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Abstract

The model of spontaneous appearance of detonation regime of distributed exothermic chemical
reaction in gaseous mixture is presented. An explanation of the physical mechanism of this
phenomenon is based on the concept of collective effects under non-linear wave-kinetic interaction in
reacting systems with fluctuations. Dynamics of spontaneous process in reacting system is described
assuming uniform macroscopic initial conditions with weak “noise” (uniform in all spectrum of
permissible frequencies). Such a statement of a problem allows study general regularities of the
phenomenon. The model makes possible to substantiate quantitative criteria of spontaneous deviation
of the system from the uniform explosion regime. The results can be used for description of cellular
structure of detonation front. The developed approach logically joins the opposite concepts of
spontaneous explosion process description: a deterministic approach at the stage of macroscopic non-
uniformity development is complemented by a probabilistic one due to using of stochastic
infinitesimal disturbances of initial state of the system.

Introduction

The problem of regime of heat explosion is of great scientific interest. Deflagration to detonation
transition can be connected with self-ignition of reacting gas at local centers. If the centers with the
size exceeding a critical value appear, then one may wait for intensive gasdynamic discontinuities and
detonation generation. One of the first this problem was solved in [1] — it was shown that the critical
size of the center is determined by condition of balance between heat losses and heat release in the
reaction zone.

This mechanism takes place, for instance, at the propagation of laminar flame from the closed end of a
tube: the expansion of combustion products is possible only towards fresh mixture, this results in
compression wave formation. In this wave the necessary conditions for adiabatic self-ignition of gas
can be realized. As it was observed experimentally, the explosion of gas develops in the compression
wave, which doesn't yet transform in a shock wave [2, 3]. This means that the detonation wave appears
in this case as a result of explosive ignition of adiabatically compressed mixture ahead of the flame
front. It is noticeable that the observed detonation wave usually consisted of several perturbations,
which indicated the explosion of several volumes of compressed gas at once. This mechanism can lead
to local explosive self-ignition phenomena with transition to detonation. According to these ideas the
deflagration to detonation transition is the volume explosion originating at local centers in the area
ahead of the flame after necessary induction time accumulation ("explosion inside explosion" [4]).

The possibility of spontaneous generation of detonation in spatially non-homogeneous medium was
proved for the first time in [5] for the case of non-uniformly distributed temperature using joint
numerical solution of the equations of hydrodynamics and chemical kinetics. This research was
developed in [6, 7], where the parametric solution of the problem was carried out, the regularities of
generation and decay of different types of wave flows were found. Shock-less ignition of strong
gasdynamic discontinuities in a medium with non-uniformly distributed pre-exponent factor in one-
step reaction of Arrhenius type was studied in [8].

Any direct experiments to study these phenomena were not carried out, but it was recognized in the
number of experiments [9-11] devoted to research of self-ignition of gas in adiabatic compression



setups (behind reflected shock waves, or in DDT at obstacles) that self-ignition in the main has local,
non-homogeneous character and ignited centers can generate shock waves and initiate detonations. As
a result it was offered the conception of "exo-thermal centers of reaction" [12-16]. According to this
conception self-ignition of gas is initiated in small areas — exothermal centers of reaction, and
gasdynamic flows appearing due to ignition of the centers determine the further development of the
process. Partial experimental verifications of these effects can be found in [11, 17, 18].

The phenomenon of spontaneous appearing of shock and detonation waves in the systems at the
threshold of self-ignition apparently takes place also in "usual" gaseous detonations. According to [19]
the local thermal explosions stochastically arising in the layer of shock-compressed exploding
substance behind detonation front play the main role in cellular structure formation and in self-
sustained detonation regime providing.

The derivation of a physical model to describe waves in media with heat release on the base of unique
evolution equation (for example for pressure) was the aim of works [20, 21] using the approximate
description of dynamics of disturbances with small but finite amplitude in a single-phase medium with
distributed chemical reaction. With the help of the method of slowly changing wave profile [22] the
general system of gasdynamic and chemical kinetics equations for long waves propagating in one
direction was reduced to Burgers equation, where the coefficient before the second derivation can
change the sign. In the medium with "negative viscosity" the energy pumping effect for small
disturbances with certain wavelengths predominates over a dissipation mechanisms. As a result,
ignition centers can arise spontaneously in the medium. The possibility for weak shock waves
amplification in chemically reacting media was also shown in [23].

On the base of these approaches we fulfilled the complex of works devoted to developing of non-
linear model describing evolution of disturbances in such media and allowing to find the condition of
transition to detonation wave regime. Developing the previous results, the new model is valid not only
for long-wavelength perturbations and describes the evolution of weak stochastic initial plane
disturbances propagating in both directions. Due to this the model takes into account the effect of
wave collisions, which is of great importance for generation of zones with extremely high reaction
rate. Relative simplicity of the created model allows one to predict a qualitative scenario of dynamics
of preheated reacting system at the threshold of self-ignition.

Derivation of the evolution equation

Let us consider the evolution of plane waves with small but finite amplitude in homogeneous gaseous
medium with non-equilibrium exo-thermal chemical reaction. We'll take into account a finite time of
chemical transformation, energy dissipation, non-linearity. The equation of state for gaseous mixture
in the general case has the form:
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where p is the pressure, p is the density, S is the specific enthalpy, ¢ is the time, Y is the mass fraction
of reaction products. The reaction is represented in form of one-step transformation «reactants —
reaction products» with the specific heat release g. The reaction is described by the following kinetic
dependence of general form:

dY

co(p,S,Y)sz, ()

where o is the rate of production of reaction products. The expression for entropy production due to
non-equilibrium chemical reaction [24]:
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here T is the absolute temperature, p is the specific chemical potential, subscripts j=2,1 denote
reaction products and reactants respectively: ¥, =Y, ¥, = (l—Y ) Taking into account (2), (3), the
equation (1) can be written in the form [25, 26]:
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at constant pressure, C , 1s the frozen adiabatic speed of sound in ideal gas. From the equations (1)-(4) we
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the small parameter,

r| has the sense of characteristic time of chemical reaction, C is the velocity of

wave propagation in «low-frequency» limit, y is the adiabatic exponent. The equation (5) was first
derived in [21]. This equation is dynamic differential equation of state, it describes the dependence of
pressure ob gas density in presence of non-equilibrium process, for example chemical reaction or
relaxation.

The equation (5) together with continuity equation (6), law of momentum conservation (7) and kinetic
dependence (2) forms the closed system describing weak disturbances dynamics in viscous gaseous
medium with chemical reaction. The accuracy of the mathematical model is up to the second order of
the small parameter.
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The equations (5), (6) and (7) can be reduced to a single evolution equation for the variable u (or p, p).
We use the method of slow changing wave profile for the waves propagating in one direction [22]. At
the accompanying frame of reference the equation in dimensionless form is written as the following:
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here z is the «slow» time, v is the viscosity.

Study of stability

If we seek the solution of the equation (8) in form of superposition of monochromatic waves:

u= Zu = ZAj exp(Q JZHIK, y) , then we obtain the following dispersion relation:
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Figure 1. The dependence of increment on wave number.

In the case of short waves (k[ 1) the relation (9) corresponds to linear limit of the Burgers equation
describing disturbance attenuation in chemically inertial medium: Q~—(vp),x”*. In the long-

wavelength limit (K/N0)2 ~O(8) the dispersion relation takes into account chemical reaction:
2Q=(8/N —vp)0 k> —id,k . This relation also corresponds to linearized Burgers equation with the

difference from high-frequency limit: the coefficient before the second derivation can be both positive
and negative (see figure 1). If the condition (10) is satisfied

8/N > vp, (10)

then long-wavelength disturbances will increase because energy pumping due to reaction heat release
will exceed energy dissipation. Linear low-frequency waves has the velocity Cy, which exceeds the
frozen speed of sound C; if §, > 0 (the subscript 0 denotes the undisturbed state).

Numerical modeling

To be solved numerically the equation (8) was approximated with finite differences using implicit
two-level central-symmetrical scheme of the second order O(7+ hz) . The sweep method and
boundary conditions of constant solution at y — oo were used. The number of mesh points M=1500.
The following values of the parameters were set: h=1/3; 1 =1/30; N, =1/3; §,=2/3; (vp), =2,6.
In the calculations a shock wave was used as the initial condition. Its amplitude was changed within
the diapason from W =0,2 to W =2,5. Shock waves with the initial amplitudes from the interval 0,2-
2,0 have different evolution but in each case the solitary wave was finally formed. This wave moves
more quickly than initial shock, its parameters don't depend on W: the amplitude is 2,5, the velocity in
accompanying frame is 1,8 (see figures 2 and 3). As the initial amplitude increases, the solitary wave
appears earlier. If W reaches or exceeds the amplitude of the solitary wave, then self-sustained solitary
structure doesn't appear, the oscillations of the leading peak parameters are observed (see figure 4).

The obtained analytical and numerical results allow us to make some conclusions on the physical
mechanism of solitary wave formation. It is dissipative auto-structure spontaneously arising as a result



of non-linear wave-kinetic interaction in non-equilibrium system and belongs to the type of spatially
non-uniform structures. The energy of long-wavelength perturbations of state parameters increases in
the reaction zone due to heat release. Non-linearity leads to high-frequency spectrum component
arising. For these disturbances the energy dissipation predominates. As a result the energy is
transferred from low- to high-frequency disturbances and the steady-state spectrum is formed, i.e. the
stationary dissipative structure appears.

Analysis of regularities of spontaneous detonation regime appearing at self-ignition of medium

At this section the problem of appearing of so-called spontaneous detonation regimes of distributed
non-equilibrium chemical reaction in gaseous mixture is considered basing at the approach described
above. In the works [5, 27, 6, 28] the conditions for spontaneous arising of detonation in reacting
systems were analyzed. A high sensitivity of explosion type to small changing of thermodynamic and
kinetic parameters of the medium (for example initial temperature) was found, which is usual for
bifurcation points of self-organized systems. The explanation of physical mechanism of this
phenomenon (and also derivation of criteria) apparently has to be based at the conceptions of
collective effect in non-linear wave-kinetic interaction in reacting systems with fluctuations [29, 30].

Let us consider the spontaneous process dynamics using macroscopically uniform initial conditions
with superimposed weak noise (with homogeneous spectrum). Such the statement of the problem
allows to study general regularities of the phenomenon, and the gradient mechanism of detonation
appearing turns out to be a special case of spontaneous evolution of reacting system. We reduce the
system of equations (5), (6), (7) to the single non-linear integral-differential equation (11) without the
supposition of slow changing of solution and write this equation in immovable coordinate frame. This
equation describes plane wave propagation in both directions:

ol( & o
1N L9y (vp), Ly
{ " azH(aﬂ axzju P 5z

1 2
+i ua_”+w%ja_”dt _506_2’20(82)’
ox\ ot 2 Ox?ox Ox

(11

and the same form have the equations for pressure and for density. The equation (11) coincides with
(8), if we assume that the solution dependson y =x—¢ and z=¢r.

Discussion

The model based on the equations (11) u (2), describes the spontaneous generation of macroscopic
non-homogeneities in chemically reacting systems without creation of any special initial conditions
with macroscopic gradient of induction time [31-33]. This model describes plane waves propagating in
both directions, due to which it takes into account the effect of wave collisions that is of great
importance for generation of zones with relatively high reaction rate and increased heat release (i.e
centers of explosion). It should be emphasized that is the essence of physical mechanism of self-
acceleration of spontaneous generation of macroscopic non-homogeneities with finite amplitude in the
initially uniform media with weak stochastic disturbances of parameters of state [34, 35].

Weak stochastic disturbances of uniform initial distribution of mixture density (or reactant
concentration) are connected with perturbations of the temperature field. Small fluctuations of
temperature causes the remarkable changes of induction time (due to exponential kinetic dependence).
If the criterion (10) is locally satisfied then the amplification of weak disturbances (with wave number
K ~ K, ) takes place and leads to the formation of a set of weak shock waves. These waves collide with
each other and generate "spots" with increased values of state parameters. In this way the instability of
the system (i.e. the positive wave-kinetic feedback) and the collective interaction between the
generated non-homogeneities result in the non-uniform (detonation) regime of explosion.
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Figure 2. Time dependences of the amplitude (a) and velocity (b) of leading peak at the different
values of initial wave amplitude: W=0.2; 0.5; 1.0; 1.5; 2.0.
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Figure 4. Wave evolution at initial amplitude W=2,5. Time step equals to 20.

This mechanism does not need any initial gradient of induction time. This conclusion can be proved
by thorough analysis of the results of direct calculations [36] carried out for the case of initial
conditions with temperature or concentration gradients. This calculations show that characteristic
wavelength A, =2n/x, of amplified pressure of temperature wave at the initial (quasi-linear) stage
doesn't depend on the spatial size of superimposed initial non-homogeneity A, . In all numerical
experiments the detonation regime was observed as A, > A, =2n/x, . But the character of the
process changed abruptly if A, <A, . The detonation did not arise: after the time about t, the
uniform thermal explosion occurred. The absence of detonation in this case is connected with the
artificial elimination of unstable long-wavelength disturbances from the initial disturbance spectrum.
A nonlinear collective interaction of non-homogeneities was not considered in calculations [36], but
one can wait that it is able to lead to detonation regime (under certain conditions) even in the case
when the unstable harmonics (A > A _ ) are suppressed significantly at the initial time.

Conclusion

The presented model describes the propagation of plane waves developing from infinitesimal (sound)
disturbances to weak non-steady shock waves due to non-linearity and positive feedback between



changing of the parameters of state and the rate of reaction heat release. Such the behavior of the
solution corresponds to the phenomenon of spontaneous generation of detonation explosions in the
systems at the threshold of self-ignition. The model takes into account the energy dissipation and this
allows us to formulate the quantitative criteria of spontaneous deviation of the system from the
uniform explosion regime: (a) chemical reaction is far enough from equilibrium (the condition (10)
governing the amplification of weak long-wavelength disturbances); (b) the size of the system exceeds
the wavelength of neutrally stable disturbance A, . These criteria explain the success of the
phenomenological conceptions, which give the main role to the geometrical size of initial non-
homogeneity (the size of the "germ" or ignition center) in the spontaneous generation of the detonation
regime. The account of propagation of disturbances in the opposite directions and collisions of waves
allows to simulate a sharp local acceleration of the reaction and shock wave formation. Thank to this
the generation of the detonation regime can be described without using of a special macroscopic initial
distribution of the temperature (concentration). The developed approach logically joins the opposite
concepts (see [36] and [37]) of spontaneous explosion process description: a deterministic approach at
the stage of macroscopic non-uniformity development is complemented by a probabilistic one due to
using of stochastic infinitesimal disturbances of initial state of the system.

References

[1] Merzhanov AG (1966) Combustion and Flame, Vol. 10, Iss. 64, p. 341

[2] Soloukhin RI (1961) Deflagration to detonation transition in gases. Zhurn. Prikl. Meckh. i Tekhn.
Fiziki, Iss. 4, pp. 128-132 (in Russian)

[3] Soloukhin RI (1963) Detonation waves in gases. Uspekhi Fizich. Nauk, Vol. 80, Iss. 4, pp. 525-
551 (in Russian)

[4] Oppenheim AK, Soloukhin RI (1973) Experiments in gasdynamics of explosions. Annual Review
of Fluid Mechanics, Vol. 5, pp. 31-58

[5] Zel'dovich YaB, Librovich VB, Makhviladze GM, Sivashinsky GI (1970) On the appearance of
detonation in non-uniformly heated gas. Zhurn. Prikl. Meckh. i Tekhn. Fiziki, Iss. 2, pp. 76-84 (in
Russian)

[6] Gelfand BE, Polenov AN, Frolov SM, Tsyganov SA (1985) Appearance of detonation in non-
uniformly heated gaseous medium. Combustion, Explosion and Shock Waves, Vol. 21, Iss. 4, pp. 118-
123

[7] Gelfand BE, Frolov SM, Polenov AN, Tsyganov SA (1986) Appearance of detonation in systems
with non-uniform distribution of temperature and concentration. Chemical physics, Vol. 5, Iss. 9, pp.
1277-1284 (in Russian)

[8] Barthel HO, Strehlow RA (1979) AIAA paper Ne79-0286, New Orlean, Louisiana

[9] Taylor CF, Taylor ES, Livengood JC, et al. (1950) SAE quart. Trans., Vol. 4, p. 232

[10] Zajtsev SG, Soloukhin RI (1958) Dokl. AN SSSR, Vol. 122, Iss. 6, p- 1039 (in Russian)

[11] Knystautas R, Lee JH, Moen I, et al. (1978) Proceedings of the 17" International Symposium on
Combustion, Combust. Inst., Pittsburg, p. 1235

[12] van Tiggelen PI (1969) Combustion Science and Technology, Vol. 1, Iss. 3, p. 225

13] Zajac LJ, Oppenheim AK (1971) AIAA J, Vol. 9, Iss. 4, p. 545

4] Meyer JW, Oppenheim AK (1972) AIAA J., Vol. 10, Iss. 11, p. 1509

5] Borisov AA (1974) Acta Astronautica, Vol. 1, Iss. 9-10, p. 909

6] Slagg N, Fishburn B, Lu P, Vyn W (1977) Acta Astronautica, Vol. 4, Iss. 3-4, p. 375

7] Lee JH, Knystautas R, Yoshikawa N (1978) Acta Astronautica, Vol. 5, p. 971

8] Lee JH, Moen IO (1980) Progr. Energy Combust. Sci., Vol. 6, p. 359

[19] Dremin AN (1983) Pulsing detonation front. Combustion, Explosion and Shock Waves, Vol. 19,
Iss. 4, pp. 159-169

[20] Nakoryakov VE, Borisov AA (1976) Propagation of disturbances in medium with relaxation or
chemical reaction. Combustion, Explosion and Shock Waves, Vol. 12, Iss. 3, pp. 414-422

[21] Borissov AA (1977) Propagation of perturbations in two-phase chemically reacting media. In
Kutateladze SS (ed) Nonlinear wave processes in two-phase media. Institute of thermophysics USSR
Academy of Sci., Sib.Branch, Novosibirsk, pp. 128-142 (in Russian)

[22] Soluyan SI, Khokhlov RV (1961) Propagation of acoustic waves with finite amplitude in
dissipative medium. Vestnik Mosk. Univ., Iss. 3, pp. 52-61 (in Russian)

[23] Clarke JF (1977) Chemical amplification at the wave head of a finite amplitude gasdynamic
disturbance. Journal of Fluid Mechanics, Vol. 81, Part 2, pp. 257-264

[

1
1
1
[1
1



[24] Wood WW, Kirkwood JG (1957) Hydrodynamics of a reacting and relaxing fluid. J. Appl. Phys.,
Vol. 28, Iss. 1, pp. 395-398

[25] Kirkwood JG, Wood WW (1954) Structure of a Steady-State Plane Detonation Wave with Finite
Reaction Rate. J. Chemical Physics, Vol. 22, Iss. 11, p. 1915.

[26] Williams F (1971) Theory of combustion. Nauka, Moscow (in Russian)

[27] Zel’dovich YaB (1980) Regime classification of an exothermic reaction with non-uniform initial
conditions. Combustion and Flame, Vol. 39, pp. 211-214

[28] Gelfand BE, Frolov SM, Polenov AN, Tsyganov SA (1988). Appearance of detonation in areas
with non-uniform distribution of temperature and concentration. Combustion, Explosion and Shock
Waves, Vol. 24, Iss. 6, pp. 101-106

[29] Borissov AA, Sharypov OV (1993). On the problem of spontaneous explosion appearance.
Combustion, Explosion and Shock Waves, Vol. 29, Iss. 5, p. 105

[30] Sharypov OV (1999) Model of spontaneous explosion (detonation) process appearance.
Thermophysics and Aeromechanics, Vol. 6, Iss. 1, pp. 73-82

[31] Borissov AA, Sharypov OV (1990) On the formation of bubble detonation wave. Izv. SO AN
SSSR, Iss. 2, pp. 50-59 (in Russian)

[32] Borissov AA, Sharypov OV (1993). Self-sustained solitary waves in non-equilibrium media.
Combustion, Explosion and Shock Waves, Vol. 29, Iss. 4, pp. 80-87

[33] Borissov AA, Sharypov OV (1993) Self-Sustained Solitary Waves in Non-Equilibrium Media.
Journal of Fluid Mechanics, Vol. 257, pp. 451-461

[34] Sharypov OV, Zagorujko VA (2002) Study of spontaneous explosive process regularities. XXVI
Siberian thermophysical seminar, June 17-19, 2002, Institute of thermophysics SB RAS, Novosibirsk
[35] Sharypov OV, Zagorujko VA (2002) Theoretical analysis of spontaneous explosion processes. 111
Russian National Conference on Heat Transfer, October 21-25, 2002, Izd. Mosk. Energetich. Inst.,
Moscow (in Russian)

[36] Frolov SM (1992) Effects of non-ideality at explosion generation and propagation. Doctor of Sci.
Thesis, Inst. Chem. Phys., RAS, Moscow (in Russian)

[37] Fedotov SP (1992) Fluctuations and auto-oscillations in chemically reacting systems. Doctor of
Sci. Thesis, Ural Politeckhn. Inst., Ekaterinburg (in Russian)



	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


