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Investigation of the Effective Parameters on the flame sustainability in stratified
burner with premixed combustion by Lattice-Boltzmann method
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ABSTRACT

The combustion process in a boiler system is a process with multiple inputs and outputs, time dependent and highly non-linear. So, it’s difficult to set
the main parameters using the classic method. The combustion process development with less energy consumption and less pollution is one of the
fields of research interest. One method, with this purpose, is using lean premixed combustion in burner of boilers. In this article, the impact of the air
injection on the lean premixed flame in stratified burner is studied. Velocity and equivalence ratio are set as variables. In a single flow mode, with
increasing equivalence ratio up to stoichiometry ratio, the flame structure sustainability increases. In this mode, by increasing mixture injection
velocity from 0.5 to 1 m/s, and decrease in oblique angle, the flow-off flame sustainability improves. By further increase in velocity, beyond 1 m/s,
the sustainability comes down. In multiple-flow mode, by air injection from inner duct, no variation in flame structure is noticed. By air injection
from outer duct, the flam structure deforms to sustainable conical flame, as in this mode the injected air in outer duct plays insulation role against cool
environmental flow. Hence, the outer air injection has a positive effect on flame sustainability.

Keywords: Boiler, Premixed Combustion, Boltzmann Method, Lean Combustion
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Fig. 2 Lean flames in a single-flow mode with configurations near
blowout flame, lift-off flame and cone flame
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Fig. 3 Variation of oblique angle as a function of velocity of the
mixture
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Fig. 5 Variation of configuration of flame in co-flow mode

Ol diz b s aled oS Ol 5 S

&y -6

[1] E. Davide, M. Cavaliere, J. Kariuki, A Comparison of the Blow-Off
Behaviour of Swirl-Stabilized Premixed, Non-Premixed and Spray
Flames, Flow Turbulence Combust, Vol. 91, pp. 347-372, 2013.

[2] X. Paubel, A. Cessou, D. Honore, L. Vervisch, R. Tsiava, A flame
stability diagram for piloted non-premixed oxycombustion of low
calorific residual gases, Proceedings of the Combustion Institute,
Vol. 31, pp. 3385-3392, 2007.

[3] J.H. kwark,Y.K. jeong, C.H. eon, Y.J. chang, effect of Swirl
Intensity on the Flow and Combustion of a Turbulent Non-
Premixed Flat Flame, Flow, Turbulence and Combustion, Vol. 73,
pp. 231-257, 2004.

[4] A. Ciani, W. Kreutner, W.  Hubschmid, C.E. Frouzakis,
Experimental investigation of the morphology and stability of
diffusion and edge flames in an opposed jet burner, Combustion
and Flame, Vol. 150, pp. 188-200, 2007.

[5] A. Hashemi, N. Hajialigol, A. Fattahi, K. Mazaheri, R. Heydari,
Investigation of a flame holder geometry effect on flame structure
in non-premixed combustion, Journal of Mechanical Science and
Technology, Vol. 27, pp. 3505-3512, 2013.

[6] V. Acharya, S. Shreekrishna, D. Shin, T. Lieuwen, Swirl effects on
harmonically excited, premixed flame kinematics, Combustion and
Flame, Vol. 159, pp. 1139-1150, 2012.

[7] L. Jin, Z. Huifu, Study of premixed flame stabilization by using
opposed jet, SCIENCE IN CHINA (Series E), Vol. 41, pp. 77-81,
1997.

[8] C. Heeger, R.L. Gordon, M.J. Tummers, T. Sattelmayer, A.
Dreizler, Experimental analysis of flashback in lean premixed
swirling, flames: upstream flame propagation, Exp Fluids, Vol. 49,
pp. 853-863, 2010.

[9] E. Cho, S. Chung, Improvement of flame stability and NOx
reduction in hydrogen-added ultra lean premixed combustion,
Journal of Mechanical Science and Technology, Vol. 23, pp. 650-
658, 2009.

[10] D. d'Humiéres, Multiple-relaxation time lattice Boltzmann models
in three dimensions, Mathematical, Physical and Engineering
Sciences, Vol. 360, pp. 437-451, 2002.

[11] S. Succi, E. Foti, F. Higuera, Three-dimensional flows in complex
geometries with the lattice Boltzmann method, EPL (Europhysics
Letters), Vol. 10, pp. 433, 1989.

[12] R. Machado, Numerical simulations of surface reaction in porous
media with lattice Boltzmann, Chemical Engineering Science, Vol.
69, pp. 628-643, 2012.

[13] C.M. Spadaccini, Combustion systems for power-MEMS
applications, Massachusetts Institute of Technology, 2004.

S 53 Sy R (Sl Sy 28 55, b jsbsas g s
by prednd slaaled adhais jloged YU oogasme 098 Jol> Wb ceyw
oaaolis a5 e o lis 1) alwls  slaalad cogae Hloges b g
eyt auh aled G @ awls py aled SOl aled (g0 S Ol s
Jrie 25 Gl ;0 lgn by a5 sy ass cpl 4 Glgi oo ol
Bl Wiy o a5 WS (o Wl 0w Slsa (Lym plp 0l Bile SO i

SN -5

Sy 3 s sl i Alad S 65, I9p B, Il Glagn ol o
A5 18wy p S5 pitie las)let o 5 e )0 GlOY Jade
G (905 U gl o Gl LGl SOl o cll
Omed 50 0gb co odaline alel LSle jo gl GliEl (6 esaS gl
Lasb p el 0.5;’;.;)...; 3R,y belswe ey malidl b cdl>
pelem |y auls  aleds gl 50 dgn gy hle agly ol LialS
Wb e L5l SV b pos glyy ey il b a5 s o cculs
15 G5 b Gl sz b s s gl ol Gl wals
s By b gt ces samline ales L5l 5 6l 31 ol e
A aled Sy @ alad oSy 0 G550 walt () Gl )b
T Gl 4 0al 3,5 Gl Ll ol 0 &5 s jlasly g e
lpo (215 Boy5 ot o000 1) (asme o pm (b i 0 Ble 1
Syl e gl molidl e gk 36

1

E
Iz

Fig. 4 Flame patterns of (a) cone flame, (b) lift-off flame in single-
flow mode, and (c) cone like flame in co-flow mode.
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