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— Context

Measuring Burning Velocity from Spherically Expanding Flames

Consistency in definitions

- Kinematic definition
Groodt and De Goey, Combust. Flame (2002)
Balusamy et al., Exp. Fluids (2011)
Varea et al., Combust. Flame (2012)
Varea et al., Proc. Combust. Inst (2014)

Generalized through the Density Weighted Flame
Displacement Speed - DWFDS

Giannakopolos et al. Combust. Flame (2015)

= Kinetic definition — Consumption speed
Fiock and Marvin, Chem. Reviews (1937)
Linnett, Lectures (1954)
Bradley and Mitcheson, Combust. Flame (1976)
Varea, PhD Thesis (2013)
Bonhomme et al. Combust. Flame (2013)
Lefebvre et al. Combust. Flame (2016)




— Context

Measuring Burning Velocity from Spherically Expanding Flames

—>Extrapolation to zero stretch
Chen and Ju, Combust. Flame (2008)
Kelley and Law, Combust. Flame (2009)
Halter et al., Combust. Flame (2010)
Kelley at al., J. Fluid. Mech (2012)
Wau et al., Proc. Combust. Inst. (2015)
Chen, Combust. Flame (2015)

—>Radiation and compression effects
Chen et al., Combust. Flame (2010)
Jayachandran et al., Combust. Flame (2014)
Jayachandran et al., Proc. Combust. Inst. (2014)
Hao et al. Proc. Combust. Inst. (2016)
Chen, Proc. Combust. Inst. (2016)
Chen, Combust.Flame (2017)

—>Stretch and Lewis nhumber effect
Chen, Proc. Combust. Inst (2009)
Chen, Combust. Flame (2011)
Faghih et al. Proc. Combust. Inst (2018)




— Context

Density Weighted Flame Displacement Speed - DWFDS

Fresh gas side

Sgu=95; U

9(T=T,)
Difficulty:

e Measurement of the fresh

gas velocity at T=Tu
Groodt and De Goey, Combust. Flame (2002)
Balusamy et al., Exp. Fluids (2011)
Varea et al., Combust. Flame (2012)

S; :p—(sf _u;)

u

Burned gas side

eq
Sy = £o S
u
Assumptions:
e Burned gases are motionless
o 6/r(t)<<1
* p, constant - equilibrated

Are these DWFDS formalisms relevant from a

kinetic point of view?

Rate at which reactants are consumed....
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Infinitely thin flame

Consumption Speed

1
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_[rzv'vkdr
0

Finite flame thickness

Fiock and Marvin, Chem. Reviews (1937)

Bonhomme et al. Combust. Flame (2013)
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© dt 3R?  y,P dt ©dt 3RE 7P dt
Lefebvre et al. Combust. Flame (2016)
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Varea et al., ECM 2013, Lund



Consumption Speed

Lefebvre et al. Combust. Flame (2016)
Derived from first principle

_ dReq,l . Rg R RSq,Z 1 dpu
) dt 3R, p, dt




— Objectives

—>Hypothesis or Assumptions involved in Sc derivation
-> Validation of the assumptions thanks to DNS data
—>Experimental procedure to measure the fresh gas density field and report Sc values

—>Compare and validate with DNS for CH4/Air flame (YALES2)



— Assumptions

Lefebvre et al. Combust. Flame (2016)

S — dReq,l . Rg o RSq,Z 1 d,Ou
) dt 3R’ p, dt

eq,2

- Req,l comes from the integral of a progress variable of a species k, here reactant

- Req,2 comes from the total mass of species k contained into the sphere of radius Req 5

Do these radii correspond to a
flame radius measured in the
experiments?




— Validation — CH4 Air Flame

1 1 1 1 I 1 1 T T I 1 1 1 1 I 1 1 1 T = 2-5
22 Uy Simulation w1 Yy Simulation i -
4
+ U, Experiment == Temperature, Simulation 4225
2 uy =30 K0 00 BN B BE k| -
Ny ny - ) 1
.'. “ -
1.8}~ ‘e s | —
* i 2 ‘7“2
< 16) 0.8 | E
o H1.75 3
B 14l N
Ei 06 0 A 3
S 1.2} g %
g I 415 o
g S
1 Rtomo 0.4 =
- o
o5k . 1.25 ©
. ; ; . 3 3
. Spatial resolution i B Ro — Rtomo 1 d yo3
0.6} % Exp. 47 um/px -1 3R?2 d
*, | Simul, 10 umimesh | _ omo Py Ol
0.4 — s' .Q
et RS N %3 ST AR d0.75
15 15.5 16 16.5 17

Flame radius [mm] Varea et al. Int. Symp. Combust. (2018)



— EXp. Procedure

Go back to Fluid Mechanics

Mass conservation

d
— dV = 0.
dt /Vm{r) P

V., (t) Is a Material Volume (sys_tem)
moving at the flow velocity U




— EXp. Procedure

PR . Control
LA ¢+ volume

Flame front
position

Burned gas

d
o d
dt /1 "

Rate of change
of the density in
the Material
Volume

v =L

d .
d.v—){ U — X)dA =0
t /L-;{f-:lp : Aa(f-)p( )

Rate of change of
the density in the
Control Volume

Go back to Fluid Mechanics

Mass conservation

d/ dV =0
dr Ju, i P T

V., (t) Is a Material Volume (sys_tem)
moving at the flow velocity U

Control Volume CV moving with the flame

V(1
a( ) through which fluid might flow

Net flux through the
control surface:
boundary



— EXp. Procedure

Go back to Fluid Mechanics

PR . Control
LA ¢+ volume

Mass conservation

Flame front
position

d/ dV =0
dr Ju, i P T

V., (t) Is a Material Volume (sys_tem)
moving at the flow velocity U

Burned gas

\V (t) Control Volume CV moving with the flame
“ through which fluid might flow

Time integration between time t and t+dt yields

%ﬁ &’ d.V—jé (Hp(U—J'{) a4 =0 9 plg+1 = f(plg’ X1U)



— EXp. Procedure

__________ ool Go back to Fluid Mechanics

--------- : volume

Flame front

Mass conservation
—  position

df dV =0
dr Ju, i P T

Burned gas

V., (t) Is a Material Volume (sys_tem)
moving at the flow velocity U

\V (t) Control Volume CV moving with the flame
; “ through which fluid might flow
Ro

Consumption speed can be experimentally determined

S = thomo . Rg — Rt?)mo 1 dpu

dt 3Rtf)mo pu dt




— EXp. Procedure

Evaluation of the compression term

| ' 1 ' 1
Exp. 1
Exp. 2
Exp. 3
Exp. 4
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— Results

Evaluation of burning quantities for CH4/Air Flame (Stoichiometric)

Good agreement between
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— Conclusion

Development of a new methodology
for the consumption speed

—>More related to kinetics
->From Tomo PIV techniques

->Validated using DNS data

->Needs to be validated for other fluels




— Conclusion

Development of a new methodology
for the consumption speed

->ldentify the influence of the flame radius
for normalization

Consumption Speed

Se = — 1b - jrzwkdr
Rio. (Y, —=Y) 0
o= bl ~ [ W.dv
oY =Y, )v

Collaboration with Zheng Chen
1D-Spherically Expanding Flames
A-Surf Code




— Conclusion

Thank you for your attention
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acknowledged.




— Context

For 1D planar case

Kinematic definitions €=

eq
S, =S, -U, =5
£

For spherical configuration

Kinematic definitions

+

Kinetic definition

burning velocity (m/s)

S; &S, =—

0.7

Kinetic definition

0.6

stretch ot (1/5)

1000
Bradley et al., Combust. Flame (1996)



— Results

Evaluation of the compression term

S _dR; RI—R{ 1 dp,
¢ dt 3RZ? p, dt

1 dP 1 dp,
y.P dt VS 5 dt

S [ ] 1 ' 1 ]
" 4| 1/p dp /dt -
o, [ ) u u + -
e 3| * 1/ P) dP/dr oo
g 3 + + 4
s °F ;
— + —
SE | ]
0 L it ] L l L
0 0.005 0.01 0.015 0.02

Flame radius [m]

(b) Experiments



— Results

Comp. term [8'1]
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Evaluation of the compression term
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