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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




V'Y Sgd> J:> JS QLQ) 9 ooy oolawl 6)‘5.,0 u)ﬁ..ac\.u )J).blij ¥ u,u)‘o).' u)JB L| A 7 )‘ EYCIS U"‘ J:> L.S‘)"
u)}.ac\.v db).o ¥ ) LS)L‘"’J“\'“ C.aLu ol o | 099y JL:...M:‘ )l B MbGLA Qe b 6)La..:=\.....w uLo) 9 00gs el

Dedise (omyp 9 om gl 69 g 00l 0351 wlSlax

lg2 0,198 S al> o
Sy b 198 0)l58 0 Gy laml S o abg e Sleglas 5 S5 slaals S gileansd (g, 9Sles (o pslaieds
2 55304188 535y s57me Sliwl) 50 C g (gusy iR 90 50 kel Cewddy @l 09 o0 gy Al e VY Sk
Ol o se (l 55 095 o gy (Sl S 5 (Sle Lty Sl 0 )l58 (25,5 ) Blise Jolgd o glad gL,
olS VAA slos g aslipnie o) Gy bloa jommana by g 4l VY (295 (nSle Copn L I 0)l68
sl 0 o 4l oo Yoo 03l e dail ) ¢ logs ity g el by dnsline (glyy sl 00 (6 5lsens
o il 3l e g el 0ls8 3l ozl Sl g | lie U5 5,5 b gl o3Y olog Ske s VO ol e ]
e dy g 00t Jlad (655 5eSles e s 95 c0d ] (658 eSilos e L1l sb 55 el ooy Ll Sl 4y 03
15 oaal oty Slogi 5 eSile o o di) ol 00 plal (605 Sl 5 08B > lows su0 4l les Yoo
3P a8 5] ol (slotend U5 (o (rles 8550 8y (ot Amalie B USE aad e33 158 ol <l
Ol o8 yeme 55y 2 ) NI hSen 5 058 (o oaes alal; 5 [Y] a5 o5V (g5luacs (Jobo 52 A-
Sole Ul jomand by @lils o)ls8 sl ool s o Sy saimoLis (U, U, /(U -U, ) e IS5 0l 5o 0e0 oo
el U lade 5l i g Canl (1 5550 59 098 g pus aiciion Ll So)l sz e 5 ol S Sl eSils 5l
sl 0158 30 Aty Sy Joloo Lo (] jao ala oS ceul o)ls8 j5me 55, 1 Olz el Sy Uy (B0
203198 5l ol mess b aS 358 o0 onmliv D9l oo ) 5l i 0)lgd (295 50 (U, _UC)/(Uj _Uc) Oyl Hlade I
b oo (RS e oty ()] (55970 s pu g 0 4TSl 0158 olgd Jlad pl ¥ agax (slalols

970 (595 » Seibl Dad Glea b (ke (559700 S 4 (Urms) (559700 e g Sllogh Copnd dulie O S5
aas o ol 1) [YY oS Se g VY] S ile 5 gl 5 [Y]o55Y (giloacs 5 9955 (sjlwand gl o o)lgd
2l Y ogas glalols as b b bl wcal oo Lo 185 Gy Ollog Jlaie gl 51 29,5 slasl )0 a5 05 oo canliv
Cawody (Suad] Sod oylsd Jlab ply Vo B v aml 10 .0uS o oy Gadds Sllwgd jlade co)lsd by Y JSis g ,hd
[Y1o315Y (3luacs a5 o o o)l Glbal [Y¥]uns8 Ko 0285 lis b o 5 o (sl (5955 (silotands 31 oke]
DAl g ooy s slils JaiS (gilwand wylgd hd Ll YO U Ve a4l jo cwl 4l opl o ol sl lyls
b lae el B YO 4l jo o o olias [V a5 S 5 NV laws] oo il a0 cosd | (g ynin Snasl
b 5935 oilwand ol crm awslio b ols [¥V]anss e g DN Ylaes! om0 ol b cowlio @ollas ool cowoay
2 ol Sl o 85 T e e Sblog 5 xSl S S g sl ol L
I Aee g Fee aSin 90 5l sdnl Cawsds bt (uizmed .l Sl Slewlre slas 5 009 conlio 0,58 j9mme sliwl,
g ge ooliial Jslos f3m Frev aSlts s 5l eaalsl o di il oS s gl g 005 aslice Jshos

1. Flow Through Time
2. stationary
3. Jet bulk velocity



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

'l.'. T T T T T T T T T
1 iy + Tieszen et al ]
'h'ﬂ'#'i'““-__ - = - LES Lacaze
+: Grid 1, (400K cells)
08k R (et Grid 2, (800K cells)| |
=0
=
206¢ 1
=
3)
=
E04F _
2
0.2 J
0 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55
Z/Dj
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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 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 Ur, is mean axial velocity on axis.
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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
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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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