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Direct numerical simulations of hydrogen-air turbulent premixed flames propagating in high-intensity
three-dimensional homogeneous isotropic turbulence are conducted to investigate the effect of turbulence intensity on
the local flame structures. Calculations are conducted for the two cases: the one corresponds to the condition on the
boarder of distributed reaction zone and well-stirred reaction zone, and the other corresponds to the well-stirred
reaction zone in a combustion diagram. A detailed kinetic mechanism is used to represent the hydrogen-air reaction
in turbulence. Although the flame condition is classified into well-stirred reaction zone, the geometry of the region
with high-heat release rate shows a thin sheet-like structure. Flame element that is convex toward the burned side
with large curvature tends to show a high heat release rate for both cases. However, the correlation between the
curvature and the heat release rate becomes weaker in the case of high turbulence intensity compared with that with
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lower intensity turbulence.
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Table 1 Numerical parameters for DNS of hydrogen-air turbulent premixed flames

Re;, Re; 1/6; U' s/ St Da Lx Lx L, Nx NX N,
case 1 374 143.6 1.69 1.70 1.09 5.0mmX 5.0mmX 5.0mm 257% 128% 128
case 2 374 143.6 0.85 3.41 0.27 5.0mmX 2.5mmX 2.5mm 513%x 128x 128

® casel
W case2

distributed
reaction zone

well-stirred
reaction zone

corrugated flamelets

wrinkled laminar flame

/8,
Fig. 1 Turbulent combustion diagram
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Fig. 2 Contour surfaces of second invariant with density for the case 1

(a) and the case 2 (b). (dark gray: Q "= 0.003, gray: (0-p p) /(P P b ) =
0.50).

Fig. 3 Contour surfaces of second invariant with heat release rate for
the case 1 (a) and the case 2 (b). (dark gray: O = 0.003, gray: AH *=
1.00).
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Fig. 4 Local flame structure on a typical x-y cross section for case 2.
AH : heat release rate, T : temperature, p: density, wy, wo, woy and
Whoo: reaction rate of H, O, OH and HO,.
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Fig. 5 Flame front defined by the local temperature gradients
(solid line) with temperature (a) and heat release rate (b).
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Fig. 6 Probability density functions of the local heat release rate
(a) and the local flame thickness (b) for case 1 and case 2.
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Fig. 7 Probability density functions of the flame front curvature (a) and
the tangential strain rate at the flame front (b) for case 1 and case 2.
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Fig. 8 Joint probability density functions of the curvature and the local
heat release rate for the case 1 (a) and the case 2 (b).
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Fig. 9 Joint probability density functions of the tangential strain rate
and the local heat release rate for the case 1 (a) and the case 2 (b).
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Fig. 10  Probability density functions of the local heat release rate for
the case 1 (a) and the case 2 (b) conditioned with the sign of second
invariant at the flame front.
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