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1. Direct Numerical Simulation
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1. Large eddy simulation

2. Stiff ODE system

3. Intrinsic low Dimensional Manifolds
4. In-Situ Adaptive Tabulation

5. Artificial Neural Networks
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1. OpenFOAM

2. Feed-forward neural network
3. Super-Grid Scale

4. Sub-Grid Scale

5. Resolved scale

6. Unresolved scale

7. Favre-filtered variable
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1. Fick’s diffusion law
2. Eddy-viscosity

3. Grid cut-off scale
4. Production

5. Dissipation
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1. Linear eddy mixing
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1. Triplet map
2. Probability density function
3. Bias
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1. Back propagation

2. Finite rate

3. Paul Schrrer Institut Syngas
4. Diluent

5. Small-scale turbulent stirring
6. Large-scale wrinkling

7. Vortex
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English Abstract

Large Eddy Simulation of the Premixed Flame-Turbulence Interactions
using Artificial Neural Network in Chemical Kinetics Tabulation

Payam Sinaei, Sadegh Tabejamaat and Nasser Seraj Mehdizadeh

Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran
(Received: 2013.11.12, Received in revised form: 2014.4.9, Accepted: 2014.5.9)

A large eddy simulation (LES) of premixed flame-turbulence interaction is performed with special emphasis on computing
the instantaneous chemical species reaction rates with the recently developed approach of artificial neural networks (ANNs)
for chemical kinetics. Training of the neural network is based on an independent flame study using linear eddy mixing
technique. An analysis of computational performance, considering CPU time and a comparison between the performance of
artificial neural network technique and other conventional methods is used to represent the chemical kinetics such as direct
integration (DI) - and the ability of neural networks to model the highly non-linear and stiff chemistry ODEs is illustrated.
The sub-grid combustion model of the LES is based on a linear eddy mixing model while a skeletal multi-species, multi-step
chemical kinetic mechanism is applied for the combustion. A feed-forward, multi-layer architecture is chosen for the neural
network and the training algorithm is based on a back-propagation gradient descent rule with adaptive learning rate and
individual momentum factors for the weight coefficients. The flow field distribution and the flame characteristics obtained by
LES with neural network based chemical kinetics tabulation, are in reasonable agreement with previous direct numerical
simulation (DNS) study of the flame. The results show if the neural network is trained accurately, it can predict the
instantaneous chemical species reaction rates in LES framework.

Keywords: Premixed flame-Large eddy simulation (LES)-Artificial neural network-Chemical kinetics
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