. the nitrous oxide will
remain in the gas state. Furthermore, at pressures above
the critical point C on the curve, the gas mixture will re-
main as a gas. However, if the pressure is maintained
and the temperature is reduced to below -6éC, the nitrous
oxide component of the mixture will start to condense out
of the gas mixture, as indicated by curve B and triangular
elements. By the same token, if the temperature is further
reduced, nitrous oxide will transition into the liquid phase
even at lower pressures. Accordingly, with low temper-
atures, stability of the gaseous mixture is reduced, in-
creasing the probability of a gas separation, which may
pose a risk to a patient when using the gaseous mixture.
[0050] Figure 2 is a schematic view of a gas monitoring
device 10 coupled to a gas cylinder 12 having a valve
14. As indicated by the dashed line, the gas monitoring
device 10 is not required to be in direct contact with the
gas cylinder 12 or valve 14. For example, the gas mon-
itoring device 10 may also be coupled to the gas cylinder
12 by means of an attachment to a holder or rack of the
gas cylinder 12, such that the gas monitoring device 10
may be associated with a particular gas cylinder.
[0051] The gas monitoring device 10 comprises a first
temperature sensor 16, which is configured and arranged
to detect an ambient temperature so as to provide a cor-
responding measurement to the evaluation unit 20. The
evaluation unit 20 comprises a computing means in the
form of a processor as well as a data storage to compare
the measured ambient temperatures with a predefined
temperature range stored in the evaluation unit20. Said
temperature range corresponds to a dew point or critical
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temperature for a given pressure and specific compo-
nent, e.g. nitrous oxygen, which is comprised in the gas-
eous mixture in the gas cylinder 12.
[0052] Accordingly, a provided ambient temperature
below said temperature range may indicate that said gas-
eous component in the gaseous mixture may transition
into the liquid phase, e.g. condense, such that the gas-
eous mixture is at least partly separated and the required
concentration of the respective components within the
gaseous mixture does not correspond to a prescribed
concentration. In order to alert a user handling the gas
cylinder 12, the gas monitoring device 10 comprises an
indicator 18, which is configured in the form of a display
and which is in communication with the evaluation unit
20 to receive an output signal corresponding to a deter-
mined status of the gaseous mixture. The display may
hence present a text message or graphical icon indicating
whether the gaseous mixture and gas cylinder 12 is safe
for use based on the received signal. However, alterna-
tively, or in addition, the indicator 18 may also provide
an indication of the determined status by means of a light
or LE D and/or acoustic signal, such as an alarm via a
buzzer.
[0053] The embodiment depicted in Figure 3 essen-
tially corresponds to the embodiment of Figure 2, wherein
in addition to the first temperature sensor 16 a valve ac-
tivation sensor 24 is comprised in the gas monitoring de-
vice 10. The gas monitoring device 10 is directly coupled
to the gas cylinder 12 and the valve 14, e.g. to a wall of
the gas cylinder 12, by means of an attachment means,
e.g. a screwing fixation, Velcro, or an adhesive. Accord-
ingly, the gas monitoring device 10 is specific for the gas
cylinder 12 even in the case of a separation of the gas
cylinder 12 from a holder.
[0054] Furthermore, such arrangement facilitates the
measurement of an actuation of the valve 14 due to the
direct coupling. The valve activation sensor 24 may e.g.
be configured as a sensor to detect an opening and clos-
ing of the valve 14, but is preferably configured to deter-
mine a flow rate of the gaseous mixture exiting the valve
14. In order to avoid any necessary further implementa-
tions and to provide a non-invasive measurement of the
flow rate, the valve activation sensor 24 may be formed
as a second temperature sensor, which measures a tem-
perature of the valve body.
[0055] The valve comprises a primary on-off valve, a
flow-regulator valve, and an outlet connection (not
shown). The second temperature sensor of the gas mon-
itoring device is in direct contact with the valve body of
the valve 14 and is configured as a thermistor, which is
mechanically biased via a resilient member such that the
thermistor engages the valve body, when the gas mon-
itoring device 10 is assembled onto the valve body.
[0056] The processor of the evaluation unit 20 is op-
erable to calculate a compensated temperature over
time, the compensated temperature being the difference
between the measured valve body temperature and the
measured ambient temperature, and then determines

the first temperature derivate (dCT/Dt) and the second
temperature derivate (d2CT/dt2), which together may be
used during operation of the valve to determine the flow
rate and pressure change in the cylinder. From the de-
termined flow rates and/or pressure changes, the volume
change in the gas cylinder 12, and hence the remaining
volume, can be calculated.
[0057] To facilitate the determining of the flow rate the
processor of the evaluation unit 20 can store reference
data associated with the gas cylinder 12 to which it is
attached. The reference data may include valve calibra-
tion data which equates temperature change of the valve
body to gas flow-rate through the valve body when the
flow-regulator valve is opened. The valve calibration data
is specific and selected according to the valve 14 and
gas cylinder 12 to which the valve 14 is attached, and
may include valve material, valve size, filling pressure of
the cylinder 12, cylinder volume, and cylinder material.
[0058] The evaluation unit 20 may hence not only in-
dicate a potential risk of using the gaseous mixture below
a predefined ambient temperature, but may also provide
further information derived from the determined flow rate
to indicate a calculated remaining time, provide a warning
to user that a flow rate does not correspond to a pre-
scribed flow rate, and/or alert a user that the remaining
amount of the gaseous mixture is insufficient for a pre-
scribed treatment and a replacement or refill of the gas
cylinder 12 will be required. Said information may be pro-
vided by means of the outputted signal to the indicator 18.
[0059] In addition, in order to reduce the energy con-
sumption, the indicator 18 may be configured to present
the determined status information by means of a button
22, such that the status is only retrievable upon activation
of said button. Therefore, a continuous indication is
avoided by the provision of on-demand retrieval. Further-
more, such retrieval may require an identifier, such that
a level of security is provided and e.g. only medical per-
sonnel is capable to perform the status reading.
[0060] The embodiment according to Figure 4 com-
prises a wireless communication module 28, which is in
communication with the evaluation unit 20 and is config-
ured to transmit the determined status to a remote device,
e.g. via Bluetooth or Low E nergy Bluetooth. This ensures
that a user or medical personnel that is not in direct vicinity
of the gas cylinder 12 may monitor the gaseous mixture
comprised in the gas cylinder 12 and may be alerted, if
the risk of a gas separation is determined based on the
measured ambient temperature. To be able to transmit
such information the wireless communication module 28
may require a coupling with the remote device, e.g. by
providing an identifier or by requiring an initial physical
proximity to the gas monitoring device 10, e.g. via NFC
or RFID, to ensure that the transmitted information is only
receivable by an authorized remote device.
[0061] The gas monitoring device 10 furthermore com-
prises an accelerometer 26, which is securely attached
and is configured to measure a movement and acceler-
ation of the gas monitoring device 10. The accelerometer
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26 is in direct communication with the evaluation unit 20
and may be used to ensure that a prescribed number of
inversions is performed, as indicated by the indicator 18
or in outputted signal corresponding to the determined
status, when the determined status indicates a potential
risk for the use of the gaseous mixture.
[0062] For example, the gas cylinder 12 may have
been stored at a temperature, which causes a particular
gaseous component to separate from the gaseous mix-
ture due to a transition into the liquid state, e.g. due to
condensation. In such case, the indicator 18 may present
information based on the determined status to maintain
the gas cylinder 12 at above a particular temperature for
a predefined period of time a nd/or to invert the gas cyl-
inder 12 a predefined number of times prior to use. While
the first temperature sensor 16 measures the ambient
temperature and hence provides feedback to the evalu-
ation unit 20 as to whether the gas cylinder 12 is stored
at a required temperature, the accelerometer 26 provides
feedback to the evaluation unit 20 as to the number of
inversions and whether said inversions have been per-
formed correctly. Accordingly, the evaluation unit 20 may
periodically or continuously update the determined status
and may provide such update via the outputted signal to
the indicator 18.
[0063] The wireless communication module 28 may
furthermore be in communication with a remote device
30, as indicated in Figure 5 by means of the dashed line,
wherein the remote device 30 may be configured as a
central monitoring unit or remote central computer sys-
tem. The transmitter of the wireless communication mod-
ule 28 may hence transmit the signal corresponding to
the determined status to the remote device 30 to alert
the operator of the remote device 30, if the determined
status poses a risk for a user. In addition, the transmitter
may be capable of transmitting data, which in addition to
the determined status and depending on the configura-
tion of the evaluation unit 20 may include the gas cylinder
12 details and the remaining volume left in the gas cyl-
inder 12 to the remote device 30 to make the operator of
the remote device 30 aware if the cylinder needs chang-
ing.
[0064] Although the processor of the evaluation unit
20 processes the ambient temperature, the flow rate da-
ta, and the movement data over time and updates the
determined status, said processing steps may also be
performed by the remote device 30, i.e. when the level
of required independency and remoteness is low, such
that there is no need for any processing to be done in
the gas monitoring device 10. This may furthermore re-
duce the energy consumption of the gas monitoring de-
vice 10.
[0065] The remote device 30 or plurality of remote de-
vices 30 may be positioned e.g. in a ward, surgery, filling
station, and/or storage station and may be either station-
ary or configured as a mobile and/or handheld device.
Furthermore, to facilitate the communication between the
gas monitoring device 10 and the remote device 30, the

communication may be provided via one or more hubs,
wherein the hubs can then communicate with e.g. the
central computer using wireless transmission protocols
more suitable for longer distances, such as Wi-Fi.
[0066] The evaluation unit 20 is furthermore configured
as a controller being in communication with the actuation
components of the valve 14, as indicated by the dashed
line. Accordingly, the evaluation unit 20 may control an
opening and/or closing of the valve and is furthermore
preferably configured to seta particular flow rate. For ex-
ample, when the determined status indicates a potential
risk for the use of the gaseous mixture due to an inho-
mogeneous phase separation of the gaseous mixture,
the evaluation unit 20 may control the valve 14 so as to
close the valve 14 and may at the same time output an
alert to the user via the outputted signal. By the same
token, the remote device 30 may be configured to not
only receive the information from the wireless communi-
cation module, but to also transmit input data for the eval-
uation unit 20, e.g. by comprising a transceiver, including
control commands for the valve 14. Thereby, a medical
professional or operator may ensure that only a safe to
use gaseous mixture is administered to a patient.
[0067] A more detailed embodiment of the various op-
tional features of the valve 14 including a gas monitoring
device 10 is depicted in the perspective view of a valve
14 in Figure 6. The valve 14 is attached to a gas cylinder
12 (only part of which is shown) and is mechanically and
fluidly connected via connector 32. The valve 14 com-
prises a valve body 34 which has a primary on-off valve
36, a flow-regulator valve 38, and an outlet connection
40. Accordingly, using the flow-regulator valve, a flow
rate may be set ranging from 0 to 0,5 and from 1 to about
25 L per minute. The gaseous mixture is then adminis-
tered to a patient via a patient interface, arranged down-
stream of the outlet connection 40, e.g. via tubing. The
valve 14 also has a mechanical pressure gauge 21 to
indicate the pressure in the gas cylinder 12, a filling port
44, and a medical quick connector 46.
[0068] Accordingly, the gas monitoring device 10 is
coupled to the gas cylinder 12 by means of an attachment
to the valve 14. Although said valve 14 may be configured
as an analog valve, the gas monitoring device 10 may
optionally also be coupled to a digital valve, wherein the
gas monitoring device 10 is preferably integrated in the
valve as an embedded feature.
[0069] It will be obvious for a person skilled in the art
that these embodiments and items only depict examples
of a plurality of possibilities. Hence, the embodiments
shown here should not be understood to form a limitation
of these features and configurations. Any possible com-
bination and configuration of the described features can
be chosen according to the scope of the invention.

List of reference numerals

[0070]
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10 Gas monitoring device
12 Gas cylinder
14 Valve
16 First temperature sensor
18 Indicator
20 Evaluation unit
22 Button
24 Valve activation sensor
26 Accelerometer
28 Wireless communication module
30 Remote device
32 Connector
34 Valve body
36 Primary on-off valve
38 Flow-regulatorvalve
40 Outlet connection
42 Filling port
44 Medical quick connector
A Gas phase
B Liquid phase
C Critical temperature

Claims

1. Gas monitoring device (10) for use with a gas cylin-
der(12), comprising:

a first temperature sensor(16) for measuring an
ambient temperature of the gas cylinder (12),
an indicator (18) for indicating a status of a gas-
eous mixture comprised in the gas cylinder(12),
and
an evaluation unit (20) in communication with
the first temperature sensor (16) and the indica-
tor (18) and configured to determine a status of
the gaseous mixture based on the received am-
bient temperature measurement and to output
a signal corresponding to said status to the in-
dicator (18), when the gas monitoring device
(10) is coupled to the gas cylinder(12).

2. Gas monitoring device (10) according to claim 1,
wherein the evaluation unit(20) is further configured
to determine the status of the gaseous mixture based
on an evaluation of the ambient temperature meas-
urement over a predefined time period and/or a com-
parison of the ambient temperature measurement
with a predefined temperature range, and wherein
the outputted signal comprises an alarm, when the
determined status deviates from a predefined status
stored in the evaluation unit (20).

3. Gas monitoring device (10) according to claim 1 or
2, wherein the determined status indicates the prob-
ability of the presence of a liquid phase within the
gas cylinder (12), wherein the gaseous mixture pref-
erably comprises nitrous oxide, oxygen, helium, ni-

trogen, nitric oxide, carbon monoxide, and/or carbon
dioxide.

4. Gas monitoring device (10) according to any of the
preceding claims, wherein the indicator (18) is con-
figured to present the status by activating one or
more LEDs, by providing a graphical representation
or text message on a display, and/or by outputting
an acoustic signal.

5. Gas monitoring device (10) according to claim 4,
wherein the indicator(18) is configured to present the
status on-demand by means of an actuation of a
touch-sensitive object of the indicator (18), prefera-
bly a button (22) or mechanical switch, or upon ac-
tuation due to a coupling with a remote device (30)
via NFC, Bluetooth, Zigbee, RFID, WLAN orWiFi.

6. Gas monitoring device (10) according to any of the
preceding claims, further comprising a valve activa-
tion sensor(24) fora valve (14) of the gas cylinder(12)
being in communication with the evaluation unit (20),
wherein the evaluation unit (20) outputs the signal
based on the determined status and the detected
valve activity.

7. Gas monitoring device (10) according to claim 6,
wherein the valve activation sensor (24) is config-
ured as a flow sensor for detecting a flow of a gas
through the valve (14) of the gas cylinder (12) or
wherein the gas monitoring device (10) comprises a
second temperature sensor for measuring a temper-
ature of a valve body (34) of the gas cylinder (12)
and being in communication with the evaluation unit
(20), wherein the evaluation unit (20) determines an
activation of the valve (14) based on the first tem-
perature sensor measurement and the second tem-
perature sensor measurement.

8. Gas monitoring device (10) according to claim 6 or
7, wherein the activation state of the valve (14) is
factored into the temperature measurement of the
first temperature sensor (16).

9. Gas monitoring device (10) according to any of the
preceding claims, wherein the indicator (18) is con-
figured to prompt a user to maintain the gas cylin-
der(12) within a predefined temperature range for a
predefined time period and/or to invert the gas cyl-
inder (12) for a predefined number of times based
on the determined status.

10. Gas monitoring device (10) according to any of the
preceding claims, further comprising an accelerom-
eter (26) or motion sensor in communication with the
evaluation unit (20), wherein the evaluation unit (20)
is configured to update the determined status based
on a received measurement of said accelerometer
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(26) or motion sensor.

11. Gas monitoring device (10) according to any of the
preceding claims, further comprising a wireless com-
munication module (28) in communication with the
evaluation unit (20), wherein the wireless communi-
cation module (28) is configured to transmit the out-
put signal to a remote device (30), preferably a re-
mote monitor and/or monitoring system, preferably
via Bluetooth, Bluetooth Low Energy, Zigbee, RFID,
WLAN, and/or WiFi.

12. Gas monitoring device (10) according to any of the
preceding claims, configured as a stand-alone unit
comprising an electrical energy storage medium
and/or comprising an electrical coupling.

13. Valve (14) for a gas cylinder (12), comprising a gas
monitoring device (10) according to any of the pre-
ceding claims, wherein the gas monitoring device
(10) is preferably integrated in the valve.

14. Valve (14) according to claim 13, further comprising
a pressure sensor in communication with the evalu-
ation unit (20), wherein the evaluation unit (20) is
configured to determine the status based on the re-
ceived ambient temperature measurement and the
detected pressure of the gaseous mixture in the gas
cylinder (12).

15. Valve (14) according to claim 13 or 14, wherein the
evaluation unit (20) is in communication with or is
configured as a control unit of the valve (14), wherein
the control unit is configured to control the valve ac-
tuation based on the determined status.
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