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Effect of external magnetic field on explosion reaction of acetylene gas
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Abstract: To study the effects of magnetic fields on the gas explosion, considering equivalent acetylene premixed combustible
gas as the research object, the effects of different magnetic field intensities on acetylene explosion characteristics were studied
experimentally. The explosion pressure and flame propagation velocity were measured simultaneously by transient pressure
sensors and a detonation velocity instrument, respectively. The results show that the magnetic fields reduce the explosion
pressure and the pressure rise rate of acetylene. With increasing magnetic field intensity, the suppression effect is more
significant. Along the direction of flame propagation, the magnetic fields first promote and then suppress the explosion flame
propagation velocity of acetylene, and the inhibition effect is stronger than the promotion effect. In these experimental
conditions, the average propagation velocity of the explosion flame decreased by 38.94% under lower magnetic fields intensity,
and at higher magnetic fields intensity, it decreased by 49.62%. To further study the impact mechanism of magnetic fields on
premixed combustible gas explosion, the acetylene explosion free radicals reaction process was simulated numerically by
Chemkin-Pro software. The chain reactions, rate of products, and sensitivity are analyzed. And the key radical and reaction
paths of acetylene explosion are obtained. Combined with the force analysis of magnetic fields on free radicals, it is deduced
that magnetic fields change the reaction paths of acetylene to produce carbon dioxide and water, which is the main internal

reason for the decrease in explosion parameters. The different free radicals have different molar masses and magnetization.
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Lorentz force and gradient magnetic field force have stronger effects on small molecular weight free radicals than on large
molecular weight free radicals. The calculation shows that the magnetic fields change the trajectory of the free radicals, cause
the aggregation of free radicals with the same small molecular weight, and produce a wall effect, which reduces collisions
between key free radicals and the rate of elementary reactions, resulting in a decrease of explosion intensity.
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Fig. 1 Schematic of gas explosion experiment device under electromagnetic field
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Fig. 2 Explosion pressures of C,H,/air under different magnetic fields strengths
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Table 1 Flame propagation velocity of C,H,/air explosion without a magnetic field

L Pleag iR S H#E/mm I 8] /s HEE/(m-s™) S (mes ™)
1~2 300 994593 30.16
1 81.64
2~3 300 2253.58 133.12
1~2 300 9893.27 30.32
2 80.97
2~3 300 2279.23 131.62
1~2 300 9369.14 32.02
3 98.51
2~3 300 1818.18 165.00
®2 RIRHIZBET CRESEEENAEBERE
Table 2 Flame propagation velocity of C,H,/air explosion under lower magnetic field strength
SCH LRt FH S /mm HF [l /ps HEE/(mes™) SFHHE (mes™)
1~2 300 7955.45 37.71
1 53.02
2~3 300 4390.46 68.33
1~2 300 7874.02 38.10
2 52.80
2~3 300 444426 67.50
1~2 300 8002.13 37.49
3 53.64
2~3 300 4298.61 69.79
RO A AN AT 04 3 21 S0 008 B4 P (EL B, Al 4 B

L4 BLHL ARG IS, 5 1 B OB R B B, 58 2 B KO AE 1G  BE BRAIK, B 0 A 58 1
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FETR, 8 1 BEJOAIEAE B HE 1 T 6.94 my/s, 55 2 B JOAMEREHEREAR T 74.71 m/s. 7F 0.33 T f4 3500 i
T 1 B A RE AR T 32.42 mi/s, 5 2 BOKMAEREEBE R T 119.07 m/s. B & G 37 98 2 1) 1
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Table 3 Flame propagation velocity of C,H,/air explosion under higher magnetic field strength
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1~2 300 4917.23 61.01
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Fig. 4 Flame propagation velocity and average propagation velocityof C,H,/air explosion
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