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Abstract 

The outwardly propagating spherical flame (OPF) method is widely used to measure the laminar burning 
velocity (LBV). However, there are still numerous challenges to perform unambiguous measurements for 
extreme conditions, mainly for high and low (sub-atmospheric) pressures. In this work, the density weighted 

displacement speeds relative to burned ( ̃  S d,b ) and fresh gases ( ̃  S d,u ) are considered to report LBV for a large 
range of sub-atmospheric pressure (from 1 to 0.3 bar), equivalence ratio and fuels (methane and n -decane). 
These stretched flame speeds are obtained from experiments by using advanced optical diagnostics and the 
spherical flame propagation is simulated by the code A-SURF with different kinetic schemes to perform a 
direct comparison with the experimental results. It is shown that ˜ S d,b is significantly affected by the pressure 
decrease and becomes strongly non-linear with flame stretch. This is explained by the finite flame thickness 
structure and qualitatively modeled by the finite thickness expression (FTE) model used for extrapolation at 
zero stretch. However, assumptions (equilibrium and static burned gases) made to report ˜ S d,b are no longer 
valid and leads to strong under-prediction of LBV from extrapolation especially at low pressures. The shape 
of ˜ S d,u is less impacted by the pressure decreases and a linear behavior with flame stretch is globally found 

even for strong sub-atmospheric conditions. However, the temperature of the fresh gas isotherm where ˜ S d,u 

is extracted is not rigorously equal to the fresh gas’s temperature, and a correction factor is required to get 
accurate LBV. Therefore, a direct comparison of ˜ S d,u instead of extrapolated LBV between experimental and 
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numerical data seems necessary to validate kinetic scheme  

on the validation of FFCM-1 and GRI3.0 for methane an  
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. Introduction 

The laminar burning velocity (LBV) is a criti-
al fuel/air mixture property which is essential for
he validation of chemical kinetics and the mod-
ling of turbulent combustion [1] . The Outwardly
ropagating Flame (OPF) configuration is cur-
ently used by many research groups due to in-
erent facilities and advantages at ambient con-
itions. However, numerous challenges remain to
erform unambiguous measurements for extreme
onditions, mainly in terms of very high and low
sub-atmospheric) pressures. Recent developments
t elevated pressures with the constant volume ap-
roach [2,3] overcome these difficulties and pave the
ay for experimental conditions relevant to engine
nd gas turbine conditions. For low pressure, the
onstant pressure method is required, but the clas-
ical method based on the extrapolation of flame
ropagation speed relative to burned gases may fail

or at least two reasons as it was shown recently
umerically [4] . This method is called the Indirect
ethod (IM) and briefly reminded below: ˜ 

 d,b = 

ρb 

ρu 

(
S f − u b 

) · n (1)

here ρb and ρu are the burned and fresh gas densi-
ies, respectively. S f is the absolute flame speed de-
uced from the time derivative of the flame radius,
 R/d t. u b is the burned gas velocity and n the unit
ector pointing towards the fresh gases. This equa-
ion is systematically simplified into, 

˜ 

 d,b � 

ρ
eq 
b 

ρu 
S f (2)

here ρeq 
b is the burned gas density at adiabatic

hermodynamic and chemical equilibrium condi-
ions. Note that the burned gases are assumed to be
t rest ( u b = 0 ). For atmospheric and high-pressure
onditions, these assumptions are valid and the
M method can be used unambiguously. For sub-
tmospheric conditions, the burned gases don’t
each chemical equilibrium and consequently, the
ensity ratio ρ

eq 
b /ρu approximation can no longer

e used to report LBV ( Eq. (2) ). In addition, the
nite-structure of stretched flame requires to mod-

fy classical extrapolation models in which the fi-
ite flame thickness must be included to account

or a stronger non-linearity at lower pressure [5] .
or sub-atmospheric conditions in confined com-
ustion chamber, the heat release zone becomes
s at low pressures. A brief discussion is conducted
d Dryer mechanisms for n -decane at low pressures.
Inc. All rights reserved. 

city; Low pressure; Methane; N-decane 

much wider and the adiabatic flame temperature is
not immediately reached in burned gases. Conse-
quently, the burned gases are not at chemical equi-
librium. At the same time, a negative inverted flow
of burned gases is also observed [4] . A negative
inverted flow of burned gases is also induced by
chemical non-equilibrium and can not be neglected
as usual. 

Other experimental strategies are required to
provide direct measurements of LBV without these
assumptions. One of the solutions is to use the dis-
placement speed relative to fresh gases, called the
Direct Method (DM): 

˜ S d,u = 

(
dR 

dt 
− u u 

)
(3)

An experimental methodology was developed
by Varea et al. [6] , Bradley et al. [7] , improved
recently by Clavel et al. [8] and validated by direct
and blinded comparisons with DNS [8,9] . This
method is however limited by the lack of a clear
definition of the fresh gases iso-surface free from
dilatation which make linear or non-linear classi-
cal extrapolations to zero-stretch difficult [10,11] .
However, and despite a non-accurate definition of 
the fresh gas iso-surface, this approach overcomes
the main difficulties related to the application of the
classical method when radiation, non-equilibrium
and non-static flow effects are non-negligible. For
sub-atmospheric conditions, the benefits of the
approach were shown numerically by using 1D
simulations [4] , but no experimental confirmation
was done yet, up to now. 

Though high-pressure LBV measurements have
many practical applications for gas turbine and en-
gine applications, sub-atmospheric data are also of 
importance for at least aircraft applications, espe-
cially when dealing with high-altitude relight. Fur-
thermore, the development of optical diagnostics
to characterize combustion kinetics, as well as the
interpretation of data and their quantification, is
much simpler in low-pressure flames, mainly be-
cause collision effects are less prevalent and the
flame front becomes thicker as pressure decreases.
It is worth noting also that pressure not only influ-
ences the frequency of molecular collision but also
differentiates the relative efficiencies of two-body
branching reactions versus three-body termination
reactions [12] . 

A brief literature review shows that sub-
atmospheric LBV measurements are very scarce in
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the literature, mainly due to the inherent experi-
mental difficulties. The first set of data have been
obtained by Egolfopoulos et al. [12] for CH 4 /air
flames, for the Counter Flow Flame (CFF) config-
uration. This database provides a reference for ki-
netic scheme validation [13,14] . Low pressure (be-
low 0.3 atm) LBV have been measured also with
Heat Flux Burner (HFB) configuration for CH 4 /air
and CH 4 / H 2 /air mixtures. This database highlights
a curvature of the pressure dependence in semi-
logarithmic coordinates of LBV, as predicted by the
kinetic scheme. More recently, low pressure LBV
for CH 4 /air mixtures have been obtained from OPF
configurations using the IM method [15] . The au-
thors pointed out the difficulty to get accurate data
with this method due to the finite flame thick-
ness issue in extrapolation models and the non-
equilibrium state of burned gases. 

In this work, we propose to consider the OPF
configuration and to report, for the first time to
our knowledge, stretched flame speeds for lean, sto-
ichiometric and rich CH 4 /air flames and stoichio-
metric n -decane/air flames at low pressures. This
latter fuel is well known to be a good kerosene
surrogate for LBV measurement [16] . At the same
time, the flame propagation is simulated with A-
SURF code for a direct comparison with the ex-
periments in order to : 

• Analyze the effect of low pressure on
stretched flame speeds ˜ S d,b and 

˜ S d,u , 
• Quantify experimentally and numerically the

differences between the two methods (DM
and IM) to report LBV, and the origins and
the values of the bias induced by each of 
these methods, 

• Provide a database for LBV at low pressures
for methane/air and n -decane/air mixtures
for kinetic scheme validations. 

2. Experimental and numerical set-up 

The experiments have been conducted in the
spherical stainless steel combustion chamber
(equivalent chamber inner-radius 8.243 cm ) of the
CORIA laboratory. The details of the facility and
the optical diagnostics which have been used to re-
port simultaneously the flame radius and the fresh
gas velocity profiles ahead of the flame front can be
found in Varea et al. [6] , Clavel et al. [8] , Varea et al.
[17] . Effects of flow seeding density for PIV mea-
surements have been evaluated and don’t impact
the stretched flame speeds and the extrapolated val-
ues, even for low pressure conditions. Methane/air
mixtures are investigated for lean ( φ = 0 . 8 ), sto-
ichiometric and rich ( φ = 1 . 2 ) conditions, with a
pressure varying from 1 to 0.3 bar, at T = 293 K.
The operating conditions and the accuracy of the
flow-meters are similar to those presented in Clavel
et al. [8] . For n -decane/air flames, the methodology
presented in Varea et al. [17] is followed. n -decane 
is vaporized in a Controlled Evaporator Mixer, 
CEM (Bronkhorst) and injected into the vessel 
through heated lines. All gases are premixed in a 
tank before being injected into the combustion 

chamber. An electrical heating system regulates 
the chamber temperature and ensures uniformity 
of the temperature field. n -decane/air mixtures are 
investigated for stoichiometric conditions, with a 
pressure varying from 1 to 0.4 bar, at T = 373 K. 
Lower pressure conditions were not ignitable. Un- 
certainty quantification has been done according 
to the methodology presented in Clavel et al. [8] . 
It accounts first for the initial conditions which 

may be slightly different from one experiment 
to another and the intrinsic uncertainty of the 
sensors. Second, effect of flame variability induced 

by ignition (energy variation, spark shape) and 

uncertainties induced by image processing rou- 
tines are accounted for by performing a statistical 
analysis with a number of flame recordings per 
condition N ≥ 10 . Once these uncertainties are 
evaluated, they are propagated when flame stretch, 
flame speeds and extrapolations are computed. 

Spherical flame propagation is simulated us- 
ing the code A-SURF [18] . A-SURF solves the 
one-dimensional, unsteady, compressible, conser- 
vation equations for a multi-component reactive 
flow in a spherical coordinate using the finite vol- 
ume method. The details on governing equations, 
numerical schemes, and code validation can be 
found in Chen et al. [18] . The simulation domain 

reproduces the experimental apparatus described 

above in terms of equivalent flame radius and ther- 
modynamical conditions. In order to maintain ad- 
equate resolution of the propagating flame, dy- 
namically adaptive mesh is utilized in A-SURF 

with a finest grid size of 8 μm. It is noted that 
radiation heat losses are not accounted for here, 
considering the high flame speeds and the small 
flame radii which are investigated here. Simulations 
are performed for CH 4 flames with two kinetic 
schemes. First, the GRI-mech 3.0 kinetic scheme 
[13] is considered. It is composed of 53 species and 

325 elementary reactions. This is a commonly used 

mechanism in the literature, but not recently up- 
dated and validated with low pressure LBV data for 
methane/air mixtures [12] . A more recent mecha- 
nism (FFCM-1) is also considered in this study. It 
is composed of 38 species and 291 elementary re- 
actions [14] and it has been tested for low pressure 
LBV data for methane/air mixtures [12,19] . For n - 
decane/air flames, the Dryer mechanism composed 

of 121 species and 866 elementary reactions is used 

[20] . To our knowledge, no LBV validations against 
experimental data have been done at low pressures. 

Finally, Cantera is used to report the LBV from 

1D planar and stationary flames. The simulations 
are performed with the same kinetic schemes and 

operating conditions as those in A-SURF. The 
mixture-averaged diffusion model is considered. 
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Fig. 1. Selected samples of stretched displacement speeds ˜ S d,b for experiments and simulations, both for methane and 
n -decane air flames. 
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he computational domain is set to 5.0 cm. The
inimum values of the gradient and curvature for

he last iteration are set to 0.02. 

. Displacement speed relative to burned gases, ˜ S d,b

The displacement speed relative to burned gases˜ 

 d,b ( Eq. (2) ) is reported in Fig. 1 as a function of 
ame stretch K, with K = (2 /R )(d R/d t) . For clar-

ty, only two pressures are represented for methane
nd n -decane. 

The lean methane/air flames behave similarly
s the stoichiometric ones and are not represented
ere. However, these data are available in the Sup-
lementary material. When the pressure decreases,
he stretched flame speed becomes more sensitive
o stretch, i.e. the slope increases in absolute value,
nd behaves less linearly. Similar observations are
one both for experiments and simulations, what-
ver the kinetic schemes. This behavior can be ex-
lained by considering the original asymptotic so-

ution for adiabatic outwardly propagating flames
llowing for finite flame thickness [21] . In dimen-
ional form, this solution becomes, 
 

S f 

S 

0 
f 

+ 

2 δ0 
L 

R 

) 

ln 

( 

S f 

S 

0 
f 

+ 

2 δ0 
L 

R 

) 

= −2(L b − δ0 
L ) 

R 

(4)

here S 

0 
f is the extrapolated value of S f and re-

ated to LBV by the density ratio such as S 

0 
L =

(ρeq 
b /ρu ) S 

0 
f , δ

0 
L is the flame thickness of the un-

tretched flame, and L b is the Markstein length
elated to the burned gases. When assuming in-
nitely thin flame, the non-linear expression pro-
vided by Kelley and Law [22] can be easily recov-
ered. This expression can then be simplified into
the linear expression in case of low flame stretch
and Lewis number close to unity. However, when
the pressure decreases significantly, the flame thick-
ness increases strongly making the assumption of 
infinitely thin flame no longer correct, as it was re-
ported originally by Liang et al. [23] and was re-
ferred to as the finite thickness expression (FTE).
Eq. (4) is generally expanded in terms of perturba-
tion ε = 1 /R for δ0 

L � R to the third term, 

S f 

S 

0 
f 

= 1 − 2 L b ε − 2(L b − δ0 
L ) 

2 ε2 + O(ε3 ) (5)

Eq. (5) is used to extrapolate ̃  S d,b at zero stretch,
making the fitting procedure much more stable nu-
merically than Eq. (4) . In order to avoid ignition
and confinement effects, a restricted range of flame
radius for extrapolation has been set to [ 1 , 1 . 9 cm]
for experiments and to [ 0 . 8 , 1 . 9 cm] for the simula-
tions which seem to be less affected by ignition than
experiments. This range is represented in bold lines
and filled symbols in Fig. 1 and is in agreement with
the usual recommendations [24] . For atmospheric
conditions, stretched methane/air flame speeds are
qualitatively very well predicted by the simulations
with GRI3.0 for stoichiometric conditions, whereas
the flame speeds from the simulations with FFCM-
1 are smaller than those obtained with GRI3.0.
The differences between the two kinetic schemes
is however reduced for rich conditions which sur-
round the experimental data. For stoichiometric n -
decane/air flames, the simulations underpredict the
experiments with a constant value close to 3 cm/s.
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Fig. 2. Flame thickness, δ0 
L , deduced from the FTE model 

( Eq. (5) ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Markstein Length, L b , deduced from the FTE 

model ( Eq. (5) ). 
For sub-atmospheric conditions, the differences be-
tween the simulations with GRI3.0 and FFCM-1
are much more important and can reach a con-
stant difference of 7 cm/s for stoichiometric con-
ditions. The experimental data do not behave sim-
ilarly with the simulations, in terms of slope and
extrapolated values. As it stands, this qualitative
comparison shows that these kinetic schemes are
no longer able to predict the stretch evolution of ˜ S d,b at very low pressure for such operating con-
ditions. A more quantitative comparison between
experiments and simulations can be done, by com-
paring the fitting parameters of Eq. (5) , namely δ0 

L ,
L b and S 

0 
L . 

First, δ0 
L is plotted in Fig. 2 and can be

directly compared to δ0 
L estimated from Can-

tera from the maximum temperature gradient,
δ0 

L = (T b − T u ) / ∇(T ) max . For stoichiometric
methane/air flames, a globally good agreement
between δ0 

L (Cantera) and δ0 
L from experiments

and simulations can be found, even if the differ-
ence seems to be noticeable at very low pressure.
The lower the pressure, the higher the flame
thickness, and consequently, the ˜ S d,b - K shape
is more non-linear according to the FTE model.
This observation underlines the quality of the fit,
and the physical meaning of the FTE model for
such conditions. However, significant differences
are observed for rich methane/air flames with 

δ0 
L ≤ δASU RF 

L ≤ δ
Exp. 
L , and for n -decane/air flames 

as well. The origin of these differences is not 
understood and can not be overcome by changing 
significantly the radius range for extrapolation. 
The FTE model seems less appropriate and not 
able to predict the non-linear behavior. 

Second, the Markstein length L b is plotted in 

Fig. 3 . Whatever the operating conditions, the 
pressure decrease leads to an increase of Mark- 
stein length. This is explained by the definition 

of the Markstein number Ma b = L b /δ
0 
L = Le −1 −

Z/ 2(Le −1 − 1) which is the Markstein length L b 

normalized by δ0 
L . In this expression, Z is the Zel- 

dovich number and Le the Lewis number. Ma b does 
not depend on the pressure, and consequently L b 

behaves in the same way as δ0 
L with the pressure. 

A globally good agreement between experiments 
and simulations is observed, especially for lean and 

stoichiometric methane/air and n -decane/air mix- 
tures, with very slight differences between GRI3.0 
and FFCM-1 mechanisms. This is expected since 
L b is a function of the overall activation energy, 
Lewis number and flame thickness. A significant 
change in the kinetic scheme doesn’t affect L b as it 
was shown by Xiouris et al. [3] . For rich condition, 
significant difference appears at low pressure, when ˜ S d,b is strongly non-linear. Such a behavior on a re- 
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Fig. 4. Laminar burning velocity (LBV) deduced from ex- 
trapolation of ˜ S d,b with the FTE model ( Eq. (5) ). 
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tricted range of flame radius seems difficult to be
redicted by the FTE model. 

Finally, the extrapolated flame speeds (LBV)
rom 

˜ S d,b are reported in Fig. 4 . A deviation of 
xtrapolated S 

0 
L from simulations with those from

redicted by Cantera is observed and it is about
–3 cm/s for atmospheric conditions, and increases
o 5–7 cm/s for P = 0.3 bar. These deviations were
iscussed in Clavel et al. [8] for atmospheric con-
itions, and explained by Faghih et al. [4] for very

ow pressure conditions considering the assump-
ions used in Eq. (2) . This is a clear demonstra-
ion that LBV from 

˜ S d,b cannot be used as a target
r validated cases for kinetic schemes at low pres-
ures because of the issues coming from extrapola-
ion models and assumptions. A similar conclusion
as already suggested by Brequigny et al. [15] when

tudying experimental low pressure OPF for stoi-
hiometric methane/air conditions. 

. Displacement speed relative to fresh gases, ˜ S d,u 

The displacement speeds relative to fresh gases˜ 

 d,u are now considered using Eq. (3) and reported
n Fig. 5 as a function of flame stretch. Still for
larity, only two pressures are considered. As for˜ 

 d,b , data for lean methane stretched flame speeds
˜ S d,u are presented in the Supplementary Material.˜ S d,u remains globally linear even at low pressure, ex-
cept maybe for low pressure rich flames. This evo-
lution is observed both experimentally and numer-
ically. Regarding this linear behavior and the the-
oretical framework for stretched flame speeds ˜ S d,u

[11] , a linear extrapolation model for all the oper-
ating conditions has been selected : 

˜ S d,u = S 

0 
L − L u K (6)

Since the flame surface isotherm where ˜ S d,u is
defined is independent of the flame structure (and
consequently of flame thickness), the finite flame
thickness is not introduced in the extrapolation
model. ˜ S d,u from A-SURF show a very large range
of linear behavior (much more than for ˜ S d,b ). The
linear fit is well suited for extrapolation at zero
stretch, even if this linear range is however reduced
for rich CH 4 /air, and stoichiometic n -decane/air
flames at low pressures. Indeed, a restricted range
of flame radius for extrapolation has been set to
[ R min , 2 . 2 cm] both for experiments and simula-
tions, with R min increasing from 0.7 cm for atmo-
spheric pressure to 1.5 cm for the lowest pressure
conditions. This is also true for experiments, ex-
cept maybe for rich CH 4 /air flames at low pres-
sure, where a larger combustion chamber might be
necessary. As a preliminary conclusion, ˜ S d,u seems
easier to be extrapolated at zero stretch than 

˜ S d,b

since ˜ S d,u is less sensitive to flow confinement and
presents a linear behavior on a large range of flame
radius. It would make the extrapolated data from˜ S d,u at low pressure more accurate and less affected
by the range of flame radius. 

The Markstein lengths L u from linear extrapo-
lations are reported in Fig. 6 . L u from experiments
and simulations have globally the same slopes ( L u

is similar) for lean and stoichiometric methane/air
flames, with no influence of kinetic scheme for
methane. However, due to the scatter of the exper-
imental data, the fit seems more difficult to per-
form, and the uncertainty on L u is also more signif-
icant than L b . An increase of L u is observed when
the pressure decreases. This is also expected since
Ma u is not pressure dependent. Extrapolated flame
speeds from 

˜ S d,u are reported in Fig. 7 . In a gen-
eral manner, LBV from 

˜ S d,u is much higher than
that from 

˜ S d,b as expected in Faghih et al. [4] . For
stoichiometric methane/air flames, a perfect agree-
ment between experimental LBV and Cantera with
GRI3.0 is observed whatever the pressure. For rich
methane/air flames, the agreement with Cantera
GRI3.0 is weak, and the condition of 0.3 bar is not
achievable experimentally due to the very limited
range of linear behavior. For n -decane/air flames,
experimental LBV are similar to those predicted by
the Dryer mechanism, with a maximum absolute
difference of 2 cm/s at 0.4 bar. 
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Fig. 5. Selected samples of stretched displacement speeds ˜ S d,u for experiments and simulations, both for methane and 
n -decane air flames. 

Fig. 6. Markstein Length, L u , deduced from the linear ex- 
trapolation of ˜ S d,u to zero stretch using Eq. (6) . 

 

 

 

 

 

LBV from A-SURF behave similarly as exper-
iments but do not agree exactly with Cantera val-
ues, especially at low pressures, where the differ-
ence is significant and on the order of 3 to 5 cm/s
at 0.3 bar for methane/air flames whatever the ki-
netic scheme. This difference is however lower for 
n -decane/air flame even still visible. This behavior is 
unexpected regarding the previous work of Faghih 

et al. [4] and must be discussed. The experimen- 
tal method to report LBV from 

˜ S d,u is based on 

Eq. (3) and implicitly assumes that the maximum of 
fresh gases velocity peaks at T = T u . However, ac- 
cording to the present simulations and previous re- 
sults in Jayachandran et al. [10] , the temperature at 
the location of maximum velocity is slightly higher 
than T u and decreases with stretch. Consequently, 
Eq. (6) should be corrected into : 

˜ S d,u ∗ = 

ρ∗
ρu 

(
dR 

dt 
− u u 

)
(7) 

where ρ∗ is the flow density at which the fresh gas 
velocity is maximum. In the previous experimental 
works [6–8] , this density ratio was assumed to be 
equal to unity. Though this assumption seems to be 
correct for atmospheric conditions, the results pre- 
sented in Fig. 5 suggest that this assumption fails 
at lower pressure. From the simulations, we plot- 
ted this correction factor in Fig. 8 for methane and 

n -decane/air flames. In Fig. 8 , the bold lines repre- 
sent the correction factor values with the range of 
flame radius (or stretch) used for extrapolation. As 
expected, this correction factor is close to unity for 
atmospheric conditions and decreases significantly 
at lower pressure to reach 0.85 for the leanest con- 
ditions. Consequently, if Eq. (3) can be used for 
atmospheric conditions to report accurate date on 

LBV, the use of Eq. (7) is required for lower pres- 
sures. Accounting for this correction factor, the nu- 
merical values of ˜ S d,u ∗ are computed and extrapo- 
lated at zero stretch using Eq. (6) for the same range 
of flame radius as previously. These corresponding 
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Fig. 7. Laminar burning velocity (LBV) deduced from ex- 
trapolation of ˜ S d,u with linear model. The empty sym- 
bols corresponds to the LBV obtained from 

˜ S d,u ∗ using 
Eq. (7) . 

Fig. 8. Correction factor ρ ∗ /ρu for methane/air flames 
from the FFCM-1 mechanism. Very similar results are ob- 
tained with the GRI3.0 mechanism. This correction fac- 
tor is also reported for n -decane/air flames. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LBV are reported in Fig. 7 , with the empty sym-
bols. A very good agreement can be now observed
with LBV from Cantera and LBV from linear ex-
trapolation of ˜ S d,u from A-SURF using the same
kinetic scheme. 

5. Conclusions 

Very few data for laminar burning velocity
(LBV) at sub-atmospheric conditions are available
in the literature and the kinetic schemes are gener-
ally not well validated or tested at low pressure con-
ditions. In this work, LBV measurements at sub-
atmospheric conditions have been conducted ex-
perimentally and numerically on methane/air and
n -decane/air mixtures for several equivalence ratios
in the OPF configuration. n -decane is known to be
a relevant surrogate for kerosene when LBV is con-
sidered, and this work provides new measurements
in conditions of high-altitude relight represented
by low-pressure, by considering advanced measure-
ments and simulations. The simulations have been
done with two different kinetic schemes (namely
GRI3.0 and FFCM-1) for methane/air and the
Dryer mechanism is considered for n -decane/air
flame. The main conclusions are three-folds. First,
the flame displacement speed 

˜ S d,b is significantly
impacted by the pressure decrease and becomes
strongly non-linear with flame stretch. This is ex-
plained by the finite flame thickness structure and
qualitatively well modeled by the FTE model used
for extrapolation at zero stretch. At low pressures,
assumption of static burned gases and chemical
equilibrium usually made to report ˜ S d,b are no
longer valid and leads to a significant under estima-
tion of ˜ S d,b . Consequently, the FTE model which
also assumes static flow of burned gases is less
prone to predict the ̃  S d,b behavior as the flame prop-
agates. In addition, due to the finite size of the com-
bustion chamber and the very high sensitivity of 
range of flame radius used for extrapolation, this
extrapolation at zero stretch may not be accurate.
Second, the flame displacement speed 

˜ S d,u is less
impacted by the pressure decreases and a linear be-
havior with stretch is globally found even for strong
sub-atmospheric conditions, even if the range of 
linear behavior is reduced at low pressure. The fi-
nite flame thickness phenomenon doesn’t affect the
extrapolation methodology regarding the reference
flame surface to report ̃  S d,u . Consequently, it makes
the extrapolation easier in comparison with 

˜ S d,b .
However, the isotherm T ∗ where ˜ S d,u is extracted
is not exactly equal to T u and a correction factor
ρ ∗ /ρu is required. This correction factor is close to
one at atmospheric conditions and decreases signif-
icantly at low pressure, leading to an overestimation
of ˜ S d,u if Eq. (3) is used, and consequently to the
reported LBV values. Therefore, a direct compari-
son of ˜ S d,u instead of LBV between experimental
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and numerical data seems necessary to provide ki-
netic scheme validation as it was suggested initially
by Jayachandran et al. [10] . This is particularly true
when low pressure data are considered.Third, a di-
rect comparison of ˜ S d,u between experiments and
simulations can be made considering the two con-
clusions above for kinetic scheme validations. For
lean methane/air flames, FFCM-1 mechanism is in
good agreement with the experiments for the range
of pressure 0.3 to 1.0 bar. For stoichiometric con-
ditions, GRI3.0 seems closer to experiments than
FFCM-1. A significant departure between experi-
ments and simulations is observed for rich flames
which still under-predict ˜ S d,u . Finally, the Dryer
mechanism seems well validated for the stoichio-
metric conditions over the range of pressure 0.4 to
1.0 bar. 
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