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Premixed combustion model based on laminar flamelet
and presumed beta-PDF
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Abstract: Based on the laminar flamelet concept and the presumed beta-PDF (probabili-
ty density function), a turbulent premixed combustion model was studied. In this model,
the laminar flamelet calculation was performed with one dimensional free propagation flame
code, PREMIX. The results of the laminar flamelet calculation can be formulated as func-
tions of progress variable and then integrated with the presumed beta-PDF, which produced
a lookup table. This model was validated with the calculation of the turbulent Bunsen flame
for stoichiometric methane. The results were compared with the results of Zimont model and
the experiment, which show that the calculation here can appropriately predict the distribu-
tion of average velocity. However, the turbulent kinetic energy and temperature are not so
well captured and the mean reaction rate is likely overpredicted, which lead to a shorter
flame brush. This is likely because of the exclusion of turbulent stretch effect on the flame
surface. A model which can account for the effect of turbulent stretch will be explored in fu-

ture studies.
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Fig. 4 Non-reacting axial velocity vs. radial position
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Fig. 5 Nonrreacting turbulent kinetic energy vs. radial position
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Fig. 6 Reacting axial velocity vs. radial position
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Fig. 7 Reacting turbulent kinetic energy vs. radial position
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Fig. 8 Reacting dimensionless temperature vs. radial position



5 beta-PDF 1013
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
(o) BN L BB B L R RS TE (AT kgl - o)
400 600 800 1000 1200 1400 1600 1800 2000 2200
(b) BRI (La) b FREATF R RS 40 (B - K)
9 (la)
Fig. 9 Calculation result of model (1a)
b
10 , 3) )
b
b
PDF y ,
b
b 4) b
b b ’
1 s s . M].
beta-PDF L M
,2009.
’ RANS [ 2] Bray K N C. The challenge of turbulent combustion[ C] //
PDF Proceedings of the 26th Sympositumn Combustion. Na-
ples,Italy: The Combustion Istitute,1996;1-26.
1) ke [ 3] Bilger R W. Future progress in turbulent combustion re-
search[ ] ]. Progress in Energy and Combustion Science,
b
2000,26(4-6) ;:367-380.
[4] , .
2)

Zimont

1. -2003,24(5) :873-876.
HOU Lingyun, YANG Chengren, FU Weibiao. The appli-



1014

27

(5]

[6]

(7]

[8]

cation of flamelet model in lean premixed flame[ ] ]. Journal
of Engineering Thermophysics, 2003, 24 (5) :873-876. (in
Chinese)

[l +2008,29(1) :33-36.
WANG Fang, ZHOU Lixing, XU Chunxiao, et al. Large
eddy simulation of premixed combustion and the validation
of the combustion model[ J]. Journal of Propulsion Tech-
nology,2008,29(1) :33-36. (in Chinese)
Kolla H. Scalar dissipation rate based flamelet modeling of
turbulent premixed flames[ DJ]. Cambridge, UK Depart-
ment of Engineering,Cambridge University,2009.
Poinsot T, Veynante D. Theoretical and numerical combus-
tion[ M ]. Philadephia, USA ; Edwards,2001.

Kolla H, Swaminathan N. Strained flamelets for turbulent

[10]

[11]

[12]

premixed flames [:formulation and planar flame results
[J]. Combustion and Flame,2010,157(5) :943-954.

Kee R J,Grear J F,Smooke M D,et al. A fortran program
for modeling a steady laminar one-dimensional premixed
flame[ R]. Report No. SAND85-8240,1985.

Kolla H,Rogerson J] W,Chakraborty N,et al. Scalar dissi-
pation rate modeling and its validation[ ] ]. Combustion Sci-
ence and Technology,2009,181(3):518-535.

Chen Y C,Peters N, Schneemann G A, et al. The detailed
flame structure of highly stretched turbulent premixed
methane-air flames[ J]. Combustion and Flame, 1996, 107
(3):223-244.

Herrmann M. Numerical simulation of turbulent Bunsen
flames with a level set flamelet model[J]. Combustion and

Flame,2006,145(1-2) : 357-375.



