Journal of Engineering Physics and Thermophysics, Vol. 82, No. 6, 2009

DISTINCTIVE FEATURES OF THE GAS-PHASE IGNITION
OF A MIXTURE OF A KEROSENE VAPOR AND AIR
BY A STEEL WIRE HEATED TO HIGH TEMPERATURES

G. V. Kuznetsov and P. A. Strizhak UDC 536.468

The process of ignition of a mixture of air and a kerosene vapor by a steel wire heated to high temperatures
has been modeled numerically. The investigations have been carried out on a model allowing for the combi-
nation of heat- and mass-transfer processes (evaporation of the flammable liquid, diffusion and convection of
the fuel vapor in air, heat conduction, and oxidation of the fuel vapor in air). The values of the delay time
of ignition of the vapor-gas mixture have been determined and the scale of influence of the initial temperature
and dimensions of the wire, the distance between the heating source and the kerosene surface, and the tem-
perature and humidity of air on the inertia of the ignition process have been established.
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Introduction. It is well known [1-3] that minor and major failures in energy-supply systems are responsible
for many fires. As a rule, in such cases we have overheating, carbonization, melting, and smoldering of the coatings
of electric cables, which consequently impacts directly on conducting elements. The latter in turn gives rise to conduc-
tor portions heated to high temperatures, which become ignition sources on contact with combustibles [2].

The processes of electric-spark ignition of solid (e.g., wood) and liquid (hydrocarbon fuels) condensed sub-
stances have been thoroughly studied [4, 5]. The processes of ignition of mixtures of a liquid-combustible vapor and
air by electric-current conductors heated to high temperatures (more than 900 K) remain less well understood. Investi-
gation of such processes is reduced to an analysis of the conditions of thermal interaction between small-size heated
bodies (e.g., incandescent wires and metal rods) and vapor-gas mixtures.

The present work seeks to numerically investigate the gas-phase ignition of a mixture of a vapor of typical
flammable liquid and air by a steel wire heated to high temperatures within the framework of a model that allows for
the combination of physicochemical processes in the small vicinity of the wire and the liquid surface (evaporation of
the liquid combustible to absorb energy, diffusion and convection of the fuel vapor, heat conduction, and the reaction
of oxidation of the fuel vapor in air to release heat.)

Formulation of the Problem. We consider the system heated wire—flammable liquid—vapor-gas mixture (Fig. 1).
A typical liquid fuel with stable properties and well-studied characteristics, i.e., kerosene, is selected as a combustible.
We consider the following stages of the ignition process. At an ambient-air temperature of 270-310 K, we have the
evaporation of kerosene spread over the surface of a solid body (e.g., a concrete coating). The fuel vapor mixes, due
to diffusion and convection, with air containing a certain fraction of steam. This produces a mixture of the fuel vapor,
water, and air above the liquid-fuel surface. After a certain time interval, the vapor masses reach the wire heated to a
high temperature (more than 900 K) and located at a certain distance from the surface of the flammable liquid d .
Investigations are performed for steel wires spread wide apart. The vapor-gas mixture is heated by the wire energy
and, once the temperatures and concentrations of the fuel vapor in the mixture sufficient for ignition have been at-
tained, inflammation occurs.

We consider a wire whose one dimension substantially exceeds the other two dimensions (I, = 0.002 m and
hy, = 0.001 m). Regions of dimensions / = 0.02 m and & = 0.01 m are separated in kerosene and air. The kerosene-film
thickness /; is taken to be 0.007 m. The problem is solved in dimensionless variables in the axisymmetric formulation.

The parameters Iy, hy, I}, Iy ;g I, and h correspond to dimensionless (Fig. 1) analogs Ly, Hy, Ly, L L,
and H (L, = Y3-Y,, H, = X, L; = Y{, and L Y, -Y).
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Fig. 1. Diagram of the solution domain of the problem: 1) vapor-gas mixture;
2) steel wire; 3) kerosene.

Modeling is performed under the following assumptions:

1. Evaporation of the liquid fuel produces one substance with known characteristics. Such an approach is tra-
ditionally used in solving problems of ignition of condensed substances [6, 7].

2. Possible processes of burnout of the liquid fuel are disregarded.

We take the traditional ignition conditions [6]: (1) the heat released as a result of the chemical reaction of
ignition of the fuel vapor in air is larger than the heat transferred from the heated wire to the vapor-gas mixture; (2)
the temperature of the vapor-gas mixture is higher than the initial temperature of the heating source.

Numerical modeling of the process of ignition in the system (Fig. 1) characterized by the parameters
0<X<H and Y| <Y<Y, X|<X<H and Y,<Y<Y; and 0<X<H and Y3<Y<L is reduced to solution, for
0<1<1y of a system of nonlinear differential equations of the form [8-10]:

the Poisson equation

2 2
IY LI _g. (1
oy
the equation of motion of the vapor-gas mixture
100 30 0 1 [0Q Q] Gr 00,
— AU AV =t |t 2)
Shdt  9X 9Y RelaX° 9Y] Re X
the energy equation
100, 00, 90 1 [de, de oW/
——tiy—tiv—= [ Ly 1}+ o2 ; ®)
Sh 9t 9X  9Y RePr X" oY ] p, (1) C,(T)ATV,,
the equation of diffusion of the fuel vapor in air
1ac; ¢ aC 1 [o'¢ dc W,
— i y—Lyy—= [ Ly f}+ —; @)
Sh ot X oY ResSeloX’ ] pua(MV,

the equation of diffusion of the steam in air
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the balance equation
Cwat+cf+co= 1, (6)
the heat-conduction equation for the wire

0<X<Xy, Y,<Y¥Y<Y;,

F—ozg e ar

the heat-conduction equation for the liquid

2
1 009, 9°0; 20
0<X<H, 0<Y<Y,, ——=—24p—32 ®)
Fo, ot o

It should be noted that unlike the mathematical models of [11, 12], the system of equations (1)—(8) allows for the con-
tent of the steam in the vapor-gas mixture. This system corresponds to the initial conditions (T = 0):

0=0, for 0<X<X;, Y,<¥Y<Y;; ©=0; for 0<X<H, 0<Y<Y;

Q=0, ¥Y=0, =0, Cy,=C 0=0,,, for 0O<X<H, Y|<Y<Y,;

wat0 °

X <X<H, Y,<Y<Y;, 0<X<H, Y3<Y<L.

The boundary conditions (0 < T <7Tg) correspond to the model presented in [11].
The thermophysical characteristics of the vapor-gas mixture as of a heterogeneous system containing fuel
vapor, steam, and air are calculated from the formula

M=k D e+ D@+ Ai3(D @3, CMN=C (D @+ Crp (D @t Ci3(D @3,

P (D =py; (D O +p12 (D) P+ P13 (D) @3-

The volume fractions of the components of the vapor-gas mixture are computed from their mass concentrations from
the expressions

CO Cwat
_ Py (D) B P12 (D N . _1
011 = C, . Coat . G 012= C, . Cout . ¢ CritPr+o3=1.
P (D P (M pi3 (D P (M) P (M p3 (M

To compute the rate of oxidation of the fuel vapor in air W, and the velocity of convection of the fuel near the kero-
sene-evaporation boundary V. we use the expressions of [11].

Method of Solution and Initial Data. The algorithm of solution of the system of differential equations (1)—(8)
with corresponding initial and boundary conditions has been given in [11]. The reliability of the obtained results is de-
termined by checking the conservatism of the difference scheme whose algorithm has been presented in [12]. To pass
to dimensionless variables we use T, = 1000 K, / = 0.02 m, and 7, = 1 sec as the scale quantities.

Numerical modeling of the investigated process of ignition is performed for the following values of the char-
acteristics of the interacting substances and the heat- and mass-transfer conditions [13—17]: @0 =03,0, =13, L, =
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TABLE 1. Ignition-Delay Times as Functions of Oy for Ly = 0.1, Hy =

0.05, Lwilig = 0.35, O@amp = 0.308, and

Cwato = 0.1
Oy 14 1.35 1.30 1.25 1.20 1.15 1.10 1.05 1.00 0.95
Td 0.552 0.567 0.613 0.669 0.771 0.872 0.991 1.135 1.346 No ignition

TABLE 2. Ignition-Delay Times as Functions of Lw and Hw at Oy = 1.25, Lw.liq = 0.35, @amb = 0.308, and Cwat0 = 0.1

LW
Hy,

Tq

0.250
0.125
0.581

0.200
0.100
0.598

0.150
0.075
0.623

0.100
0.050
0.669

0.050
0.025

No ignition

TABLE 3. Ignition-Delay Times as Functions of Lwliq for Lw = 0.1, Hy = 0.05, Ow = 1.25, Oymb = 0.308, and

Cwato = 0.1
Ly 1ig 0.25 0.35 0.50 0.65 0.75
T4 0.426 0.669 1.035 1.494 No ignition

TABLE 4. Ignition-Delay Times as Functions of ©amb for Lw = 0.1, Hw = 0.05, Oy = 1.25, Lwliq = 0.35, and
Cwato = 0.1

0.308
0.669

0.303
0.676

0.298
0.692

0.293
0.708

0.288
0.747

0.283
0.851

Oamb 0.278

Tq No ignition

TABLE 5. Ignition-Delay Times as Functions of Cwao for Lw = 0.1, Hy = 0.05, Ow = 1.25, Lwliq = 0.35, and
Oamb = 0.308

CwatO 0
0.653

0.10
0.669

0.20
0.695

0.30
0.741

0.40
0.829

0.50

Tq No ignition

0.1, Hy, = 0.05, O, = 0308, Cyg = 0. Ly g = 0.35, O, = 45 MI/kg, E = 193.7 kI/mole, and k) = 7-10” sec™ .

The thermophysical characteristics of kerosene and its vapor, air, the steam, and the steel wire have been presented in
[14-17].

Investigation Results. The basic parameter of the ignition source in the considered system of the interacting
substances (Fig. 1) is its energy content (heat content). It is determined by the temperature, dimensions, and thermo-
physical properties of the source material. Tables 1 and 2 give results of a numerical analysis of the scale of influence
of the initial temperature and dimensions of the wire on the inertia of the ignition process. Investigations have been
performed at initial wire temperatures ©,, lower than the melting temperature of steel (0., = 1.45-1.55) [17].

From Tables 1 and 2, it is clear that ignition conditions are realized in a fairly wide range of variation in
0©,, L,, and H,. The obtained dependences of T; on the initial temperature and dimensions of the wire enable us to
evaluate the inertia of the processes of ignition of mixtures of a liquid-fuel vapor and air by heating sources of small
dimensions. The increase in T; with decrease in O, L, and H, is caused by the decrease in the energy content of
the warmed-up wire.

The inertia of the process under study is by far dependent not only on the characteristics of the heating
source but also on the conditions of thermal interaction of the wire with the vapor-gas mixture. Table 3 gives the ig-
nition-delay time as a function of the distance between the steel wire and the surface of the evaporated kerosene
Lw.liq' It is clear from the table that the inertia of the ignition process is sharply diminished with Lw.liq' Thus, e.g., the
T4 values differ virtually three times for Lw.liq = 0.25 and 0.50. The reason is that the mass of the fuel vapor flowing
past the heating source increases as the heated wire approaches the kerosene surface. However, no ignition conditions
are realized for Ly g = 0.75 and other adequate parameters of the process. It should be noted that ignition is also pos-
sible for L >0.75, as the wire’s energy content increases due to the high values of ©,,, L,,, and H,,.

w?

w.liq w?
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Fig. 2. Temperature field (a) and the © isotherms (b) at the instant of ignition
(tg = 1.346) for Ly = 0.1, Hy, = 0.05, Oy, = 1.0, Lyjiq = 0.35, Oayp = 0.308,
and Cya0 = 0.

An analysis is made of the scale of influence of the temperature ©, , and humidity C,,, of air in which the
kerosene vapor oxidizes (Tables 4 and 5). From Table 4, it is clear that ignition conditions are realized even at rela-
tively low air temperatures (0, = 0.283). A pronounced nonlinear dependence of T4 on ©,,, is noteworthy.

Both the increase in the air humidity C,,, and the decrease in O, lead to a nonuniform increase in T4
(Table 5). It should be noted that the possibility of igniting the vapor-gas mixture is preserved even at a high initial
air humidity (C,, . <0.3). As the initial wire temperature increases to Oy, = 1.4, the C,, range in which ignition
conditions are realized increases to C, < 0.50.

Figure 2 gives the temperature field and the position of the characteristic isotherms in the considered system of
the interacting substances at the instant of ignition to illustrate results of the performed numerical modeling. In Fig. 2a,
it is seen that the ignition zone is above the heated wire in the gas region. This result is in good qualitative agreement
with the data [4] of experimental investigation of the process of ignition of moving gas mixtures by high-temperature
metal spheres and rods. The location of the ignition zone above the wire can be explained as follows. In the system in
question, the kerosene vapor is formed uniformly over the entire surface as a result of phase transition. Thereafter the
vapor diffuses into the ambient air and mixes with it. A vapor-gas mixture with a high content of the kerosene vapor
but having a temperature insufficient for ignition is formed. When the incandescent wire appears in the gas region above
the kerosene- evaporation surface, vortices of the vapor-gas flows are formed near the lower surface of the heating
source. As a result the number of heated vapor masses under the wire increases and the temperature of the vapor-gas
mixture grows. Under these conditions, the rate of the reaction of oxidation of the fuel vapor sharply increases, and
ignition of the vapor-gas mixture in the immediate vicinity of the lower face of the wire occurs (Fig. 2a). The obtained
result enables us to single out the basic distinctive features of the conditions of ignition of flammable liquids in the
presence of direct thermal contact with the heating source [12] and when it is located at a certain distance from the
evaporation boundary. In the first case the stages of warming up of the liquid and the conditions of thermal interaction
of the heating source with the liquid (e.g., the presence of a vapor gap between the source and the inflammable liquid
substance, the immersion of the source in the liquid) are determining. In the second case the inertia of the ignition
process is mainly determined by the time of warming up of the vapor-gas mixture.

The small dimensions of the ignition zone and its relatively small remoteness from the surface of the incan-
descent wire are noteworthy (Fig. 2b). The dimensions of this zone are much smaller than the area of the spread lig-
uid fuel and the heated wire.

CONCLUSIONS

1. We have investigated the combination of interrelated processes of heat and mass transfer with phase trans-
formations and chemical reactions in ignition of a mixture of typical combustible and air by a small-size wire heated
to high temperatures.
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2. We have established the ranges of variation in the determining parameters (O, L, H,, Gamb, and Cy,0)
of the ignition process and have separated their limiting values for which no ignition conditions are realized.

3. We have established the location of the zone of ignition of the vapor-gas mixture near the lower face of
the incandescent wire. The dimensions of this zone and the distance between it and the heating source have been de-
termined.

4. Analysis of the obtained results has shown that most of the ignition-delay time is accounted for by the
warmup time of the vapor-gas mixture, which is mainly characterized by the intensity of the diffusion and convection
of the fuel vapor in air. The convective transfer of the fuel vapor in the oxidant medium makes the entire ignition
process under study much more complicated and, as a consequence, influences the ignition-delay time on a larger scale
than the diffusion process does.

This work was carried out with financial support from the Russian Foundation for Basic Research (project No.
06-08-00366-a).

NOTATION

C, specific heat, J/(kg-K); C,,., mass concentration of the steam; C,,, initial mass concentration of the
steam; C;, mass concentration of the fuel in the mixture; C,, mass concentration of air; E, activation energy,
kJ/mole; Fo, Fourier number; Gr, Grashof number; %, dimension of the solution domain along the x axis, m; h,, di-

. . . . —1 . . . .
mension of the wire along the x axis, m; k;, preexponential factor, sec ; /, dimension of the solution domain along
the y axis, m; [, dimension of the wire along the y axis, m; lw.liq’
l1, kerosene-film thickness, m; Pr, Prandtl number; O, thermal effect of the oxidation reaction, MJ/kg; Re, Reynolds
number; Sc, Schmidt number; Sh, Strouhal number; T, temperature, K; AT, temperature difference (AT = T, —T;), K;

T,., temperature scale, K; ¢, time scale, sec; U, dimensionless component of the fuel-vapor velocity in the projection
scale of

onto the X axis; V, dimensionless component of the fuel-vapor velocity in the projection onto the Y axis; V.,

velocity of the fuel-vapor convection near the liquid surface, m/sec; W, mass velocity (rate) of oxidation of the fuel
vapor, kg/ (m3-sec); X, Y, dimensionless analogs of the coordinates of the Cartesian coordinate system x, y; ©, dimen-
sionless temperature; G)O, dimensionless initial kerosene temperature; G)amb’
ture; G)W, dimensionless initial wire temperature; @m, dimensionless melting temperature; ¥, dimensionless analog of
the stream function; Q, dimensionless analog of the vorticity vector; A, thermal conductivity, W/(m-K); p, density,
kg/m3; T, dimensionless time; T4, dimensionless ignition-delay time; @, volume fraction. Subscripts: 0, initial instant of
time; 1, vapor-gas mixture; 2, wire; 3, kerosene; 11, air; 12, steam (water vapor); 13, fuel vapor; wat, water; f, fuel;
d, delay; sc, scale; o, oxidation; amb, ambient air; w, wire; w.liq, wire and liquid; m, melting.

distance from the wire to the kerosene surface, m;

dimensionless initial ambient air tempera-

REFERENCES

1. S. V. Sobur’, Fire Safety of Industrial Enterprises [in Russian], Pozhkniga, Moscow (2007).

2. V. L. Gorshkov, Suppression of the Flame of Combustible Fluids [in Russian], Pozhnauka, Moscow (2007).
A. N. Bochkarev, Analysis of incidents related to fires in airports and methods of ensuring fire- and explo-
sion safety of the air transport objects, Pozharovzryvobezopasnost’, No. 4, 59—62 (2008).

4, S. Kumagan, Combustion [in Russian], Khimiya, Moscow (1979).

5. F. A. Vil’yams, Theory of Combustion [in Russian], Nauka, Moscow (1971).

6. V. N. Vilyunov, Theory of Ignition of Condensed Substances [in Russian], Nauka, Novosibirsk (1984).

7.  G. V. Taratushkina, Heat Transfer in Ignition of Condensed Substances and Erosion of Structural Materials in
Inertial Deposition of Solid Combustible Particles, Candidate’s Dissertation (in Physics and Mathematics),
Tomsk (2004).

8. V. M. Paskonov, Numerical Simulation of Heat- and Mass-Transfer Processes [in Russian], Nauka, Moscow

(1984).
9. J. Jaluria, Natural Convection Heat and Mass Transfer [Russian translation], Mir, Moscow (1983).
10. P. J. Roache (P. 1. Chushkin Ed.), Computational Fluid Dynamics [Russian translation], Mir, Moscow (1980).

1064



11.

12.

13.
14.

15.

16.

17.

G. V. Kuznetsov and P. A. Strizhak, Specific features of the ignition of a vapor-gas mixture heated up to high
temperatures by a metal particle, Pozharovzryvobezopasnost’, No. 3, 25-33 (2008).

G. V. Kuznetsov and P. A. Strizhak, Ignition of liquid hydrocarbon fuels by a glowing single particle, Izv.
Tomsk Politekh. Univ., No. 4, 5-9 (2008).

E. S. Shchetinkov, Physics of the Combustion of Gases [in Russian], Nauka, Moscow (1965).

A. Ya. Korol’chenko, Fire- and Explosion Hazards of Substances and Materials and the Method of Extinguish-
ing Them: Handbook [in Russian], Pt. 1, Pozhnauka, (2004).

N. B. Vargaftik, Handbook of Thermophysical Properties of Gases and Liquids [in Russian], "Stars" Lim.,
Moscow (2006).

V. N. Yurenev and P. D. Lebedev, Heat Engineering Handbook [in Russian], Vol. 1, énergiya, Moscow
(1975).

V. N. Yurenev and P. D. Lebedev, Heat Engineering Handbook [in Russian], Vol. 2, énergiya, Moscow
(1975).

1065




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [594.000 792.000]
>> setpagedevice


