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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)

[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
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70.6�Z ⇥ 35.2�Z ⇥ 35.2�Z512⇥ 256⇥ 256

[1] Jenkins and Cant 1999

• Compressible 3D DNS SENGA [1] 

• Simulation domain: 

• No-slip isothermal wall with temperature Tw=T0,        
Zero mass flux is enforced in the wall normal direction 

• Periodic in transverse directions 

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

• Initialised: Unstrained steady planner laminar flame + 
Initially homogenous isotropic field of turbulent velocity

Cartesian grid:
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Pe = X/�Z � =
|qw|

⇢0SLCP (Tad � T0)

Peclet number: Non-dimensional wall heat flux:

x1/�Z

Burned gas

Unburned gas
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T = 0.9

Iso-surface 

T =
T̂ � T0

Tad � T0

Non-dimensional temperature:
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1D laminar flame Pemin = 2.83
�

max

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

Jarosinsky, 1986; Vosen et al. 1984.)

1.Introduction, 2.Simplified chemistry, 3. Detailed chemistry, 4.Side-wall quenching, 5.conclusions



Le = 0.8

Laminar

Le = 1.0 Le = 1.2

—— laminar; —— max; —— mean;  —— minimum

x1/�Z x1/�Z x1/�Z

1.Introduction, 2.Simplified chemistry, 3. Detailed chemistry, 4.Side-wall quenching, 5.conclusions



Le = 0.8

Laminar

Le = 1.0 Le = 1.2

—— laminar; —— max; —— mean;  —— minimum
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Le = 0.8
Temperature Contour

—— laminar; —— max; —— mean;  —— minimum

1.Introduction, 2.Mathematical Background, 3.Numerical Implementation, 4.Results and Discussion, 5.Conclusions

Le =
↵T

D

↵T

D

1.Introduction, 2.Simplified chemistry, 3. Detailed chemistry, 4.Side-wall quenching, 5.conclusions



Le = 1.2
Temperature Contour

—— laminar; —— max; —— mean;  —— minimum

Le =
↵T

D

↵T
D

1.Introduction, 2.Simplified chemistry, 3. Detailed chemistry, 4.Side-wall quenching, 5.conclusions



6�Z/SL 8�Z/SL 10�Z/SL 12�Z/SL

⇢0SL⌃gen 2⇢̄"̃c/(2cm � 1)DNS
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New model of mean reaction rate:

⇢0SL⌃gen2⇢̄"̃c/(2cm � 1) ⌃gen ⇠
q

"̃c/D̃
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[1] Lai and Chakraborty, 2016



[1] Cant, 2012, [2]Smooke and Giovangigli, 1991  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• Compressible code SENGA2 [1] 
• Methane Air mixture 
• 16 species with 35 reactions [2] 
• Mixture averaged transport 
• Simulation domain: 

• Cartesian grid: 

• More than 4,100  
• More than  65,000 KAu per case 

7.65mm⇥ 7.65mm⇥ 7.65mm

256⇥ 256⇥ 256



1D laminar flame Pemin = 2.2 �
max

= 0.24
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1D laminar flame

Mass fraction Reaction rate
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1D laminar flame
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2HO2 ! H2O2 +O2

[1] Dabireau et al., 2003
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u0/SL = 5.0

l/�th = 1.67
C T
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Laminar flame Pemin = 2.2 �
max

= 0.24

Turbulent flame Pemin = 1.6 �
max

= 0.27

[1] Lai and Chakraborty, 2015
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t = 0.14�th/SL

¯̇! = ⇢0SL⌃gen

⌃gen = |rc|
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• Compressible code SENGA [1] 
• Methane Air mixture at an equivalence ratio of  
• Simplified chemistry 
• Simulation domain: 
• Cartesian grid: 
• Improved NSCBC [2] 
• Flame holder

� = 1.0

[1] Jenkins and Cant 1999 [2] Yoo and Im 2007 [3] Dunstan et al., 2010

900⇥ 300⇥ 300

83.7�th ⇥ 27.9�th ⇥ 27.9�th

• More than 200 cores 
• More than 2,500 KAu per turbulent case
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[1] Jenkins and Cant, 1999 [2] Yoo and Im, 2007 [3] Dunstan et al., 2010

c T
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[1] Jenkins and Cant 1999 [2] Yoo and Im 2007 [3] Dustan et al., 2010 [4] Lai et al, ETMM16
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[1] Klein et al, 2012 [2] Ma et al, 2013 [3] Fureby 2005 [4] Lai et al, ETMM2016
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• Statistical behaviour of HOQ with different global Lewis number.• A-priori analysis on SENGA2 and V-flame side-wall configurations• Maximum wall heat flux in turbulent flames increases with decreasing Lewis number.• Existing models are affected by the wall

Plan view of V-flame

Thank you for your time!


