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1. Mechanism
2. Large Eddy Simulation
3. Coherent Flame Model
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1. Bluff-body
2. Triple flame
3. Conditional Moment Closure
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Figure 1- Geometry layout: position of jet with respect to coflow air and domain size
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1. Subgrid scale wrinling factor
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Figure 2- compartion of Taylor and olmogorov length scale with cell size for 400 grid on the jet axis (dar line: cell size, dash line:
Taylor length scale and dot line: olmogorov length scale x 100)
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1. WaveTransmissive
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Table 2: flow field parameters for different simulation steps

Steps Jet Mixture Jet Velocity Inlet Temp Objective
- Volumetric percent m/s -
Step one 100% Air 21 298 Cold flow validation
Step two 30% Air-70% Methane 255 298 Mixing validation
Step three 30% Air-70% Methane 255 298 Ignition modeling
Step four 30% Air-70% Methane 25.5 273 & 253 Initial temperature effects
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1. Flow Through Time
2. stationary
3. Jet bulk velocity
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Figure 4- Mean axial velocity comarision between current simulation by 2 grid (400 and 800 cells) and Lacaze LES [2] and empirical
relationship of Tieszen et al [21] for jet air with 21 m/s mean velocity and 0.1 m/s coflow velocity.
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Figure 5- urms/Um comparison between current simulation, Lacaze LES[2], Ahmed Exp.[12] and McQuaid Tests[22] for 21 m/s jet air
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Figure 6- Radial distribution of nondimensional axial velocity on different sections: comparison of Ahmed [12] experimental data,
Lacaze LES [2] and current simulation. U, is coflow axial velocity and U, is mean axial velocity on axis.
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Figure 7- Radial distribution of scaled urms: comparison of Ahmed [12] experimental data, Lacaze LES [2] and current simulation.
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Figure 9- Temporal temperature change at spar zone
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Figure 14- Left: Flame lift-off height, Mid: Off-axis distance and Right: Laminar flame speed[24] as function of initial temperature
HLAG! s g 1wl y o g 0598 9o 3l alels A3l alold tlawg coylgd 29,5 jl adnd (gOg0e alold iy Cuow -1 ST
adgl 5lod coms g pl,yT [YF]aleis

\Y


www.SID.ir

T8 dete 5 (Slo Sgemme ielezmli §olo ool e sae Sgrus

50 Ll e s aicdin ¢ logas (l wlal el 00 s0ls LS 55 ed s ol T Al Lal e s N F S o
Cllae g5 olgh 5 aled dlols b )50 cpl il e L2alS Uit Cut e oj2aS slalos 45 5 sl slS TAA (gloo
W g b (Rl U 51 (25,5 lace j plp o alad a8 Ol caled Jlasil ce s ISIL 15 o)
o o g0 il 0gd e o)lgd (zgyn il aled gieS alolh (] 4 a5 wleos Sl SV Glace s o aled
sl 3l 6 i sy o] e (lolid S 5 01 S5z g Ll gl YVY (gloo
lya- e (5gls o)l38 Jladl (s alins oS5 slaals S (s3luaned s, 5 podcnl Shose I3l ey 5l eslaa L
20l & bgye Sleas 5 o5 celio 3)Sles Sily e 0y LS5 1o o)l bz lagiloand wb o)
7 sliel g3 280 b a8 oad (il aled jlasil s Jlnil gl ol 51 ey ool Jlaio 00 ahST lae (e
Caz o ol 5o Gl 5l e g 00,8 Ay (65,5 O ygods a8, Sl sad adgs Gl pelaie a5l o] Sl bl ol
4 5580 ol S (o0 S5  £9,8 (b sVl Ceonsdy e g 48l AS Ol Sl St 5 0L >
GoreS axio p 3ges SaCe s ) WS (00 IS > (20 Sty ] 5o aladiaS das oo (lis alad (55 0gos
20 S oo &S o CawdVl Condy Sl S ] ()9 e s 4T e e s Sl 1S g5 ol o alads
olst iz 3 oy alols b Ll oles o 1y 053 5 00,5 ES > Ldye gz 50 olso dlad wewoVl alais
bl don adl a0 lasl 8 )b 5l g alads slaail; 5l oolssl b cowoVl Caandy alnds (5 2uS (adly )0 a3l o
SBe j 5 (g 50 W0 ,T ik Cie Cromds g 0d Jorende 5 009 (3850 (59 p8 w50 Sl (e 5 0091 (3350
5 o)ls adgl glos yaei b sl o Linl3El 5 ooVl oy Ala g5 pons oo w9 iy (S2ad] o) g
i gy o)ls 3l alad Ll alolb g 05 o ek ) aledh dger Uil e pus 45 0 ssmlie YVY 5 YOY 4 YAA
1o aled el gl )5, e 28l jlatads ity ialos 1y alad Lt ks kS Egdse oyl e IS o
el 55 (6 i Sl o) p cilie slales

‘5410)45 9 Mﬁ )
LTS X SR VR P P o) OBy (618 (gemiils «(5)lgmps dozco GGT BUNSYSS -y PR P ulfu\.».».».’}.’
Al Ll &0

&b

=

D. D. Ranin, Lean Combustion Technology and Control, Elsevier, USA, 2008.

2. G. Lacaze, E. Richardson and T. Poinsot, “Large Eddy Simulation of Spar Ignition in a Turbulent Methane Jet,”
Combustion and Flame, 156, 2009, pp. 1993-2009.

3. A. H. Lefebvre and D. R. Ballal, Gas Turbine Combustion, Alternative Fuels and Emissions, Taylor & Francis Group,
USA, 2010.

4. R. Maly and M. Vogel, “Initiation and Propagation of Flame Fronts in Lean CH4-Air Mixtures by the Three Modes of
the Ignition Spar,” Symposium (International) on Combustion, 17, 1979, pp. 821-831.

5. P.D. Ronney, “Laser Versus Conventional Ignition of Flames,” Optical Engineering, 33, 1994, pp. 510-521.

6. T.X.Phuocand F. P. White, “Laser-Induced Spar Ignition of CH4/Air Mixtures,” Combustion and Flame, 119, 1999, pp.
203-216.

7. S. Richard, O. Colin, O. Vermorel and A. Benenida., “Towards Large Eddy Simulation of Combustion In Spar Ignition

Engines,” Proceedings of the Combustion Institute, 31, 2007, pp. 3059-3066.

1. OpenFoam

A


www.SID.ir

8.

9.

10.

11.

12.

13.

14.

15.

16.

17

18.
19.

20.

21.

22.

23.

24

C. Carmen and D. Feiema, “Monte Carlo Simulation of the Ignition of Turbulent Premixed Combustion Gases,” 33rd
Aerospace Sciences Meeting and Exhibit, Reno, USA, 1995, AIAA95-0872.

A. D. Birch, D. R. Brown, and M. G. Dodson, “Ignition Probabilities in Turbulent Mixing Flows,” Symposium
(International) on Combustion, 18, 1981, pp. 1775-1780.

M. T. E. Smith, “Studies of Ignition and Flame Propagation in Turbulent Jets of Natural Gas, Propane and a Gas with a
High Hydrogen Content,” Symposium (International) on Combustion, 21, 1988, pp. 1403-1408.

S. F. Ahmed and E. Mastoraos, “Spar Ignition of Turbulent Nonpremixed Bluff-Body Flames,” Combustion and Flame,
151, 2007, pp. 366-385.

S. F. Ahmed and E. Mastoraos, “Spar Ignition of Lifted Turbulent Jet Flames,” Combustion and Flame, 146, 2006, pp.
215-231.

M. Lyons, “Toward an Understanding of the Stabilization Mechanisms of Lifted Turbulent Jet Flames: Experiments,”
Progress in Energy and Combustion Science, 33, 2007, pp. 211-231.

E. S. Richardson, Ignition Modelling for Turbulent Non-Premixed Flows, Phd Thesis, Department of Engineering,
University of Cambridge Cambridge, United ingdom, 2007.

G. Linassiera, A. Bruyata, P. Villedieua, N. Bertierc, C. Laurenta, O. Rouzauda, R. Lecourtd, H. Verdierb and G.
Lavergnea, “Application of Numerical Simulations to Predict Aircraft Combustor Ignition,” Comptes Rendus Mecanique,
341, 2013, pp. 201-210.

T. Poinsot and D. Veynante. Theoretical and Numerical in Combustion, 2nd Edition, Edwards, USA, 2005.

. L. Y. M. Gicquel, G. Staffelbach and T. Poinsot, “Large Eddy Simulation of Gaseous Flames in Gas Turbine Combustion
Chambers,” Progress in Energy and Combustion Science, 38, 2012, pp. 782-817.

S. B. Pope, Turbulent Flows., Cambridge University Press, Cambridge, UK, 2000.

T. D. Butler and P. J. O’Roure, “A Numerical Method for Two-Dimensional Unsteady Reacting flows,” 16th Symp. (Int.)
on Combustion, The Combustion Institute, 1977, pp. 1503-1515.

J. Nogenmyr, P. Petersson, X. S. Bai, C. Fureby, R. Collin, A. Lantz, M. Linne and M. Alde, “Structure and Stabilization
Mechanism of a Stratified Premixed Low Swirl flame,” Proceedings of the Combustion Institute, 33, 2011, pp. 1567-
1574.

S. Tieszen, D. Stamps and T. O’Hern, “A Heuristic Model of Turbulent Mixing Applied to Blowout of Turbulent Jet
Diffusion Flames,” Combustion and Flame, 106, 1996, pp. 442-466.

J. McQuaid and W. Wright, “Turbulence Measurements with Hot-Wire Anemometry in Non-Homogeneous Jets,”
International Journal of Heat and Mass Transfer, 17, 1974, pp. 341-349.

C. D. Richards and W. M. Pitts, “Global Density Effects on the Self-Preservation Behaviour of Turbulent Free Jets,”
Journal of Fluid Mechanics, 254, 1993, pp. 417-435.

. S. Turns, An Introduction to Combustion: Concepts and Applications, 2nd Edition, McGraw-Hill, Singapore,2001.

English Abstract

Sp
thi

Studying the Effects of Temperature on Ignition of Methane-air Jet
using LES Method
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ar ignition in turbulent methane-air jet is studied by a compressible 3D Large Eddy Simulation in OpenFOAM code. The
cened flame model with the one-step chemical mechanism is used for methane combustion. The spar is modeled by

artificial enthalpy source in energy equation at the spar location. The validation of the calculations is performed using the
experimental results of the turbulent jet of airflow and non reacting mixing of methane jet. The ignition phenomenon and
flame propagation are investigated in details for different conditions of initial jet temperature. The results show that the flame
propagation speed, the flame lift-off and the flame distance to the axis change with changing the initial temperature.

Keywords: Large Eddy Simulation (LES), Ignition, Circular jet, Thicened flame, Numerical combustion
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