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Does Flame-Generated Vorticity Increase Turbulent Burning 1 Velocity? 2
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Direct Numerical Simulation data obtained from a statistically stationary, 1D, pla-15 nar, weakly turbulent, premixed flame, which is associated with the flamelet com-16 bustion regime, are analyzed in order to show that generation of vorticity due to 17 baroclinic torque within flamelets can impede wrinkling the reaction surface, re-18 duce its area, and decrease burning rate. These data call for revisiting the widely-19 accepted concept of combustion acceleration due to flame-generated turbulence. 20

The problem of the influence of combustion-induced thermal expansion on turbulent flow 24 within a premixed flame brush has been challenging the combustion community for decades.

25

The problem was posed by Karlovitz et al. 1 and by Scurlock and Grover 2 who introduced a 26 concept of flame-generated turbulence in order to explain unexpectedly high burning rates 27 obtained in some early experiments. Since that pioneering work, the thermal expansion 28 effects were in the focus of research into turbulent combustion, but progress in modeling 29 them has yet been rather moderate, as reviewed elsewhere. [3][4][5] Nevertheless, the concept 1,2 30 of combustion acceleration due to flame-generated turbulence has never been disputed, to the best of the present authors' knowledge, at least in the case of weak or moderate 32 turbulence associated with a well-pronounced increase 6 in burning rate by the rms turbulent 33 velocity u . The present letter aims at putting this widely-accepted concept into question 34 by showing that flame-generated vorticity can smooth wrinkles of the local flame surface, 35 thus, reducing its area and, consequently, decreasing turbulent burning velocity U t .

36

For this purpose, Direct Numerical Simulation (DNS) data 7,8 will be analyzed. Since the 37 data were comprehensively discussed by various research groups, 7-23 we will restrict our- This trend is further supported in Fig. 2, which shows that (a) relative (in volumes 76 characterized by T 1 < T bt < T 2 when compared to the entire flame brush) mean bulk rate

77 δA F |c 1 < c < c 2 , T 1 < T bt < T 2 = t3 t2 ṡ|∇c|Π(c 1 < c < c 2 )Π(T 1 < T bt < T 2 )dxdt t3 t2 ṡ|∇c|Π(c 1 < c < c 2 )dxdt ( 1 
)
78 of an increase in flame surface area and (b) the mean local rate Phys. 19, 541 (1951).

79 dΣ dt c 1 < c < c 2 , T 1 < T bt < T 2 = t3 t2 ṡ|∇c|Π(c 1 < c < c 2 )Π(T 1 < T bt < T 2 )dxdt t3 t2 Π(c 1 < c < c 2 )Π(T 1 < T bt < T 2 )dxdt ( 
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 1 FIG.1. Probabilities of negative (curves 1 and 4) and positive (curves 2 and 3) stretch rates conditioned on the local value of (a) baroclinic torque term ω • (∇ρ × ∇p)/ρ 2 in the transport equation for the enstrophy Ω = ω • ω and (b) enstrophy. In sub-figure (b), curves 1-2 and 3-4 are associated with the positive and negative, respectively, baroclinic torque term.
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 251 Figure1shows that the probability of negative (curves 1 and 4) stretch rates 26 ṡ =

  75

  FIG. 2. (a)Relative bulk rate of an increase in flame surface area, given by Eq. (1), and (b) normalized local rate of an increase in flame surface area, given by Eq. (2), vs. baroclinic torque term ω •(∇ρ×∇p)/ρ 2 in the enstrophy transport equation. The rate is normalized using (Du/S 2 L ) 3 .
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baroclinic torque term T bt provided that the local value of c(x, t) is sufficiently large. Here, 82 function Π(q 1 < q < q 2 ) ≡ H(q -q 2 ) -H(q -q 1 ) is equal to unity if q 1 < q < q 2 and 83 vanishes otherwise, H(x) is Heaviside function, T bt -step T 2 -T 1 = 30 ms -3 , Σ = |∇c| is 84 flame surface density, [START_REF] Veynante | Turbulent combustion modeling[END_REF] and the integral in the numerator of Eq. ( 1) or (2) characterizes 85 the rate of an increase in flame surface area, because dA F /dt = ṡA F = ṡ|∇c|dV .

86

The rates given by Eqs. (1) and (2) are predominantly positive in the vicinity of flamelet 87 leading edge (0.05 < c < 0.15), but becomes negative in the middle (0.45 < c < 0.55)