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ABSTRACT 
A direct numerical simulation of a compressible turbulent 

channel flow at low-Mach number (Ma = 0.3) subject to a strong 
temperature gradient is conducted. The wall temperature ratios, 
which are defined by the temperature on the upper wall divided 
by that on the lower wall, are set to 2 and 3. It is shown that the 
flow on the high-temperature side is laminarized as the wall 
temperature ratio increases. Moreover, compressible and 
dilatational motions are induced on the low- and high-temperature 
wall sides, respectively. The identity equation of the friction 
coefficient originally derived by Fukagata et al. (2002) is 
extended to those of the friction coefficient and Nusselt number 
in a compressible channel flow. The viscous variation component 
is shown to reach 16% of the friction coefficient in the case of a 
high temperature ratio. Furthermore, the pressure work 
component occupies approximately 20% of the overall Nusselt 
number for all cases. The pressure work has a redistributive effect 
between mean kinetic and internal energies. The energy transfer 
on the low-temperature side is from the mean kinetic energy to 
the internal energy, whereas the energy transfer on the high-
temperature side is from the internal energy to the mean kinetic 
energy, even in the present low-Mach number flow. 

INTRODUCTION 
High-temperature wall turbulence commonly appears in 

combustion chambers with cooling system and so forth. In order 
to achieve high-efficiency industrial instruments, it is important 
to clarify this phenomenon.  

Numerical simulation of a compressible turbulent channel 
flow with a high-temperature gradient induced by a temperature 
difference between two walls has been performed by relatively 
few researchers. Wang and Pletcher (1996) examined this 
problem with a preconditioning method in order to avoid 
encountering the stiffness problem in a low-Mach number flow. 
In their calculation, the spatial Favre-filtered variables are 
obtained because a dynamic subgrid-scale model is adopted. 
Moreover, pressure and viscous works, which are intrinsic 
features of the compressible flow, are neglected. Nicoud (2000) 

also simulated this problem under the low-Mach number 
assumption. His research was devoted primarily to the proposal of 
an energy conservative scheme under the low-Mach number 
assumption, therefore few computational results were presented. 
Tamano and Morinishi (2006) simulated a fully compressible 
turbulent channel flow with a high temperature gradient at Ma = 
1.5 using a high-accuracy spectral method. Their result revealed 
that the region in which the mean temperature exceeded the high 
wall temperature appeared as a result of the viscous work of the 
high-speed flow. 

To the best of our knowledge, in the previous studies, the 
DNS of the low-Mach number turbulent channel flow with a high 
temperature gradient, in which the pressure and viscous works 
were taken into account, was not seen. 

In the present study, the DNS of a fully compressible 
turbulent channel flow with a high temperature gradient at low-
Mach number is investigated in order to reveal the momentum 
and heat transfer mechanisms. Furthermore, the identity equation 
of the friction coefficient originally derived by Fukagata et al. 
(2002) is extended to the friction coefficient and Nusselt number 
in a compressible channel flow in order to clarify which 
component is dominant in the wall friction or heat transfer at the 
wall. 

COMPUTATIONAL CONFIGURATION AND NUMERICAL 
METHODOLOGY 

Figure 1 shows the computational domain, in which x, y, and 
z (or x1, x2, and x3) represent the streamwise, wall-normal, and 
spanwise coordinates, respectively, and the velocity components 
are u, v, and w (or u1, u2, and u3) in a similar order. The 
temperature at the upper wall is represented by TH, and that at the 
lower wall is represented by TL. The computational conditions are 
listed in Table 1. Hereinafter, terms with superscripts H and L 
represent values at the high- and low-temperature walls, 
respectively. Table 2 shows the non-dimensional parameters. The 
Reynolds number Re is defined by the bulk velocity Ub, the 
channel half width h, the bulk density ρb, and the viscosity at the 
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lower wall µL. The Mach number is defined as 
Lb RTUMa γ/= , 

where γ is the specific heat ratio, and R is the gas constant. The 
working fluid is assumed as air, and the temperature dependency 
of viscosity is expressed by the Sutherland law. The variables are 
non-dimensionalized by the values used for the definition of the 
non-dimensional parameters, unless otherwise stated. On the 
other hand, values with superscript + represent values that are 
non-dimensionalized by wall-variables. Flow is driven by a 
constant mass flow rate condition. The periodic boundary 
conditions in the two homogeneous directions (x and z) are 
applied, whereas non-slip boundary conditions are applied at the 
two walls. The computational domain is 2.5πh×2h×πh (in the x, y, 
and z directions) with 96×128×96 grid points. Fully compressible 
Navier-Stokes equations are discretized by the sixth-order 
compact finite difference scheme (Lele, 1992) in the x and z 
directions. For the y direction, a second-order central finite 
difference scheme is applied. No numerical diffusion scheme, 
such as upwinding or spatial filtering, is used because numerical 
stability is ensured by adopting a staggered grid system 
(Nagarajan et al., 2003). Time integration is performed by the 
Wray-type third-order Runge-Kutta scheme. The computation is 
conducted at least for 600h/Ub. After confirming that the flow 
reaches a statistically steady state, the computation continues for 
300h/Ub in order to collect the statistical quantities. 

INSTANTANEOUS FLOW STRUCTURES 
Figure 2 shows the vortical structures and temperature 

distribution. The second invariant of the velocity gradient tensor 
is adopted as an indicator of the vortical structures: 
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The value of the second invariant is set to IIh2/Ub
2 = 1 

throughout the visualizations. In the case of TH/TL = 2 (Fig. 2(a)), 
vortical structures are tilted toward the wall and are coherently 
distributed on the low-temperature side. This distribution is 
significantly similar to that in the incompressible case. On the 
other hand, vortex motion is significantly suppressed on the high-
temperature side. As the temperature ratio TH/TL increases, the 
vortical structure disappears on the high-temperature side (Fig. 
2(b)). Figs. 3 and 4 show top-down views of vortical structures 
and wall heat flux. On the low-temperature side (Figs. 3(a) and 
4(a)), vortical structures coincide with high wall heat flux regions, 
as shown in the incompressible flow with the passive scalar. On 
the other hand, vortical structures are scarcely seen and high/low 
heat flux regions are elongated almost linearly on the high-
temperature side. These features are attributed to the laminarizing 
effect over the high-temperature wall as a result of a decrease in 
density (shown later) and an increase in viscosity. 

TURBULENCE STATISTICS 
The friction coefficient and Nusselt number are defined as 

follows:  
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where τw, λ, and α are the wall shear stress, the thermal 
conductivity, and the heat transfer rate, respectively, Tb is the 
bulk temperature, and yb corresponds to the wall-normal position, 
where the mean temperature is equal to Tb. Figure 5 shows the 
temperature ratio dependency of Cf and Nu. Each value is 
normalized by the incompressible/passive scalar value (Cfi or Nui 
in Fig. 5) evaluated by Kasagi and Iida (1999). Moreover, Cf 
gradually becomes larger as the temperature ratio increases. On 
the other hand, Nu decreases significantly, whereas Cf is 
approximately constant on the high-temperature wall. This is due 
primarily to the decrease in the temperature gradient at the wall as 
a result of the laminarizing effect, as shown in Fig. 2.  

The first invariant of the mean velocity gradient tensor is 
expressed as 

k

k

x
uI
∂
∂

=  (4) 

The value of I is less than 0 for compressible motion, is 
greater than 0 for dilatational motion, and is equal to 0 for an 
incompressible flow. The first invariant distribution is shown in 
Fig. 6. The compressible and dilatational motions are induced 
over the low- and high-temperature walls, respectively. The 
enhancement of the absolute value of I is seen as increasing the 
temperature ratio. Therefore, more strong compressible 
/dilatational motions appear. As a consequence of these motions, 
the mean vertical velocity from the high-temperature wall to the 
low-temperature wall is induced, as shown in Fig. 7. Moreover, 
an increased vertical velocity is seen as increasing the 
temperature ratio. 

Figure 8 represents the mean temperature distribution. The 
symbols indicate the results reported by Na et al. (1999) for the 
turbulent flow with a passive scalar, and each result is rescaled to 
correspond with the present case. Although the difference 
between the present result and the result reported by Na et al. 
(1999) is limited in the region near the high-temperature wall in 
the case of TH/TL = 2, a large region in which the temperature 

x1x3

x2 2hflow
TL

TH

Figure 1. Computational domain. 

Table 1. Computational conditions. 
Case1 Case2 

TL(K) 293 293 
TH(K) 586 879 
TH/TL 2 3 

Re 2,220 
Pr 0.71 
Ma 0.3 
γ 1.4 

Table 2. Non-dimensional parameters. 
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distribution is lower than that of the passive scalar case is 
observed at TH/TL = 3. In addition, the temperature gradient at the 
high-temperature wall is considerably decreased. Since pressure 
is approximately constant across the channel in the present cases, 
the density is inversely proportional to the temperature. As shown 
in Fig. 9, the mean density takes the lowest value on the high-
temperature wall and gradually varies on that side. This density 
distribution affects the value of Cf as described in the later section. 

Turbulence intensities are shown in Fig. 10 with the 
incompressible channel database reported by Iwamoto et al. 

(2002) referred to as ‘ISK’ in the figure. The peak of u’ on the 
high-temperature wall side moves toward the center of the 
channel as the temperature ratio increases and both v’ and w’ are 
extensively weakened. These characteristics are common features 
when the flow becomes laminarized. On the other hand, the 
turbulence intensities on the low-temperature wall side are similar 
for all cases and correspond well to those for the incompressible 
flow. 

x1

x2

(b)

Figure 2. Instantaneous flow structures: side view, (a) TH/TL = 2; (b) TH/TL = 3. White, vortical structure; color contour, temperature 
distribution which ranges from blue (T = TL) to red (T = TH). 

(a)
x1x1

x3x3

Figure 3. Instantaneous flow structures at TH/TL = 2: top view, (a) low temperature side; (b) high temperature side. White, vortical 
structure; color contour, wall heat flux with high value (qw = 5) represented by red and low one (qw = 0) by blue. 

Figure 4. Instantaneous flow structures at TH/TL = 3: top view, (a) low temperature side; (b) high temperature side. White, vortical 
structure; color contour, wall heat flux with high value (qw = 10) represented by red and low one (qw = 0) by blue. 

Figure 5. Friction coefficient and Nusselt number.      Figure 6. First invariant distribution.      Figure 7. Vertical velocity profiles. 
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COMPONENTIAL DECOMPOSITION OF THE FRICTION 
COEFFICIENT 

Fukagata et al. (2002) derived the identity equation of Cf on 
the incompressible wall turbulence, which is described by the 
linear combination of laminar and turbulent components (‘FIK 
identity’). In the present study, this identity is extended to those 
of Cf and Nu on the compressible turbulent channel flow, and, 
according to these identities, each component of Cf and Nu is 
quantified. 

Identity Equation of the Friction Coefficient in a 
Compressible Channel Flow 

By triple integration normal to the wall of the mean 
streamwise momentum equation, we obtain the following identity 
of Cf for the compressible channel flow: 
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where { } and ( )ˮ represent the Favre average and the fluctuation 
from the Favre averaged value, respectively, and V and V’ are the 
mean and fluctuation components, respectively, of the viscous 
variance: 
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In eq. (5), Cfa is the overall friction coefficient, which is 
defined by 
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Note that each CfL or CfH previously shown in Fig. 5 is not 
able to be decomposed into components as Cfa decomposition (eq. 
(5)). The friction coefficients are presented in Table 3. It is 
confirmed that Cfa evaluated by eq. (5) preferably coincides with 
the directly computed value obtained by eq. (7). The laminar, 
turbulence, and viscous variance components correspond to the 
first, second, and last terms in eq. (5), respectively. 

Evaluation of Friction Coefficient Components 
The results of Cfa decomposition are shown in Fig. 11 along 

with the results for an incompressible flow reported by Fukagata 
et al. (2002). The laminar component has a similar value for all 
cases. Moreover, the turbulence component also varies only 
slightly for two temperature ratios. This feature is due primarily 
to the increase in mean density on the low-temperature side 
(shown in Fig. 9), by which the turbulent shear stress is 
multiplied in the turbulence component (as seen in the second 
term of eq. (5)), whereas the turbulent motion is significantly 
suppressed on the high-temperature wall side as the temperature 
ratio increases (see Fig. 10). On the other hand, the viscous 
variance component is enhanced as the temperature ratio 
increases. Fig. 12 shows the fraction of Cfa components. Each 
component is normalized by the overall value of Cfa. Although 
the turbulence component decreases as the temperature ratio 
increases, this is a virtual appearance owing to the overall 
increase in Cfa. The viscous variance component reaches 

Figure 8. Mean temperature distribution.     Figure 9. Mean density profiles.           Figure 10. Turbulence intensities. 

Table 3. Friction coefficients. 

Cfa×103 
TH/TL = 2 TH/TL = 3 

Evaluated by eq. (5) 9.12 9.71 
Directly computed 9.09 9.67 
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Figure 12. Fraction of 
Cfa components. 
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approximately 10% and 16% of Cfa for TH/TL = 2 and 3, 
respectively.  

DECOMPOSITION OF THE NUSSELT NUMBER 
A similar procedure for Cfa decomposition as described in the 

previous section is also applicable to the Nusselt number. In this 
section, the identity of the Nusselt number is derived, and each 
component is evaluated precisely. 

Identity of the Nusselt Number on the Compressible 
Channel Flow 

The identity of the Nusselt number is obtained through double 
integration normal to the wall of the mean internal energy 
equation. 
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where Pw, Vw, and D are the constitutions of the pressure work, 
viscous work, and diffusion coefficient variance, respectively, 
given by 
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in which λ0 is the thermal conductivity at the wall, and σij is a 
viscous stress tensor. Good agreement between the values of Nu 
evaluated through the identity (eq. (8)) and those computed 
directly is confirmed (not shown here). The first, second, third, 
fourth, and last terms on the right-hand side of eq. (8) correspond 
to the conduction (value of 2), turbulence, pressure work, viscous 
work, and diffusion (variance), respectively. The third through 
last terms in eq. (8) vanish for the incompressible/passive scalar 
flow. 

Evaluation of the Nusselt Number Components 
Fig. 13 shows the componential decomposition of Nu. The 

turbulence component takes a similar value to NuL between the 
cases of TH/TL = 2 and 3. On the other hand, the turbulence 
component decreases noticeably as the temperature ratio 
increases on the high-temperature wall, as shown in Fig. 13(b). 
This tendency is consistent with the attenuation of turbulence 
intensities shown in Fig. 10. The pressure work component has a 
large positive contribution to both of NuL and NuH. The viscous 
work and diffusion components are not negligible on Nu and have 
a negative contribution on the high temperature wall (Fig. 13(b)) 
because the direction of heat flux, which is away from the wall, is 
defined as positive on the high-temperature wall. The fraction of 
Nu components is depicted in Fig. 14. It is confirmed that the 
pressure work component occupies approximately 20% of the 
overall Nu for all cases. 

Role of Pressure Work 
In the previous section, the pressure work component is 

observed to occupy approximately 20% of the overall Nusselt 
number. The role of pressure work is examined in this section. 

The mean internal energy budget (for instance, Huang et al. 
(1995)) is given as follows: 
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               Figure 14. Fraction of Nu components: (a) NuL; (b) NuH. 
Colors as in Figure 13. 

Figure 13. Componential decomposition of Nu: (a) NuL; (b) NuH. 
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The first term on the right-hand side of eq. (10) is the 
turbulent diffusion, the second is the pressure work, the third is 
the pressure-dilatation correlation, the fourth is the viscous work, 
and the last term is the molecular diffusion. Pressure work 
exhibits a redistributive effect between the internal and mean 
kinetic energies because pressure work having the opposite sign 
to that in eq. (10) also appears in the mean kinetic energy budget. 
Fig. 15 represents the budgets of internal energy at TH/TL = 2. On 
the low-temperature side (Fig. 15(a)), the main source of internal 
energy is turbulent diffusion, whereas the sink is molecular 
diffusion. Since the sign of pressure work is positive, the energy 
flow from mean kinetic to internal energy arises over the low-
temperature wall. On the other hand, pressure work has a negative 
value on the high-temperature wall side (Fig. 15(b)). Therefore, 
energy flow from internal to mean kinetic energy is induced over 
the high-temperature wall. These energy flows are depicted 
schematically in Fig. 16. The pressure work has a major effect on 
Nu, as shown in Fig. 13, through the above-mentioned 
mechanism. 

CONCLUSION 
Direct numerical simulation of a compressible turbulent 

channel flow subject to a strong temperature gradient at low 
Mach number was performed. An increase in temperature ratio 
caused the flow to laminarize over the high-temperature wall. 
Compressible and dilatational motions were induced on the low- 
and high-temperature wall sides, respectively. Consequently, the 
mean vertical flow occurs from the high-temperature wall to the 
low-temperature wall. The identity of the friction coefficient for 
the compressible channel flow was derived through the procedure 
proposed by Fukagata et al. (2002). The viscous variance 
component was enhanced as the temperature ratio increased. The 
identity of the Nusselt number was also derived. The viscous 
work and diffusion components were not negligible, and the 

pressure work was shown to reach approximately 20% of the 
overall Nusselt number. The energy transfer between the mean 
kinetic and internal energies through the pressure work was 
clarified, even in the present low-Mach number flow. 
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Figure 15. Budgets of internal energy at TH/TL = 2: (a) low-temperature side; (b) high-
temperature side. 

Figure 16. Schematic of energy transfer 
by the pressure work. 



<<
  /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




