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(54) A GAS CYLINDER MONITORING SYSTEM

(57) The present invention provides a gas cylinder
monitoring device (34) for use with a valve (18) for con-
trolling the flow of gas from a cylinder (14), the valve (18)
having a valve body (20), the device comprising an am-
bient temperature sensor (38) to measure the ambient
temperature (TA), a valve body temperature sensor (36)
to measure the temperature (TV) of the valve body, and

a processor (42) operable to process a compensated
temperature (CT) calculated from the difference between
the measured valve body temperature (TV) and the am-
bient temperature (TA) over time (t) to determine the
flow-rate (FR) of the flow of gas from the cylinder and/or
the pressure (P) on the gas.
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Description

[0001] The present invention relates to a gas cylinder
monitoring system, in particular to a gas cylinder moni-
toring system for use during the filling of gas cylinders
for supplying clinical gasses such as, for example, oxy-
gen, argon, nitrous oxide, xenon, nitric oxide, helium and
mixtures thereof to patients, and for supplying industrial
gases such as oxygen, nitrogen, carbon dioxide and ar-
gon and mixtures thereof.
[0002] Known gas cylinders include valves to control
the flow of gas from the cylinder. The valve typically in-
cludes a filling port, through which gas enters the cylinder
when the cylinder is connected to a filling hose at a filling
rig. A filling rig may be a manual system or may be an
automatic system. In most cases, a number of emp-
ty/near-empty cylinders are collected from a number of
locations, then transported to a filling station. They are
connected to a filling rig and then filled.
[0003] It is critical that gas cylinders are re-filled in a
safe manner in order to avoid the risks of unsafe filling.
There are two factors to consider when a cylinder is filled.
The first factor is to ensure that no element of the system
overheats during filling. The second is to ensure that the
final ’settle’ pressure to which the cylinder is filled is the
appropriate safe pressure.
[0004] With regards to the first factor, it is known that
most gasses undergo an increase in temperature during
filling. When a gas experiences a rapid change in pres-
sure, for example when it flows through a valve or regu-
lator, the gas experiences a temperature change in ac-
cordance with the First Law of Thermodynamics. This is
an iso-enthalpic process and is known as the Joule-
Thomson effect. In order to avoid damage to internal
seals within the cylinder valve during filling, the rate at
which a cylinder is filled must be carefully controlled. One
variable which affects this, that must be taken into ac-
count when a gas cylinder is filled, is the initial tempera-
ture of the cylinder and valve. This can be influenced by
local environmental conditions but also local storage con-
ditions. For safety, the filling rate at which a cylinder is
filled takes account of the worst-case scenario appropri-
ate to the local environment and possible storage, and
assumes a hot storage facility and hot weather condi-
tions, and a proportionally low filling rate is used. This
reduces the number of cylinders that can be refilled in a
given timeframe, which decreases the potential efficien-
cy of the filling process.
[0005] With regards to the second factor, current filling
processes call for the cylinder closest to the fill manifold
to have its temperature checked, and a settle pressure
determined based on a look-up table (for example, MED-
U08-15-US). This is not a fool-proof means of determin-
ing the final fill pressure, since human intervention is re-
quired in order to retrieve the temperature information.
The hand-held probes that are used to measure cylinder
temperature
mechanical pressure gauge to display the pressure of

the gas in the cylinder. It is important, particularly when
supplying clinical gases, that the cylinder does not run
out of gas. Whilst the pressure gauge displays the pres-
sure of gas remaining, human intervention is required in
order to retrieve the information, and some users find it
difficult to interpret the information supplied and make
incorrect determinations of important data such as the
total time of gas supply remaining.
[0006] In an attempt to overcome the above problem,
analogue valves have been replaced by so-called intel-
ligent valves which incorporate an electronic monitoring
system to process the gas pressure to determine infor-
mation which is more pertinent, for example, the time
remaining before the gas in the cylinder either runs out
or reaches a pre-determined threshold. The electronic
monitoring system can also wirelessly transmit the gas
pressure to a remote computer which includes a man-
agement system which not only enables analysis of the
gas pressure, but can identify gas cylinders which require
replacing due to having low gas content. Hospitals will
typically have many gas cylinders at different locations,
and therefore it is beneficial to be able to manage the
contents of those gas cylinders via a remote computer.
[0007] Whilst the use of intelligent valves eliminates
the need for human intervention to check the gas con-
tents, and enables remote management, the majority of
gas cylinders used in hospitals still employ analogue
valves.
[0008] The managing of the gas contents of cylinders
in hospitals which use cylinders with analogue valves
and intelligent valves is a particular problem because it
is only the cylinders with intelligent valves that can com-
municate with and be managed by the remote computer,
leaving those cylinders with analogue valves at greater
risk of running out of gas.
[0009] Whilst it would be possible to identify cylinders
with analogue valves and replace them with intelligent
valves, this is not always practical, and can be prohibited
by cost.
[0010] It would be desirable to be able to better manage
the contents of gas cylinders with analogue valves.
[0011] Thus, according to the present invention there
is provided a gas cylinder monitoring device for use with
a valve for controlling the flow of gas from a cylinder, the
valve having a valve body, the device comprising an am-
bient temperature sensor to measure the ambient tem-
perature, a valve body temperature sensor to measure
the temperature of the valve body, and a processor op-
erable to process a compensated temperature calculated
from the difference between the measured valve body
temperature and the ambient temperature over time to
determine the flow-rate of the flow of gas from the cylinder
and/or the pressure on the gas.
[0012] When a gas experiences a rapid change in pres-
sure, for example when it flows through a valve or regu-
lator, the gas experiences a temperature change in ac-
cordance with the First Law of Thermodynamics. This is
an iso-enthalpic process and is known as the Joule-
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Thomson effect. This effect can be exploited when a gas
flows from a cylinder and through a valve body by mon-
itoring and processing the valve body temperature
change when the gas flows through. The valve body tem-
perature can processed 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. From
the flow-rate it is possible to calculate the change in vol-
ume 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. Know-
ing the volume change enables the remaining volume of
gas to be calculated.
[0013] 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, with having to rely on flow-rate or pres-
sure data which requires more sophisticated and invasive
monitoring equipment.
[0014] Preferably, the flow-rate is determined by com-
paring the amplitude of the peak second derivative of the
compensated temperature after the valve has opened
with valve calibration data. The valve calibration data en-
ables a relationship between the flow-rate and the am-
plitude of the peak second derivative of the compensated
temperature to be established, which can then be used
to determine the actual flow-rate when the valve is in
operation. Alternatively, the flow-rate is determined by
comparing the amplitude of the peak first derivative of
the compensated temperature after the valve has opened
with valve calibration data.
[0015] Preferably, the pressure is determined by com-
paring the amplitude of the difference between the peak
second derivative of compensated temperature after the
valve has opened and the peak second derivative of com-
pensated temperature when the valve closes, with valve
calibration data. The valve calibration data enables a re-
lationship between the pressure and the amplitude of the
difference between the peak second derivative of com-
pensated temperature after the valve has opened and
the peak second derivative of compensated temperature
when the valve closes to be established, which can then
be used to determine the actual pressure when the valve
is in operation. Alternatively, the amplitude of the differ-
ence between the peak first derivative of compensated
temperature after the valve has opened and the peak
first derivative of compensated temperature when the
valve closes can be compared with valve calibration data
to determine the pressure.
[0016] Insofar as it relates to flow-rate, the valve cali-

bration data is established for a particular valve type by
measuring the compensated temperature over time, and
recording the amplitude of the peak second compensat-
ed temperature derivative for different flow-rates.
[0017] Insofar as it relates to pressure, the valve cali-
bration data is established for a particular valve type by
measuring the compensated temperature over time, and
the pressure over time for a fixed flow-rate, and recording
the difference between the peak second derivative of
compensated temperature after the valve has opened
and the peak second derivative of compensated temper-
ature when the valve closes for different pressures.
[0018] By repeating the calibration exercise for valves
with different characteristics, such as size and material
type, it is possible to select the appropriate calibration
data, and therefore relationship between the temperature
data and flow-rate and pressure, according to that valve
when the monitoring device is used with that valve.
[0019] Calibration data will also need to be established
for different cylinder properties and initial filling pres-
sures.
[0020] It is important to identify when the valve opens
and closes so that the correct temperature data can be
used. In one embodiment, the processor determines the
valve is open at the time when the change in compen-
sated temperature is above a threshold, for example,
1°C. Alternatively, the processor can determine the valve
has opened when the first temperature derivative is a
negative value, i.e. the temperature has decreased. In
one embodiment, the processor can determine the valve
is closed when the first derivate of the compensated tem-
perature becomes positive and/or reaches a steady
state.
[0021] Preferably the monitoring device is releasably
attachable to the valve body of the gas cylinder enabling
it to be used with different gas cylinders.
[0022] The gas cylinder monitoring device can include
a wireless transmitter which is operable to transmit data
associated with the gas cylinder to a remote computer
to enable management of the gas cylinder contents.
[0023] The data transmission can be from the monitor-
ing device directly to the remote computer, or via one or
more hubs which are themselves connected to the re-
mote computer. Longer distance transmission, i.e. that
from the monitoring device to the remote computer will
use Wi-Fi®, whereas shorter distance transmission from
the device to the hubs is more suited to using Bluetooth®
transmission. The inclusion of a wireless transmitter in
the device has the advantage that analogue valves in-
corporating the device, and intelligent valves, both of
which will typically be present in a hospital, can both com-
municate, and be managed by the central computer.
[0024] The data can include time and temperature data
associated with operation of the valve, as well as data to
identify the type and location of the gas cylinder to which
the monitoring device is as attached.
[0025] According to another aspect of the present in-
vention there is provided method of determining the flow-

3 4 



EP 3 708 898 A1

4

5

10

15

20

25

30

35

40

45

50

55

rate of a gas from a cylinder and/or the pressure of the
gas comprising the steps of measuring the ambient tem-
perature, measuring the valve body temperature,
processing the difference between the ambient and valve
body temperature over time to determine the flow-rate of
the flow of gas from the cylinder and/or the pressure on
the gas.
[0026] The invention will now be described by way of
example only with reference to the accompany drawings,
in which:

Figure 1 is a perspective view of an analogue valve
including a gas monitoring device according to one
embodiment of the present invention, and

Figure 2 is a schematic view of the gas monitoring
device of Figure 1.

[0027] In Figures 1 and 2, there is shown a gas cylinder
monitoring system 10 comprising a gas cylinder assem-
bly 12, a gas cylinder monitoring device 34 and a remote
computer 14.
[0028] The gas cylinder assembly 12 comprises a con-
ventional gas cylinder 14 (only part of which is shown)
which is mechanically and fluidly connected via connec-
tor 16 to a conventional analogue valve assembly 18. In
this embodiment, the cylinder is filled with oxygen.
[0029] The valve assembly 18 comprises a valve body
20 which has a primary on-off valve 22, a flow-regulator
valve 24, and an outlet connection 26. The valve assem-
bly 18 also has a mechanical pressure gauge 21 to indi-
cate the pressure in the gas cylinder 12, a filling port 30,
and a medical quick connector 28. The valve body 20
has an external surface 32.
[0030] The gas cylinder monitoring device 34 has a
valve body temperature sensor in the form of a thermistor
36 to measure the valve body temperature TV, and an
ambient temperature sensor 38 to measure the ambient
temperature TA. The thermistor 36 is mechanically bi-
ased via spring 40 such that when the device is assem-
bled onto the valve body 20 as will be described below,
the thermistor 36 engages with the outer surface 32.
[0031] The gas cylinder monitoring device 34 includes
a fixing means (not shown) to enable it to be releasable
attachable to the valve body 20. Any suitable fixing
means is envisaged such as a strap or a clamp, the re-
quirement for the fixing means being that the thermistor
36 engages with the outer surface 32 when the device
34 is attached to the valve body 20.
[0032] The gas cylinder monitoring device 34 also in-
cludes an internal processor 42 and a Wi-Fi® transmitter
44. The temperature sensors 36,38 are connected to the
processor 42 and the internal processor 42 is connected
to the Wi-Fi® transmitter 44.
[0033] The gas cylinder monitoring device 34 includes
a battery 45 to power the processor 42 and the transmitter
44.
[0034] The internal processor 42 can store reference

data associated with the gas cylinder 12 to which it is
attached. The reference data includes valve calibration
data which equates temperature change of the valve
body to both gas flow-rate FR through the valve body 20
and the pressure P when the flow-regulator valve 24 is
opened.
[0035] The valve calibration data is specific and select-
ed according to the valve 18 and cylinder 12 to which the
valve is attached, and include valve material, valve size,
filling pressure of the cylinder 14, cylinder volume, and
cylinder material.
[0036] The processor 42 is also operable to calculate
a compensated temperature TC over time, the compen-
sated temperature TC being the difference between the
valve body temperature TV and the ambient temperature
TA, and then determine the first temperature derivate
(dCT/Dt) and the second temperature derivate
(d2CT/dt2). The compensated temperature TC data, and
the first and second temperature derivative data can be
used during operation of the valve to determine the flow-
rate and pressure change in the cylinder as will be de-
scribed below.
[0037] From the determined flow-rates and pressure
changes, the volume change in the cylinder, and hence
the remaining volume, can be calculated as will be de-
scribed below.
[0038] The transmitter 44 can transmit data, including
the cylinder details and the remaining volume left in the
cylinder 14 to the remote central computer 14 to make
the operator (not shown) of the central computer 14
aware if the cylinder needs changing.
[0039] The central computer 14 and/or the processor
42 can include a visible and/or audible alarm to indicate
when the contents of the gas cylinder reach a pre-deter-
mined lower threshold.
[0040] In the above embodiment, the processor 42
processes the temperature and time data and calculates
the remaining gas content remaining and sends that in-
formation to the central computer 14. In an alternative
embodiment, the temperature and time data can be sent
directly to, and processed by, the central computer, i.e.
there is no need for any processing to be done in the
monitoring device.
[0041] The temperature data, or the time or gas content
remaining is sent via Wi-Fi® directly to the central com-
puter 14 in the above embodiments. Alternatively, the
device can transmit the data using Bluetooth® to hubs
(not shown) positioned in key locations such as the ward,
surgery, filling station, storage station and transportation
when the device is within range of those hubs. The hubs
can then communicate with the central computer using
wireless transmission protocols more suitable for longer
distances, such as Wi-Fi®.
[0042] The monitoring system 10 operates as follows:
Firstly, valve calibration data is created for each of the
different valve types, cylinder types, and initial filling pres-
sure, and stored in the processor 42 as follows:
The device 34 is attached to the valve 18 such that the
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thermistor 36 engages with the valve body 20.
[0043] For calibration purposes, the actual pressure
and flow-rate data is required. This could be achieved by
using an intelligent valve which can measure the pres-
sure and flow-rate to high degrees of accuracy.
[0044] The valve calibration data is established for dif-
ferent flow-rates by measuring the compensated temper-
ature over time. The amplitude of the peak second com-
pensated temperature derivative is calculated for each
of the different flow-rates, and a relationship between
that amplitude and the actual flow-rate is established so
that when the valve is in normal operation, an estimated
flow-rate can be determined from the processed time and
temperature data without the need for actual flow-rate
data.
[0045] The valve calibration data is established for dif-
ferent pressures by measuring the compensated tem-
perature and the actual pressure over time for a fixed
flow-rate. The amplitude of the difference between the
peak second derivative of compensated temperature af-
ter the valve has opened and the peak second derivative
of compensated temperature when the valve closes is
calculated for different pressures, and a relationship be-
tween that amplitude and the actual pressure is estab-
lished so that when the valve is in operation, an estimated
pressure can be determined from the processed time and
temperature data without the need for actual pressure
data.
[0046] The valve calibration data is stored on the de-
vice and selectable via a button (not shown) or via in-
struction from the central computer according to the valve
type upon which the device is mounted.
[0047] In the calibration method described above, the
amplitude of the second temperature derivative is used
to equate temperature data to flow-rate and pressure.
Alternatively, or additionally, the amplitude of the first
temperature derivative can be used to establish a rela-
tionship between that amplitude and the actual flow-rate
and pressure.
[0048] Once the device has been calibrated, it is used
with the gas cylinder as outlined below.
[0049] The correct valve calibration data is selected
according to the valve type.
[0050] The flow-regulator valve 24 is opened for a pe-
riod of time, and the compensated temperature TC is
recorded during the operation of the valve.
[0051] The processor 42 processes the compensated
temperature TC and determines the amplitude A1 of the
peak second compensated temperature derivative after
the valve 18 has opened at time to. The processor 42
establishes the valve has opened when the compensated
temperature CT change is above 1°C.
[0052] The processor 42 processes the compensated
temperature TC and determines the amplitude A2 of the
difference between the peak second derivative of com-
pensated temperature CT after the valve 18 has opened
and the peak second derivative of compensated temper-
ature when the valve 18 closes at time tc. The processor

42 establishes the valve 18 is closed when the first de-
rivative of the compensated temperature becomes pos-
itive.
[0053] The flow-rate FR is calculated by comparing the
determined amplitude A1 with the calibration data which
has established the relationship between amplitude and
flow-rate.
[0054] The pressure P is calculated by comparing the
determined amplitude A2 with the calibration data which
has established the relationship between amplitude and
pressure.
[0055] From the determined flow-rate, a corresponding
volume change can be calculated based on the time the
valve was open.
[0056] From the determined pressure, a correspond-
ing volume change can be calculated based on the initial
or previous pressure and volume, both of which are
known. Accumulative pressure and volume changes are
stored in the processor 42 for subsequent pressure and
volume calculations.
[0057] Once the volume changes have been calculat-
ed, the volume remaining in the cylinder can be deter-
mined based on the previous volume, and transmitted to
the central computer 14.
[0058] The processor 42 can optionally compare the
difference between the change in volume determined
from the determined flow-rate (FR) and the change in
volume determined from the determined pressure (P),
and compares that difference with a pre-determined dif-
ference threshold percentage, for example, 10% to give
an indication of the accuracy of the determined change
in volumes.
[0059] If the calculated volume remaining in the cylin-
der is below a pre-determined threshold then an alarm
can be activated either on the device itself, or on the
central computer.
[0060] In the above embodiment, the processor estab-
lishes the valve has opened when the compensated tem-
perature CT change is above 1°C and establishes the
valve is closed when the first derivative of the compen-
sated temperature becomes positive. In an alternative
embodiment, the processor can determine the valve is
open from the first and/or second temperature derivative,
and closed when the first compensated temperature de-
rivative is positive and/or reaches a steady state. It will
also be appreciated that the Joules-Thompson coeffi-
cient is dependent on the type of gas used, for example
in the above embodiment where the gas is oxygen, the
temperature change is negative when gas flows through
the valve. Other gases will experience a positive temper-
ature change.
[0061] In the above embodiments, it will be appreciated
that there will be background noise which can impact on
the time and temperature data. This noise can be re-
moved by including a filter in the processor. Suitable fil-
ters include low band pass filters or finite impulse re-
sponse (FIR) filters, the choice of filter depending on the
performance characteristics of the processor.

7 8 



EP 3 708 898 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0062] It will be understood that the device of the
present invention enables information about the contents
of the gas cylinder to be obtained in real-time by moni-
toring and processing the ambient and valve body tem-
peratures. More specifically, the estimated flow-rate and
pressure is obtained by processing the time and temper-
ature data to calculate the first and second temperatures
derivatives, and then comparing the amplitudes of the
second temperature derivatives when the valve opens
and closes with valve calibration data. Alternatively, or
additionally, the first temperature derivative data can be
used to identify valve opening and closing by detecting
changes in the flow-rate. From that estimated flow-rate
and pressure it is possible to calculate the volume change
and hence the volume remaining in the cylinder. The de-
vice of the present invention can also be used to detect
when the cylinder has been filled due to the resulting
temperature change experienced when the pressure in
the cylinder increases from zero bar to two or three hun-
dred bar.
[0063] It will also be understood that the device can be
easily retrofitted to conventional analogue valves without
the need to interfere with the high pressure components
of the gas cylinder. By retrofitting, the device enables
analogue valves to operate in a similar way to intelligent
valves, by firstly displaying more pertinent cylinder data
such as remaining volume, and also by being able to
communicate with a central computer for easier manage-
ment of gas contents, particularly when both retrofitted
analogue valves and intelligent valves are used in the
same location.

Claims

1. A gas cylinder monitoring device (34) for use with a
valve (18) for controlling the flow of gas from a cyl-
inder (14), the valve (18) having a valve body (20),
the device comprising an ambient temperature sen-
sor (38) to measure the ambient temperature (TA),
a valve body temperature sensor (36) to measure
the temperature (TV) of the valve body, and a proc-
essor (42) operable to process a compensated tem-
perature (CT) calculated from the difference be-
tween the measured valve body temperature (TV)
and the ambient temperature (TA) over time (t) to
determine the flow-rate (FR) of the flow of gas from
the cylinder and/or the pressure (P) on the gas.

2. A gas cylinder monitoring device according to claim
1 in which the flow-rate (FR) is determined from the
amplitude (A1) of the peak second derivative of the
compensated temperature (CT) after the valve (18)
has opened.

3. A gas cylinder monitoring system according to claim
2 in which the flow-rate (FR) is determined by com-
paring the amplitude (A1) of the peak second deriv-

ative of the compensated temperature (CT) with
valve calibration data.

4. A gas cylinder monitoring device according to any
preceding claim in which the pressure (P) is deter-
mined from the amplitude (A2) of the difference be-
tween the peak second derivative of compensated
temperature (CT) after the valve (18) has opened
and the peak second derivative of compensated tem-
perature (CT) when the valve (18) closes.

5. A gas cylinder monitoring device according to claim
4 in which the pressure (P) is determined by com-
paring the amplitude (A2) of the difference between
the peak second derivative of compensated temper-
ature (CT) after the valve (18) has opened and the
peak second derivative of compensated tempera-
ture (CT) when the valve (18) closes with valve cal-
ibration data.

6. A gas cylinder monitoring device according to claim
3 in which the valve calibration data is established
for a particular valve type by measuring the compen-
sated temperature (CT) over time (t) for different
flow-rates.

7. A gas cylinder monitoring device according to any
preceding claim in which the processor (42) deter-
mines the valve (18) is open when the change in the
compensated temperature (CT) is above a threshold
value.

8. A gas cylinder monitoring device according to any
preceding claim in which the processor (42) deter-
mines the valve (18) is open from the first and/or
second temperature derivative.

9. A gas cylinder monitoring device according to any
preceding claim in which the processor (42) deter-
mines the valve (18) is closed when the first com-
pensated temperature derivative is positive and/or
reaches a steady state.

10. A gas cylinder monitoring device according to any
preceding claim in which the processor (42) deter-
mines a change in volume of the gas in the cylinder
(14) from the determined flow-rate (FR) and the pe-
riod of time (t) the valve (18) is open.

11. A gas cylinder monitoring device according to any
preceding claim in which the processor (42) deter-
mines a change in volume of the gas in the cylinder
(14) from the difference between the determined
pressure (P) when the valve (18) was opened and
when the valve (18) was closed.

12. A gas cylinder monitoring device according to claim
11 when dependent on claim 10 in which the proc-
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essor (42) compares the difference between the
change in volume determined from the determined
flow-rate (FR) and the change in volume determined
from the determined pressure (P), and compares
that difference with a pre-determined difference
threshold.

13. A gas cylinder monitoring device according to any
preceding claim in which the valve body temperature
sensor (36) cooperates with the valve body (20) by
engagement with the valve body (20).

14. A gas cylinder monitoring device according to claim
13 further comprising biasing means (40) to bias the
valve body temperature sensor (36) into engage-
ment with the valve body (20).

15. A gas cylinder monitoring device (34) for use with a
valve (18) for controlling the flow of gas from a cyl-
inder (14), the valve (18) having a valve body (20),
the device comprising an ambient temperature sen-
sor to measure the ambient temperature (TA), a
valve body temperature sensor (36) to measure the
temperature (TV) of the valve body (20), and a wire-
less transmitter (44) operable to transmit data (D)
associated with the cylinder (14).
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