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Abstract 

Despite evidence that flares subjected to crosswinds can undergo fuel stripping 

mechanisms that reduce efficiency and lead to emissions of unburned fuel, there is a lack 

of robust experimental results that study the impact of atmospheric and operating 

conditions on emissions of atmospheric pollutants. Satellite data suggests that global 

flaring volume increased to 161 billion m3 in 2019, approximately 90% of which was 

attributed to upstream oil and gas production sites. Flare gases may contain a high 

percentage of methane, a short-lived climate pollutant with 20- and 100- year global 

warming potentials of 86 and 34, respectively.  Thus, a better understanding of the 

emissions of flares rich in methane is crucial from both an environmental and regulatory 

perspective.  

 

Using a large closed-loop wind tunnel (5 by 4 m test section), experiments were performed 

to quantify carbon conversion efficiency and species emission rates of flares burning 

methane-rich gases subjected to a turbulent crosswind.  Flare efficiency and methane 

emissions were accurately calculated through a novel method based on solving the 

unsteady mass balance within the wind tunnel to relate measured accumulation rates in 

the wind tunnel to flare emission rates, supported by a detailed uncertainty analysis 

propagated using Monte Carlo simulation. Experimental conditions considered influences 

of wind speed and atmospheric turbulence levels, flare gas exit velocities and gas 

composition, and importantly includes results for burner diameters up to 4” at levels of 

atmospheric turbulence on a scale relevant to upstream flaring in Canada. These results 

signify the parametric study of flare emissions on scales that approaches real world 

conditions since the early 2000s.  Results are presented within precisely quantified 

uncertainty limits and demonstrate that turbulent (gusting) crosswinds play an important 

role in increasing flare emissions far beyond the EPA suggested 98% combustion 

efficiency.  These new data have a number of important implications in the context of 

increased flared volumes in the United States and globally and the quest to reduce oil and 

gas sector methane emissions 


