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Abstract

The ignition process produced by the instantaneous application of a linear local heat

source near a cold wall is studied using irreversible Arrhenius kinetics. Special attention is

devoted here to investigate the limiting case when the source is located at a distance from

the wall small in comparison with the thermal width of the flame. The ignition problem in

this case is reduced to the study of flame initiation by means of a thermal dipole. Changes in

the critical values of the dipole intensity for successful ignition are presented as a function

of the Lewis number. The results are compared with the configuration in which the distance

between the source and the cold wall is finite. This study is also relevant for safety issues in

the sense of preventing accidental ignition of combustible mixtures.

1 Introduction

Igniting a combustible mixture is a fundamental step in many technological processes. This

can be done in a variety of ways, and one of the most common is through the application of a

localized source of thermal energy.

Although research on the ignition of mixtures can be traced back to more than seventy years

ago [1–3], only when numerical methods of analysis were applied to this problem it became

possible to clarify many details of this process [4–8]. The development of asymptotic methods

has also made a great contribution to the understanding of ignition processes [9, 10], as well as

the application of analytical methods to simplified models [11]. Considerable attention was paid

to ignition processes using concentrated and local heat sources, as well as to the determination

of the minimum energy required for a successful ignition [6–8, 12–16]. In a recent work [17],
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the application of a localized heat source to initiate the combustion process in a boundary layer

was studied with application to micro-combustion devices.

In ignition research, the location for the heat source is usually selected away from possible

heat sinks. In cases where the source must be located near a body, for example a wall, most

models assume that it is adiabatic. Obviously, all this is done to increase the efficiency of the

heat source for ignition. However, these theoretical configurations often turn out to be poorly

consistent with the real conditions appearing in experiments or in technological processes.

In the present study, the ignition of a combustible mixture is investigated under conditions in

which an instantaneously concentrated linear heat source is placed near a cold wall. The thermal

conductivity of the wall is considered high enough to ensure its constant (cold) temperature. If

the heat source is located at a small distance from the wall, in comparison with the thermal width

of the flame, to be defined in the following section, then the effect of this source is equivalent

to the action of a thermal dipole located on the wall. According to the authors’ knowledge, this

kind of ignition configuration has not yet been investigated in the literature, despite the many

studies conducted on the ignition phenomenon.

The article is structured as follows. The next section presents the mathematical formulation

of the problem. Section 3 presents transformations of independent variables used in the numer-

ical analysis along with numerical modeling details. The results of the numerical analysis are

presented in Section 4. The last Section provides conclusions and considers possible options for

further research. The Appendix presents the results of simulating ignition using an isolated line

source.

2 Formulation

Consider a quiescent gaseous reacting mixture near a cold isothermal wall. The wall is kept

at the temperature T0 which remains the same all the time. This can be done, for example, by

means of a highly conductive wall material. The mixture has an initial temperature equal to the

wall temperature and an initial fuel mass fraction Y0. The initial state of the mixture is disturbed

by the local instantaneous application of thermal energy in the form of a line situated parallel

to the wall at distance H . Thus the energy source is parallel to the z̃ direction and all spatial

distributions of the dependent variables are assumed to be two-dimensional, f = f(x̃, ỹ, t̃),

where x̃ and ỹ denote the spatial coordinates along and perpendicular to the wall, respectively,

and t̃ is the time. Here and below ”∼” is used to denote dimensional variables if the same
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notations are used for dimensional and dimensionless variables.

Assuming that the mixture is lean in fuel, the oxidizer mass fraction remains nearly constant

in the following. The amount of fuel consumed per unit volume and per unit time is given by

Ω = Bρ2Y exp(−E/RT ), where B is a pre-exponential factor, ρ is the density of the mixture,

E is the overall activation energy and R is the universal gas constant. This work deals with a

diffusive-thermal or ”constant-density” model, according to which the density of the mixture

ρ, the heat capacity cp, the fuel thermal diffusivity DT , and the molecular diffusivity D are all

assumed constant.

To describe the ignition process in a dimensionless form, the burning velocity of the planar

flame, SL, and the thermal flame thickness defined as δT = DT/SL are used below to specify the

non-dimensional parameters. The nondimensional temperature is defined as θ = (T−T0)/(Ta−
T0), where Ta = T0 +QY0/cp is the adiabatic temperature of the planar flame. Choosing δT and

δ2T/DT as the reference length and time scales, (x, y) = (x̃/δT , ỹ/δT ), t = t̃DT/δ
2
T , and Y0 to

normalize the fuel mass fraction, the dimensionless equations become

∂θ

∂t
= ∆θ + ω, (1)

∂Y

∂t
= Le−1∆Y − ω, (2)

where ∆ = ∂2/∂x2 + ∂2/∂y2 and

ω =
β2

2Leu2
p

Y exp

{
β(θ − 1)

1 + γ(θ − 1)

}
(3)

is the dimensionless reaction rate.

The boundary conditions on the wall and in the distance are

y = 0 : θ = ∂Y/∂y = 0 ;
√

x2 + y2 → ∞ : θ = Y − 1 = 0 . (4)

On the y-axis we require the standard symmetry conditions

x = 0 : ∂θ/∂x = ∂Y/∂x = 0 . (5)

Thus, the numerical domain can be reduced to the quarter plane, x > 0 and y > 0.

When a linear instantaneous concentrated source of thermal energy with intensity Ẽ (per unit

length) is applied at x = 0 and y = 0 in an infinite medium, the initial condition at t = 0 should

be written as θ = Eδ(x)δ(y), where δ(·) is the Dirac δ-function. Here E = Ẽ/[ρcp(Ta − T0)δ
2
T ]

is a dimensionless amount of energy per unit length of the source.
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Without combustion (if ω ≡ 0 is imposed), the temperature field has the well-known analytic

solution [18]

t > 0 : θ =
E

4πt
exp

{
− x2 + y2

4t

}
. (6)

In the presence of combustion, the temperature distribution given by Eq. (6) remains valid for

t ≪ 1, since the amount of heat generated by combustion is negligible compared to the initial

energy density. The problem of ignition by a single isolated source has been extensively studied

in the past. However, for the purposes of completeness of the presentation and comparison

of results, this problem considered within the framework of the present model is given in the

Appendix.

When the instantaneous linear heat source is placed near a cold wall with a constant temper-

ature at (dimensionless) distance h = H/δT from the wall, then the resulting temperature field is

equivalent to the simultaneous application of a virtual source of intensity −E on the other side

of the wall, at y = −h. In the absence of combustion, the temperature distribution is given by

t > 0 : θ =
E

4πt
exp

{
− (x2 + (y − h)2

4t

}
− E

4πt
exp

{
− (x2 + (y + h)2

4t

}
. (7)

In this work, we will use the value of the thermal dipole intensity defined as I = 2hE.

When h tends to zero, the value of I will remain finite in order to have a nontrivial result. In

other words, as the distance from the source to the wall decreases, the value of E should increase

in inverse proportion. Anticipating numerical results, the value of I is decisive for the success

or failure of ignition near a cold wall.

The limiting case h → 0 corresponding to a linear concentrated heat source located near an

isothermal wall at a distance H ≪ δT will be considered first. The temperature distribution at

initial moments obtained from Eq. (7) taking the limit h → 0 represents a thermal dipole

t ≪ 1 : θ =
I y

8πt2
exp

{
− x2 + y2

4t

}
, Y = 1, (8)

where the dipole intensity is assumed to be a finite value, I = lim
h→0

2hE = const. It is this

temperature distribution that will be used as the initial temperature profile imposed at t ≪ 1 in

this work in order to describe igniting by a thermal dipole.

The following non-dimensional parameters appear in the above formulation: the Zel’dovich

number, β = E(Ta − T0)/RT 2
0 , the Lewis number, Le = DT/D, the heat release parameter,

γ = (Ta−T0)/Ta and the non-dimensional strength of the thermal dipole, I = 2HẼ /[ρcp(Ta−
T0)δ

3
T ], evaluated at H/δT ≪ 1.
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The factor up = SL/UL appearing in Eq. (3) has been introduced to account for the difference

between the asymptotic value of the laminar flame speed, UL =
√

2ρBDTLeβ−2 exp(−E/2RTa),

obtained for large activation energy (β ≫ 1) and the numerical value SL calculated for a finite

β. The factor up ensures that for a given β the non-dimensional speed of a planar adiabatic

flame equals one. Adequate calculation of up requires the solution of the following eigenvalue

problem
dθ/dξ = d2θ/dξ2 + ω, dY/dξ = Le−1d2Y/dξ2 − ω,

ξ → −∞ : θ = Y − 1 = 0, ξ → +∞ : θ − 1 = Y = 0,
(9)

where ω is given by Eq. (3). In all calculations presented below, the values β = 10 and γ = 0.7

are chosen as the most representative. The dependence of up on the Lewis number for these

values can be found at [19].

3 Numerical treatment

One can see from Eq. (8) that immediately after the energy deposition, at t ≪ 1, the heated

region is small, of order O(t1/2). As a consequence, contribution of the combustion heat release

remains negligible compared with the energy deposed. In order to provide accurate calculations

throughout the initial period, the following transformation was used

x = η eτ/2 cosφ, y = η eτ/2 sinφ, t = eτ , (10)

where η =
√

x2 + y2/
√
t and 0 ≤ φ ≤ π/2. Using these new variables, Eqs. (1)-(2) take the

form
∂θ

∂τ
− η

2

∂θ

∂η
=

1

η

∂

∂η

(
η
∂θ

∂η

)
+

1

η2
∂2θ

∂φ2
+ eτω, (11)

∂Y

∂τ
− η

2

∂Y

∂η
=

1

Le

{
1

η

∂

∂η

(
η
∂Y

∂η

)
+

1

η2
∂2Y

∂φ2

}
− eτω. (12)

The initial conditions applied for t ≪ 1 correspond to τ → −∞. Thus, appropriate initial

conditions for Eqs. (11)-(12) obtained from Eq. (8) become

τ → −∞ : θ =
Iη sinφ

8π
exp

{
− η2

4
− 3

2
τ

}
, Y = 1. (13)

One can see that the reaction rate term given by Eq. (3) is bounded as θ → ∞, namely

ω(θ, Y ) < β2eβ/γ/2Leu2
p, and the term eτω appearing in Eqs (11)-(12) becomes negligible as

τ → −∞ (or t ≪ 1). In the absence of combustion, namely if we put ω = 0 in Eq. (1), the
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dependence of the maximum temperature on time obtained from the distribution given by Eq. (8)

is expressed as

θmax =
e−1/2

√
2 I

8πt3/2
. (14)

This dependence can be used as an additional accuracy checking of calculations.

The above transformation makes it possible to adjust the numerical domain at the initial stage

of the process to the hot region size which increases in time as
√
t (where, in fact, ignition takes

place), as well as to have a sufficiently small time step during this initial stage for the physical

time variable t. Indeed, given a uniform step δτ for variable τ , the step for the physical time

variable, δt = eτδτ , becomes automatically small when τ → −∞.

Computations were carried out in a finite domain, 0 ≤ η ≤ ηmax, and the initial conditions

(13) were imposed for τ = τmin. Values ηmax = 15 ÷ 40 and τmin = −(5 ÷ 10) were used as

typical ones. All the numerical results reported below were obtained using second-order, three-

points central differences for spatial derivatives on a rectangular uniform grid with a typical

resolution of δη = ηmax/(500÷ 1000) and δφ = 2π/(100÷ 200). An explicit in η and implicit

in φ marching procedure was used with first order discretization in time where the Thomas

algorithm was used. The presence of the highly nonlinear reaction rate terms required to choose

a sufficiently small time step, δτ = 10−4 ÷ 10−5. The independence of the results on δη, δφ and

δτ was verified specifically.

To track the advancement of the combustion wave, we will use the position of the front, yf ,

along the y-axis, that is, the axis perpendicular to the wall. This value is determined by the point

at which the burning rate reaches its maximum value, ωmax = ω(x=0,y=yf ).

It is also convenient to use the values of the maximum temperature along the y-axis, θmax, to

identify successful or unsuccessful ignition. Anticipating numerical results, the maximum value

of the temperature along the y axis always coincides with the maximum value in the domain

for Le ≥ 1. However, this is not always the case for Le < 1. Nevertheless, the maximum

temperature value along the y-axis is quite representative.

The ignition process is considered successful when θmax remains close to unity as t ≫ 1.This

corresponds to the appearance of a combustion front propagating from the point of the source

application. The front propagation velocity becomes of the order of unity in dimensionless

variables, i.e. yf ∼ t. This means that the use of transformed coordinates given by Eq. (10)

becomes less efficient at t ≫ 1, as the position of the front in new coordinates is ηf = yf/
√
t ∼

√
t thus approaching ηmax. This requires the selection of large values for ηmax, thereby reducing

the accuracy of the calculations. Calculations were interrupted when ηf = 0.7 ηmax. The ignition
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Figure 1: Time histories of the maximum temperature in the computational domain (left plot)

and the flame position along the y-axis (right plot) for I = 10 (successful ignition) and I = 5

(ignition failed). The dashed line in the left figure shows the maximum temperature given by

Eq. 14 plotted for I = 10. Open circles indicate the points corresponding to the distributions in

Figure 2.

process was considered unsuccessful if the maximum temperature fell below θmax < 0.5. After

this moment, the calculations were also stopped.

4 Results

4.1 The case Le = 1

Figure 1 shows two cases illustrating successful (the curve with I = 10) and unsuccessful (the

curve with I = 5) ignition processes calculated for Le = 1. The left plot shows the maximum

temperature versus time. For the main figure, logarithmic axes are used, and the inset shows the

dependencies on t. The dashed line represents the dependence of the maximum temperature on

time given by Eq. (14) plotted for I = 10. It can be seen that at t ≪ 1 the solid and dashed

lines coincide with a very high accuracy. The right plot shows the time dependence of the flame

position along the y-axis for the same values of the dipole intensity.

Figure 2 illustrates the temperature (solid lines) and mass fraction (dashed lines) distributions

along the y-axis at different times. These moments correspond to the open circles shown in
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Figure 2: Distributions of temperature (upper plot) and mass fraction (lower plot) for ignition

by a dipole, for Le = 1 and I = 10 at the times indicated by open circles in Figure 1.

Figure 1. It can be seen that over a fairly long time, a combustion front with a temperature

close to unity is forming and propagates with a velocity close to unity. The leading part of the

temperature front is practically separated from the rear of the temperature distribution, where

the width of the heat loss zone increases approximately as
√
t.

It is interesting also to note the appearance of a zone with a nonzero mass fraction near the

wall at sufficiently long times. This is due to the cooling of the mixture near the wall with

the subsequent diffusion of the fuel along the x-axis. It can be also noted that the maximum

temperature takes its minimum value at about t ≈ 10 and then approaches unity. This temporary

temperature minimum can also be seen in Fig. 1 (left).
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Figure 3: Temperature distributions obtained during ignition by a thermal dipole plotted in vari-

ables x/
√
t and y/

√
t for different times; all plots for I = 10, Le = 1.

Figure 3 illustrates the spatial temperature distributions for the times indicated by the open

circles in Fig. 1. One can appreciate the advantage of using the transformed coordinates (x/
√
t,

y/
√
t) over purely Cartesian coordinates (x, y): the reaction zone evolves slowly in terms of

the new variables at the initial stage of the process when the success or failure of ignition is

determined.

4.2 Influence of the Lewis number

All the results presented above describe the flame dynamics for Le = 1. It is well known that

when the Lewis number deviates from unity, it has a strong effect on the propagating flame

structure. For example, for curved flames with Le < 1 zones with temperatures higher than the
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Figure 4: Time histories of the maximum temperature calculated for Le = 1.3 and 0.7 for

different values of the dipole intensity.

adiabatic temperature appear.

From a qualitative point of view, the dynamics of the flame initiation for Lewis numbers

other than unity occurs in the same manner as described above. Figure 4 shows the maximum

temperature versus time calculated for Le = 1.3 and 0.7. For both cases, the curves calculated

for two dipole intensities are drawn, one for successful ignition and the other for failed ignition.

Still, it should be noted that at large time the flame structure after ignition at a Lewis number

less than one becomes different from that at Le = 1 . Figure 5 shows examples of the temper-

ature distributions after successful ignition calculated for Le = 0.3, I = 10−3 and plotted for

t = 0.5 (left plot) and t = 16.6 (right plot). The color shows the temperature field, and the

solid white lines specifically denote the temperature contours with θ = 1, 1.25 and 1.35 in the

left plot and θ = 1, 1.05, 1.1 and 1.15 in the right plot. It can be seen that, in comparison with

the temperature distributions obtained for Le = 1, where the maximum temperature is achieved

on the y-axis, the maximum temperature for Le = 0.3 can be found near the wall where the

flame curvature is maximum. However, it should be noted that this is less noticeable in the early
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Figure 5: Temperature distribution after successful ignition at Le = 0.3, I = 10−3, for t = 0.5

and t = 16.6. White contour lines indicate isotherms with θ = 1, 1.25 and 1.35 in the left plot

and θ = 1, 1.05, 1.1 and 1.15 in the right plot.

stages of flame ignition, when the effect of heat release due to combustion has not yet become a

determining factor.

It is also interesting to note that flame propagation along the cold wall occurs at a higher

speed than in the direction perpendicular to the wall, where there are no heat losses. This is also

associated with the appearance of the hottest gas temperature near the wall due to the effect of

Lewis number less than one and flame curvature.

The main effect produced by the variations of the Lewis number is a significant change in

the critical value of the dipole intensity above which ignition is successful, Ic. Figure 6 shows

this relationship using a logarithmic scale for Ic. It can be seen that the critical value can change

by several orders of magnitude when the Lewis number changes.

4.3 The cases of finite h

It is interesting to compare the ignition process due to the thermal dipole with the ignition from

a linear instantaneous source placed at a finite distance from the isothermal wall, h = O(1).

For this, the initial distributions given by Eq. 7 were used. To make the comparison easier, the
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Figure 6: The critical value of the dipole intensity, Ic, above which the ignition process is suc-

cessful plotted as a function of the Lewis number, for β = 10 and γ = 0.7.

thermal energy was set as E = I/2h, where I was fixed. This makes it possible to compare the

cases with different values of h, including the limiting case h ≪ 1. The corresponding minimum

energy for successful ignition can be calculated as Ec = Ic/2h.

Figure 7 shows the temperature and mass fraction distributions along the y-axis for ignition

obtained from a linear instantaneous source located at h = 1. The source intensity, equal to

E = 5 which corresponds to I = 10, is the same as in Fig. 2. One can see that, except for

very short times, the variable distributions become very similar. Figure 8 illustrates spatial

temperature distributions for several instants. At the initial moments of time, the visible shift

of the position of the hot spot occurs due to the transformation of coordinates: in ordinary

coordinates, (x, y), the size of the domain grows as
√
t.

The dependence of the maximum temperature on time is shown in Fig. 9 by solid lines for

successful (I = 10) and unsuccessful (I = 6.5) ignition, both for h = 1. The dashed line shows

the θmax-dependence in the absence of combustion for I = 10 given by θmax = I/(8πht).

Excellent agreement between the solid and dashed curves at short times can be observed.
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Figure 7: Distributions along the y-axis of temperature (solid lines) and mass fraction (dashed

lines) for ignition from an instantaneous source located at a finite distance, h, from a cold wall;

calculated for I = 10, h = 1.

Figure 10 shows with solid lines the critical value Ic (left plot) and the critical thermal energy,

Ec = Ic/(2h) (right plot), above which ignition is successful, as functions of h, all curves

calculated for Le = 1. Open delta-symbols indicate the calculated values. An open circle

indicates the value of Ic obtained when h → 0. The dashed-dotted straight lines in both plots

show the asymptotic dependencies, namely Ic = 2hEc in the left plot, obtained from the ignition

calculations by the isolated source given in the Appendix. For the dipole intensity dependence,

it is Ic = 1.145 · h, and for the critical energy, it is Ec ≈ 0.5725. The dashed line in the right

figure shows the asymptotic dependence of the critical energy on h for h ≪ 1 obtained from the

thermal dipole calculations, Ec = 4.835/h.

Critical Ic values calculated for Lewis numbers smaller and larger than one are shown in
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Figure 8: The spatial temperature distributions plotted in variables x/
√
t and y/

√
t drawn for

different moments of time during ignition from an instantaneous source located at a distance

h = 1 from the wall, for I = 10 (E = 5).

Fig. 11 by solid lines as function of h. The dashed lines show the asymptotic dependence

Ic = 2hEc, where Ec is obtained from the results of ignition by an isolated heat source. Open

circles in both plots indicate the values of Ic obtained when h → 0.

The minimum of the solid curves in these figures, as well as in Fig. 10 (left), indicate un-

mistakably the critical value of the distance from the source to the wall, hc, beyond which the

presence of a cold wall no longer affects ignition. Indeed, the dependence of Ic on h approaches

the asymptotic Ic = 2hEc immediately after this minimum (for Le larger than one, this happens

a little further), where Ec is determined by the critical value for successful ignition by an isolated

source, see Appendix. The values of hc are shown in Fig. 12 as a function of the Lewis number.
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Figure 9: Maximum temperature as a function of time (solid lines) for successful (I = 10) and

unsuccessful (I = 6.5) ignitions, calculated for Le = 1 and h = 1; a dashed line shows the

maximum temperature in the absence of combustion (ω ≡ 0) for I = 10.

An important dependence of hc on the Lewis number should be noted.

5 Discussions and conclusions

Under realistic conditions, ignition of a combustible mixture is rarely possible without the ac-

companying loss of applied thermal energy. The presence of walls or other solid conducting

bodies of high heat capacity near the place of flame initiation is often inevitable. As a conse-

quence, a significant portion of the energy required for ignition is often lost. This fact is usually

ignored in studies to determine the minimum heat energy required for a successful ignition pro-

cess. In this paper, we are trying to fill this gap.

The case of instantaneous application of thermal energy (for example, a spark) near the wall

is considered as a model situation. In the model under consideration, a number of simplifications

are allowed, which, however, are not too exotic, being widely used in studies of the ignition
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Figure 10: Solid lines with triangles show the critical dipole intensity, Ic (left plot), and the

minimum ignition energy, Ec = Ic/(2h) (right plot), as a function of h, for Le = 1; a dashed

line in the right plot shows the asymptotic curve Ec = 4.835/h calculated for h ≪ 1 based on

the thermal dipole approximation; dash-dot lines in the left and right plots show Ic = 1.145 · h
and Ec = 0.5725, respectively, obtained for h ≫ 1 (see the Appendix).

phenomenon. Another motivation for using simplified models is to reduce the number of control

parameters affecting the process. Specifying these parameters would require a narrower and

more specific choice for them. The weakening of the simplifying assumptions enumerated below

will be carried out in further research.

First of all, it should be noted that the wall temperature was maintained constant, always

remaining cold. This assumption can be easily accepted if the heat capacity properties of the wall

material are high, especially in the early stages of the process. On the other hand, weakening

this assumption does not present serious difficulties.

Another significant assumption is the use of a diffusive-thermal model in which density

changes are ignored. It should be noted that models with constant density are widely used in the

study of ignition processes, since flame initiation is more related to the interaction between heat

transfer and chemical transformation processes. This simplification also effectively eliminates

the consideration of hydrodynamic effects.

One of the significant differences in this formulation of flame initiation near the wall is the
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Figure 11: Critical values of the dipole intensity, Ic, for Le = 0.7 (left plot) and Le = 1.3

(right plot) as functions of h; dash-dotted lines in both plots show the asymptotic dependence

Ic = 2hEc with Ec given in Fig. 14 (see the Appendix).

spatial multidimensionality of the problem. The vast majority of work on ignition has been

done under the assumption of perfect symmetry, in other words, only one spatial variable was

considered. Finally, the authors believe that the use of stretched coordinates in the present work

made it possible to significantly improve and refine the consideration of the ignition process

from a concentrated source of thermal energy. In fact, at short times when the success of the

ignition process is decided, this transformation allows the process to follow more naturally, thus

reducing the size of the required numerical domain.

In the extreme case of short proximity of the source to the wall, the source acts in the manner

of a thermal dipole. It has been demonstrated in this work that with a sufficient intensity of

the latter, a successful ignition process can indeed be carried out. An interesting result is the

strong dependence, up to several orders of magnitude, of the critical intensity of the dipole for

successful ignition on the Lewis number. The physical interpretation of this result undoubtedly

resembles the appearance of super adiabatic temperatures in the case of a ball flame at low Lewis

numbers.

A noticeable feature that appears after ignition near a cold wall at Lewis numbers less than

one is a higher flame propagation speed along the wall direction than in the direction perpen-
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Figure 12: Approximate values of the distance from wall to source (values at which the curves

shown in Fig. 10 (left) and Fig. 11 have a minimum), hc, as a function of the Lewis number. For

h > hc the cold wall ceases to affect the ignition.

dicular to it. This unexpected result is associated with the effect of flame curvature appearing at

Le < 1 due to heat losses occurring near the cold wall. Obviously, this will not be the case for

ignition near an adiabatic wall.

As is often the case when using asymptotic procedures, the applicability of these procedures

is not limited only to strict adherence to the smallness of the expansion parameter. In the case

of ignition near a cold wall, the results of ignition with a dipole can also be used in situations

where the distance between the source and the wall is not infinitesimal. It is shown that the

minimum thermal energy for ignition increases in inverse proportion to the wall distance, which

is an acceptable criterion for a priori assessment of ignition success. Another important result

was that the minimum energy for successful ignition becomes independent of the distance to the

cold wall at h > hc. In these cases, it becomes equal to the minimum ignition energy in the case

of an isolated heat source.
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time for successful and successful ignition using an isolated source in an infinite medium; all

curves for Le = 1.
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Appendix. Single source ignition

The problem of ignition by an isolated source of thermal energy placed in an infinite medium

has been considered many times from different points of view. In this Appendix, we present

the results obtained within the framework of the model used in this study. This is for ease of

comparison of the results.

A counterpart of Eqs. (11)-(12) written for the axisymmetric case (∂/∂φ ≡ 0 is imposed)

was solved numerically. The initial conditions (6) were used as follows

τ → −∞ : θ =
E

4π
exp

{
− η2

4
− τ

}
, Y = 1 .

Figure 13 shows the time histories of the maximum temperature (left plot) and flame position

(right plot) for Le = 1 and various values of E. The variation of the critical ignition energy, Ec,
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Figure 14: The critical energy, Ec, above which the ignition process is successful for an isolated

source in an infinite medium, as a function of the Lewis number, calculated for β = 10 and
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above which ignition is successful is shown as a function of the Lewis number in Fig. 14. In

particular, the critical value of the energy for ignition is Ec = 0.5725 for Le = 1.
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