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Abstract—A qualitative analysis of a character of joint heat transfer and drop fragmentation of an overheated
disperse phase at a movement of a cooling emulsion in a turbulent regime was carried out. We considered a
general model of a drop fragmentation into the emulsion volume by turbulent pulsations of the flow in view of
the presence of an excess heat energy in it. Conditions when an effect of the overheating the disperse phase exerts
a maximum resistant size of a drop relative to the fragmentation were determined.
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An intensity of the heat transfer upon the boiling in
uniform liquids depends on a character of metastable
states, which inhibit a start stage of the first type
phase transfer, on thermal parameters of a heat carrier,
on ahydrodynamic regime and on physicochemical
properties of a flow [1]. In the course of the boiling
the emulsion with low-boiling disperse phase the heat
exchange conditions are essentially complicated since
there is high-boiling and of cause more viscous disperse
medium between a heating surface and the drops. This
promotes a transfer of the boiling forward a volume
of the disperse phase that significantly increases the
heat surface by an interphase surface which performs
this function. Moreover a decrease of the heat-transfer
coefficient o ; is inhibited due to a premature formation
of a vapor phase.

Also it is known that an enlargement of sufficiently
small and a destruction of abundantly large drops of the
disperse phase occur in the emulsion due to energy of
dynamic and viscous forces of the flow. At a junction of
small drops their size on the turbulent flow can grow to
some critical value that is determines by a surface tension
force. Sufficiently coarse drops of the disperse phase
subjected to the turbulent pulsation and viscous shear
tension capable of deformation to a drop breaking in two
and rather in several parts [2].

Experimental and theoretical investigations show that
the emulsion with the low-boiling phase can significantly
enhance the heat transfer in comparison with any uniform
liquid that belongs to the emulsion. For example, the
emulsion of organosilicon liquids with water disperse
phase is widely used for cooling the cutting devices of
a metal thermal treatment On the basis of experimental
data was found significant overheating of the emulsion
and then was studied an effect of a delay of the boiling
onset A7, It was demonstrated that a heat removal is
intensified by the drop boiling of the disperse phase
with boiling temperature essentially lower than one of
a uniform medium [3].

Abnormal metastable state of the cooling emulsion is
explained by complex transfer character inherent to many
thermodynamic systems [4]. Possible approaches to a
solution of the like problems are also considered in [5]
when in the case of a vapor explosion an understanding
multipronged and multistage process as a set of possible
mechanisms of fundamental physical phenomena and
their interrelation becomes basic.

Simulation of composition and structure of cross
transfers by a set of elementary physical phenomena.
The heat transfer by the cooling emulsions is determined
by physicochemical characteristics as well as their
temperature dependences. Under conditions of the
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turbulent flow an essential contribution also relates
to process specific for liquid systems: coalescence,
and fragmentation of the disperse phase drops. For
example, some effects found as a result of experimental
investigations of the disperse phase boiling in the liquid
volume can be elucidated by the drop coalescence [6].
Also an influence of the fragmentation on the structure of
the heat transfer into non-uniform liquid with participation
of the low-boiling disperse phase is not the least.

In particular, if the pressure of the liquid vapor reaches
the value of outside pressure in the uniform medium, the
formation of bubbles of the vapor phase can occur along
with the evaporation from interphase surface inside the
drops [7]. This promotes an increase in the size of the
vapor-liquid drops and creates prerequisites for their
destruction, and periodic removal of the vapor phase
along with a continuous surface boiling. The heat transfer
structure is supplemented with the physical phenomena
whose mechanisms are predetermined hydrodynamically
by the characteristics of the turbulent flow of the uniform
medium.

The noted features of the cooling emulsions result in
a complicated behavior caused by exchange of energy
and of substance under non-equilibrium conditions [4],
and also in the formation of the cross transfers where
agradient of one physical value leads to the transfer of
another. Mutual influence of the flow of impulse and
heat in the heterogeneous systems essentially hinders the
isolation of their individual, specific feature because of
the variety of actual conditions. Furthermore, ambiguity
and statistical nature of the mechanisms of each of
the interrelated processes complicates not only their
theoretical description but also sufficiently substantiated
structural image of phenomenological relationships.

For the same reasons the possibilities of experimental
research techniques are limited. An analysis of the
vapor explosion performed in [5] demonstrates that the
overwhelming majority of available reliable experimental
data is useful only for molding of ideas as a whole,
without isolation of quick-flowing subprocesses and
thin fragmentation. Their characteristic time usually
equals from one to tens of microseconds. The technical
complexities of the realization of the focused high-speed
shooting, which would ensure single-valued interpretation
of the observed effects, are not overcome completely.

Although both empirical data and theoretical models

of redistribution of substance and energy in the turbulent
liquid flow cannot be written down in the common format,
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nevertheless only they can exhibit entire variety and
specific features of the complex processes of the transfer.
The substantiation of the composition of elementary
physical phenomena with the help of dimensionless
similarity criteria corresponding to them makes it possible
to base the structure of their interrelations in the complex
disperse systems of the heat carriers by agreement with
a priori transfer characteristics [8].

Preliminary information relative to physical
nature of any phenomenon usually appeared as the
phenomenological models which postulate general
balance relationships for mechanic and thermodynamic
characteristics. The obtained analytical expression then
1s reduced to the dimensionless form, and model looks
as a ratio between basic dimensionless combinations of
the independent variables, i.e. the criteria of similarity
I, I,,..., I,

I, = Ay, I5,..., T1,). (M

If a priory ideas are sufficiently complete they are
manifested by general form of the expected interrelation
between them.

Elementary physical phenomena are denoted by the
simplest relationships with one criterion which are of
universal nature:

A1) = const. )

If the real process can be represented only by this
phenomenon then in this case practically unchangeable
value of constant C,; corresponds to the experimental
research data presented by (2) after statistical evaluation
of parameters of model function AIT1,). This result is
qualitative assessment of the correspondence of the
initial model picture to the real character of the physical
phenomenon. From a formal point of view the adequacy
of'initial model testifies on the consistency of the physical
mechanism accepted.

But if the value of the constant of C is varied, then
we cannot consider as revealed all statistically significant
independent factors, the mechanisms of the physical
phenomena presented by them. The modification of
the initial interrelation of the similarity criteria (2) is
carried out also in accordance with the a priori physical
conception of the possible influence of other factors. Here
the independent variable of the initial model, with which
1s connected the influence of additional mechanism, is
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substituted by the effective value, which includes the
similarity criterion connected with it.

We can modify a variable of the initial model, for
example x, with the help of the exponential expression:
x.= xI1y, where I, is an additional criterion present
ingan interconnected mechanism of the transfer. The
constant value is selected by such means that the extended
model

ATIT(xIT,),] = const 3)

simulated empirical correlation of this variable x.

The following step is the representation of experimental
data in generalized variables I1; and I1, and estimation
of the constants of hypothetical regularity with the help
of the accepted statistical procedure (3). Thus is reached
the necessary complete conception of the physical nature
of the studied phenomenon that enables the modification
of the model. The relationships obtained in the averaged
form are manifested as the summary estimations of
the real contribution of each elementary physical
phenomenon reflected by the results of an experimental
study of a complex process.

The efficiency of each of the possible mechanisms of
elementary physical phenomena, and also their mutual
influence are in direct dependence on the boundary
and initial conditions. As a result the agreement of the
characteristic scales of the totality of elementary physical
phenomena in the space and the time is achieved on the
basis of experimental data. The procedure examined
makes it possible to form the complex structures of the
transfer that possesses the predetermined properties:
power and resource saving [8].

The fragmentation character of the overheated
drop of the dispersed phase. The important special
feature of the overheated drop fragmentation under
the action of the turbulent pulsations of the speeds of
the uniform medium is the presence in them of excess
thermal energy [9]. It is obvious that this factor decreases
stability and as a result the probability of retaining the
integrity of the drops of dispersed phase, which a capillary
energy provides. However, an increase in the frequency
of the drop fragmentation is not the only consequence of
their overheating. Another possible consequence is the
formation of bubbles of vapor phase caused by the local
resonance pulsations of pressure inside the drops that
is generated by the turbulent pulsations of the uniform
medium.
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It should be noted that in the absence of the turbulence
the contribution of the fluctuation mechanism of the
formation of vapor nuclei in the volume of the quiescent
liquid is insignificant in comparison with the usual
phenomenon of vaporization near to the solid surface.
In this case its role plays the interphase surface with the
high-boiling liquid, thereby the summary surface area
of dispersed phase with the drops of sufficiently small
size can repeatedly exceed the area of the solid surface.
Moreover such well studied factors of the formation of
the nuclei of vapor phase become predominant as the
presence of the air bubbles, solid particles and other
macroscopic heterogeneities of the external surface of
drops [10].

Energy of the turbulent pulsations of the uniform
medium speed under certain conditions causes in the
volume of the drops of dispersed phase the formation
of the forced pulsations of pressure with a certain
frequency spectrum. The agreement of the natural
vibration frequency of drop with one of the frequencies,
which possess a sufficient energy of pulsations, leads to
their resonant amplification. If the local concentration of
external energy of the turbulent flow is sufficient for the
overcoming the surface energy of drops then occurs their
destruction [2, 11]. Under the isothermal conditions the
destruction of drops in the turbulent flow of liquid that is
not mixed with them despite complexity and stochastic
nature of process, explains Kolmogorov’s theory about
the predominant influence of local turbulence structure
on the stability of drops.

In the inertial range of an area of the universal statistic
equilibrium expression for the maximum steady size of
the drops d,,,, 1s used as a rule in the form of a ratio of

the energy of their surface tension and the energy of the
turbulent pulsations:

PeV'? (day/0) = const, 4)

where o is interphase tension, p,, density of the uniform
medium, v'2, averaged speed of the turbulent pulsations

The generalization of the fragmentation to the
nonisothermic conditions of the fragmentation of the
low-boiling dispersed phase within the region of the
basic model of Kolmogorov consists in the addition of
energy of the internal turbulent pulsations of pressure by
thermal energy of overheated drops. It is obvious that
the factor of overheated drops must promote reduction
in the significance of interphase tension which is their
stabilizing factor. The physical sense of this phenomenon
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can consist in a possible increase in the volume with the
formation inside the drops of the bubbles of vapor phase.
Energy of the pulsations of pressure, insufficient for the
direct destruction of drops, can form the local regions
of the reduced “negative” pressures, which facilitate
reduction in the critical dimension of the viable bubbles
of vapor [12].

The identity of the states of overheating to a tension
(cavitation) of liquids, that facilitates growth of the
experimentally studied in this paper frequency of the
nuclei forming, allows formalization of their summary
result as the temperature factor. As a result in relationship
(4) the real diameter of the drops d,,,, is substituted by
the effective size d g corrected by the value of the volume
fraction of the bubbles of the vapor:

deff = dmax(ET/Eturb)aa (5)

where Er = pyC AT is specific thermal overheating
energy, Eyp = p.V'%, specific dynamic energy of the
turbublent pulsations.

This initial relationship (4) can written as

(04

RV 2d CpPgATY™

o %max pv'2 = const. (6)
c

Here in the form of exponential function from the ratio
of energy of overheating, which stimulates the formation
of vapor phase, to the energy of turbulent pulsations is
indirectly presented the diameter of vapor-liquid drop.
When a = 0 in the absence of the energy of overheating
expression (3) is reduced to the model relationship of
Kolmogorov (4). Another limiting case when o = 1
corresponds to the destruction of the overheated drops
of the dispersed phase as a result of vapor explosion in
the volume of the quiescent emulsion.

The value of the exponent a is found by the agreement
of final dependence with the a priori conventional
conception about the important characteristics of the
fragmentation [2, 11]. Thus, as an example let us examine
interrelation for the conditions of the uniform turbulent
flow established by Kolmogorov and confirmed by
numerous experimental works:

do ~ V-2, (7)

Hence, in expression (6) summary power 2(1 — o) of

pulsations must compose the known value:
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2(1-o)=1.2.

Required value for the particular conditions of the
homogeneous turbulence of o = 0.4.

Taking into account this condition expression (6)
is the mechanism of the joint hydro-thermodynamic
decomposition of the dispersed phase of the emulsion:

12

pVv Cp pdAT 0.4
Gc_dmax { —> | = const. (8)
[P

With the flow of emulsions along the pipeline in the
uniform turbulent flow the value of the averaged square
ofa difference in the pulsations of the speed is determined
only by energy consumption for the unit of the mass per
unit time &:

g 23
e = 2D0’ vzz(sdmax) , )

where A is coefficient of hydraulic resistance, u,, average
relative to the flow speed of the emulsion into the pipe
line of diameter D.

After additional trasformations the maximum size of
the drops, which preserve integrity at the collisions at
the turbulent pulsations, in accordance with the model
of the resonance hydrodynamic destruction of drop at
o= 0 can be written as

res  _ D% 46 01
dmax =C1 5795 O He . (10)
uO pc

Taking into account the thermal energy of overheating
the combined regime of the hydro-thermodynamic
destruction of drop when o = 0.4 looks as

th D7° 0.07,7+0.29 —0.29

erm: 0.71,,~ Y. . —0.

dmax =6 w079 036 C 0-29 Me AT
(4

(11)

where C; and C, are constants found from experiment;
L., dynamic viscosity of the uniform medium.

In Fig. 1 are represented the model calculations of
the dependence of the maximum diameter of drops
in the emulsion water—organosilicon liquid PES-5 on
the temperature overheating for two regimes of the
fragmentation at the pressure P = 105 Pa. Temperature
dependence for p, is taken into account with the aid of
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1I. Region of
hydrodynamic .
125F destruction of
drops
I. Region of - 2
g 75} steady drop
3 size III. Region of joint ™.
g B hydrothermodynamic
= destruction of drops
25F
1 1 1
—100 0 100 200 AT, K

Fig. 1. Dependence of the maximum diameter d,,,,, (

pum) on temperature overheating A7 (/) at o = 0.4 (hydrothermodynamic destruction

of a drop), and (2) at o = 0 (the resonance hydrodynamic destruction of a drop). Pressure P = 105 Pa, emulsion water—organosilicon

liquid PES-5.

the Andrade relationship [13], for o and pg4, with the aid
of the approximation of tabulated data [14] in the linear
and cubic form, respectively. The model constants C,;
and C, are selected on the basis of the experimental data
of work [3].

Features of the curves, represented in Fig. 1, make
it possible to obtain the following qualitative results.
Curve /, which corresponds to the hydrothermodynamic
regime of destruction, is well correlated with the results
of experimental data [3], moreover by an increase in
the temperature overheating the maximum diameter
of drops decreases. The region / limits the sizes of the
drops which are steady relative to the fragmentation.
Curve 2 corresponds to the hydrodynamic regime of the
fragmentation under the isothermal conditions. The region
11, that is higher than this curve and to the left of curve /,
limits the hydrodynamic destruction of drops by turbulent
pulsations. Finally, the region /1] is the region of joint
hydrothermodynamic destruction of drops by turbulent
pulsations and excess thermal energy of overheating.

Structure of the interrelations of the mechanisms
of elementary physical phenomena upon the heat
transfer by the low-boiling drops of dispersed phase.
The elementary hydrodynamic mechanism of the
fragmentation of the drops of dispersed phase in the
turbulent flow of emulsion is determined with the aid of
the balance of the counterdirected forces (or energies)
of the turbulent pulsations of speed and of surface
tension:

pV2 =~ old. (12)

As aresult the maximum steady size of the drops d

max

is formed, which through Weber number is written as

Pcv'zd
c

We, = = const. (13)
For the elementary thermodynamic mechanism of
the destruction of the drops of dispersed phase (thermal
explosion [15]) determining is the balance of the thermal
energy of the overheating drops and surface tension:

CopdAT ~ o/d. (14)
The condition of destruscrion of the overheated drop

in the volume of the quiescent liquid in the form of

dimensionless thermal criterion can be presented as

ey = CpPad Al pgd AT const. (15)
When one of the elementary mechanisms predominates,
constants in the right term of equations (13) and (15) keep
value at the given initial and boundary conditions. An
interaction of these two possible elementary physical
phenomena is manifested in the change in the constant of
equation (13) that is assumed as initial in accordance with
a change in the values of the criterion, which characterizes
another, interconnected with it physical phenomenon.

On the basis of these ideas equation (8) that
expresses the hydrothermodynamic mechanism of the
fragmentation of the drops was obtained as a result of the
combined action of two elementary physical phenomena.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 8 2009
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Its physical content becomes obvious after reducing it
to the dimensionless form with the help of the following
transformation:
0.6 0.4
o

06

0.6, 0.4
Wed Ted = const. (16)

Accounting for this interrelation equation (13)
exhibiting the initial conception for the isothermal
conditions is written in more general form revealing the
physical sense and the character of the interaction of the
elementary transfer of pulse and heat.

Taking into account this interrelation criterial relation-
ship (13), which reflects initial ideas for the isothermal
conditions, is written in the more common format of that
revealing the physical sense and the nature of interaction
of the elementary transport phenomena of pulse and
heat.

const

T (17)

Wed=

This is the most probable structure of the interrelations
of elementary phenomena in the uniform turbulent flow
of emulsion with the low-boiling dispersed phase. On
the basis of those accepted above assumptions the degree
of dimensionless thermal criterion is determined by the
constant a of exponential function (5) and depends only
on the structure of the turbulent flow of uniform medium.
In Fig. 2 are depicted the generalized dependences for
the hydrodynamic and hydrothermal destruction of the
drops in the form of the dimensionless criteria Wey and

20F
I Region of II. Region of joint
| hydrodynamic | pydrothermodynamic
destruction of | Jegtruction of drops
drops
Y 2
£ 10
1. Region of
steady drop
™ size ]
1 1 1
=5 0 5 10

Ted

Fig. 2. Dependence of the number Wey on number Te, for (/)
hydrothermidynamic, and (2) hydrodynamic destruction of
the drops.
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Te4 according to equations (13) and (16). The constant
in Eq. (13) is accepted equal to 10 for clarity.

The noted factors essentially simplify formulation and
solution of the new nontraditional problems connected with
the innovation and energy-saving industrial technologies
[9, 16]. In particular, this relates to the formation of the
rational structure of the pulse and heat transfer for the
most effective use of the cooling liquids.

CONCLUSION

(1) By the qualitative analysis of the fragmentation the
dimensionless thermal criterion, which characterizes the
influence of overheating on the fragmentation of the drops
of dispersed phase in the turbulent flow of the high-boiling
liquid was obtained. This criterion characterizes also the
heat transfer to the dispersed phase in the turbulent flow
of the emulsion of the cooling liquids.

(2) The model of the fragmentation of the overheated
drops of the disperse phase in the turbulent flow of the
cooling emulsion was developed taking into account
temperature that significantly expands the range of the
elementary physical phenomena which determine the
feature of boiling and the efficiency of heat transfer.

(3) The presence of the vaporization prerequisites
connected with the destruction of coarse dispersed
drops, makes it possible to use the suggested model of
overheated emulsion (16) with the development of new
heat-power engineering systems and plants.

REFERENCES

1. Skripov, V.P., Sinitsin, E.N., Pavlov, P.A. et al.,
Teplofizicheskie svoistva zhidkostei v metastabil ' nom
sostoyanii: Sprav. (Thermophysical Properties of Liquids
in Metastable State: Handbook), Moscow: Atomizdat,
1980, 208 p.

2. Rozentsvaig, A.K, Zhurn. PMTF., 1981, no. 6, pp.71-78.

3. Bulanov, N.V. and Gasanov, B.M, Inzh.-Fiz. Zh., 2006,
vol. 79, no. 6, pp. 81-84.

4. Exploring Complexity: An Introduction, Nicolis, G. and
Prigogine, I., Freeman & Company, 1989.

5. Zeigarnik, Yu.A., Ivochkin, Yu.P., Grigor’ev, V.S., and
Oksman, A.A., TVT, 2008, vol. 46, no. 5., pp.797-800.

6. Rozentsvaig, A.K. and Strashinskii, Ch.S., Zh. Priki. Khim.,
2008., vol. 81, no. 9., pp. 1567—-15609.

7. Ainshtein, V.G., Zakharov, M.K., Nosov, G.A. et al.,
Obshchii kurs protsessov i apparatov khimicheskoi tech-

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 8 2009



10.

11.

12.

FRAGMENTATION OF LOW-BOILING DISPERSE PHASE IN TURBULENT FLOW

nologii: Ucheb. (Common Course of Processes and Ap-
paratus of Chemical Engineering: Textbook), Ainshtein, V.G.,
Ed., vol. 2, Moscow: Universitetskaya Kniga, 2006.

. Rozentsvaig, A.K., Doctoral Sci. (Chem.) Dissertation,

Kazan, 2004.

. Rozentsvaig, A K, Izv. Vuzov, Problemy energetiki, Kazan’,

2003, nos. 7-8, pp. 58—67.

Skripov, V.P., Metastabil 'naya zhidkost’, Moscow: Nauka,
1972.

Rozentsvaig, A.K., Zh. Prikl. Khim., 1985, vol. 58, no. 6,
pp- 1290-1298.

Vinogradov, V.E. and Pavlov, P.A., TV'T., 2000., vol. 38,
no. 3, pp. 402-406.

13.

14.

15.

16.

1419

Reid, R., Prausnitz, J.M., and Sherwood, T.K., The
Properties of Gases and Liquids, McGraw-Hill, New York,
1977.

Vargaftik, R.B., Spravochnik po teplofizicheskim svoistvam
gazovi zhidkostei (Handbook on Thermophysical Properties
of Gases and Liquids), Moscow: Nauka, 1972.

Zeigarnik, Yu.A., Ivochkin, Yu.P., and Korol’, E.Z., TV'T.,
2004, vol. 42, no. 3, pp. 491-492.

Rozentsvaig, A.K. and Strashinskii, Ch.S., Proektirovanie
i issledovanie tekhnicheskikh sistem: Mezhvuz. nauch. sb.
(Development and Investigation of Engineering Systems:
Sci. Collection), no. 12 Naberezhnye Chelny: 1zd. INEKA,
2008, pp.73—84.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 8 2009




<<
  /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 /Warning
  /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 <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


