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Abstract 

The morphological development of wrinkles along the surface of a Bunsen flame in a weakly-turbulent flow is 
investigated, with turbulence added solely to disturb the flame front. The resulting flame-flow interactions are 
examined using a hybrid Navier–Stokes/front-tracking methodology within the context of the hydrodynamic 
theory. Topological markers based on the skewness of curvature are introduced to distinguish between sub- 
and super-critical conditions, or the absence/presence of the Darrieus–Landau instability, respectively. We 
show that for sub-critical conditions disturbances created along the flame surface are dampened when con- 
vected downstream along the flame front, and the flame surface is only weakly perturbed. For super-critical 
conditions, on the other hand, disturbances of the flame front are amplified when advected downstream lead- 
ing to a highly corrugated surface and a flame brush of increasing thickness. A measure of these dramatic 
changes is included in the mean local stretch rate which, when properly modulated by a Markstein length, 
directly affects the turbulent flame speed. 
© 2018 The Combustion Institute. Published by Elsevier Inc. All rights reserved. 
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1. Introduction 

Studies of turbulent flames have often been car-
ried out using a “planar configuration” where the
flame propagates in one direction with periodic
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boundary conditions in all others. The flame in 

such a configuration can be considered as a seg- 
ment of a much larger freely propagating flame. 
The growth/decay of perturbations on the surface 
of a planar flame depends primarily on the lo- 
cal flow conditions. In contrast, perturbations on 

the surface of laboratory flames, such as Bunsen, 
counterflow and spherically expanding flames, ex- 
hibit in addition, spatial and/or temporal varia- 
tions initiated at their inception. For example, dis- 
turbances created near the burner rim of a Bunsen 

flame are advected downstream along the inclined 
ier Inc. All rights reserved. 
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Fig. 1. Evolution of wrinkles along the surface of a Bun- 
sen flame resulting from a numerical simulation with (a) 
the entire flow perturbed, and (b) only the flow on the 
left half of the burner perturbed. The right figure (c) is 
a schematic illustrating the advection and amplification 
of perturbations along the inclined flame surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ame front by the velocity component tangential
o the flame surface and may grow in the pres-
nce of instabilities into spatially developing corru-
ations. The local flame conformation is therefore
trongly influenced by the onset of the disturbances
pstream and by their growth/decay. This would be
articularly observed in tall flames that result at
igh flow rates, because the slanted section of the
ame and hence, the mean velocity component tan-
ential to the flame surface, are relatively large [1] .
riscoll [2] refers to this phenomenon as a “mem-

ry effect” and suggests that overall combustion
roperties, such as the turbulent flame speed, would
epend in addition to turbulence and mixture prop-
rties on geometry-dependent parameters. 

A key quantity characterizing premixed com-
ustion is the turbulent flame speed S T , defined as
he mean propagation speed of a premixed flame
nto a turbulent mixture. Using a planar configura-
ion, Damköhler [3] proposed that in the large-scale
urbulence regime the ratio of the turbulent to the
aminar flame speeds, S T /S L , is equal to the area ra-
io A f /A, where A f is the mean surface area of the
urbulent flame (over-bar representing an appropri-
tely defined average) and A is the surface area of 
he nominal planar flame. His argument was based
n the assumption that (i) the mixture is locally
onsumed at a rate ρu S L where ρu is the density of 
he fresh mixture and (ii) in the absence of turbu-
ence, the planar flame is stable . Further advances
n flame theory revealed that the local consumption
ate of wrinkled flames is not constant; the local
ame speed is given by 

 f = S L −L K (1)

here K is the stretch rate and L is the Markstein
ength [4,5] . Damköhler’s argument revisited then
ields 

 T /S L = A f S f /AS L . (2)

oreover, the planar flame for L > 0 is, in gen-
ral, unstable due to the Darrieus–Landau (DL)
nstability, unless its transverse dimension is suffi-
iently small and the stabilizing influences of diffu-
ion dominate over the destabilizing effects of ther-
al expansion. In such circumstances, the turbu-

ent flame speed in (2) must be compared to the
peed U L of the stable cusped-like structure that re-
ults from the DL instability and not to the nominal
lanar flame which, in the absence of turbulence, is
nrealizable. Since for weak turbulence intensities,
 f S f ≈ A f S f , as suggested by the numerical sim-
lations reported in [6] , Eq. (2) can be replaced by

 T /U L ∼
(
1 − M K 

)
( A f /A ) (3)

here M = L /L is the Markstein number, with
 an appropriately selected length scale charac-

erizing the hydrodynamic field. As shown below,
he mean stretch rate K implicitly accounts for the
geometry-dependence alluded to by Driscoll [2] ,
because the local stretch rate is not constant but
varies along the flame surface. Earlier attempts to
capture the amplification of perturbations due to
the DL instability on inclined flames and the de-
pendence on their spatial inception, have been car-
ried out by Boyer and Quinard [7] and Searby et al.
[1] on Bunsen and V-flames. They observed that the
transition from absolute (temporal) to convective
instability occurs for a finite flow velocity, when the
ratio of the tangential component of the flow veloc-
ity relative to the flame speed is sufficiently large.
Support for this finding was provided by stability
consideration based on the Michelson-Sivashinsky
equation, which is valid for weak thermal expan-
sion, and later by simulations carried out using a
potential flow model [8] . The non-local behavior
that results from the advection of wrinkles along
an inclined surface was discussed by Lieuwen [9] for
isothermal flows, while neglecting the influences of 
gas expansion. The effect on turbulent flames was
studied by Lipatnikov and Chomiak [10] based on
a model with spatially constant local consumption
speed and growing flame brush thickness. More re-
cently, Troiani et al. [11] and Creta et al. [12] used
the local flame curvature as a key parameter for
identifying the presence and impact of the DL in-
stability on Bunsen flames. Motivated by these con-
siderations, we examine in this paper the morphol-
ogy of wrinkles created on the surface of a Bunsen
flame, their advection along the flame surface and
their amplification in the presence of the DL insta-
bility, as illustrated in Fig. 1 . The problem is stud-
ied numerically within the context of the hydrody-
namic theory and, unlike previous studies, allows
for local and temporal variations in flame speed and
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Fig. 2. (a) Snapshots of instantaneous flame profiles and 
(b) flame front curvature along the flame surface coordi- 
nate s , for M = 0 . 057 (solid/black curve) and M = 0 . 002 
(dashed/red curve) flames. 
examines the nonlinear development of perturba-
tions under realistic thermal expansion conditions. 

2. Hydrodynamic model 

The hydrodynamic theory is based on the as-
sumption that the flame thickness l f consisting of 
the preheat and reaction zones is much smaller
than the hydrodynamic length scale L , represented
here by the width of the burner [4,5] . In the limit
l f / L → 0 the flame is confined to a surface described
by ψ (x , t) = 0 that separates the cold unburned
mixture from the hot combustion products. The
flow field on either side of the flame is governed by
the incompressible Navier–Stokes equations with
densities ρu and ρb for unburned and burned gas,
respectively. Conservation of mass and momentum
across the flame is enforced through the Rankine–
Hugoniot jump relations. The instantaneous shape
and location of the flame surface is described by the
evolution equation 

ψ t + v ∗ · ∇ψ − S f |∇ψ | = 0 (4)

where v ∗ is the gas velocity just ahead of the flame
with S f given by (1) . The mathematical formulation
thus consists of a nonlinear, free-boundary prob-
lem, with all diffusion processes occurring inside
the flame zone mimicked by the Markstein length
L . The flame is affected by the flow through varia-
tions in the local flame speed and the flow, in return,
affected by the gas expansion resulting from the
heat generated at the flame. When the problem is re-
cast in a non-dimensional form using L, S L , L/S L 

and ρu S 

2 
L 

as units of length, velocity, time and pres-
sure, respectively, it depends on three parameters
only: thermal expansion σ ≡ ρu / ρb , the Markstein
number M = L /L and the Reynolds number. 

The numerical implementation of the model
is based on the hybrid Navier–Stokes/interface-
tracking algorithm discussed in [13,14] . The sim-
ulations are carried out on a two-dimensional do-
main of width 3 L and length 8 L , for L > 0 corre-
sponding to lean hydrocarbon-air or rich hydrogen-
air mixtures. The two-dimensional flame surface
may be viewed as the projection of an axisymmetric
Bunsen flame into any cross-sectional plane. In or-
der to clearly delineate the advection of wrinkles on
the flame surface the flow has been perturbed only
in the left half of the burner, retaining its nearly
symmetrical but laminar shape in the other half as
shown in Fig. 1 (b). Perturbations are created on
the flame front using a pre-generated isotropic, ho-
mogeneous turbulent flow of weak turbulence in-
tensity v ′ , introduced at the inflow of the burner
and swept into the domain with a mean velocity
 = 8 S L . To reduce the interference of the shear

flow generated near the burner edge, a weak co-
flow has been introduced along the remainder of 
the bottom boundary. Outflow boundary condi-
tions are imposed on all other boundaries. The den-
sity discontinuity across the flame front has been 

smeared over few grid points using a continuous 
profile [14] and the simulations carried out on a grid 

resolution of 64 points per unit length, sufficient to 

resolve the Gibson scale which, as discussed in [6] , 
is the most relevant scale of interest here. Tests at a 
resolution of 128 points/length have shown varia- 
tions in flame properties of at most 5–6%. Finally, 
we chose σ = 5 , a sufficiently large Reynolds num- 
ber to properly emulate the hydrodynamic model, 
and, unless otherwise specified, v ′ /S L = 0 . 1 with an 

integral scale at �/L = 0 . 1 . 

3. Darrieus–Landau instability 

For low turbulence intensity, Creta and Mat- 
alon [14] have identified two distinct regimes of 
flame propagation termed sub- and super-critical 
and inspired from the linear stability of a pla- 
nar flame. Accordingly, M > M c reflected the sub- 
critical regime where the turbulent flame remains 
planar on the average, and M < M c the super- 
critical regime where the turbulent flame frequently 
acquires cusp-like conformations with large nega- 
tive curvature, the hallmark of the DL instability 
[15] . The critical Markstein number for a turbulent 
flame must be determined numerically but can be 
approximated by the linear stability result of a pla- 
nar flame as 

M c = 

σ − 1 
2 π (3 σ − 1) 

. (5) 

This classification is used to explain the dramatic 
morphological dichotomy observed in Fig. 2 (a), 
where snapshots of instantaneous flame profiles are 
shown for different values of M . The stability of in- 
clined flames has not been discussed thoroughly in 

the literature; but it is evident based on the veloc- 
ity decomposition shown in Fig. 1 (c) that the tan- 
gential velocity component v || does not affect the 
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Fig. 3. Skewness of the flame front γ curvature plotted 
as a function of the Markstein number, with M c marking 
the critical value distinguishing between sub- and super- 
critical flames. Also plotted is the skewness of the curva- 
ture of a non-reacting surface evolving in a constant den- 
sity flow due to Huygen’s propagation. 
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rowth rate of wrinkles and its role is solely to ad-
ect perturbations along the flame surface towards
he tip. Thus, depending on the value of M , flame
rinkles generated by flow perturbations are ei-

her dampened or magnified while being convected
ownstream. The wrinkles subside along the flame
ront for M = 0 . 057 , but increase in amplitude for

 = 0 . 002 with highly negative curvatures appear-
ng downstream. The variations of local flame front
urvature is plotted in Fig. 2 (b) as a function of 
he flame surface coordinate s . As expected, for
uper-critical conditions, sharp bursts of negative
urvatures are observed, indicative of the cusp-like
tructures and reminiscent of the DL instability.
he large negative curvature near s ≈ 4 is due to

he sharp flame tip, observed for both values of 
 . The presence of DL instability can be ascer-

ained by examining the skewness γ of the flame
ront curvature [11,12] , which measures the extent
f asymmetry from the mean in the corresponding
df. For sub-critical conditions, fluctuations ob-
erved on the flame surface are solely due to turbu-
ence. The flame exhibits moderate curvatures, both
onvexly and concavely, and the curvature pdf dis-
lays a symmetric profile with zero mean such that
≈ 0. In contrast, perturbations of the flame sur-

ace for super-critical conditions are amplified by
he DL instability. The resulting wrinkled flame ex-
ibits localized bursts of large negative and moder-
te positive curvatures, and the curvature pdf pro-
le is asymmetric about the mean with γ large and
egative. 

This observation is used to distinguish between
ub- from super-critical conditions and numerically
stimate the critical Markstein number M c . Shown
n Fig. 3 is the variation of γ with increasing values
of the Markstein number M . The results are based
only on the slanted section of the flame, avoid-
ing the large negative curvature of the flame tip
which are not associated with the DL instability.
The sharp contrast in skewness, with large negative
values for M < 0 . 015 , indicative of the presence
of the DL instability, and near-zero insensitive val-
ues for M > 0 . 015 , suggests that M c ≈ 0 . 015 for
the selected σ = 5 . With this value, M = 0 . 002 cor-
responds to super-critical and M = 0 . 057 to sub-
critical conditions, consistent with the structures
seen in Fig. 2 (a). Finally, we note that the skew-
ness γ has been used successfully in recent DNS of 
Bunsen flames to identify the presence of the DL
instability [11,12] . Corrugated fronts in isothermal
flows also lead to the formation of cusps, or highly
negative curvatures, due to Huygen’s propagation;
but the skewness of curvature in this case remains
insensitive to variation in M , as shown in Fig. 3 .
Moreover, the remarkable difference in the order of 
magnitude in γ between a passive surface evolving
in a constant density flow and a super-critical flame
subjected to the DL instability, supports the notion
that skewness is an apt parameter for identifying
the onset of the hydrodynamic instability. 

4. Advection of wrinkles 

The role of DL instability in the decay/growth
of wrinkles along the flame surface is examined in
Fig. 4 . The evolution of wrinkles is shown for the
values : M = 0 . 057 (sub-critical) and M = 0 . 002
(super-critical), at six consecutive time intervals
�t ≈ 0.02. Recall that turbulence is only introduced
in the left half of the burner such that the right
half retains its approximate laminar shape. For sub-
critical conditions the fluctuations are dampened
while being convected along the flame surface to-
wards the flame tip, as shown in Fig. 4 (a). For
super-critical conditions the fluctuations are ampli-
fied along the flame surface due to the DL instabil-
ity with distinctive cusp-like formations, as seen in
Fig. 4 (b). 

The evolution of wrinkles along the flame sur-
face is further highlighted in Fig. 5 where the
instantaneous curvature along the flame coordi-
nate s is plotted for the same profiles presented in
Fig. 4 . Solid/open symbols are used to mark posi-
tive/negative curvatures in Fig. 5 (a); only negative
curvatures are shown in Fig. 5 (b). Note that the or-
dinate in both graphs differ significantly; for M =
0 . 057 the variations correspond to | κ | < 10, whereas
for M = 0 . 002 they correspond to | κ | < 50. For
sub-critical conditions, perturbations of the flame
surface are dampened and, in the absence of a pre-
ferred orientation towards the burned or unburned
gas, the flame exhibits approximately equal nega-
tive and positive curvatures. Super-critical flames,
on the other hand, are dominated by conforma-
tions of large negative curvatures due to the highly
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Fig. 4. Perturbed flame profiles at six consecutive times for sub-/super-critical flames; the flame is perturbed only in the 
left half of the burner. 
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symbols for crests with positive curvature (used primarily for the sub-critical case). Note that the scale of the ordinate in 
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corrugated crests pointing towards the burned gas,
marked by open symbols in Fig. 5 (b). In both cases,
the sharp negative curvatures for s ≈ 4 must be dis-
regarded, being the result of the highly rounded
tip of the Bunsen flame. We note that the instanta-
neous illustration in Fig. 5 would be typically ob-
served in an experiment. Of interest, however, is
to trace back the development of perturbations to
their inception time, which is discussed next. 

It has been established analytically for weak
thermal expansion [16] , and numerically for real-
istic values of thermal expansion [15,17] , that the
flame as a result of the DL instability evolves in
time to a stable single peak formation. In other
words, the growing wrinkles due to the DL instabil-
ity saturate in time to a stable constant amplitude
structure. For sub-critical conditions the wrinkles
on the flame surface are dampened and their am- 
plitudes eventually tend to zero. Since the wrinkles 
advected on the slanted surface of a Bunsen flame 
survive a finite length of time before getting annihi- 
lated at the flame tip, they may not get completely 
dampened, or reach full saturation. A comparison 

of the evolution of wrinkles from the time of in- 
ception and the variation of the magnitude of their 
local curvature in time could then be used to quan- 
tify the impact of the DL instability. This is shown 

in Fig. 6 for sub- and super-critical conditions. The 
symbols display the values of κ at consecutive time 
intervals, as in Fig. 5 . For M = 0 . 057 one observes 
a slight reduction in the magnitude of the curvature 
due to kinematic restoration. In contrast, for M = 

0 . 002 there is a clear amplification of the wrinkles 
advected downstream along the flame front, in ac- 
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Since for subcritical flames wrinkles are, on the average, 
equally convex as they are concave, only negative curva- 
ture values are shown. 
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ord with the observation in Fig. 3 that shows a
arge negative skewness. The noise in the data is
rimarily due to the background fluctuations of 
he velocity field which continuously perturb the
ame front, but owing to the weak turbulence in-
ensity the resulting perturbations are small rela-
ive to the dominant DL instability effects. The ex-
ent to which wrinkles at a given location along
he flame correlate to upstream perturbations can
e assessed using the spatial-temporal correlation
unction 

 (s, t ; ξs , τ ) = 

κ (s + ξs , t−τ ) κ (s, t) √ 

κ ( s + ξs , t−τ ) 2 
√ 

κ ( s, t) 2 
ξs
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(a) Bunsen flame

R

ig. 7. Correlation of the local flame curvature along the flam
osition near the flame tip; for M = 0 . 002 . The dashed curve in
ctual data is not shown). 
where the local curvature κ has been used to char-
acterize a wrinkle (here the “overbar” stands for
the time-averaged mean). Accordingly, R repre-
sents the correlation of a wrinkle at position s
and time t to an incoming fluctuation at s + ξs 

and time t−τ . Choosing s = 2 . 8 as a reference
position located close to the flame tip, the varia-
tions of R with neighboring locations ( ξ s < 0) up
to the burner rim, are shown in Fig. 7 (a) for var-
ious times τ . The colored/marked curves are plot-
ted for M = 0 . 002 (super-critical) with the various
colors/symbols representing different times τ . As
expected, when τ = 0 , the correlation function R
has a maximum at the reference position s = 2 . 8
(or ξs = 0 ) and spreads over a short distance be-
fore dropping to beneath R = 0 . 2 , below which the
wrinkles may be considered uncorrelated. Subse-
quent curves of R have similar shapes, but with
peaks of decreasing magnitude that are shifted up-
stream when τ increases. The spatial extent of these
curves, shown by the black solid curve in the figure,
represents the distance over which wrinkles are cor-
related over time. These results may be understood
if disturbances on the flame surface are viewed to
consist of a “local component” due to turbulent
fluctuations and a “non-local” component result-
ing from wrinkles amplified by DL effects and con-
vected from an upstream location along the flame.
The preceding picture may be contrasted to the
correlation of wrinkles on the surface of a pla-
nar flame, shown in Fig. 7 (b) for the same value
of M = 0 . 002 . The mean flow velocity is now nor-
mal to the flame surface and the wrinkles, which
are always centered around the reference location,
here selected arbitrarily at s = 0 . 8 , become uncor-
related over time. For M = 0 . 057 , the correlation
function exhibits a similar but weaker dependence
on upstream conditions and over a shorter distance
ξs
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e surface at different times τ with respect to a reference 
 (a) represents the peak values of R for M = 0 . 057 (the 
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Fig. 9. Distribution of κ along the flame coordinate s for 
a Bunsen flame, a passive Bunsen-like surface and a pla- 
nar flame. 
as shown by the dashed black curve in the figure.
The planar flame in this case will be stable such that
fluctuations of the flame surface are solely due to
turbulence, and R ≈ 0 in this case. 

The sensitivity of the correlation function R to
turbulence intensity v ′ is shown in Fig. 8 , where the
peaks of the correlation functions are plotted as
a function of ξ s , for sub- and super-critical con-
ditions. When increasing v ′ for super-critical con-
ditions, the local contribution to wrinkling caused
by the fluctuating turbulent field becomes more
notable and eventually comparable to the ampli-
fication due to the DL instability. This leads to
a weaker “memory” effect, causing a sharp drop
in the correlation function. In contrast, for sub-
critical conditions the wrinkles are predominantly
due to the turbulent fluctuations and the correla-
tion function remains insensitive to variations in
turbulence intensity. 

5. Distribution of interfacial properties 

In Fig. 9 , the non-local contribution to wrin-
kling for Bunsen flames is contrasted to (i) a pla-
nar flame in a turbulent flow, and (ii) a passive
Bunsen-like interface in a non-reacting (constant-
density) turbulent flow, of equal intensities. The fig-
ure shows the variations of the local curvature of 
the flame surface, or interface, along the surface for
each of the three cases, and for both M = 0 . 002
and M = 0 . 057 . The extent of the distribution rep-
resents the thickness of the flame brush. 

When comparing the distribution of κ for the
Bunsen flame and the passive interface, two signifi-
cant differences are observed, both associated with
thermal expansion. First, the passive interface ap-
pears insensitive to variations in Markstein number
and has an almost flat distribution along its surface
up to the highly rounded tip, whereas the Bunsen
flame exhibits a marked difference with the curva- 
ture distribution widening downstream for super- 
critical conditions ( M = 0 . 002 ) due to amplifica- 
tion of wrinkles by the DL instability. Second, 
for sub-critical conditions the Bunsen flame dis- 
plays a much narrower curvature distribution com- 
pared to the passive interface, which results from 

the stabilization influences of diffusion absent in 

the latter. The distribution of curvature along the 
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Fig. 10. Variations of mean local flame stretch along the 
flame surface for sub- and super-critical conditions; the 
individual contributions of curvature and strain for M = 

0 . 002 are shown in the inset. 
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urface of a planar flame is significantly differ-
nt for sub- and super-critical flames, but in both
ases it is spread randomly along the surface due
o the absence of an advection velocity compo-
ent. For M = 0 . 057 the flame brush is thin and
early-planar; whereas for M = 0 . 002 the flame is
uch thicker and exhibits highly negative curva-

ures [6] . The difference between the curvature dis-
ribution along the surface of a Bunsen and a pla-
ar flame occurs primarily under super-critical con-
itions and is evidently due to their distinct geo-
etric configurations. The distribution of κ along

he surface of a Bunsen flame exhibits an upstream
nfluence, whereby wrinkles with large curvatures
ue to the DL instability are advected downstream
nd thus concentrated closer to the flame tip, re-
ulting in a thicker flame brush; unlike the passive
nterface which retains a nearly constant thickness.
hese observations indicate that the “memory” ef-

ect in Bunsen flames results from the underlying
ow field associated with its geometric configura-
ion combined with thermal expansion, and the ab-
ence of either is insufficient to create the “non-
ocal” dependence on upstream conditions along
he flame. For example, the passive interface, de-
pite having a tangential velocity component along
ts surface shows no dependence on upstream con-
itions due to the absence of thermal expansion.
imilarly, the planar flame with an active thermal
xpansion lacks any such preferred correlation due
o its flat shape. 

Although the aforementioned “memory” effect
ritically modifies the appearance and local proper-
ies of turbulent flames, variations in inherent flame
roperties properly account for this effect. For ex-
mple, the mean local stretch rate K = S L κ + K s

onsisting of the effects of curvature κ and hydro-
ynamic strain K s , is contained in the determina-
ion of the turbulent flame speed S T . Plotted in
ig. 10 is the variation of K along a Bunsen flame
surface, with the individual contributions of cur-
vature and strain shown in the inset for the super-
critical case (excluding the large curvature near the
flame tip). Under turbulent conditions the flame
is weakly stretched by velocity fluctuations and,
since wrinkles created near the burner rim are ad-
vected along the surface, the mean stretch rate K
is expected to increase with increasing s . For sub-
critical conditions, only a small increase in K is ob-
served because, the wrinkles created on the flame
surface and advected downstream are dampened by
the stabilizing influences of diffusion. For super-
critical conditions, K increases substantially with s
due to the amplification of wrinkles advected along
the flame front. The figure also clearly shows that
hydrodynamic strain is the primary contributor to
stretch, as reported in [6] . 

6. Conclusions 

The Bunsen flame is widely used to investigate
the behavior of premixed flames under turbulent
conditions in the laboratory due to the simplicity of 
establishing and controlling the flame. The incom-
ing flow has a velocity component tangential to the
inclined surface, which is integral in the advection
of wrinkles created on the flame front towards the
flame tip. Disturbances on the flame surface may
thus be viewed as consisting of a local contribution
resulting from velocity fluctuations and a non-local
contribution resulting from wrinkles created near
the burner rim and advected downstream. For weak
turbulence intensities the morphology of the flame
surface depends strongly on whether or not local
disturbances are amplified by the DL instability,
conditions referred to as super- and sub-critical, re-
spectively. The highly wrinkled flames, which are a
consequence of the DL instability exhibit frequent
bursts of negative curvatures resulting in an asym-
metric curvature pdf; quite distinct from the sym-
metric pdf observed in the absence of the instabil-
ity. The skewness of curvature, therefore, is a suit-
able marker for determining the critical conditions,
expressed in terms of a Markstein number M c .
The morphology of the flame changes dramatically
when M is above/below M c . For sub-critical con-
ditions, with M > M c , the wrinkles created near
the burner rim subside when advected along the
weakly perturbed flame front and the relatively thin
flame brush remains nearly constant. For super-
critical conditions with M < M c , the wrinkles are
amplified when advected along the flame front lead-
ing to a flame brush that becomes thicker fur-
ther downstream. A measure of these notewor-
thy changes in flame behavior manifests itself in
the mean local stretch rate, which is modulated by
M and has a direct effect on the turbulent flame
speed. 
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