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Introduction
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-

* Flame Wall Interactions
1. Safety technology
2. Gas turbine combustion

3. Internal Combustion (IC) engines

* Modelling
1. Flame Surface Density (FSD)

2. Scalar Dissipation Rate (SDR)
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25 Newcastle
vUnlverSIty [1] Heywood, 1998 [2] Bruneaux et al., 1996 [3] Bruneaux et al., 1997 [4] Dreizler and Bohm, 2014 [5] Lai and Chakraborty, 2015 [6] Video Source: Artem Smirnov




2.Simplified chemistry

 Compressible 3D DNS SENGA [1]

Cartesian grid:  703b2Z X ZDB0x 236.20

* No-slip isothermal wall with temperature Tw=To,
Zero mass flux is enforced in the wall normal direction

e Periodic in transverse directions

* Partial non-reflecting outlet specified by Navier-Stokes
characteristic boundary condition (NSCBC) technique.

* |nitialised: Unstrained steady planner laminar tflame +
Initially homogenous isotropic field of turbulent velocity

Q’UHIVQI'SIty | Jenkins and Cant 1999




2.Simplified chemistry
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LJnburned gas

Non-dimensional wall heat flux:

|Qw|
PBZX/éz ©= ,OOSLCP( ad_TO)

Peclet number:
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Unburned ga

Peclet number:

Pe = X/éz

|so-surface 4N/

on-dimensional wall heat flux:

z1/0z T=09 4-_ G|
poSLCp(Twa — 1o
TR Po3LCp(Te )

S Non-dimensional temperature
T — T,
T =
CEl/(SZ Tad _ TO
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Unburned ga

Peclet number:
Pe = X/éZ

Non-dimensional wall heat flux:

Unburned gas

Wall heat flux
b oT
B )\(8$1 )w

$1/5Z

2> Newcastle
"Umversny




2.Simplified chemistry

1D laminar flame Pe, .., = 2.83

D0 = 0.34
\ (Poinsot et al. 1993; Huang et al. 1986;

03

02 Jarosinsky, 1986; Vosen et al. 1984.)
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2.Simplified chemistry
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2.Simplified chemistry
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2.Simplified chemistry
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2.Simplified chemistry
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2.Simplified chemistry
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2.Simplified chemistry
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SSRGS
I

New model of mean reaction rate:
— 2PE,

= — € pe(E-T) PoS
W 2cm—1Ae + BPooL

== Newcastle
vUnlverS]'ty ] Lai and Chakraborty, 2016




3. Detailed chemistry

o Compressible code SENGAZ2 [1]
e Methane Air mixture

* 16 species with 35 reactions |2]
 Mixture averaged transport

e Simulation domain:
7.00mm X 7.6bmm X 7.6Omm

e Cartesian grid:
200 X 250 X 256

 More than 4,100
* More than 65,000 KAuU per case

25 Newcastle
Q’UHIVGYSI’CY [1] Cant, 2012, [2]Smooke and Giovangigli, 1991




3. Detailed chemistry

1D \aminal’ ﬂame Pemin — 2.2 (I)maa: = 0.24

0.25L TF
0.2} 0.8} K
a5 0.15 — 0.6f
0.1 l 0.4}
0.05 i 0.2}
O A ! A A 0 J 1 1
0 0.5 1 1.5 2 0 5 10 15
tS /5, X 18,
10[—.—-—-— g
St - B (/\
6 4
D )
(' ~Z
4} ] = 2 j
0
2.
2
0o 0.5 1 1.5 2 0 5 10 15
tSLlﬁth x1/3L

2s=/Newcastle

vaversrcy




3. Detailed chemistry

1D laminar flame
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3. Detailed chemistry

1D laminar flame
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3. Detailed chemistry

3

1D laminar tflame O + H — HO-

2.5x10

Heat release

25 Newcastle
Q’Umversrcy

[1] Dabireau et al., 2003
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u’/SL — 0.0
[/8, = 1.67
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3. Detailed chemistry

Laminar ﬂame Pemin = 2.2 (I)maa: = (.24

Turbulent flame  Penin = 1.6 Prygr = 0.27 Pein = (Pepy), lerf(8Le — 6.0) + 1]/2

WUHIVQI'SIty | Lai and Chakraborty, 2015




3. Detailed chemistry
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4.Side-wall quenching

 Compressible code SENGA [1]
* Methane Air mixture at an equivalence ratio of ¢ = 1.0
o SImplified chemistry

o Simulation domain: 83.76u, x 27.95: x 27.96,
o Cartesian grid: 900 x 300 x 300
* Improved NSCBC [2]

e Flame holder

* More than 200 cores
 More than 2,500 KAu per turbulent case

25 Newcastle
VUHIVQI'SIty [1] Jenkins and Cant 1999 [2] Yoo and Im 2007 [3] Dunstan et al., 2010




4.Side-wall quenching
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25 Newcastle
WUIIIVQI'SIty [1] Jenkins and Cant, 1999 [2] Yoo and Im, 2007 [3] Dunstan et al., 2010
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4.Side-wall quenching

Laminar
b ean = 0.30
Pemm = 3.1
Turbulence
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25 Newcastle

WUIIIVQI'SIty [1] Jenkins and Cant 1999 [2] Yoo and Im 2007 [3] Dustan et al., 2010 [4] Lai et al, ETMM16



4.Side-wall quenching
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Plan view of V-flame

Thank you for your time!
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