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Abstract: When studying the flow dynamics and the characteristics of fluid motion, vortex structure with their interactions is the key
issue. In the present work, a vortex control method is investigated based on the vortex identification system of Liutex. The numerical
study is carried out in OpenFOAM by directly adding a source term to the Navier-Stokes equations, which is called the centripetal
force model in Liutex method. A 2-D test case is examined to justify the proposed method in cavitating flow around Clark-Y
hydrofoil, the simulation results show that the improved Liutex solver is feasible. Methodologies of controlling the rotation strength
of vortices are able to change the flow field and suppress the cavitation. The applicability of vortex-based control method in 3-D flow

field is also studied. The results show that cavitation surrounded by particular vortex can be effectively influenced.
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Introduction

Cavitation occurs when the liquid pressure drops
below the saturated vapor pressure, which is a
common physical phenomenon developed from the
tiny gas core. With the continuous improvement of
equipment operation speed, the frequency of cavita-
tion is also increasing. Cavitation will not only affect
the hydrodynamic performance of equipment, but also
produce vibration, noise and material erosion.
Therefore, cavitation research is becoming more and
more important in the field of ocean engineering
hydrodynamics. Cavitation flow contains many
complex components, such as turbulence, two-phase
flow, which also makes the study of cavitation more
difficult.

In recent years, with the rapid development of
computer technology, the research of cavitation
characteristics based on numerical simulation method
has gradually become the mainstream. In the design
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stage of hydraulic machinery, the results of numerical
simulation generally replace the experimental results
and become an important Ref. [1] Huang et al.””
deeply analyzed a series of changes in the process of
hydrofoil cavitation, including the influence of
re-entrant jet and shock wave on cavitation and how
vorticity and velocity vector change in the process of
cavitation development. Large scale vortex structures
are also well observed. There has been research about
how to optimize and improve the geometric charac-
teristics to achieve the purpose of influencing
cavitation and alleviating pressure fluctuation in the
design stage of propellers. Timoshevskiy’s"! research
about cavitating flow around a 2-D hydrofoil has
reference value in the verification and optimization of
existing and newly developed numerical models. An
improved multi-scale two-phase flow solver is
realized by Zhang et al.'™” to simulate bubbly flow,
which has a good application prospect in cavitation
research.

On the other hand, further research on the
mechanism of cavitation”®, and the strategy of
cavitation suppression are also the focus of research.
Considering the role of engineering application, the
possibility of cavitation suppression by using vortex-
based force field model is studied.

Vortex is very common in the field of fluid
mechanics, and research on vortex is in constant
development and change. The first generation of
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vortex identification method is vorticity-based',
which can be traced back to a hundred years ago. In
recent decades, in order to solve the problems of the
first-generation methods, researchers have developed
many vortex identification criteria®'%. In fact, all
these methods can be classified into the second-
generation vortex identification method for they are
based on the Cauchy-Stokes decomposition and/or
eigenvalues of the velocity gradient tensor. The
second-generation methods also have some problems
that cannot be ignored. For example, as a scalar vortex
identification method, the iso-surface method is used
to represent the vortex structure of the flow field, and
the artificial threshold is needed; vortex motion has
rotation axis, and several scalar vortex identification
methods give (local/global) rotation axis, etc.. The
shortcomings of the previous methods also stimulate
the progress in the research and development of new
vortex recognition methods. Thus a Liutex vector was
proposed to provide a mathematical definition of the
local rigid rotation part of the fluid motion.

For a vortex definition method, there are six
aspects to judge the reliability of it. In Liutex system,
the six core elements of vortex, the absolute strength,
the relative strength, the local rotation axis, the vortex
rotation axis, the vortex core size and the vortex
boundary can be provided. In recent years, the
research on Liutex identification method has also
made progress.

The research on vortex structure and wake of a
sphere in stratified fluid with uniform density is the
first step for vortex wake prediction of fully attached
submarine in real marine environment'". Wang et
al'” have studied the essence of vortex, their
research shows that an open area for vorticity line
penetration rather than a tube of vorticity lines without
any leak. More importantly, the DNS observation and
other results show that most of the vortices ended
inside the flow field, which is contrary to the
conclusion in some textbooks. On the basis of
previous research, Liu et al.'®! continued to analyze
from the level of mathematical model and put forward
a new definition of vortex vector called Rortex.
Through comparative analysis, it can be seen that this
new method can identify both the swirling strength
and the rotational axis, meaning that this is a better
method to study vortex dynamics and turbulence.

Based on the definition of Liutex, a new criteria
of vortex identification is proposed by Dong et al.!"*].
Such method has been proved to be more
advantageous in capturing vortex structures and
distinguishing the rotational vortices from the shear
layers and other non-physical structures. Xu et al.'"*.

went a step further in the study of vortex identification.

They developed a technique that can automatically
identify vortex cores, which is very suitable for
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turbulence research. With the general development of
computer, this technology will have a broad applica-
tion prospect in the future.

Compared with the failure and inaccuracy of the
first and second-generation methods, the Liutex
system can give complete and accurate information of
all six core elements, and the discovery of Liutex
similarity might promote the utilization of Liutex
system in the study of turbulence mechanism!'.
Zhao’s!"” research on the turbulent flow around a
circular cylinder shows that the Liutex method can
simulate the flow field well and capture the change of
vortex structure even without adding objects.

An alternative eigenvector-based definition of
Rortex is introduced by Gao and Liu'™, and the
systematic interpretation of scalar, vector and tensor
versions of Rortex is presented. Zhao et al.!l"
analyzed and compared the results of different eddy
recognition methods in marine engineering. The first
two methods have some limitations. The Liutex
method has the advantages in visualization, and he
also summarizes the problems to which attention
should be paid in the specific application.

In the field of the combination of vortex dynamic
method and cavitation research, some researchers
have made very innovative progress. The research
carried out by Wang et al.®” has made a break-
through in studying vortex dynamics and obtaining
efficient vortex-based control strategies. The cen-
tripetal force model and the counter-rotation force
model applied both have good simulation results in
cavitation suppression. Yu et al”'l realized the
combination of Liutex method and cavitation model in
OpenFOAM. The obtained results in the simulation of
2-D Clark-Y hydrofoil cavitation are satisfying. The
influence of Liutex on cavitation and the change of
minimum pressure in vortex center are obvious.

In this study, we first realized the combination of
Liutex method and cavitation model in OpenFOAM,
and verified the reliability of the solver with a 2-D
hydrofoil example. Then, we use the solver to
simulate the 3-D hydrofoil cavitation flow field, and
discuss the applicability of the Liutex method in 3-D
problems.

1. Computational methods

The vector definition method in Liutex, like most
vortex identification methods, is also based on the
velocity gradient tensor, which is determined by
rotating the velocity gradient tensor to a special
coordinate system where the rotation axis coincides
with the local Z axis. This is also better to describe
the local structure of the flow field topology. Liutex
contains the direction information of the vortex, that is,
the local rotation axis. Because the other two
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eigenvalues are complex conjugate, the rotation axis is
the real eigenvector of the velocity gradient tensor. A
simplified explicit expression is as follows:

=£x(£x1j=le(£xlj (1
2 (2 4772
R=Rr=[a)-r—./(a)-r)2—4/1;} )

where R is the Liutex vector, R is the magnitude
of Liutex vector, r is the real eigenvector, o is the

vorticity vector, and A, is the imaginary part of the

complex eigenvalue. In Liutex system, / in Eq. (1)
is a rotation vector starting at a random field point P
and ending at the vortex core centre point F,. F, is

the local minimum pressure point.

In order to control vortices, the method used in
this paper is to add a source term to Navier-Stokes
equation, and the expression is as follows:

P v (puy=0 3)
o

agtu+v'(puu):_vp+v.r+pg+Taica (4)

The above expression is momentum equation of
Navier-Stokes equation in incompressible flow, in
which u is the velocity vector field, p is the

pressure, 7= 4[Vu+(Vu)'] is shear stress tensor,
p is fluid density, and u represents kinematic

viscosity. In particular, ¢ is a coefficient that
flexibly controls the magnitude or strength of the
force field. While a is the Liutex-based force field
source term to be structured.

After the improved content is to add the source
term to the momentum equation according to the
previous formula, in order to solve this problem, we
first need to calculate the Liutex vector of each
element in the current time step, and then calculate the
centripetal acceleration vector. Then we solve the
modified Navier-Stokes equation with additional
centripetal acceleration source term to obtain the
velocity field and pressure field in the next time step,
and then iterate repeatedly.

In another model, a parameter related to time
scale is introduced, which can relax the time and make
the rigid rotation of fluid disappear gradually.

Generally speaking, the selection strategy of two
models of Liutex force model centripetal force model
and counter rotating force model, is that if the main
focus of the research is to alleviate the pressure
minimum and control cavitation, the former will be

chosen. The application of the centripetal force model
can relieve the minimum pressure and attenuate the
tension between adjacent fluids. The centripetal force
required for fluid rotation is now provided by the
force model instead of the pressure gradient.

In the research of using Liutex method to control
vorticity to suppress cavitation, simulation has been
carried out and satisfying results have been achieved
by Yu®"! who applied the solver by Laboratory for
Advanced Simulation of Turbulence (LAST) in
Tsinghua University, including a novel cavitation
model called nonlinear dynamic cavitation model
(NDCM). In this study, the two-phase flow solver in
OpenFOAM is improved. According to the method
mentioned above, the NS equation is modified, the
source term is added, and the centripetal force part is
added to achieve the purpose of vortex control.

In the feasibility study of using Liutex force field
to control the flow, considering the general situation,
the definition of length in the force field model is
simplified, which is a little different from the
centripetal force model proposed by Yu and Wangm],
Wang et al.””, and is the same as the method used by
Zhao et al.l"”), whose study focus on single-phase flow
and does not involve gas-liquid two-phase flow. The
main goal of this research idea is to study the vortex
dynamics in two-phase flow, by analysing some
responses and changes of the flow field, and to
observe whether the vortex control method can change
the vortex intensity in a specific region.

2. Simulation of Clark-Y hydrofoil cavitation

2.1 Case setup

In order to verify the availability of the improved
solver, the cavitation suppression of 2-D hydrofoil is
simulated. The example configuration used in the
simulation is the same as that used in Yu*" and
Wang’s”” study. The chord length of the hydro- foil
is 0.07 m, the incoming flow velocity is 10 m/s, the
cavitation number is 0.8, and the grid is three-level
refinement. The grid layout is shown in Fig. 1.
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Fig. 1 The grid layout of Clark-Y hydrofoil
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2.2 Numerical results

The simulation results of 2-D Clark-y hydrofoil
cavitation flow are shown in the Figs. 2-4. The figures
below show cavitation flow field, pressure field and
Liutex vorticity field respectively. The pressure gra-
dient toward the centre of rotation provides centripetal
force for fluid rotation, and there is a local pressure
reduction centre in the centre of vortex. And the
centripetal force coefficient in the control model is
taken as 1. In Figs. 2-4, (a) represents the simulation
results using Liutex force model, while (b) represents
the uncontrolled case.

(b)

Fig. 2 (Color online) The contours of volume of fraction of
water

(®)

Fig. 3 (Color online) The contours of pressure

It can be seen that there is an obvious correlation
between the pressure field and the cavitation
distribution on the hydrofoil surface. The area where
the pressure drops most is the area where cavitation
occurs, which is also because the cavitation itself

491

requires the liquid pressure to drop below the
saturated vapor pressure. Without using the Liutex
method to add the centripetal force source term, the
flow field above the hydrofoil surface is more
complex.
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Fig. 4 (Color online) The distribution of Liutex component Z

The region surrounded by a red border is located
in the wake region of hydrofoil, where high shear
stress has little effect. When the centripetal force
model is used to add the source term to exert control,
the minimum pressure in the area surrounded by the
red border is relieved, the pressure value increases,
and the cavitation area also decreases, which means
the cavitation is suppressed.

This phenomenon is consistent with the research
conclusion of Yu and Wang®®", Wang et al.”". It can
be seen from the comparison of Figs. 4(a), 4(b) that
whether the centripetal force model is used or not has
a certain influence on the vorticity field. The vortex in
the area surrounded by the red border has little change.
But the Liutex vorticity above the hydrofoil is
obviously different. When the simplified centripetal
force model is not used to control the vorticity, the
vorticity above the hydrofoil is obviously larger in the
positive direction, in contrast, when the Liutex force
model is used, the originally small vortices become
smaller and more fragmented.

The Liutex force model with centripetal force
source term can achieve the goal of controlling
vorticity, relieving the minimum pressure at the centre
of vortex and suppressing cavitation. It shows that the
method of modifying two-phase flow solver in
OpenFOAM is feasible.

3. Simulation of NACA0009 hydrofoil cavitation

3.1 Case setup
The simulation results of 2-D hydrofoil cavita-
tion flow field prove the feasibility of the modified
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solver. In this section, the 3-D flow field is studied
and analysed in order to explore whether the vortex
control method can achieve the effect of suppressing
cavitation in 3-D situation. The Liutex solver based on
OpenFOAM needs to be adjusted to adapt to 3-D
problems. In the example, the 3-D NACAO0009
hydrofoil is used. The computational domain is
arranged as shown in Fig. 5, and the grid around the
hydrofoil is refined by three levels.

Wall

Fig. 5 (Color online) Computational domain and refinement
layout

3.2 Numerical results

Figure 6 shows the iso-surface of NACA00009
hydrofoil 3-D cavitation image rendered with pressure
field It can be seen that the volume of tip vortex
cavitation formed on one side of the hydrofoil edge is
significantly reduced. In Figs. 6, 7, (a) represents the
simulation results using Liutex force model, while (b)
represents the uncontrolled case.

The results show that the cavitation volume of
the region extending from the middle and rear to the
wake region of the 3-D hydrofoil surface is signifi-
cantly larger when the Liutex force model is not used,
after adding the centripetal force source term to
suppress cavitation, it is obvious that the cavitation
volume decreases and the cavitation region shrinks.

At the same time, the cavitation cloud image
rendered by pressure also shows that the pressure
increases and the cavitation is restrained. Compared
with the Liutex vorticity, it can be seen that the
vorticity on the hydrofoil surface tends to break up
and decrease after using the Liutex force model to
suppress cavitation, which is consistent with the
conclusion of the 2-D case.

4. Conclusions

Based on the theory and idea of the Liutex force
model, the modification and compilation of the vorti-
city controlled two-phase flow solver are implemented
in OpenFOAM. Through the simulation results of 2-D
and 3-D hydrofoil cavitation flow, the following
conclusions can be drawn:

In the simulation of 2-D hydrofoil cavitation flow
field, the simplified centripetal force model can
achieve the goal of relieving the minimum pressure
centre and suppressing cavitation. In the 3-D hydrofoil
example, the cloud cavitation on the hydrofoil surface

is also restrained.

In the 2-D and 3-D examples, the Liutex vorticity
field will also change, which shows that the simplified
model has more influence on the flow field than the

original centripetal force model.
D
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Fig. 6 (Color online) The contours of volume of fraction of
water
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Fig. 7 (Color online) The distribution of Liutex component Z

@ Springer



References

[1] Luwo X. W., Ji B., Tsujimoto Y. A review of cavitation in
hydraulic machinery [J]. Journal of Hydrodynamics, 2016,
28(3): 335-358.

[2] Huang B., Qiu S. C,, Li X. B. et al. A review of transient
flow structure and unsteady mechanism of cavitating flow
[J]. Journal of Hydrodynamics, 2019, 31(2): 429-444.

[3] Timoshevskiy M. V., Ilyushin B. B., Pervunin K. S. Stati-
stical structure of the velocity field in cavitating flow
around a 2D hydrofoil [J]. International Journal of Heat
and Fluid Flow, 2020, 85: 108646.

[4] Zhang X., Wang J., Wan D. An improved multi-scale two
phase method for bubbly flows [J]. International Journal
of Multiphase Flow, 2020, 133: 103460.

[5] Cheng H., Long X., Ji B. et al. A new Euler-Lagrangian
cavitation model for tip-vortex cavitation with the effect
of non-condensable gas [J]. International Journal of
Multiphase Flow, 2021, 134: 103441.

[6] Zhang M., Huang B., Wu Q. et al. The interaction between
the transient cavitating flow and hydrodynamic perfor-
mance around a pitching hydrofoil [J]. Renewable Energy,
2020, 161: 1276-1291.

[7]1 Liu C, Gao Y. S., Dong X. R. et al. Third generation of
vortex identification methods: Omega and Liutex/Rortex
based systems [J]. Journal of Hydrodynamics, 2019, 31(2):
205-223.

[8] Hunt J., Wray A., Moin P. Eddies, streams, and conver-
gence zones in turbulent flows [R]. Proceedings of the
Summer Program. Center for Turbulence Research Report
CTR-S88, 1988, 193-208.

[9] Jeong J., Hussain F. On the identification of a vortex [J].
Journal of Fluid Mechanics, 1995, 285: 69-94.

[10] Chong M. S., Perry A. E., Cantwell B. J. A general
classification of three-dimensional flow fields [J]. Physics
of Fluids A: Fluid Dynamics, 1990, 2(5): 765-777.

493

[11]Cao L. S., Huang F. L., Liu C. et al. Vortical structures and
wakes of a sphere in homogeneous and density stratified
fluid [J]. Journal of Hydrodynamics, 2021, 33(2):
207-215.

[12] Wang Y., Yang Y., Yang G. et al. DNS study on vortex
and vorticity in late boundary layer transition [J].
Communications in Computational Physics, 2017, 22(2):
441-459.

[13]Liu C., Gao Y., Tian S. et al. Rortex—A new vortex vector
definition and vorticity tensor and vector decompositions
[J]. Physics of Fluids, 2018, 30(3): 034103.

[14] Dong X., Gao Y., Liu C. New normalized Rortex/vortex
identification method [J]. Physics of Fluids, 2019, 31(1):
011701.

[15] Xu H., Cai X. S., Liu C. Liutex (vortex) core definition
and automatic identification for turbulence vortex
structures [J]. Journal of Hydrodynamics, 2019, 31(5):
857-863.

[16] Wang Y. Q., Gao Y. S., Xu H. et al. Liutex theoretical
system and six core elements of vortex identification [J].
Journal of Hydrodynamics, 2020, 32(2): 197-211.

[17] Zhao W. W., Wang Y. Q., Chen S. T. et al. Parametric
study of Liutex-based force field models [J]. Journal of
Hydrodynamics, 2021, 33(1): 86-92.

[18] Gao Y., Liu C. Rortex and comparison with eigenvalue-
based vortex identification criteria [J]. Physics of Fluids,
2018, 30(8): 085107.

[19] Zhao W. W., Wang J. H., Wan D. C. Vortex identification
methods in marine hydrodynamics [J]. Journal of
Hydrodynamics. 2020, 32(2): 286-295.

[20] Wang Y. Q., Yu. H. D., Zhao W. W. et al. Liutex-based
vortex control with implications for cavitation suppression
[1]. Journal of Hydrodynamics, 2021, 33(1): 74-85.

[21]Yu H. D., Wang Y. Q. Liutex-based vortex dynamics: A
preliminary study [J]. Journal of Hydrodynamics, 2020,
32(6): 1217-1220.

@ Springer




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


