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Abstract 
The increase of the population also involve the increase of the consumption of raw materials. This requires the diversification 
and development of industrial processes in semi-enclosed or open spaces. The carrying out of human activities of an industrial 
nature involves the accidental use, handling or presence of explosive substances such as methane. The presence of this gas in 
closed or semi-closed spaces can generate explosion phenomena. The accumulation of methane in narrow spaces is well studied 
and known, but the dispersion and especially the dispersion dynamics of methane released from a source considered infinite is 
less known. Knowing how methane disperses into the air is very important for establishing preventive measures. The paper 
presents the experiment on the dynamics of methane dispersion in a closed enclosure. 
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Introduction 

The composition of the atmospheric air varies depending on the place, altitude, period of the year as well as other factors. For 

the usual calculation up to altitudes of 1500 m it is sufficiently accurate to use the following values: O2 = 21%; N2 = 79% - by 

volume; O2 = 23%; N2 = 77% - mass. 

Methane is a colorless, tasteless, odorless gas with a molecular weight of 16.0426 g/mol, a density of 0.716 kg/m3 and diffuses 

1.6 times faster than air. It also has a melting point of -182 ° C and a boiling point of -161 ° C. Methane gas has a water solubility 

of 35 mg / l at 17 ° C. 

Methane gas is a flammable and explosive gas mixed with air, with an ignition temperature of 595 ° C and an explosive range 

between 4.4-15% vol. This gas produces a greenhouse effect and is an important element that contributes to the heating global and 

degrades the ozone layer.  

The mixture of methane, ethane and propane also has weak narcotic properties. 

Methane burns with a little bright flame. The color of the flame varies, depending on the conditions in which the combustion 

takes place, from blue, light blue to almost white. At a low gas content in the air, it burns with a dark blue flame, and at higher 

contents (5% vol.) the flame turns light blue. The methane combustion reaction has the following structure: CH4 + 2O2 = CO2 + 

2H2O. 

When the combustion of methane is incomplete, namely it occurs under conditions of low oxygen content, the combustion 

products contain carbon monoxide and hydrogen. In this case, the combustion reaction is:CH4 + O2 = CO + H2 + H2O. 

Thus, for a methane content in the air of less than 4.4% vol. CH4, the mixture is not explosive, but the methane burns in the 

presence of the ignition source: between 4.4% vol. CH4 and 15% vol. CH4, the mixture it is explosive; above 15% vol. CH4, the 

mixture is not explosive, but may become explosive by the addition of oxygen.   

The national mandatory occupational exposure limit is 1200 mg/m3 or 1834 ppm. for long-term exposure at 8 hours, 

respectively 1500 mg/m3 or 2292 ppm. for short exposure at 15 min. 

 

Description of the Problem 

The presence of pollutants in industrial premises is a major risk that is given priority attention. If there is an unexpected release 

of methane gas in an enclosed space, then the risk of explosion is imminent [1-3]. The explosion phenomenon can occur if the three 

elements overlap in time and space: gases, mists, dusts or combustible dusts, atmospheric oxygen and the efficient source of 

ignition. Methane gas, in addition to its explosive nature, is itself an asphyxiating gas that indoors can lead to a sharp decrease in 

oxygen concentration but in the case of the explosion phenomenon the dynamic effect is more important, an effect that also occurs 

in the case of production explosions in semi-closed and open spaces. The topic of gas dispersion has been studied extensively 

internationally [4-11]. However, in particular, the dispersion dynamics of methane-type explosive gases in closed enclosures has 

been less studied but can be analyzed mathematically using fluid dynamics or by experiments [12-18]. The specificity of the 
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methane dispersion dynamics in the closed enclosure is generated by the appearance of non-uniform concentrations with large 

variations both horizontally and vertically. The results of the detailed analysis can be used to determine the escape routes in the 

event of an unexpected release of methane into the closed industrial premises. 

 

Establishing the Experimentation Conditions   

The experimentation regarding the establishment of the dynamics of formation and dispersion of explosive atmospheres was 

carried out in the industrial ventilation laboratory within INCD INSEMEX Petroșani. The experimental system used consists of a data 

acquisition equipment and a monitoring system consisting of 6 pulleys to which are attached 6 multi-gas detectors of ALTAIR type, 

which can detect concentrations of O2, CO2, CO and CH4. The pulley system can config. a variable spatial arrangement in order to 

determine the rate of gas dispersion as well as the dynamics of the formation of explosive atmospheres. In order to ensure the safety 

and health conditions at work at the place of experimentation, a complex ventilation system with variable structure is used to study the 

ventilation capacity of closed enclosures with the risk of forming potentially explosive / toxic / suffocating atmospheres.  

 

Laboratory Experiments 

In the experimental laboratory, the dynamics of the formation of the explosive atmosphere using methane, CH4, was analyzed. 

The measuring instruments used are of the MSA - ALTAIR type and have the following series: Apparatus no. 1: 000 6011 454 

MSA; Apparatus No. 2: 000 6010 119 MSA; Apparatus No. 3,000 6011 456 MSA; Apparatus No. 4: 000 6011 457 MSA; 

Apparatus No. 5: 000 6010 120 MSA; Apparatus No. 6: 000 6011 455 MSA. The ground section of the experimental enclosure is 

5.8x5.62 m. The height of the enclosure is 3.65 m. Consequently, the total volume of the experimental enclosure is 118.9754 m3. 

Considering the fact that other experimental systems are located in the enclosure, the free volume of the enclosure is 116 m3. 

For the analysis of the dynamics of the formation of the explosive atmosphere was used "the experimental system for the study 

of the dynamics of the formation of potentially explosive / toxic / asphyxiating atmospheres". 

The initial test conditions were as follows: Temperature: T = 29.9 ° C; Atmospheric pressure: B = 9,440 daPa; Relative 

humidity: RH = 40.5%; Discharge gas flow: q = 4.5 l/min. 

 

 
Fig. 1. Introduction gas system into the enclosure 

 

 
Fig. 2. Location of the detection system 

 

The gas introduction system in the enclosure is shown in Fig. 1. The system consists of a bottle of methane gas compressed to a 

pressure of 200 bar at a concentration of 100% Vol., A pressure reducer and a float flow meter. The gas was introduced into the 

enclosure by means of a hose with an inner diameter of 8 mm. The methane gas was discharged inside the enclosure by means of a 
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support located at 0.25 m from the floor on the eastern wall at the middle of its base side. The hose was fixed in a horizontal 

position in the E-V direction. 

The MSA - ALTAIR detection devices were positioned on the 6 pulleys at the ceiling level and the height at which the suction 

and detection area of the devices was positioned was 3.25 m of the floor, Fig. 2. 

As a result of the experiment, the following results were obtained in tables 1-6:   

 
Tab. 1. At the level of the MSA ALTAIR device no. 1. 

Data 

Altair 5X -1 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 1:25:30 PM 0 20.8 20.8 0 0 0.03 31 

………………………… ………… ……….. ………… ………… …………. …………….. ………... 

8/6/2020 1:34:30 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:37:30 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:40:30 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:43:30 PM 0,1 20.8 20.8 0 0 0.03 30 

8/6/2020 1:46:30 PM 0,2 20.8 20.8 0 0 0.03 30 

8/6/2020 1:49:30 PM 0,25 20.8 20.8 0 0 0.03 29 

8/6/2020 1:52:30 PM 0,25 20.8 20.8 0 0 0.03 29 

8/6/2020 1:55:30 PM 0,3 20.8 20.8 0 0 0.03 29 

8/6/2020 1:58:30 PM 0,35 20.8 20.8 0 0 0.03 29 

8/6/2020 2:01:30 PM 0,3 20.8 20.8 0 0 0.03 29 

8/6/2020 2:04:30 PM 0,35 20.8 20.8 0 0 0.03 29 

8/6/2020 2:07:30 PM 0,35 20.8 20.8 0 0 0.03 29 

8/6/2020 2:10:30 PM 0,35 20.8 20.8 0 0 0.03 29 

8/6/2020 2:13:30 PM 0,4 20.8 20.8 0 0 0.03 29 

8/6/2020 2:16:30 PM 0,45 20.8 20.8 0 0 0.03 29 

8/6/2020 2:19:30 PM 0,4 20.8 20.8 0 0 0.03 29 

8/6/2020 2:22:30 PM 0,5 20.8 20.8 0 0 0.03 29 

8/6/2020 2:25:30 PM 0,5 20.8 20.8 0 0 0.03 29 

8/6/2020 2:28:30 PM 0,5 20.8 20.8 0 0 0.03 29 

8/6/2020 2:31:30 PM 0,5 20.8 20.8 1 0 0.03 29 

8/6/2020 2:34:30 PM 0,55 20.8 20.8 0 0 0.03 30 

8/6/2020 2:37:30 PM 0,55 20.8 20.8 0 0 0.03 30 

8/6/2020 2:40:30 PM 0,6 20.8 20.8 0 0 0.03 30 

8/6/2020 2:43:30 PM 0,6 20.8 20.8 0 0 0.03 30 

8/6/2020 2:46:30 PM 0.6 20.8 20.8 1 0 0.03 30 

8/6/2020 2:49:30 PM 0.6 20.8 20.8 0 0 0.03 30 

8/6/2020 2:52:30 PM 0.6 20.8 20.8 0 0 0.03 30 

8/6/2020 2:55:30 PM 0,65 20.8 20.8 0 0 0.03 30 

8/6/2020 2:58:30 PM 0,7 20.8 20.8 0 0 0.03 30 
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Tab. 2. At the level of the MSA ALTAIR device no. 2. 

Data 

Altair 5X -2 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 1:26:00 PM 0 20.8 20.8 0 0 0.03 33 

………………………. ………….. ………… ………… …………… …………. ………….. ……… 

8/6/2020 1:44:00 PM 0 20.8 20.8 0 0 0.03 33 

8/6/2020 1:47:00 PM 0 20.8 20.8 0 0 0.03 33 

8/6/2020 1:50:00 PM 0 20.8 20.8 0 0 0.03 32 

8/6/2020 1:53:00 PM 0 20.8 20.8 0 0 0.03 32 

8/6/2020 1:56:00 PM 0,2 20.8 20.8 1 0 0.03 32 

8/6/2020 1:59:00 PM 0,2 20.8 20.8 1 0 0.03 32 

8/6/2020 2:02:00 PM 0,2 20.8 20.8 0 0 0.03 32 

8/6/2020 2:05:00 PM 0,2 20.8 20.8 0 0 0.03 32 

8/6/2020 2:08:00 PM 0,2 20.8 20.8 0 0 0.03 32 

8/6/2020 2:11:00 PM 0,2 20.8 20.8 0 0 0.03 32 

8/6/2020 2:14:00 PM 0,2 20.8 20.8 0 0 0.03 32 

8/6/2020 2:17:00 PM 0,25 20.8 20.8 0 0 0.03 32 

8/6/2020 2:20:00 PM 0,25 20.8 20.8 1 0 0.03 32 

8/6/2020 2:23:00 PM 0,3 20.8 20.8 0 0 0.03 32 

8/6/2020 2:26:00 PM 0,3 20.8 20.8 0 0 0.03 32 

8/6/2020 2:29:00 PM 0,3 20.8 20.8 0 0 0.03 32 

8/6/2020 2:32:00 PM 0,3 20.8 20.8 0 0 0.03 32 

8/6/2020 2:35:00 PM 0,3 20.8 20.8 0 0 0.03 32 

8/6/2020 2:38:00 PM 0,3 20.8 20.8 0 0 0.03 32 

8/6/2020 2:41:00 PM 0,35 20.8 20.8 0 0 0.03 32 

8/6/2020 2:44:00 PM 0,35 20.8 20.8 0 0 0.03 32 

8/6/2020 2:47:00 PM 0,35 20.8 20.8 0 0 0.03 32 

8/6/2020 2:50:00 PM 0,4 20.8 20.8 0 0 0.03 32 
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Tab. 3. At the level of the MSA ALTAIR device no. 3. 

Data 

Altair 5X -3 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 1:28:30 PM 0 20.8 20.8 1 0 0.03 31 

…………………………. ……….. ……….. ……….. ………… ………… …………… ……….. 

8/6/2020 1:58:30 PM 0 20.8 20.8 1 0 0.03 30 

8/6/2020 2:01:30 PM 0 20.8 20.8 1 0 0.03 30 

8/6/2020 2:04:30 PM 0 20.8 20.8 1 0 0.03 30 

8/6/2020 2:07:30 PM 0 20.8 20.8 1 0 0.03 30 

8/6/2020 2:10:30 PM 0,2 20.8 20.8 1 0 0.03 30 

8/6/2020 2:13:30 PM 0,2 20.8 20.8 1 0 0.03 30 

8/6/2020 2:16:30 PM 0,2 20.8 20.8 1 0 0.03 30 

8/6/2020 2:19:30 PM 0,2 20.8 20.8 1 0 0.03 30 

8/6/2020 2:22:30 PM 0,25 20.8 20.8 1 0 0.03 30 

8/6/2020 2:25:30 PM 0,25 20.8 20.8 1 0 0.03 30 

8/6/2020 2:28:30 PM 0,3 20.8 20.8 1 0 0.03 30 

8/6/2020 2:31:30 PM 0,3 20.8 20.8 1 0 0.03 30 

8/6/2020 2:34:30 PM 0,3 20.8 20.8 1 0 0.03 30 

8/6/2020 2:37:30 PM 0,35 20.8 20.8 1 0 0.03 30 

8/6/2020 2:40:30 PM 0,35 20.8 20.8 2 0 0.03 30 

8/6/2020 2:43:30 PM 0,35 20.8 20.8 1 0 0.03 30 

8/6/2020 2:46:30 PM 0,35 20.8 20.8 1 0 0.03 30 

8/6/2020 2:49:30 PM 0,35 20.8 20.8 1 0 0.03 30 

8/6/2020 2:52:30 PM 0,35 20.8 20.8 1 0 0.03 30 

8/6/2020 2:55:30 PM 0,4 20.8 20.8 1 0 0.03 30 
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Tab. 4. At the level of the MSA ALTAIR device no. 4. 

Data 

Altair 5X -4 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 1:25:30 PM 0 20.8 20.8 1 0 0.03 31 

………………………… ………….. ………… …………. …………. ………… …………… ………… 

8/6/2020 1:40:30 PM 0 20.8 20.8 0 0 0.03 31 

8/6/2020 1:43:30 PM 0 20.8 20.8 0 0 0.03 31 

8/6/2020 1:46:30 PM 0 20.8 20.8 0 0 0.03 31 

8/6/2020 1:49:30 PM 0 20.8 20.8 0 0 0.03 31 

8/6/2020 1:52:30 PM 0,2 20.8 20.8 0 0 0.03 31 

8/6/2020 1:55:30 PM 0,25 20.8 20.8 1 0 0.03 31 

Data 

Altair 5X -4 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 1:58:30 PM 0,25 20.8 20.8 0 1 0.03 31 

8/6/2020 2:01:30 PM 0,25 20.8 20.8 0 0 0.03 31 

8/6/2020 2:04:30 PM 0,25 20.8 20.8 0 0 0.03 30 

8/6/2020 2:07:30 PM 0,25 20.8 20.8 0 0 0.03 30 

8/6/2020 2:10:30 PM 0,3 20.8 20.8 0 0 0.03 30 

8/6/2020 2:13:30 PM 0,35 20.8 20.8 0 0 0.03 30 

8/6/2020 2:16:30 PM 0,35 20.8 20.8 0 0 0.03 30 

8/6/2020 2:19:30 PM 0,3 20.8 20.8 0 0 0.03 30 

8/6/2020 2:22:30 PM 0,35 20.8 20.8 0 0 0.03 30 

8/6/2020 2:25:30 PM 0,35 20.8 20.8 0 0 0.03 30 

8/6/2020 2:28:30 PM 0,4 20.8 20.8 0 0 0.03 30 

8/6/2020 2:31:30 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 2:34:30 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 2:37:30 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 2:40:30 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 2:43:30 PM 0,5 20.8 20.8 0 0 0.03 30 

8/6/2020 2:46:30 PM 0,5 20.8 20.8 0 0 0.03 30 

8/6/2020 2:49:30 PM 0,5 20.8 20.8 0 0 0.03 31 

8/6/2020 2:52:30 PM 0,55 20.8 20.8 0 0 0.03 31 
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Tab. 5. At the level of the MSA ALTAIR device no. 5. 

Data 

Altair 5X -5 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 1:26:15 PM 0 20.8 20.8 0 0 0.03 31 

.......................................... ................. ................. ............... ................... ................ ................. ............... 

8/6/2020 1:35:15 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:38:15 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:41:15 PM 0,3 20.8 20.8 0 0 0.03 30 

8/6/2020 1:44:15 PM 0,4 20.8 20.8 0 0 0.03 30 

8/6/2020 1:47:15 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 1:50:15 PM 0,55 20.8 20.8 0 0 0.03 30 

8/6/2020 1:53:15 PM 0,55 20.8 20.8 0 0 0.03 30 

8/6/2020 1:56:15 PM 0,6 20.8 20.8 0 0 0.03 30 

8/6/2020 1:59:15 PM 0,65 20.8 20.8 0 0 0.03 30 

Data 

Altair 5X -5 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 2:02:15 PM 0,7 20.8 20.8 0 0 0.03 30 

8/6/2020 2:05:15 PM 0,7 20.8 20.8 0 0 0.03 30 

8/6/2020 2:08:15 PM 0,7 20.8 20.8 0 0 0.03 30 

8/6/2020 2:11:15 PM 0,7 20.8 20.8 0 0 0.03 30 

8/6/2020 2:14:15 PM 0,75 20.8 20.8 0 0 0.03 30 

8/6/2020 2:17:15 PM 0,8 20.8 20.8 0 0 0.03 30 

8/6/2020 2:20:15 PM 0,85 20.8 20.8 0 0 0.03 31 

8/6/2020 2:23:15 PM 0,85 20.8 20.8 0 0 0.03 31 

8/6/2020 2:26:15 PM 0,85 20.8 20.8 0 0 0.03 31 

8/6/2020 2:29:15 PM 0,85 20.8 20.8 0 0 0.03 31 

8/6/2020 2:32:15 PM 0,85 20.8 20.8 0 0 0.03 31 

8/6/2020 2:35:15 PM 0,95 20.8 20.8 0 0 0.03 31 

8/6/2020 2:38:15 PM 0,95 20.8 20.8 0 0 0.03 31 

8/6/2020 2:41:15 PM 1,0 20.8 20.8 0 0 0.03 31 

8/6/2020 2:44:15 PM 1,0 20.8 20.8 0 0 0.03 31 

8/6/2020 2:47:15 PM 1,05 20.8 20.8 0 0 0.03 31 

8/6/2020 2:50:15 PM 1,05 20.8 20.8 0 0 0.03 31 

8/6/2020 2:53:15 PM 1,1 20.8 20.8 0 0 0.03 31 

8/6/2020 2:56:15 PM 1,15 20.8 20.8 0 0 0.03 31 
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Tab. 6. At the level of the MSA ALTAIR device no. 6. 

Data 

Altair 5X -6 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 1:26:30 PM 0 20.8 20.8 0 0 0.03 31 

………………………….. ………….. ……….. …………. ………… …………. ………….. …………. 

8/6/2020 1:38:30 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:41:30 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:44:30 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:47:30 PM 0 20.8 20.8 0 0 0.03 30 

8/6/2020 1:50:30 PM 0,2 20.8 20.8 0 0 0.03 30 

8/6/2020 1:53:30 PM 0,25 20.8 20.8 0 0 0.03 30 

8/6/2020 1:56:30 PM 0,25 20.8 20.8 1 0 0.03 30 

8/6/2020 1:59:30 PM 0,25 20.8 20.8 0 0 0.03 30 

8/6/2020 2:02:30 PM 0,25 20.8 20.8 0 0 0.03 30 

Data 

Altair 5X -6 

COMB(1) O2(2) CO(3) H2S(4) CO2(6) °C 

Peak Min Max Peak Peak Peak  

8/6/2020 2:05:30 PM 0,3 20.8 20.8 0 0 0.03 30 

8/6/2020 2:08:30 PM 0,3 20.8 20.8 0 0 0.03 30 

8/6/2020 2:11:30 PM 0,3 20.8 20.8 0 0 0.03 30 

8/6/2020 2:14:30 PM 0,35 20.8 20.8 0 0 0.03 30 

8/6/2020 2:17:30 PM 0,35 20.8 20.8 0 0 0.03 30 

8/6/2020 2:20:30 PM 0,35 20.8 20.8 0 0 0.03 30 

8/6/2020 2:23:30 PM 0,4 20.8 20.8 0 0 0.03 30 

8/6/2020 2:26:30 PM 0,4 20.8 20.8 0 0 0.03 30 

8/6/2020 2:29:30 PM 0,4 20.8 20.8 0 0 0.03 30 

8/6/2020 2:32:30 PM 0,4 20.8 20.8 0 0 0.03 30 

8/6/2020 2:35:30 PM 0,4 20.8 20.8 0 0 0.03 30 

8/6/2020 2:38:30 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 2:41:30 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 2:44:30 PM 0,45 20.8 20.8 0 0 0.03 30 

8/6/2020 2:47:30 PM 0,5 20.8 20.8 0 0 0.03 30 

8/6/2020 2:50:30 PM 0,5 20.8 20.8 0 0 0.03 30 

8/6/2020 2:53:30 PM 0,5 20.8 20.8 0 0 0.03 30 

8/6/2020 2:56:30 PM 0,5 20.8 20.8 0 0 0.03 30 

8/6/2020 2:59:30 PM 0,55 20.8 20.8 0 0 0.03 30 

 
The duration of the experiment was 120 min. The volume of methane gas introduced into the enclosure was 418.5 liters or 

0.4185 m3.  

The dynamics of methane gas dispersion at the closed enclosure is shown graphically in Fig. 3. 
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Fig. 3. Dynamics of methane gas dispersion in closed enclosure 

 

Discussions 

From the experiment on the dispersion of explosive gases in closed enclosure using methane CH4, the following discussions 

emerge: 

• The process of dispersing methane gas indoors has had 2 distinct stages, namely: 

• The incubation period in which the gas is dispersed and diluted without reaching a detectab. concentration in the MSA 

ALTAIR measuring devices; 

• The accumulation period in which the gas is dispersed and reaches progressively increasing concentrations at the level of 

MSA ALTAIR meters; 

• The dispersion process is characterized by a variable evolution both horizontally and vertically. This aspect is proved by the 

different values of the gas concentrations at the level of the detection devices, in the same time interval; 

• The incubation period showed different values depending on the position in the plane of the detection devices as follows: 

• The incubation period was reduced at the level of the detection devices located in points 1 and 5 being of 15 respectively 18 

min .; 

• The incubation period was average at the level of the detection devices located in points 2, 4 and 6 being 24; 27 respectively 

30 min .; 

• The incubation period was long at the level of the detection device located in point 3 being 42 min .; 

• The accumulation period showed different evolutions depending on the position in the plan of the detection devices as 

follows: 

• The accumulation period was reduced at the level of the detection devices located in points 2 and 3 being of 46.5 respectively 

53 min .; 

• The accumulation period was average at the level of the detection device located in point 4 being 61.5 min.; 

• The accumulation period was long at the level of the detection devices located in points 1, 5 and 6 being 73.5; 73.25 and 68.5 

min, respectively; 

• The period of dispersion and progressive dilution of the gas comprising the incubation and accumulation segments showed 

different developments depending on the position in the plane of the detection devices as follows: 

• The period of dispersion and progressive dilution of the gas was reduced to the level of the detection apparatus located in 

point 2 being 84 min .; 

• The period of dispersion and progressive dilution of the gas was average at the level of the detection devices located in points 

3, 4 being 87 min; 

• The period of dispersion and progressive dilution of the gas was long at the level of the detection devices located in points 

1;5 and 6 being of 93; 90 and 93 min. respectively; 

• The maximum gas concentration showed different evolutions depending on the position in the plane of the detection devices 

as follows: 

• The maximum gas concentration of the gas was reduced at the level of the detection devices located in points 2 and 3 being 

0.4 and 0.4 % Vol .; 

• The maximum gas concentration was average at the level of the detection devices located in points 1, 4 and 6 being 0.7; 0.55 

and 0.55 % vol .; 

• The maximum gas concentration of the gas was high at the level of the detection device located in point 5 being 1.15 % Vol .; 

• The gradient of dispersion and progressive dilution of the gas at the level of the closed enclosure, Gd, showed a variable 

evolution depending on the position in the plane of the detection devices as follows: 

• The gradient of dispersion and progressive dilution of the gas at the enclosure level, Gd, showed reduced values at the level 

of the detection devices located in points 2 and 3 being of 0.286 respectively 0.276 % Vol. / h; 

• The gradient of dispersion and progressive dilution of the gas at the enclosure level, Gd, presented average values at the level 

of the detection devices located in points 4 and 6 being of 0.379 respectively 0.355 % Vol. / h; 

• The gradient of dispersion and progressive dilution of the gas at the enclosure level, Gd, showed a high value at the level of 

the detection device located in point 1 being 0.452 % Vol. / h; 

• The gradient of dispersion and progressive dilution of the gas at the enclosure level, Gd, presented a very high value at the 

level of the detection device located in point 5 being of 0.767 % Vol. / h; 
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The methane gas discharged in the closed enclosure showed a phenomenon of uneven accumulation at the ceiling level proved 

by the fact that gas concentrations were identified, at the level of detection devices, between 0.4-1.15% Vol. Compared to the value 

of the average concentration in relation to the total volume of the closed enclosure of 0.36% Vol. 

 

Conclusions 

For the study of the dynamics of formation of toxic, asphyxiating or explosive atmospheres, in the experimental laboratory for 

the study of industrial ventilation systems, the following experiments were performed on the dynamics of explosive atmosphere 

formation using methane, CH4; 

The process of dispersing methane gas indoors presented 2 distinct stages, namely: the incubation period and the accumulation 

period; 

The methane dispersion process is characterized by a variable evolution both horizontally and vertically. This aspect is proved 

by the different values of the gas concentrations at the level of the detection devices, in the same time interval; 

The incubation period showed values between 18 and 42 minutes; 

The accumulation period showed evolutions between 46.5 and 73.5 minutes; 

The period of dispersion and progressive dilution of the gas comprising the incubation and accumulation segments showed 

evolutions between 84 and 93 minutes; 

The maximum concentration of methane gas showed a variable evolution with values between 0.4 and 1.15 % Vol .; 

The gradient of dispersion and progressive dilution of methane gas at the closed enclosure, Gd, showed a variable evolution 

being between 0.286 - 0.767 % Vol. / h; 

The methane gas discharged indoors showed a phenomenon of uneven accumulation at the ceiling level proved by the fact that 

gas concentrations were identified at the level of detection devices, between 0.4 - 1.15 % Vol. Compared to the value of the 

average concentration in relation to the total volume of the enclosure of 0.36 % Vol.; 

 

Acknowledgements 

This paper was developed within the NUCLEU - Programme, carried out with the support of MCI, project no. PN 23 32 02 03.  



 

 Inżynieria Mineralna — STYCZEŃ – CZERWIEC  2024  JANUARY – JUNE — Journal of the Polish Mineral Engineering Society  11 

WMESS 2024 - World Multidisciplinary Earth Sciences Symposium 

 
 

 

References 

1. Abbasi, T., Abbasi S.A. - The boiling liquid expanding vapour explosion (BLEVE): Mechanism, 
consequence assessment, management, Journal of Hazardous Materials 141 (2007) 489–519. 

2. Alghamdi, S. S. S. - Development of a vapor cloud explosion risk analysis tool using exceedance 
methodology, Office of Graduate Studies of Texas A&M University, A Thesis, 2011. 

3. Burgess, D., Zabetakis, M. G. -  Fire and explosion hazards associated with liquefied natural gas, 
United States Department of the Interior, Bureau of Mines, Report of Investigations 6099/1962. 

4. Egeberg, T., Davidsen, T., Venkatraman, M.M., Nassiri, S. - Comparative study on gas dispersion, 
Report no. 101368/R1, Date 24 January 2012, Skandpower, Norway. 

5. Ivings, M.J., Gant, S.E., Jagger, S.F., Lea, C.J., Stewart J.R., Webber, D.M., - Evaluating vapor 
dispersion models for safety analysis of LNG facilities, FPRF-2016-25, MSU/2016/27, Health & Safety 
Laboratory Buxton, Derbyshire, UK, 2016. 

6. Ikealumba, W. C., Wu, H. - Modeling of Liquefied Natural Gas Release and Dispersion: Incorporating 
a Direct Computational Fluid Dynamics Simulation Method for LNG Spill and Pool Formation, Ind. 
Eng. Chem. Res. 2016, 55, 1778−1787, DOI: 10.1021/acs.iecr.5b04490. 

7. Mishraa, K.B., Wehrstedta, K.D., Krebsb, H. - Boiling Liquid Expanding Vapour Explosion (BLEVE) of 
peroxy-fuels: Experiments and Computational Fluid Dynamics (CFD) simulation, The 12th 
International Conference on Combustion & Energy Utilisation – 12ICCEU, Energy Procedia 66 ( 2015 ) 
149 – 152. 

8. Mokhatab, S., Poe, W.A., Speight, J.G. - Handbook of natural gas transmission and processing, 2006, 
Elsevier Inc., Library of Congress Cataloging-in-Publication Data, British Library Cataloguing-in-
Publication Data, ISBN 13: 978–0–7506–7776–9, ISBN 10: 0–7506–7776–7. 

9. Nolan, D. P. - Handbook of fire and explosion protection engineering principles for oil, gas, chemical, 
and related facilities, Library of Congress Catalog Card Number 96-10908,ISBN:0-8155-1394-1, Printed 
in the United States of America by Noyes Publications, 1996. 

10. Veyssilier, F., Pecoult, C. - Guide de Bonnes Pratiques pour la réalisation de modélisations 3D pour 
des scénarios de dispersion atmosphérique en situation accidentelle. INERIS, Rapport de synthèse des 
travaux du Groupe de Travail National, Ref : DRA-15-148997-06852A. 2015. 

11. Vianello, C., Maschio, G. - Risk Analysis of Natural Gas Pipeline: Case Study of a Generic Pipeline, 
Chemical Engineering Transactions Volume 24, 2011, ISBN 978-88-95608-15-0,ISSN1974-9791,DOI: 
10.3303/CET 1124219. 

12. Cavaropol D. V. - Elements of gas dynamics LPG and LNG installations, Ministry of Interior and 
Administrative Reform Publishing House, Bucharest, 2008, ISBN 978-973-745-057-9. 

13. Cormier, B. R. - Computational fluid dynamics for lng vapor dispersion modeling: a key parameters 
study, Office of Graduate Studies of Texas A&M University in partial fulfillment of the requirements 
for the degree of DOCTOR OF PHILOSOPHY, 2008. 

14. Ghatauray, T.S., Ingram, J.M., Holborn, P.G. - An experimental and CFD study into the dispersion of 
buoyant gas using passive venting in a small fuel cell enclosure. Journal Institution of Chemical 
Engineers Symposium Series, Publisher London South Bank University, Journal citation 2016-J (161), 
ISSN 0307-0492. 

15. Quillatre, M. P. - Simulation aux grandes echelles d'explosions endomaine semi-confine,l'Université 
de Toulouse, Thèse pour obtenir le grade de Docteur, 2014. 

16. Stawczyk, J. - Experimental evaluation of LPG tank explosion hazards, Journal of Hazardous 
Materials B96 (2003) 189–200. 

17. Touahar,  B. - Modelisation et simulation numerique pour la dispersion atmospherique de polluant 
application des logiciels: ALOHA, PHAST, Republique Algerienne Democratique et Populaire, 
Ministere de l’Enseignement Superieur et de la Recherche Scientifique, Universite Hadj Lakhdar – 
Batna, Institut d’Hygiene et Securite Industrielle, Memoire présenté pour l'obtention du diplôme de 
Magister, 2013 

18. Wu, Y., Yu, E., Xu Y. - Simulation and analysis of indoor gas leakage, Proceedings: Building 
Simulation, 2007, pag. 1267-1271. 


