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Executive Summary
This document reports on Task 4.3 of the FLAIR project, concerned with the design of gas
handling system. Using the preliminary MPC prototype-1 the performance of two proposed
methods was evaluated, in order to meet some particular requirements for the system
integration such as response time, power consumption and weight.
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List of Acronyms
Acronym
FLAIR
MFC
MPC

Meaning
FLying ultrA-broadband single-shot InfraRed Sensor
Mass flow control
Multipass cell

Table 1: List of acronyms.
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1 Gas Handling System
The key of developing a gas handling system relies mainly on the capability of ambient air
circulation through the gas multipass cell (MPC). Therefore, prior to the whole system
integration, two different types of air circulation methods have been implemented onto the first
MPC (prototype-1) that is developed by SenseAir and the feasibility test was performed.

1.1 Gas handling system, using air vacuum pump
The first scheme made use of a vacuum pump as recommended by a partner deploying a
similar concept for tramway applications. However, notice that this MPC was a preliminary test
cell and was not at all sealed, so that the performance of the two proposed methods could not
be quantitatively and/or qualitatively evaluated. Yet, the test result could explicitly allow us to
validate the feasibility of each method.
Figure 1 depicts the experimental setup for the air circulation, based on a vacuum pump (model
name, N86KNDC from KNF). The pump capacity is 6 liter/min (equivalently 0.1 liter/sec), while
the volume of the MPC is roughly 0.75 liter. A light tissue was attached in front of the inlet of
the gas cell. But, as expected, the air circulation was not sufficient enough to suck the tissue
to the cell. A more powerful vacuum pump with 1 liter/sec of capacity is available from KNF,
but the other characteristics of this bulky product were beyond the design specifications, i.e.,
weight 3kg and high power consumption >100 W.

Figure 1: Gas handling system on the MPC prototype-1, based on a vacuum pump

1.2 Gas handling system, using ventilation fan
The second scheme is realized using a ventilation PC fan. A PC fan (model name, PAPST
8112K) was selected for tests. Its capacity is ~16.5 liter/sec and requires only 3W (See Figure
2). It was attached to the cell through a plastic bottle, in order to evacuate the air from the cell.
Then, it was clearly seen that the mass flow of the ambient air was entering into the cell was
sufficient to refresh the air inside the cell at a desired time response. the air flow of this gas
handling system could not be measured, but it was possible to decisively deliver a conclusion
that a commercially available ventilation fan could be implemented as efficient air circulation
tool for higher air throughput through the MPC.
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Figure 2: Gas handling system on the MPC prototype-1, based on a ventilation fan

1.3 Laboratory gas handling system
In order to evaluate the sensing sensitivity of the laboratory spectrometer, 2 different gas
bottles were used: one is filled by only N2 gas while the other contains 4% of CH4 (the rest 96%
is N2), as shown in Figure 3 (schematic diagram) and Figure 4 (experimental setup). So, simply
by combining the two bottles, we could accurately adjust the CH4 concentration inside the gas
cell. A vacuum pump was then used to evacuate the cell, so that the gas concentration inside
the cell remained constant at a desired level. The flow rate of the gas bottle could be controlled
from 0% to 100% by 1% step. This way, the CH4 concentration could be set from 396 ppm to
40000 ppm (See Table 2). Bear in mind that 396 ppm is the minimum that can be set using
this configuration. We also bought a new gas bottle that contains only 50 ppm of CH4, which
will allow us to set the minimum concentration to 0.5 ppm.

Figure 3: Schematic diagram of controlling the CH4 concentration inside the gas cell on a
proposition from Radboud University
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N2 bottle

N2 + CH4 bottle
CH4

CH4 in cell

N2

N2

Concentration, ppm

100

0

0.0000

0

0

96

4.0000

40000

100

96

4.0000

20000

100

48

2.0000

13333

100

24

1.0000

8000

100

12

0.4800

4286

100

6

0.2400

2264

100

3

0.1200

1165

100

1

0.0400

396

Table 2: CH4 concentration by combining two gas bottles

Figure 4: Experimental setup of controlling the CH4 concentration inside the gas cell.

2 Gas handling system, integrated to MPC prototype-2
According to the result of the feasibility test as explained in §1.2, a commercially available
ventilator (model: San Ace B97 operating at 12V) was decisively selected for the gas handling
system. It has a maximum airflow capacity of ~30 liter/second at rated current of 6.2 A; hence,
requiring rated input power 74.4 W. Two small pipes are connected to the front and rear side
of the MPC as gas inlet and outlet. Then, the ventilator was installed onto the pipe on the front
side, as shown in See Figure 5. Since the ventilator acts as evacuator, this port was assigned
732968-FLAIR-D4.5 Gas handling system

Page 9 of 12

D4.5 Gas handling system
FLAIR - FLying ultrA-broadband single-shot InfraRed
Sensor
as gas outlet. It means that the ambient is supposed to be sucked into the MPC from the other
pipe on the rear side of the MPC.

Figure 5: Airflow measurement on MPC prototype-2

An anemometer (model: testo 410-1) was first attached to the inlet pipe, in order to measure
the airflow rate, entering into the MPC at inlet port. Then the anemometer was moved to the
outlet port, in order to measure independently the airflow rate, exiting from at the MPC at the
outlet. The airflow was then measured as a function of the applied current to the ventilator, as
shown in Figure 6. The airflow rate at the inlet could reach > 1.5 liter/second at 2.05 A. Note
that the set current was limited to 2.05 A because of the practical limit of the current driver that
was used for this test. The rated current of the ventilator is 6.2 A and the final design of FLAIR
sensor system would be capable of supplying 6 A at maximum. However, when taking into
account the fact that the MPC volume is ~1.5 liter, it proves that the performance of this gas
handling system can be capable of monitoring the gas concentration in real-time.

Figure 6: Airflow measurement at inlet and outlet of the MPC prototype-2

However, it is interesting to mention that the airflow rate at the outlet was measured to be
~1.4 times larger than that at the inlet, which may lead to a depressurization inside the MPC.
As a matter of fact, it was originally designed as it is, in order to take advantage of spectral
narrowing down of gas absorption spectrum at lower pressure. The pressure inside the MPC
was then continuously measured by an embedded pressure sensor while the ventilator was
switched on and off. As expected, the measured pressure showed a good agreement to the
ventilation operation condition, as shown in Figure 7. The pressure was decreased from 964
732968-FLAIR-D4.5 Gas handling system
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mbar to 959 mbar, showing a pressure drop of 5 mbar. However, such a small amount of
pressure drop won’t induce a visible amount of spectral narrowing.

Figure 7: Measurement of pressure inside MPC at ventilator OFF- and ON-state

The strange behaviour observed in section 2, Figure 6 about the flow rate being lower at the
entrance of the multipass cell than at the exit could finally be explained. Two additional
threaded holes have been machined on the metallic support of the entrance mirrors of the
multipass cell, and since they were not used for supporting the frame of the spectrometer, they
let air leak inside the cell.
This issue was finally discovered after the tests at EMPA, where the methane concentration
values were lower than expected. The leak could be sealed before the Beromünster flights.
Wherever possible, it has been decided to favour the circulation of air inside the multipass cell
by forcing air into it, with the fan being placed on the entrance line, rather that pump the air out
of the cell. This would avoid any issue with potential remaining leaks.
After sealing the apertures, a suction test has been made showing that the final version of the
multipass cell is indeed tight.
The excellent agreement on the level of methane released by the ship fumes during the
campaign in the Kattegat channel between FLAIR and a commercial methane detector confirm
that the issue has been correctly solved.

3 Gas handling system, integrated to the final MPC
prototype-3
Senseair has been working on the design, production and implementation of the FLAIR
demonstrator gas handling system as an integrated part of the multi-pass cell housing. This
change in our original plan was to realize a thermally stabilized optical absorption environment,
that would guarantee maximum measurement performance by a mechanically stable monitor
system. Additionally, it could be produced cost efficiently in larger scales as a finished
instrument in the future. In the schematic picture below illustrating the gas handling system,
the molecular absorption takes place in the physical space where a transverse flow along the
entire length of the cell exists, indicated by the eight red arrows.
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Figure 8:Sample air tubes, heater system and heater positions (red tubes) in the air flow,
schematically in the upper illustration and physical appearance in the lower.

Additional information on the detailed design of the Multipass cell configuration can be found
in deliverables D1.11 Periodic technical report 4 and D4.11 Multipass Cell.

Figure 9: Multi-pass cell main parts during assembly of the final prototype. The pipes for
handling the gas are visible in grey.

4 Conclusions
The feasibility test on the ventilator as air circulation pump was successfully demonstrated and
this type of gas handling system has been approved by the consortium. Accordingly, SenseAir
developed the MPC prototype-2, implementing such air circulation system as well as built-in
sensors for temperature, pressure and humidity. The airflow rate was tested at CSEM. It
proved that the ventilator has the capability of refreshing the air inside the cell at the required
time rate; hence, allowing the gas concentration monitoring in real-time with the aircraft types
selected for the validation of the system.
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