
Accepted Manuscript

Effects of stratification on flame structure and pollutants of a swirl stabilized
premixed combustor

Ehsan Fooladgar, C.K. Chan

PII: S1359-4311(16)34302-2
DOI: http://dx.doi.org/10.1016/j.applthermaleng.2017.05.197
Reference: ATE 10512

To appear in: Applied Thermal Engineering

Received Date: 22 December 2016
Revised Date: 21 April 2017
Accepted Date: 31 May 2017

Please cite this article as: E. Fooladgar, C.K. Chan, Effects of stratification on flame structure and pollutants of a
swirl stabilized premixed combustor, Applied Thermal Engineering (2017), doi: http://dx.doi.org/10.1016/
j.applthermaleng.2017.05.197

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.applthermaleng.2017.05.197
http://dx.doi.org/http://dx.doi.org/10.1016/j.applthermaleng.2017.05.197
http://dx.doi.org/http://dx.doi.org/10.1016/j.applthermaleng.2017.05.197


  

- 1 - 

Effects of stratification on flame structure and pollutants of a swirl stabilized premixed combustor 

Ehsan Fooladgar, C.K. Chan∗ 

Department of Applied Mathematics 

The Hong Kong Polytechnic University, Hong Kong 

 

 

Abstract 

As mixing of fuel and air before combustion is not perfect in many practical premixed 

applications, the mixture is not spatially and temporally uniform and burns in partially 

premixed regime.  Depending on the degree of mixture non-uniformity, the structure, amount 

of emissions and even flammability limits of a flame in this intermediate regime could be 

totally different from a premixed one.  To investigate this effect on lean premixed 

combustion (LPM), a reduced scale swirl-stabilized burner is built and analyzed 

experimentally and numerically in premixed and two different partially premixed 

configurations.  Experiments are initially done visually using a digital camera for a confined 

flame over a wide range of swirl numbers and all configurations from stoichiometry to lean 

blow out.  Measurements of CO, NO/NOx are performed for the confined cases at the exit of 

the combustor using a Nondispersive Infrared (NDIR) and a Chemiluminescence analyzer 

(CLA) respectively.  Numerical simulation is done by solving a system of partial differential 

equations including mass, momentum, species for confined cases under iso-thermal 

conditions using large eddy simulation.  Results show that spatial and temporal non-

uniformity of mixture, stratification not only affect the structure of turbulent premixed flames 

but also alternate the stability and pollutant emissions of the swirl burner at the same global 

operating conditions.  In addition, NOx emission for axial stratified flames is more 

pronounced at medium to high swirl numbers. 
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