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Test on methane flame velocity in horizontal tube with obstacles

TAN Ying-xin (F8H7), YU Cun-juan(FA74H)
(School of Chemical Engineering and Environment , North university of China , Taiyuan 030051, China)

Abstract: To test flame propagation velocity of gas explosion in a horizontal tube, a set of flame velocity testing system is de-
signed. The system is composed of two parts: a horizontal tube used for methane burning and a flame detection system. The
effect of obstacles on flame propagation velocity of methane explosion is tested. Methane volume density is 10% in the tube.
The obstacle is the circular ring, 2 mm thick. Its blockage ratios are 40% ,50% and 60% , respectively. The number of ob-
stacles put in the tube is 1,3,5 and 7. Experimental results show that the obstacle has obviously accelerating effect on flame
wave of gas explosion. As the number and blockage ratios of the obstacles increase, flame accelerating became more obvious-
ly. When there are seven obstacles, the maximum average flame velocity reaches over 351.2 m/s. When the blockage ratio of

three obstacles is 60 % , the maximum average flame velocity is 238.9 m/s.
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In modern coal industry, the structural damage
accidents resulting from methane explosion are ma-
inly caused by pressure wave''' . Therefore, it is
greatly significant to study the moving velocity of
methane burning flame. Flame velocity is also an
important factor to study the combustion and explo-
sion characteristics of the methane and coal dust in
tunnel " . When methane explodes, its flame will
change suddenly”’. Besides, because the industrial
equipments are often connected by tube, the propa-
gation pattern of flame in the tube has become a fo-
cus of the explosion study.

In this paper,a flame velocity testing system with
horizontal tube that imitates mine tunnel is de-
signed. Methane flame velocity is tested by photo-
electric way. In the tube,there are four transparent
holes as observation windows to receive flame sig-
nals. When the flame passes through the light hole
in turn, the photoelectric sensors become photosen-
sitive and transducers output the voltage into data
analysis instrument. Then tested data are recorded
into waveform memorizer. According to the record-
ed time between two photoelectric transducers, the
flame propagation velocity could be calculated.

1 Test system composition

The testing system is composed of two parts, one
of which is a horizontal tube used for methane burn-
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ing and the other is a flame detection system.
1.1 Horizontal tube

Explosion characteristics of coal dust are often
tested in closed vessel® . An example of the 20 L
laboratory test chamber designed by Siwek R has
been in wide use in Europe and elsewhere. In order
to simulate coal mine tunnel, main part of the de-
vice is designed as a horizontal pipeline in the pa-
per. The testing device is shown in Fig. 1.

Fig.1 Test device

The material of horizontal tube is high intensity
steel. It has an internal diameter of 139 mm and a
length of 9 700 mm. Thickness is 10 mm. Whole
tube is fixed on “V” cement slot away 0.5 m from
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the ground. There are 13 holes in the tube. They
are a pressure meter, a safety valve, a gas inlet, a
gas outlet, a pair of electrodes, three observation
windows and five fixed sensors. A pair of 2-mm
spark gaps with stainless steel electrodes are placed
in the 700-mm horizontal pipeline. To observe the
experimental process, three 40 mm diameter obser-
vation windows are fixed to the wall of the horizon-
tal pipeline.

The schematic drawing of the horizontal pipeline
is shown in Fig.2.

1:Vacuum pump; 2: Valve; 3: Pressure meter; 4:Sensors; 5: Safety valve;
6:Valve; 7:Methane; 8: Air expenses machine; 9: Electrode; 10: Windows

Fig.2 Schematic drawing of the horizontal pipeline

1.2 Flame detection system

The flame detection system is composed of the
phototransistor sensor and the single chip computer
time-measurement circuit. The former is a kind of
flame probes, and it can accurately collect flame
signals generated by premixed methane-air explosion
from a great amount of theoretical analyses and re-
searches. The latter is the flame testing circuit.

When the flame burns in the pipeline, the photo-
electric sensor inducts the signals of the specific ray
from the flame front. The phototransistors is in-
stalled in the metal shell with 2-mm thickness and is
put on observation windows. The collector and
emitter of the photoelectric sensor are connected
with the signal wire and the ground wire of the met-
al shield wire, respectively.

1.3 Single chip time-measurement circuit

The single chip computer time-measurement cir-
cuit can receive the two phototransistors’ signals
from gas burning flame. When the first phototrans-
istor receives the flame signal, it conducts rapidly
and produces an electrical signal to single chip time-
measurement circuits. Then it becomes a standard
signal after shaped by Schmitt trigger. The output
terminal is connected with P;, inside the microcon-
troller and is used as a start trigger signal to record
the time. When the second phototransistor receives
the flame irradiation, it also inputs a control signal
to the single chip time-measurement circuit and is

connected with the P;; inside the microcontroller.
This signal stops the time from being recorded. So
the time when gas burns in the tube is got. The av-
erage velocity can be worked out by making this
time value divided by the measured distance.

Fig. 3 shows the phototransistors designed by
ourselves™® . Fig. 4 shows the observation windows

of the horizontal tube.

Fig.3 Phototransistor

Fig.4 Observation windows

1.4 Experimental conditions

In this experiment, the gas sample is methane, Its
volume density is 10% in tube. Obstacle is the circu-
lar ring, 2 mm thick. Its blockage ratios are 40% ,
50% and 60% , respectively. The number of the ob-
stacles put in tube is 1,3,5 and 7.

The obstacles are installed at 180 mm away from
the igniter electrode. The distance between two
flame detectors is 2. 2 m. All the experiments are
done at normal temperature and pressure.

2 Experimental results

The main work of this experiment is to contras-
tively study the obstacles’ effects on the flame prop-
agation velocity of gas explosion. Test results are
shown in Table 1 and Table 2. The average flame
propagation velocity is the average of the five ex-
perimental tests.
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Table 1

Obstacle number

Effects of obstacles’ blocking ratios

Blocking rate/ % Velocity/(m-s™!)

0 0 29.2
3 40 179.2
3 50 184.6
3 60 238.9

Table 2 Effects of the number of obstacles

Obstacle number Blocking rate/ % Velocity/(m-s™!)

0 0 29.2
1 60 179.9
3 60 238.9
5 60 335.8
7 60 351.2

From Table 1 and Table 2, it can be seen that the
maximum average flame propagation velocity of gas
explosion is 29.2 m/s without obstacles in the tube.
With the increase of the blockage ratio from 40% to
60% , the average flame propagation velocity also in-
creases, the maximum average flame propagation ve-
locity is 238.9 m/s.

For a circular ring obstacle with 60% blockage ra-
tio, the maximum average flame propagation veloci-
ty of gas explosion is 351.2 m/s. When obstacles’
number increases from 1 to 7, the flame propaga-
tion persistence is enhanced.

The existence of obstacles aggravates the turbu-
lent flow. It can enlarge the propagation velocity of
gas explosion.

3 Conclusions

This paper presents a flame velocity testing sys-
tem. After an amount of experiments and analyses,
conclusions are given as follows:

1) By this velocity testing equipment, the flame
propagation velocity of gas explosion with obstacle
can be tested.

2) The obstacle has an obviously accelerating ef-

fect on gas explosion flame velocity. Only one ob-
stacle can make the flame velocity in the tube in-
crease about six times in comparison with zero ob-
stacle.

3) The obstacle number has a distinguishing effect
on the flame propagation velocity of gas explosion.
With obstacle number increasing, the turbulence in
tube enhances and flame propagation velocity also
increases. When there are seven obstacles, the max-
imum average flame velocity reaches over 300 m/s.

4) The blockage ratio has a distinguishing effect
on flame propagation velocity of gas explosion.
When the blockage ratio of three obstacles is 60% ,
the maximum average flame velocity is 239 m/s.
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