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Motivation and Objectives

Combustion of multiscale phenomenon:
 Internal Combustion (IC) engines

» (Gas turbines

 Industrial furnaces

Combustion of droplet-laden mixtures:

« Flame structure and wrinkling
« Evolution of flame surface area
« Evolution of burned gas volume

Flame-Wall interaction (FWI):

« FWI in fully developed boundary layer.

 Influence of wall boundary condition on the
flame evolution.

« Comparison of flame surface evolution with
statistically planar turbulent flames.




Direct Numerical Simulation

* Liquid phase-Lagrangian Approach is used for droplets following the approach proposed

by Reveillon & Vervisch.
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for gas phase combustion.

* Code: 3D,compressible DNS code, SENGA
»10th order central difference scheme
»Time advancement: Explicit low-storage 3rd
order Runge-Kutta scheme.
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Simulation set-up for spray flames

3D flame kernel simulations with droplet laden mixtures have
been performed.

Domain: (84.496,)3 (where §, = aro/Sh(¢,=1) is the
Zel’dovich flame thickness)
Grid number: (512)3

Initial turbulent field: Incompressible, homogeneous, isotropic
(decaying turbulence).

Reacting flow field initialisation: 1D steady state spray flame
solutions (from COSILAB) specified in the radial direction.
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Droplet Induced Wrinkling
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Flame Wrinkling

Laminar u’/Sb(¢g=1) =4
100 , 3 ‘ Aerosols
@ o1 | C[@ =01 | Gassous Dy 10pm
80 7 I Premixed Gas. u'=Oradl $=20ms
L 60 / 27 — ad/dth=0.04
E 50 40 /
2 ! | —— ay/8:,=0.05
i ’
0.92 0.94 0.96 0.98 I ad/6th=0.06
0 . - . 105kPa
0 0.5 1 N :local flame normal
100 : 7 : unity radial vector from the center
(0) ¢=05 | of mass of the flame kernel
80 ]
I
60 ¥
LL /I
a 50 40
o 20 4’ |COSQ| #* 1
o s m=? >
0.92 0.94 0.96 0.98 9 r
0 ' -4 —
0 0.5 1 N
1997 | 09 !
c=0.
' |lcosf| =1
60 ! !
4 ' 7
40 1] .
& 50 " . Flame images from gaseous and aerosol
20 i s’ N flames at ¢,,,= 1.2 and different values
= - mm = | Of u‘l
0.92 0.94 0.96 0.98
0 4
0 0.5 1

|N.7|

ILawes, M., Saat, A.: Burning rates of turbulent iso-octane aerosol mixtures in spherical flame explosions. Proc. Combust. Inst. 33, 2047-2054 (2011).



Evolution of flame surface area
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Gaseous equivalence ratio and burned gas volume
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Influence of flame configuration
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Influence of flame configuration

Simulation Parameters

e Domain: (63.36,)3 (where &, = aro/Sh(¢,=1) is the
Zel’dovich flame thickness)

* Grid number: (384)3

* Equivalence ratio: ¢4 = 1.0

* Initial rms: u’/Sb(¢g=1) = 2.0

* Longitudinal integral length-scale: L1/, = 2.5

* mean inlet velocity of Ueqn/Sp st = 5.

* Holder position (x,y): (120Ax, 192 Ay)
Taa(pg=1)"To

= 6.4

0
* Droplet diameter: a;/6¢, = 0.04,0.05 and 0.06 Reaction progress variable isosurfaces
at ¢ =0.7 for ag/0¢ = 0.06 initial
droplet diameter, at t = 1tf4y.

 Heat release parameter: 7 =



Flame-wall interaction

* Flame wall interaction in a fully developed boundary layer channel flow is investigated.

e Some basic definitions used in these flows are:
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Wall shear stress 1,41 = :
y=0

. L. . T
Wall friction velocity u, = /%”
__pugh

Reynolds number based on wall friction Re; = ”

uzy

Vwall

Non-dimensional distance from the wall y+ =



Non-reacting channel flow

 Domain size 10.67h X 2h X 4h.
e 1920 X 360 x 720 (approx. 0.5 billion) grid

0 10 20 30 40 50 60 70 80 90 100

points.

* Re; = 110 for the non-reacting channel.

o DNS of Abe et al
—Current DNS

« y* = 0.6 at the wall and at least two grid

points are in y* < 1.0 region.
» Data validated against DNS of Abe et al.

e Datais recorded in time on the wall normal

(y-z) plane.

= ) " . * Approximately 5 TB of data is generated as
10 10 0 D 10 -1
y" W

Non-reacting channel flow mean velocity and Reynolds stress profiles

inflow conditions for 3 flow through times.

DNS data of Abe et al is available at http://www.rs.tus.ac.jp/~t2lab/db/index.html



V-flame-wall interaction

’ ‘ * V-flame is investigated in the Re; = 110 channel

20 30 40 50 _80_ ~ flow with inert walls.
‘ * Configuration similar to that of Alshaalan &
Rutland! and Gruber et al.? is used.

* The flame holder is placed in the log layer region of

the channel flow at y* = 55.

* Two wall conditions have been simulated :

> Isothermal walls

» Adiabatic walls

The flame is representative of methane ¢ = 1.0,

Le = 1.0 with S; /u, = 0.7.

V-flame with isothermal walls Q-criterion coloured by vorticity magnitude * Flame behaviour on the bottom wall is different for

1TM Alshaalan, CJ Rutland Symposium (International) on Combustion 27 (1), 793-799 the two conditions simulated.

2 A Gruber, R Sankaran, ER Hawkes, JH Chen Journal of Fluid Mechanics 658, 5-32



V-flame-wall interaction
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V-flame-wall interaction ,
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* Volume integrated reaction at each y /h: n
0 1 j > .
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* Volume integrated flame surface at each y/h:
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Comparison with planar flames

* Turbulent planar flame simulations have
HEE T W P

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Progress variable

been performed.

* Turbulence is forced upstream of the

flame using modified Lundgren’s forcing?.
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Conclusions
Droplet flame interaction

Both turbulence and droplet size have an important influence on the flame structure.
Droplet induced wrinkling effects are prominent for laminar cases and for small turbulence
intensities. It is masked at high turbulence intensities.

Predominantly fuel-lean combustion mode for droplet cases.

The growth rate of flame area decreases with increasing droplet diameter.

Smaller burned gas volume for larger droplet diameters.

Flame-wall interaction

Changes in the thermal wall boundary conditions have an influence on the flame behaviour.
The turbulent burning rate and the flame area do not remain proportional to each other in the

near wall region.
Changes in the behaviour of the Reynolds stresses are believed to cause a these changes in

the case of adiabatic walls.
Further investigation of the joint PDFs of reaction rate and Reynolds stress are ongoing to

investigate this further.
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