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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 Skfinsky and Skiinskéa (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, So, Ho, Go) 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:

S _3 (XiG‘O X In— 4% In ) 1
RT - ot RT i ZXI i p ( )

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 4: Pex/Po versus equivalence ratio for Biogas

The fuel-air equivalence ratio was defined as:
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The deflagration index was defined as:
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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 (Po= 101 kPa).
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5. Conclusions

The explosion behavior of biogas-air mixtures with the representative real-scale composition of the gas
(CH4/CO2/02/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 K 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 (Ke) of biogas-air mixtures
at temperatures of T =20 - 100 °C and ¢ = 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 ® = 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

Ke — deflagration index, bar.m/s ¢ — fuel-air equivalence ratio, -

nsp — number of species, - T — temperature, K

p — pressure, N/m? V — vessel volume, m?

R — universal gas constant, J/K.mol X — number of moles in the mixture, mol

st — stoichiometric conditions, -
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