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1. Laminar flamelet models

2. Controlling variables

3. Flamelet progressive variable
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1. Ignition mixing layer
2. Variable ignition mixing layer
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Figure 1- Effect of the molecular diffusion on mixture fraction (left) and scalar dissipation rate (right)
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Figure 3- The effect of initial condition strain rate on ignition delay time indicted by temperature rise up
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Figure 4- the effect of initial condition strain rate on ignition delay time indicated by HO2 mass fraction
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Table 1- The Sandia flames D, E, and F properties

Re number Uj,max (m/s)
D 22400 62.77
E 33600 96.87
F 44800 125.7

Dia.=182mm <«  »

Dia. = 7.2 mm
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Figure 7- Schematic of the Sandia burner
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Table 2- Chemical species weight factor to build the progress variable
02 CH4 Co2 H20 HO2
G | -1 -1 1 1 100

10° 10* 10°
K (Hz)
Figure 8- Energy spectrum analysis base on the instantaneous velocity on jet center at the Z = 81D
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Figure 9- Instantaneous (up) and mean (bottom) temperature contour for Sandia D, E, and F flame
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Figure 10- Mean and variance of the mixture fraction and temperature for Sandia D flame
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Figure 11- Mean and variance of the mixture fraction and temperature for Sandia E flame
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Figure 12- mean and variance of the mixture fraction and temperature for Sandia F flame
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Figure 13- the result comparison of the developed model VIML (black) and the conventional counter flow flame (dotted-orange)
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English abstract

The Large Eddy Simulation of the Sandia D, E, and F flames using FGM
model based on the VIML novel approach

Saeedreza Zadsirjan' and Sadegh Tabejamaat®
1- School of Aerospace Engineering, Amirkabir University of Technology, Tehran,lran, s_zadsirjan@aut.ac.ir
2-  School of Aerospace Engineering, Amirkabir University of Technology, Tehran,Iran, sadegh@aut.ac.ir
*Corresponding author
(Received: 2018.12.3, Received in revised form: 2018.12.22, Accepted: 2019.2.25)

The flamelet library in FGM model is constructed based on mixture fraction and progress variable. This
library facilitates to model the reactive flow precisely only in the case of two fuel/oxidizer in-flow streams.
For the case of more in-flow streams, e.g. Sandia piloted flames fuel jet/ pilot/ air, it is needed to extend
dimensions of the FGM library. This extension increase the size of stored data leads to higher computational
cost. In this paper, the main motivation is to develop the Ignition Mixing Layer method (IML) to the Variable
Ignition Mixing Layer (VIML) as the novel approach to generate the 2D FGM table for multi in-flow
streams. Large Eddy Simulations of the Sandia D, E, and F with Reynolds number of 22400, 33600, and
44800 were conducted to validate this method. The LES results show a good agreement on the mean and
variance of the mixture fraction and temperature. Therefore, the VIML is a successful model to simulate
multi in-flow streams with 2D FGM library.

Keywords: flamelet library, Sandia flame, Large Eddy Simulation, Variable Ignition Mixing Layer
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