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Description
FIELD

[0001] The subject matter described herein relates to enclosures that can be used with analytical equipment, including
but not limited to gas analyzers such as those based on tunable diode laser spectroscopy.

BACKGROUND

[0002] Gas analyzers, such as for example those that employ tunable diode laser spectroscopy, typically require
mounting of a laser source on a heat sink or a thermo electric cooler (TEC) to achieve and maintain the required lasing
frequency for a chosen trace gas analysis. A thermistor and an electronic feedback control loop are typically used to
stabilize laser temperature to the required accuracy levels. However, laser temperature stability can be influenced by
ambient temperature conditions, especially by changing ambient temperature conditions. Changing temperature condi-
tions can in some instances exceed the ability of the control circuit to maintain laser temperature and frequency at the
required levels. If this cannot be achieved, the laser may shift away from its pre-set frequency, thereby generating
unacceptable measurement errors.

[0003] Currently available TDL-based gas analyzers typically employ an insulated enclosure coupled to a heater to
maintain the enclosure temperature at a relatively constant value thatis elevated relative to typically encountered ambient
conditions. These heated enclosures can require substantial energy consumption. In addition, if the gas analyzer is
installed in a location where it might be exposed to hazardous and/or flammable compounds, additional costs can be
added by the requirement of using a hazardous location approved heater and thermostat. At rural installations, electricity
supplies can be limited, and provision of 200 or more watts to run a heater enclosure device can be problematic. Use
of TDL-based gas analyzers with natural gas pipelines is increasing. Such pipelines typically run long distances over
which easy access to AC power is limited or non-existent. Solar panels or thermo electric generators can be used.
However, it can be difficult to supply more than 50W power at acceptable cost levels with these generation sources.
[0004] International Patent Publication No: WO2008/048994 discloses a system for detecting moisture in a refrigerant
background using a tunable diode laser. European patent publication no. 1605252 discloses a method and apparatus
for eliminating and compensating thermal transience in a gas analyzer.

[0005] US Patent No. 6,377,755 discloses a thermally protective camera case for protecting film. US Patent No.
5,370,814 discloses protection of a heat sensitive item such as a flight data recorder. US Patent No. 6,317,321 discloses
a laptop computer in an enclosure. All three of these documents describe use of a phase change material to coat a
surface of a container.

SUMMARY

[0006] In one aspect, an apparatus includes an enclosure comprising an outer exposure layer that is resistant to and
compatible with an operating environment and an inner enclosure layer disposed within the outer layer such that a gap
volume exists between the outer and the inner layers; one or more gas analyzer components disposed within the inner
enclosure layer the one or more gas analyses components comprising one or more of a tunable diode laser, a detector
and a sample cell and a mass of a phase changing material disposed within the gap volume between the outer and the
inner layers, the phase changing material having a phase transition temperature at which the phase changing material
transitions from a first phase to a second phase while absorbing orreleasing a latent heat energy AH, , the phase transition
temperature being within a desired operating temperature range of the one or more gas analyzer components, the mass
M of the phase changing material being given by

Fr
AH |

M> (N

-/

[0007] where F1is an expected net heat energy flux from the operating environment into the enclosure during a period
of an operating day during which an ambient temperature outside of the enclosure exceeds the phase transition tem-
perature.

[0008] Inaninterrelated aspect, a method includes receiving a gas sample in a sample cell of a gas analyzer; projecting
light produced by a laser light source through the gas sample in the sample cell and onto a detector; quantifying an
intensity of the light received at the detector; calculating a concentration of at least one target analyte in the gas sample
based on the intensity; and controlling a temperature of the laser light source to within an operating temperature range,
the controlling comprising operating the light source inside of an enclosure that comprises an outer exposure layer that
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is resistant to and compatible with an operating environment, and an inner enclosure layer disposed within the outer
layer such that a gap volume exists between the outer and inner layers, a mass of a phase changing material disposed
within the gap volume between the outer and inner layers and acting as a thermal buffer layer positioned between the
gas analyzer components and the operating environment, the phase changing material having a phase transition tem-
perature at which the phase changing material transitions from a first phase to a second phase while absorbing or
releasing a latent heat energy AH,. This phase transition temperature is within the operating temperature range. The
mass M of the phase changing material is given by equation 1.

[0009] Inanotherinterrelated aspect, a method includes selecting a phase changing material having a phase transition
temperature at which the phase changing material transitions from a first phase to a second phase while absorbing or
releasing a latent heat energy AH,. The phase transition temperature is within an operating temperature range of one
or more gas analyzer components comprising one or more of a laser light source, a detector and a sample cell. The
method also includes calculating a necessary mass M of the phase changing material necessary to maintain the one or
more gas analyzer components within the operating temperature range using equation 1, assembling the enclosure
such that the enclosure includes an inner enclosure layer and an outer exposure layer with a gap volume between the
inner and outer layers, and transferring the phase changing material to the gap volume between the inner and outer
layers of the enclosure structure.

[0010] In optional variations, the phase changing material can include one or more of organic materials such as wax
and fatty acid, inorganic materials such as hydrate salts, and eutectic materials. The phase change materials can be
encapsulated in a membrane or otherwise contained within some kind of barrier. The enclosure can further include an
inner shell disposed within the outer shell such that a gap volume exists between the outer shell and the inner shell. The
one or more gas analyzer components can be disposed within the inner shell, and the mass of phase changing material
can be disposed within the gap volume.

[0011] More than one phase change material, each having a different target temperature can be used to provide
additional temperature stability, over a wider temperature range. The first and the second phase changing materials can
be disposed in an arrangement in which the first phase changing material is disposed in a first layer closer to the outer
shell of the enclosure and the second phase changing material is disposed in a second layer closer to the one or more
gas analyzer components. Alternately, the first and second phase changing materials can be randomly mixed. The
enclosure can include a heater and/or a cooler unit as well as a temperature sensor and/or a temperature controller
circuit or subroutine that provides back-up temperature control in the event that the latent heat associated with phase
changes of the phase change material is not sufficient to stabilize the temperature of the analyzer contained within the
enclosure at a preferred temperature. The heater or cooler device can be activated by the controller if the signals from
the temperature sensor indicate that an internal temperature inside the enclosure has deviated by more than a threshold
amountform the phase transition temperature of the phase changing material. An additional mass of the phase changing
material can be included to absorb heat generated within the enclosure by the one or more gas analyzer components.
The one or more gas analyzer components can include one or more of a tunable diode laser head, a detector, and a
sample cell.

[0012] A processor can be included that receives signals from the detector and that controls the tunable diode laser
to produce light within a wavelength range, the light being directed into the sample cell to pass through a gas sample
contained within the sample cell and to be received at the detector after passing through the gas sample, the detector
quantifying an intensity of the light received after passing through the gas sample, the signals received by the processor
from the detector containing data on the intensity, the processor calculating a concentration of at least one target analyte
in the gas sample based on the signals.

[0013] Various implementations and/or aspects of the subject matter described herein can provide one or more ad-
vantages or benefits, potentially including but not limited to the following. The use of phase changing materials (PCM)
as insulation for tunable diode laser (TDL) gas analyzers can passively improve laser frequency stability and accuracy,
with regard to one or more chosen trace gas absorption lines. Improved temperature and frequency stability of the
spectrometer cell, laser source, and/or other components translates directly into enhanced sensitivity, measurement
stability, and accuracy. Using PCM materials can minimize energy consumption of TDL and other trace gas analyzer
systems by either eliminating the need for expensive, energy consuming heating and/or cooling systems or at least
reducing the power load required by such systems. Heater systems for TDL trace gas analyzers can be especially
expensive when hazardous location certification such as CSA, ATEX or IECEX is required for the analyzer. PCM-based
systems and methods such as those disclosed herein can also be highly reliable and intrinsically safe for example
because there are no mechanical or electrical parts in the PCM. Passive operational safety can be an important con-
sideration for hazardous location certification, which is a must for all trace gas analyzers used on NG pipe lines and in
petrochemical plants. Additionally, little or no maintenance is typically necessary.

[0014] The details of one or more variations of the subject matter described herein are set forth in the accompanying
drawings and the description below. Other features and advantages of the subject matter described herein will be
apparent from the description and drawings, and from the claims.
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DESCRIPTION OF DRAWINGS

[0015] The accompanying drawings, which are incorporated in and constitute a part of this specification, show certain
aspects of the subject matter disclosed herein and, together with the description, help explain some of the principles
associated with the disclosed embodiments. In the drawings,

FIG. 1 is a schematic diagram showing a gas analyzer with an enclosure featuring a phase changing material;

FIG. 2 is a schematic diagram showing a gas analyzer with an enclosure featuring a phase changing material that
encloses the optical head of the analyzer;

FIG. 3 is a process flow diagram illustrating a method for determining a target analyte concentration in a gas sample;

FIG. 4 is a process flow diagram illustrating a method for producing a gas analyzer incorporating phase changing
materials;

FIG. 5 is a chart showing the temperature ramp profile for a demonstration of the performance of an enclosure
according to the current subject matter; and

FIG. 6 shows two charts illustrating a possible beneficial effect of using PCM in a gas analyzer enclosure.
DETAILED DESCRIPTION

[0016] The currently disclosed subject provides methods, systems, techniques, apparatuses, and article of manufacture
for maintaining a stable temperature for an analyzer, such as for example a gas analyzer based on a tunable diode
laser. A mass of phase changing material (PCM) is incorporated into the design of an enclosure for the analyzer. This
PCM mass provides thermal buffering at a phase transition temperature due to the latent heat that is absorbed as the
PCM transitions to a more entropic state (i.e. gas or liquid) or released as the PCM transitions to a less entropic state
(i.e. liquid or solid). Because the phase change takes place at a fixed phase transition temperature with large latent heat
buffering heat exchange from ambient, the analyzer components inside the enclose are isolated from variations in the
ambient temperature to which the enclosure is exposed. This will help to guarantee the accuracy and repeatability of
the analyzerreadings. The subject matter described herein can improve the feasibility of maintaining analytical equipment
at a temperature at or below the maximum ambient temperature experienced at the installation point of the analytical
equipment. The thermal buffering capacity of the PCM can be recharged during cooler periods of time, such as for
example overnight. One or more cooling devices and/or temperature monitoring equipment and a controller could also
be installed in the enclosure to assist in maintaining the internal temperature at the desired value. In many commercially
available analytical equipment enclosures, a constant temperature is typically maintained by heating the internal volume
of the enclosure to a temperature exceeding that likely to be experienced in the ambient environment and then adding
heat to the interior as necessary to compensate for net heat outflows and thereby maintain a constant or near constant
temperature. This procedure can be expensive from an energy standpoint as noted above and can also limit the available
temperature range at which the analytical equipment can be operated.

[0017] The term "phase changing materials" generally refers to materials that change their physical phase at a phase
transition temperature. In the current disclosure, PCM refers to materials having a phase transition temperature near a
desired operating temperature of a system. During a phase transition both phases of the PCM co-exist. The physical
phase change can be between the liquid and solid phases, the liquid and gas phases, or even the solid and gas phases
(sublimation). All or nearly all materials undergo such phase changes if subjected to heat input or output at the phase
transition temperature (i.e. freezing, boiling, or sublimation point). As the PCM changes phase, it absorbs (or releases)
latent heat at a single, phase transition temperature that is maintained as long as both phases of the PCM are present.
[0018] As an example, a system that includes distilled water containing ice cubes will stay at exactly 0 °C until enough
heat is absorbed by the system to melt all of the ice or, alternatively, until enough heat escapes from the system to cause
all of the liquid water to freeze. Once either condition occurs, the temperature of the system can begin to deviate from
0 °C. The PCM takes up heat when it transforms from solid to liquid and gives off heat again when it solidifies. In this
manner, a PCM can mitigate temperature changes and maintain constant temperature over an ambient temperature
range defined by the total amount of heat required to cause 100% phase change for a given mass of the PCM. According
to the current subject matter, a properly selected PCM can maintain the temperate of a gas analyzer system or apparatus
at or near a stable value while the system or apparatus undergoes a net positive or net negative heat exchange with
the environment or some other heat source or sink, such as for example internal heat generation.

[0019] Available PCMs include but are not limited to organic materials such as wax and fatty acid, inorganic materials
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such as hydrate salts, and eutectics. Examples of organic PCMs - include but are not limited to paraffin (i.e. C Hopn.2)
and fatty acids (i.e. CH3(CH,),,COOH). Inorganic PCMs can include but are not limited to salt hydrates (i.e. M;H,0).
Eutectic PCM systems can include mixtures of materials, such as for example organic-organic, organic-inorganic, and
inorganic-inorganic compounds. Organic materials generally are available in a large range of phase transition temper-
atures, freeze without a great degree of supercooling, tend to melt congruently and have self-nucleating properties, and
are chemically stable. However, their volumetric latent heat storage capacity can be relatively low, and they tend to be
flammable or combustible. Inorganic materials generally have a high volumetric heat storage capacity, low cost and
easy availability, and are non-combustible. However, supercooling can present problems in the transition from solid to
liquid, and nucleating agents may be needed to encourage phase change atthe transition temperature without hysteresis.
Eutectic materials can be non-combustible if they are based on inorganic materials. Other data on the thermophysical
behavior of these materials is scarce as they are relatively new. Encapsulation of the PCM is optional according to the
current subject matter. In some designs, PCM can be used in a sealed system that allows sufficient space for changes
in density of the PCM during the phase change process. In some implementations of the current subject matter, particles
of C4gH3g can be used as the PCM. The particles can be used in an encapsulated configuration as described below.
[0020] For example, a system containing liquid and solid water (ice) will remain at or near 0° C despite a net flow of
energy into or out of the system until all of the ice has melted or all of the liquid water has frozen. Only after the latent
heat of phase change has been absorbed or released does the temperature of the system begin to deviate from the
phase change temperature. For a given mass of PCM to maintain a stable temperature for a given period of time, the
latent heat of the PCM material must be greater than or equal to the net heat input to or withdrawal from the system
during the period. This net heat input or withdrawal form the system can be due to thermal exchange with the ambient
environment or due to heat sinks or sources within the enclosure or otherwise associated with the analytical equipment
or the gases being sampled. Expressed mathematically,

pcV2h-A-t AT 2)

[0021] where pis the density of the PCM (kg-m-3), which can be approximately 0.9x103-kg-'m-3 in some examples; ¢
is the latent heat of the PCM kJ kg™, which can be approximately 180 kJ-kg-! in some examples; V is the volume of the
PCM (m3); his the heat transfer coefficient of the system (W-m=2-K-1), which for natural convection in air is approximately
5 W-m2K1; A is the surface area over which heat dissipation occurs (m2); t is the time duration of the period of heat
input or withdrawal (h), which can be approximately 12 h over the course of a day; and AT is the average temperature
difference (K), which can be approximately 20 K for an ambient temperature range of approximately -20 °C to 60 °C.
[0022] For a cubic structure of edge length L made entirely of PCM, the volume of PCM is given by

V=1 3)
and the cross section area, A, is

A=6-17 ).

[0023] Therefore, the minimum value of L for the cube to remain at a constant temperature given the parameters
discussed above is

36kt AT _ 6-l5w.m2 -k f12hx3600s b7l J20K)
pe (900 kg'm'31180kj-kg'] x10007-kg™!

=0.16m (5)

which corresponds to a cubic volume of greater than or equal to 0.0041 m3 and a PCM mass of 3.7 kg or about 8.1
pounds assuming a PCM density of 900 kg-m=3.

[0024] The presence of the PCM in a buffer layer positioned between the gas analyzer components and the external
environment can help to maintain the gas analyzer at a stable temperature. Because phase change takes place at a
fixed temperature with large latent heat buffering heat exchange from ambient, the analyzer components inside the
enclosure can be minimally affected by the ambient temperature variations. Because outdoor temperature typically
follows a diurnal cycle, a properly selected PCM with a sufficient mass and a phase transition temperature that lies within
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the expected range of ambient temperatures can act as a sort of "rechargeable" thermal buffer. For example, during
daylight hours when the thermal flux from the environment is likely to be net positive, a net change from the condensed
phase (i.e. solid or liquid) to the more entropic phase (i.e. liquid or gas) of the PCM occurs. At night when the ambient
temperature is generally cooler, the net thermal flux would be from the analyzer back to the environment. A net change
of the PCM from the more entropic to the more condensed phase should occur during this time. When the next daylight
cycle begins, the cycle resumes.

[0025] In one implementation, a phase-changing material is incorporated into a gas analyzer enclosure 100 using a
double-walled enclosure design as shown in FIG. 1. An outer enclosure layer 102 defines the dimensions and appearance
of the gas analyzer, and can include one or more features for example for securing the analyzer to a support. This outer
layer 102 can have explosion resistant properties if flammability or hazardous material exposure is a concern in a specific
installation of the gas analyzer. An internal enclosure layer 104 separates a layer of PCM 106 from components of the
analyzer, for example to maintain clear access for maintenance, etc. The components of the gas analyzer can in some
examples include a light source 110 that produces lightin a beam or pulses 112 that passes through one or more sample
cells 114, possibly via a first window 116 and then out through a second window 120 to a photodetector 122 that provides
data to a processor 124. Gas can flow into the sample cell 114 via an inlet 126 and out through an outlet 130.

[0026] In an example in which the gas analyzer is used for differential absorption spectrometry, the gas analyzer can
include a scrubber 132 or other device for reducing the concentration of one or more components of the gas mixture to
be analyzed. One or more valves or other tubing and/or gas routing components 134 can be provided, for example to
alternately provide gas to the one or more sample cells 114 either directly or via the scrubber 132. Multiple sample cell
arrangements can also be used in which the scrubber 132 is connected in series with a first sample cell while a second
sample cell receives unscrubbed gas and wherein the light source 110 is split between the sample cells. If the sample
cells have substantially similar path lengths, both spectra for use in the differential absorption analysis can be collected
in parallel. An enclosure as described herein can also house gas analyzers that are used for direct absorption spectros-
copy, as well as numerous other applications. In one possible variation, an analyzer system with two or more sample
cells can be deployed with one or more sample cells thermally buffered with PCM as described above, and one or more
sample cells exposed to ambient conditions. Such an arrangement could be used in ambient gas analyses or other
applications in which it is desirable to maintain the sampled gas at its original temperature and pressure.

[0027] In an alternative implementation, an example of which is shown in the system 200, PCM can be incorporated
into an enclosure 202 that houses only some of the gas analyzer components, such as for example an optical head 204
that includes the light source 206 and the photodetector 210. As in FIG. 12, the enclosure 202 includes outer enclosure
layer 102 that defines the dimensions and appearance of the gas analyzer and an internal enclosure layer 104 that
separates a layer of PCM 106 from the encased components, in this example the optical head 204. The optical head
204 can further include a baseplate 212 whose temperature is controlled by a thermoelectric cooler (TEC) 214. The light
source 206, for example a laser such as a tunable diode laser, and the photodetector 210 can be mounted to the
baseplate 212 for better thermal control. In this example, the light 216 generated by the light source 206 is directed out
of the optical head 204 through a window 220 into a sample cell 222 that contains a sample of the gas to be analyzed.
As shown in FIG. 2, the light 216 travels the length of the sample cell 222 twice as it is reflected at the far end of the
sample cell 222 by a flat mirror 224. The returning light is transmitted back through the window 220 and impinges on
the photodetector 210. Gas can pass into and out of the sample cell 222 via ports as shown in FIG. 2.

[0028] For an enclosure that surrounds only a sealed optical head 204, the inner enclosure layer 104 can optionally
be omitted such that the sealed exterior of the optical head 204 forms a barrier that maintains the PCM in its proper
position. As noted above in the example of FIG. 1, the PCM can be separately encapsulated, for example in flexible
sealed bags or rigid or semi-rigid sealed containers to avoid leakage of the PCM or other problems such as corrosion
or contamination that could arise from allowing a liquid material to come into contact with components of the analyzer
200. An estimation of the mass of PCM required for this example can be obtained by assuming a cube-shaped mass of
PCM having a side length of L that encases an optical head volume of Vo4 The cross-sectional area that the sample
cell 222 occludes is given by A For simplicity, heat transfer across this area is assumed to be zero, and the optical
head 204 is assumed to have a cube shape with a side length of L, ,. With this assumption and the further assumption
that the cross section area of the cell (A.) is the same as the area of a side of the cube-shaped optical head 204, the
optical head volume is given by Vie.q = Lhead® @nd the heat transfer area occluded by the sample cell 222 is given by
Acei = Lpead® Substituting into equation 1 gives:

p'c'(L3_Lzead)2h'(6’L2_ %ead)'t'AT ()

[0029] For a sample cell 222 with a cross sectional area of about 10 cm?2 (0.1 m on a side) and using the values used
above in equation 5,



10

15

20

25

30

35

40

45

50

55

EP 2 373 978 B1

pc’=6-ht-AT-I*=p-c-L, ,~h-t-AT- L}, Q)

which produces a cubic equation that can be solved for L to give a value of approximately 0.18 m or 18 cm. Using this
value, the total volume of the cube-shaped enclosure would be 0.006 m3 or about 6000 cm3. The total volume of PCM
needed is this volume minus the volume of the optical head 204, which is 0.001 m?3 or about 1000 cm3. The total PCM
mass needed would therefore be approximately 4.5 kg or 9.9 pounds assuming a PCM density of 900 kg-m3. It should
be noted in this example that internal heat loads, such as heat that might be convected into the sample cell via the gas
being sample or heat generation by electronic circuitry, the laser light source, or the like are not considered. Such heat
loads can typically be assumed to be relatively constant.

[0030] In a further implementation, a concentration of a target analyte in a gas sample can be determined according
to a method 300 as shown in FIG. 3. At 302, a sample cell of a gas analyzer receives a gas sample that contains a target
analyte. At 304, a laser light source generates light that is projected through the gas sample in the sample cell and onto
a detector. An intensity of the light received at the detector is quantified at 306, and at 310 a concentration of at least
one target analyte in the gas sample based is calculated on the intensity. At 312, the temperature of the laser light source
is controlled to within an operating temperature range by operating the light source inside of an enclosure that comprises
an outer shell that is resistant to and compatible with an operating environment. The outer shell contains a mass of a
phase changing material that has a phase transition temperature at which the phase changing material transitions from
a first phase to a second phase while absorbing or releasing a latent heat energy AH, . The phase transition temperature
is within the operating temperature range. The mass M of the phase changing material is given by equation 1 based on
AH, and the net heat flux into the enclosure Fr.

[0031] Additional mass of the PCM can also be included if one or more of the gas analyzer components is expected
to be a substantial source of heat. In this example, the PCM must have sufficient latent heat capacity to absorb both the
net heat flux into the enclosure Fras discussed above and the heat generated by the components within the enclosure
Hc. In operating environments that experience a substantial temperature range over the course of a day, for example
very cold at night relative to daytime temperatures, it may be possible to operate such a system without additional heating
or cooling devices. For thermal equilibrium to be maintained over daily cycle, the net heat flux out of the enclosure during
periods of lower ambient temperature (i.e. overnight), F1 our should be approximately equal to the amount of heat
generated in the enclosure by the analyzer components (H) plus the net heat flux into the enclosure during periods of
higher temperature (Fy). Mathematically,

Frou = Fr + H (8).

[0032] The magnitude of H, can be changed by the use of, for example, a cooling device such as a thermoelectric
cooler within the enclosure or by using a heat pump or external heat sink to dissipate internally generated heat to the
exterior of the enclosure. The use of PCM as discussed herein serves as a thermal buffer to absorb excess heat during
high positive thermal flux periods and to retain heat during high negative thermal flux periods.

[0033] In another implementation, a gas analyzer enclosure can be prepared according to a method 400 as shown in
FIG. 4. At402, a phase changing material is selected such that the phase transition temperature of the phase changing
material is within an operating temperature range of one or more components of a gas analyzer. One or more phase
changing materials can be selected based on the operating temperature range and the expected ambient temperature
conditions to which the gas analyzer is expected to be exposed. The mass of phase changing materials necessary to
maintain the gas analyzer system or individual components at the desired constant temperature is calculated at 404
using equation 1. This calculation can be based on estimates of one or more of the heat transfer rate from the environment
in which the gas analyzer is to be operated, the rate of internal heat generation in the gas analyzer (for example due to
operation of pumps, the laser source, the detector, one or more electronics subsystems, or the like), and the time duration
of the temperature cycle to which the gas analyzer is anticipated to be exposed. Heat transfer from the ambient envi-
ronment can typically be through one or more of natural convection, conduction, and radiative heat transfer. The time
duration of exposure in a temperature cycle can in some examples be assumed to be half of a day or 12 hours.
[0034] At 406, an enclosure structure is installed including an inner enclosure layer and an outer exposure layer with
a gap between the inner and outer layers for positioning of the PCM. The gap between the inner and the outer layers
advantageously includes a sufficient gap volume to contain the full mass of PCM determined at 404. At least one opening
can optionally be provided to allow PCM to be placed within the gap after assembly of the inner and outer layers into
the enclosure structure. The volume encompassed by the inner layer of the enclosure is advantageously large enough
to house all of the temperature sensitive components of the gas analyzer. At 410, the PCM is transferred to the gap
volume between the inner and outer layers of the enclosure structure. The PCM can optionally be encapsulated in one
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or more flexible or rigid substructures so as to retain the PCM within the gap volume where tubing and/or other pass-
through devices or features are necessary for the gas analyzer components to communicate with the exterior of the
enclosure structure.

[0035] In some implementations, two or more phase changing materials with different phase transition temperatures
can be incorporated into a single enclosure. In one example, each individual PCM can be segregated into one or more
sealed sub-enclosures to avoid colligative effects on the phase transition temperature that might arise from mixing two
materials with different properties. In one possible variation, a first layer of a first PCM having a first phase transition
temperature is disposed closer to the outer shell of the enclosure and a second layer of a second PCM having a second
phase transition temperature is disposed inward of the first layer of PCM and closer to the one or more gas analyzer
components. The first phase transition temperature can be lower than the second phase transition temperature so that
as the apparatus is exposed to a net positive flux of heat into the enclosure from the ambient environment, the first PCM
buffers the temperature at the first phase transition temperature and the second PCM layer remains in the lower entropy
(i.e. solid) state. When the first PCM layer has completely transitioned to the higher entropy state due to absorbing
sufficient heat from the ambient environment to overcome its latent heat capacity, the temperature of the first PCM layer
can rise. As the first PCM layer temperature reaches the second phase transition temperature, the second PCM layer
begins to transition from lower entropy state to higher entropy state while absorbing additional latent heat energy that
does not cause the gas analyzer components housed within the second PCM layer to increase in temperature above
the second phase transition temperature.

[0036] Phase changing materials could also be included in a gas analyzer design in which PCM are placed on the
"hot" side of a thermoelectric cooler (TEC) to absorb waste heat generated when the TEC cools a semiconductor laser
to its required temperature.

EXAMPLE

[0037] In anillustrative example of the use of PCM with a gas analyzer in accordance with the current subject matter,
it is desirable to minimize the laser peak index shift for a tunable diode laser to less than 5 counts after the laser is fully
warmed up an operational. The laser peak index shift is a direct indication of the laser’s frequency shift. In this example,
the laser generates 16 counts per mA injection current. The analyzer used in these calculations employs a 28m cell with
a 1590 nm laser such as that available from SpectraSensors, Inc. (Rancho Cucamonga) in a model 2100 H2S analyzer.
The gas analyzer was operated over a range of temperatures according to the temperature ramp profile 500 shown in
FIG. 5. The rate of temperature change between temperature set points was 1 °C between a starting and ending
temperature of 25 °C with intermediate temperatures of 55 °C and -5 °C. As a baseline, the peak index was monitored
for the laser operating both without and with a PCM enclosure according to the current subject matter. The PCM used
in this example was 10 Ibs of encapsulated C4gH3g particles. The results of this demonstration are shown in the chart
600 of FIG. 5 which shows the results for the non-PCM run in 602 and the with-PCM run in 604. As shown in 502, the
peak index shifts by 10 counts or more above and below the baseline of 335 during the temperature profile shown in
FIG. 5. In contrast, the peak index is much more stable, even for two hours after the end of the temperature ramp profile
in 604.

[0038] The implementations set forth in the foregoing description do not represent all implementations consistent with
the subject matter described herein. Instead, they are merely some examples consistent with aspects related to the
described subject matter. Wherever possible, the same reference numbers will be used throughout the drawings to refer
to the same or like parts. Although a few variations have been described in detail above, other modifications or additions
are possible. In particular, further features and/or variations may be provided in addition to those set forth herein. For
example, the implementations described above may be directed to various combinations and subcombinations of the
disclosed features and/or combinations and subcombinations of several further features disclosed above. In addition,
the logic flow depicted in the accompanying figures and/or described herein do not require the particular order shown,
or sequential order, to achieve desirable results. Other embodiments may be within the scope of the following claims.

Claims

1. An apparatus comprising
an enclosure (100,200) comprising an outer exposure layer (102) that is resistant to and compatible with an operating
environment and an inner enclosure layer (104) disposed within the outer layer such that a gap volume exists
between the outer and the inner layers;
one or more gas analyzer components disposed within the inner enclosure layer, the one or more gas analyzer
components comprising one or more of a tunable diode laser (110,206), a detector (122,210) and a sample cell
(114); and
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a mass of a phase changing material (106) disposed within the gap volume between the outer and the inner layers,
the phase changing material having a phase transition temperature at which the phase changing material transitions
from a first phase to a second phase while absorbing or releasing a latent heat energy AH,, the phase transition
temperature being within a desired operating temperature range of the one or more gas analyzer components, the
mass M of the phase changing material being given by

Fr
AHL

M2

where F1is an expected net heat energy flux from the operating environment into the enclosure during a period of
an operating day during which an ambient temperature outside of the enclosure exceeds the phase transition
temperature.

An apparatus as in claim 1, further comprising a processor (124) arranged to receive signals from the detector and
to control the tunable diode laser to produce light within a wavelength range, the light being directed into the sample
cell to pass through a gas sample contained within the sample cell and to be received at the detector after passing
through the gas sample, the detector arranged to quantify an intensity of the light received after passing through
the gas sample, the signals received by the processor from the detector containing data on the intensity, the processor
arranged to calculate a concentration of at least one target analyte in the gas sample based on the signals.

An apparatus as in any of claims 1-2, further comprising an additional mass of the phase changing material, the
additional mass being sufficient to absorb heat generated within the enclosure by the one or more gas analyzer
components.

An apparatus as in any of claims 1-3, wherein the phase changing material comprises one or more of a wax, a fatty
acid, a hydrate salt, a eutectic material, CH3(CH,),,COOH, C,H5,*,, and M ,H,0.

Anapparatus as inany of claims 1-4, further comprising a sealed enclosure that contains the phase changing material.

An apparatus as in any of claims 1-5, further comprising at least one second mass of a second phase changing
material having a second phase transition temperature that differs from the phase transition temperature, the second
mass of the second phase changing material being disposed in a second layer outward of a first layer of the mass
of the phase changing material and closer to the outer exposure layer of the enclosure, the second phase changing
material having a second phase transition temperature that is lower than the phase transition temperature of the
phase changing material in the first layer.

An apparatus as in any of claims 1-6, further comprising:

a temperature sensor disposed within the outer layer of the enclosure;

one or more of a heating device (214) and a cooling device; and

a controller arranged to receive signals from the temperature sensor and control the one or more of the heating
device and the cooling device to provide back-up temperature control if the signals from the temperature sensor
indicate that an internal temperature inside the enclosure has deviated by more than a threshold amount from
the phase transition temperature of the phase changing material.

8. A method comprising:

receiving a gas sample in a sample cell (114,222) of a gas analyzer;

projecting light produced by a laser light source (110,206) through the gas sample in the sample cell and onto
a detector(122,210);

quantifying an intensity of the light received at the detector;

calculating a concentration of at least one target analyte in the gas sample based on the intensity; and
controlling a temperature of the laser light source to within an operating temperature range, the controlling
comprising operating the light source inside of an enclosure (100,200) that comprises an outer exposure layer
(102) that is resistant to and compatible with an operating environment, and an inner enclosure layer (104)
disposed within the outer layer such that a gap volume exists between the outer and inner layers, a mass of a
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phase changing material (106) disposed within the gap volume between the outer and inner layers and acting
as a thermal buffer layer positioned between the gas analyzer components and the operating environment, the
phase changing material having a phase transition temperature at which the phase changing material transitions
from a first phase to a second phase while absorbing or releasing a latent heat energy AH, , the phase transition
temperature being within the operating temperature range, the mass M of the phase changing material being
given by

Fr
AH[

M2

where Fris an expected net heat energy flux from the operating environment into the enclosure during a period
of an operating day during which an ambient temperature outside of the enclosure exceeds the phase transition
temperature.

A method as in claim 8, wherein in addition to the laser light source the enclosure houses one or more of the sample
cell and the detector.

A method as in claim 8 or claim 9, wherein the calculating of the concentration of the at least one target analyte in
the gas sample based on the intensity is performed by a processor (124) that receives signals from the detector
and that controls the laser light source.

A method as in any of claims 8-10, wherein the controlling further comprises monitoring an internal temperature
within the enclosure and operating a heating (214) or cooling device within the enclosure if the internal temperature
deviates outside of the operating temperature range.

A method comprising:

selecting a phase changing material (106) having a phase transition temperature at which the phase changing
material transitions from a first phase to a second phase while absorbing or releasing a latent heat energy AH,,
the phase transition temperature being within an operating temperature range of one or more gas analyzer
components, the one or more gas analyzer components comprising one or more of a laser light source (110,206),
a detector (122,210) and a sample cell (114);

calculating a necessary mass M of the phase changing material necessary to maintain the one or more gas
analyzer components with the operating temperature range, wherein

Fr
AH[

M =

where Fris an expected net heat energy flux from an operating environment into an enclosure (100,200) housing
the one or more gas analyzer components and the phase changing material, the net heat energy flux occurring
during a period of an operating day during which an ambient temperature outside of the enclosure exceeds the
phase transition temperature;

assembling the enclosure, the enclosure comprising an inner enclosure layer (104) and an outer exposure layer
(102) with a gap volume between the inner and outer layers; and

transferring the phase changing material to the gap volume between the inner and outer layers of the enclosure
structure.

A method as in claim 12, wherein the enclosure comprises at least one opening through which the phase changing
material is placed within the gap volume after assembly of the enclosure.

A method as in claim 12 or claim 13, wherein the phase changing materials are encapsulated in one or more flexible
or rigid substructures to retain the phase changing materials within the gap volume and to prevent leakage of the
phase changing material in afluid phase out of the gap volume where tubing (134) and/or other pass-through devices
or features of the one or more gas analyzer components penetrate the gap volume.
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15. A method as in any of claims 12-14, wherein the calculating of the necessary mass further comprises estimating

one or more of the heat transfer rate from the environment in which the gas analyzer is to be operated, the rate of
internal heat generation in the gas analyzer, and the time duration of the temperature cycle to which the gas analyzer
is anticipated to be exposed.

Patentanspriiche

1.

Ein Gerat, das Folgendes umfasst:

Ein Gehause (100, 200) mit einer AuRenwand (102), die bestandig gegeniiber und kompatibel mit einer Be-
triebsumgebung ist, sowie mit einer inneren Gehausewand (104), die so innerhalb der besagten AulRenwand
angeordnet ist, dass ein Llickenvolumen zwischen der AuRen- und Innenwand entsteht.

Eine oder mehrere Gasanalysatorkomponenten, die innerhalb der inneren Gehausewand angeordnet sind,
wobei diese Gasanalysatorkomponente(n) einen oder mehrere abstimmbare Diodenlaser (110, 206), einen
Detektor (122, 210) und eine Probennahmezelle (114) umfassen und

Ein Phasenwechselmaterial (PCM) (106), das sich in dem Lickenvolumen zwischen der Innen- und AuRenwand
befindet, wobei das Phasenwechselmaterial eine Phasenlibergangstemperatur aufweisen, bei der das Pha-
senwechselmaterial von einer ersten Phase in eine zweite Phase Ubergeht, wahrend es eine latente Warme-
energie AH, absorbiert oder freisetzt, und wobei die Phasenlibergangstemperatur innerhalb eines gewinschten
Betriebstemperaturbereichs der Gasanalysatorkomponente(n) liegt; dabei ergibt sich die Menge M des Pha-
senwechselmaterials aus:

Mz Fr/,AH,

wobei Frdem erwarteten Strom der Netto-Warmeenergie entspricht, die wahrend eines Betriebstages, an dem
die Umgebungstemperatur auRerhalb des Gehauses die Phasenibergangstemperatur Uberschreitet, von der
Betriebsumgebung in das Gehause dringt.

Ein Gerat gemaR Anspruch 1, das zudem einen Prozessor (124) umfasst, der entsprechend angeordnet ist, um
Signale vom Detektor zu empfangen und den abstimmbaren Diodenlaser zu steuern, um Licht innerhalb eines
Wellenlangenbereichs abzugeben, wobei das Licht in die Probennahmezelle gelenkt wird, um durch eine in der
Probennahmezelle befindliche Gasprobe geleitet zu werden. Der Detektor ist entsprechend angeordnet, um die
Intensitat des Lichtes, nachdem es durch die Gasprobe geleitet wurde, zu quantifizieren. Die Signale, die der
Prozessor vom Detektor erhalt, enthalten Daten zur Lichtintensitat, wobei der Prozessor entsprechend angeordnet
ist, um anhand der Signale die Konzentration mindestens eines Zielanalyts in der Gasprobe zu berechnen.

Ein Gerat gemaR einem der Anspriche 1 - 2, das darliber hinaus ein weiteres Phasenwechselmaterial enthalt,
wobei dieses zusatzliche Phasenwechselmaterial ausreicht, um die von der/den Gasanalysatorkomponente(n) im
Gehause erzeugte Warme zu absorbieren.

Ein Gerat gemaR einem der Anspriiche 1 - 3, wobei das Phasenwechselmaterial eine oder mehrere der folgenden
Substanzen enthalt: ein Wachs, eine Fettsaure, ein Hydratsalz, ein eutektisches Material,
CH3(CH5),,CO0H,C, Hy 40, und M H50.

Ein Gerat gemaR einem der Anspriiche 1 - 4, das ein abgedichtetes Gehduse umfasst, in dem sich das Phasen-
wechselmaterial befindet.

Ein Gerat gemal einem der Anspriiche 1 - 5, das zudem mindestens ein zweites Phasenwechselmaterial umfasst,
dessen Phasenlibergangstemperatur sich von der Phasenubergangstemperatur des ersten Phasenwechselmate-
rials unterscheidet. Dieses zweite Phasenwechselmaterial bildet eine zweite Schicht, die sich auf der AulRenseite
des ersten Phasenwechselmaterials und damit ndher zur AuRenwand des Gehauses befindet, wobei das zweite
Phasenwechselmaterial eine zweite Phasenlibergangstemperatur aufweist, die niedriger ist als die Phaseniiber-
gangstemperatur des Phasenwechselmaterials der ersten Schicht.

Ein Gerat gemal einem der Anspriiche 1 - 6, das darliber hinaus Folgendes umfasst:
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- einen Temperatursensor, der in der AuRenwand des Gehauses angeordnet ist,

- ein oder mehrere Heizgerate (214) und ein Kuhlgeréat sowie

- eine Steuerung, diedazudient, Signale vom Temperatursensor zu empfangen und ein oder mehrere Heizgerate
sowie das Kihlgerat zu steuern, um auf diese Weise eine Sicherheits-Temperaturregelung bereitzustellen, falls
die Signale vom Temperatursensor anzeigen, dass die interne Temperatur im Gehause um mehr als den
Schwellwert von der Phasenlbergangstemperatur des Phasenwechselmaterials abgewichen ist.

Eine Methode, die Folgendes umfasst:

- Einleiten einer Gasprobe in eine Probennahmezelle (114, 222) eines Gasanalysators;

- Projizieren des von einer Laserlichtquelle (110, 206) erzeugten Lichts durch die Gasprobe in der Probennah-
mezelle und auf einen Detektor (122, 210)

- Quantifizieren der vom Detektor empfangenen Lichtintensitat

- Berechnen der Konzentration mindestens eines Zielanalyts in der Gasprobe anhand der Intensitat und

- Regelung der Temperatur der Laserlichtquelle auf einen Wert innerhalb eines Betriebstemperaturbereichs,
wobei die Regelung den Betrieb der Lichtquelle in einem Gehause (100, 200) umfasst, das zum einen eine
AuRenwand (102), die

bestandig gegen und kompatibel mit einer Betriebsumgebung ist, und zum anderen eine innere Gehausewand
(104) umfasst, die so innerhalb der AuRenwand angeordnet ist, dass ein Lickenvolumen zwischen der Innen-
und der AuRenwand entsteht, wobei sich in dem Lickenvolumen zwischen der Innen- und AulRenwand ein
Phasenwechselmaterial (106) befindet, das als thermische Pufferschicht zwischen den Gasanalysatorkompo-
nenten und der Betriebsumgebung dient. Dieses Phasenwechselmaterial weist eine Phaseniibergangstempe-
ratur auf, anderes von einer ersten Phase in eine zweite Phase libergeht, wahrend es eine latente Warmeenergie
AH, absorbiertoder freisetzt, wobeidie Phasenibergangstemperaturinnerhalb des Betriebstemperaturbereichs
liegt. Dabei ergibt sich die Menge M des Phasenwechselmaterials aus

Mz Fr/AH,

wobei Frdem erwarteten Strom der Netto-Warmeenergie entspricht, die wahrend eines Betriebstages, an dem
die Umgebungstemperatur aulRerhalb des Gehauses die Phasenlibergangstemperatur Uberschreitet, von der
Betriebsumgebung in das Gehause dringt.

Eine Methode gemaR Anspruch 8, wobei das Gehause neben der Laserlichtquelle auch noch eine oder mehrere
Probennahmezellen und den Detektor umfasst.

Eine Methode gemaR Anspruch 8 oder 9, wobei der Prozessor (124), der Signale vom Detektor empfangt und die
Laserlichtquelle steuert, die Konzentration mindestens eines der Zielanalyte in der Gasprobe anhand der Lichtin-
tensitat berechnet.

Eine Methode gem#R einem der Anspriiche 8 - 10, wobei die Regelung auch die Uberwachung der Innentemperatur
im Gehause und den Betrieb eines Heiz- (214) oder Kihlgerates innerhalb des Gehauses umfasst, wenn die In-
nentemperatur auRerhalb des Betriebstemperaturbereichs liegt.

12. Eine Methode, die Folgendes umfasst.

- Auswahl eines Phasenwechselmaterials (106), das eine Phaseniibergangstemperatur aufweist, bei der das
Phasenwechselmaterial von einer ersten Phase in eine zweite Phase Ubergeht, wahrend es eine latente War-
meenergie AH, absorbiert oder freisetzt, wobei die Phaseniibergangstemperatur innerhalb des Betriebstem-
peraturbereichs der Gasanalysatorkomponente(n) liegt und wobei diese Gasanalysatorkomponente(n) eine
oder mehrere Laserlichtquellen (110, 206), einen Detektor (122, 210) und eine Probennahmezelle (114) um-
fassen

- Berechnung der Menge M des Phasenwechselmaterials, die erforderlich ist, um die Gasanalysatorkompo-
nente(n) innerhalb des Betriebstemperaturbereichs zu halten. Dabei gilt:

M=z Fr,AH,
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wobei F dem erwarteten Strom der Netto-Warmeenergie entspricht, die von der Betriebsumgebung in das
Gehause (100, 200) dringt, in dem sich die Gasanalysatorkomponente(n) und das Phasenwechselmaterial
befinden, wobei der Netto-Warmeenergiestrom wahrend der Dauer eines Betriebstages auftritt, an dem die
Umgebungstemperatur auRerhalb des Gehauses die Phasenlbergangstemperatur Uberschreitet.

- Montage des Gehauses, wobei das Gehause eine Gehauseinnenwand (104) und eine AuRenwand (102) mit
einem Lickenvolumen zwischen der Innen-und AuRenwand umfasst, und

- Einbringen des Phasenwechselmaterials in das Lickenvolumen zwischen der Innen- und AulRenwand der
Gehausestruktur.

Eine Methode gemaf Anspruch 12, wobei das Gehiuse mindestens eine Offnung aufweist, durch die das Phasen-
wechselmaterial nach der Montage des Gehéduses in das Liickenvolumen eingebracht wird.

Eine Methode gemaR Anspruch 12 oder 13, wobei die Phasenwechselmaterialien in einer oder mehreren flexiblen
oder steifen Substrukturen gekapselt sind, um die Phasenwechselmaterialien im Lickenvolumen zu halten und zu
verhindern, dass das Phasenwechselmaterial in einer flissigen Phase an den Stellen aus dem Liickenvolumen
austreten kann, an denen Leitungen (134) und/oder andere Pass-Through-Gerate oder -Vorrichtungen des/der
Gasanalysatorkomponente(n) in das Lickenvolumen eingefiihrt werden.

Eine Methode gemaR einem der Anspriiche 12 - 14, wobei die Berechnung der notwendigen Menge an Phasen-
wechselmaterial auch die Schatzung der Warmedubertragungsrate(n) von der Umgebung, in der der Gasanalysator
betrieben werden soll, die interne Warmeerzeugungsrate im Gasanalysator und die Dauer des Temperaturzyklus,
dem der Gasanalysator voraussichtlich ausgesetzt wird, einschliet.

Revendications

Appareil comprenant

un boitier (100, 200) comprenant une couche d’exposition externe (102), qui est résistante a, et compatible avec
un environnement d’exploitation, et une couche d’enveloppe interne (104) disposée a l'intérieur de la couche externe
de telle sorte qu’il existe un volume de séparation entre la couche externe et la couche interne ;

un ou plusieurs composants d’analyseur de gaz disposés au sein de la couche d’enveloppe interne, 'un ou les
plusieurs composants d’analyseur de gaz comprenant un ou plusieurs lasers a diode ajustables (110, 206), un
détecteur (122, 210) et une cellule d’échantillon (114) ; et

une masse d’'un matériau a changement de phase (106) disposée au sein du volume de séparation entre la couche
externe et la couche interne, le matériau a changement de phase présentant une température de transition de
phase, a laquelle le matériau a changement de phase passe d’'une premiere phase a une deuxiéme phase tout en
absorbant ou libérant une énergie thermique latente AH,, la température de transition de phase étant située dans
une plage de températures de fonctionnement souhaitée de 'un ou des plusieurs composants d’analyseur de gaz,
la masse M du matériau & changement de phase étant définie comme suit :

M=z F+,AH,

ol Frest un flux net d’énergie thermique attendu, s’é¢coulant de I'environnement d’exploitation dans I'enveloppe
pendant une période d’un jour de fonctionnement, pendant laquelle une température ambiante a I'extérieur de
lenveloppe dépasse la température de transition de phase.

Appareil selon larevendication 1, comprenanten outre un processeur (124) destiné a recevoir des sighaux provenant
du détecteur et a contrbler le laser a diode ajustable en vue de produire de la lumiére au sein d’une plage de
longueurs d’ondes, la lumiére étant dirigée dans la cellule d’échantillon et traversant un échantillon gazeux dans la
cellule d’échantillon, et étant recue au niveau du détecteur aprés avoir traversé I'’échantillon gazeux, le détecteur
étant destiné a quantifier une intensité de la lumiére regue aprés avoir traversé I'’échantillon gazeux, les signaux
recus par le processeur en provenance du détecteur contenant des données sur lintensité, le processeur étant
destiné a calculer une concentration d’au moins un analyte cible dans I’échantillon gazeux sur la base des signaux.

Appareil selon I'une des revendications 1 ou 2, comprenant en outre une masse additionnelle du matériau a chan-
gement de phase, la masse additionnelle étant suffisante pour absorber la chaleur générée dans I'enveloppe par
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I'un ou les plusieurs composants d’analyseur de gaz.

Appareil selon 'une des revendications 1 a 3, pour lequel le matériau a changement de phase comprend une ou
plusieurs des matiéres / substances suivantes : une cire, un acide gras, un sel d’hydrate, une matiére eutectique,
CH3(CH5),,CO0H,C, Hy 10, €t M H,O.

Appareil selon I'une des revendications 1 a 4, comprenant en outre une enveloppe étanche contenant le matériau
a changement de phase.

Appareil selon 'une des revendications 1 a 5, comprenant en outre au moins une deuxiéme masse d’un deuxiéme
matériau a changement de phase présentant une deuxiéme température de transition de phase qui differe de la
température de transition de phase, la deuxitme masse du deuxiéme matériau a changement de phase étant
disposée dans une deuxiéme couche située a I'extérieur d’'une premiere couche de la masse du matériau a chan-
gement de phase et plus prés de la couche d’exposition externe de 'enveloppe, le deuxi€me matériau a changement
de phase présentent une deuxiéme température de transition de phase inférieure a la température de transition de
phase du matériau a changement de phase se trouvant dans la premiére couche.

Appareil selon 'une des revendications 1 a 6, comprenant en outre :

un capteur de température disposé au sein de la couche externe de I'enveloppe ;

un ou plusieurs dispositifs de chauffage (214) et un dispositif de refroidissement ; et

un régulateur destiné a recevoir les signaux provenant du capteur de température et a réguler I'un ou les
plusieurs dispositifs de chauffage et le dispositif de refroidissement en vue de fournir une commande de tem-
pérature de secours lorsque les signaux provenant du capteur de température indiquent qu’'une température
interne au sein de I'enveloppe a dévié de plus d’une valeur seuil par rapport a la température de transition de
phase du matériau a changement de phase.

Méthode comprenant :

la réception d’un échantillon gazeux dans une cellule d’échantillon (114, 222) d’'un analyseur de gaz;

la projection de la lumiere produite par une source de lumiére laser (110, 206) a travers 'échantillon gazeux
dans la cellule d’échantillon et sur un détecteur (122, 210) ;

la quantification d’une intensité de la lumiére regue au niveau du détecteur ;

le calcul d’'une concentration d’au moins un analyte cible au sein de 'échantillon gazeux, basé sur l'intensité ; et
la régulation d’'une température de la source de lumiére laser au sein d’une plage de températures de fonction-
nement, le régulateur incluant I'exploitation de la source de lumiére a l'intérieur d’'une enveloppe (100, 200)
constituée d’une couche d’exposition externe (102) qui est résistante a, et compatible avec un environnement
d’exploitation, et une couche d’enveloppe interne (104) disposée a l'intérieur de la couche externe de telle sorte
qu’il existe un volume de séparation entre la couche externe et la couche interne, une masse d’'un matériau a
changement de phase (106) disposée au sein du volume de séparation entre la couche externe et la couche
interne et agissant en tant que couche tampon thermique positionnée entre les composants d’analyseur de gaz
et 'environnement d’exploitation, le matériau a changement de phase présentant une température de transition
de phase, a laquelle le matériau & changement de phase passe d’'une premiére phase a une deuxieme phase
tout en absorbant ou libérant une énergie thermique latente AH,, la température de transition de phase étant
située dans la plage de températures de fonctionnement, la masse M du matériau a changement de phase
étant définie comme suit :

Mz Fr,AH,

ou Frestunflux netd’énergie thermique attendu, s’écoulant de I'environnement d’exploitation dans I'enveloppe
pendant une période d’un jour de fonctionnement, pendant laquelle une température ambiante a I'extérieur de
'enveloppe dépasse la température de transition de phase.

Méthode selon la revendication 8, pour laquelle, outre la source de lumiére laser, 'enveloppe comprend une ou
plusieurs cellules d’échantillon et le détecteur.
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Méthode selon la revendication 8 ou 9, pour laquelle le calcul de la concentration de I'au moins un analyte cible
dans 'échantillon gazeux basé sur l'intensité est réalisé par un processeur (124), qui regoit les signaux provenant
du détecteur et qui contréle la source de lumiére laser.

Méthode selon 'une des revendications 8 a 10, pour laquelle la régulation comprend en outre la surveillance d’'une
température interne au sein de I'enveloppe et 'activation d’un dispositif de chauffage (214) ou de refroidissement
au sein de I'enveloppe lorsque la température interne dévie au-dela de la plage de températures de fonctionnement.

Méthode comprenant :

la sélection d’'un matériau a changement de phase (106) présentant une température de changement de phase,
a laquelle le matériau a changement de phase passe d’une premiére phase a une deuxiéme phase tout en
absorbant ou libérant une énergie thermique latente AH,, la température de transition de phase étant située
dans une plage de températures de fonctionnement d’'un ou de plusieurs composants d’analyseur de gaz, I'un
ou les plusieurs composants d’analyseur de gaz comprenant une ou plusieurs sources de lumiere laser (110,
206), un détecteur (122, 210) et une cellule d’échantillon (114) ;

le calcul d’'une masse M du matériau a changement de phase nécessaire pour maintenir 'un ou les plusieurs
composants d’analyseur de gaz dans la plage de températures de fonctionnement, avec :

Mz F+,AH,

ou Frest unflux netd’énergie thermique attendu, s’¢écoulant de I'environnement d’exploitation dans 'enveloppe
(100, 200) contenant I'un ou les plusieurs composants d’analyseur de gaz et le matériau a changement de
phase, le flux net d’énergie thermique se produisant pendant une période d’un jour de fonctionnement, pendant
lequel une température ambiante a I'extérieur de I'enveloppe dépasse la température de transition de phase ;
'assemblage de I'enveloppe, I'enveloppe comprenant une couche d’enveloppe interne (104) et une couche
d’exposition externe (102) avec un volume de séparation entre la couche interne et la couche externe ; et

le transfert du matériau a changement de phase dans le volume de séparation entre la couche interne et la
couche externe de la structure d’enveloppe.

Méthode selon la revendication 12, pour laquelle I'enveloppe comprend au moins une ouverture, a travers laquelle
le matériau a changement de phase est placé dans le volume de séparation aprés I'assemblage de I'enveloppe.

Méthode selon la revendication 12 ou 13, pour laquelle les matériaux a changement de phase sont encapsulés
dans une ou plusieurs sous-structures flexibles ou rigides afin de retenir les matériaux a changement de phase a
lintérieur du volume de séparation et d’'empécher une fuite du matériau a changement de phase dans une phase
fluide hors du volume de séparation, ou des tubes (134) et/ou d’autres dispositifs de passage ou des éléments de
I'un ou des plusieurs composants d’analyseur de gaz pénétrent dans le volume de séparation.

Méthode selon I'une des revendications 12 a 14, pour laquelle le calcul de la masse nécessaire comprend en outre
'estimation d’une ou de plusieurs vitesses de transfert thermique a partir de 'environnement, au sein duquel I'ana-
lyseur de gaz doit étre utilisé, de la vitesse de génération de la chaleur interne dans I'analyseur de gaz et de la
durée du cycle de température pendant laquelle I'analyseur de gaz est exposé.
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