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Advance in research of flame propagation in microchannels
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Abstract: Both the microcombustor and the quenching units of the flame arrestors are microchannels containing
combustible gas burning. Although the researches on the microcombustor are abundant, the study of the quenching
units in the flame arrestors is relatively scarce. In this work the principal factors affecting the flame propagation in the
microchannels are summarized. It is shown that a more systematic study is desired to settle the disputes. The advance
of the mathematical model for the flame propagation in the microchannels is reviewed. It is proposed that the fluid flow
pattern in the microchannel is worth discussing. It is determined that the flow in the flame arrestor is turbulent under
high-speed detonation conditions. The combination of the Reynolds stress model with the laminar finite rate model is
recommended here to be employed for the numerical simulation of detonation flame propagation in the flame arrestors.
A density-based algorithm is recommended. In the concluding remark, research achievements and shortcomings in the
investigation of flame propagation in the microchannels are pointed out, and the outlook is also addressed.
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Table | Maximum experimental safe gap for some combustible or flammable vapors?!]

Gas Maximum experimental safe gap/mm Gas Maximum experimental safe gap/mm
Ammonia 3.17 Hydrogen cyanide 0.80
Methane 1.14 Acrylonitrile 0.87
Isopropanol 0.99 Propylene oxide 0.70
Methyl acetate 0.99 Dimethyl ether 0.86
Amyl acetate 0.99 Methyl acrylate 0.85
Butanol 0.94 Butadiene 0.79
Methanol 0.92 Ethylene 0.65
Acetone 1.02 Carbon disulfide 0.34
Butane 0.98 Acetylene 0.37
Propane 0.92 Hydrogen 0.29
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Table 2 Numerical simulation of combustion in microchannels

Re or inlet
Ref. Microchannel geometry Fuel/oxidizer =~ Reaction mechanism velocity, Flow pattern Object of study
vi/(m/s)
[66] Cubic box, 10 mmx5 mmx5 mm CHy/air 16 species, 25 reactions  v=10, Re=383  Turbulence = Microcombustor, effect of inlet
velocity on flame structure
[67] Parallel plate, 16 mmx1 mm Hy/air 13 species, 19 reactions vi=36, 43 Turbulence ~ Microcombustor, effect of bluff
body shape on the blow-off limit
[68] Cylindrical tube, =18 mm, L=100 mm CHy/air 17 species, 73 reactions Re<1500 Laminar Microcombustor, effects of the
flame holder and its physical
properties on combustion
[69] Cylindrical tube, d=2 mm, L= 12 mm CHy/air 16 species, 25 reactions vi=2~8 Laminar Microcombustor, effects of

combusor size, geometry, inlet
velocity and slip wall boundary
condition on flame temperature
[70]  Cylindrical tube, =280 pm, L=50 mm CHy/air 16 species, 25 reactions  v=1.2~18.3 Laminar Microcombustor, effect of
coflow air inlet velocity on
flame structure
[71] Cubic box, 20 mmx10 mmx1 mm C;Hg/air 4 species, 1 reactions vi=0.3 Laminar Microcombustor, effect of
microreactor geometry on fuel
burning process stability
[6] Triangle channel, bottom length 2.13 mm, C;Hg/air 4 species, 1 reactions vi=Dozens or Laminar Flame arrestor, relationship
height 0.87 mm, axial length 15 mm hundreds between the flameproof velocity
and arrestor structures
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Table 3 Interaction between turbulence and combustion
Ref. Model of turbulence model Combustion model
[49] DNS (Direct numerical simulation) -
[82] DNS -
[83] LES (Large eddy simulation) CFM (Coherent flame model)
[66] LES PaSR (Partial stirred reactor)
[84] LES LFM (Laminar flamelet model)
LES EDC (Eddy dissipation concept)
RANS (Renolds average navier stokes equations) LFM
[85] RANS LFR (Laminar finite rate)
RANS Flamelet model
[67] RANS LFR
[86] RANS Flamelet/progress variable
[87] RANS LFR
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