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1. Flame Kernel
2. Torch
3. Pyrotechnic
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. Flame kernel

Jet

Edge Flame

. Tribrachial flame (triple flame)
. Bibrachial flame

. Monobrachial flame

. Direct injection engines

. Lift-off distance

. Mechanism

10. Lifted flame

11. Direct Numerical Simulation (DNS)
12. Shear-less mixing layer
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1. Self-similar
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1. Smagorinsy

2. Reynolds-Averaged Navier—Stokes (RANS)
3. Germano

4. Sutherland

5. JANAF
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1. Efficiency function

2. Sub-grid scale wrinkling

3. Sub-grid scale diffusivity

4. Pressure Implicit with Splitting of Operators (PI1SO)
5. Courant number

6. Total Variation Diminishing (TVD)

7. Geometric-Algebraic Multi-Grid (GAMG)
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Figure 1- Temperature increment in sparking duration at center of sparking sphere. + signs show time steps.
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1. Splitter plate

2. Trailing edge

3. Perforated plate

4. Solidity

5. Mixture fraction

6. Fast Flame lonization Detector (FID)

R34


www.SID.ir

\yay )Léf le o) Lo srg.‘b»))l.' JL» 501).-9‘5;09..» @.&5).1 so.l.@it).w

Perforated plate Quartz walls
forated plate— . ]
. I( ).‘
H/2 ﬂ._,
Loy w @)

<|J
o Atr F’ud /

Splitter platc edge 7

Side walls

Air Inlet

Fuel Inlet

Figure 2- (a) schematic of Ahmed and Mastorakos experimental setup [2], (b) computational domain of current simulation
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1. Taylor and Kolmogorov turbulent microscales
2. Wave transmissive
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Figure 3- (up) Taylor length scale to cell size ratio, (down) cell size to kolmogorove length scale ratio in streamwise direction
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Table 1- simulation cases specification

Case No. Grid Initial Temperature [K]
1 Fine 298
2 Coarse 298
3 Coarse 248
4 Coarse 273
5 Coarse 323
6 Coarse 400
7 Coarse 500
8 Coarse 600
9 Coarse 800
10 Coarse 1000
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Figure 4- Mean axial velocity profiles at different sections in z =0 plane. The circles show Ahmed and Mastorakos [2] experimental

results, solid lines are for coarse grid.and dashed lines are for fine grid.
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Figure 5- RMS axial velocity profiles at different sections in z = 0 plane. The circles show Ahmed and Mastorakos [2] experimental

results, solid lines are for coarse grid and dashed lines are for fine grid.
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Figure 6- One dimensional energy spectra for fine and coarse grids at (40,0,0) mm position.
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Figure 7- Contour of instantaneous mixture fraction in z = 0 plane. Solid line shows the stoichiometric iso-line while dashed lines
show Z = 0.01 & 0.99.
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Figure 8- Mixture fraction iso-lines in the z = 0 plane. Circles show experimental results of Ahmed and Mastorakos [2] and lines
present current simulation with T; = 298 K.
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Figure 9- Contours of flame kernel temperature at different instants after sparking. (a) z=0 plane and T; = 298 K , (b) z = 0 plane
and T; = 1000 K, (c) y =0 plane and T; = 298 K'and (d) y = 0 plane and T; = 1000 K. Solid lines represent stoichiometric iso-lines and
dashed lines show T = 1200 K iso-lines
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Figure 10- Sketch of defining the edges of the flame from a top view([3]
[B]aleds Cawd iyl g CawdYU slaad iy pai -V IS

WY


www.SID.ir

VYAV Sl eJsl olas sl Jlo (3l ol g S g cidghy - sode 4y i

oo b (giluancds muls anslie .ol oo ools plis b g VY S o calises adgl slales (5ly ool Cansas b
4 Ol s el canlio 23 Gllo (silward a5 was o las [V o] ST ule 5 aesl om0 @bt b cpslS YAA adsl
aleds alondl) cae o cidl 098 o ol ol Ceomwdy alnd (loy Jab 0 a5 s e lid VY USS o aled cewaYL
50 aled CewdVh ad (palS Ae e g Fee adsl glos jo AT (S g (S ool malS Lo iuli8l b ceso ol Ceeay
A gy CawdVWl Ceomsds 5 b, g O aled CewdVWl ad (palS Ve e e 4 Lo o8l L g cwl col 0g sl
2 aad Cansiml ad olbals a5 cul ol axg BB asS auS e o il Cans il Caowds yoiossly ae
aslllas jo cwl adf Oogods ley Job jo cewoVl ad Sbals o5 Jb o il e Sogeds by Jsb
CawdVl ahats 1o bglses S (655,13 Jdoay a5 ol e slas luly slls cawoVl ad a5 ol ascie [\"L]u...w.‘
aleds (g b odgamme ;o CawdVl bl oS (6,5 1,8 51 b as e L) o el je el Jlesl LB osgase o
Foo adsl slos jaoman (63,90 y0 WS o lan Gli8l alad 6l oogaze des ialEl L aST Cadls ax g Wb ool
g oo ylul Al PMlaslay 5 wils oo (Sl os> S o JolS O jgoas cansYl ad (nglS AL

_ _T=B0OK T=600K

100 e
(®) __:':"'
90 Tt
7| O Exp. (298K)
80 F 5 — — Exp. Margin d
— - - T=298K (Fine)
E = 70 - T=248K
g £ ----T=273K
- £ —T=298K
a 2 L
s g 60 s e T=323K
> T=400K
50 [ 4 T=500K
- - T=600K
40 - =T=800K
=-=-T =1000 K
‘ | ‘ ‘ 30 | ‘ ‘
0 5 10 15 20 25 0 5 10 15 20
Time [ms] Time [ms]

(@) (b)
Figure 11- (a) Upstream and (b) downstream positions of flame edge during time for different initial temperatures
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Figure 12- Absolute flame propagation velocity for different initial temperatures: (a) Upstream edge and (b) downstream edge
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Figure 13- Relative flame propagation velocity for different initial temperatures: (a) Upstream edge, (b) downstream edge (U,=3m/s)
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Figure 15- Histogram of equivalence ratio in upstream and downstream of flame edge
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Figure 16- Contours of (a) heat release rate, (b) OH mass fraction, (c) HO, mass fraction and (d) modified flame index at t = 10 ms
and different initial temperatures. Solid lines represent stoichiometric iso-lines and dashed lines show T = 1200 K iso-lines.
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Numerical investigation of the effects of initial temperature on the ignition
in a shear-less mixing layer
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Ignition process in a shear-less mixing layer is studied in this paper and the main goal-is to. investigate the
effects of initial temperature on the flame propagation phase of ignition process. The investigation is done
using large eddy simulation method, coupled with thickened flame approach and DRM19 chemical
mechanism. Mean and RMS axial velocities from both coarse and fine grids and mean mixture fraction are
validated against experimental results. Most upstream and downstream positions of the flame edge are in
good agreement with the experimental data. By increasing the initial temperature from 323K to 1000K, the
mean edge flame propagation velocity increases from 1 to 4.2m/s. The same-trend exists for flame kernel
volume. Comparing the calculated edge flame propagation velocity and laminar flame speed and its root
density correction shows that corrected laminar flame propagation can better predict the edge flame
propagation velocity. Also, by increasing the initial temperature, bibrachial edge flame converts to a triple
flame.

Keywords: Ignition, shear-less flow, Large eddy simulation, Thickened flame approach, Edge flame
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