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A Study on Effects of Hydrogen Addition
in Methane-Air Diffusion Flame
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Abstract

Hydrogen-blending effects in flame structure and NO emission behavior are numerically studied with
detailed chemistry in methane-air counterflow diffusion flames. The composition of fuel is systematically
changed from pure methane to the blending fuel of methane-hydrogen through H, molar addition up to 30%.
Flame structure, which can be described representatively as a fuel consumption layer and a H,-CO
consumption layer, is shown to be changed considerably in hydrogen-blending methane flames, compared to
pure methane flames. The differences are displayed through maximum flame temperature, the overlap of fuel
and oxygen, and the behaviors of the production rates of major species. Hydrogen-blending into hydrocarbon
fuel can be a promising technology to reduce both the CO and CO, emissions supposing that NOx emission
should be reduced through some technologies in industrial burners. These drastic changes of flame structure
affect NO emission behavior considerably. The changes of thermal NO and prompt NO are also provided
according to hydrogen-blending. Importantly contributing reaction steps to prompt NO are addressed in pure
methane and hydrogen-blending methane flames.
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Fig. 1 Varation of maximum flame temperature
with global strain rate for pure methane
and various hydrogen-blended methane flames
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Fig. 2 Typical flame structure in pure CHs flame:
(a) of major species, (b) of CHs and chain
carrier radicals, and (c) of molar production
rates of the major species for the strain rate
of 506 s



70% CH, + 30% H, flame
a,=5065"

Mole fraction

L
10
Nozzle separation distance from fuel nozzle, cm

@

70% CH, +30% H, flame
a=506s"

Mole fraction

0.7 08
Nozzle separation distance from fuel nozzle, cm

(b)

09 10

Molar praduction rate, mole/cm’s

095

L
050
Nozzle separation distance from fuel nozzle, cm

©
Fig. 3 Typical flame structure in CHs-H; flame: (a)
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Fig. 5 Variation of maximum mole fractions (a) CO
and (b) CO, with global strain rate for
various hydrogen-blended methane flames
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