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Abstract
In order to provide the reference for the prevention of methane explosion accidents
in the pipeline, coal mine tunnel or other closed space, the relative experiments and
simulations were carried out. In this paper, explosion characteristics and flame
propagation characteristics of methane in pipeline and coal mine tunnel are studied
by using an explosion test system, combined with FLACS code, under different
venting conditions. The numerical simulation results of methane explosion are
basically consistent with the physical experiment. Which indicates the numerical
simulation for methane explosion is. The results show that explosion parameters
(pressure, temperature and product concentration) of methane at five volume
fractions have the same change trend. Nevertheless, the explosion intension of
10.0% methane is the largest and that of 9.5% methane is relatively weak, followed
by 11.0% methane, 8.0% methane and 7.0% methane respectively. Under different
venting conditions, the pressure and temperature of methane explosion are the
highest in the pipeline without a vent, followed by the pipeline where ignition and
vent position is in each end. Whereas those are the lowest in the pipeline with
ignition and venting position at the same end. There is no significant effect on
product concentration of methane explosion under three venting conditions. For
coal mine tunnel, it is indicated that the maximum explosion pressure at the
airproof wall in return airway with the branch roadway at 50m from goaf is
significantly decreased while that in intake airway doesn't change overwhelmingly.
In addition, when the branch roadway is longer or its section is larger, the peak
pressure of airproof wall would decrease slightly.

Experiment
(1) Experiment system
The experiment system consists of a flammable gas explosion limits test device and
a high-speed video camera, as shown in Figs.1 and 2.
(2)Experimental results and analysis
The flame propagations of methane explosion were recorded by a high-speed video
camera as shown in Fig.3. There are three stages when methane explosion
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happened, the forward propagation, the back propagation and the turbulent forward
propagation.

a. Camera body b.Camera lens

Fig.1 Explosion reaction tube Fig.2 High-speed video camera

Fig.3 The process of flame propagation of 9.5% methane explosion in the pipeline

The interval of two pictures obtained by the high-speed camera with a working
speed 1000 fra/s is 1 ms. In order to analyze quantitatively, the data of the pictures
were calculated according to the principle of similarity to obtain the propagation
velocity and the displacement of the flame front. The calculation formula is shown
as following.
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where gS is the displacement of the flame front in the pipeline, pS is the
displacement of the flame front in the picture, gH represents the length of the pipe in
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the picture, pH represents the size of the picture， V is the velocity of flame
propagation and is the time interval of two pictures.
The relationship between the flame propagation velocities and time is as shown in
Fig.4. With the process of methane explosion going on, the amount of heat given
out continued to accumulate and turbulence intensity was increased by the effect of
the pipe wall. Meanwhile, the flame front was deformed and the velocity of flame
propagation increased to the first peak quickly. As the top of reaction pipe is closed,
the reflection and superposition happened when the pressure propagated to the top
of the pipe. Then, the unburned gas was compressed and the flame propagated to
the maximum promptly with the effect of explosion vent. Additionally, the flame
propagation velocity fluctuated on the time axis until the flame propagation speed
was reduced to 0 m/s. Compared with 7.5% and 11.0% methane, 9.5% is the
theoretical equivalent concentration of methane combustion in the air in which
methane reacts with air completely. The explosive power is the largest and the
reaction rate is the fastest at that concentration. That’s why the flame propagation
velocity of 9.5% methane is larger than the other two concentrations no matter
forward or back propagation.

Fig.4 Flame propagation velocities of different methane mole fractions

Numerical simulation in the pipeline
(1) Comparative analysis of numerical simulation and experiment results
The explosion of methane at different concentrations in the pipeline is simulated by
Flacs software. Fig.5 and Fig.6 illustrate the varieties of product concentration field
and flame propagation velocity of methane explosion respectively. The distribution
of product concentration field from Fig.5 is essentially in agreement with the flame
propagation of methane explosion in Fig.3. The product concentration field with
ellipse initially propagated to the end of closed pipe. Then it started to sag because
of pressure release. With the flame propagation, the product concentration field
showed "tulip". Finally, the "tulip" disappeared gradually and the front of product
concentration field presented triangle. Compared with experimental results, the
flame propagation velocity simulated by Flacs software is roughly consistent. The
error is caused by the condition where energy does not suffer a loss in the ideal
state. Therefore, the flame propagation time simulated by Flacs software is
significantly shorter than that in the experiment and there is no obvious fluctuation
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in the flame propagation velocity later. In summary, the results simulated by the
software agree with experimental results essentially.

Fig.5 Distribution of product concentration field Fig.6 Flame propagation velocities of 9.5 methane

(2) Methane explosion in the pipeline under different venting conditions
Fig.7 shows the variation of methane explosion pressure at the center of the
pipeline with time under three venting modes. Under the condition where ignition
and vent position is at the same end of the pipeline, the center pressure of pipeline
hit the highest quickly, then fluctuated continuously until decreased to 0 m/s. When
ignition and vent position is at each end of the pipeline, the pressure rose initially
to the maximum and then dropped to the negative pressure. Additionally, the
pressure continued to increase to the peak value without a vent in the pipeline. On
the whole, the explosion pressure of methane (9.5%, 10%, 11%) reached the peak
quickly while that of methane (7%, 8%) had obvious delay to hit the maximum.

ignition and vent at the same end ignition and vent at each end no venting
Fig.7 Variation of methane explosion pressure at the center of the pipeline

The variation of the pipeline center temperature with time under three venting
modes is as shown in Fig.8 in which the change trends are roughly identical. When
ignition and vent position is at the same end of the pipeline, the pipeline center
temperature heaved up in great swells at about 0.2s, then remained unchanged.
Under the condition where ignition and vent position is at each end of the pipeline,
the pipeline center temperature reached the peak more quickly, then had a
fluctuation within a narrow range and dropped to a certain value. Without venting
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condition in the pipeline, the temperature of pipeline center rose rapidly at first and
then had a slight increase. In addition, 7% and 8% methane lagged behind the other three
concentrations in time, which is similar to methane explosion pressure.

ignition and vent at the same end ignition and vent at each end no venting
Fig.8 Variation of temperature at the center of the pipeline

The variation of product concentration at the center of the pipeline is as shown in
Fig.9 in which the change trends are roughly identical under three venting modes.
The product concentration rapidly increased initially, and then kept the maximum
value unchanged. The order of time to reach the maximum product concentration is
t10%<t9.5%<t11%<t8%<t7%. Furthermore, compared with the other three concentrations,
7% and 8% methane had a significant delay to reach the maximum product
concentration. The time to reach the maximum in the pipeline with ignition and
vent at each end or without vent is shorter than that under the other condition.
However, the venting condition has no obvious influence on the product
concentration of methane explosion.

ignition and vent at the same end ignition and vent at each end no venting
Fig.9 Variation of product concentration at the center of the pipeline

Numerical simulation in coal mine tunnel
Fig.10 shows the variation of the maximum explosion pressure at the airproof wall
with the distance between goaf and branch roadway. It is noted that the pressure
corresponding to 0 m means the pressure of sensor where intake and return airways
are without branch roadway. As illustrated in Fig.10, with the increase of the
distance from 50m to 400m, the maximum explosion pressure in return airway
increases to 22.41 bar gradually, then decreases to 18.18 bar with Faster rate.
Compared to the pressure of return airway without branch roadway, it shows a
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relatively lower pressure when the distance between goaf and branch roadway is
50m and the pressure decreases by 29.4%. However, the pressure in intake airway
presents a small fluctuation trend, only to rise to 7.05 bar at 400m. Therefore, it is
obvious to decrease the maximum explosion pressure in return airway with the
branch roadway at 50m from goaf while that in intake airway doesn't change
significantly.
Fig.11 displays the change of pressures at the airproof wall with different sectional
dimensions of the branch roadway. Compared with the condition without branch
roadway, the pressure peak of airproof with the branch roadway has a significant
decline in return airway, while it has a slight rise in intake airway. In addition,
explosion propagation time is longer in the tunnel with branch roadway than that
without branch roadway (0*0 represents the tunnel without branch roadway). And
there are more pressure peaks appearing in the tunnel with branch roadway,
contrasting with only one peak in the tunnel without branch roadway. But the
secondary pressure peak is smaller than the first peak. This can be explained that
the part of explosion propagation is shared by the branch roadway in which the
decreasing overpressure propagates to the tunnel conversely. By comparing
different sectional dimensions of the branch roadway, the larger section of the
branch roadway indicates the lower peak pressure to some extend.

return airway intake airway
Fig.10 Pressures with different distances Fig.11 Pressures with different sectional dimensions of branch roadway

Fig.12 displays the viration of pressures at the airproof wall with different lengths
of the branch roadway. Obviously, the longer the branch roadway is the lower the
peak pressure changes. Nevertheless, the peak pressure varies slightly whatever the
length of branch roadway is.

return airway intake airway
Fig.12 Pressures with different lengths of the branch roadway
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