
 

Co-flow Jet Diffusion Flame in a Multi-slot Burner: 

Hydrodynamics and Emissions 

 

M. Zamani, E. Abbasi-Atibeh, J.S. Olfert, L.W. Kostiuk 

Department of Mechanical Engineering, University of Alberta 

 

Abstract 
 

Flaring is an industrial practice to dispose of unwanted flammable gases or vapours by 

burning them in open atmospheric flames. Flares are turbulent diffusion flames; hence, flaring is 

a complicated phenomenon in which parameters, such as fuel composition, crosswind, and exit 

geometry, affect the noise level, radiation field, gaseous and particulate emissions, and 

completeness of combustion. It has been proved that flaring is a notable contributor to global and 

local climate issues, damaging the environment and human health. 

Injecting an additional fluid (inert gases, air, steam, or atomized liquid water) into the 

combustion zone, known as assisted flares, affects the hydrodynamics, thermodynamics, and 

chemistry, which in turn controls the efficiency and emissions out of the flare. The extent of these 

three effects can differ depending on the injection geometry and composition of the assisting fluid. 

Motivated by internally air-assisted flares, a multi-slot burner is designed, inspired by the 

Wolfhard-Parker slot burner and its modified versions, and tested to address the effects of co-flow 

on efficiency, emissions, and stability of lab-scale jet diffusion flames. As the jet radius and burner 

curvature can affect all aspects of the flame, the multi-slot burner consists of five parallel 

rectangular slots (i.e., the central slot for the co-flow, sandwiched between two fuel slots, and all 

surrounded by two air slots) as well as two rectangular end slots for nitrogen purge, which provides 

optical accessibility to two symmetric diffusion flames (one outer flame and one inner flame) to 

explore the effects of co-flow on the stability and emissions of flames. 

Furthermore, to study the hydrodynamics of co-flow addition, this study aims to develop 

laser diagnostic techniques, image processing tools, and flame imaging using particle image 

velocimetry (PIV) and direct photography. These techniques will be used to quantify the detailed 

velocity field, mixing layer, and flame shape in jet diffusion flame of propane at different flow 

rates of the co-flow air. Finally, the relation between overall hydrodynamics and emission 

production is investigated.  

 

 


