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Dynamics of spherical flame initiation and propagation with Soret diffusion are investigated using large-
activation-energy asymptotic analysis. Under the assumptions of constant density and quasi-steady
flame propagation, a general correlation between the flame propagating speed and flame radius consid-
ering Soret diffusion and external energy deposition is derived. Emphasis is placed on assessing the
effects of Soret diffusion on spherical flame propagation speed, Markstein length, and critical ignition
condition. The stretched flame speed is found to be increased and reduced by the Soret diffusion of light
and heavy fuels, respectively. For both light and heavy fuels, the absolute value of Markstein length
increases after including Soret diffusion, indicating that premixed flames become more sensitive to
stretch rate with Soret diffusion. It is found that the Markstein length can be characterized by an effective
Lewis number which includes the effects of Soret diffusion. Moreover, Soret diffusion is shown to affect
the ignition process since the spherical flame kernel is highly stretched. For large hydrocarbon fuels with
high Lewis numbers, the minimum ignition power becomes much larger after considering Soret diffusion.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

The successful ignition of a static pre-mixture is determined by
the evolution of the ignition kernel. The ignition kernel is highly
curved and stretched. Its propagation is controlled by the stretch
effects coupling with the preferential diffusion between heat and
mass (i.e. the Lewis number effect) [1,2]. Therefore, critical ignition
condition strongly depends on the Lewis number of the deficient
reactant [3–9]. Specifically, due to the high positive stretch rate
of the ignition kernel, the minimum ignition energy and critical
ignition radius increase significantly with the Lewis number [6–9].

In most of previous studies on ignition and spherical flame
propagation, the mass transport was represented by Fickian diffu-
sion (mass diffusion due to concentration gradient) while little
attention was paid to Soret diffusion (mass diffusion due to tem-
perature gradient). In the presence of very light or heavy species
and steep temperature gradient, Soret diffusion, which drives light
(heavy) species toward (away from) the hot zone, is also important
for the mass transport [10]. In a spark ignition process, the temper-
ature inside the ignition kernel after spark discharge is very high
and thus there exists large temperature gradient. It is therefore
expected that ignition and flame kernel propagation are influenced
by the Soret diffusion.

In the literature, Soret diffusion in combustion has been mainly
studied through numerical simulation. For examples, the Soret dif-
fusion of heavy species such as particle and soot was investigated
by Rosner and coworkers [11,12]; the influence of Soret diffusion
on flame extinction was analyzed by Ern and Giovangigli [13,14]
and Law and coworkers [15,16]; the Soret diffusion effects on
laminar flame speed were assessed by Bongers and de Goey [17]
and Yang et al. [18]. The readers are referred to Refs. [18,19] for
a summary of previous studies on this subject. Recently, Liang
et al. [20,21] have examined the Soret diffusion effects on the
ignition and propagation of H2/CO/air flames through numerical
simulation with detailed chemistry and transport. It was found
that the minimum ignition energy and stretched flame speed are
greatly affected by the Soret diffusion [20,21].

The numerical studies [11–21] mentioned above indicated dis-
cernable effects of Soret diffusion in combustion with species that
are very light or very heavy. Unfortunately, numerical simulation is
usually constrained to specific fuel and hence the conclusion is lack
of generality. Unlike simulation, theoretical analysis is helpful for
general understanding of the physical insight into the problem.
However, there are only a few theoretical studies on Soret effects
in the literature. Garcia-Ybarra et al. [22,23] studied the Soret
diffusion effects on thermo-diffusive stability limits and Markstein
lengths of premixed flames. Arias-Zugasti and Rosner [24] assessed
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the influence of Soret diffusion on counterflow diffusion flames.
Fong et al. [25] examined the Soret diffusion effects on laminar
diffusion flame in high density fluids. In these studies [22–25], only
the planar flame was analyzed. However, in the literature there is
no theoretical analysis on premixed spherical flame kernel
development.

Therefore, the objectives of this study are to provide a theoretical
description of premixed spherical flames with Soret diffusion and to
assess the effects of Soret diffusion on spherical flame initiation and
propagation. In the following, we shall first introduce the theoretical
model and derive a correlation describing the spherical flame initi-
ation and propagation with Soret diffusion based on the quasi-
steady and large-activation-energy assumptions (the chemical
source term is not solved, but is approximated by the corresponding
jump conditions across the flame). Then, based on this correlation,
we shall examine the effects of Soret diffusion on stretched flame
speed, Markstein length, and critical ignition condition.

2. Theoretical analysis

2.1. Mathematical model

Similar to our previous study [6], one-dimensional, adiabatic
spherical flame initiation and propagation are considered in the
theoretical analysis. Due to its simple geometry and well defined
stretch rate, the spherical propagating flame is generally employed
to measure the laminar flame speed [26–35], especially at high
pressures [36–39]. As shown in Fig. 1, a self-sustained outwardly
propagating spherical flame can be established through successful
ignition at the center of a quiescent homogeneous combustible
mixture. The flame structure consists of a burned gas zone, a thin
reaction zone (which is considered as a flame sheet at large-activa-
tion energy), and an unburned zone.

One-step, first-order, global reaction model is employed. There-
fore, the coupling between Soret diffusion flux and elementary
reaction rates [20] is not included in the present model and we
focus on the transport effects. The mixture is assumed to be defi-
cient in fuel and thus only fuel concentration needs to be consid-
ered. For the sake of simplicity, we employ the diffusive-thermal
model [1,40], according to which the density is constant and the
flow is static without convection. In a one-dimensional spherical
coordinate, the governing equations for temperature eT and fuel
mass fraction eY are

eqeCP
@eT
@et ¼ 1er2

@

@er er2ek @eT
@er

 !
þ eq ex ð1Þ

eq @eY
@et ¼ � 1er2

@

@er ðer2ejYÞ � ex ð2Þ
Fig. 1. Schematization of the spherical flame structure.
with

ex ¼ eqeAeY exp �
eEeR0eT

 !
ð3Þ

where et and er are temporal and spatial coordinate, respectively. The
density eq, heat capacity eCP , and heat conductivity ek of the mixture
are all assumed to be constant in the diffusive-thermal model. The
parameter, eq, denotes the reaction heat-release per unit mass of
fuel. eA is the pre-factor of Arrhenius law, eE the activation energy,
and eR0 the universal gas constant.

The mixture-averaged diffusion model [10,17,25] is employed
and the diffusive mass flux in Eq. (2) is

ejY ¼ �eq eD @eY
@er þ aeY @eTeT@er

 !
ð4Þ

in which the first term on the right hand side represents Fickian dif-
fusion while the second term corresponds to Soret diffusion. eD
denotes the molecular diffusivity of fuel and a is the Soret coeffi-
cient which is negative for light species (hydrogen) and positive
for heavy fuels (e.g. n-heptane, n-decane) [17,25].

Similar to our previous study [6], a constant energy flux, eQ , is
locally deposited at the center to initialize the ignition kernel.

� 4per2ek @eT
@er

 !
er!0

¼ eQ ð5Þ

This is a limitation of theoretical analysis since in practice the
ignition energy deposition should be resolved in time and space.
The employment of such a steady-state energy deposition is for
the purpose to obtain analytical solution [6]. Nevertheless, as dem-
onstrated by numerical simulation [6], this simplification does not
prevent the model from predicting qualitatively correct results.

We introduce the following non-dimensional variables

t ¼
eted0

f =
eS0

u

; r ¼
ered0

f

; u ¼
eueS0

u

; T ¼
eT � eT ueT ad � eT u

; Y ¼
eYeY u

ð6Þ

where eT u and eY u denote the temperature and fuel mass fraction in

the fresh mixture. The characteristic speed eS0
u, characteristic lengthed0

f ¼ ek=ðeqeCP
eS0

uÞ, and characteristic temperature eT ad ¼ eT u þ eY ueq=eCP

are, respectively, the laminar flame speed, flame thickness, and
flame temperature of an adiabatic planar flame. We study spherical
flame initiation and propagation in the coordinate attached to the
moving flame front, R = R(t). In this coordinate, n = r � R(t), the
flame can be considered as in a quasi-steady state (the validation
of this quasi-steady assumption has been demonstrated by tran-
sient numerical simulation [6,8,9]) and thereby the non-dimen-
sional governing equations become

�U
dT
dn
¼ 1

ðnþ RÞ2
d
dn
ðnþ RÞ2 dT

dn

� �
þx ð7Þ

�U
dY
dn
¼ Le�1

ðnþ RÞ2
d

dn
ðnþ RÞ2 dY

dn
þ aY

cþ T
� dT

dn

� �� �
�x ð8Þ

with

x ¼ 1
2Le
� Y � Z2 � exp

ZðT � 1Þ
rþ ð1� rÞT

� �
ð9Þ

where U is the non-dimensional flame propagation speed, U = dR(t)/dt,

Le the Lewis numbers, Le ¼ ek=ðeqeCP
eDÞ, c the temperature ratio,

c ¼ eT u=ðeT ad � eT uÞ. Z is the Zel’dovich number, Z ¼ eEð1� rÞ=eR0eT ad

and r the thermal expansion ratio, r ¼ eT u=eT ad.
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The boundary conditions for temperature and fuel mass fraction
are

n ¼ �R; ðnþ RÞ2 dT
dn
¼ �Q ;

dY
dn
¼ 0 ð10Þ

n!1; T ¼ 0; Y ¼ 1 ð11Þ

where Q is the normalized ignition power given by

Q ¼
eQ

4peked0
f ðeT ad � eT uÞ

ð12Þ
2.2. Analytical solution

In the limit of large activation energy, chemical reaction occurs
only within a very thin zone of high temperature and at the flame
sheet (i.e., n = 0) the jump relations for the non-dimensional tem-
perature and mass fraction are given by [40–43]

Yjn¼0þ ¼ Yjn¼0� ¼ 0; Tjn¼0þ ¼ Tjn¼0� ¼ Tf ð13Þ

dT
dn

����
n¼0�
� dT

dn

����
n¼0þ
¼ 1

Le
dY
dn

����
n¼0þ
� dY

dn

����
n¼0�

 !

¼ rþ 1� rð ÞTf

� �2 exp
Z
2

Tf � 1
rþ 1� rð ÞTf

� �
ð14Þ

With these jump conditions, Eqs. (7) and (8) together with con-
ditions given by Eqs. (10) and (11) can be solved analytically in the
unburned (n P 0) and burned (�R 6 n 6 0) zones. The analytical
solution to the temperature distribution is

TðnÞ ¼ Tf þ Q � e�UR
R 0

n ðsþ RÞ�2e�Usds for �R 6 n 6 0

Tf Iðn;UÞ=Ið0;UÞ for n P 0

(
ð15Þ

where Iðx;jÞ ¼
R1

x ðjþ RÞ�2 expð�jsÞds and Tf is the flame temper-
ature to be determined later. According to Eq. (15), the temperature
gradient at the flame sheet on the side of the burned gas can be
obtained as follows

dT
dn

����
0�
¼ �R�2 � e�UR � Q ð16Þ

which implies that the effect of the ignition power decays exponen-
tially with the flame radius.

For the fuel-lean case, the fuel mass fraction in the burned gas
zone (�R 6 n 6 0) is zero and that in the unburned gas zone
(n P 0) is obtained by solving Eq. (8), which is written in the fol-
lowing form

d2Y

dn2 þ LeU þ 2
nþ R

� �
dY
dn
þ a

dðYf Þ
dn
þ 2

nþ R
Yf

� �
¼ 0 ð17Þ

In the above equation, f represents the ‘‘driving force’’ of Soret
diffusion [15,18]

f ¼ 1
cþ T

� dT
dn
¼ �Tf ðnþ RÞ�2e�Un

cIð0;UÞ þ Tf Iðn;UÞ with c ¼ r=ð1� rÞ ð18Þ

which can be evaluated using the temperature distribution in the
unburned zone (n P 0) given by Eq. (15). It is noted that we always
have f < 0 since the temperature gradient in unburned gas is negative.

Soret diffusion is usually one-order smaller than Fickian diffu-
sion, indicating that the Soret coefficient is much less than unity
(i.e. |a|� 1). Therefore, Eq. (17) can be solved in an asymptotic
manner. By neglecting the second and higher order terms of
O(a2), we obtain the following asymptotic expression for fuel mass
fraction in the unburned zone

Y ¼ Y0 þ aY1 þ Oða2Þ for n P 0 ð19Þ
where

Y0ðnÞ ¼ 1� Iðn;ULeÞ=Ið0;ULeÞ ð20Þ

Y1ðnÞ ¼ �
Iðn;ULeÞ
Ið0;ULeÞ �

Z 1

0

FðsÞ � Y0ðsÞ
dY0ðsÞ=ds

dsþ
Z 1

n

FðsÞ½Y0ðsÞ � Y0ðnÞ�
dY0ðsÞ=ds

ds

ð21Þ

with FðnÞ ¼ � dðY0f Þ
dn �

2Y0f
nþR :

Substituting Eqs. (15), (19)–(21) into the jump relations in Eq.
(14), we obtain the following algebraic system of equations for
flame propagation speed U, flame radius R, and flame temperature
Tf

Tf
R�2e�URR1

R
s�2e�Usds

� QR�2e�UR ¼ 1
Le

R�2e�ULeRR 1
R

s�2e�ULesds
1þ a

R1
0 GðsÞds

� �
Tf

R�2e�URR1
R

s�2e�Usds
� QR�2e�UR ¼ ½rþ ð1� rÞTf �2 exp Z

2 �
Tf�1

rþð1�rÞTf

h i
8><>:

ð22Þ

in which

GðxÞ ¼ Tf
Iðx;ULeÞ
Ið0;ULeÞ �

UeULex�Ux½Ið0;ULeÞ � Iðx;ULeÞ� � x�2e�UðxþRÞ

cIð0;UÞ þ Tf Iðx;UÞ

(

� Tf x�2eULex�2UxþUR½Ið0;ULeÞ � Iðx;ULeÞ�
½cIð0;UÞ þ Tf Iðx;UÞ�2

	
In the limit of R ?1 (i.e. a planar flame), Eq. (22) reduces to
U = Tf = 1, indicating that the Soret diffusion does not affect the lam-
inar flame speed and flame temperature of an adiabatic planar
flame. This is due to the facts that enthalpy conservation is always
maintained in the unstretched planar flame whenever the Soret dif-
fusion is included or not, and that the one-step global reaction
model is considered which excluding the coupling between Soret
diffusion flux and elementary reaction rates [20].

When the Soret diffusion and ignition power are neglected (i.e.
a = 0, Q = 0), Eq. (22) reduces to

Tf
R�2e�URR1

R s�2e�Usds
¼ 1

Le
R�2e�ULeRR1

R s�2e�ULesds

¼ ½rþ ð1� rÞTf �2 exp
Z
2
� Tf � 1
rþ ð1� rÞTf

� �
ð23Þ

which is the same as the previous results on spherical flame prop-
agation [41]. Therefore, the present analysis is consistent with
results in previous studies in the limit of a = 0.

By numerically solving Eq. (22) using Newton’s iterative
method, we can get the flame propagation speed, U, as a function
of R, a, Q, and Le. Therefore, with the help of Eq. (22), the effects
of Soret diffusion on spherical flame ignition and propagation can
be assessed at different values of Soret coefficient a, ignition power
Q, and Lewis number Le.

3. Results and discussion

This study is focused on assessing the Soret diffusion effects on
spherical flame initiation and propagation. In the following, the
results on stretched flame speed, Markstein length, and minimum
ignition power at different values of Soret diffusion coefficients and
Lewis numbers are presented. The Zeldovich number, Z = 10, and
thermal expansion ratio, r = 0.15 and c = r/(1 � r) = 0.1765, are
fixed. We consider two Lewis numbers, Le = 0.5 and Le = 2.0, which
represent light and heavy fuels, respectively. Since the Soret diffu-
sion coefficient, a, is negative/positive for light/heavy species, we
choose a = �0.1 for Le = 0.5 and a = +0.1 for Le = 2.0. The approxi-
mate value of Soret diffusion coefficient is a = �0.29 for hydrogen
molecule at high temperature [19,44] and its absolute value
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decreases for hydrogen in the low-temperature preheat zone. As
mentioned before, the Soret diffusion coefficient is assumed to be
a constant which is a limitation of the present analysis. It is noted
that the value of a = �0.1 or a = +0.1 is somewhat arbitrarily cho-
sen. Nevertheless, the same conclusion can be drawn when other
values of a are used since the theory works for all different values
of a.

3.1. Influence of Soret diffusion on spherical flame propagation

The spherical flame kernel generated by energy deposition is
highly stretched; and its propagation speed depends strongly on
the Markstein length which characterizes the variation in local
flame speed due to the influence of external stretching [6,8,9].
Therefore, understanding the stretched flame propagation speed
and Markstein length is helpful for examining the critical ignition
condition. Here we first consider the freely propagating spherical
flame without ignition energy deposition at the center (i.e. Q = 0).

Figure 2 shows the flame propagation speed, U, and flame tem-
perature, Tf, as a function of flame radius, R, for light and heavy
fuels. It is seen that for light fuels (i.e., Le = 0.5), the presence of
Soret diffusion (i.e., the Soret diffusion coefficient changes from
a = 0 to a = �0.1) increases the flame propagation speed and tem-
perature. This is due to the fact that Soret diffusion drives light fuels
to diffuse into the reaction zone with high temperature and hence
increases the local equivalence ratio, which makes the flame
become stronger. For heavy fuels (i.e. Le = 2.0), the opposite
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Fig. 2. Change of the (a) flame propagation speed and (b) flame temperature with
flame radius.
situation arises and the values of U and Tf are decreased after con-
sidering Soret diffusion (a changes from a = 0 to a = +0.1). More-
over, the results in Fig. 2 indicate that the smaller the flame
radius, the larger the influence of Soret diffusion. Therefore, it is
expected that Soret diffusion can significantly affect the spherical
flame initiation corresponding to relatively small radius.

Figure 3 shows change of the flame propagation speed with
flame stretch rate (which is K = 2U/R for outwardly propagating
spherical flame). The U–K curves are shown to be strongly affected
by Soret diffusion coefficient as well as Lewis number. This is
caused by the coupling between the positive stretch rate and pref-
erential diffusion between heat and mass [2]. Moreover, Fig. 3 indi-
cates that U changes linearly with K at small stretch rate. Therefore,
the unstretched flame speed, U0, and Markstein length, L, can be
obtained according to the linear relationship of U = U0 � L � K.

As mentioned, the unstretched flame speed, U0, is not affected by
Soret diffusion. However, the Markstein length, L, depends on
whether Soret diffusion is included or not. Figure 4 shows that the
normalized Markstein length, L(a)/L(a = 0), as a function of Soret
diffusion coefficient, a, for Le = 0.5 and 2.0. It is observed that the
normalized Markstein length increases linearly with the absolute
value of Soret diffusion coefficient. This implies that for both light
and heavy fuels, the stretched flame speed becomes more sensitive
to stretch rate after including Soret diffusion. Furthermore, it is
observed that the influence of Soret diffusion on Markstein length
of light fuel with Le = 0.5 is much stronger that on Markstein length
of heavy fuel with Le = 2.0. This is due to the fact that the higher
flame temperature (see Fig. 2b) and temperature gradient at smaller
Lewis number induces stronger Soret diffusion according to Eq. (18).

Since Markstein length is determined at small stretch rate
which corresponds to large flame radius (i.e. R� 1), we consider
the spherical flame propagation with large radius, which can be
analyzed under the quasi-planar flame assumption (R� 1) [45].
In the limit of R� 1, Eq. (22) reduces to

Tf U þ 2
R

� �
¼ U þ 2

LeR
1þ a

Z 1

0
HðsÞds

� �
¼ ½rþ ð1� rÞTf �2 exp

Z
2

Tf � 1
rþ ð1� rÞTf

� �
ð24Þ

where H(x) = �Tf(U + 2/R){1 – exp[�(LeU + 2/R)x]}/{cexp[�(U + 2/
R)x] + Tf}.

Using Taylor expansion for Eq. (24) at K� 1 (or R� 1), we
obtain the following expression for the Markstein length:

L ¼ 1� Z
2
� 2rþ 1

� �
1

Le0
� 1

� �
ð25Þ
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where Le0 is the effective Lewis number defined as

Le0ða; LeÞ ¼ Le 1� a
Z 1

0

1� e�Les

1þ ces

� �
ds

� �

ð26Þ

Therefore, it is expected that the influence of Soret diffusion and
Lewis number on Markstein length can be represented by the effec-
tive Lewis number Le0. Figure 5 shows the ratio between Lewis
number and effective Lewis number as a function of Soret diffusion
coefficient. It is seen that for both light and heavy fuels, the ratio,
Le/Le0, decreases linearly with the increase of a. Unlike Fig. 4,
Fig. 5 indicates that the influence of Soret diffusion on Le/Le0 of
heavy fuel with Le = 2.0 is much stronger than on that of light fuel
with Le = 0.5. Equation (25) indicates that Markstein length, L,
increases as the value of Le0 increases since �(Z/2 � 2r + 1) is neg-
ative. For Le = 2.0, Fig. 5 indicates that Le0 increases with a, and
thereby L(a) also increases with a. For Le = 0.5, Fig. 5 indicates that
Le0 decreases with |a| and thereby L(a) also decreases with the
increase of |a| (note that L is negative for Le = 0.5). Consequently,
the results in Fig. 5 are consistent with those in Fig. 4.

Figure 6 plots the Markstein length as a function of effective
Lewis number. The Markstein length predicted by Eq. (25) is the
same as those from linear extrapolation at different values of Le
and a. This confirms that the Markstein length L can be
characterized by the effective Lewis number Le0, which includes
the influence of Soret diffusion.

The above discussion shows that Soret diffusion has great
impact on Markstein length of light and heavy fuels. Since the igni-
tion process strongly depends on the Markstein length [6,8,9], it is
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Soret diffusion coefficient for Le = 0.5 and Le = 2.0.
expected that the critical ignition condition is also affected by Soret
diffusion. This is demonstrated in the following subsection.
3.2. Influence of Soret diffusion on spherical flame initiation

In this sub-section we shall consider the ignition power deposi-
tion (i.e. Q > 0) and study the propagation of ignition kernel and
critical ignition condition. Figure 7 shows the flame propagation
speed as a function of flame radius at different ignition powers
for heavy fuels (Le = 2.0) without and with Soret diffusion (a = 0
and a = 0.1). When there is no ignition power deposition at the cen-
ter (i.e. Q = 0), the results are the same as those in Fig. 2(a) and only
one flame branch of U–R exists. When a small external power is
deposited at the center (lines 2 and 3 in Fig. 7), there exist two
branches of solutions: the original traveling flame branch on the
right and a new ignition kernel branch on the left. It is observed that
the left and right branches move towards each other when the igni-
tion power increases. When the ignition power is larger than the so-
called minimum ignition power, Qc, these two branches merge with
each other, resulting in new upper and lower branches. Therefore,
the ignition kernel can propagates outwardly along the upper
branch, indicating that successful initiation is achieved. When Soret
diffusion is neglected (a = 0.0), the minimum ignition power is
Qc = 1.931. When Soret diffusion is considered (a = +0.1), we have
Qc = 3.205. The minimum ignition power increases by 66% when
Soret diffusion is taken into account. Therefore, Soret diffusion
makes ignition become much more difficult for heavy fuels.

Figure 8 plots the normalized minimum ignition power, Qc(a)/
Qc(a = 0) as a function of Soret diffusion coefficient, a. For light fuels
with Le = 0.5, the minimum ignition power decreases as the Soret
diffusion intensity increases (from a = 0.0 to a = �0.3). The opposite
holds for heavy fuels with Le = 2.0. Therefore, Soret diffusion makes
ignition become more easy/difficult for light/heavy fuels. This is due
to the facts that for light/heavy fuels, the flame intensities are pro-
nouncedly improved/reduced by Soret diffusion and that both the
critical flame radius and Markstein length decrease/increase when
Soret diffusion is taken into account (see Figs. 2, 4 and 7).

Detailed numerical simulations were conducted for hydrogen/
air flames without and with Soret diffusion [21]. For lean
hydrogen/air, we have a < 0. It was found that the absolute value
Markstein length increases and the minimum ignition energy
slightly decreases when the Soret diffusion is considered [21].
Therefore, the present theoretical results agree qualitatively with
numerical simulation in [21].
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Figure 6 and Eq. (25) indicate that the Markstein length L can be
characterized by the effective Lewis number Le0. However, this
does not hold for minimum ignition power. Figure 9 shows the
minimum ignition energy as a function of effective Lewis number.
When the Soret diffusion is neglected (a = 0), we have Le0 = Le
according to Eq. (26) and the results are represented by the black
solid line in Fig. 9. We also consider the case of Le = 2.0 at different
values of Soret diffusion coefficient of a = 0,0.05,0.1, . . .0.3, for
which the results are represented by the triangles in Fig. 9. It is
observed that Qc depends on not only Le0 but also a. Therefore,
unlike the Markstein length, the minimum ignition power cannot
be solely characterized by the effective Lewis number. This is rea-
sonable since the effective Lewis number given in Eq. (26) is
obtained in the limit of R� 1 while the critical ignition condition
is determined by the evolution of ignition kernel with R � O(1).

4. Conclusions

A theoretical model for spherical flame initiation and propaga-
tion with Soret diffusion is developed in this study. Large-activa-
tion-energy asymptotic analysis is conducted (the chemical source
term is not solved, but is approximated by the corresponding jump
conditions across the flame) and an analytical correlation between
the flame propagation speed and flame radius is derived based on
the quasi-steady assumption. With the help of this correlation, the
effects of Soret diffusion on spherical flame propagation speed,
Markstein length, and minimum ignition energy are assessed.

For spherical flame propagation, Soret diffusion strongly affects
stretched flame speed and Markstein length. For light (heavy) fuels,
Soret diffusion increases (decreases) the flame propagation speed
and flame temperature. This is because Soret diffusion modifies
the local equivalence ratio. The absolute value of Markstein length
is shown to increase linearly with the magnitude of Soret diffusion
coefficient, indicating that the stretched flame becomes more sen-
sitive to stretch rate after including Soret diffusion. Furthermore, it
is shown that the Markstein length can be characterized by an
effective Lewis number which includes the influence of Soret
diffusion.

For ignition process, Soret diffusion affects the minimum
ignition power and makes flame initiation become easier (more
difficult) for light (heavy) fuels. The minimum ignition power can
be increased by more than 50% for Le = 2.0 after a = 0 is changed
to a = +0.1. This indicates that the effect of Soret diffusion on the
flame initiation is not negligible for hydrocarbon fuels with large
Lewis number. Moreover, unlike the Markstein length, the
minimum ignition power cannot be solely characterized by the
effective Lewis number.
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