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The Effect of DBD Plasma on Hydrocarbon Fuel Reforming and
Change in Flammability Limits

Mincheol Song®, Taekook Ahn®, Younwoo Nam™, Sunho Park™

ABSTRACT

An experimental study was conducted to find the effect of DBD plasma on the
flammability limits of inert-gas-diluted fuel. The results showed that the concentration of
diluting nitrogen at flammability limit increased when nitrogen-diluted methane and
propane were reformed by plasma, while it decreased when nitrogen—diluted ethylene was
reformed by plasma. Gas chromatography results suggested that the fuel type dependence
of flammability limits is due to the difference in the concentrations of hydrogen and

hydrocarbon species in reformed fuel.

Key Words : Non-thermal DBD plasma, Hydrocarbon fuel reforming, Co-flow laminar
flame, Flammability limits, Gas Chromatography
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Table 1 Fuel flow rates

Fuel

CH,4

Flow rate (sccm)
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Fig. 2 Co-flow flames of methane and nitrogen
mixture with or without DBD plasma refo
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Fig. 3 Co-flow flames of propane and nitrogen
mixture with or without DBD plasma refo
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Fig. 4 Co-flow flames of ethylene and nitrogen
mixture with or without DBD plasma refo

rming
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Fig. 5 Flammability limit of methane in air
diluted with nitrogen gas at 25C & 1atm
(Redrawn from Ref. [4]). Open arrow - Plasma
off, Solid arrow — Plasma on)
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Fig. 6 Flammability limit of propane in air
diluted with nitrogen gas at 25C &
latm (Redrawn from Ref. [4]). Open
arrow - Plasma on, Solid arrow -
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Table 2 Composition of methane/nitrogen
mixture reformed by DBD plasma

Species CH4(245)+N5(683.8) (%)

Plasma Off | Plasma On
H, 0.000 1.140
Oz 0.013 0.004
Ny 76.487 76.487
CO 0.000 0.000
CO, 0.000 0.000
CH,4 27.040 25.997
CoHs 0.000 0.036
CoHy 0.000 0.042
CoHg 0.000 0.253
CsHg 0.000 0.025
CsHg 0.000 0.039
C4Hio 0.000 0.000
Total 103.540 104.023
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Table 3 Composition of propane/nitrogen
mixture reformed by DBD plasma

Species C3Hg(81.9)+No(571.6) (%)

Plasma Off | Plasma On
H, 0.000 1.187
O 0.000 0.005
N; 93.635 93.635
CO 0.000 0.000
CO2 0.000 0.000
CH4 0.000 0.331
CoHy 0.000 0.120
CoHy 0.000 0.200
CoHs 0.000 0.224
CsHs 0.000 0.258
CsHs 11.974 10.268
C4Hio 0.000 0.082
Total 105.609 106.310

Table 4 Composition of ethylene/nitrogen
mixture reformed by DBD plasma

Species CoH4(122.7)+N5(1,016) (%)

Plasma Off | Plasma On
H, 0.000 0.401
Oy 0.013 0.000
N» 94.862 94.862
CO 0.000 0.000
CO, 0.000 0.000
CH,4 0.000 0.000
CoHy 0.000 0.595
CoHy 10.650 8.556
CoHs 0.000 0.165
CsHg 0.000 0.389
CsHg 0.000 0.128
C4Hy 0.000 0.186
Total 105.525 105.282
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