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(57) Abstract: Thermally controlled enclosures that can be used with gas analyzers are described. The enclosures incorporate one
or more phase changing materials that buffer ambient and internal heat loads to reduce the power consumption demand of me-
chanical or electronic heating apparatus. Maintenance of gas analyzer equipment at a consistent temperature can be important to
achieving stable and reproducible results. Related systems, apparatus, methods, and/or articles are also described.
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Analytical Equipment Enclosure Incorporating
Phase Changing Materials

CROSS-REFERENCE TO PRIORITY DOCUMENT

[0001] This application claims priority under 35 U.S.C. §119(e), of co-pending
U.S. Patent Application Serial No. 12/347,368 filed on December 31, 2008. Priority of
the aforementioned filing date is hereby claimed and the disclosure of the aforementioned

application is hereby incorporated by reference in its entirety.

FIELD
[0002] 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
[0003] 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 conditions 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.
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[0004] 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 that is 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.

SUMMARY
[0005] In one aspect, an apparatus includes an enclosure having an outer shell
that is resistant to and compatible with an operating environment, one or more gas
analyzer components disposed within the outer shell, and a mass of a phase changing
material disposed within the outer shell. The phase changing material 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;. This phase
transition temperature is within a desired operating temperature range of the one or more
gas analyzer components. The mass M of the phase changing material is given by the

equation
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M

[0006] st
AH |

[0007] 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.

[0008] In an interrelated 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, and calculating a concentration of at least one target analyte in
the gas sample based on the intensity. 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 includes an outer shell resistant to and compatible with an operating
environment. Also contained within the outer shell is 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;. This phase transition temperature is within the operating temperature range.

The mass M of the phase changing material is given by equation 1.

[0009] In another interrelated 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. The method also includes

calculating a necessary mass M of the phase changing material necessary to maintain the
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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
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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 amount form 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 advantages 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
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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 consideration
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.

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,

[0016] FIG. 1 is a schematic diagram showing a gas analyzer with an enclosure

featuring a phase changing material;
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[0017] 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;

[0018] FIG. 3 is a process flow diagram illustrating a method for determining a

target analyte concentration in a gas sample;

[0019] FIG. 4 is a process flow diagram illustrating a method for producing a gas

analyzer incorporating phase changing materials;

[0020] 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

[0021] FIG. 6 shows two charts illustrating a possible beneficial effect of using

PCM in a gas analyzer enclosure.

DETAILED DESCRIPTION

[0022] 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 analyzer
7
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readings. 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.

[0023] 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.
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[0024] 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.

[0025] Available PCMs include but are not limited to organic materials such as
wax and fatty acid, inorganic materials such as hydrate salts, and eutectics. Examples of
organic PCMs - include but are not limited to paraffin (i.e. CaHans2) and fatty acids (i.e.
CH;3(CH,)2sCOOH). 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 temperatures, 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
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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 at the transition temperature without hysteresis. Eutectic materials can be
non-combustible if they are based on inorganic materials. Other data on the thermo-
physical 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 C;gHsg can be used as the PCM. The particles can be used in an encapsulated

configuration as described below.

[0026] 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,

[0027] pcV=h At AT )

10



WO 2010/078218 PCT/US2009/069525

[0028] where p is the density of the PCM (kg'm™), which can be approximately
0.9x10*kg'm™ in some examples; c is the latent heat of the PCM kIJ kg!, which can be
approximately 180 kJ kg™ in some examples; ¥ is the volume of the PCM (m*); 4 is the
heat transfer coefficient of the system (W-m>-K'"), which for natural convection in air is
approximately 5 W-m™2K''; 4 is the surface area over which heat dissipation occurs (m?);
¢ 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.

[0029] For a cubic structure of edge length L made entirely of PCM, the volume

of PCM is given by

[0030] V=1 3)
[0031] and the cross section area, 4, is

[0032] A=6-12 @).
[0033] Therefore, the minimum value of L for the cube to remain at a constant

temperature given the parameters discussed above is

6:ht AT _6- 5w m2 -k Ji2hx3600s- b J20K)
pe (900kg m'31180kJ kg™l x10007 kg 1)

[0034] L= =0.16m (5)

[0035] which corresponds to a cubic volume of greater than or equal to 0.0041 m” and
a PCM mass of 3.7 kg or about 8.1 pounds assuming a PCM density of 900 kg'm?.
[0036] 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

11



WO 2010/078218 PCT/US2009/069525

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 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.

[0037] 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 light in a beam or

pulses 112 that passes through one or more sample cells 114, possibly via a first window

12
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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.

[0038] 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 spectroscopy, 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.

[0039] 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

13
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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.

[0040] 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 Viea. The

14
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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 Ly, With this assumption and the further
assumption that the cross section area of the cell (4..y) is the same as the area of a side of
the cube-shaped optical head 204, the optical head volume is given by Viea = Lheaf and
the heat transfer area occluded by the sample cell 222 is given by Acn = Lheadz.

Substituting into equation 1 gives:

[0041] p-c-(f;”—Lzead)zh-(é-Lz—Lﬁead)-z-AT ©6)

[0042] For a sample cell 222 with a cross sectional area of about 10 cm?(0.1mona
side) and using the values used above in equation 5,

[0043] pcP=6-ht-AT-I’=p-c- L, ,~htAT-L,, (7

[0044] 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 m* or about 6000 cm®. The total volume of PCM needed is this
volume minus the volume of the optical head 204, which is 0.001 m?® or about 1000 cm’.
The total PCM mass needed would therefore be approximately 4.5 kg or 9.9 pounds
assuming a PCM density of 900 kg'm®. 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.

[0045] 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,
15
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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 A and the net heat flux

into the enclosure Fr.

[0046] 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 Fr as discussed above and the heat generated by the components within the
enclosure He. 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), Fry, should be

approximately equal to the amount of heat generated in the enclosure by the analyzer
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components (FH¢) plus the net heat flux into the enclosure during periods of higher

temperature (Fr). Mathematically,

[0047] Frpy = Fp+H, (8).

[0048] The magnitude of Hc 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.

[0049] In another implementation, a gas analyzer enclosure can be prepared
according to a method 400 as shown in FIG. 4. At 402, 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 environment can typically be
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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.

[0050] 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 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.

[0051] 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
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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 isvexposed 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.

[0052] 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
[0053] In an illustrative 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
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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 H,S 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 CigHzg 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.

[0054] 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
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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.
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WHAT IS CLAIMED IS:

1. An apparatus comprising

an enclosure comprising an outer shell that is resistant to and compatible with an
operating environment;

one or more gas analyzer components disposed within the outer shell; and

a mass of a phase changing material disposed within the outer shell, 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

M 2
L

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.

2. An apparatus as in claim 1, wherein the one or more gas analyzer

components comprise one or more of a tunable diode laser , a detector, and a sample cell.

3. An apparatus as in claim 2, further comprising a processor 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
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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.

4. An apparatus as in claim 1, 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.

5. An apparatus as in claim 1, wherein the phase changing material

comprises one or more of a wax, a fatty acid, a hydrate salt, and a eutectic material

6. An apparatus as in claim 1, wherein the phase changing material is
CH3(CH3)nCOOH.

7. An apparatus as in claim 1, wherein the phase changing material is
CnH2n+2

8. An apparatus as in claim 1 wherein the phase changing material is MnH,0

9. An apparatus as in claim 1, further comprising a sealed enclosure that

contains the phase changing material.

10. An apparatus as in claim 1, further comprising at least one second mass of

a second phase changing material having a second phase transition temperature that
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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 shell 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.

11. An apparatus as in claim 1, further comprising:

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

one or more of a heating device and a cooling device; and

a controller that receives signals from the temperature sensor and controls 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.

12. An apparatus as in claim 1, wherein the enclosure further comprises 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 being disposed

within the inner shell, the mass of phase changing material being disposed within the gap

volume.

13. A method comprising:

receiving a gas sample in a sample cell of a gas analyzer;
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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;

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 shell that is resistant to and compatible with an
operating environment, the outer shell containing a mass of a phase changing material,
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 |

M 2

where Fr is 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.

14. A method as in claim 13, wherein in addition to the laser light source the

enclosure houses one or more of the sample cell and the detector.

25



WO 2010/078218 PCT/US2009/069525

15. A method as in claim 13, 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 that receives signals from the detector and that controls the laser light source.

16. A method as in claim 13, wherein the controlling further comprises
monitoring an internal temperature within the enclosure and operating a heating or
cooling device within the enclosure if the internal temperature deviates outside of the

operating temperature range.

17. A method comprising:

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 being
within an operating temperature range of one or more gas analyzer components;

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

M 1T
AH |

where Fr is an expected net heat energy flux from an operating environment into
an enclosure 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,
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assembling the enclosure, the enclosure comprising 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.

18. A method as in claim 17, 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.

19. A method as in claim 17, 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
a fluid phase out of the gap volume where tubing and/or other pass-through devices or

features of the one or more gas analyzer components penetrate the gap volume.

20. A method as in claim 17, 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.

21. A method as in claim 17, further comprising installing a controllable heat
source or sink within the enclosure to provide or remove additional heat if the laser light

source experiences a temperature outside of the operating temperature range.

27



PCT/US2009/069525

WO 2010/078218

1/6

,:%

OO L
AIIIIIIENIIAIS Y’

CCCCCCLCCC (e
AEHSIANENS

DIV

NN RO
A ARARARAR
A A AVAAA AT A A A AAAINAAA
R A A AT ATATATATAY ATATATATATA T ATATATAY

0cl

Vel

9¢l

144’

~2¢l

¢0l

901

’WSSS\SSSSS‘;SSSS 5955555555559

0l1

v0l

l Ol

i

e

00}



WO 2010/078218 PCT/US2009/069525

2/6
©
=
h
< o
=
S =
’’’’’’’’’’’’’’’’’’’’’’’’’’ ,c:(j:‘
558 8
% | T 359 N <
o v </ S
| \
~ s
— N N 7
N 4 b+ EEEEE
? A-H{-too o [~~~ /I
, N
N
= L £
N — N w
o
O
(4
©
o
/ N
o "
o
S 3
o
o
O

FIG. 2

200



PCT/US2009/069525

WO 2010/078218

3/6

VIHALYIN ONIONVHO 3SVYHA SNIVLINOD LVYHL F4NSOTONT 3AISNI
40dNOS 1LHOIT ONILYHIdO A8 FONVYH FdNLVEdINTL ONILYE3dO
NIHLIM O1 304dN0S 1HOIT HASYT 40 FdNLVEIdNGL TOHLINOD

4

h

ALISN3LINI

NO d3Svd

F1dINVS SYO NI JLATYNY L13948VL 40 NOILVHLNIONOD JLVINOTVO

[—

4

z

d0104140 Lv d3AI303d LH

917 40 ALISNLNI AJILINVNO

4

z

40103130 OLNO ANV 114

3 A1dINVS NI F1dIANVS SYO

HONOYHL 334NOS 1HOIN H3SY1 A8 A30Nd0dd LHOIT 103rodd

A

d4ZATYNY SVO 40 1130 F1dNVS NI 31dAVS SYO JAIF03H

€ Old

— ¢l

0l€

90¢

0%

¢0g

00¢



PCT/US2009/069525

WO 2010/078218

4/6

JANTOA dVO OLNI TVIdLVIN ONIONVYHD ASYHd TTVLSNI

— 0ly

A

VIH3LYN
ONIONVHO 3SVHd 04 FANTOA dVO ANV SHIAYT FHINSOTONS
d31N0 ANV H3ANNI ONIAVH FHNLONYLS FHINSOTONT TIVLSNI

— 90V

A

JT0AD ONILYHIdO ONIHNA FdNLYHIdNIL WILSAS NIVLINIVI
OL AdVYSS3IAN TVIIILVIN ONIONVHO 3SVHJ 40 SSYIN ININY313d

— 0V

A

SININOJINOD HO LNINOdJINOD HIZATYNY
SVO 40 JONVY FdNLVHIdNEL ONILYHEHO NIHLIM FdN1Ye3dNTL
NOILISNVHL dSVYHd HLIM VIHALYIN ONIONVHO 3SVHd 10313S

— (0¥

v 'Old

00¥



WO 2010/078218 PCT/US2009/069525

5/6

FIG. 5
2 hours

25°C

500



WO 2010/078218

FIG. 6

6/6

PCT/US2009/069525

602

B

]
g 8 &
[3p) o (30

Xepu| Yeed

30 35x10°

25

15
Time [ seconds ]

10

B &
52 I32]

X8pu| Yead

Py
[32]

352

60x10

50

40

10

(=]

Time [ seconds ]

600

/



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings

