
A Comparative Study of Two Full-Scale Swirl Stabilized Bio-Dust Flames Power 
Plant Flames 

J.M. Johansena,*, P.A. Jensena, S. Clausena, A. Fateev, K.L. Nielsena, M. Tonellb, J. Andersenc, and P. Glarborga 

aTechnical University of Denmark, Department of Chemical and Biochemical Engineering, Søltofts Plads B229, 2800 Kgs. Lyngby, 
Denmark. bVattenfall, Støberigade 14, 2450 København SV, Denmark,  cDONG Energy, Amerikavej 7, 6700 Esbjerg, Denmark. 

Oral presentation at the symposium is preferred 

1. Summary and Purpose 
Flame characterization measurements of operating full-scale heat and power facilities are scarce but makes up a 
powerful tool in the development of burner technologies. This work presents in-flame local measurements from two 
different power plants using two generations of wall fired, air-staged low NOx bio-dust burners: Amagerværket Unit 
1 (AMV1, 350 MWth) utilizes coal firing burners for dedicated bio-dust combustion while Herningværket (HEV, 300 
MWth) is fitted with burners purposefully build for bio-dust combustion. Measurements of the gas temperature, O2, 
CO, CO2, H2O, and light hydrocarbons from full-scale flames at multiple operating conditions provides important 
insight in the complexity of burner dynamics across both burner designs and individual operating conditions.  

2. Approach and Methods, Scientific Innovation, and Relevance 
In flame probe measurements together with both infrared (IR) and visual spectrum (VIS) high speed video recording 
make up the back bone of the flame characterization. Extensive studies were carried out on each power plant 
compiling a large database of different operating conditions together with the corresponding flame responses. The 
changes in operational conditions include: Air flows (primary (PA), secondary (SA), tertiary (TA), and combinations 
hereof), air flow temperatures (PA, carrier air (CA)), swirl (SA and PA), load, and fuel particle sizes. All changes to 
operating conditions have been carried out systematically and with large variations to ensure quantifiable responses 
evaluated using both non-intrusive optical methods and probe measurements; including temperature 
measurements using both suction pyrometry and optical fourier transform infrared (FTIR) spectroscopy. Gas species 
concentrations of O2, CO, CO2, H2O, and light hydrocarbons have been quantified by extraction of gas samples 
analysed by parallel infrared (IR) and ultraviolet (UV) cells and O2 paramagnetic analyzer. Flame shapes and particle 
cloud behavior have been observed using high speed imaging in both the visual and IR region, enabling for analysis 
of particle cloud trajectories, and particle cloud surface temperature estimates by two-line pyrometry. Specialized 
equipment developed in-house ensured up to full penetration of the flame length by water cooled probes. 

3. Results 
Inherent differences in the flame characteristics have been observed when comparing the results from the two 
burners included in this study. The different mixing patterns results in inverted occurrences of temperature and gas 
species profiles between the two burners, i.e. low O2 and high temperatures and concentrations of pyrolysis and 
combustion products in the very vicinity of the quarl in the one flame and vice versa in the other. In both flames the 
pyrolysis and combustion fronts can be identified by characteristic peaks in the pyrolysis and combustion gas 
concentrations in good agreement with measured gas phase temperatures. 

Changes in the burner air flow were found to influence to the greatest extend on the flame properties. I.e. changes 
in the degree of swirl, air-split between SA and TA, etc. In general, flow characteristics influencing the Internal 
Recirculation Zone (IRZ) seem to have high impact on the measured parameters. Decreasing the swirl number by 
approximately 20 % reduces (>50 %) or in some cases even eliminates the presence of pyrolysis gases from 
maximum quantities of 2-3 vol. % of CO and 2-3 vol. ‰ of CH4 and C2H2 under normal operational conditions. 
Destabilizing the IRZ also lowers the flame temperature in the near burner field with as much as 200 K in flame 
temperature, spanning between 1000-1750 K depending on the position. 

Differences in the observed flame stability can be easily identified across both operating conditions and burners 
using video recordings in either the VIS or IR spectrum. Flame lift could clearly be seen in the visual spectra and 
flame stabilization up to 1 m from the burner mouth was frequently observed in longer periods: up to 30 % of the 
time in some cases, typically at reduced swirl level operation. Such flame instability was not immediately obvious 
from the temperature or chemical species profiles but could be correlated to the entrainment of cold particles into 
the furnace, identified by using IR two-line pyrometry. Significant penetration of cold particles (<850 K) could be 
observed under certain conditions entraining as 2 m into the furnace. 

4. Conclusions 
The inherently different mixing patterns in the two flames facilitate direct comparison of different burner. The 
coarse flame mapping has proven to be a successful method for making quantitative evaluation of flame responses 
to changes in operating conditions. Thus, providing a full set of in-situ data that can be used for large-scale burner 
modeling evaluation. 
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