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Validation of the Turbulent Buming Velocity Based on Asymptotic
Zone Conditional Transport in Turbulent Premixed Combustion

Dongkyu Lee, Kang Y. Huh

ABSTRACT

An analytical expression for the turbulent burning velocity is derived from the
asymptotic zone conditional transport equation at the leading edge. It is given as a sum
of laminar and turbulent contributions, the latter of which is given as a product of
turbulent diffusivity in unburned gas and inverse scale of wrinkling at the leading edge.
It was previously shown that the inverse scale is equal to four times the maximum
flame surface density in the wrinkled flamelet regime [1]. The linear behavior between
Uy and ' shows deviation with the inverse scale decreasing due to the effect of a

finite flamelet thickness at higher turbulent intensities. DNS results show that Uz/Sp,
may be given as a function of two dimensionless parameters, u'/S5, and !/8, which
may be transformed into another relationship in terms of u'/Sy, and Ka. A larger 1,/6
or a smaller Ka leads to a smaller scale of wrinkling, hence a larger turbulent burning
velocity in the limited range of '/ S,O,,_ Good agreement is achieved between the

analytical expression and the turbulent burning velocities from DNS in both wrinkled
and thickened-wrinkled flame regimes.

Key Words : Turbulent buming velocity, Premixed turbulent combustion, Zone
conditional, Flame surface density
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Alphabets ' Turbulent intensity

Do Dambkohler number Uy Turbulent burning velocity

D, Turbulent diffusivity Greeks

Ko Kalovitz number o Laminar flame thickness

L Turbulent integral length scale 5?5 Effective laminar flame thickness

Sy, Laminar flame speed € Turbulent dissipation
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Table 1 Common parameters for three different groups.
A is the pre—exponential factor in Eq. (13}
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Table 2 Specific parameters for all DNS cases

l k

7 D,

k3 ’ 0 7 tu
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