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Roles of Displacement Speed of Premixed Flame
Embedded in Isotropic Turbulent Decaying Flow
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ABSTRACT

Flame surface area is a critical parameter determining turbulent flame speed.
Three-dimensional direct numerical simulations(DNS) were conducted to figure out the
evolution process of flame surface area. Fully compressible Navier-Stokes equations are
solved to reproduce premixed flame embedded in isotropic decaying turbulent flow. The
tangential straining and curvature of propagating surface affect development of flame
area. In this study, four different turbulent intensity flows and three different Le number
flames are investigated to force changes in straining and curvature effects. Consistent
results are obtained for the probability density functions (PDF) of strain and curvature
with previous researches. It is revealed that displacement speed, which is a speed of
flame surface relative to unburnt flow, controls the balance between sink and source of
flame surface area.

Key Words Direct numerical simulation, Turbulent premixed flame, Displacement
speed, Flame surface density
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DNS Direct Numerical Simulation
Sr Turbulent flame speed
Aflame Total flame area

Sc Consumption speed
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Table 1 Simulation parameters
u’/St Le
4 1.0
6 1.0
8 1.0
10 1.0
6 12
6 0.8

Fig. 1 Flame surface at three different eddy
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Fig. 4 Temporal evolution of the normalized
iurbulent flame speed, total flame area, and
consumption speed for different Le number
flames
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Fig. 5 Temporal evolution of the normalized
strain, propagation and stretch for different
turbulent flows
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