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ABSTRACT

Heat transfer by natural convection from a horizontal
upward facing circular isothermal heated element that is
imbedded in a horizontal, adiabatic surrounding surface has
been numerically investigated. The element is either recessed
into or protruding from the surroundings surface by a small
amount. The circular horizontal element surface is at a
temperature higher than the surrounding fluid. A previous study
of this type of situation assumed that the vertical side walls
formed by the protrusion or recession of the element were
adiabatic. However, the thermal conditions on these side walls
could potentially have a significant effect on the heat transfer
rate from the horizontal circular element surface and this has
been investigated here by considering the case where the side
walls are isothermal and at the same temperature as the
horizontal circular heated element surface. The present study
considers a range of conditions such that laminar, transitional,
and turbulent flows can occur. The density changes with
temperature have been treated using the Boussinesq approach.
The standard k-epsilon turbulence model was used. Results
have been obtained only for a Prandtl number of 0.74 which is
essentially the value for air. A study of the effect of the
dimensionless distance that the element is recessed or protrudes
from the surrounding adiabatic surface on the variation of the
Nusselt number with Rayleigh number has been undertaken.
The variations for the case where the side wall is isothermal
and the case where it is adiabatic have been compared in order
to determine the effect of side wall heating.

INTRODUCTION

Natural convective heat transfer from a horizontal upward
facing circular isothermal heated element that is imbedded in a
large flat, horizontal, adiabatic surrounding surface has been
numerically investigated. As illustrated in Fig. 1, this element is
either recessed into or protruding from the surrounding
adiabatic surface by a small amount. The temperature of the
element, which is facing upward, is higher than that of the
surrounding fluid. A previous study of this type of situation has
assumed that the vertical side walls formed as a result of the
protrusion or recession of the element were adiabatic [1].
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Figure 1 Flow situations considered

However, the thermal conditions on these side walls could
potentially have a significant effect on the heat transfer rate
from the horizontal circular element surface and this has been
investigated in the present study by considering the case where
these side walls are isothermal and at the same temperature as
the horizontal circular heated element surface. This study
considers a range of conditions that allows for laminar,
transitional, and turbulent flows to occur. The effect of the
dimensionless distance that the element is recessed or is
protruding from the surrounding adiabatic surface on the heat
transfer rate has been examined here.

There have been many studies of natural convective heat
transfer from heated horizontal surfaces, e.g., see [2-17]. These
papers describe studies that are typical of the earlier work in
this area most considering only conditions under which laminar
flow exists. Most of these studies have also limited
investigation to a heated element in the same plane as the
surface of the adiabatic surrounding surface, i.e., have not
considered the case of a heated element recessed or protruding
from the surrounding surface.
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This work presented in this paper is part of a more
comprehensive overall study of natural convective heat transfer
from horizontal and near horizontal heated elements for
conditions in which laminar, transitional, and turbulent flow
occur. Typical of the studies that are part of this more
comprehensive investigation are those described in [18-23].

NOMENCLATURE

Apor [mz] area of bottom circular surface with a recessed element

Agide [mz] area of vertical side surface

Auop [m?] area of top circular surface with a protruding element

A oral [mz] area of total heated surface of element

d [m] diameter of circular element

g [m/s?] gravitational acceleration

h [m] recess depth or protrusion height

H [-] dimensionless recess depth or protrusion height, #/d

k [W/mK]  thermal conductivity

Nty [-] mean Nusselt number for bottom circular surface with a
recessed element

Nugge  [-] mean Nusselt number for vertical side surface

Nty [-] mean Nusselt number for top circular surface with a
protruding element

Nur  [-] mean Nusselt number for total heated surface of element

Pr [-] Prandtl number

QO bor [W] heat transfer rate from bottom circular surface with a
recessed element

O side [W] heat transfer rate from vertical side surface

Q'op [W] heat transfer rate from top circular surface with a
protruding element

Qo [W] heat transfer rate from total heated surface area of
element

Ra [-] Rayleigh number

Ty [K] undisturbed fluid temperature

T, K] element surface temperature

Greek Symbols

o [m?/s] thermal diffusivity
p [1/K] bulk coefficient of thermal expansion
v [m?/s] kinematic viscosity

SOLUTION PROCEDURE

In obtaining the results reported here it has been assumed
that the flow is steady and axisymmetric about the vertical
center-line through the heated element. Except for the density
change with temperature which gives rise to the buoyancy
forces, the fluid properties are assumed constant and the
Boussinesq approximation was utilized. Consideration has been
limited to the case of upward facing elements with no
consideration being given to radiant heat transfer effects. This
study used the standard k-epsilon turbulence model with
standard wall functions and with account being taken of
buoyancy force effects. This turbulence model, which is
applied under all conditions, is used to predict when transition
occurs. It has been determined by many previous studies, e.g.,
[24 to 30] that this method provides relatively good predictions
of turbulence development in flows similar to those considered
here. The solution to the governing equations subject to the
boundary conditions have been obtained using the commercial
CFD solver ANSYS FLUENT®.

The results of grid independence and convergence-criteria
independence testing indicated that the heat transfer results are
to within approximately one per cent grid- and convergence
criteria independent with the meshes employed here.
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RESULTS
The solution has the following governing parameters:
® Ra, the Rayleigh number based on the diameter, d, of the
circular heated element and on the difference between
the surface temperature of this heated element and the
side wall, T,, and the temperature of the undisturbed
fluid well away from the system, 7% i.e.:

_Ped (@, -T))
va

)

e the dimensionless recession or protrusion distance of the
heated element, i.e.:

gl )
d

e Pr, the Prandtl number.

Results have only been obtained for a Prandtl number of
0.74, i.e., effectively the value for air. Consideration has been
given to Rayleigh numbers of between approximately 10° and
10'® and to recess and protrusion height-to-diameter ratios of
between 0 and 0.25.

The mean heat transfer rate from the lower horizontal
circular surface when the element is recessed, Qo , Or from the
upper horizontal circular surface when the element is
protruding, O’y , from the heated side walls, O 4., and from
the entire heated surface, Q .1 has been expressed in terms of a
mean Nusselt numbers based on the diameter of the circular
element, d, and on the difference between the heated element
surface temperature and the temperature of the undisturbed
fluid existing well away from the system, i.e.:
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where Ayor = Aiop = 1d */4, Agige = nd h, and Ao = nd */4 + nd h.
Since the value of Pr considered is fixed, the Nu values are a
function of Ra, and of the dimensionless recession or protrusion
distance, H.

Attention will first be given to the situation where the
heated element is recessed into the adiabatic surrounding
surface. Figures 2 to 4 show typical variations of the mean
Nusselt numbers for the circular bottom surface, for the vertical
side surface, and for the entire heated surface with Rayleigh
number for various values of the dimensionless distance to
which the element is recessed, A. Figures. 5 and 6, which show
variations of the mean Nusselt number for the bottom surface
with the dimensionless recess depth for various Rayleigh
number values, provides a further illustration of the effect of
the dimensionless recess depth. The changes in the form of the
variation of Nusselt number with dimensionless recess depth
that arise as a result of changes in the Rayleigh number are a
consequence of the flow pattern changes over the heated
element with Rayleigh number.
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Figure 2 Variations of Nusselt numbers with Rayleigh number
for a recessed element for a dimensionless recess depth of 0.05
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Figure 3 Variations of Nusselt numbers with Rayleigh number
for a recessed element for a dimensionless recess depth of 0.1
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Figure 4 Variations of Nusselt numbers with Rayleigh number
for a recessed element for a dimensionless recess depth of 0.3
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Figure 5 Variation of mean Nusselt number for the bottom
heated surface of a recessed element with dimensionless recess
depth for Rayleigh number values of 10° and 10’
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Figure 6 Variation of mean Nusselt number for the bottom
heated surface of a recessed element with dimensionless recess
depth for Rayleigh number values of 10° and 10"
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Figure 7 Variations of Nusselt numbers with Rayleigh number
for a protruding element for a dimensionless protrusion height
of 0.05
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Figure 8 Variations of Nusselt numbers with Rayleigh number
for a protruding element for a dimensionless protrusion height
of 0.1
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Figure 9 Variations of Nusselt numbers with Rayleigh number
for a protruding element for a dimensionless protrusion height
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Figure 10 Variation of mean Nusselt number for the top heated
surface of a protruding element with dimensionless protrusion
height for Rayleigh number values of 10° and 10’
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Figure 11 Variation of mean Nusselt number for the top heated
surface of a protruding element with dimensionless protrusion
height for Rayleigh number values of 10° and 10"
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The case of the heated element protruding from the
surrounding adiabatic surface will next be considered. Figures 7
to 9 show typical variations of the mean Nusselt numbers for
the circular top surface, the vertical side surface, and the entire
heated surface with Rayleigh number for various values of the
dimensionless distance to which the element protrudes, H.
Figures 10 and 11 show variations of the mean Nusselt number
for the top surface with the dimensionless protrusion height for
various Rayleigh number values which further illustrates the
effect of the dimensionless protrusion height.

Comparison of the results shown in Figs. 5 and 6 for a
recessed element with those shown in Figs. 10 and 11 for a
protruding element illustrate the very significant differences
between the forms of the variations of Nusselt number with
dimensionless recess depth for a recessed element compared to
the forms of Nusselt number variations with dimensionless
protrusion height for a protruding element. These differences
arise from the flow patterns differences that occur in the two
situations.
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Figure 12 Variations of mean Nusselt number for the bottom
heated surface of a recessed element with Rayleigh number for
a dimensionless recess depth of 0.05 for the cases where the
side wall is heated and where it is adiabatic
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Figure 13 Variations of mean Nusselt number for the bottom
heated surface of a recessed element with Rayleigh number for
a dimensionless recess depth of 0.1 for the cases where the side
wall is heated and where it is adiabatic
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Figure 14 Variations of mean Nusselt number for the top
heated surface of a protruding element with Rayleigh number
for a dimensionless protrusion height of 0.05 for the cases
where the side wall is heated and where it is adiabatic

The results given in Figs. 12 to 15 show that in both the
case of a recessed element and the case of a protruding element
the largest differences between the heat transfer rates for the
heated sidewall case and those for the adiabatic side wall case
occur at the lower Rayleigh number values considered. Under
these conditions the mean Nusselt number for the heated
sidewall case at a particular Rayleigh is less than that for the
adiabatic sidewall case at the same Rayleigh number. At the
larger Rayleigh number values considered the mean Nusselt
number for the heated sidewall case at a particular Rayleigh
number is greater than that for the adiabatic sidewall case at the
same Rayleigh number, the difference however being relatively
small and somewhat larger in the case of a protruding element
than in the case of a recessed element.
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Figure 15 Variations of mean Nusselt number for the top
heated surface of a protruding element with Rayleigh number
for a dimensionless protrusion height of 0.2 for the cases where
the side wall is heated and where it is adiabatic

CONCLUSIONS

The results obtained in the present study show that the
thermal boundary conditions on the sides of a recessed or a
protruding element, i.e., either adiabatic or isothermal, has a
relatively small effect on the mean heat transfer rate from the
bottom circular surface in the case of recessed element or on
the mean heat transfer rate from the top circular surface in the
case of protruding element. The biggest effect of the thermal
boundary conditions on the sides of a recessed or a protruding
element was found to occur at the lower Rayleigh numbers
considered.

ACKNOWLEDGEMENTS
This work was supported by the Natural Sciences and

Engineering Research Council of Canada (NSERC) through its
Discovery Grant Program (RGPIN-06444-2015).

REFERENCES

[1] Oosthuizen P.H., A numerical study of natural convective heat
transfer from upward facing recessed and protruding heated
horizontal isothermal circular surfaces, Proceedings of the 12"
International Conference on Heat Transfer, Fluid Mechanics and
Thermodynamics , 2016, pp. 1107-1112

Al-Arabi M., El-Riedy M.K., Natural convection heat transfer
from isothermal horizontal plates of different shapes,
International Journal of Heat and Mass Transfer, Vol. 19, No.
12, 1976, pp. 1399-1404.

Chambers B.B., Lee T.T., A numerical study of local and average
natural convection Nusselt numbers for simultaneous convection
above and below a uniformly heated horizontal thin plate, Journal
of Heat Transfer, Vol. 119, 1997, No. 1, pp. 102-108.

Clifton J.V., Chapman A.J., Natural-convection on a finite-size
horizontal vplate, International Journal of Heat and Mass
Transfer, Vol. 12, No. 12, 1969, pp. 1573-1584.

Goldstein R.J., Sparrow E.M., Jones D.C., Natural convection
mass transfer adjacent to horizontal plates, International Journal
of Heat and Mass Transfer, Vol. 16, No. 5, 1973, pp. 1025-1035.
Hatfield D.W., Edwards D.K., Edge and aspect ratio effects on
natural convection from the horizontal heated plate facing

(6]



13th International Conference on Heat Transfer, Fluid Mechanics and Thermodynamics

downwards, International Journal of Heat and Mass Transfer,

Vol. 24, No, 6, 1981, pp. 1019-1024.

Kitamura K., Kimura F., Heat transfer and fluid flow of natural

convection adjacent to upward-facing horizontal plates,

International Journal of Heat and Mass Transfer, Vol. 38, No.

17, 1995, pp. 3149-3159.

Kozanoglu B., Lopez J.,, Thermal boundary layer and the

characteristic length on natural convection over a horizontal plate,

Heat Mass Transfer, Vol. 43, No. 4, 2007, pp. 333-339.

Lewandowski W.M., Radziemska E., Buzuk M., Bieszk H., Free

convection heat transfer and fluid flow above horizontal

rectangular plates, Applied Energy, Vol. 66, No. 2, 2000, pp. 177-

197.

[10] Lloyd J.R., Moran W.R., Natural convection adjacent to
horizontal surface of various planforms. Journal of Heat
Transfer, Vol. 96, No. 4, 1974, pp. 443-447.

[11] Martorell 1., Herrero J., Grau F.X., Natural convection from
narrow horizontal plates at moderate Rayleigh numbers,
International Journal of Heat and Mass Transfer, Vol. 46 No. 13,
2003, pp. 2389-2402.

[12] Pretot S., Zeghmati B., Le Palec G., Theoretical and experimental
study of natural convection on a horizontal plate, Applied
Thermal Engineering, Vol. 20, No. 10, 2000, pp. 873-891.

[13] Radziemska E., Lewandowski W.M., The effect of plate size on
the natural convective heat transfer intensity of horizontal
surfaces, Heat Transfer Engineering, Vol. 26, No. 2, 2005, pp 50-
53.

[14] Restrepo F., Glicksman L.R., The effect of edge conditions on
natural convection from a horizontal plate, International Journal
of Heat and Mass Transfer, Vol. 17, No. 1, 1974, pp. 135-142.

[15] Rotem Z., Claassen L., Natural convection above unconfined
horizontal surfaces, Journal of Fluid Mechanics, Vol. 38, No. 1,
1969, pp. 173-192.

[16] Wei J.J., Yu B., Wang H.S., Tao W.Q., Numerical study of
simultaneous natural convection heat transfer from both surfaces
of a uniformly heated thin plate with arbitrary inclination, Heat
and Mass Transfer, Vol. 38, Nos. 4-5, 2002, pp. 309-317.

[17] Yousef W.W., Tarasuk J.P., and McKeen W.J. Free convection
heat transfer from upward-facing isothermal horizontal surfaces,
Journal of Heat Transfer, Vol. 104, 1982, pp. 493-500.

[18] Oosthuizen P.H., Natural convective heat transfer from a
horizontal rectangular isothermal element imbedded in a plane
adiabatic surface with a parallel adiabatic covering surface,
Proceedings of the ASME 2014 International Mechanical
Engineering Congress and Exposition, Paper IMECE2014-36780,
2014.

[19] Oosthuizen P.H., Natural convective heat transfer from a
horizontal isothermal circular element imbedded in a flat

709

adiabatic surface with a parallel adiabatic covering surface,
Proceedings of the AIAA/ASME Joint Thermophysics and Heat
Transfer Conference, Paper AIAA-2014-3357 2014, 2014.

[20] Oosthuizen P.H., A numerical study of natural convective heat
transfer from a horizontal isothermal square element imbedded in
an adiabatic surface with a parallel adiabatic covering surface,
Proceedings of the 1 0™ International Conference on Heat
Transfer, Fluid Mechanics and Thermodynamics, Paper
1569876763, 2014.

[21] Oosthuizen P.H., Laminar and turbulent natural convective heat
transfer from a horizontal rectangular isothermal element
imbedded in a flat adiabatic surrounding surface, Proceedings of
the 6" International Symposium on Advances in Computational
Heat Transfer, Paper CHT-15-145, 2015.

[22] Oosthuizen P.H., A numerical study of natural convective heat
transfer from horizontal isothermal heated elements of complex
shape, Proceedings of the 1 Thermal and Fluids Engineering
Summer Conference, Paper TFESC-12863, 2015.

[23] Oosthuizen P.H., A numerical study of natural convective heat
transfer from a horizontal isothermal square element with an
unheated square adiabatic inner section, Proceedings of the 11"
International Conference on Heat Transfer, Fluid Mechanics and
Thermodynamics, Paper 1570075655, 2015.

[24] Savill A.M., Evaluating turbulence model predictions of
transition. An ERCOFTAC special interest group project, Applied
Scientific Research, Vol. 51, 1993, pp. 555-562.

[25] Schmidt R.C., and Patankar S.V., Simulating boundary layer
transition with low-Reynolds-number k-¢ turbulence models: Part
1- An evaluation of prediction characteristics, Journal of
Turbomachinery, Vol. 113, 1991, pp. 10-17.

[26] Plumb O.A., and Kennedy L.A., Application of a k-e turbulence
model to natural convection from a vertical isothermal surface,
Journal of Heat Transf., Vol. 99, 1977, pp. 79-85.

[27] Zheng X., Liu C., Liu F., and Yang, C.-I., Turbulent transition
simulation using the k-ow model, International Journal for
Numerical Methods in Engineering, Vol. 42, 1988, pp. 907-926.

[28] Albets-Chico X., Oliva A., and Perez-Segarra C.D., Numerical
experiments in turbulent natural convection using two-equation
eddy-viscosity models, Journal of Heat Transfer, Vol. 130, No. 7,
2008, pp. 072501-1-072401-11.

[29] Oosthuizen P.H., and Naylor D., A numerical study of laminar-to-
turbulent transition in the flow over a simple recessed window-
plane blind system, Proceedings of the 4" Canadian Solar
Buildings Conference, Toronto, M. Stylianou, ed., 2009.

[30] Xaman J., Alvarez G., Lira L., and Estrada C., Numerical study
of heat transfer by laminar and turbulent natural convection in tall
cavities of facade elements, Energy and Buildings, Vol. 37, 2005,
pp- 787-794.




<<
  /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


