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Abstract: A connected vessel is a common typical chemical plant, and its explosion hazard is much higher than that of an
independent vessel. In an actual explosion accident, the combustible gas volume fraction in the connected device presents a
non-uniform state, and there is a volume fraction gradient. A connected device was chosen as the research object. The device
was formed by connecting two cylindrical vessels with the volumes of 60 litres and 20 litres, respectively, through a square
pipe as long as 3 meters, with a cross section of 35 mmx35 mm. To explore the methane-air explosion characteristics in the
connected device with combustible gas volume fraction gradient, the Fluidyn software was applied to numerically simulate the
methane-air explosions in the connected devices with uniform and non-uniform combustible gas volume fractions, respectively.
The results show as follows. When the volume fraction of the methane in the connected device is uniform and ranges from
6.517% to 8.067% and the ignition is located in the center of the large vessel, the maximum explosion pressure, the maximum
explosion pressure rise rate, the maximum temperature and the maximum velocity as well as their arrival times change linearily
with the volume fraction of the methane. When the volume fraction of the methane in the large vessel of the connected device

is 6.0%, the volume fraction gradient of the methane is 2.0% to 8.0%, and the ignition is located in the center of the large
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vessel, the maximum values of the parameters, including explosion pressure, explosion pressure rise rate, flame temperature
and velocity, increase firstly and then decrease with increasing volume fraction gradient. When the ignition is located in the
center of the large vessel, the maximum explosion pressure is in the small vessel, the maximum pressure rising rate is in the
pipe connected to the large vessel, and the maximum flame velocity is in the pipe connected to the small vessel, and the flame
velocity can reach 400-600 m/s. The research results can provide a theoretical guidance for preventing and controling
combustible gas explosion accident in connected devices.

Keywords: connected device; volume fraction gradient; methane explosion; pressure rise rate
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Table 3 Related parameters of the maximum
explosion pressures for different volume

fraction gradients of connected devices
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Table 4 Related parameters of the maximum pressure rise

rates for different volume fractions of connected devices
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A3 2/ Hff/(GPa-s™)
1 6.517 X k2 0.150 0.194
3 7.034 X353 0.138 0.220
5 7.551 X2 0.132 0.247
7 7.697 X2 0.130 0.255
9 7.830 X2 0.129 0.260
11 7.958 X2 0.127 0.265
13 8.067 X3 0.123 0.267
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Table 5 Parameters related to the maximum pressure
rise rates in the connected devices with

different volume fraction gradients
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Table 6 Related parameters of the maximum temperatures Table 7 Rrelated parameters of the maximum temperatures

in connected devices with different volume fractions in connected devices with different volume fraction gradients
TR iR TR e UL
T.H BB % T EBEE %

(VA i Z/s B/ A+ 2/ HE/C
1 6.517 X351 0.189 1917.58 2 2.0 X 2k5 0.208 1946.72
3 7.034 X1 0.182 202345 4 4.0 X 2k5 0.201 2250.03
5 7.551 X1 0.179 2121.45 6 6.0 X 5k5 0.205 2248.07
7 7.697 X1 0.176 2156.08 8 6.5 X35 0.207 2247.44
9 7.827 X1 0.175 2181.71 10 7.0 X35 0.208 2291.28
11 7.958 X1 0.173 2209.39 12 75 X35 0.217 2302.43
13 8.067 X1 0.172 2223.58 14 8.0 X35 0.242 2251.81
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Fig. 9 Changes of the maximum temperature with volume fraction and volume fraction gradient under different working conditions
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Table 8 Related parameters of the maximum velocities Table 9 Related parameters of the maximum
in connected devices velocities in connected devices with different
with different volume fractions volume fraction gradients
HRCHUE TR
T ERGEU% TH B EREEE %
[OATS AFZl/s BE/(m-s™) [OAs mfZls  HdE/(m-s™)
1 6.517 X g4 0.141 450.01 2 2.0 X4 0.138 445.20
3 7.034 X g4 0.133 486.93 4 4.0 X34 0.133 456.60
5 7.551 X g4 0.125 517.60 6 6.0 X4 0.136 448.40
7 7.696 X zk4 0.122 527.40 8 6.5 X4 0138 443.01
9 7.827 X zk4 0.121 533.92 10 7.0 X4 0141 437.55
11 7.957 X k4 0.119 540.47 12 7.5 X4 0.143 431.70
13 8.067 X4 0.118 543.77 14 8.0 XiR4  0.145 427.08
1.6 ZER7H
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