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A levelset approach for a premixed flame based on a
new concept of flame speed
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Due to stringent emission regulations, combustor design requires more accurate prediction
of flame dynamics than was previously required, as well as a good estimation of the chemical
reaction process. One of the approaches is solving turbulent combustion flows with LES is
using the flamelet concept instead of the detailed reaction which is difficult to calculate in
the turbulence field. A G-equation in flamelet approach is introduced by Williams(1985) for
premixed combustion. The LES coupled with the flamelet approach can be used as a practical
prediction tool to aid in the design of combustors. However, the G-equation based on the
level set approach has some critical weak points, and to overcome these points, previous
researchers have applied additional techniques such as re-initialization to prevent distortion
of the numerical solutions non-physically. To further develop the LES coupling with flamelet
models, this problem in the G-equation model is need to be fixed.

This dissertation aims to propose a new level set approach to describe not only a flame’ s
surface but also the flame’ s spatial distribution based on the new concept of the local flame
speed. The new level set approach also can eliminate the numerical instability of the old
G-equation. The new level set approach need to be validated in multi-dimensional cases.

In the first stage, this thesis studies the level set approach based on the re-initialization
whose target function is sign distance function. On the other hand, the hyperbolic tangent
function is assumed in the premixed flame. Coupling the two considerations, according to
the procedure of re-initialization, the target function as hyperbolic tangent profile is chose
and the new level set approach is obtained in different forms. The results numerical simu-
lated by the three forms indicate that the different forms can obtain the indentified solutions.
Also, three variations of the formulation are investigated, which correspond to the difference
treatments of interface physics, the phase field approach, the non-linear interface convection
and the conservation flux by variable viscosity. This consideration indicates that these models
developed individually for the different physics, as crystal phase interface, flame propagation,
thermal contact surface, etc. are essentially the same for numerical simulation of capturing
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the sharp interface approximately. For our purpose, the form of the burgers equation is ap-
plied for the premixed combustion.

Further, we derived the mathematical formulation for a one-dimensional laminar premixed
flame, where the steady flame has a finite thickness depending on the diffusion flux whose
physical quantity such as temperature has a relation to index function . In physical meaning,
the concept of local flame speed is introduced and also validated by the one-dimensional case.
We evaluated the distribution of local flame speed with scalar based on the one-dimensional
solutions of premixed flames obtained by the detailed chemical reaction GRI-Mech3.0 using
CHEMKIN. The assumption that local flame speed shows the linear distribution can be ac-
ceptable. Based on the linear distribution of local flame speed, the modified G-equation can
again be certified as the hyperbolic tangent profile.

In the final stage, the new level set approach is validated by the counter flow of fresh
reactant to hot product. According to the different cases of simulations, the flame shape is
changed with different equivalence ratio. In the counter flow case, considering the flame
stretch effect, we also validated the new level set approach. It is proved that the proposed
new approach of flame propagation is more suitable than the old G equation in the premixed
flame. The new level set approach is available not only the flame surface but also the flame
thickness. The numerical instability is also overcome even the first order upwind scheme is
applied into the convection term. ‘all in all, this new level set approach is more suitable to

apply for the premixed flame than the old G-equation.
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