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Abstract A numerical study has been carried out to
investigate the effect on mixing of the position of fluid
stream interfaces in a rectangular microchannel. The
velocity profile in a microchannel has a parabolic shape
which shows maximum local velocity at the center of the
channel and minimum velocity near the wall. This velocity
profile governs the residence time of the fluid streams and
hence effects on the mixing of fluid streams. Single and
double interfaces of the fluid streams have been studied in
rectangular microchannels for the range of Reynolds
numbers (0.1 < Re < 10) where mixing is mainly gov-
erned by molecular diffusion. Significant variations in the
mixing performance have been shown at various positions
of the interfaces at different Reynolds number.

1 Introduction

Development of efficient micromixers and understanding
the mechanism of the mixing of fluid samples has become a
focus of research in the area of microfluidics. Attaining
rapid mixing of liquids in a limited time is required for
many microfluidic applications (Burns et al. 1998;
Hashimoto et al. 2006; Lee et al. 2005). However, the flow
in microchannels is predominantly laminar which makes it
difficult to mix the fluid samples (Stone et al. 2004). In
simple microchannels, fluid mixing is solely due to
molecular diffusion, which is a very slow process, because
the Reynolds number in microchannels is in the regime of
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laminar flow due to small channel dimensions. Under-
standing the basic mechanism of mixing under different
operating conditions is essential to enhance the mixing rate
and develop new micromixers.

Micromixers can be broadly classified as active and
passive micromixers (Nguyen and Wu 2005; Hessel et al.
2005). Passive micromixers utilize specially designed
shapes of the channel to create the desired flow inducing
mixing. The operation of the passive micromixer is easier
and simpler because of no additional moving parts or
energy sources. By contrast, active micromixers use
external energy sources and are more efficient for mixing
the fluid as compared to passive micromixers. However,
active micromixers require a cumbersome fabrication
process and hence are not cost effective as compared to
passive micromixers.

The simplest design of a passive micromixer is T- or Y-
shape in which the inlets join the main channel with T- or
Y- shape branches. These micromixers are quite suitable to
carry out basic fundamental studies to understand mixing at
the microscale. Engler et al. (2004) performed numerical
and experimental investigations on T-shape micromixers
and distinguished three flow regimes, i.e. stratified laminar
flow, vortex flow and engulfment flow. Bothe et al. (2006,
2008) numerically investigated on the same T-shape
micromixer and found that only engulfment flow with
intertwinement of the input fluid streams is efficient in
mixing by rolling up the initial planar contact area between
the fluids. Hoffmann et al. (2006) performed experimental
investigations on T-shape micromixer with rectangular
microchannel in the stratified and engulfment flow regimes.
They reported that the flow promotes the formation of the
vortex even at low Reynolds number and enhance mixing
by the short diffusion lengths. In these flow regimes,
the intertwinement of the two fluid streams increases the
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interface area of the fluid along with reducing the diffusion
lengths. Soleymani et al. (2008a, b) carried out numerical
and experimental analyses on the flow and the mixing
characteristics in a T-shape micromixer and reported the
formation of vortices and its effect on mixing. The for-
mation of the vortices is greatly dependent on Reynolds
number and geometrical parameters. This study reports on
the determination of identification number for the differ-
entiation of flow regimes and its critical value at which
transition from vortex flow to engulfment of flow. Adeosun
and Lawal (2009) carried out numerical and experimental
investigations on T-shape microchannel and characterized
mixing performance using the concept of residence time of
the fluid.

The basic T- or Y- shape micromixers generate interface
of the fluid streams to be mixed over which mixing take
place. These micromixers have been modified to generate
multiple interfaces of the fluid streams using specially
designed inlets. Wu and Nguyen (2005) carried out ana-
lytical studies and proposed two important parameters for
T-mixer, i.e. Peclet number and mixing length. The model
can be applied for multiple interfaces of fluid streams as
well. Tafti et al. (2008) studied the effect of velocity profile
and its variation in a microchannel on mixing. Yang and
Liu (2008) carried out numerical simulation on the
hydrodynamic behavior of Taylor dispersion to understand
its theoretical background.

Most of the previous works on T- or Y- shape micro-
mixers is directed towards analyzing mixing for a wide
range of Reynolds numbers and finding various flow types.
It is well known, that the mixing performance varies sig-
nificantly with Reynolds number because mixing is mainly
governed by the molecular diffusion of the fluids. At very
low Reynolds number, the mixing is higher due to longer
residence time of fluid. However, as the Reynolds number
increases, mixing decreases due to decrease in the resi-
dence time of the fluid. The effect of convective flows
starts to mix the fluid after a certain critical Reynolds
number. So, exploring a way to increase mixing perfor-
mance for the range of Reynolds numbers where low
mixing is depicted is an interesting and important issue.

Abonnenc et al. (2009) studied mixing of two fluid flows
in a microchannel, with one central laminar flow being
sandwiched between two outer flows. The effects of the
diffusion coefficient, flow rates and species concentration
ratios were analyzed. The location of two interfaces was
away from the center of the microchannel. The position of
the interface of the fluid streams in the microchannel
affects the mixing performance of the device. The work
reported only at one position of the interface of the fluid
streams away from the center of the channel.

From the above study, it has become obvious that the
position of the interface of the fluids streams in a
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microchannel affects mixing performance. The center
position of the interface where the flow velocity is maxi-
mum value will show least mixing performance due to the
low residence time of the fluid. Due to parabolic shape of
the velocity profile, the mixing performance will keep on
increasing as the interface positions shift towards the wall
side. However, the position of the nearest interface to the
wall does not look realistic due to no slip condition at the
wall and the required mass flow rate of the fluids. In such
situation, there will be a certain optimum position in the
microchannel, where the mixing will be higher and can be
practical for microfluidic applications. Some detailed study
on the interface position in a microchannel need to be
performed to investigate mixing performance at various
positions in the microchannel for different Reynolds
numbers. Such information will be helpful to design the
channel with optimum location of the interface position for
attaining effective mixing.

In this work, the effect on mixing of the position of fluid
stream interfaces has been investigated for a range of the
Reynolds numbers (0.1 < Re < 10) in which the diffusion
mixing is dominant. Both single- and two-interface has
been considered. In case of two-interface, each interface is
equidistant from the wall of the rectangular channel. The
result shows different mixing behavior for various loca-
tions of the interface in the channel.

2 Basic idea

The velocity profile of laminar flow in a rectangular
channel has parabolic shape when the flow is fully devel-
oped as shown in Fig. 1. The velocity at the center of the
channel is the highest and attains a value of zero at the wall
to satisfy no slip boundary condition. There is gradual
decrease in the local velocity of the fluid stream from the
center to the wall. Due to the high local velocity of the fluid
streams at the center, which causes short resident time, low
mixing will be depicted when the interface of fluid streams
lies at the center of the microchannel. In order to take the
advantage of the velocity profile, the position of the
interface can be located away from the center. This will
provide longer resident time to the fluid streams for mixing
in the regime of given Reynolds numbers (0.1 < Re < 10)
in which the mixing is dominated by diffusion.

3 Physical model

Figure 2 shows the schematic diagram of the micromixer
for both single and double interfaces of the fluid streams.
For single-interface fluid streams, one side inlet channel
joins the main channel, while for creating two interfaces,
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Fig. 1 Schematic drawing showing the position of the interface of
the fluid streams in the microchannel. For laminar flow, the velocity
profile is a parabolic shape, with maximum velocity at the center of
the channel and zero velocity at the wall
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Fig. 2 Schematic of the model rectangular microchannels with
a single interface b double interfaces. The side inlets are connected
to the main channel at right angle. The width of the main channel is
fixed at W = 200 pm, while the width of side inlet channels are
varied (50-200 pm). In case of two-interface the width of both side
inlets are equal

two side inlet channels has been considered. In both cases,
the side inlet channels connect the main channel at right
angle to the main channel.

The height of the inlet channels as well as main channel
has been kept constant at 140 pm. The width of the side
inlet channels (w) has been varied from 50 to 200 pm and
the width of the main channel (W) is fixed as 200 um. In
case of two-interface fluid streams the width of both side

inlet channels are equal. The width of the main inlet
channel is fixed and is equal to the width of the main
channel. The length of the main mixing channel and inlet
channel is fixed, L =5 mm, L;, = 1.8 mm. In case of
single-interface fluid streams, two separate fluid streams
flows from the two inlets. While for two-interface fluid
streams, one fluid stream is sandwiched between the two
streams of the similar fluids entering from the side inlets.
Both interfaces are equidistant from the wall of the rect-
angular channel. The distance of the interface of the fluid
streams from the wall of the channel has been expressed by
the ratio w/K, where w is the width of the side inlet
channels and K =w + W for single-interface and
K = 2w + W for two-interface.

4 Numerical model

The numerical analysis on mixing was carried out by
solving the continuity equation (Eq. 1) and the Navier—
Stokes equation (Eq. 2) using ANSYS CFX-11 solver. This
flow field in the micromixer was considered steady and
incompressible. The governing equations are as follows.

V-V=0 (1)

(V-V)V:¥+w2v (2)

Water and ethanol were selected as the working fluids.
The main reason for selecting water and ethanol is that
there are a number of studies on mixing with these fluids
(Chung and Shih 2008; Lin et al. 2007; Jeon et al. 2005;
Wang et al. 2002). Second reason is that the physical
properties, especially diffusivity, of these two fluids are
quite suitable for carrying out numerical simulation for
evaluating mixing. Fluids with low diffusivity will require
longer computational time.

Structured grids for full domain of the micromixer were
used to take advantage of simple geometry. The quality of
the mesh was kept high near the zone where the interface
of two fluid streams exists to increase the accuracy of
analysis.

The inlets were assigned as normal velocity component
while the outlet as zero static pressure. In case of single-
interface fluid streams, main inlet was assigned 100%
ethanol, while side inlet was assigned 100% water. For
two-interface fluid streams, 100% water was assigned to
both side inlets with 100% ethanol to the main inlet. Hence,
the water stream flows along the side walls, with ethanol
stream was sandwiched in between and two interfaces of
the fluids were created. Walls were assigned with no slip
boundary conditions. The properties of the water and eth-
anol were taken at 20°C (see Table 1) and the solutions
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Table 1 Properties of fluids at 20°C

Fluid Density Viscosity Diffusivity
(kg m™) (kgm™'s7 (m*s™")

Water 9.998 x 10° 09 x 1073 12 x 107°

Ethanol 7.890 x 107 12 x 1073 12 x 107°

were considered to have attained convergence when a root
mean square (RMS) residual value reached 107°.

Along with qualitative analysis on mixing, the perfor-
mance of the micromixer was evaluated by quantitatively
calculating the mixing index for various interface positions.
Mixing was evaluated using a parameter called mixing
index, defined as;

o2

M=1- (3)

2
Jmax
where ¢ is the variance of the mass fraction of the fluid
component of the mixture, 6., is the maximum variance.
Variance was calculated on a plane drawn perpendicular to

the direction of the flow as follows.

o=\ (e e @)

The value of the mass fraction was evaluated at N
sampling points on the plane. ¢; is the mass fraction at
sampling point i, and ¢, is the optimal mixing mass
fraction. The value of optimal mass fraction, ¢, is 0.5 for
completely mixed mixtures of fluids. The total number of
sampling points, N on the cross sectional plane was equal
to 600.

5 Results and discussion

Numerical results for the effect on mixing of the interface
positions in a rectangular microchannel are shown in Fig. 3
by the mass fraction distributions of ethanol along the
channel. The distributions are drawn on xy-plane at the
middle of the channel height for both single- (Re = 0.5)
and two-interface (Re = 1) fluid streams at various posi-
tions of the interface of the fluid streams. Figure 3a shows
the mass fraction distributions of ethanol for different
positions of the interface in the single-interface channel for
Re = 0.5. In cases, w/K = 0.2, the interface is near to the
wall and the width of the interface is increasing along the
channel length. The fluid component near the wall side of
the interface gets mixed within a short distance. There is no
more fluid left for mixing. Hence after a certain distance
mixing becomes constant. As the interface position is
shifted towards the center of the microchannel, the mixing
rate decreases. However, the extent of mixing with change
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Fig. 3 Mass fraction distribution on xy-plane at various locations in
the rectangular microchannel; a single-interface fluid streams,
Re =05, K=w+ W, b two-interface fluid streams, Re =1,
K=2w+ W

of interface position cannot be clearly distinguished by the
mass fraction distribution. The effect was more clear and
distinguishable, when it was analyzed with mixing index
(presented in later section). The contour plot for
w/K = 0.50 is for the interface located at the center of the
microchannel. The other results correspond for different
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interface positions which are away from the center of the
microchannel.

Figure 3b shows the mass fraction distributions of eth-
anol for different positions of the interface in the two-
interface channel for Re = 1. The flow rate from the inlets
was adjusted to maintain constant Reynolds number in the
main channel. The widths of the two sub inlets were same
for each case and hence both interfaces of the fluid streams
are at same distance from the center of the microchannel.
The distribution of mass fraction at the interface is similar
to the results presented in Fig. 3a. The only main differ-
ence is the rate of broadening of the interface of the fluids
streams. The rate of interface broadening along the channel
length is at Re = 1.0 is slow as compared to Re = 0.5
(Fig. 3a). This is mainly due to longer residence time of the
fluids streams to mix. The inertia of incoming fluid streams
is also not strong enough to distort interface of the fluid
streams. Hence, the area of interface is also constant and is
almost undisturbed by the fluid flow. Each fluid stream
follows its own side in the channel and thin and straight
interface can be clearly visualized in the results.

Mixing index distribution along the channel length for
different positions of the interface in the microchannel at
two Reynolds numbers (Re = 0.5, 5) are shown in Fig. 4.
The quantitative results correspond to the results of the
contour plots at the same conditions presented in Fig. 3.
Significant variations in the mixing performance are shown

at various positions of interface. The mixing index is
gradually increasing along the channel length at all
positions of the interface. In case of single-interface,
w/K = 0.50 corresponds to the situation when the interface
lies at the center of the rectangular channel (see Fig. 4a).
As the interface position is shifted towards the wall, mixing
rate is increasing. This is due to the shortest residence time
of fluid stream located at the center of the channel. This
residence time gradually increases as the interface position
is shifted towards the wall. At Re = 0.5 and w/K = 0.20,
the mixing rate is very high till x = 1.0 mm, then it
becomes almost constant by the end of the microchannel.
For w/K = 0.27, mixing rate is also high till x = 1.0 mm,
then slows down. For w/K = 0.20, the quantity of one fluid
on wall side of the interface is less as compared to
w/K = 0.27, which mixes earlier and get consumed within
a certain distance in the microchannel. For w/K = 0.30,
mixing rate is lower than the above two cases, but finally at
the end of the channel mixing is higher. For any given
Reynolds number, lowest mixing is depicted for the
interface location at the center of the microchannel. The
mixing increases as the interface position is shifted away
from the center towards the wall. Similar behavior is shown
for two-interface channel (see Fig. 4b). For two-interface
case, at Re = 1, mixing index is increasing along the
channel length at all interface positions. For w/K = 0.16,
interface is near to the wall and shows similar mixing
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Fig. 5 Mixing index at different positions of the interface in the
microchannel

behavior with the result of single-interface case. For
w/K = 0.37, the interface is away from the center and
shows lowest mixing performance.

The mixing performances of different interface positions
and various Reynolds numbers are shown in Fig. 5. It
shows the mixing index at the end of the microchannel
(x = 4 mm) for different interface positions of the fluid
streams for Re = 0.1, 0.5, 1, 5, and 10 in both single- and
two-interface microchannels. At Re = 0.5 and 1, mixing
increases gradually as the position of interface is shifted
towards the center and starts decreasing after attaining a
peak value. At Re = 0.1, the fluid has very long residence
time and shows highest mixing when the fluid interface is
located at the center of the microchannel. In this case, there
is sufficient fluid on both side of the interface for mixing
and hence shows higher mixing. However, at Re = 10,
there is not so much effect of the position of the interface
on mixing. Mixing is almost constant for all positions of
the interface. This is likely due to quite short residence
time of the fluid in the microchannel. In contrary, signifi-
cant variation is shown at Reynolds numbers lower than 10.
Hence, positions of interface can be kept in mind while
designing a micromixer operating in the above mentioned
range of Reynolds numbers.
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6 Conclusion

Numerical analysis has been carried out to investigate the
effect on mixing of the position of the fluid stream inter-
faces in a rectangular microchannel. Both single- and two-
interface fluid streams have been considered for study at
various Reynolds numbers. The Reynolds numbers lie in
the range where mixing is mainly governed by the
molecular diffusion of the fluids. Significant variation in
mixing behavior is depicted for various positions of the
interface in microchannel at various Reynolds numbers.
The effect of position of the interface in the channel on
mixing is more at low Reynolds number (<Re = 10), but
less at higher Reynolds number (>Re = 10).

Acknowledgments This work was financially supported by INHA
University Research Grant.

References

Abonnenc M, Josserand J, Girault HH (2009) Sandwich mixer—
reactor: influence of the diffusion coefficient and flow rate ratios.
Lab Chip 9:440-448

Adeosun JT, Lawal A (2009) Numerical and experimental studies of
mixing characteristics in a T-junction microchannel using
residence-time distribution. Chem Eng Sci 64:2422-2432

Bothe D, Sternich C, Warnecke HJ (2006) Fluid mixing in a T-shaped
micro-mixer. Chem Eng Sci 61:2950-2958

Bothe D, Stemich C, Warnecke HJ (2008) Computation of scales and
quality of mixing in a T-shaped microreactor. Comput Chem
Eng 32:108-114

Burns MA, Johnson BN, Brahmasandra SN, Handique K, Webster JR,
Krishnan M, Sammarco TS, Man PM, Jones D, Heldsinger D,
Mastrangelo CH, Burke DT (1998) An integrated nanoliter DNA
analysis device. Science 282:484-487

Chung CK, Shih TR (2008) Effect of geometry on fluid mixing of the
rhombic micromixers. Microfluid Nanofluid 4:419-425

Engler M, Kockmann N, Kiefer T, Woias P (2004) Numerical and
experimental investigations on liquid mixing in static micro-
mixers. Chem Eng J 101:315-322

Hashimoto M, Barany F, Soper SA (2006) Polymerase chain reaction/
ligase detection reaction/hybridization assays using flow-through
microfluidic devices for the detection of low-abundant DNA
point mutations. Biosens Bioelectron 21:1915-1923

Hessel V, Lowe H, Schonfeld F (2005) Micromixers—a review on
passive and active mixing principles. Chem Eng Sci 60:2479—
2501

Hoffmann M, Schluter M, Rabiger N (2006) Experimental investi-
gation of liquid-liquid mixing in T-shaped micro-mixers using
mu-LIF and mu-PIV. Chem Eng Sci 61:2968-2976

Jeon MK, Kim JH, Noh J, Kim SH, Park HG, Woo SI (2005) Design
and characterization of a passive recycle micromixer. J Micro-
mech Microeng 15:346-350

Lee CY, Lee GB, Lin JL, Huang FC, Liao CS (2005) Integrated
microfluidic systems for cell lysis, mixing/pumping and DNA
amplification. J] Micromech Microeng 15:1215-1223

Lin YC, Chung YC, Wu CY (2007) Mixing enhancement of the
passive microfluidic mixer with J-shaped baffles in the tee
channel. Biomed Microdev 9:215-221

Nguyen NT, Wu ZG (2005) Micromixers—a review. J Micromech
Microeng 15:R1-R16



Microsyst Technol (2010) 16:1757-1763

1763

Soleymani A, Kolehmainen E, Turunen I (2008a) Numerical and
experimental investigations of liquid mixing in T-type micro-
mixers. Chem Eng J 135:5219-5228

Soleymani A, Yousefi H, Turunen I (2008b) Dimensionless number
for identification of flow patterns inside a T-micromixer. Chem
Eng Sci 63:5291-5297

Stone HA, Stroock AD, Ajdari A (2004) Engineering flows in small
devices: microfluidics toward a lab-on-a-chip. Annu Rev Fluid
Mech 36:381-411

Tafti EY, Kumar R, Cho HJ (2008) Effect of laminar velocity profile
variation on mixing in microfluidic devices: the sigma microm-
ixer. Appl Phys Lett 93:143054

Wang HZ, lovenitti P, Harvey E, Masood S (2002) Optimizing layout
of obstacles for enhanced mixing m microchannels. Smart Mater
Struct 11:662-667

Wu ZG, Nguyen NT (2005) Convective—diffusive transport in parallel
lamination micromixers. Microfluid Nanofluid 1:208-217

Yang Y, Liu J (2008) Numerical simulation on Taylor dispersion
enabled micromixture. Forsch Ing 72:93-100

@ Springer



	Numerical study of the effect on mixing of the position of fluid stream interfaces in a rectangular microchannel
	Abstract
	Introduction
	Basic idea
	Physical model
	Numerical model
	Results and discussion
	Conclusion
	Acknowledgments
	References



<<
  /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
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


