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FIG. 1

(57) Abstract: A regulation device for regulating a mixing ratio (x) of a gas mixture comprises a first conduit ( 1 ) for carrying a flow
of a first gas (e.g., air) and a second conduit (2) for carrying a flow of a second gas (e.g., a fuel gas). The first and second conduits (1,
2) open out into a common conduit (3) in a mixing region (M) to form the gas mixture. A first sensor (SI) is configured to determine
at least one thermal parameter of the gas mixture downstream from the mixing region. A control device (10) is configured to receive,
from the first sensor, sensor signals indicative of the at least one thermal parameter of the gas mixture and to detive control signals for
adjusting device (VI) acting to adjust the mixing ratio, based on the at least one thermal parameter.
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TITLE

DEVICE FOR REGULATING A MIXING RATIO OF A GAS MIXTURE

TECHNICAL FIELD

The present invention relates to a device for regulating a mixing ratio of a gas mixture

comprising a first gas and a second gas, and to a corresponding method.

PRIOR ART

A critical quantity for properly operating a gas-operated energy converter, e€.g., a gas
burner or an internal combustion engine such as a gas engine or gas motor, is the mixing
ratio in the air-fuel mixture provided to the energy converter. The mixing ratio can be
defined in different ways. In the present specification, the mixing ratio is expressed as the
v/v concentration of the fuel in the air-fuel mixture. However, any other definition can be
used. If the fuel concentration is too high, soot may form. If on the other hand the fuel
concentration is too low, reduced performance of the energy converter may result. The

mixing ratio should therefore be carefully regulated.

US 6,561,791 B1 discloses a regulating system for a gas burner. A fuel gas flow and a
combustion air flow are guided to the burner. The fuel gas flow is regulated depending on
the pressure in the combustion air flow. To this end, a differential pressure sensor is
arranged between the fuel gas flow and the combustion air flow. The sensor generates an

electronic signal that is used to regulate a gas valve for the fuel gas.

EP 2 843 214 Al discloses a method for regulating the mixing ratio between an oxygen
carrier gas and a fuel gas in a gas-operated energy converter plant. The mass or volume
flow of the oxygen carrier gas and/or fuel gas is detected in order to regulate the mixing

ratio. At least two physical parameters of the fuel gas are determined using a sensor, such
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as its mass or volume flow and its thermal conductivity or heat capacity. A desired value
for the mixing ratio is determined from these physical parameters. The desired value is

used for the regulation of the mixing ratio.

US 5,486,107 B1 discloses a combustion controller for controlling the mixture of air and
fuel gas in a combustion chamber of a combustion system. The combustion controller
controls the mixture by opening and closing a fuel valve in a fuel conduit and by opening
and closing an air damper in an air conduit, based on sensor inputs from various sensors.
These sensors include flow sensors in the fuel conduit and in the air conduit for measuring
flow characteristics of the fuel and the air. The sensors further include an additional sensor
in the fuel conduit for measuring thermal parameters of the fuel, this sensor being recessed
in a dead-ended cavity of the fuel conduit such that it is not exposed to direct flow. The

sensors can further include a pressure sensor and a temperature sensor.

In these prior-art systems, regulation of the mixing ratio is based on flow measurements of
the air and fuel gas flows upstream from the point where the air and the fuel gas are mixed.
This, however, can be problematic for various reasons. First, the air flow rate is typically
much larger than the fuel gas flow rate, typical fuel concentrations in the mixture being on
the range of only 10% v/v. This places different demands on the flow sensors for the air
and fuel flows. Second, modern gas burners can have a high dynamic heating range, it
being easily possible for the ratio between maximum and minimum fuel demand to exceed
10:1 or even 20:1. For this reason each of the flow sensors for the air and fuel flows need
to cover a large flow range. At the same time utmost precision and long-term stability are
required for all operating conditions. Currently available flow sensors are often unable to

meet these high demands.

Similar problems also exist for the mixing of other gases than a fuel gas and air, in
particular, for the mixing of a functional gas and an oxygen carrier gas, for instance, for the
mixing of a gaseous anesthetic and air.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a regulation device that is capable of
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achieving reliable and accurate control of the mixing ratio between a first gas and a second
gas over a wide dynamic range of the absolute flow rates of the gases, even in the presence

of large differences between their flow rates.

This object is achieved by a regulating device having the features of claim 1. Further

embodiments of the invention are laid down in the dependent claims.

A regulation device for regulating a mixing ratio of a gas mixture comprising a first gas
and a second gas is proposed, the device comprising:

a first conduit for carrying a flow of the first gas;

a second conduit for carrying a flow of the second gas, the first and second conduits
opening out into a common conduit in a mixing region to form the gas mixture;

an adjusting device for adjusting the mixing ratio of the gas mixture; and

a control device configured to derive control signals for the adjusting device.

The regulation device comprises a first sensor configured to determine at least one thermal
parameter of the gas mixture downstream from the mixing region. The control device is
configured to receive, from the first sensor, sensor signals indicative of the at least one
thermal parameter of the gas mixture and to derive control signals for the adjusting device
based on the at least one thermal parameter. The thermal parameter can be, in particular, a
parameter indicative of thermal conductivity A, thermal diffusivity D, specific heat
capacity ¢, or volumetric specific heat capacity c,p of the gas mixture, or of any

combination thereof.

According to the present invention, it is proposed to carry out a measurement of at least
one thermal parameter of the gas mixture downstream from the mixing region, and to use
this parameter for controlling the mixing ratio. The value of the thermal parameter will
generally depend on the mixing ratio between the first gas and the second gas in the gas
mixture. A key advantage is that the measured thermal parameter will generally be
independent of the flow rate of the mixture. Therefore the sensor is always operated at
approximately the same working point, independently of the flow rate, and the proposed
regulating device can accommodate a large dynamic heating range without compromising

on accuracy.
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In many applications, the flow rate of the second gas will be much lower than the flow rate
of the first gas. The proposed measurement of the at least one thermal parameter of the gas
mixture then essentially corresponds to a determination of the concentration of the second
gas in the gas mixture. The device may be configured accordingly. In particular, the second
conduit may have a cross sectional area that is much smaller than the cross-sectional area
of the first conduit. In some embodiments, the minimal cross sectional area of the first
conduit (i.e., the cross sectional area at the narrowest position of the conduit) is at least five
times the minimal cross sectional area of the second conduit. The regulation device may
comprise one or more nozzles for injecting the flow of the second gas into the flow of the
first gas in the mixing region. This is useful since the main flow will be the flow of the first
gas. The direction of injection may be axial, radial or at any other angle to the direction of

flow of the first gas immediately upstream from the mixing region.

In some embodiments, the first gas can be an oxygen carrier gas, and the second gas can be
some functional gas to be mixed with the oxygen carrier gas. For instance, the first gas can
be air or a mixture of air and exhaust gas, and the second gas can be a fuel gas, in
particular, a natural gas. As another example, the first gas can be natural air, air enriched
with oxygen, any other mixture of oxygen with one or more inert gases, or pure oxygen
gas, and the second gas can be a medical gas, in particular, an anesthetic like isoflurane.
The regulation device may be specifically configured to be used with such gases. For
instance, different connectors and different materials would be used for a regulation device
in a gas burner application than for a medical device for dispensing an anesthetic in a

hospital.

In some embodiments, the adjusting device comprises a control valve for adjusting a flow
rate of the second gas in the second conduit. In other embodiments, the adjusting device
may comprise a controllable fan or pump to control the flow rate of the second gas in the
second conduit. In addition or in the alternative, the adjusting device may comprise a
valve, flap or controllable fan or pump to control the flow of the first gas in the first

conduit.

In advantageous embodiments, the first sensor is configured to determine more than one
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thermal parameter of the gas mixture. In particular, the first sensor can be configured to
determine at least two thermal parameters of the gas mixture, the thermal parameters
together being indicative of thermal conductivity and thermal diffusivity of the gas

mixture.

The control device can then be configured to take into account said at least two thermal
parameters. This can be done in different ways. For instance, the control device can be
configured to determine a combined parameter derived from the at least two thermal
parameters determined by the first sensor, and to derive the control signals based on the
combined parameter. In other embodiments, the control device can configured to derive the
control signals based on a first one of the thermal parameters determined by the first
sensor, €.g., on thermal conductivity, and to carry out a consistency check based on a
second one of the thermal parameters determined by the first sensor, e.g., on thermal
diffusivity. The control device can be configured to issue an error signal if the consistency
check indicates that the second thermal parameter is inconsistent with the first thermal
parameter. The error signal may cause the adjusting device to shut off the fuel gas flow. In

this manner safety can be increased.

The first sensor can be used not only for regulating the mixing ratio, but it can also be used
for determining the density or pressure of the first gas. In particular, the control device can
be configured to carry out the following procedure:

setting the adjusting device to a reference state in which the flow of the second gas
is interrupted while the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor, the sensor signals being indicative of
at least two thermal parameters of the first gas in the reference state; and

based on the at least two thermal parameters of the first gas in the reference state,
determining a pressure parameter that is indicative of a density or pressure of the first gas

in the reference state.

In particular, the density of the first gas can be readily calculated from its thermal
conductivity and its thermal diffusivity if its specific heat capacity is known from other
sources. For calculating the absolute pressure of the first gas from its density, it may be

necessary to know its temperature. To this end, the first sensor can be configured to
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measure the temperature of the gas to which it is exposed, and the control device can be
configured to base its determination of the pressure parameter not only on the at least two
thermal parameters of the first gas, but also on its temperature as determined by the first

SE€nsor.

The same procedure can also be carried out for the second gas, using a known specific heat

capacity of the second gas and possibly measuring its temperature.

In advantageous embodiments, the control signals are based on a differential measurement
that compares a thermal parameter of the gas mixture, as determined by the first sensor, to
a thermal parameter of the first gas, which has also been determined by the first sensor. In
this manner, calibration errors of the first sensor can be largely cancelled. To this end, the
control device can be configured to carry out the following procedure:

setting the adjusting device to a reference state in which the flow of the second gas
is interrupted while the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor, the sensor signals being indicative of
at least one thermal parameter of the first gas in the reference state;

setting the adjusting device to an operating state in which both the flow of the
second gas and the flow of the first gas have non-zero flow rates;

receiving sensor signals from the first sensor, the sensor signals now being
indicative of at least one thermal parameter of the gas mixture in the operating state; and

deriving the control signals based on a comparison of the at least one thermal
parameter of the gas mixture in the operating state and of the at least one thermal
parameter of the first gas in the reference state. The comparison can be carried out, e.g., by
forming a difference or quotient of the thermal parameters of the gas mixture and of the

first gas.

The regulation device can comprise a fan for transporting the gas mixture to a point of use.
The term “fan” is to be understood broadly as encompassing any kind of blower or pump
capable of driving a gas flow. In some embodiments, the fan can be arranged downstream
from the mixing region, e.g., at the downstream end of the common conduit. In other
embodiments, the fan can be arranged upstream from the mixing region, e.g., at the

upstream end of the first conduit. If the fan is arranged downstream from the mixing
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region, the first sensor can advantageously be integrated into the fan.

The first sensor can be employed to detect blockages or malfunctions of the fan. To this
end, the control device can be configured to carry out the following procedure:

operating the fan at a plurality of different power levels while the flow of the
second gas is interrupted;

for each power level, determining a pressure parameter based on the sensor signals
received from the first sensor, the pressure parameter being indicative of density or
pressure of the first gas at said power level; and

based on the pressure parameters at different power levels, deriving a blockage

signal indicating whether a blockage or fan malfunction has occurred.

The control device may be configured to output an error message and/or to shut off the fan
and/or to set the adjusting device to a state in which the flows of the first and/or second gas
are stopped if the blockage signal indicates that a blockage or fan malfunction has

occurred.

In order to improve the homogeneity of the gas mixture, the regulation device may
comprise a swirl element arranged in the common conduit downstream from the mixing
region and upstream from the first sensor, the swirl element being configured to create

turbulence in the gas mixture.

Regulation can be simplified and improved by employing, in addition to the first sensor,
one or more further sensors for determining one or more thermal parameters of the first gas

and/or of the second gas.

In particular, the regulation device can comprise a second sensor, the second sensor being
configured to determine at least one thermal parameter of the first gas. The second sensor
can be arranged in the first conduit upstream from the mixing region. In other
embodiments, it can be arranged in a bypass that bypasses the mixing region. The control
device can be configured to receive, from the second sensor, sensor signals indicative of
the at least one thermal parameter of the first gas and to derive the control signals based on

the sensor signals received from both the first and second sensors. In other words, the
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control device can be configured to take into account one or more thermal parameters of
both the gas mixture, as determined by the first sensor, and the first gas, as determined by
the second sensor. In particular, the control device can be configured to carry out a
differential measurement of the gas mixture and the first gas by deriving the control signals
based on a comparison of the at least one thermal parameter of the gas mixture, as
determined by the first sensor, and of the at least one thermal parameter of the first gas, as
determined by the second sensor, e.g., by forming a difference or quotient of these thermal

parameters.

In advantageous embodiments, the second sensor is used to determine density and/or
pressure of the first gas. To this end, the second sensor can be configured to determine at
least two thermal parameters, the at least two thermal parameters determined by the second
sensor together being indicative of thermal conductivity and thermal diffusivity of the first
gas, and the control device can be configured to derive, based on the at least two thermal
parameters determined by the second sensor, an oxygen carrier pressure parameter
indicative of density or pressure of the first gas. In this manner, an additional diagnostic

parameter is obtained, which is useful for monitoring operation of the regulation device.

In advantageous embodiments, the second sensor is not only used for carrying out a
differential measurement of the gas mixture and the first gas, but in addition to also carry
out a consistency check. To this end, the first sensor can be configured to determine at least
two thermal parameters, the at least two thermal parameters determined by the first sensor
together being indicative of thermal conductivity and thermal diffusivity of the mixture.
The second sensor can be configured to determine at least two thermal parameters, the at
least two thermal parameters determined by the second sensor together being indicative of
thermal conductivity and thermal diffusivity of the first gas. The control device can be
configured to derive the control signals based on a comparison of one of the thermal
parameters determined by the first and second sensors, e.g., thermal conductivity, and to
carry out a consistency check based on a comparison of another one of the at least two

thermal parameters determined by the first and second sensors, e.g., thermal diffusivity.

Both the first and second sensors can be configured to determine a temperature of the

respective gas to which the sensor is exposed, in addition to thermal parameters of the gas.
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In particular, the first sensor can be configured to determine a temperature of the gas
mixture, and the second sensor can be configured to determine a temperature of the first
gas. The control device can then be configured to carry out a consistency check based on a
comparison of the temperatures of the gas mixture and the first gas. These temperatures
should be at least similar. If the first and second sensors are mounted on a heat-conducting
common carrier, e.g., on a common printed circuit board, even smaller differences between

the temperatures determined by the first and second sensors are expected.

In some embodiments, the regulation device can take into account one or more thermal
parameters of the second gas. To this end, the regulation device can comprise a third
sensor, the third sensor being configured to determine at least one thermal parameter of the
second gas. The third sensor can be arranged in the second conduit upstream from the
mixing region. The control device can be configured to receive, from the third sensor,
sensor signals indicative of the at least one thermal parameter of the second gas and to
derive the control signals based on the sensor signals received from both the first and third

SEensors.

It is also possible for the regulation device to comprise all three sensors, i.e., a first sensor
for determining one or more thermal parameters of the gas mixture, a second sensor for
determining one or more thermal parameters of the first gas, and a third sensor for
determining one or more thermal parameters of the second gas. The controller can be
configured, for instance, to carry out differential measurements between the gas mixture
and the first gas as well as between the first gas and the second gas. To this end, the
controller can be configured to compare a thermal parameter of the gas mixture, as
determined by the first sensor, to a thermal parameter of the first gas, as determined by the
second sensor, and to compare said thermal parameter of the first gas to a thermal
parameter of the second gas, as determined by the third sensor. The comparisons may

involve the forming of differences or quotients of the respective thermal parameters.

The regulation device can be supplemented by one or more mass flow meters. In particular,
the regulation device can comprise a first mass flow meter in the first conduit and/or a
second mass flow meter in the second conduit, and the control device can be configured to

determine one or more mass flow parameters indicative of mass flow in the first and/or
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second conduit based on mass flow signals from the first and/or second mass flow meters.
The control device can be configured to take into account such mass flow parameters when
deriving the control signals. In other embodiments, if the first gas is an oxygen carrier gas
and thé second gas is a fuel gas, the control device can be configured to determine a
heating power parameter indicative of heating power of the flow of the gas mixture, based

on the one or more mass flow parameters.

Mass flow through the first or second conduit can also be determined by carrying out
differential pressure measurements between the first and second conduits. To this end, the
regulation device can comprise a flow restrictor in the first or second conduit and a
differential pressure sensor configured to determine a differential pressure between the first
and second conduits upstream from the flow restrictor. The control device can be
configured to determine a mass flow parameter indicative of a mass flow in the first or

second conduit based on differential pressure signals from the differential pressure sensor.

The present invention further provides a corresponding method of regulating a mixing ratio
of a gas mixture comprising a second gas and a first gas. The method comprises:

creating a flow of the first gas;

creating a flow of the second gas;

forming the gas mixture by mixing the flows of the first gas and the second gas in a
mixing region;

determining at least one thermal parameter of the gas mixture downstream from the
mixing region using a first sensor; and

based on the at least one thermal parameter, adjusting the mixing ratio.

Adjusting the mixing ratio can comprise, for instance, operating a control valve for

adjusting a flow rate of the second gas.

As explained in more detail above, it is possible to determine at least two thermal
parameters of the gas mixture using the first sensor, the at least two thermal parameters
together being indicative of thermal conductivity and thermal diffusivity of the gas
mixture, and to take into account the at least two thermal parameters of the gas mixture

when adjusting the mixing ratio. In particular, the mixing ratio can be adjusted based on
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one of the thermal parameters determined by the first sensor, and a consistency check can

be carried out based another one of the thermal parameters determined by the first sensor.

As explained in more detail above, advantageous embodiments of the method comprise:

creating a reference state in which the flow of the second gas is interrupted while
the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor, the sensor signals being indicative of
at least two thermal parameters of the first gas in the reference state; and

based on the at least two thermal parameters of the first gas in the reference state,
determining a pressure parameter that is indicative of a density or pressure of the first gas

in the reference state.

As explained in more detail above, advantageous embodiments of the method comprise:

creating a reference state in which the flow of the second gas is interrupted while
the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor, the sensor signals being indicative of
at least one thermal parameter of the first gas in the reference state;

creating an operating state in which both the flow of the second gas and the flow of
the first gas have non-zero flow rates;

receiving sensor signals from the first sensor, the sensor signals being indicative of
at least one thermal parameter of the gas mixture in the operating state; and

adjusting the mixing ratio based on a comparison of the at least one thermal
parameter of the gas mixture in the operating state and of the at least one thermal

parameter of the first gas in the reference state.

As explained in more detail above, the method can comprise transporting the gas mixture
to a point of use using a fan. The method then can comprise:

operating the fan at a plurality of different power levels while the flow of the
second gas is interrupted;

for each power level, deriving a pressure parameter from sensor signals determined
by the first sensor, the pressure parameter being indicative of density or pressure of the
first gas at said power level; and

based on the pressure parameters at different power levels, deriving a blockage
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signal indicating whether a blockage or fan malfunction has occurred.

As explained in more detail above, the method can further employ a second sensor for
determining one or more thermal parameters of the first gas. In particular, the method can
comprise:

determining at least one thermal parameter of the first gas upstream from the
mixing region using a second sensor; and

adjusting the mixing ratio based on the at least one thermal parameter of the gas
mixture determined by the first sensor and on the at least one thermal parameter of the first

gas determined by the second sensor.

As explained in more detail above, the second sensor can be employed to determine
density or pressure of the first gas. In particular, the method can comprise determining at
least two thermal parameters by the second sensor, the at least two thermal parameters
determined by the second sensor together being indicative of thermal conductivity and
thermal diffusivity of the first gas, and deriving an oxygen carrier pressure parameter based
on the at least two thermal parameters determined by the second sensor, the oxygen carrier

pressure parameter being indicative of density or pressure of the first gas.

As explained in more detail above, the second sensor can be employed to carry out a
consistency check. In particular, the method can comprise:

determining at least two thermal parameters of the gas mixture using the first
sensor, the at least two thermal parameters determined by the first sensor together being
indicative of thermal conductivity and thermal diffusivity of the gas mixture; and

determining a first thermal parameter and a second thermal parameter of the first
gas using the second sensor, the at least two thermal parameters determined by the second
sensor together being indicative of thermal conductivity and thermal diffusivity of the first
gas;

adjusting the mixing ratio based on a comparison of one of the thermal parameters
determined by the first and second sensors; and

carrying out a consistency check based on a comparison another one of the thermal

parameters determined by the first and second sensors.
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As explained in more detail above, the method can comprise:
determining a temperature of the gas mixture using the first sensor;
determining a temperature of the first gas using the second sensor; and
carrying out a consistency check based on a comparison of the temperatures of the

gas mixture and the first gas.

As explained in more detail above, the method can further comprise:

determining at least one thermal parameter of the second gas using a third sensor;
and

adjusting the mixing ratio based on the at least one thermal parameter of the gas
mixture determined by the first sensor and the at least one thermal parameter of the second

gas determined by the third sensor.

As explained in more detail above, the method can further comprise measuring a mass
flow rate of the first gas and/or a mass flow rate of the second gas. Measuring one of these
mass flow rates can comprise:

passing the flow of the first gas or the flow of the second gas through a flow
restrictor;

determining a differential pressure between the first gas and the second gas
upstream from the flow restrictor; and

determining a mass flow parameter indicative of a mass flow rate of the first gas or

the second gas based on said differential pressure.

As explained in more detail above, in some embodiments the second gas can be a fuel gas.
In other embodiments, the second gas can be a medical gas, for instance, a gaseous
anesthetic. In some applications, the gas mixture may subsequently be used in a medical
procedure, for instance, to start or maintain anesthesia in a human or animal body. In other
embodiments, the second gas is not a medical gas, and the gas mixture is not subsequently
used in a medical procedure. To the extent that methods of treatment of the human or
animal body by surgery or therapy practiced on the human or animal body are excluded
from patentability in a jurisdiction, such excluded methods are to be understood to be

disclaimed from the scope of the present invention in such jurisdiction.
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BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described in the following with reference to

the drawings, which are for the purpose of illustrating the present preferred embodiments

of the invention and not for the purpose of limiting the same. In the drawings,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12

shows, in a highly schematic manner, a gas burner comprising a regulation
device according to a first embodiment;

shows, in a highly schematic manner, a regulation device according to a
second embodiment;

shows a flow chart for a method of regulating a mixing ratio according to a
first embodiment;

shows a flow chart for a method of checking whether a blockage or fan
malfunction has occurred;

shows, in a highly schematic manner, a regulation device according to a
third embodiment;

shows a flow chart for a method of regulating a mixing ratio according to a
second embodiment;

shows, in a highly schematic manner, a regulation device according to a
fourth embodiment;

shows, in a highly schematic manner, a regulation device according to a
fifth embodiment;

shows, in a highly schematic manner, a regulation device according to a
sixth embodiment;

shows, in a highly schematic manner, a regulation device according to a
seventh embodiment;

shows, in a highly schematic manner, a microthermal sensor that may be
used in conjunction with the present invention; and

shows, in a highly schematic manner, a block diagram of a control device

that may be used in conjunction with the present invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS

Regulating the mixing ratio with a single sensor

Figure 1 shows, in a highly schematic manner, a gas burner. A gas mixture enters a
combustion chamber 22 through one or more burner nozzles 21. Flue gas exits the

combustion chamber through an exhaust 23.

Supply of the gas mixture is regulated by a regulation device R. The regulation device R
comprises an air conduit 1, through which air enters the regulation device, and a fuel gas
conduit 2, through which a fuel gas, for instance a natural gas, enters the regulation device.
The fuel gas flow in the fuel gas conduit 2 is regulated by an adjusting device in the form
of a fuel control valve V1. In a mixing region M, the fuel gas conduit 2 opens out into the
air conduit 1 to form a combustible gas mixture consisting of the fuel gas and air. The
portion of the air conduit 1 that is downstream from the point of injection of the fuel gas
flow into the air flow can be considered a common conduit 3 for the gas mixture. A fan 4 is
arranged at the downstream end of common conduit 3 to transport the gas mixture from

common conduit 3 to burner nozzle 21.

A first sensor S1 for determining one or more thermal parameters of the gas mixture is
arranged in common conduit 3 downstream from mixing region M and upstream of fan 4
such that sensor S1 is exposed to the gas mixture. Advantageously sensor S1 is arranged
and/or configured in such a manner that the directed flow of the gas mixture in the
common conduit 3 does not directly pass over sensor S1. For instance, sensor S1 may be
received in a dead-ended recess in a side wall of common conduit 3. In addition or in the
alternative, sensor S1 may be protected by a permeable membrane allowing only for
diffusive gas exchange between common conduit 3 and sensor S1, thereby preventing a

directed flow of the gas mixture over sensor S1.

A control device 10 receives sensor signals from first sensor S1. Based on the sensor
signals, control device 10 derives control signals for adjusting the degree of opening of
fuel control valve V1. Control device 10 further adjusts the electric power with which fan 4

is operated.
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Figure 2 illustrates an alternative embodiment of a regulation device. In this embodiment,
first sensor S1 is integrated into fan 4, i.e., it is contained within the housing of fan 4. In

other embodiments, sensor S1 may be arranged downstream from fan 4.

Figure 3 illustrates a method of regulating the mixing ratio of a gas mixture according to a

first embodiment, using a regulation device as illustrated in Figs. 1 or 2.

In step 101, fuel control valve V1 is closed while fan 4 is operated at some predetermined

fan power or fan speed to cause a flow of air through air conduit 1 and common conduit 3.

In step 102, first sensor S1 is operated to determine the thermal conductivity 4,;,- and the

thermal diffusivity Dg;, of the air that now passes through common conduit 3.

In step 103, fuel control valve V1 is opened to admit a fuel gas flow into the air flow.

In step 104, first sensor S1 is operated to determine the thermal conductivity A,,;, and the

thermal diffusivity D,y;, of the resulting gas mixture.

In step 105, the mixing ratio x of the gas mixture is determined. This can be done as
follows. For the purposes of the present discussion, the mixing ratio x may be defined as
the v/v concentration of the fuel gas in the gas mixture. Using this definition, to a good
approximation, the thermal conductivity 4,,;, depends linearly on the mixing ratio x:

Anix =X - Afuel + (1 =x) - Agir Eq. (1)

Solving Eq. (1) for x leads to:
x = (Amix — Aair)/(/lfuel — Aair) Eq. (2)

The values of A4, and A,,;, are known from the measurements in steps 102 and 104. The
value of Afy. is not directly measured; however, a predetermined value for a

representative fuel gas (e.g., an “average” natural gas) may be used.

It is noted that the thermal diffusivities do not enter Eq. (2), i.e., the thermal diffusivities
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provide redundant information. Also the thermal diffusivity D,,;, depends linearly on the
mixing ratio x to a good approximation:

Dipix = x - Dryer + (1=x) Dgir Eq. (3)

Using this relationship, a consistency check is carried out in step 106 by checking whether
the measured value of the thermal diffusivity D,,;, corresponds to the expected value as
calculated by Eq. (3), using the value of the mixing ratio x as determined by Eq. (2). For
the consistency check, a predetermined value of Dy, for a representative fuel gas may be
used. If the difference AD between the measured and calculated values of D,,;, exceeds a
threshold AD,, .., an error message is outputted by the control device 10, and the fuel

control valve V1 is closed as a safety measure.

In step 107, a control algorithm is carried out, wherein the actual mixing ratio as
determined from the sensor signals of sensor S1 (the process variable of the control
algorithm) is compared to a desired mixing ratio (the set point of the control algorithm),
and a new setting of the gas control valve V1 is accordingly determined. Any known
control algorithm can be employed, e.g., the well-known proportional-integral-differential

(PID) control algorithm.

The process then loops back to step 103, where fuel control valve V1 is operated in

accordance with the new setting.

Determination of air pressure using sensor S1

The values of the thermal conductivity A,;, and the thermal diffusivity D,;, of the air in
the common conduit 3 as determined in step 102 can be used to determine the density
Paqir and/or the pressure pg;,- of the air as follows. The thermal diffusivity D of a gas is
related to its thermal conductivity A, its density p and its specific heat capacity ¢, by the
following equation:

D= 2/(cpp) Eq. (4)
If both thermal conductivity and thermal diffusivity are known, the volumetric specific

heat capacity c,p can be readily calculated using Eq. (4). If the specific heat capacity c,, of
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the gas is known from another source, it is possible to solve the above equation for the
density p. If also the temperature T of the gas is known, it is readily possible to determine
the gas pressure p by the relationship p = pRspe T, Where Rgp,. is the specific gas

constant of the gas.

The isobaric specific heat capacity ¢, of dry air is well known and is almost independent of
temperature and pressure around normal conditions. Also the specific gas constant Ry of
dry air is well known. By measuring the thermal conductivity A, and the thermal
diffusivity D,;,- of the air in step 102, it is therefore possible to determine the density pg;,
of the air. If also the air temperature Ty;,- is known, it is furthermore possible to determine
the air pressure p,;-. For determining the air temperature Tg;,, first sensor S1 may be
operated in an absolute temperature mode, or a separate temperature sensor (not shown)
may be provided in air conduit 1 and/or common conduit 3. For humid air, appropriate
corrections can be applied, as it is well known in the art. A humidity sensor may be
provided in air conduit 1 and/or in common conduit 3 for determining the relative humidity

of the air in order to be able to apply such corrections.

Detection of fan malfunctions or blockages using sensor S1

The air density p,;, or air pressure p,;, determined in this manner can be used as a further
diagnostic parameter. For instance, the air density p,;, or air pressure p,; can be used to

detect a malfunction of the fan 4 or a blockage of the air conduit 1 or the common conduit

3.

A possible method for detecting such malfunctions or blockages is illustrated in Fig. 4. In
step 201, fuel control valve V1 is closed. In step 202, the electric power provided to fan 4
is set to some non-zero value. As a result, air will pass through common conduit 3. In step
203, the thermal conductivity A,;,, the thermal diffusivity D,;, and the air temperature Ty,
of the air at this fan power are determined, using first sensor S1. In step 204, the air
pressure p,;,- or the air density is determined from these parameters, as described above.
This procedure is systematically repeated for a predetermined number of different fan
powers. The dependence of the air pressure pg;, or air density on fan power is then

compared to an expected dependence to obtain a blockage parameter B. In particular, in the
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configuration of Figs. 1 and 2, it is expected that the air pressure pg;, slightly drops with
increasing fan power because of the suction effect created by fan 4. If the air pressure
drops much more than expected, this indicates a blockage in air conduit 1 or common
conduit 3 upstream of sensor S1. If the air pressure does not drop at all, this indicates a
blockage downstream from fan 4 or a malfunction of fan 4. A blockage parameter is
derived from the measured data. For instance, blockage parameter B may correspond to the
slope of a best-fit line obtained by a linear regression analysis of data pairs corresponding

to measured air pressure pg;,- vs. associated fan power.

Swirl element

In the embodiment of Fig. 5, an optional swirl element 5 is provided in the common
conduit 1 downstream from the mixing region M and/or in the mixing region M. The swirl

element acts to create turbulence in order to improve homogeneity of the air-fuel mixture.

Using further sensors in air conduit and/or fuel conduit; swirl element

Further sensors may be provided in air conduit 1 and/or in fuel conduit 2. This is also
illustrated in Fig. 5. In this example, a second sensor S2 is provided in air conduit 1
upstream of the mixing region M. In addition or in the alternative, a third sensor S3 is
provided in fuel conduit 2 downstream from fuel control valve V1 and upstream of the
mixing region M. Like first sensor S1, also second and/or third sensors S2, S3 are
advantageously protected from direct exposure to the respective gas flows by disposing
each sensor in a dead-ended recess of the wall of the respective conduit, and/or by

protecting each sensor by a gas-permeable membrane.

Fig. 6 illustrates a possible method of regulating the mixing ratio using sensor S1 as well

as sensors S2 and S3.

In step 301, fuel control valve V1 is operated to provide a non-zero flow of the fuel gas.

In step 302, sensor S1 is operated to determine the thermal conductivity A,,;,, the thermal

diffusivity D,,;, and the temperature T,,;, of the gas mixture in common conduit 3
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downstream from the mixing region M.

In step 303, sensor S2 is operated to determine the thermal conductivity A,;,, the thermal
diffusivity Dg;, and the temperature T, of the air in air conduit 1 upstream of the mixing

region M.

In step 304, the air pressure pg;, is determined from these quantities. The air pressure p,;,
or the air density as determined from the signals of sensor S2 can be used as an additional
diagnostic parameter. In particular, the air pressure p,;, or air density can be used to detect
blockages or malfunctions of the fan 4. For instance, the air pressure or density can be
permanently or periodically monitored during operation of the regulation device. Changes
in air pressure or density during operation of the fan at constant fan power may indicate a
blockage or fan malfunction. In contrast to the embodiment of Fig. 4, determination of the
air pressure or density from the signals of sensor S2 is possible even during normal
operation of the regulation device, whereas in the embodiment described above in
conjunction with Fig. 4, blockages and malfunctions can be detected only while the fuel

supply is stopped.

In step 305, sensor S3 is operated to determine the thermal conductivity Az, the thermal
diffusivity Dy, and the temperature Tf,,; of the fuel gas in fuel conduit 2 downstream

from fuel control valve V1 and upstream of mixing region M.

In step 306, the mixing ratio x is determined, based on Eq. (3), using the values of 4,,;, as
determined by sensor S1, of 4, as determined by sensor S2, and of As¢; as determined
by sensor S3. If sensor S2 is omitted, it is instead possible to use the value of A, as
determined by sensor S1 while the gas control valve is closed, as described in conjunction
with Fig. 3. If sensor S3 is omitted, it is possible to use the value of Ar,,, as determined

beforehand for a typical fuel gas.

In step 307, several diagnostic checks are carried out. In particular, a first consistency
check is carried out by determining whether the measured value of the thermal diffusivity

Dpix corresponds to the expected value as calculated by Eq. (3), using the value of the
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mixing ratio x as determined by Eq. (2), as already described in conjunction with Fig. 3. In
contrast to the embodiment of Fig. 3, the actual values of the thermal diffusivities of the
oxygen carrier gas and of the fuel gas, as determined by sensors S2 and S3, can be used for
this consistency check. If the absolute value of the difference AD between the measured
and calculated values of D,,;, exceeds a threshold AD,y,,,, an error message is outputted by
the control device 10, and fuel control valve V1 is closed as a safety measure. A second
consistency check is carried out by checking whether the temperatures T, and T, as
measured by sensors S1 and S2, respectively, differ. If the absolute value of the
temperature difference AT = T,,;, — T, exceeds a threshold AT,,,,, again an error
message is outputted by the control device 10, and the fuel control valve V1 is closed as a
safety measure. This consistency check is particularly powerful if sensors S1 and S2 are
mounted on a common carrier that is heat conducting, such as a common printed circuit
board. A third consistency check is carried out by checking whether the air pressure p,;, as
determined from the signals of sensor S2 indicates a blockage or a malfunction of the fan,
as described above. If this is the case, again an error message is outputted by the control

device 10, and the fuel control valve V1 is closed as a safety measure.

In step 308, a control algorithm is carried out to derive control signals for fuel control

valve V1, as described above in conjunction with step 107 in the embodiment of Fig. 3.

If sensor S2 is used for determining the value of A4, the influence of any parameters that
affect the output of both sensors S1 and S2, such as the relative humidity of the air, is
largely cancelled when forming the difference A, — A4 This is especially true if the
mixing ratio (i.e., the fuel concentration in the gas mixture) is small, because in this case
any change of A,;, will be reflected by an almost identical change of A,,;,. In this manner

more precise control of the mixing ratio can be achieved.

If sensor S3 is used for determining the value of Ay, the regulation device becomes
adaptive to the fuel gas. On the one hand, the determination of the mixing ratio takes into
account the real value of A, rather than some predetermined value for a representative
fuel gas. This improves accuracy of the control of the mixing ratio. On the other hand, by
determining Agye;, Drye and Ty, and optionally by taking into account the pressure pg;,

obtained by sensor S2 (assuming that the pressures in air conduit 1 and in fuel conduit 2
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are approximately equal), it becomes possible to precisely characterize the fuel gas. In
particular, based on the measured parameters Aryer, Dryers Truer and optionally pgr, it
becomes possible to determine an optimum mixing ratio for which optimized combustion
1s expected, and to set the set point of the control algorithm accordingly. In addition or in
the alternative, it becomes possible to determine combustion parameters of the fuel gas,
such as the heat of combustion per unit volume Hp, the Wobbe index I, and/or the
methane number N,,, based on these parameters This can be done by using empirically
determined correlation functions and/or lookup tables that correlate the measured

parameters to one or more of these combustion parameters.

Measurement of flow rates

As illustrated in Figures 7 and 8, it is possible to additionally measure the mass flow rate of
the air flow in air conduit 1, of the fuel flow in fuel conduit 2, or the flow of the gas
mixture in common conduit 3, using mass flow meters 6. In this manner it becomes
possible to determine the absolute heating power of the gas mixture delivered to the gas
burner. The mass flow rate(s) can be used to control fan 4 so as to regulate the heating

power.

In the embodiment of Fig. 7, a mass flow meter 6 is arranged in the air conduit 1 upstream
of the mixing region M. Mass flow meter 6 comprises a flow restrictor 7 in the air conduit
1 and a narrow bypass channel 8 that bypasses the flow restrictor 7. A flow sensor D1
measures a flow rate or flow velocity through the bypass channel 8, which flow
rate/velocity is indicative of the differential pressure across the flow restrictor 7. The flow
sensor D thus acts as a differential pressure sensor. Said differential pressure, in turn, is

indicative of the mass flow through the flow restrictor 7.

In the embodiment of Fig. 8, a similarly designed mass flow meter 6 is arranged in the fuel

conduit 2.

As illustrated in Fig. 9, the mass flow rate in the air conduit 1 can also be determined by
arranging a flow restrictor 7 in the air conduit 1 upstream from the mixing region M and

measuring a differential pressure Ap between the air conduit 1 upstream of the flow
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restrictor 7 and the fuel conduit 2, using a narrow bypass channel § between these
conduits. The differential pressure corresponds to the pressure across flow restrictor 7,
assuming that the pressure p,; in the air conduit 1 downstream from the flow restrictor 7

is the same as the pressure pry, in the fuel conduit 2.

As illustrated in Fig. 10, in the same spirit, the mass flow rate in the fuel conduit 2 can be
determined by arranging a flow restrictor 7 in the fuel conduit 2 upstream from the mixing
region M and measuring differential pressure Ap between the fuel conduit 2 upstream of

the flow restrictor 7 and the air conduit 1.

Sensors S1, S2. S3. D1

Sensors that are capable of determining thermal parameters indicative of thermal
conductivity and thermal diffusivity are well known in the art. Preferably a microthermal
sensor is employed. Many types of microthermal sensors are known, and the present

invention is not restricted to any specific type of microthermal sensor.

A possible implementation of a microthermal sensor that may be used in conjunction with
the present invention is illustrated in Fig. 11. The microthermal sensor comprises a
substrate 31, in particular a silicon substrate. The substrate 31 has an opening or recess 32
arranged therein. The microthermal sensor comprises a plurality of separate bridges that

span this opening or recess 32. For details, reference is made to EP 3 367 087 A2.

In the example of Fig. 11, the microthermal sensor comprises a heating bridge 33, a first
sensing bridge 35 and a second sensing bridge 36, each bridge spanning the recess or
opening 2 and being anchored in the substrate 1. Each bridge may be formed by a plurality
of dielectric layers, metal layers and poly-silicon layers. The metal layers or the poly-
silicon layers form heating structures and temperature sensors, as will be described in more
detail below. The dielectric layers may in particular comprise layers of silicon oxide and/or
silicon nitride as dielectric base materials of the respective bridges. The sensing bridges 35,
36 are arranged at opposite sides of the heating bridge 33. The first sensing bridge 35 is
arranged at a distance d1 to the heating bridge 33, and the second sensing bridge 36 is

arranged at the same distance or at a different distance d2 to the heating bridge 33.
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The heating bridge 33 comprises a heating structure 34 and a temperature sensor TS1
applied to a dielectric base material of e.g. silicon oxide. The heating structure 34 and the
temperature sensor TS1 are electrically insulated from each other by the dielectric base
material. The first sensing bridge 35 comprises a temperature sensor TS2. Likewise, the
second sensing bridge 36 comprises a temperature sensor TS3. The temperature sensor
TS1 is adapted to measure the temperature of the heating bridge 33, the temperature sensor
TS2 is adapted to measure the temperature of the first sensing bridge 35, and the

temperature sensor TS3 is adapted to measure the temperature of the second sensing bridge
36.

The microthermal sensor further comprises control circuitry 37a, 37b for controlling the
operation of the microthermal sensor. The control circuitry 37a, 37b may be embodied as
integrated circuitry on substrate 31. It includes circuitry for driving the heating structure 34
and for processing signals from the temperature sensors TS1, TS2 and TS3. To this end,
the control circuitry 37a, 37b is electrically connected to the heating structure 34 and the
temperature sensors TS1, TS2 and TS3 via interconnect circuitry 38. Advantageously,
control circuitry 37a, 37b is integrated on substrate 31 in CMOS technology. Having the
CMOS circuitry integrated on substrate 31 allows to reduce the number of bonds to the
substrate and to increase signal-to-noise ratio. Structures of the type shown in Fig. 11 can

e.g. be built using techniques such as described in EP 2 278 308 or US 2014/0208830.

Determination of thermal conductivity and thermal diffusivity

Using the microthermal sensor of Fig. 11, the thermal conductivity A and the volumetric
heat capacity ¢,p of a gas to which the sensor is exposed can be determined in the manner

described in EP 3 367 087 A2.

In particular, the thermal conductivity A can be determined by operating heating structure
34 to heat up to a steady-state temperature, which can be measured by temperature sensor
TS1, and determining the steady-state temperatures at temperature sensors TS2 and/or
TS3. The steady-state temperatures at sensors TS2 and TS3 depend on the thermal

conductivity of the gas.
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The volumetric heat capacity c,p can be determined by measuring the thermal
conductivity of the gas at a plurality of different temperatures, determining coefficients of
the temperature dependence of the thermal conductivity, and deriving the volumetric heat
capacity from these coefficients, using a fitting function. For details, reference is made to

EP 3367 087 A2.

Once the thermal conductivity A4 and the volumetric heat capacity ¢,p are known, the

thermal diffusivity D can be readily determined using the equation D = 1/(c,p) (Eq. (4)).

In addition, each of the temperature sensors TS1, TS2 and TS3 can be operated in the

absence of heating power in order to determine the absolute temperature of the gas.

The different distances d1 and d2 can be used to perform differential measurements in
order to eliminate the thermal transitions between the gas and the respective bridge. As an
example, the ratio (Tg; - Ts;)/Ty could be taken as a measure of the thermal conductivity
A, wherein Tg; denotes the measured temperature at the first sensing bridge 35, Ts, the
measured temperature at the second sensing bridge 36, and Ty denotes the heating

temperature at the heating bridge 33.

Other methods of determining thermal parameters indicative of thermal conductivity and
thermal diffusivity of a gas, using a microthermal sensor, are known in the art, and the

present invention is not limited to any particular method.

For instance, US 4,944,035 B1 discloses a method of determining the thermal conductivity
A and the specific heat capacity c¢p of a fluid of interest, using a microthermal sensor. The
microthermal sensor comprises a resistive heater and a temperature sensor coupled by the
fluid of interest. A pulse of electrical energy is applied to the heater of a level and duration
such that both a transient change and a substantially steady-state temperature occur in the
temperature sensor. The thermal conductivity of the fluid of interest is determined based
upon a known relation between the temperature sensor output and thermal conductivity at
steady-state sensor temperature. The specific heat capacity is determined based upon a

known relation among the thermal conductivity, the rate of change of the temperature
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sensor output during a transient temperature change in the sensor, and the specific heat

capacity.

US 6,019,505 B1 discloses a method for determining the thermal conductivity, the thermal
diffusivity and the specific heat capacity of a fluid of interest, using a microthermal sensor.
The microthermal sensor comprises é heater and a spaced temperature sensor, both coupled
to the fluid of interest. A time-variable input signal is provided to the heater element,
which heats the surrounding fluid. Variable phase or time lags between selected input and
output AC signals are measured, and thermal conductivity, thermal diffusivity and specific

heat capacity are determined therefrom.

Control device

A simplified and highly schematic block diagram of a digital control device 500 is shown
in Fig. 12. The control device comprises a processor (CPU) uP, a volatile (RAM) memory
52, and a non-volatile (e.g., Flash ROM) memory 53, and. The processor pP communicates
with the memory devices 52, 53 via a data bus 51. The non-volatile memory 53 stores,
inter alia, plural sets of calibration data for the various sensors. In Fig. 12, only two
exemplary sets of calibration data 54, 55 in the form of lookup tables LUT1, LUT2 are
illustrated. The lookup tables can correlate, for instance, temperature values determined by
the temperature sensors of the microthermal sensors to thermal parameters such as thermal
conductivity or thermal diffusivity. The non-volatile memory 53 further stores a machine-
executable program 56 for execution in the processor uP. Via a device interface IF, the
control device communicates with the various sensors S1, S2, S3 and/or D1. The device
interface further provides an interface for communicating with the fan 4 and with the fuel
control valve V1, and with input/output devices I/O such as a keyboard and/or mouse, an

LCD screen, etc.

Modifications

Many modifications are possible to the above embodiments without leaving the scope of

the present invention.
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In particular, air conduit 1 may carry a flow of another oxygen carrier gas than air. For
instance, in embodiments that implement exhaust gas recirculation, air conduit 1 may carry

a mixture of air with flue (exhaust) gas.

The fuel gas can be any combustible gas. Preferably the fuel gas is a natural gas.

The mixing of the oxygen carrier gas and the fuel gas can be carried out in a different
manner than illustrated. For instance, the fuel gas may be injected into the oxygen carrier
gas stream through a plurality of injection nozzles, which can be arbitrarily arranged, or the

mixing can be carried out using a dedicated mixer.

The presently disclosed regulation device can be used not only in the context of a gas
burner, but also in other applications where a mixture of a fuel gas and an oxygen carrier

gas is required, such as in an internal combustion engine (gas motor or gas turbine).

Instead of arranging fan 4 at the downstream end of common conduit 3, it is possible to
arrange fan 4 at another location. For instance, fan 4 may be arranged at the upstream end
of air conduit 1. Any type of fan that is able to create a gas stream may be used, for
instance, radial or axial fans as they are well known in the art. The control device 10 may
be configured to not only control the fuel control valve V1, but also to control the fan
power. An air valve or air flap may be present in the air conduit to additionally regulate the
flow of the oxygen carrier gas through air conduit 1, and the control device 10 may be

configured to also control the air valve or air flap.

In the above examples, the sensors S1, S2, S3 determine thermal conductivity and thermal
diffusivity. However, it is also possible that the sensors determine any other thermal
parameters that are related to thermal conductivity and thermal diffusivity, as long as it is
possible to derive thermal conductivity and/or thermal diffusivity from the thermal
parameters that are determined by the sensors. In the above example, the mixing ratio is
controlled based on measurements of thermal conductivity. However, it is possible to base
control of the mixing ratio on any other thermal parameter that is related to thermal

conductivity and/or thermal diffusivity.
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In the above examples, the mixing ratio x is explicitly determined from the measured
thermal parameters and is used as the process variable in the control algorithm for
regulating the fuel and/or air flows. This is, however, not necessary. For instance, the
process variable of the control algorithm can be directly one of the thermal parameters
determined by sensor S1 or a quantity derived therefrom, for instance, the thermal
conductivity difference A,,;,, — A4 The set point of the control algorithm then is a desired
value of this difference. This set point can be predetermined or calculated from one or

more of Ayer, Druets Truets Aairs Pairs Tair and Ty

The regulation device may be used for regulating entirely different kinds of binary
mixtures of two gases. The gases can be termed a carrier gas and a functional gas. The air
conduit of the above embodiment may thus be more generally be regarded as an example
of a first conduit for the carrier gas, and the fuel conduit may be regarded as an example of
a second conduit for the functional gas. For instance, the regulation device may be
configured to regulate a mixture of an oxygen carrier gas and a medical gas, such as a

gaseous anesthetic.

It will be appreciated by a person skilled in the art that various other modifications are

possible without leaving the scope of the present invention.



WO 2019/185181 PCT/EP2018/077146
29

CLAIMS

1. A regulation device for regulating a mixing ratio (x) of a gas mixture comprising
a first gas and second gas, the device comprising:

a first conduit (1) for carrying a flow of the first gas;

a second conduit (2) for carrying a flow of the second gas, the first and
second conduits (1, 2) opening out into a common conduit (3) in a mixing region
(M) to form the gas mixture;

an adjusting device (V1) for adjusting the mixing ratio (x) of the gas
mixture; and

a control device (10) configured to derive control signals for the adjusting
device (V1),

characterized in that

the regulation device comprises a first sensor (S1) configured to determine
at least one thermal parameter of the gas mixture downstream from the mixing
region (M), and in that

the control device (10) is configured to receive, from the first sensor (S1),
sensor signals indicative of the at least one thermal parameter of the gas mixture
and to derive control signals for the adjusting device based on the at least one

thermal parameter.

2. The regulation device of claim 1, wherein the adjusting device comprises a
control valve (V1) for adjusting a flow rate of the second gas through the second

conduit (2).

3. The regulation device of claim 1 or 2, wherein the regulation device is configured
to regulate the mixing ratio (x) of a gas mixture comprising, as the first gas, an

oxygen carrier gas and, as the second gas, a fuel gas.

4. The regulation device of any one of claims 1 to 3,
wherein the first sensor (S1) is configured to determine at least two thermal

parameters of the gas mixture, the thermal parameters together being indicative of
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thermal conductivity (4,,;,) and thermal diffusivity (D,;,) of the gas mixture, and
wherein the control device (10) is configured to take into account said at

least two thermal parameters.

5. The regulation device of claim 4, wherein the control device is configured to
derive the control signals based on one of the thermal parameters determined by
the first sensor (S1), and to carry out a consistency check based on another one of

the thermal parameters determined by the first sensor (S2).

6. The regulation device of claim 4 or 5, wherein the control device (10) is

configured to carry out the following procedure:

setting the adjusting device to a reference state in which the flow of the
second gas is interrupted while the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor (S1), the sensor signals being
indicative of the at least two thermal parameters in the reference state; and

based on the at least two thermal parameters in the reference state,
determining a pressure parameter (p,;,) that is indicative of a density or pressure

of the first gas in the reference state.

7. The regulation device of any one of the preceding claims, wherein the control

device (10) is configured to carry out the following procedure:

setting the adjusting device to a reference state in which the flow of the
second gas is interrupted while the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor (S1), the sensor signals being
indicative of at least one thermal parameter of the first gas in the reference state;

setting the adjusting device to an operating state in which both the flow of
the second gas and the flow of the first gas have non-zero flow rates;

receiving sensor signals from the first sensor (S1), the sensor signals being
indicative of at least one thermal parameter of the gas mixture in the operating
state; and

deriving the control signals based on a comparison of the at least one
thermal parameter of the gas mixture in the operating state and of the at least one

thermal parameter of the first gas in the reference state.
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The regulation device of any one of the preceding claims, comprising a fan (4) for

transporting the gas mixture to a point of use.

The regulation device of claim 8, wherein the fan (4) is arranged downstream

from the mixing region, and wherein first sensor (S1) is integrated into the fan (4).

The regulation device of claim 8 or 9, wherein the control device (10) is
configured to carry out the following procedure:

operating the fan (4) at a plurality of different power levels while the flow
of the second gas is interrupted;

for each power level, determining a pressure parameter (pg;,) based on the
sensor signals received from the first sensor (S1), the pressure parameter (Pg;r)
being indicative of density or pressure of the first gas at said power level; and

based on the pressure parameters (p,;,-) at different power levels, deriving a
blockage signal (B) indicating whether a blockage or fan malfunction has

occurred.

The regulation device of any one of the preceding claims, further comprising a
swirl element (5) arranged in the common conduit (3) downstream from the
mixing region (M) and upstream from the first sensor (S1), the swirl element

being configured to create turbulence in the gas mixture.

The regulation device of any one of the preceding claims,

further comprising a second sensor (S2), the second sensor (S2) being
configured to determine at least one thermal parameter of the first gas,

wherein the control device (10) is configured to receive, from the second
sensor (S2), sensor signals indicative of the at least one thermal parameter of the
first gas and to derive the control signals based on the sensor signals received

from both the first and second sensors (S1, S2).

The regulation device of claim 12,

wherein the second sensor (S2) is configured to determine at least two
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thermal parameters, the at least two thermal parameters determined by the second
sensor (S2) together being indicative of thermal conductivity (14;,) and thermal
diffusivity (D;,) of the first gas, and

wherein the control device is configured to derive, based on the at least two
thermal parameters determined by the second sensor (S2), an oxygen carrier

pressure parameter (pg;,-) indicative of density or pressure of the first gas.

The regulation device of claim 12 or 13,

wherein the first sensor (S1) is configured to determine at least two thermal
parameters, the at least two thermal parameters determined by the first sensor (S1)
together being indicative of thermal conductivity (A,,;,) and thermal diffusivity
(Dix) of the mixture,

wherein the second sensor (S2) is configured to determine at least two
thermal parameters, the at least two thermal parameters determined by the second
sensor (S2) together being indicative of thermal conductivity (44;) and thermal
diffusivity (D) of the first gas,

wherein the control device is configured to derive the control signals based
on a comparison of one of the thermal parameters determined by the first and
second sensors (S1, S2), and to carry out a consistency check based on a
comparison of another one of the at least two thermal parameters determined by

the first and second sensors (S1, S2).

The regulation device of any one of claims 12 to 14,

wherein the first sensor (S1) is configured to determine a temperature (Ty,i5)
of the gas mixture,

wherein the second sensor (S2) is configured to determine a temperature
(Tgir) of the first gas, and

wherein the control device is configured to carry out a consistency check
based on a comparison of the temperatures (Trmix, Tqir) Of the gas mixture and the

first gas.

The regulation device of any one of the preceding claims, further comprising a

third sensor (S3), the third sensor (S3) being configured to determine at least one
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thermal parameter of the second gas,

wherein the control device (10) is configured to receive, from the third
sensor (S3), sensor signals indicative of the at least one thermal parameter of the
second gas and to derive the control signals based on the sensor signals received

from both the first and third sensors (S1, S3).

The regulation device of any one of the preceding claims, further comprising a
first mass flow meter (F1) in the first conduit (1) and/or a second mass flow meter
(F2) in the second conduit (2),

wherein the control device (10) is configured to determine a mass flow
parameter indicative of a mass flow in the first or second conduit (1; 2) based on

mass flow signals from the first and/or second mass flow meters (F1, F2).

The regulation device of any one of the preceding claims, further comprising:

a flow restrictor (6; 7) in the first or second conduit (1; 2); and

a differential pressure sensor (D1) configured to determine a differential
pressure between the first and second conduits (1, 2) upstream from the flow
restrictor (6; 7),

wherein the control device (10) is configured to determine a mass flow
parameter indicative of a mass flow in the first or second conduit (1; 2) based on

differential pressure signals from the differential pressure sensor (D1).

A method of regulating a mixing ratio (x) of a gas mixture comprising a first gas
and an second gas, the method comprising:

creating a flow of the first gas;

creating a flow of the second gas;

forming the gas mixture by mixing the flows of the first gas and the second
gas in a mixing region (M),

characterized by the steps of:

determining at least one thermal parameter of the gas mixture downstream
from the mixing region (M) using a first sensor (S1), and

based on the at least one thermal parameter, adjusting the mixing ratio (x).
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The method of claim 19, wherein the first gas is an oxygen carrier gas and the

second gas is a fuel gas.

The method of claim 19 or 20, wherein adjusting the mixing ratio (x) comprises

operating a control valve for adjusting a flow rate of the second gas.

The method of any one of claims 19 to 21,

wherein at least two thermal parameters of the gas mixture are determined
using the first sensor (S1), the at least two thermal parameters together being
indicative of thermal conductivity (A,,;,) and thermal diffusivity (Dy,;,) of the gas
mixture, and

wherein the at least two thermal parameters of the gas mixture are taken into

account when adjusting the mixing ratio (x).

The method of claim 22, wherein the mixing ratio is adjusted based on one of the
thermal parameters determined by the first sensor, and wherein a consistency
check is carried out based another one of the thermal parameters determined by

the first sensor.

The method of claim 22 or 23, comprising:

creating a reference state in which the flow of the second gas is interrupted
while the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor (S1), the sensor signals being
indicative of at least two thermal parameters of the first gas in the reference state;
and

based on the at least two thermal parameters of the first gas in the reference
state, determining a pressure parameter (pg;,) that is indicative of a density or

pressure of the first gas in the reference state.

The method of any one of claims 19 to 24, the method comprising:
creating a reference state in which the flow of the second gas is interrupted
while the flow of the first gas has a non-zero flow rate;

receiving sensor signals from the first sensor (S1), the sensor signals being
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indicative of at least one thermal parameter of the first gas in the reference state;

creating an operating state in which both the flow of the second gas and the
flow of the first gas have non-zero flow rates;

receiving sensor signals from the first sensor (S1), the sensor signals being
indicative of at least one thermal parameter of the gas mixture in the operating
state; and

adjusting the mixing ratio (x) based on a comparison of the at least one
thermal parameter of the gas mixture in the operating state and of the at least one

thermal parameter of the first gas in the reference state.

The method of any one of claims 19 to 25, comprising transporting the gas

mixture to a point of use using a fan (4).

The method of claim 26, comprising;:

operating the fan (4) at a plurality of different power levels while the flow
of the second gas is interrupted;

for each power level, deriving a pressure parameter (pg;r) from sensor
signals determined by the first sensor (S1), the pressure parameter (pair) being
indicative of density or pressure of the first gas at said power level; and

based on the pressure parameters (p,;,) at different power levels, deriving a
blockage signal (B) indicating whether a blockage or fan malfunction has

occurred.

The method of any one of claims 19 to 27, comprising:

determining at least one thermal parameter of the first gas upstream from
the mixing region (M) using a second sensor (S2); and

adjusting the mixing ratio (x) based on the at least one thermal parameter of
the gas mixture determined by the first sensor (S1) and on the at least one thermal

parameter of the first gas determined by the second sensor (S2).

The method of claim 28,
wherein at least two thermal parameters are determined by the second

sensor (S2), the at least two thermal parameters determined by the second sensor
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(S2) together being indicative of thermal conductivity (44,) and thermal
diffusivity (Dg;;-) of the first gas,

the method comprising deriving an oxygen carrier pressure parameter (pg;,)
based on the at least two thermal parameters determined by the second sensor
(S2), the oxygen carrier pressure parameter being indicative of density or pressure

of the first gas.

The method of claim 28 or 29, comprising:

determining at least two thermal parameters of the gas mixture using the
first sensor (S1), the at least two thermal parameters determined by the first sensor
(S1) together being indicative of thermal conductivity (A,,;) and thermal
diffusivity (D, ) of the gas mixture;

determining at least two thermal parameter of the first gas using the second
sensor (S2), the at least two thermal parameters determined by the second sensor
(S2) together being indicative of thermal conductivity (d4;-) and thermal
diffusivity (D,;;-) of the first gas;

adjusting the mixing ratio (x) based on a comparison of one of the thermal
parameters determined by the first and second sensors (S1, S2); and

carrying out a consistency check based on a comparison another one of the

thermal parameters determined by the first and second sensors (S1, S2).

The method of any one of claims 28 to 30, comprising:

determining a temperature (Ty,;,) of the gas mixture using the first sensor
(S1);

determining a temperature (T,;,) of the first gas using the second sensor
(S2); and

carrying out a consistency check based on a comparison of the temperatures

(Timix> Tair) of the gas mixture and the first gas.

The method of any one of claims 19 to 31, comprising:
determining at least one thermal parameter of the second gas using a third
sensor (S3); and

adjusting the mixing ratio (x) based on the at least one thermal parameter of
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the gas mixture determined by the first sensor (S1) and the at least one thermal

parameter of the second gas determined by the third sensor (S3).

The method of any one of claims 19 to 32, further comprising determining a mass

flow rate of the first gas and/or a mass flow rate of the second gas.

The method of claim 33, comprising:

passing the flow of the first gas or the flow of the second gas through a flow
restrictor (7; 8);

determining a differential pressure between the first gas and the second gas
upstream from the flow restrictor (7; 8); and

determining a mass flow parameter indicative of a mass flow rate of the first

gas or the second gas based on said differential pressure.
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