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Direct numerical simulation of hydrogen-air turbulent premixed flames is conducted to investigate the local flame
structure in thin reaction zones of the turbulent combustion diagram. The distribution of heat release rate shows

sheet-like structure even in thin reaction zones though the distribution on a cross section seems to be isolated.

The fluctuation and maximum value of the heat release rate increase in the region of low temperature and the
maximum heat release rate exceeds 1.4 times of that of the laminar flame. The mechanism of increase of heat
release rate is discussed based on the balance of elementary reactions. The reaction rates of HO: and H.0.
increase 10 times of that in the laminar flame. Especially, the reaction rate of Hz20: increases in the preheat zone

and the region with high heat release rate, and its distribution shows the double layer structure.
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Table 1  Numerical parameters for DNS of hydrogen-air
turbulent premixed flames.
Re; Re, [ /6 i s St
Case | 374 143.6 168.6 0.85
Case 2 374 143.6 84.3 170
Case 3 37.4 143.6 42.2 341
Case 4 374 143.6 21.1 6.81
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Fig. 1 Turbulent combustion diagram.
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Fig. Distributions of heat release rate tfor Case 2 (1), Case 3 (b)

and Case 4 (¢) on a typical plane.
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Fig. 3 Contour surface of heat release rate for Case 4 ((a): AH

=1.04H,, (b): 4H =0.74H,).
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Fig. 4 Joint probability density functions of heat release rate and
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Fig. 5 Probability density functions of contributions of R3 (a),
R6 (b) and R8 (¢) on heat release rate.
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Fig. 6 Probability density functions of mole concentration of O,
(a) and H(b).
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Fig. 7 Contour line of convection term (a), diffusion term (b)
and reaction term (c) of H, and distributions of heat release rate.
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Fig. 8 Distributions of reaction rate of HO, (a) and H,0, (b), and
contour line of diffusion term of H.
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