
 
Figure 1: Test assembly 

3. Calculation procedure 
To reduce the number of experimental tests, preliminary thermodynamic and kinetic analyses were performed 
to predict the fuel-air equivalence ratio resulting in maximum pressure. Knowing the chemical equilibrium 
composition of a studied chemical system permits calculating theoretical thermodynamic properties for the 
system. In the calculation, we assume all gases to be ideal, and that interactions among phases may be 
neglected. The calculation procedure is based on the minimization of free energy and was successfully tested 
for the similar gas composition in Skřínský and Skřínská (2015). A calculation method of minimizing free Gibbs 
energy was used to quantify adiabatic explosion pressures at 15 different concentrations of the mixture and for 
three different initial temperatures. As input parameters, the kinetic mechanisms and thermodynamic data sets 
(Cp, S0, H0, G0) were used primarily in the default THERMO.dat databases and Thermdat. tdd for GASEQ 
(GASEQ, 2005) in CHEMKIN standard polynomial format.  
 
The Gibbs Free Energy G of the mixture at pressure p is given by: 
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The results of adiabatic explosion pressure calculations, Pe, were used to predict the initial values for 
experimental biogas-air measurement in Figure 6 compared to measured experimental results.  
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4. Results and discussion 
4.1 Pure gases 

The maximum explosion pressure and maximum rate of pressure rise are essential indicators for the evaluation 
of explosion energy distribution. In the presented study, the measured maximum explosion pressure of 
stoichiometric methane-air is 7.3 bar, lower than the calculated adiabatic explosion pressure of 8.7 bar. This is 
attributed to the energy loss of the walls. The measured maximum explosion pressure of stoichiometric biogas–
air is 4.1 bar, lower than the calculated adiabatic explosion pressure of 4.5 bar. Each test was repeated three 
times to obtain appropriately averaged results, and the average was plotted in the pressure-time curve. The 
maximum explosion pressures and maximum rate of pressure rise for pure gases, various equivalence ratios, 
and initial ambient conditions are presented in Figures 2-5. 
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Figure 2: Pex/P0, versus equivalence ratio for CH4 
 

Figure 3: KG versus equivalence ratio for CH4 
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Figure 4: Pex/P0 versus equivalence ratio for Biogas 

 

Figure 5: KG versus equivalence ratio for Biogas 

 
The fuel-air equivalence ratio was defined as: 

 

(2) 

The deflagration index was defined as: 

 
(3) 
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4.2 Influence of the temperature 

Figures 6-7 give different initial temperatures on the explosion pressure and the pressure rise rate during the 
explosion process. The explosion and adiabatic equilibrium pressure is normalized concerning the initial 
pressure (P0 = 101 kPa).  
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Figure 6: Pex/P0 versus equivalence ratio for Biogas 
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Figure 7: KG versus equivalence ratio for Biogas 
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5. Conclusions 
The explosion behavior of biogas-air mixtures with the representative real-scale composition of the gas 
(CH4/CO2/O2/H2/H2S) was experimentally and numerically studied at the specific process and initial explosion 
conditions in a closed spherical explosion chamber situated at Energy Research Centre, VSB-TU Ostrava. An 
employed method combines the preliminary thermo-kinetic chemical equilibrium study to identify the specific 
equivalence ratios by further experimentally analyzing, thus substantially reducing the number of experimental 
tests. The presented results allow us to experimentally quantify the effect of different process temperatures on 
the pure gas-air explosion parameter – the maximum explosion pressure, the maximum rate of pressure rise, 
and the deflagration index. The biogas mixtures investigated can be classified based on the value of the 
deflagration index as low-reactivity mixtures. The highest weight of KG found was 16 bar.m/s, which was much 
lower than the KG value of a pure methane-air combination that was 65 bar.m/s, both measured at ambient 
pressure and temperature. The main conclusions are summarized as follows: 

1) Determination of maximum explosion pressure (Pmax) and deflagration index (KG) of biogas-air mixtures 
at temperatures of T = 20 - 100 °C and φ = 0.25 - 2.40 equivalence ratios. 

2) Explosion pressure, rate of explosion pressure rise, and deflagration index of the biogas-air mixture 
reach maximum values near the stoichiometric concentration with an equivalent ratio Φ = 1.03 within 
the studied range, i.e., 0.25 - 2.40 at temperatures of 20 - 100 °C. 

3) The explosion pressure varied between 4.2 to 1.8 bars, the rate of explosion pressure rise 60 to 45, 
and the deflagration index 16 to 12 bar.m/s for initial temperatures 20°C to 150 °C. 

Nomenclature 

G – Gibbs Free Energy, J/kg t – time, s 
KG – deflagration index, bar.m/s ϕ – fuel-air equivalence ratio, - 
nsp – number of species, - T – temperature, K 
p – pressure, N/m2 V – vessel volume, m3 
R – universal gas constant, J/K.mol x – number of moles in the mixture, mol 
st – stoichiometric conditions, -  

Acknowledgments 

This work was supported by Operational Programme Research, Development and Education, project No. 
CZ.02.1.01./0.0/0.0/17_049/0008419 COOPERATION and Large Research Infrastructure ENREGAT supported by the 
Ministry of Education, Youth and Sports of the Czech Republic under project No. LM2018098 and by the Doctoral grant 
competition VSB – Technical University of Ostrava, reg. no. CZ.02.2.69/0.0/0.0/19_073/0016945 within the Operational 
Programme Research, Development and Education, under project DGS/TEAM/2020-028 “Risk management of alternative 
sources energy the near future.” 

References 

Basinas P., Rusín J., Chamrádová K., Dry anaerobic digestion of the fine particle fraction of mechanically-sorted 
organic fraction of municipal solid waste in laboratory and pilot reactor, 2021, Waste Management, 83-92. 

Campbell D.J.V., Explosion and Fire Hazards Associated with Landfill Gas. Landfilling of Waste: Biogas, E&FN 
Spon, 1996. 

EN 15967, Determination of the maximum explosion pressure and the maximum rate of pressure rise of gases 
and vapors, 2012. 

GASEQ, 2005, A Chemical equilibrium program for Windows. <www.c.morley.dsl.pipex.com>, accessed 
13/06/2018. 

Chen D., Yao Y., Deng Y., The Influence of N2/CO2 Blends on the Explosion Characteristics of Stoichiometric 
Methane–Air Mixture, 2019, Process Safety Progress, 1-5. 

Mittal, M., 2017, Explosion pressure measurement of methane-air mixtures in different confinement sizes. 
Journal of Loss Prevention in the Process Industries, 46, 200-208. 

Siti Zubaidah Sulaimana , Nur Aqidah Muhammad Harinder Khana , Izirwan Izhaba , Shalyda Md. Shaarania , 
Siti Kholijah Abdul Mudalipa , Rohaida Che Mana , Zatul Iffah Mohd Arshada , Rafiziana Md. Kasmanib, and 
Sarina Sulaimanc Explosion characteristics assessment of premixed biogas/air mixture in a 20-L spherical 
vessel 

Skřínský J., Friedel P., Vereš J., Koloničný, Borovec K. Explosion Parameters of Degas-Air Mixtures at Elevated 
Temperatures, 2019, Chemical Engineering Transactions, 1375-1380. 

Skřínská M., Skřínský J., Dolníček P., Lukešová P., Přichystalová R., Serafínová C., 2015, BLEVE - Cases, 
Causes, Consequences and Prevention, Material Science Forum, 811, 91-94. 

276




