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Flame-conditioned turbulence modeling for reacting flows
JONATHAN F. MACART, MICHAEL E. MUELLER, Princeton Univ — Con-
ventional approaches to turbulence modeling in reacting flows rely on unconditional
averaging or filtering, that is, consideration of the momentum equations only in
physical space, implicitly assuming that the flame only weakly affects the turbu-
lence, aside from a variation in density. Conversely, for scalars, which are strongly
coupled to the flame structure, their evolution equations are often projected onto
a reduced-order manifold, that is, conditionally averaged or filtered, on a flame
variable such as a mixture fraction or progress variable. Such approaches include
Conditional Moment Closure (CMC) and related variants. However, recent obser-
vations from Direct Numerical Simulation (DNS) have indicated that the flame can
strongly affect turbulence in premixed combustion at low Karlovitz number. In
this work, a new approach to turbulence modeling for reacting flows is investigated
in which conditionally averaged or filtered equations are evolved for the momen-
tum. The conditionally-averaged equations for the velocity and its covariances are
derived, and budgets are evaluated from DNS databases of turbulent premixed pla-
nar jet flames. The most important terms in these equations are identified, and
preliminary closure models are proposed.
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