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This paper deals with the flow dynamics around a competitive swimmer during underwater glide phases occurring at the start and at
every turn. The influence of the head position, namely lifted up, aligned and lowered, on the wall shear stress and the static pressure
distributions is analyzed. The problem is considered as 3D and in steady hydrodynamic state. Three velocities (1.4 m/s, 2.2 m/s and
3.1 m/s) that correspond to inter-regional, national and international swimming levels are studied. The flow around the swimmer is as-
sumed turbulent. The Reynolds-averaged Navier–Stokes (RANS) equations are solved with the standard k–ω turbulent model by using
the CFD (computational fluid dynamics) numerical method based on a volume control approach. Numerical simulations are carried out
with the ANSYS FLUENT® CFD code. The results show that the wall shear stress increases with the velocity and consequently the drag
force opposing the movement of the swimmer increases as well. Also, high wall shear stresses are observed in the areas where the body
shape, globally rigid in form, presents complex surface geometries such as the head, shoulders, buttocks, heel and chest.
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1. Introduction

The glide phase, which plays a significant role dur-
ing swimming starts and turns, is one of the most im-
portant elements in swimming races as it allows the
wave drag effects to be avoided. It is the reason why the
FINA rules impose a 15 m limit on underwater swim-
ming phases. The hydrodynamic performance in swim-
ming depends greatly on the technique adopted by the
swimmers during the different phases of swimming as
well as on the drag force opposing their movements in
water. Moreover, it is known (NAEMI et al. [14],
BIXLER and RIEWALD [10]) that the drag force greatly
depends on pressure and wall shear stress fields around
the swimmer. So, improving the performance requires
a better understanding of the flow behaviour around
swimmers (pressure field and wall shear stress distri-
bution) in order to minimize the drag force.

Several authors carried out measurements of the
drag acting on the whole body of the swimmer and
estimated the influence of various parameters such as
the swimmer’s position, morphology or velocity on
the intensity of the drag ([1]–[5]). In the biomechanics
of swimming, concerning both fishes and human
swimmers, the computational fluid dynamics (CFD)
has been extensively used for last years due to the
complexity of the experiments and the development of
computers (ADKINS and YAN [6], KATO et al. [7],
SATO and HINO [8], MARINHO et al. [9]). BIXLER and
RIEWALD [10] first used the CFD method to simulate
the water flow around a swimmer’s hand and forearm.
The aim of their study was to calculate the drag forces
and their coefficients around a swimmer’s hand and
forearm in the case of different angles of attack.
ROUBOA et al. [11] estimated numerically the drag
and lift coefficients for a swimmer’s hand and forearm
in both the steady and unsteady state cases. They also
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evaluated the effect of the acceleration of the hand
and forearm on the generation of the propulsive force.
GARDANO and DABNICHKI [12] performed numerical
simulations in order to highlight the importance of the
analysis of flow around the whole arm of a swimmer,
so that the exact values of the propulsion and the drag
forces were estimated. BIXLER et al. [13] used the
CFD method to estimate the drag forces encountered
by the swimmer during the underwater glide phase
and to study the effect of wearing a wetsuit on the
drag forces. More recently, the numerical results ob-
tained by ZAÏDI et al. [15] in a 2D geometry case re-
vealed that the position of the head had a noticeable
effect on the hydrodynamic performances in under-
water phase of start and turn. The analysis of these
results made it possible to propose an optimal position
of the swimmer’s head in underwater glide swimming.
Five turbulence models were tested by ZAÏDI et al.
[16] in a 2D configuration and steady hydrodynamic
state. The comparison between these models and ex-
perimental results reveals that the standard k–ω turbu-
lence model is the most appropriate to predict the flow
around the swimmer. More recently, ZAÏDI et al. [17]
studied a 3D geometry using a CFD code. Two turbu-
lence models were tested, namely the standard k–ε
turbulence model and the standard k–ω turbulence
one, in order to predict drag forces during the under-
water glide phases. The comparison between numerical
results and experimental measurements of drag forces
shows that the standard k–ω model accurately predicts
the drag forces while the standard k–ε model underes-
timates their values. By making the assumption that the
swimmer can adopt a rigid posture of the body, it can
be expected that in a laminar turbulent transition Re
approaches 5×105. This implies that the flow around
the swimmer is mainly turbulent [17]–[20].

The objective of this paper was to study the flow
dynamics around the swimmer during underwater
glide phases in swimming. Three velocities (U0 = 1.4,
2.2 and 3.1 m/s) corresponding to the following range
of the Reynolds number 4×106 ≤ Re ≤ 9×106 (ZAÏDI et
al. [16]) were studied. These values correspond to the
velocity at the time of the departure (underwater glide
phase after start dive) from inter-regional, national
and international swimming levels (TOUSSAINT et al.
[3]). Also, the influence of the head position, namely
lifted up, aligned and lowered, on the wall shear stress
and static pressure distributions were analyzed. To the
authors’ knowledge, this study is the first investiga-
tion of the pressure field and wall shear stress distri-
bution around the whole swimmer’s body. Three glide
positions were investigated, depending on whether the
head is aligned with the body, lifted up or lowered.

2. Material and methods

2.1. Geometry and mesh

The construction of the 3D geometric model of the
swimmer follows the same procedure as that de-
scribed by ZAÏDI et al. [17]. The subject chosen for the
present study is a national-level male swimmer. The
equipment used in the construction of his 3D geomet-
ric model is a Konica Minolta® scanner, which is
commanded by a laser scanning process. The scanner
allows the creation of data files containing all the co-
ordinates of all the points defining the layer on the
surface of the swimmer’s body. The RapidForm®

software has been used in the construction of the
swimmer’s geometry using the data file that contains
the clouds of points coming from the scanner.

Then, the geometry of the swimmer was constructed
starting with the simplest parts (legs, arms and trunk)
and continued with the more complex parts (head, feet,
hands and pelvis). After constructing all parts of the
swimmer, the next step consists in putting them together
to build the final geometric envelope (figure 1). The
length of the swimmer with arms and hands out-
stretched corresponds to the glide position of the swim-
mer in the underwater starting phase. This measured
length is 2.4 m. In this study, three glide positions were
maintained, differing only in the head position, namely
lifted up, aligned and lowered corresponding to posi-
tions 1, 2 and 3 schematized in figure 2.

Fig. 1. Swimmer’s model after reconstruction

After constructing the swimmer’s geometry, the
next step is to build the fluid domain around his body.
The size of the fluid domain was chosen by referring
to the study by ZAÏDI et al. [17]. Figure 3 shows the
dimensions of the fluid domain built around the
swimmer.

The mesh of the fluid around the swimmer was
created using the Gambit® and the TGrid® softwares.
It consists of a progressive three-dimensional mesh
refined near the surface of the swimmer (to identify
the strong gradients of physical quantities) and rough
when it is far (to avoid burdening with the computa-
tion time). The surface of the swimmer and the sur-
faces limiting the fluid domain are meshed using tri-
angular cells. However, tetrahedral cells are used for
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meshing the fluid domain. The total number of cells
are about 2 billion, and the sensitivity of the mesh has
been previously studied (ZAÏDI et al. [17]).

The boundary conditions chosen in this study are
the following:

• At the inlet of the fluid domain: a uniform ve-
locity profile U0 = 1.4, 2.2 and 3.1 m/s.

• At the outlet of the fluid domain: all gradients
are null.

• On the upper, lower, left and right borders of the
fluid domain: the symmetry condition is imposed.

• On the surface of the swimmer: the no-slip con-
dition is imposed.

2.2. Mathematical formulation

The flow around the swimmer is assumed to be
fully turbulent [5], [15]–[18]. Such a flow is gov-
erned by the Reynolds-averaged Navier–Stokes
(RANS) equations. These equations are obtained
by introducing the Reynolds decomposition, which
consists in considering that in turbulent flows each
instantaneous variable is the sum of a mean compo-
nent and a fluctuating component. Then, the time-
averaging of the instantaneous equations leads to the
following system of averaged equations (ZAÏDI et al.
[17]):

• Continuity equation
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where:
)(tUi  ≡ iU +ui – the instantaneous velocity com-

ponent in the i direction (m/s),
iU  – the mean (time-averaged) velocity compo-

nent in the i direction (m/s),
ui – the fluctuating velocity component in the i di-

rection (m/s),
i, j – the directions,
ρ – the fluid density (kg/m3)
μ – fluid dynamic viscosity (kg/ms).
In the Reynolds-averaged Navier–Stokes approach

to turbulence modelling, the Reynolds stresses ought
to be appropriately modelled. A common method
employs the Boussinesq hypothesis to relate the Rey-
nolds stresses )( jiuuρ−  to the mean velocity gradi-
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where the Kronecker symbol is δij = 1 if i = j and δij = 0
if i ≠ j.

The turbulent viscosity is not a property of the
fluid itself but depends on the dynamic characteristics
of the turbulent flow. In this paper, the turbulent vis-

a) lifted up b) aligned c) lowered

Fig. 2. Three head positions maintained in the study
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Fig. 3. Fluid domain built around the swimmer
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cosity is modelled by means of the first-order models
based on the time-averaged dynamical characteristics
of the turbulent flow. The standard k–ω model was
chosen because it is well suited to wall-bounded flows
like the flow around the body contour of the swimmer
(ZAÏDI et al. [17]). The standard k–ω turbulence
model is an empirical model based on transport equa-
tions for the turbulent kinetic energy per unit mass (k)
and the specific dissipation rate (ω). Two additional
transport equations for the turbulent kinetic energy per
unit mass (k) and the specific dissipation rate (ω) are
solved. These equations are:
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where Yk and Yω are the turbulent dissipations of k
and ω, respectively.

The effective diffusivities for k and ω are given
by:

k
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where σk and σω are the turbulent Prandtl numbers for
k and ω, respectively.

The turbulent viscosity (μt) is then calculated as
the function of k and ω :

ω
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where α * is the coefficient allowing us to correct the
turbulent viscosity at low Reynolds numbers.

The production of k and ω due to mean velocity
gradients are:
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2.3. Numerical method

The system of governing equations (1)–(5) with
appropriate boundary conditions has been successfully

solved by using a numerical method, mainly based on
the volume control approach (PATANKAR [19]). This
method is based on the spatial integration of the con-
servation equations over finite control volumes. The
numerical simulations were carried out with the
ANSYS FLUENT® software. The convergence crite-
ria were based on the residuals resulting from the in-
tegration of the conservation equations (1)–(5) over
finite control volumes. During the iterative calculation
process, these residuals were constantly monitored
and carefully examined. For all the simulations per-
formed in this study, converged solutions were usually
achieved with residuals as low as 10–5 (or less) for all
the governing equations.

3. Results and discussion

Wall shear stress and static pressure are fundamen-
tal parameters in high-level swimming. When a swim-
mer moves in aquatic environment, negative pressure
gradients and turbulence zones are generated around
his body (LYTTLE [20]) because of the non-uniformity
and complexity of the human body. This particularly
occurs in the areas where the body shape, globally rigid
in form, presents complex surface geometries such as
the head, shoulders, buttocks, heel and chest (CLARYS
[21]). This may involve a boundary layer separation
(figure 4) located in the concave geometries of the body
(nape, chin and buttock). Figures 5 and 6 present the
surface shear stress distribution on the swimmer’s body
for three positions of the head, namely lifted up (posi-
tion 1), aligned (position 2) and lowered (position 3), in
back and front views. Numerical results are provided for
a high velocity (U0 = 3.1 m/s) that corresponds to an
international class swimmer. One may observe that the
wall shear stress is higher behind the head for position 1
(figure 5(a)) and on the forehead in position 3 (fig-
ure 6(c)). Figures 7 and 8 show the back and front
views of the pressure field for each of the three head
positions and U0 = 3.1 m/s. The negative pressure gra-
dients may be observed behind the head for position 1
(figure 7(a)) and on the forehead in position 3 (fig-
ure 8(c)), which testifies to the separation zones in
these areas. Moreover, it is found that the position of
the head aligned with the body is the one that offers
less resistance in underwater glide swimming in com-
parison with the positions of the head lifted up and
lowered. A similar result was obtained by ZAÏDI et al.
[15] in their 2D study.

Wall shear stress distributions on the swimmer’s
body (back and front views) for the position of the
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head aligned (position 2) and at three velocities (U0 =
1.4, 2.2 and 3.1 m/s) are presented in figures 9 and 10.
The pressure gradient between the different parts of
the swimmer generates a drag force that acts perpen-
dicular to the surface of the body and slows the

movement of the swimmer (RUSHALL et al. [22]). The
higher the drag force, the higher the wall shear stress
observed. It is found that the wall shear stress in-
creases with velocity, leading to an increased drag
force. Wall shear stresses are also important in the

Fig. 4. Back and front views of the streamline patterns around the swimmer in position 2
(head aligned with the body) and at U0 = 3.1 m/s

(a)

(b)

(c)

Fig. 5. Back views of the wall shear stress distribution on the swimmer at U0 = 3.1 m/s
and for three head positions: (a) lifted up, (b) aligned and (c) lowered
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(a)

(b)

(c)

Fig. 6. Front views of the wall shear stress distribution on the swimmer at U0 = 3.1 m/s
and for three head positions: (a) lifted up, (b) aligned and (c) lowered

(a)

(b)

(c)

Fig. 7. Back views of the pressure field on the swimmer at U0 = 3.1 m/s
and for three head positions: (a) lifted up, (b) aligned and (c) lowered

(a)

(b)

(c)

Fig. 8. Front views of the pressure field on the swimmer at U0 = 3.1 m/s
and for three head positions: (a) lifted up, (b) aligned and (c) lowered
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(a)

(b)

(c)

Fig. 9. Back views of the wall shear stress distribution on the swimmer in position 2,
obtained at three velocities: (a) U0 = 1.4 m/s, (b) U0 = 2.2 m/s and (c) U0 = 3.1 m/s

(a)

(b)

(c)

Fig. 10. Front views of the wall shear stress distribution on the swimmer in position 2,
obtained at three velocities: (a) U0 = 1.4 m/s, (b) U0 = 2.2 m/s and (c) U0 = 3.1 m/s

(a)

(b)

(c)

Fig. 11. Back views of the pressure field on the swimmer in position 2,
obtained at three velocities: (a) U0 = 1.4 m/s, (b) U0 = 2.2 m/s and (c) U0 = 3.1 m/s
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areas where the body shape, globally rigid in form, pres-
ents complex surface geometries such as the head,
shoulders, buttocks, heel and chest. In these regions,
flow separations occur and the pressure decreases
sharply. In particular, the areas with strong negative
pressure gradients for U0 = 3.1 m/s may be observed
(figure 10). These areas correspond to zones where the
boundary layer becomes separated which is in agreement
with the numerical streamline field drawn in figure 4.

Figures 11 and 12 present, respectively, back and
front views of the pressure field on the swimmer in
position 2, obtained at three velocities (U0 = 1.4, 2.2
and 3.1 m/s). The areas with negative and positive
pressure gradients are clearly identified in these fig-
ures. Significant differences are observed between the
front and back views of the swimmer. As far as ve-
locities increase, the amplitudes of the positive and
negative pressure gradients increase. In particular, one
may observe the areas with strong negative pressure
gradients at U0 = 3.1 m/s, corresponding to zones
where the flow is separated (figure 4).

4. Conclusion

The objective of this paper was to study the flow
dynamics using a CFD code around a competitive
swimmer during underwater glide swimming phase at
three different velocities. The influence of the head
position, namely lifted up, aligned and lowered, has
been analyzed, taking account of the wall shear stress
and static pressure. It may be observed that wall shear
stresses are important in the areas where the body

shape, globally rigid in form, presents complex sur-
face geometries such as the head, shoulders, buttocks,
heel and chest. In these regions, flow separations oc-
cur and the pressure decreases sharply. The wall shear
stress is higher behind the head for position 1 and on
the forehead in position 3 than for the other cases.
Moreover, the wall shear stress increases with in-
creasing velocity and the resistance force to moving
ahead increases with the surface shear stress. The
areas with negative and positive pressure gradients are
clearly identified and significant differences are ob-
served between the front and back views of the
swimmer. As far as velocities increase, the amplitudes
of the positive and negative pressure gradients also
increase. The areas with strong negative gradients,
corresponding to the zones where flow separations
occur, are observed.

References

[1] HUIJING P.A., TOUSSAINT H.M., CLARYS J.P., de GROOT G.,
HOLLANDER A.P., VERVOORN K., MACKAY R., SAVELBERG
H.H.C.M., Active drag related to body dimensions, [in:]
B.E. Ungerechts, K. Reischle, K. Wilke (Eds.), In Swimming Sci-
ence V. Human Kinetics Books, Champaign, Ill, 1988, 31–37.

[2] KOLMOGOROV S.V., DUPLISHCHEVA O.A., Active drag, useful
mechanical power output and hydrodynamic force coefficient
in different swimming strokes at maximal velocity, Journal of
Biomechanics, 1992, Vol. 25, 311–318.

[3] TOUSSAINT H.M., de GROOT G., SAVELBERG H.H.C.M.,
VERVOORN K., HOLLANDER A.P., van INGEN SCHENAU G.J.,
Active drag related to velocity in male and female swimmers,
Journal of Biomechanics, 1988, Vol. 21, 435–438.

[4] TOUSSAINT H.M., ROOS P.E., KOLMOGOROV S., The determi-
nation of drag in front crawl swimming, Journal of Biome-
chanics, 2004, Vol. 37, 1655–1663.

(a)

(b)

(c)

Fig. 12. Front views of the pressure field on the swimmer in position 2,
obtained at three velocities: (a) U0 = 1.4 m/s, (b) U0 = 2.2 m/s and (c) U0 = 3.1 m/s



Analysis of wall shear stress around a competitive swimmer using 3D Navier–Stokes equations in CFD 11

[5] TOUSSAINT H.M., TRUIJENS M., Biomechanical aspects of
peak performance in human swimming, Journal of Animal
Biology, 2005, Vol. 25, 17–40.

[6] ADKINS D., YAN Y.Y., CFD Simulation of fish-like body
moving in viscous liquid, Journal of Bionic Engineering,
2006, Vol. 3(3), 147–153.

[7] KATO N., AYERS J., MORIKAWA H., Bio-mechanisms of
Swimming and Flying, Springer-Verlag, Tokyo, 2004.

[8] SATO Y., HINO T., CFD simulation of flows around a swim-
mer in a prone glide position, Japanese Journal of Sciences
in Swimming and Water Exercise, 2010, Vol. 13, No. 1, 1–9.

[9] MARINHO D.A., BARBOSA T.M., KJENDLIE P.L.,
MANTRIPRAGADA N., VILAS-BOAS J.P., MACHADO L.,
ALVES F.B., ROUBOA A.I., SILVA A.J., Modelling Hydro-
dynamic Drag in Swimming using Computational Fluid
Dynamics, Computational Fluid Dynamics, Hyoung Woo Oh
(Ed.), 2010, InTech, Available from: http://www.intechopen.com/
articles/show/title/modelling-hydrodynamic-drag-in-swimming-
using-computational-fluid-dynamics.

[10] BIXLER B., RIEWALD S., Analysis of swimmer’s hand and
arm in steady flow conditions using computational fluid dy-
namics, Journal of Biomechanics, 2002, Vol. 35, 713–717.

[11] ROUBOA A., SILVA A., LEAL L., ROCHA J., ALVES F., The
effect of swimmer’s hand/forearm acceleration on propulsive
forces generation using computational fluid dynamics, Journal
of Biomechanics, 2006, Vol. 39, 1239–1248.

[12] GARDANO P., DABNICHKI P., On hydrodynamics of drag and
lift of the human arm, Journal of Biomechanics, 2006, Vol. 39,
2767–2773.

[13] BIXLER B., PEASE D., FAIRHURST F., The accuracy of
computational fluid dynamics analysis of the passive drag

of a male swimmer, Sports Biomechanics, 2007, Vol. 6,
81–98.

[14] NAEMI R., EASSON W.J., SANDERS R.H., Hydrodynamic glide
efficiency in swimming, Journal of Science and Medicine in
Sport, 2010, 13(4), 444–451.

[15] ZAÏDI H., FOHANNO S., TAÏAR R., POLIDORI G., Analysis of
the effect of swimmer’s head position on swimming perform-
ance using computational fluid dynamics, Journal of Biome-
chanics, 2008, Vol. 41, 1350–1358.

[16] ZAÏDI H., TAÏAR R., FOHANNO S., POLIDORI G., An evaluation of
turbulence models in CFD simulations of underwater swimming,
Series on Biomechanics, 2009, Vol. 24, 1–5.

[17] ZAÏDI H., FOHANNO S., TAÏAR R., POLIDORI G., Turbulence
models choice for the calculating of drag forces when using
CFD method, Journal of Biomechanics, 2010, Vol. 43, 405–411.

[18] POLIDORI G., TAÏAR R., FOHANNO S., MAI T.H. LODINI A.,
Skin-friction drag analysis from the forced convection mod-
eling in simplified underwater swimming, Journal of Biome-
chanics, 2006, Vol. 39, 2535–2541.

[19] PATANKAR S.V., Numerical Heat Transfer and Fluid Flow,
Hemisphere, New York, 1980.

[20] LYTTLE A.D., Hydrodynamics of the Human Body During the
Freestyle Tumble Turn, PhD Thesis, The University of West-
ern Australia, Nedlands, Australia, 1999.

[21] CLARYS J.P., Human morphology and hydrodynamics, [in:] J.
Terauds & E.W. Bedingfield (Eds.), International Series on
Sports Science 8; Swimming III, 1979, 3–41. Baltimore,
USA, University Park Press.

[22] RUSHALL B.S., HOLT L.E., SPRIGINGS E.J., CAPPAERT J.M., A
re-evaluation of forces in swimming, Journal of Swimming
Research, 1994, Vol. 10, 6–30.7



<<
  /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


