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EXTENDED ABSTRACT

Due to the interaction between many different time and length scales, turbulent premixed
combustion remains a challenging task. While the largest turbulent scales and the slow
chemical processes are resolvable, the small scale turbulence/chemistry interaction has
often to be modelled. Therefore, the reactive Navier Stokes equations are filtered, dividing
the original solution into resolved and unresolved parts, where the latter needs closure.
This is commonly done by using parameterizations that relate the unresolved parts to
the resolved field. For example, the unresolved turbulent flame speed, st, is an important
quantity5.

This parameter is used by a lot of models in premixed combustion, e.g. level set
methods, flame surface density models and other progress variable type approaches. There
are different possibilities to evaluate this property. The simplest and perhaps least physical
is an algebraic expression, where often st is a function of the unburnt (indicated by
subscript u) thermodynamic state and turbulent fluctuations, say

st = f(u′, Yu, Tu, pu), (1)

where u′, Y, T, p are the velocity fluctuation, species mass fraction, temperature and ther-
modynamic pressure. Recent methods use instead so-called superparametrisations to
determinate it. Here a one dimensional microstructure evolution for turbulence chemistry
interaction, e.g.6, is forced by the resolved solution. Suitable integrals over the microstruc-
ture yield some of the needed closure terms like the turbulent flame speed. However this
procedure is done ”online”, increasing the costs of such a computation considerably.

In this paper we propose a technique of a priori tabulation of st for a given setup
(geometric scales, reaction type, etc). During the computation one enters the table with
a set of quantities, e.g., a progress variable based on the normalized mass fraction of H20,
mixture fraction, local turbulent Reynolds number and so on. The different st for the
table are computed by solving one-dimensional flame structures to a statistical steady
state. The steady state assumption is tested with the Augmented Dickey-Fuller Test.
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Figure 1: Tabulated source term of the progress variable over mixture fraction and H20 using the chem1D
with a detailed methane/air chemistry

In the flame structure computation we use the Linear Eddy Model2 for the turbulent
transport and FGM4 for chemistry tabulation. Both are linked to an implicit solver for
the one-dimensional Navier-Stokes equations1.

As long as the smallest turbulent eddies do not enter the reaction zone, (laminar)
chemistry and turbulence can be treated separately. For the chemistry we apply the
method of flamelet-generated manifolds (FGM)4 using the chem1D code7. In a first
step one computes steady one-dimensional laminar flamelets with detailed chemistry and
tabulates all relevant chemical details as a function of suitable progress variables, e. g. CH4

and/or H2O for a methane air mixture. Additional parameters for tabulation depending
on their physical relevance could be mixture fraction, enthalpy, curvature, or flame stretch.

In Figure 1 the tabulated chemical source term of the progress variable for a near
stoichiometric methane-air mixture using GRI chemical reaction mechanism is plotted as
a function of the progress variable H2O and mixture fraction Z.

In a second step we use the FGM generated source terms as an input for the LEM
computations of the turbulent flame structures. This approach reduces the number of
species within the LEM module to the number of progress variables of the FGM and
allows a fast computation of a large parameter space.

Some snapshots of such a run are shown in Figure 2. Here turbulence conditions are
chosen as in3. We evaluate the net mass burning rate via

ρst =
1

Yζ1 − Yζ0

ζ1∫

ζ0

ρωY dζ, (2)

where ρ is the density, ζ the one-dimensional coordinate and ωY the source term of
species Y . The outcome of each LEM run is a pdf of the turbulent flame speed for a
given turbulence level and composition. During the talk we will present the details of
our strategy, especially the generation of a database in which the pdf’s of the turbulent
burning velocity are stored.
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Figure 2: Time series of computed flame structures in a reference frame moving with speed st

solvers, Technical Report UCRL-JRNL-200037, Lawrence Livermore National Labo-
ratory, (2004).

[2] A. R. Kerstein. Linear-eddy model of turbulent transport and mixing. Combustion
Science and Technology, 60, 391–421, (1988).

[3] V. Sankaran, S. Menon Structure of premixed turbulent flames in the thin-reaction-
zones regime Proc. of the Combustion Institute Twenty-Eighth Symposium (Interna-
tional) on Combustion 203-209, (2000).

[4] J. A. van Oijen. Flamelet-Generated Manifolds: Development and Application to
Premixed Laminar Flames. PhD. Thesis, Technische Universiteit Eindhoven, Nether-
lands, (2002).

[5] N. Peters. The turbulent burning velocity for large scale and small scale turbulence.
Journal of Fluid Mechanics, 384, 107-132, (1999).

[6] H. Schmidt, R. Klein. A generalized level-set/in-cell-reconstruction approach for ac-
celerating turbulent premixed flames. Combustion Theory and Modelling, 7, 243-267,
(2003).

[7] L. M. T. Somers Simulation of flat flames with detailed and reduced chemical models,
PhD. Thesis, TU Eindhoven, Netherlands, (1994).

ACKNOLEDGEMENTS

This work was partially supported by the Division of Chemical Sciences, Geosciences,
and Biosciences, Office of Basic Energy Sciences, United States Department of Energy,
and by the National Science Foundation under Grant No. ATM-0346854. Sandia Na-
tional Laboratories is a multi-program laboratory operated by Sandia Corporation, a
Lockheed Martin Company, for the United States Department of Energy under contract
DE-AC04-94-AL85000. H.S. thanks the Deutsche Forschungsgemeinschaft (DFG) for par-
tially supporting this work through grant SFB 557/B8.

3


