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Abstract: Biomass gasified gas (BGG) is considered an important potential alternative to natural gas because of its
wide availability, renewability, and carbon neutrality throughout its lifecycle. This study focused on BGG steam
(BGG-S) as the research subject and constructed an experimental system for laminar moderate or intense low-oxygen
dilution (MILD) combustion involving a hot coflow. By adjusting the oxygen concentration and temperature of the
hot coflow and utilizing the OH planar laser-induced fluorescence (OH-PLIF) technology, this study investigated the
flame morphology, temperature distribution, radical concentrations, and pollutant formation characteristics. The
aim was to address issues such as ignition difficulty, combustion instability, and those encountered in controlling
NO, and CO emissions caused by the complex composition of BGG-S. The results showed that under the laminar
MILD combustion conditions, the hot coflow significantly enhanced the combustion stability and efficiency of BGG-

S. The optimization of the combustion conditions through preheating and dilution led to a more uniform flame struc-
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ture, a notable increase in flame length and width, and the occurrence of a “flameless combustion” phenomenon,

achieving an ideal MILD combustion state. Under the laminar MILD combustion conditions with hot coflow O, vol-

ume fractions of 2%—8%, NO, emissions ranged from 83.0x107° to 115.3x10"°, showing reductions of 66.7%—

78.7%, and CO emissions were lower than 100x107°, showing reductions of 79.3%—=85.7%. The hot coflow effec-

tively suppressed NO, formation by lowering local peak temperatures and enhancing the reducing effect of the fuel. In

addition, flame liftoff and the OH-radical distribution confirmed the occurrence of localized auto-ignition, which

extended the reaction zone beyond the conventional flame front, promoting the state with distributed combustion. The

broader reaction zone and prolonged residence time further reduced CO emissions. This study demonstrates that the

laminar MILD combustion of BGG-S under hot coflow conditions offers excellent stability and ultralow pollutant

emissions, providing insights into the advancement of clean combustion technologies.

Keywords: MILD combustion; biomass gasified gas; flame characteristics; pollutant emission; OH-PLIF
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Fig.1 Schematic of the MILD combustion system
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Fig.2 Schematic of the experimental setup used for OH-
PLIF measurement
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Tab.2 Experimental conditions of the laminar MILD
combustion of BGG-S
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BGG-S 2.6 1000
Bk 3.9 1500
5.2 2 000
275 0.9
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Fig.3 Images of the laminar diffusion flames of BGG-S
in cold air
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Fig.4 Images of the laminar flames of BGG-S under hot
coflow conditions (¢ = 0.9)
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Fig.6 Pollutant emissions at different hot coflow equiva-
lence ratios (volume flow rate of CH, is 2.6 L/min)
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Fig.7 Pollutant emissions from the laminar diffusion
flames of BGG-S at different Re values
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Fig.8 NO, emissions from the laminar MILD combus-
tion of BGG-S at different hot coflow equivalence
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