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Extinction in steady-laminar flames oo

Extinction occurs when

Reactants in : i 1Xi
j Heat out chemistry is slower than mixing.
\ e Heat losses exceed reactant

consumption rates.

n-C7H16
. n-C7H16/N2
~.J--—-—-—-— CO/H2/N2

e Critical dissipation rate, Xo well
known.

e Steady-state T-y ‘S-curve.’

= Upper (and lower) branches

stable. 10' 102
Yst [S7]




Flame state during dissipation rate fluctuations
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Fluctuations in dissipation rate move flame state away from steady-state S-curve.

= Consider state after period of high dissipation-rate:

= |f state is above middle branch, return to fully burning state.
= |f state is below middle branch, move to extinguished state.
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Formulating unsteady extinction criterion.
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Criterion motivated by trajectories in T-y phase space (S-curve).

Estimate heat loss to get temperature decrement:

ir 3 dT [<oh) (,-0(T-T)
dt 2 dZ’ L , Z(1-Z) ¢

Integrate:

A [ (x—2x,)dt
L1, =exp(—E) with =~ 2%

T -T, Z(1-2)¢

Reaction rate is at x,, rate.
Consider time x > X,

Estimate 2" derivative
using stoichiometry,
reaction zone thickness.

Critical value for T, on middle branch

Hewson, Comb Flame, 160: 887-897, 2013




Unsteady extinction frequency Ll

(T-T )

= How often does = >1nLu occur where = oc _[ (x —y )dt
T —TJ 1

1>%g

200 2200

intermittent turbulence (below)?

10

=  How often does each of these happen in
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= Statistics of eq?

= Dissipation rate intermittent
(log normal).




Simple stochastic model for dissipation rate

mh

Sandia
National
Laboratories

= Ornstein-Uhlenbeck process can be used to simulate lognormal
dissipation rate fluctuations.

dlnx*:—[

2
lnx*+%]dt*+\/§c5dW

= Normalized diss. impulse: = = J' (X*—X;)df —
1>y

40
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. |2z,(1-2,)

A{x)r,

= Statistics for € area
under peaks and

above x|
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Statistics of the dissipation impulse (ot

= Based on assumptions of OU evolution, statistics for €” as

H *
function of Oy Xq/<x>, = |
10

With chiExt=1.330712e+00
With chiExt=1.308450e+01

Re po rtl ng cu mulative - With chiExt=1.286561e+02
frequency <* exceeds
given value in " units
as function of yx./<x>.

Decreasing x,
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Frequency increases
with easier extinction
(as expected).
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Statistics of the dissipation impulse s

= Based on assumptions of OU evolution, statistics for €” as

H *
function of Oy Xq/<x>, = |
10

—

= = = F=1.000000e-04
= H=1.000000e-02
= H=1.000000e+00

As Xof/<x> increases RN =
(harder to ’

extinguish) the
frequency exceeded
decreases.

/

= =+ = H=1,000000e-04
=« = H=1,000000e-02
. — =« = H=1,000000e+00
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Reduction in
frequency strongest
for smaller o (when R
o . Increasing o
large dissipation : SR
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Normalized extinction frequencies oo

= Normalize rate by Prob(x>x,) (cumulative distribution) as
measure of time and magnitude of y—x, when x>x..

slope is -1/3 power law
in steepest section from
1e-4 to 1e-2 Prob(chiq)

Normalized frequency
then decreases
approximately as
power law in Prob(y=x
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= Criterion defining magnitude of scalar-dissipation impulse
leading to extinction defined: > €.

" Involves time integrated excess dissipation over x,,.
= Critical value, Sy related to shape of S-curve.
= Statistics for € based on Ornstein-Uhlenbeck process

= Normalized extinction frequency increases with ‘easier
extinction’ based on (all as expected)
= average dissipation rate (larger <y>/x,).
* shape of S-curve (smaller &)
= Power law scaling of extinction frequency in Prob(x = x,)

observed in relevant regime when frequency normalized by
cumulative Prob(y > x)-
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Thank you for your attention

John Hewson

jchewso@sandia.gov

This work was supported by the NNSA Advanced Scientific
Computing program, Physics and Engineering Models
element, and by the Sandia National Laboratories
Laboratory Directed Research and Development program
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An unsteady extinction criterion s

= estimates heat losses during unsteady extinction

A [ (x—2x,)dt

1> 2y

Z (1-2,) ¢

~N/
"~/

E, 8ives heat loss for extinction based on middle-branch

crossing T_T
=2 =Iln| —=

‘ T —T.

Best agreement with extinction criterion for X, x, xU %,

Relevant for order of magnitude y fluctuations.
13
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Motivation

e Results for turbulent flames indicate local extinction can be
prevalent even when the most typical dissipation rate is well

below .
Probability (x>y,) << Probability extinguished.
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Scalar dissipation rate fluctuations ) fouea,

Dissipation rate PDF nominally Scalar dissipation rate PDF

Iognormal. | | Re=15000 d=0.4

e Fluctuations are order of osf :E:;o
x/d=

maghitude. E xid=20

Extinction associated with brief
transients to large x that must
also be short-lived, being
dissipated at Bachelor scales.

0
log,,(X)

Scalar dissipation rate
history generated using
Ornstein-Uhlenbeck process
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