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Abstract—A theoretical explanation of the Shchelkin–Sokolik effect, that is the dependence of the predetona
tion distance on the duration of thermal pretreatment of the explosive mixture before its ignition with an exter
nal source, is presented. Gasdynamic and kinetic calculations of the direct initiation of detonation in an npen
tane–oxygen mixture based on a simplified and a detailed kinetic mechanism are performed. It is demonstrated
that a thermal pretreatment of the mixture causes a shortening of the predetonation distance, with the shortest
predetonation distance being achieved when the shock wave arrives at the moment the cool flame arises. The
calculated and measured dependences of the predetonation distance on the duration of thermal pretreatment of
the mixture are demonstrated to be satisfactory agreement. The role played by the wall reactions is discussed.
DOI: 10.1134/S1990793110010161

1. INTRODUCTION
At present, the possibility of using the controlled
detonation explosion of explosive gas and spray mix
tures in aircraft propulsion systems and in powerful
pulse burners is being intensely explored [1, 2]. One of
the key problems in the way to practical applications of
detonation explosion is to ensure a reliable deflagration
todetonation transition (DDT) at a low energies of
ignition of the mixture (up to 1 J) in relatively short tubes
(up to 2–3 m in length). There are a number of physical
and chemical methods for solving this problem, at least
partially. The physical methods include a decrease in the
tube diameter [3], installation in the tube of a wire spiral
[4] or turbulizing obstacles of special shape [5], installa
tion of several flashboxes in the tube [6], bending of the
tube to form a coil or two Ushaped turns [7], use of
nanosecond pulsed discharges [8, 9], etc. The chemical
methods encompass the known means of enhancing the
sensitivity of the explosive mixture by various pretreat
ments (before ignition), such as thermal treatment [10],
introduction of chemically active additives [11], rapid
mixing with hot combustion products [12], partial
decomposition of the fuel to form more active interme
diate products [13], treatment of the oxidizer with a
electric discharge or laser radiation to produce excited
molecules [14], etc. A extensive review of relevant stud
ies can be found in [15].
The aim of the present work was to try to quantita
tively describe the dependence of the predetonation
distance on the duration of thermal pretreatment of
the explosive mixture before its ignition by an external
source, known as the Shchelkin–Sokolik effect [10].
The authors of [10] demonstrated that a thermal pre
treatment of the combustible mixture before spark

ignition could shorten the DDT distance nearly two
fold. Given that this work was published more than
70 years ago, we would like to epitomize its content.
2. SHCHELKIN–SOKOLIK EFFECT
The experiments in [10] were performed in a closed
glass tube, 110 cm in length and 20 mm in inner diam
eter, which was placed into an electric oven, which had
a slit for photorecording of flame propagation and
DDT on a moving film. At one of the tube ends, a
spark plug was installed. The test explosive mixture
was a homogeneous mixture of petroleum ether (a
fraction boiling at 38–40°С, which in [10] was con
ventionally referred to as pentane) with oxygen at a
fuel equivalence ratio of Φ ≈ 1.1. The mixture was pre
pared manometrically and kept in a reservoir, from
which it was admitted into the reaction tube heated to
T0 = 325–400°С (here and below, the subscript 0
denotes the initial state). The time it took for the mix
ture to flow over from the reservoir into the tube was
0.4–0.6 s. The pressure and temperature were selected
so as to make the mixture undergo coolflame oxida
tion without autoignition. This was accomplished by
decreasing the pressure to p0 = 0.33–0.49 atm. In pre
liminary experiments (without spark ignition), the
induction period τ of the cool flame was measured as
the time elapsed from the end of mixture flowover to
the emergence of a pressure spike, which was recorded
with a sensitive membrane manometer. The emer
gence of the cool flame was accompanied by a temper
ature rise of 200 to 300°С and a weak luminescence of
the gas. Depending on the temperature and pressure of
the mixture in the tube, the induction period of devel
opment of the cool flame range within 0.4–3.6 s. In
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Fig. 1. Dependence of the predetonation distance S on the
spark ignition delay ti [10]; С5Н12 : 8О2 mixture; initial
temperature, T0 = 608 K; initial pressure p0 = 0.42 atm.
The hatched band indicates the uncertainty in the cool
flame induction period.

the main series of experiments with spark ignition of
the mixture, three parameters were varied: the spark
ignition delay ti (the time interval from the end of mix
ture flowover to the moment the mixture was ignited
by spark) and the initial temperature T0 and pressure p0
of the mixture. After the mixture was ignited near the
closed end of the tube, an accelerated propagation of
the flame was first observed. Detonation arose in the
region between the shock wave and the flame front; it
was identified by the appearance of a new highly lumi
nous front with a different slope in photographic
records and by the formation of a retonation wave prop
agating in the opposite direction. The predetonation
distance S was determined from photographic records
as the distance from the spark plug to the location where
the luminous front slope changed drastically.
The results of an experiment from [10] at T0 =
335°С and p0 = 0.42 atm are displayed in Fig. 1 as the
dependence of the predetonation distance on the
spark ignition delay ti. Because of uncertainties in
measuring τ, the moment of emergence of the cool
flame is indicated with a 0.2swide hatched band.
The main result of the experiments described in [10] is
“that the predetonation distance significantly
decreases if the mixture is ignited by spark immedi
ately after the emergence of the cool flame, being sub
stantially longer if the mixture is ignited a long time
after the cool flame extinguished” (cited after [16]). It
is interesting that when the mixture was ignited before
the emergence of the cool flame (ti < τ), the detonation

velocity D measured over a distance L > S was 1970 m/s,
whereas it was only 1720 m/s when measured after the
coolflame oxidation (ti > τ) of the mixture (13% lower).
The observed effect of sharp decrease in the predet
onation distance (hereafter, the Shchelkin–Sokolik
effect) was interpreted by the authors of [10] as arising
because the oxidation process significantly changes
the reactivekinetic properties of the mixture. On the
one hand, during the cool flame induction period,
active products are formed in the mixtures, such as
hydroperoxides, which, decomposing in the cool
flame, produce new active species and accelerate the
oxidation reaction, thereby enhancing the detonat
ability of the mixture. On the other hand, the above
mentioned decrease in the detonation velocity
observed when the mixture is ignited immediately
after the cool flame extinguished is indicative of a
reduction in the heat of combustion of the mixture,
since part of it was already released during the cool
flame process (up to 10%); this reduction also mani
fests itself through decreases in the combustion tem
perature and laminar flame speed. According to [10],
the existence of a minimum in the S curve is associ
ated with a competition between these two factors: at
ti – τ ≤ 0.5 s, the first one is predominant, whereas the
second one prevails at ti – τ > 0.5 s. In addition, since
the oxidation process continues after the extinction of
the cool flame, stable products, such as aldehydes and
alcohols, appear in the mixtures, a factor that degrades
the detonatability of the mixture [16].
Note that the experimental results obtained in [10]
were recently confirmed in [17].
3. FORMULATION OF THE PROBLEM
To quantitatively describe the Shchelkin–Sokolik
effect, we formulated the following problem. Let a
straight tube of length L be filled by a homogeneous n
pentane–oxygen mixture at an initial pressure p0 and
initial temperature T0. Let the tube be closed at each
end and thermally insulated. Given that in the experi
ments performed in [10], detonation arose in the
region between the shock wave and accelerating flame
front, we simplified the problem by excluding from
consideration both spark ignition and the accelerating
flame. Instead, we considered a shock wave of preset
initial intensity propagating from one of the ends (x = 0)
of the closed tube. The shock wave intensity was
selected based on the fact that the direct initiation of
detonation in stoichiometric fuel–oxygen mixtures
can be accomplished by a shock wave capable of creat
ing a compressedgas temperature of 1100–1200 K. At
normal initial conditions, such temperatures are
achieved behind shock waves with a Mach number of
M = 3.2–3.5; at elevated initial temperatures (600–
900 K in [10]), it suffices to provide Mach numbers of
M = 1.8–2.4.
The shock wave was generated by creating a zone
(x ∈ [0, δ], δ ∈ L) with increased pressure p = ps and
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density ρ = ρs. It was assumed that the reacting gas
obeys the equation of state of an ideal gas, being, how
ever, viscous and heat conductive. Since the reacting
gas consisted of several components, the reactants and
reaction products, we took account of the multicom
ponent molecular diffusion of the mixture compo
nent. At the current stage of studies, we ignored turbu
lent transfer of mass, momentum, and energy. The
twostage autoignition of npentane–oxygen mixture
was described using a semiempirical kinetic mecha
nism [18] capable of modeling the low and hightem
perature oxidation of npentane.
Under the above assumptions, the problem was
solved using the following system of onedimensional
nonstationary equations of flow.
The mass conservation equation
∂ρ + ∂ ( ρu ) = 0.

∂t ∂x

yi
a ij = – 
 ( i ≠ j ),
w i D ij C

2

∂u + u ∂u
∂p μ ∂ u

 = – 1 
+ .
2
∂t
∂x
ρ ∂x
∂x

(2)

The energy conservation equation

(where Dij is the binary diffusion coefficient of the ith
component of the jth component), then

∑a y V
ij j

∑
i

j

= gi

j
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∑y V
j

j

= 0.

j

The molecular transport coefficients μ, λ, and Dij
were calculated by the formula presented in [19].
The system of equations (1)–(5) was supplemented
with the following boundary
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The species conservation equation
∂y ω 1 ∂
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The momentum conservation equation
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The equation of state of an ideal gas
yi
p = ρR 0 T .
wi

∑

(4)

4 μ ∂u .

⎞
∑ w + 3 ρ ⎛⎝ 
∂x⎠
yi

at t = 0 and 0 ≤ x ≤ δ: u ( 0, x ) = 0, ρ ( 0, x ) = ρ s ,

(5)

i

Here, t is the time; x is the longitudinal coordinate; ρ
is the density; u is the velocity; p is the pressure; T is the
temperature; CV is the heat capacity of the mixture at
constant volume; R0 is the universal gas constant; hi, yi,
Vi, wi, CPi, and ωi are the enthalpy, mass concentration,
diffusion rate, molecular mass, heat capacity at con
stant pressure, and overall rate of chemical reactions of
the ith component of the mixture, respectively; and μ
and λ are the dynamic viscosity and thermal conduc
tivity of the mixture.
Let
yi
C =
,
wi

∑
i
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y i ( 0, x ) = y *i0 ( 0, x ),

T ( 0, x ) = T *0 ;

y i ( 0, x ) = y *i0 ( 0, x ),

T ( 0, x ) = T *i0 .

(7)
at t = 0 and δ < x ≤ L: u ( 0, x ) = 0, ρ ( 0, x ) = ρ *0 ,
The initial concentrations yi0 of the components
were calculated from the specified fuel equivalence
ratio Φ. A thermal pretreatment of the explosive mix
ture may cause a change of the initial values of the vari
ables (as in [10]), a factor that should be taken into
account while solving the problem. The initial values
of the variables y *i0 , ρ *0 , and T *0 were selected with
consideration given to this circumstance.
One specific feature of the system of equa
tions (1)–(5) is that the mass conservation equation
and momentum conservation equation (at μ = 0) are
firstorder differential equations, with two boundary
conditions being specified for each of ρ and u. To dem
onstrate the correctness of the problem posed, we
extended the distributions of the variables ρ, p, T, and
yi to the segment [–L, 0] in an even manner (for exam
ple, ρ(–x) = ρ(x)) and the distribution of u, in an odd
manner (u(–x) = –u(x)). It is easy to see that all equa
tions preserve the evenness–oddness properties. Let us
now extend the distributions of the indicated variables
in a 2Lperiodic manner. In this formulation, the gov
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erning equations describe the distributions of 2Lperi
odic functions, and, therefore, the imposed boundary
conditions are satisfied automatically.
To simplify numerical calculations, we introduced
new variables:
u
u
z p = ρ exp ⎛ ⎞ , z m = ρ exp ⎛ – ⎞ .
⎝ φ⎠
⎝ φ⎠
Then, for the segment x ∈ [0, L], we can write
∂z
∂z p
 = – ( u + φ ) p
∂t
∂x
P
φ = ,
ρ

∂φ + ( u 2 + u φ + 2φ ) ∂φ
– z p u 
 /2φ φ,
∂t
∂x
∂z
∂z
m = ( u + φ ) m
∂t
∂x
2
∂φ
∂φ
+ z m u  + ( u – u φ + 2φ )  /2φ φ,
∂t
∂x

where zp(0) = zm(0), zp(L) = zm(L), and
∂ ( zp + zm )
∂ ( zp + zm )
+ 
= 0.



∂x
∂x
x=0
x=L
Let z be a 2Lperiodic function within the segment
[–L, L], defined as
⎧ z p ( x ) at x ≥ 0
z(x) = ⎨
⎩ z m ( x ) at x ≤ 0.
Then,
2

∂z = – ( u + φ ) 
∂z + 4 
μ  ∂uz

∂t
∂x 3 ρ φ ∂x 2
2
z
∂φ
–  ⎛ u  + ( u + u φ + 2φ ) ∂φ
⎞ .
⎝
∂t
∂x⎠
2φ φ

z ( x )z ( – x ),

φ ln 
z ( x ) .
u ( x ) = 
2 z ( –x )
Introducing the function a = u + φ makes it pos
sible to solve Eq. (8) along the curves described by the
equation
∂x
 = a ( t; x ( t ) ).
∂t
In this case, Eq. (8) can be presented in a simple form:
2

d ⎛ 
1⎞ + ⎛ 4 
μ  
∂ u – 2 
∂ ( φ )⎞ z.
∂z
 = zu 
⎠
∂t
dt ⎝ φ⎠ ⎝ 3 ρ φ ∂x 2
∂x

4. CALCULATION RESULTS
Semiempirical Mechanism
of the Oxidation of nPentane
A semiempirical kinetic mechanism of the twostage
oxidation of npentane and the kinetic parameters of
the reactions are listed in the table. The mechanism was
compiled based on the principle proposed in [18], with
switching the value of the limiting reaction at the
boundary between high and low temperatures (950 K).
The mechanism includes seven reactions. The results of
calculations of the autoignition delay time τign at various
temperatures and pressures within the framework of this
mechanism implemented in a standard program dem
onstrate a close agreement with the available experi
mental data [20, 21] (Fig. 2). The calculations were per
formed under assumption that, in the course of the
reaction, the pressure remains unchanged.
Kinetic calculations of the oxidation of an npen
tane–oxygen stoichiometric mixture with account of
heat transfer to the wall under the conditions identical
to those employed in [10] showed that, at a certain
moment, a cool flame arises (Fig. 3). The heat transfer
coefficient was set equal to the value characteristic of a
quiescent medium, α = 2370 W/m3. As a cool flame
appears at t ≈ 0.15–0.21 s, the temperature of the mix
ture increases from the initial value 608 K to its maxi
mum, 930 K (Fig. 3).

(8)

Note that the boundary conditions for this equation
are satisfied automatically. Equation (8) replaces Eqs.
(1) and (2) for ρ and u in the original system of equa
tions. These variable are calculated by the formulas
ρ(x) =

The problem posed was solved using the finite dif
ference method of first order in time and space. Cal
culations were performed on an adaptive computa
tional grid, with an automatic adjustment of the time
step and the mesh point density in the region of high
gradients of the dependent variables.

Propagation of a Shock Wave
through an nPentane–Oxygen Mixture
Using the kinetic mechanism presented in the
table, we performed a series of numerical simulations
of the propagation of a shock wave in a tube filled with
an npentane–oxygen mixture at the following initial
parameters: L = 0.24 m, δ = 0.03 m, T0 = 608 К, p0 =
0.42 atm, ps = 10 atm, and Φ = 1. To simulate the
effect of a thermal pretreatment of the explosive mix
ture on the initial values of the variables (condition (7)),
we used a standard kinetic program: the shock wave
was generated in a mixture with a composition y *i0 ,
density ρ *0 , and temperature T *0 ; the values of these
parameters were determined by performing kinetic
calculations within a time interval equal to the ignition
delay ti measured in [10].
The calculated pressure and temperature profiles
along the tube at various instants of time for ti = 0, i.e.,
without thermal pretreatment of the mixture (at y *i0 =
yi0, ρ *0 = ρ0, and T *0 = T0) are displayed in Figs. 4 and
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Mechanism of oxidation and combustion of npentane
No.

Reaction

1 C5H12 + 5.5O2
2
3
4
–4
5
–5

5CO + 6H2O

H2 + H2 + O2
2H2O
CO + CO + O2
2CO2
CO + H2O
CO2 + H2
CO + H2O
CO2 + H2
Н2О + М
Н + ОН + М
Н + ОН + М
Н2О + М

Ai,
mol, l, s

mi

Ei,
kcal/mol

ni

Note

3.64 × 1010
1.72 × 1012
7.00 × 1013
8.50 × 1012
1.00 × 1012
3.10 × 1013
2.85 × 1015
3.6 × 1013

0
0
0
0
0
0
0
–1

27
45
21
21
41.5
49.1
120
0

0
0
–0.5
–1.5
–1
–1
0
0

T < 950 K
T > 950 K

Note: The reaction rate constants were presented as ki = Ai pni exp(–Ei/RT). The rate of reaction no. 1 is given by W1 = k1[C5H12][O2].

5. As can be seen, without thermal pretreatment of the
mixture, the pressure profile in the shock wave looks
very much as if the shock wave propagated through
an inert gas. Nevertheless, the temperature profiles
(Fig. 5) are indicative of a heat release due to cool
flame reactions behind the shock wave front: until the
wave reaches the right end face, the temperature at its
front increases by 70–80 K, but no autoignition
occurs. According to the definition of the predetona
tion distance given in [10], we set S > L = 0.24 m.
The calculated pressure and temperature profiles
along the tube at various instants of time for ti = 0.2 s,
i.e., after thermal pretreatment of the mixture for a
time interval within which a cool flame arises (Fig. 3)
are shown in Figs. 6 and 7. Kinetic calculations show
that, by the time ti = 0.2 s, the cool flame heats the
mixture to T *0 ≈ 900 K (curve 1 in Fig. 7a), and its

composition changes. At t ≈ 0.200119 s, i.e., Δt ≈
119 μs after the shock wave began to propagate (curves 5
in Figs. 6 and 7), autoignition occurs behind its front.
As a result, two blast waves are rapidly formed in the
shockcompressed gas: an overdriven detonation
wave, which overtakes the primary shock wave, and a
retonation, which propagates in the opposite direc
tion. That the overpressure in the overdriven detona
tion wave is relatively low (~17–18 atm) can be
accounted for by the low density of the mixture ahead
of the shock wave front. At Δt > 129 μs, a selfsus
tained detonation wave propagates toward the right
end face with a mean calculated detonation velocity
of ~1990 m/s, a value very close to 1970 m/s measured
in [10]. Based on the definition of the predetonation
distance suggested in [10], we estimated this quantity
as S ≈ 0.122 m. Thus, comparing the results presented
in Figs. 4, 5 and Figs. 6, 7, we concluded that the ther
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Fig. 2. Calculated (curves) and measured (points) temper
ature dependences of the autoignition delay time for n
pentane at various pressures. The experiments were per
formed at Φ = 1.0 [21] and 0.5 [22].
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Fig. 4. Calculated pressure profiles in the shock wave in the
absence of thermal pretreatment of an npentane–oxygen
stoichiometric mixture (ti = 0) at T0 = 608 K, p0 = 0.42 atm,
and various moments of time (in μs): (1) 0, (2) 43.4,
(3) 87.2, (4) 141, (5) 204, and (6) 270.

Fig. 5. Calculated temperature profiles in the shock wave
in the absence of thermal pretreatment of an npentane–
oxygen stoichiometric mixture (ti = 0) at T0 = 608 K, p0 =
0.42 atm, and various moments of time (in μs): (1) 0,
(2) 43.4, (3) 87.2, (4) 141, (5) 204, and (6) 270.

mal pretreatment of the reaction mixture with a cool
flame enhances its detonatability.

where D is the effective diffusion coefficient and d is
the reactor diameter.
The calculated time dependences of the tempera
ture and hydrogen peroxide concentration at two val
ues of the rate constant for the loss of the peroxides on
the wall, k = 0 and k = 9.55 s–1, under the experimen
tal conditions used in [10] are displayed in Fig. 8. The
calculations were performed using a standard chemi
cal kinetics program on the assumption that the pro
cess proceeds at constant pressure. The cool flame
manifested itself as a series of multiple light flashes,
socalled multiple cool flame (Fig. 8a); Fig. 8b shows
the same results with a better time resolution. The cool
flame arises due to the accumulation of pentyl hydro
peroxide accompanied by the formation of hydroxyls,
which substantially speed up the oxidation process and
temperature rise. After the first flash, only a low con
centration of pentyl hydroperoxide remains, whereas
the concentration of hydrogen peroxide increases but
eventually decreases due to its loss on the walls.
Unfortunately, the detailed kinetic mechanism is
too large to be used in calculations of the propagation
of a shock wave in a tube filled with a pentane–oxygen
mixture; instead, we performed a series of kinetic cal
culations.
First, at the temperatures and pressures identical to
those used in the experiments performed in [10], we
calculated the evolution of the composition and tem
perature with time. This yielded information about the
effect of the duration of thermal pretreatment (spark
ignition delay ti) on the temperature and composition
of the mixture. Then, we performed a series of calcu

Detailed Mechanism of nPentane Oxidation
To understand how the intermediate species pro
duced by coolflame oxidation affect the propagation
of a shock wave through an npentane–oxygen mix
ture, we conducted simulations within the framework
of the kinetic mechanism proposed in [22]. This
mechanism for describing the gasphase kinetics of the
oxidation and combustion of pentane consists of
387 elementary reversible reactions involving 77 spe
cies. Since the experiments in [10] were conducted at
a relatively low initial pressure in a tube with a small
internal diameter, it is necessary to take into account
not only heat transfer to the wall, but also, in the gen
eral case, loss of active species on the wall.
Since little is known about the wall reactions
involved in the oxidation of hydrocarbons, we limited
ourselves to considering two effective diffusioncon
trolled reactions of decomposition of pentyl hydroper
oxide C5H11O2H and hydrogen peroxide H2O2 with
the formation of stable products:
C5H11O2H
H2O2

C5H12 + O2,
H2O + 0.5O2.

The diffusion rate constant for such reactions is
normally given by [23]
D ,
k = 23.2 
2
d
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(2) 0.200050, (3) 0.200098, (4) 0.200112, (5) 0.200119,
(6) 0.200121, (7) 0.200123, (8) 0.2001247, (9) 0.2001261,
(10) 0.2001281. (a) The overall picture and (b) detonation
formation region.

Fig. 7. Calculated temperature profiles in the shock wave
upon thermal pretreatment (for ti = 0.2 s) of an npen
tane–oxygen stoichiometric mixture at T0 = 608 K, p0 =
0.42 atm, and various moments of time (in s): (1) 0.2,
(2) 0.200050, (3) 0.200098, (4) 0.200112, (5) 0.200119,
(6) 0.200121, (7) 0.200123, (8) 0.2001247, (9) 0.2001261,
(10) 0.2001281. (a) The overall picture and (b) detonation
formation region.

lations of the characteristics of autoignition of ther
mally pretreated mixture behind shock waves with
Mach number from 1.8 to 2.4 (see above).

shock wave velocity was set equal to Dsw = 1025 m/s
(M ≈ 2.3 at T0 = 608 K). Under these conditions, the
temperature at the shock wave front Tsw is high enough
(1100–1200 K) to directly initiate detonation in mix
tures of hydrocarbons with oxygen (Fig. 9). The tem
perature Tsw and autoignition delay time τign are non
monotonic functions of ti. The temperature Tsw
achieves its maximum value as the cool flame temper
ature does. At k = 0, the minimum in the τign(ti) curve

Figure 9 shows the calculated temperature at the
shock wave front Tsw and the delay time of autoignition
τign behind the shock wave as a function of the duration
of thermal pretreatment ti. The autoignition delay time
was calculated at two values of the rate of loss of the
hydroperoxides on the wall: k = 0 and k = 9.55 s–1. The
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Fig. 9. Calculated dependence of the temperature at the shock
wave front Tsw and the autoignition delay time for a npen
tane–oxygen stoichiometric mixture on the duration of ther
mal pretreatment of the mixture ti at k = 0 and k = 9.55 s–1
and the initial conditions T0 = 608 K and p0 = 0.42.
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Fig. 8 Calculated time histories of (a) the temperature and
hydrogen peroxide concentration at k = 0 and k = 9.55 s–1
and (b) the temperature, pentyl hydroperoxide concentra
tion, and hydroxyl concentration at k = 0 for a npentane–
oxygen stoichiometric mixture at T0 = 608 K and p0 =
0.42 atm.

is very weak, whereas, at k = 9.55 s–1, it is well pro
nounced and also is achieved at a time close to the
moment the cool flame appears.
According to the definition of the predetonation
distance S introduced in [10], the location where det
onation arises corresponds to the location at which the
mixture autoignites behind the shock wave. To deriva
tive the function S(ti) from the τign(ti) dependence (as in
Fig. 9), one can use the formula
τ ign
S = D sw ρ 0 
,
ρ sw

0

2

4

6

8

10
Time, s

Fig. 10. Comparison of the calculated (curve) and mea
sured (points from [10]) dependences of the predetonation
distance S on the duration of thermal pretreatment ti of a
npentane–oxygen stoichiometric mixture at T0 = 608 K
and p0 = 0.42.

where ρsw is the density of the mixture behind the
shock wave front. Figure 10 compares the measured
[10] (points) and calculated (curve) S(ti) dependences.
The calculations were performed at k = 9.55 s–1. As
can be seen, the calculation results are in close agree
ment with the experimental data from [10], despite the
fact that the calculated S(ti) dependence was obtained
without account of the distance over which the shock
wave forms and achieves the velocity Dsw. Recall that,
in experiment [10], detonation was not initiated by a
shock wave, but arose due to deflagrationtodetona
tion transition. Importantly, the minimum value of S
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in experiments and in calculations is achieved at close
values of ti.
The calculations results led us to an interesting
conclusion: if only heat transfer to the wall is taken
into account, without regard for the loss of species on
the wall (k = 0), the calculated S(ti) dependence has
no pronounced minimum, which, however, is
observed in experiment (Fig. 1). This means that wall
reactions play an important role in smalldiameter
tubes at low pressures, as in experiments performed in
[10]. For largediameter tubes and high pressures, the
importance of wall reactions should decline, leading
to the disappearance of the minimum in the S(ti)
dependence; however, new experiments are needed to
confirm this conclusion.
CONCLUSIONS
In the present work, we tried to provide a quantita
tive theoretical explanation of the Shchelkin–Sokolik
effect [10], i.e., the dependence of the predetonation
distance on the duration of thermal pretreatment of
the explosive mixture before ignition with an external
source. Gasdynamic calculations of the direct initia
tion of detonation in an npentane–oxygen mixture
with the use of a simplified twostage mechanism of
npentane oxidation demonstrated that a thermal pre
treatment of the mixture really results in a shortening
of the predetonation distance. Kinetic calculations of
the autoignition of the mixture behind a shock wave
based on a detailed kinetic mechanism of npentane
oxidation showed that the shortest autoignition delay
time (and the smallest predetonation distance) is
achieved when a cool flame arises by the moment of
arrival of the shock wave. The calculated and mea
sured dependences of the predetonation distance on
the duration of thermal pretreatment of the mixture
were demonstrated to be in close agreement. It was
revealed that wall reactions play an important role at
the experimental conditions used in [10].
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