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Abstract
This study investigated the release and distribution of carbon monoxide
(CO) in rooms with high ceilings. For this purpose, a gas mixture
representing a source term was released at the bottom. Additionally the
temperature-driven distribution was varied by the use of a heat plate as
a heat source. The investigated scenarios cover low energy fires in the
incipient stage and accidental gas releases by other sources. With an
extended measurement equipment of conventional fire detectors and
Fourier-transform infrared spectrometers (FTIR-spectrometers) the
temporal and spatial distribution of carbon monoxide was examined in
detail. The experimental results can be used as an indication to give
advices where accidentally released CO can be detected.
Keywords: detection of CO, gas release, incipient fire, large ceiling
heights
Introduction
The documented number of fatal accidents due to intoxication of carbon
monoxide in Germany varies from 99 to 160 death per year in the last ten
years until 2017 [1]. As CO is a colourless and scentless gas, people
often do not notice that they are exposed to CO if there is a hazardous
release. Looking at the reasons of the release of CO this event is
regularly related to incomplete combustion processes, e.g. defect heating
units, smoking in shisha-bars or barbecuing in closed rooms.
In dependence of the concentration and the time of exposure, i.e. the
dose, the respiration of CO can lead to headache, fatigue,
unconsciousness and death. Corresponding to the United States
Occupational Safety and Health Administration (OSHA) 800 to 1220 ppm
of CO in the atmosphere lead to unconsciousness, intermittent
convulsions, respiratory failure and finally death if the exposure is
prolonged [2].

A selection of CO concentrations in relation to the time of exposure is
listed in table 1. Here, the values for the Acute Exposure Guideline
Level 2 (AEGL-2) are shown. This dimension refers to the concentration
causing “irreversible or other serious, long-lasting adverse health effects
or an impaired ability to escape” [3]. Further on, lethal doses are
mentioned.
Table 1. AEGL-2 [3] and Lethal Dose [4] for CO.
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As the release of CO is often connected to incomplete combustion
processes, typically further gases and a rather small heat source are
involved. Generally, those initial release scenarios are comparable to the
incipient stage of fires.
In the research project “TEBRAS – fire detection, combat and self-rescue
techniques in the earliest phase of a fire” the incipient stage of fires has
been analysed in detail. Funded by the German Ministry of Research and
Education (support code 13N14206) six partners from industry and
research were working together to examine the incipient phase of fires,
first detectable indicators and finally methods for occupants to combat
initial fires on their own.
One major topic to investigate was the release of gases when a fire starts
and the ongoing spread of these gases. In this context, tests have been
run to study the spread of CO in rooms: On the one hand CO was
released from a bottle as part of a gas mixture. These investigations took
respect to the fact that frequently just a negligible small heat source is
involved. A central question was if CO will be able to rise to the ceiling
even for large ceiling heights of 8 and 15 m. On the other hand tests have
been run with mixed cribs built of wood and various plastics. Further tests
were conducted with beech wood similar to test fire 2 according
to EN 54. As the solid materials had to be brought into the process of
decomposition and combustion, higher temperatures and a greater heat
source were used. In these tests the spread of CO in comparison with
smoke and other fire gases was investigated at ceiling heights from
2.5 to 15 m.

In the following, the release of the bottled gas mixture is described in
detail. Information about the dispersion of gases released by beech wood
and mixed cribs can be found in [5], [6], [7], [8]. For comparable tests in
an EN 54 test room see [9], [10].
Experimental set-up
The tests were conducted at the fire research centre of the Minimax
Viking Research & Development GmbH in Bad Oldesloe. Corresponding
to the dimensions of an EN 54 test room, a room of 6 m to 10 m was built
of suspended foils [5]. Using the mobile ceiling of the fire test house, four
tests at a ceiling height of 8 m and one test at 15 m height were realised
(see figure 1). Although the foil might have caused differing boundary
conditions at the walls due to practical and cost-saving reasons this
option has been chosen.

Fig. 1. Test room built of suspended foils and test rig with gas
measurement devices.
In the middle of this room a gas mixture of 6 % CO, 3 % H2, 2 % O2 and
89 % CO2 was set free from a bottle at 0,8 m height above finished floor
level (FFL). A constant volume flow of 2 l/min for 20 min and a
subsequent settling phase of further 20 min were established to model
release and dispersion phase.
For examining the influence of a heat source and temperature driven
dispersion, tests with and without a heat plate were conducted. The heat
plate with 3300 W and dimensions of 0.29 m to 0.44 m was put under the
point of gas release with a constant temperature of 80 °C.

For measuring the dispersion 155 fire detectors (CMD 533X, Hekatron)
with CO, temperature and smoke sensors (for further tests) have been
installed at five measurement trees distributed within the room. A spacing
of 0.5 m between the detectors enabled a three-dimensional
measurement of the gas concentration and the temperature profile.
Moreover, three FTIR-spectrometers measuring the CO (and CO2)
concentrations were installed: one above the source at a height of 1.5 m
(FFL), one close to the wall at a height of 1.5 m (FFL) and one placed
beneath the ceiling in the centre of the room. These measurement points
can be compared with exposed humans respectively single CO
detectors. Figure 2 gives an overview of the test rig and the measurement
equipment.
Experimental results
The tests showed that the spread of CO depended strongly on the
ambient conditions, especially in the phase of gas release. Nevertheless,
after the settling phase mean concentrations of about 10 ppm were
observed in the room for all tests. This happened independent from the
heat source and the ceiling height until ca. 8 m height.
Figure 2 compares the tests with and without heat source. It shows the
concentration of CO after the phase of release of 20 min for two tests:
On the left the heat plate had a constant temperature of 80 °C. On the
right there wasn`t any heat source. The darkest lines show the actual
concentrations while lighter lines show concentrations of former time
steps.
Looking at the concentration in the scenario with heat source, it can be
seen that at a distance of 1 m to the point of gas release a concentration
maxima is formed at about 5 m height. At the wall the concentration
raises nearly constantly over the time and the height. Without heat source
the concentration at the wall is similar but shows a peak at the floor. The
concentration next to the source even raises to 180 ppm at the floor. This
can be connected to the effect of the heavy gas CO2 in the mixture.
A change in temperature due to the gas release could not be detected
and should be negligible.
The repeated tests show comparable results with a bit lower values:
For the scenario with the heat source the maxima of CO in height is at
about 3.5 m; without heating device the concentration maxima at the floor
is at ca. 140 ppm.

Fig. 2. Measurements of fire detectors – spread of CO for 8 m ceiling
height over 20 min release phase with heat source (80 °C, left)
and without any heating device (right).
Figure 3 shows the test results at 15 m ceiling height were a heat source
was used. On the left the concentration of CO over the time and the
height after 20 min release phase can be seen. On the right the
development after another 20 min of settling phase is shown.
The growth of the CO concentration is similar to the 8-m-tests with heat
source: The gas doesn`t raise much higher than 8 m which is probably
due to the smaller temperature gradient in the room from 8 to 15 m height.
There is also a concentration maximum after 20 min of release but at a
lower height of 2 m and of ca. 90 ppm (for comparison: at 8 m ceiling
height this was about 20 ppm at 5 m). The development in the settling
phase to a constant room concentration of about 10 ppm is again similar
to the 8-m-tests and can be seen on the right. Nevertheless, the gas rise
of carbon monoxide was limited to about 8 m.

Fig. 3. Measurements of fire detectors – spread of CO for 15 m ceiling
height over 20 min release phase (left) and after another 20 min
of settling phase (right) with heat source of 80 °C.
From the FTIR-measurements some further conclusions could be made
for the tests with 8 m ceiling height:
- At least for the last 15 min of each test there is a constant
concentration of CO at the middle of the ceiling as well as at 1.5 m
height next to the wall.
- At the middle of the ceiling, this concentration is nearly the same for
all test runs; this also can be stated for the measurement point at 1.5
m height next to the wall.
- CO reaches the measurement point at the wall later than that one at
the middle of the ceiling.
Conclusions and outlook
The contribution gave an overview of the conducted tests in the research
project TEBRAS regarding the release of bottled CO in a gas mixture. It
broaches the issue of the fire detector measurements and discusses the

distribution of accidentally released carbon monoxide up to a ceiling
height of 15 m.
It could be shown that for the used gas mixture the dispersion of CO
depended strongly on the presence of a heat source when it released.
With a heat source, most of the CO raised with concentration maxima of
20 to 90 ppm at 2 to 5 m height. Without a heat source, it mostly spread
to the bottom with peak values of 180 ppm. The heat source, the
temperature gradient in the room and the gas mixture with CO2 affected
the dispersion. After a settling phase of 20 min the concentration of CO
was rather equal in the room until a height of 8 m for all tests.
The FTIR measurements at the middle of the ceiling and next to the wall
showed concentration maxima for all tests of about 10 ppm. Independent
from the presence of a heat source this concentration has been reached
earlier at the middle of the ceiling than at the wall for the 8-m-tests.
Future aspects would be to compare the test results with modelling.
Further on, the tests were very idealised. The gas source as well as the
heat source could be varied in their size, place and composition.
Changes of the ambient conditions as well as active venting could be
considered.
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