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Abstract

Many modeling strategies for combustion rely on laminar flamelet concepts to determine structure and properties of
multi-dimensional and turbulent flames. Using flamelet tabulation strategies, the user anticipates certain aspects of the
combustion process prior to the simulation and selects a flamelet model which mimics local flame conditions in the
more complex configuration. Flame stretch, which can be decomposed into contributions from strain and curvature,
is one of the conditions influencing a flame’s properties, structure, and stability. The objective of this work is to
study premixed flame structures in the strain-curvature space using a recently published composition space model
(CSM) and three physical space models for canonical flame configurations (stagnation flame, spherical expanding
flame and inwardly propagating flame). Flames with effective Lewis numbers both smaller and larger than unity
are considered. For canonical laminar flames, the stretch components are inherently determined through boundary
conditions and their specific flame configuration. Therefore, canonical flames can only represent a certain sub-set
of stretch effects experienced by multi-dimensional and turbulent flames. On the contrary, the CSM allows arbitrary
combinations of strain and curvature to be prescribed for premixed flames exceeding the conditions attainable with
the canonical flame setups. Thereby, also influences of negative strain effects and large curvatures can be studied.
A parameter variation with the CSM shows that flame structures still significantly change outside the region of the
canonical flame configurations. Furthermore, limits in the strain-curvature space are discussed. The present paper
highlights advantages of composition space modeling which is achieved by detaching the representation of the flame
structure from a specific canonical flame configuration in physical space.
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1. Introduction

CFD simulations with flamelet-based chemistry tab-
ulation, as utilized in flamelet-generated manifolds
(FGM) [1] or flame-prolongiation of ILDM (FPI) [2],
rely on the assumption that a turbulent flame can be con-
sidered a statistical ensemble of one-dimensional lami-
nar flamelets [3]. These flamelets can be computed prior
to the combustion simulation and tabulated as a func-
tion of a reduced set of scalars. During simulation run-
time, thermochemical quantities and source terms are
obtained from the table instead of computing them in
every cell and time step. The application of the ap-
proach requires the user to anticipate certain aspects of
the combustion process prior to the simulation and se-
lect a flamelet model which mimics local conditions for
the turbulent flame as best as possible.

It is well-established, e.g. from studies of laminar
and turbulent fully resolved numerical simulations, that
flame physics are significantly affected by flame stretch,
flame-wall interactions, multiple fuel streams, or multi-
phase characteristics, among others. These effects po-
tentially have to be considered in the flamelet tabulation
to improve the overall model fidelity. For tabulation, the
user can choose from physical space models, which rep-
resent canonical flame configurations subject to some of
the aforementioned effects, or composition space mod-
els, which have been obtained by a mathematical trans-
formation of the transport equations of species, temper-
ature or enthalpy. However, these models do not neces-
sarily cover the full parameter range or relevant scales
which are to be expected in the combustion simulation.
For instance, physical space flame configurations are in-
herently unstable at negative strain conditions (e.g. the
rearward stagnation flame [4]). Furthermore, canoni-
cal curved flames, such as tubular flames [5], can only
cover a limited curvature range due to geometrical re-
strictions (e.g. minimum realizable nozzle radius). On
the contrary, it was shown for turbulent combustion that
multi-dimensional flame configurations can experience
a much wider range of stretch conditions, including sub-
stantial negative strain effects and large curvatures [6].

This serves as the motivation for this work where pre-
mixed flame structures are analyzed for a wide range of
flame stretch conditions. Flames with effective Lewis
numbers smaller and greater than unity are considered.
Three physical space models for canonical flame con-
figurations (stagnation flame, spherical expanding flame
and inwardly propagating flame) and a recently pub-
lished composition space model (CSM) [7, 8] are uti-
lized. For the latter, the representation of the flame
structure is detached from a specific physical space

flame configuration. In our previous work we showed
that, when an additional equation for the progress vari-
able gradient is being solved, arbitrary combinations of
strain (Ks) and curvature (κ) can be prescribed as ex-
ternal parameters. Setting both parameters to zero, the
CSM recovers the unstretched laminar burning veloc-
ity s0

u. Here it is shown that the CSM can access a
larger (Ks, κ)-parameter space exceeding the capabili-
ties of canonical flame models, and that this can lead to
significant differences for flame structures.

First, the required theory of flame stretch, the CSM,
and the canonical flame models is briefly revisited.
Then, different flame structures obtained for the canon-
ical flame configurations are discussed and compared.
Thereafter, composition space flame solutions are ana-
lyzed in the (Ks, κ)-region beyond the limits of canoni-
cal flame models. The paper ends with a summary.

2. Flame stretch effects

Flame stretch influences the structure and burning
rate of a premixed flame and can lead to flame extinction
if increased above a critical value. It is defined as the
fractional area change of a flame surface element [9, 10]

K =
1
A

dA
dt

= ∇t · ut + (s f · n)(∇ · n) , (1)

where ∇t ·ut represents flame-tangential straining by the
flow, s f is the flame speed, and n is the flame-normal
unit vector (n points towards the burnt gases). Intro-
ducing the decomposition of the flame speed into flow
velocity and flame displacement speed, s f = u − sd n,
Eq. 1 can be reformulated [11]

K = ∇t · ut − (u · n) κ︸              ︷︷              ︸
Ks

+ sd κ︸︷︷︸
Kc

, (2)

where κ = −∇ ·n is the flame curvature, Ks marks strain
imposed on the flame by the flow, and Kc is a stretch
component which originates from the self-propagation
of the (curved) flame. This distinction is of importance
here since the CSM presented in the next section re-
quires Ks and the flow topology information κ as ex-
ternal parameters. On the contrary, Kc is tied to the
flame displacement speed, which is obtained as a flame-
response to the external flame parameters. The Mark-
stein length L is often used to describe the relation be-
tween burning velocity su and stretch [12]

su = s0
u − LK + H.O.T. (3)

Its dimensionless form is denoted as Markstein num-
ber M = L/l f with the flame thickness l f . However,
the linear relation is limited to weakly stretched flames
and higher order terms (H.O.T ) gain importance with
increasing stretch.
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3. Composition space model (CSM)
For a premixed flame, the reaction progress variable

Yc can be utilized as a flame-attached coordinate which
spans the so-called progress variable space. Here, it is
defined as a weighted sum of species, Yc =

∑ns
i αiYi.

With this, a transport equation for Yc can be formulated

ρ
∂Yc

∂t
+ ρu · ∇Yc = −∇ · (ρYcVc) + ω̇c , (4)

where ρ is the density and YcVc =
∑ns

i αiYiVi the dif-
fusive flux of the progress variable, with Vi being the
diffusion velocity of species i. Further, the source term
is defined as a weighted sum of species source terms
ω̇c =

∑ns
i αiω̇i. The motion of the flame surface, rep-

resented by a collection of Yc-isosurfaces, is then de-
scribed by the kinematic condition [1, 13]

dYc

dt
=
∂Yc

∂t
+ s f · ∇Yc = 0 , (5)

and the unit vector along the flame-normal is defined as
n = ∇Yc/|∇Yc|. The temperature and species balance
equations can be transformed into Yc-space given a suit-
able choice for the progress variable. Furthermore, an
equation for the progress variable gradient gc = |∇Yc|

is required as a closure [7]. The final set of equations
reads [8]

ρ
∂Yi

∂τ
= −gc

∂

∂Yc

(
gc ρYiṼi

)
+ gc

∂

∂Yc

(
gc ρYcṼc

) ∂Yi

∂Yc

+ ρgc κ

(
YiṼi − YcṼc

∂Yi

∂Yc

)
− ω̇c

∂Yi

∂Yc
+ ω̇i , (6)

ρ
∂T
∂τ

=
gc

cp

∂

∂Yc

(
gcλ

∂T
∂Yc

)
+ gc

∂

∂Yc

(
gc ρYcṼc

) ∂T
∂Yc

−ρg2
c

ns∑
k

cp,k

cp
YkṼk

∂T
∂Yc
− ρgc κ

(
λ

ρcp
+ YcṼc

)
∂T
∂Yc

− ω̇c
∂T
∂Yc

+
ω̇T

cp
, (7)

0 = −g2
c
∂2

∂Yc
2

(
gc ρYcṼc

)
+ g2

c
∂

∂Yc

(
κ ρYcṼc

)
− ω̇c

∂gc

∂Yc
+ gc

∂ω̇c

∂Yc
+ ρKsgc , (8)

where Ṽi represents the diffusion velocity of species i
with respect to the Yc-composition space, λ is the heat
conductivity, cp is the heat capacity and ω̇T is the heat
release rate. Solutions of these equations recover struc-
ture and characteristics of canonical flame configura-
tions, and it has been shown that it is sufficient to ap-
proximate the external parameters strain Ks and curva-
ture κ by representative values [8]. Setting strain and
curvature to zero, the laminar burning velocity can be
computed by solving the closed system of equations [7].
Homogeneous ignition is recovered by the CSM in the

asymptotic limit of gc → 0 [7, 8]. While the CSM can
capture transient effects (ignition, flame structure of a
spherical flame), it should be noted that it cannot ac-
count forvery high transients or cases exhibiting multi-
dimensional structures.

4. Canonical premixed flame configurations

Besides the composition space model (CSM), three
physical space models for canonical flame configura-
tions are considered which are shown schematically in
Fig. 1. Planar stagnation flames (STAG) can be stabi-
lized in a stream of premixed fresh gases towards a wall
or an opposed stream of equivalent composition (twin-
configuration). The governing equations can be found
in Kee et al. [14]. In a quiescent mixture of fresh gases,
a spherical expanding flame (SEF) can be created using
an ignition source. This flame is stretched and curved at
the same time and both quantities change as the flame
evolves over time. Unlike SEF, an inwardly propagat-
ing flame (IPF) is obtained by igniting a quiescent mix-
ture of fresh gases in perfect spherical shape. The flame
then propagates inwards consuming the remaining fresh
gases. Although such an idealized flame can hardly
be established in experiments, it can be computed nu-
merically [15, 16]. Both spherical flames are computed
using the code A-SURF [17]. Table 1 summarizes the
stretch conditions for all three configurations.

5. Results

With the possibility to choose arbitrary combinations
of strain and curvature, the CSM allows studying the
influence of Ks and κ on premixed flame structures sys-
tematically, which is the objective in the following. By
contrast, strain and curvature are inherently determined
through the boundary conditions and configuration for
the canonical flames. Exemplary canonical flame solu-
tions are analyzed and compared against the CSM in the
(Ks, κ)-parameter space. As an estimate for the parame-
ter variation, Fru et al. [6] found strain and curvature in
the order of Ks ≈ ±104 s−1 and κ ≈ ±104 m−1 from di-
rect numerical simulations of turbulent premixed flames
in a periodic box. Although different values might be
found in other multi-dimensional flame configurations,
these orders of magnitude serve as an orientation here.
After comparing the CSM against canonical flame so-
lutions, flame structures beyond the limit of canonical
flames are analyzed. Flame databases for two different
fuels are created: (1) lean hydrogen/air flames (φ = 0.5,
LeH2

≈ 0.3, ≈ 12000 flame calculations) and (2) lean
ethanol flames (φ = 0.7, LeC2H5OH ≈ 1.6, ≈ 6000 flame
calculations). For the flames specified above, the fuel
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Fig. 1: Schematic models of the canonical flame configurations considered.

Tab. 1: Overview of stretch effects in the
canonical flames considered.

Type stretch
K =

Ks + Kc

strain
Ks

curvature
stretch

Kc

STAG K > 0 Ks > 0 Kc = 0
SEF K > 0 Ks > 0 Kc > 0
IPF K < 0 Ks = 0 Kc < 0

Fig. 2: (Ks, κ)-parameter space for lean H2/air flames (φ = 0.5, p = 1 atm, T0 = 300 K) characterized by burning velocity su (left), inner layer
temperature Til (middle) and maximum temperature Tmax (right). Canonical flame solutions are shown for reference. Furthermore, limits of the
parameter space are indicated (L1: Strain-induced extinction limit, L2: Topological limit).

is the deficient reactant and its Lewis number is con-
sidered the effective Lewis number [18]. The applied
progress variable definitions are Yc = YH2O − YH2

− YO2

for hydrogen and Yc = YH2O − YO2
+ YCO2

+ 10 YH2
for

ethanol flames. A mixture averaged diffusion model is
utilized [19] and thermal diffusion [20] is additionally
considered for hydrogen-air flames.

5.1. Le < 1 flames (H2)

Figure 2 shows the characteristics of lean H2-air
flames in the (Ks, κ)-parameter space obtained with the
CSM. Reference solutions of canonical flames are in-
cluded in the figure and it is observed that they only
cover a small subset of the parameter range accessible
by the composition space solutions. The plot on the
left shows the burning velocity su. It is evaluated at the
maximum heat release peak, which is in agreement with
literature as it should be evaluated close to the burned
side [11, 12] and is weighted by the fresh gas density
ρ0, according to

su =
ρsd

ρ0 =
1
ρ0

(
−
∂

∂Yc

(
ρYcṼc

)
+ κρYcṼc +

ω̇c

gc

)
. (9)

This equation can be obtained using the transformed
Eqs. (4) and (5) [8]. Furthermore, Fig. 2 shows the in-
ner layer temperature Til, which is the temperature at
the maximum heat release rate (middle), and the maxi-
mum temperature Tmax (right). Moreover, the limits of

the parameter space are indicated, as discussed further
below.

Positive strain strengthens Le < 1 flames due to dif-
ferential diffusion [18], as reflected in Fig. 2 illustrating
that the burning velocity increases by a factor of approx-
imately 5 from the left to the right boundary of the pa-
rameter space. Furthermore, the maximum temperature
increases substantially with increasing Ks. The influ-
ence of strain on the flame structure is more significant
than the effect resulting from curvature. This is also ob-
served for the burning velocity, whereas the maximum
temperature shows a moderate effect. On the other hand,
both strain and curvature influence the inner layer tem-
perature. Til increases with increasing strain (decreasing
curvature), which indicates that the heat release peak is
shifted to lower (higher) temperatures, respectively.

Exemplary flame structures of canonical flame con-
figurations are compared to corresponding results from
the CSM in Fig. 3. Temperature, fuel and OH mass
fractions are shown as a function of the progress vari-
able. Overall, good agreement is observed between the
canonical flame solutions and the CSM. Slight devia-
tions occur at the right boundary for STAG flames re-
sulting from restrainment effects which are discussed
further below. For the SEF, small discrepancies can be
observed in the hydrogen profile. These result from us-
ing representative values for strain and curvature in the
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Fig. 3: Flame structure for lean H2-air flames (φ = 0.5, p = 1 atm, T0 = 300 K) of canonical flames (symbols) compared to calculations with the
CSM (lines). (STAG: Ks = 4800 s−1 and κc = 0 m−1, SEF: Ks = 900 s−1 and κc = 310 m−1, IPF: Ks = 0 s−1 and κc = −280 m−1).

CSM, and these are extracted at the maximum heat re-
lease peak for both spherical flames, while they vary
in the physical space (SEF/IPF model). Nevertheless,
the CSM can recover the flame structure of the SEF for
an instant during its transient evolution [8]. The larger
progress variable domain for the SEF is a direct conse-
quence of the ignition process, which produces already
burned products and a developed radical pool [21]. The
flame structures of the IPF are captured well by the
CSM. IPF solutions for large negative curvatures could
not be matched by corresponding composition space so-
lutions, presumably due to the fact that IPFs are weakly
back-supported by hot products while propagating in-
wardly. This effect is not included in the CSM.

Restrainment of stagnation flames. Although lean H2-
flames (Le < 1) are strengthened by positive strain, the
corresponding STAG flames exhibit a positive strain ex-
tinction limit. According to Law [18], this extinction
behavior is due to restrainment of the flame and not a
stretch effect. Increasing the strain rate, extinction of
STAG flames does not occur before the flame reaches
the (adiabatic) stagnation plane. At the stagnation plane
the flame is restrained, i.e. it cannot occupy enough
space (limited flame thickness) and the residence times
of reactants and intermediates are reduced. When the
strain is further increased, chemical reactions remain in-
complete and eventually the flame is extinguished. Re-
strainment is specific to the physical space STAG flame
configuration. Such limitations are avoided in composi-
tion space. Instead, the CSM is defined such that both
boundary conditions (fresh and burned gases) are far
away from the reaction zone. This is readily understood
from the boundary conditions for the gradient (gc = 0),
which represents the transformation between Yc and co-
ordinate dx = dYc/gc measured along the flame-normal
in the physical space.

For further illustration, Fig. 4 shows STAG solu-
tions subject to restrainment at elevated strain rates Ks

and corresponding composition space solutions (unre-

Fig. 4: Restrainment effect for premixed H2-air STAG flames (φ =

0.5, p = 1 atm, T0 = 300 K) compared to the CSM.

strained). Inner layer quantities, such as Til, remain un-
affected by restrainment until extinction of the STAG
flames. On the contrary, the maximum temperature is
affected as Tmax is reached in the post-oxidation zone,
which becomes restrained at the stagnation plane.

Flame structure analysis in composition space. In
Fig. 5 the temperature T , the local equivalence ratio
φlocal and the heat release rate ω̇T are shown in com-
position space for three different cases with constant
curvature and increasing strain from case A to C, re-
spectively. The maximum of the progress variable in-
creases with increasing strain indicating super equilib-
rium conditions (”hot spots”) which have been identi-
fied for laminar and turbulent flames [22, 23]. This
is further affirmed by the maximum heat release peak
and the increased local equivalence ratio, which both
increase with Ks. Note that the integral of the heat re-
lease across the flame remains constant, the flame only
becomes thinner and the gradient gc assumes larger val-
ues (not shown).

Figure 6 shows the complementary result to Fig. 5.
Here, the strain rate is fixed, while the curvature is
varied. In accordance with the literature [18], the fig-
ure shows that positive curvature strengthens the flame,
while negative curvature has the opposite effect. Inter-
estingly, particularly the flame structure for case C can
only be realized with the CSM, utilizing a compensation
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Fig. 5: Flame structure obtained with the CSM at different locations within the (Ks, κ)-parameter space for lean H2-air flames (φ = 0.5, p = 1 atm,
T0 = 300 K). The temperature profile (left), the local equivalence ratio φlocal (middle) and the heat release rate ω̇T (right) are shown in Yc-space.
The curvature is fixed at κ =−3000 m−1 while strain Ks is increased for cases A/B/C according to 6000/15000/25000s−1.

Fig. 6: Flame structure obtained with the CSM at different locations within the (Ks, κ)-parameter space for lean H2-air flames (φ = 0.5, p = 1 atm,
T0 = 300 K). The temperature profile (left), the local equivalence ratio φlocal (middle) and the heat release rate ω̇T (right) are shown as a function
of Yc. Strain is fixed at Ks =6000 s−1 while curvature κ is increased for cases A/D/E according to −3000/0/3000m−1.

between opposing trends for positive strain and negative
curvature effects. It is also found that the maximum heat
release peak shifts towards fresh gases with increasing
strain, while the opposite is true for increasing curva-
ture.

Limits in strain-curvature parameter space. It is indi-
cated in Fig. 2 that the composition space solutions ex-
hibit certain limits in the (Ks, κ)-parameter space. These
limits originate from considerations about flame physics
as outlined in the following.
L1: Strain-induced extinction limit. Le < 1 flames are
strengthened (weakened) by positive (negative) strain
and vice versa for flames with Le > 1 [18]. Hence,
strain can weaken a flame such that heat release rate
and burning velocity become significantly reduced up to
a point where the flame quenches. This strain-induced
extinction limit L1 is estimated in (Ks, κ)-space by ex-
trapolating the burning velocity to zero.
L2: Topological limit. The CSM assumes that the flame
structure is locally one-dimensional. However, consid-
ering a flame whose flame thickness is of the order of the
curvature length scale (i.e. the flame radius, lκ = 1/κ)
implies a flame kernel structure rather than a flame sur-
face. Solutions in the limit of the flame kernel struc-
ture require separate analyses and modeling, which is
out of scope for this work. Therefore, a topological
limit is introduced which restricts the flame thickness

Fig. 7: (Ks, κ)-parameter space for lean C2H5OH/air flames (φ = 0.7,
p = 1 atm, T0 = 363 K) characterized by burning velocity su (top)
and inner layer temperature Til (bottom). Further, canonical flame so-
lutions and the respective limits (L1: Strain-induced extinction limit,
L2: Topological limit) are shown.
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Fig. 8: Flame structure obtained with the CSM at different locations within the (Ks, κ)-parameter space of lean C2H5OH-air flames (φ = 0.7,
p = 1 atm, T0 = 363 K). The temperature profile (left), the local equivalence ratio φlocal (middle) and the heat release rate ω̇T (right) are shown for
three different cases as a function of Yc (Case F: Ks = 2000 s−1, κc = −2000 m−1, Case G: Ks = 6000 s−1, κc = −4000 m−1, Case H: Ks = 10000 s−1,
κc = −6000 m−1)

to be smaller than the curvature length scale by at least
a factor of 3, l f < lκ/3. For this criterion the Zeldovich
thickness is utilized l f = λ/(cp ρusu) instead of a thick-
ness definition based on the progress variable gradient,
as this would introduce numerical uncertainties due to
reconstruction of the physical space coordinate.

5.2. Le > 1 flames (C2H5OH)
Figure 7 shows the burning velocity (top) and inner

layer temperature (bottom) for lean C2H5OH/air flames.
The (Ks, κ)-parameter space attainable with the CSM is
smaller and shaped differently than for H2-air flames.
There is only a small area with positive strain and posi-
tive curvature for ethanol flames and the strain induced
extinction limit is found for positive strain. This is
in agreement with theory [18] since Le > 1 flames are
weakened by positive stretch. The burning velocity su

increases by a factor of 4 and Til increases by approx-
imately 100 K for increasing strain and decreasing cur-
vature. The variations of maximum temperature (not
shown) are comparable to the ones for Til, with a slight
decrease towards the upper boundary.

Similarly as for H2-air flames, the CSM recovers the
canonical flame structures for C2H5OH-air flames (not
shown here, cf. [8]). Figure 8 shows temperature T ,
local equivalence ratio φlocal and the heat release rate
ω̇T obtained for C2H5OH-air flames with the CSM from
parameter variation (cases F-H, as indicated in Fig. 7).
For Cases F to H, curvature decreases and strain rate
increases. The maximum local equivalence ratio and
the maximum heat release peak increases from F to H,
which is expected for Le > 1 flames. On the other hand,
the temperature profiles are almost identical and the
shift of the maximum heat release peak is smaller com-
pared to hydrogen. This underlines that stretch effects
are less pronounced for C2H5OH-air flames, however,
particularly the effects on su are significant (cf. Fig. 7).

5.3. Markstein numbers
Usually the Markstein length is obtained via a re-

gression of burning velocity versus stretch [12]. In

the (Ks, κ)-parameter space the Markstein length can
be evaluated as the directional derivative of the burn-
ing velocity with respect to stretch L = ∂su/∂K =

Osu · OK/|OK|2. Fig. 9 shows the Markstein number
for the whole parameter space. The Markstein num-
ber changes only slightly in the region of the canoni-
cal flames. This is in agreement with theory, since the
Markstein number can be assumed constant for weakly
stretched flames [11, 12]. The Markstein number de-
creases towards the strain induced extinction limit as
the burning velocity rapidly approaches zero. Overall, it
is observed that the Markstein number changes signifi-
cantly with respect to both, Ks and κ.

Fig. 9: Markstein number for lean H2-air flames (φ = 0.5, p = 1 atm,
T0 = 300 K) in the (Ks, κ)-parameter space.

6. Summary and conclusions

In this work, stretch effects on premixed flame struc-
tures are investigated for flames with effective Lewis
numbers smaller (lean H2-air) and larger than unity
(lean C2H5OH-air). Three canonical flame configura-
tions (expressed and solved with respect to the physi-
cal space) and a recently published composition space
model (CSM) are considered. The latter describes pre-
mixed flame structures in progress variable space and
allows arbitrary combinations of strain and curvature to
be chosen. By this means, the CSM recovers the canon-
ical flame structures with one set of equations, while
different models have to be used when computing the
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same flame structures in the physical space. Moreover,
a larger region in the strain-curvature parameter space
becomes attainable with the CSM. This has several rea-
sons: (1) strain and curvature are inherently prescribed
through boundary conditions for canonical flame con-
figurations, and (2) canonical flame configurations are
subject to certain limitations (e.g. with respect to the
burner geometry, restrainment of stagnation flames).

The flame structure analysis for the lean H2-air flames
shows that strain effects can lead to burning velocities
which differ by a factor of more than 5 and substan-
tially different flame temperatures for the same thermo-
chemical state of the fresh gases. For lean C2H5OH-
air flames, the variability of these flame characteris-
tics is smaller, but also significant. The evaluation of
the Markstein number for hydrogen flames shows that
this quantity changes only slightly in the region of the
canonical flames, whereas significant changes are ob-
served for higher strain and curvature.

It is noted, that canonical flames can only represent
a small part of the strain-curvature parameter space and
therefore only capture a certain portion of stretch effects
on premixed flame structures. This could become rele-
vant for multi-dimensional flame modeling in the con-
text of tabulated chemistry approaches. These methods
often rely on canonical flame solutions for the construc-
tion of look-up tables especially considering the signif-
icant changes of key quantities (such as the burning ve-
locity) with strain and curvature. Hence, these mod-
eling strategies could benefit from the CSM discussed
here, incorporating a wider variability of stretch effects
on premixed flame structures.
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