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CAVITY FOR GAS MEASUREMENTS

The present invention relates to a retrievable measuring cell for optical

measurements of gas, and a measuring instrument using the cell.

More in detail the present invention relates to a multiple reflection sample cell
used in gas analyzers such as an infrared gas analyzer, and more specifically to
of a multiple reflection type sample cell in which a long optical path is obtained
with a limited volume. Such systems are well known, as shown in US5726752
and US2017168275A1 and as confirmed in US5726752 the sample cell should
not be larger than the envelop representing the light beams propagating through
the cell so that the exchange of gas in the cavity is fast. However, as expressed
in US5726752 the solutions use specific samples of gas which slows down the
measuring process. W02015/069934 shows an example of a solution where
the light has multiple passes through a gas cavity where the volume outside the
light path is reduced to a minimum.

In addition, process gases, such as exhaust from engines, may contain
contaminants that makes the optics dirty. An example of this may be exhaust
from a combustion process. The particles and contaminations from the exhaust
will deposit inside the measurement cell and on the optics. After some time of
use, the transmission though the cell will be reduced, and it will be necessary to
clean the optics and the cell. This kind of maintenance are often difficult and
time consuming. Thus, it is also an object of the present invention to provide a
solution allowing changing of the gas cell unit in a fast and reliable way.

Disassembling an optical instrument takes time, and optical alignment is more
or less impossible outside the laboratory. This problem is solved by mounting
and aligning all optical component on a frame and insert a gas guiding device
into the frame. The gas guiding device is easily removed giving access to all
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optical components that needs cleaning. The gas guiding device can easily be
exchanged with a new one, or the gas guiding device can be cleaned and
refitted. Such a exchangeable cell is discussed in US2010/0110437.

One of the main problems with prior art gas cells, is that it takes a long time
exchange the gas inside the measurement cell if continuous flow is applied. If
the gas entrance and the gas exit is placed close to each other, the new gas
flowing into the cell will typically mix with the old gas, and the exchange of gas
will follow that of a typical dilution, i.e. 50% for the first gas cell volume injected,
75 % for the second, and so on. If the gas cell is very long compared to the
diameter, a laminar flow can be obtained, and most of the gas can be
exchanged with only filling one gas volume. In the more typical gas cell, a
laminar flow occurs between the gas entrance and the gas exit, but this will
leave parts of the gas inside the cell unchanged. It will then typically take a long
time to exchange all the gas inside the cell. One object of the present invention
is to provide a solution where the measurements can be performed in a
continuous manner to achieve short response time when changes in the gas

composition occurs.

The objects presented above are obtained using an exchangeable gas cell and
a measuring instrument including said cell, characterized as stated in the

independent claims.

Thus, to be able to change the gas volume as fast as possible with a given flow,
the walls of the gas cell according to the present invention is formed to follow
the ray trace having combined inlets for optical measuring beams and gas flow.
In this way, the volume inside the gas cell is minimized. Further, the gas cell is
made thin and long, and the optical path is preferably made to cross itself to
minimize the volume used. To avoid a laminar flow in part of the cell and other
parts of the cell without any flow, a forced turbulence or swirl in the flow
movement is generated. The entrance flow is preferably forced to start a
rotational flow, where the flow pattern forms a spiral though the gas cell. This
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spiral flow forces all the old gas to flow in front of the new gas, and leaves no
pockets of old gas behind. At the exit, a similar structure is preferably generated

to force the exiting gas into a forced turbulence.

The invention will be described below with reference to the accompanying
drawings, illustrating the invention by way of examples.

Figure 1 illustrates the cross section of the gas cell according to the
preferred embodiment of the invention.

Figure 2 illustrates the beam path of the optical measuring beam.

Figure 3 illustrates the flow movement of the gas in the cell according to the

preferred embodiment of the invention.

Figure 4a,b illustrates the shape of the gas cell ends according to the preferred

embodiment of the invention.

Figure 5 illustrates the assembly including the measuring instrument and

gas cell according to the preferred embodiment of the invention.

Figure 6 illustrates the assembly shown in figure 5 from above as well as
sections showing the connection between the cell and the

measuring instrument.

Figure 7 llustrates an alternative measuring instrument suitable for

receiving the gas cell according to the invention.

Figure 8 illustrates the alternative instrument in figure 7 including the gas
cell.

Figure 1 illustrates the gas cell according to the preferred embodiment of the
invention constituted by a pipe 1 with a cell 2 through which the measured gas
is to flow. The pipe has a gas inlet 3 and a gas outlet 4 and is also provided with
a mounting section 1a,1b in each end e.g. including screws and seals 1c (figure
8) to mount the cell in a measuring instrument 12 (fig. 5) including the optical

components.
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As discussed above and shown in figure 2 the volume of the cell is reduced to a
minimum by calculating the shape of the trajectory of the optical beam 2a used
to measure the gas. In the preferred embodiment shown in figure 2 the optical
system 5a included in the measuring system includes a light source 6 emitting
in a wavelength ranges chosen depending on the characteristics of the gas to
be measured, as will be well known to a person skilled in the art. The source 6
may include a lens to shape or collimate the beam propagating from the first
part 5a toward the second part 5b in the other end 1b of the pipe 1. At the
second end 1b of the pipe the corresponding part 5b of the measuring
instrument includes a mirror 8b reflecting the beam back though the cell toward
a mirror 8a in the first end part 5a of the optical system. The mirror 8a in the first
end part 5a reflects again through the cell toward a receiver 7 at the second
part 5b of the optical system, where the received 7 and transmitter 6 are
connected to a per se known measuring system analyzing the absorption
specter of the gas. The envelope including the propagating and crossing optical
beams 2a is calculated and the shape of the cell 2 is determined according to
this shape 2a.

This way the optical beam in the preferred embodiment propagates through the
gas three times, thus having the same effect as a measuring cell being three
times as long, and as illustrated in figure 2 the optical beam may be configures

to cross the same volume at least twice increasing the sensitivity of the system.

Other configurations may also be contemplated, such as adding one extra
mirror on each end 5a,5b on the opposite sides of the transmitter and receiver
making the optical signal pass five times though the cell. Also, the beam may be
shaped choosing different mirror shapes and lenses. It is, however, important
that the cell 2 shape, or the inner shape of the pipe volume, corresponds to the

beam shape in order to reduce the volume of the cell, as discussed above.

Figure 3 illustrates how the gas flow 9 propagates along the cell 2 defined by
the pipe 1. Providing a spiraling flow it is ensured that even if the composition of
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the gas is unevenly distributed the spiraling gas flow will pass the beams
several time providing a realistic measure of the gas content, and at the same
time force the old gas out of the cell without leaving any pockets of all gas
behind.

The means for achieving the mixing is illustrated in figure 4a showing the input
end of the measuring cell. In the drawing the gas enters the cell at the side of
the optical components at an asymmetric feature 10a leading the gas toward
one side of the cell, in the illustrated example this will lead the introduced gas
into the upper wall of the cell and thus the pressure will force the gas around the
shape of the cell as well as into the gas conductor achieving the vortex flow.

Figure 4b illustrates a similar feature 10b on the output end of the gas
conductor or cell making sure the vortex flow remains until it leaves the cell.
Minor features along the cell pipe maintaining the vortex may also be
contemplated as long as they do not interfere with the optical path or the gas

movement through the cell.

Other solutions for mixing the gas may be contemplated but requires that the
light beams are not obscured by any feature in the pipe. The illustrated example
relates to a preferred embodiment including an asymmetric feature, but other
features may also be used, such inserts or similar, e.g. positioned before the

gas enters the light beam path.

Figure 5 illustrates the assembly according to the preferred embodiment of the
invention where the exchangeable measuring cell is mounted inside a
measuring unit 12. As discussed above the measuring unit comprises the
optical components 7,8 transmitting, reflecting and receiving the measuring light
beam passing thought the cell. When the cell is removed the optical
components are easily available for cleaning and the cell itself may be

exchanged in a simple manner.
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The measuring instrument 12 also includes inlet 13 and outlet 14 for the gas, As
mentioned above this are leads to inputs close to the optical components so
that the flow preferably enter the same opening in the measuring cell as the
measuring light beam. This way the measurement is obtained along or against
the gas flow vortex.

The cell is fastened and sealed to the measuring instrument with suitable

means 11 available to a person skilled in the art.

Figure 6 illustrates the measuring instrument 12 as seen from above, with
sections A-A and B-B showing the connection area for the cell ends 1a,1b. As
can be seen the cell end covers and area enclosing the optical components 7,8
as well as the gas input 13a or output 14a connected to their respective inlet 13
and outlet 14. As is illustrated the shape of the cell at the input side 1a leads the
gas into a swirling flow path 9 at the input and output ends.

This way the present invention provides a measuring cell of the multiple
reflection type in which incident light is reflected a plurality of times. For

analyzing a sample in the sample cell, comprising:

¢ An external frame 12 where all optical parts like light source 6, detector
7, mirrors 8, as well as any windows or lenses are mounted and aligned
and fixtured in correct positions in the measuring instrument, in such a

way that the instrument is fully functional.

e A gas guiding device 1 that can easily be included or exchanged, the gas
guiding device functions as the walls in a gas cell as well as a fluid
conductor from the input to the output side, and reduces the gas volume

needed for the analysis.

The present invention is primarily aimed at gas measurements such as exhaust
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gases, as is reflected by the drawings but may be modified to provide

measurements of liquids as well within the scope of the invention.

The gas guiding volume preferably occupies a space immediately beyond the

envelope region within which the incident light passes in the sample cell and

has means to generate a forced turbulence or mixing as discussed above, that
leaves no pockets of old gas left when new gas is entering the cell under
continuous flow. Preferably this flow pattern forms a spiral through the gas cell.
In order to provide an efficient exchange of the gas, the length of the cell is at
least 4 times longer than diameter of the device. This to avoid that pockets of
old gas is left behind, and that the old and new gas are mixed.

Figure 7 and 8 illustrates an alternative instrument 15 housing where excentre
bolts 16 are used to fasten the cell inside the instrument. As will be well known
to a person skilled in the art, by entering the bolts into suitable openings 1e in
the instrument and cell, and turning the bolts, in the illustrated example 180
degrees, the cell is locked in place.

As can be seen in figure 8 the preferred embodiment of the cell is shown with
sealing means at both ends, in this case represented by a sealing ring 1c and a
pressure plate 1d. Thus, when mounted in the instrument cavity the cell is
sealed against the cavity ends, making sure the gas in the system does not

escape.

The fluid measuring cell will preferably be made from a stiff material, and the
device has means at each ends, enabling the user to force a gasket to seal the
fluid between the fluid guiding device and the frame, making it tight for the
present fluid. The cell material will preferably be a polymer such as POM
(Polyoxymethylene), Teflon, PE (polyethylene) or PP (polypropylene).

To summarize the present invention relates to a retrievable measuring cell for
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optical measurements in gas. The cell being defined by a gas conducting pipe
having an input end adapted to be connected to a gas flow input intruding gas

into the cell and an output end adapted to be connected to a gas flow output.

The pipe ends of the gas cell is also being adapted to be coupled to optical
components including an optical transmitter transmitting light into said cell and
an optical receiver adapted to receive light having passed through said cell. The
optical components included a light source, at least two mirrors and a light
receiver being mounted in known positions on an external frame covered by the

pipe ends, and thus defines a known beam shape.

The first of said pipe ends is adapted to be connected to a transmitter and at
least one mirror and the second of said pipe ends is adapted to be connected to
a receiver and the same number of mirrors as the first end. The light beam will
then travel at least 3 times through said cell, depending on the number of
mirrors, and wherein the cell has an elongated shape corresponding to the
optical beam shape. The beam shape may be defined using beam shaping

mirrors, lenses etc.

Preferably the cell at the pipe input end has an asymmetric shape being
adapted to force a rotating gas flow or turbulence through said pipe, making
sure the gas passing though the cell is mixed. Features in the flow path may

also be used as long as it does not interfere with the gas throughput.

The pipe may include sealing means for connecting to a measuring instrument
connected to the optical components comprising said flow input and output as
well as said optical transmitter, receiver and mirrors.

The invention also relates to a measuring instrument for receiving the
retrievable measuring cell in a defined space. The instrument comprises a flow
input section adapted to provide a sealed connection to the flow input pipe end
in a frame at a first end of said space and a flow output adapted to provide a
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sealed flow output connection to the output end of said pipe at the flow output,
the measuring instrument also comprises said optical components at said

sealed connections transmitting and receiving the light in said cell.

All optical components are mounted in known positions covered by the pipe
ends and aligned and fixtured on an external frame constituted by the
measuring instrument and in predetermined positions, in such a way that the

optics are fully functional with or without the cell.
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Patent Claims

1.

Retrievable measuring cell for optical measurements in gas, the cell
being defined by a gas conducting pipe having an input end adapted
to be connected to a gas flow input intruding gas into the cell and an
output end adapted to be connected to a gas flow output,

the pipe ends also being adapted to be coupled to optical
components including an optical transmitter transmitting light into said
cell and an optical receiver adapted to receive light having passed
through said cell, the optical beam in said cell having a predetermined
shape, the optical components including a light source, at least two
mirrors and a light receiver being mounted in known positions on an

external frame covered by the pipe ends,

wherein a first of said pipe ends is adapted to be connected to a
transmitter and at least one mirror and the second of said pipe ends is
adapted to be connected to a receiver and the same number of
mirrors as the first end, the light beam thus travelling at least 3 times
though said cell, and wherein the cell has an elongated shape

corresponding to the optical beam shape, and

wherein the cell at the pipe input end is adapted to force a rotating
gas flow or a turbulence in the gas flow through said pipe.

Measuring cell according to claim 1, wherein the cell at the pipe input
end has an asymmetric shape providing said rotating gas flow
through said pipe.

Measuring cell according to claim 1, wherein the pipe includes sealing
means for connecting to a measuring instrument comprising said flow
input and output as well as said optical transmitter, receiver and

mirrors.

Measuring instrument including a space for receiving the retrievable

measuring cell according to any one of the previous claims,
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comprising a flow input section adapted to provide a sealed
connection to the flow input pipe end at a first end of said space and a
flow output adapted to provide a sealed flow output connection to the
output end of said pipe at the flow output, the measuring instrument
also comprises said optical components at said sealed connections
transmitting and receiving the light in said cell.

5. Measuring instrument according to claim 5, wherein all optical
components being mounted in known positions covered by the pipe
ends are aligned and fixtured on an external frame constituted by the
measuring instrument and in predetermined positions, in such a way

that the optics are fully functional with or without the cell,



