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Characteristic Length Scale and Local Flame Structure in Turbulent Premixed Flames
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Direct numerical simulations of hydrogen-air turbulent premixed flames propagating in two-dimensional
homogeneous isotropic turbulence are conducted to investigate the effects of turbulence length scale on
the structure of turbulent premixed flames. Detailed kinetic mechanism including 12 reactive species and
27 elementary reactions is used to simulate H,-O,-N, reaction in turbulence. DNS are conducted for the
cases of turbulence length scale of 2.42, 4.84 and 7.26 times of the laminar flame thickness under the
constant turbulence intensity. With the decrease of the turbulence length scale, particular flame structure
can be observed in which distributions of heat release rate and major radicals such as H, O and OH show
relatively smooth profiles whereas those of temperature, density and minor radicals show complicated
patterns in front of the flame. These local flame structures seem to represent the regime of “well stirred
reaction zone' in the turbulent combustion diagram. The local flame elements in turbulence were
identified by using local maximum temperature gradients and statistics of turbulent premixed flames were
investigated. Variance of local heat release rate increases with the decrease of the turbulence length scale.
Very thin flame elements which have less than a half of laminar flame thickness and more than twice of
the maximum heat release rate of the corresponding laminar flame appear for the smallest case.
However, mean heat release rate and flame thickness, which are averaged along the flame front, do not
depend on the turbulence length scale. The local flame thickness and local heat release rate are well
correlated with the tangential strain rate at the flame front, while the correlations becomes weaker with the
decrease of the turbulence length scale. On the other hand, the correlation between the local heat release
rate and the curvature of the flame front tend to become strong for the case of smallest turbulence length
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scale, where the flame elements convex toward the burned side show large heat release rate.
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Table1 Numerical parameters of DNS. Re,=lu’
N; : grid points in in the i direction.

rms

/v, Re, = Au’

rms

/v, L; : length of the computational domain in the i direction,

Case T /4 Re, Re, LxL, N x N,
1 20.0 2.42 635 203 2.0cmx 1.0cm 1537x 768
2 20.0 4.84 1303 401 2.0cmx 2.0cm 1537x 768
3 20.0 7.26 1971 595 3.0cmx 3.0cm 1537% 768

Periodic boundary condition
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Fig.1 Geometry of the computational domain.
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Fig.2 Developmet of the turbulent burning velocity.
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Fig. 3 Distributions of vorticity, heat release rate, temperature and density at t=2.07. (a): [/ =2.42, (b): I/ =4.84, (o)

1/ =7.26.
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Fig. 4 Local flame structure for the case with small I/ . AH: heat release rate, o density, T: temperature, Y,;: OH mass
fraction, Y,;: H mass fraction, Yy,o,: HO, mass fraction, a;: H reaction rate and a,o,: HO, reaction rate.
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Fig. 5 Flame front defined by the local temperature
gradients (I/ § =7.26).
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Fig.6 Probability density functions of the local heat release
rate.
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Fig. 7 Probability density functions of the local flame
thickness.
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Fig. 8 Probability density functions of the curvature of the
flame front.
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Fig. 9 Probability density functions of the tangential strain
rate at the flame fronts normalized by the laminar flame
thickness and laminar burning velocity (a) and by the
integral length scale and turbulence intensity (b).
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Fig. 10 Scatter plots of the local heat release rate and the
local flame thickness. (a): I/g =2.42, (b): /g =4.84, (¢):
1/ 8 =7.26.
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Fig. 11 Scatter plots of the tangential strain rate and the
local flame thickness. (a): /g =2.42, (b): 1/ =4.84, (¢):
1/ =7.26.
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Fig. 12 Scatter plots of the local heat release rate and the
tangential strain rate. (a): 1/ =2.42, (b): 1/, =4.84, (c):1/ 4,
=7.26.
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Fig. 13 Scatter plots of the local heat release rate and the
curvature of the flame front. (a): I/ =2.42, (b): I/ J, =4.84,
(c):1/ 8, =7.26.
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