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Curvature Effect on Compressible Turbulent Flow over a Wavy Wall *
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A fully developed compressible turbulent flow in a channel with a lower wavy wall and a upper plane wall is studied
using large eddy simulation. We mainly attempt to deal with the curvature effect on compressible turbulent flow

over the wavy wall. Some typical quantities including the mean turbulence statistics, dilatation and baroclinic
terms in the enstrophy equation, turbulent kinetic energy budgets and the near-wall turbulent structures are
analysed. The results obtained in this study provide physical insight into the understanding of the effects of

curvature and compressibility on wall-bounded compressible turbulent flow.

PACS: 47.27.—e, 47.27. Ep

It is important to understand the mechanisms of
wall-bounded compressible flow in fundamentals and
applications. Usually, a fully developed compress-
ible turbulent channel flow is used as a typical model
problem and has been extensively studied using di-
rect numerical simulation (DNS) or large eddy sim-
ulation (LES). Coleman et al.l! and Huang et al.[?!
performed DNS studies of turbulent supersonic flow
in an isothermal-wall plane channel and investigated
some typical issues in modeling compressible shear
flows. Morinishi et al.®] carried out a DNS to deal
with the effects of isothermal- and adiabatic-wall con-
ditions on the compressible turbulent channel flow.
Lenormand et al.[¥ performed an LES of subsonic and
supersonic channel flow to examine the subgrid-scale
(SGS) models of compressible turbulent flow. These
investigations were mainly focused on the similarity
and difference between compressible and incompress-
ible wall-bounded turbulent flows based on the Van
Driest density-weighted transformation.

Following some typical studies of incompressible
flow over a wavy wall,l®®l it is found that the wall
curvature has a significant influence on flow behaviour.
The relevant work also exhibited that the wall shape
has a great effect on compressible turbulent flow.[78]
To our knowledge, however, the curvature effect on
compressible turbulent flow has never been studied
and is highly desired to understand the coupled influ-
ence of curvature and compressibility on compressible
turbulent flow.

A configuration used here is a channel with a lower
wavy wall and a upper plane wall. The wavy wall
is given by h,, = acos(2mz/\) with a the amplitude
and A the wave length. The no-slip and isothermal
boundary conditions are exerted on both the walls.
Periodic boundary conditions are used in the stream-
wise and spanwise direction. The relevant parame-
ters are described as follows. The Reynolds num-

ber is defined as Re = p,,UnA/py with p,, the
bulk density, U,, the bulk velocity and u,, the vis-
cosity at the isothermal wall. The Mach number
based on the sound speed at the isothermal wall is
M = U,/(yRT,)"? with R = (y — 1)C,/v the
gas constant. The viscosity is given by Sutherland’s
law, ie., u = T°%2%(1 + S,/T,)/(T + S1/T,,), where
S1 = 110.4K and T, = 293.15 K. The parameters in
the present calculations are Re = 3000w, M = 0.5,
Pr = 0.7, and v = 1.4. The amplitude relative to the
wave length is chosen as a = 0.01, 0.02 and 0.03, re-
spectively.

Here, an LES approach of compressible turbulent
flow without density weighting (or Favre averaging)
is used. Thus, the resolved quantities can be really
obtained using this novel LES approach.’l The gov-
erning equations and numerical methods have been
described in Ref. [9]. Based on the selection of compu-
tational parameters for compressible turbulent chan-
nel flows,!!~#! the computational domain is chosen as
[0,4A] x [0,3A/2] x [0,2A /7] with the grid number 160,
80 and 192 in the streamwise, spanwise and vertical
direction, denoted by z1(z), z2(y) and z5(z), respec-
tively; the corresponding velocity components repre-
sent uq (u), uz(v) and uz(w). To ensure the computa-
tional domain size to be enough, the two-point correla-
tions of the fluctuations for typical variables in the z-
and y-directions are calculated to be negligibly small.
The grids are uniform in the y-direction and stretching
distribution in the z- and z-directions.
wall grid spacing expressed in wall units is Azt ~ 0.8
for both the walls. Based on our extensive test and
previous validation,!! the code and computational pa-
rameters used can reliably predict the turbulent flow
characteristics.

To deal with the curvature effect on compressible
turbulent flow, typical results near the wavy wall are
mainly analysed. Figure 1 shows the mean stream-
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wise velocity and turbulence intensities at z/\ = 0
(crest) and 0.5 (trough), where the mean or Reynolds
average quantities are denoted by ( ) and obtained by
taking time- and space-average in the spanwise direc-
tion and then phase-average over four wavelengths in
the streamwise direction. As shown in Figs. 1(a) and
1(b) for the mean velocity (u), the fluid moves rapidly
over the crest and the mean velocity increases with
the amplitude in the core region of the channel. Since
small-amplitude waves and subsonic flow are consid-
ered here, no separation and shocklet are identified.
Further, to exhibit the curvature effect on compress-
ibility based on the mean quantities, Fig. 2(a) typically
shows the contours of the mean dilatation (Qu;/dz;)
at @ = 0.03. It is reasonably predicted that com-
pressed flow with negative dilatation occurs over the
crest region and expanded flow with positive dilatation
over the trough region. The locations of the maximum
compression and expansion are around z/A = 0.05 and
0.4, respectively. Based on our calculated results, as
the amplitude increases, the extremum of (Qu;/dx;) is
strengthened, and its location is nearly unchanged in
the streamwise direction and leaves further away from
the wavy wall in the vertical direction. Compared
with the dilatation distribution for a turbulent super-
sonic plane channel flow,[!! it is found that the cur-
vature effect has significantly strengthened the mean
dilatation.

As shown in Figs. 1(c)-1(h), the turbulence inten-
sities (i.e., u/f ., vt and w!l ) increase with the
amplitude. It is noticed that the streamwise intensity
near the wall is enhanced over the crest in Fig. 1(c)

Fig.1l. Mean streamwise velocity and turbulence inten-
sities at the crest /A = 0 (left column) and trough
z/A = 0.5 (right column): (a) and (b) streamwise ve-
locity (u); (c) and (d) streamwise intensity u/i; () and
(f) spanwise intensity vt (g) and (h) vertical intensity
w'T}th, where 4+ denotes the quantities normalized by u,
with @ = 0. Here rms means the root-mean-square value
of fluctuation.
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Fig. 2. Flow structures at @ = 0.03: (a) mean dilatation (Qu;/0x;) with contour increment 0.1; (b) isosurface of instan-

r+

taneous enstrophy w;w;/2; (c) Reynolds shear stress —(u/w’)t with increment 0.2; (d) uj4,s with increment 0.2; (e) it
with increment 0.2; (f) w’[fns with increment 0.2. Here, the solid lines represent positive values and the dashed lines the

negative values.

and suppressed over the trough in Fig.1(d). Cor-
respondingly, the spanwise intensity is strengthened
over the trough in Fig. 1(f).
also found for incompressible turbulent flow over a
wavy wall.l’] They argued that it may be associated

Similar behaviour was

with temporally persistent vortex-like structures lo-
calized near the surface. To demonstrate the vortical
structures near the wall, the instantaneous enstrophy
(i-e., w;w;/2) over the wavy wall at a = 0.03 is shown
in Fig. 2(b). It is seen that the well-organized stream-
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wise vortical structures, corresponding to the high-
and low-speed steaks based on the streamwise velocity
fluctuation, occur over the downslope surface. As indi-
cated by Henn and Sykes,[’! these vortical structures
are relevant to the turbulent kinetic energy transfer
between the streamwise and other directions.

To exhibit a global view of the turbulence statis-
tics over the wavy wall, the contours of the Reynolds
shear stress and turbulence intensities are shown in
Figs. 2(c)-2(f) for a = 0.03. The Reynolds shear stress
—(uw'w')T shows the positive and negative extrema lo-
calized around z/A = 0.15 and 0.75 in Fig. 2(c), re-
spectively. The distribution of the Reynolds stress is
closely associated with that of the streamwise veloc-
ity fluctuation in Fig.2(d). The streamwise intensity
is strengthened over the upslope surface. The rela-
tively strong spanwise and vertical intensities occur
over the downslope surface. We also identify that the
streamwise intensity contributes a major part to tur-
bulent kinetic energy with a similar pattern shown in
Fig.2(d). In addition, we have examined the contours
of the density and temperature fluctuations over the
wavy wall and found that their maxima locate over
the upslope surface, consistent with the streamwise
velocity fluctuation.

Vorticity dynamics are closely associated with tur-
bulence characteristics.'=12] To understand the in-
fluence of typical effects (e.g., dilatation and baro-
clinic effect) on the compressible flow, we analyse some
terms in the enstrophy transport equation, which is
described as

VeXNP v,
p2

(1)
where u and w represent the velocity and vorticity
vector, respectively, S is the strain tensor, and VT
denotes the viscous terms. The first, second and
third terms on the right-hand side of Eq. (1) can be
referred as the stretching, dilatation and baroclinic
term,!12] respectively, and denoted by term-1, term-2
and term-3. Figure 3 shows the distributions of the
mean enstrophy and three terms along the wavy wall
surface and a line away from the wavy surface with
z — hy = 0.004. The high enstrophy distribution oc-
curs along the downslope surface, consistent with the
vortical structures in Fig. 2(b). The peak value of en-
strophy locates at = 0.3 approximately on the wavy
surface in Fig.3(a), and becomes smaller with its lo-
cation (i.e., z = 0.35) shifting downstream on the line
in Fig.3(b). Compared with Figs. 3(a) and 3(b), it is
reasonably found that the enstrophy decreases quickly
with the distance away from the wall surface.

The mean stretching term (i.e., term-1) is zero on
the wall surface in Fig. 3(a), in agreement with the vor-
ticity dynamics analysis,!'?] and becomes main contri-
bution to the enstrophy in the flow field in Fig. 3(b), in
particular over the downslope surface. The stretching

d /1
£(§|w|2> =w-Sw—|w?(V-u)+

effect may have a significant role on the turbulent en-
ergy production and transfer.'9=12] Thus, the strong
stretching effect over the downslope surface is reason-
ably relevant to enhancing the spanwise and vertical
intensities in Figs. 2(e) and 2(f). The mean dilatation
term (i.e., term-2) also has an important influence on
the enstrophy in the flow field, e.g., over the region of
0.25 < # < 0.5 in Fig.3(b). Based on the distribu-
tions of the mean vorticity magnitude and dilatation,
we can find that the term-2 is mainly controlled by
the vorticity magnitude square along the wall surface
and by the dilatation in the flow field. The baroclinic
term (i.e., term-3) exhibits a major contribution to
the enstrophy along the wall surface, in particular the
downslope surface, and becomes weak in the flow field.

The turbulent kinetic energy budgets for compress-
ible flow are further analysed. To simplify the treat-
ment of turbulent kinetic energy equation, the Favre
decomposition is introduced here. The turbulent ki-
netic energy equation for compressible flow is given
asl?

P k
J@%ﬁiizEP+TD+VP+VD+ED
T

L CTy + CTy + CTs, 2)

where {k} = {u}?/2 represents the turbulent ki-
netic energy, EP = —(p){u/u}}0{u;}/0z; the en-
ergy production, TD = —9(p){u}k"}/dz), the turbu-
lent diffusion, VP = —0(p'u},)/0z; the diffusion due
to velocity-pressure interaction, V.D = (7}, u})/0xy
the viscous diffusion, ED = —(7/, 0u}/dz) the en-
ergy dissipation, and CTy = —(u})d(p)/dzr, CT> =
(u!)o(Tir,)/Oxr, and CTz = (p'Ou}/Oxy) are the
compressibility-related terms. The symbol { } means
the Favre average, ie., {f} = (pf)/(p). The single
prime ' and the double prime ” represent the turbulent
fluctuations with respect to the Reynolds and Favre
average, respectively.

Based on the mean kinetic energy and internal en-
ergy equations, we can identify that the terms EP,
CT; and CT5 in Eq. (2) are responsible for the en-
ergy exchange between the mean kinetic and turbu-
lent kinetic energy, and the terms ED and CTj for
the energy exchange between the internal and turbu-
lent kinetic energy. The contours of four typical terms
over the wavy wall at a = 0.03 are shown in Fig. 4. It
is reasonably predicted that a major energy produc-
tion EP occurs over the upslope surface in Fig. 4(a),
consistent with the contours of turbulent kinetic en-
ergy or streamwise intensity in Fig.2(d). Due to the
curvature effect, a small negative distribution of FP
appears near the wall in the region of 0 < x < 0.25
approximately, indicating the turbulent kinetic energy
transferring back to the mean flow. From the con-
tours of the energy dissipation ED (not shown here),
it is observed that the distribution is mainly limited
in the viscous layer over the wavy wall with negative
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value, which acts as a source term in the internal en-
ergy equation. In addition, the distributions of other
terms, i.e., TD, VP and VD in Eq. (2), have similar

—— Enstrophy L5

behaviours to the incompressible turbulent flow over

a wavy wall.

---- Term-1

Enstrophy(10%)

—— Enstrophy
---- Term-1
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Fig. 4. Turbulent kinetic energy budgets at a = 0.03: (a) energy production

Fig.3. Distributions of the mean

enstrophy and three terms in Eq. (1)
along (a) the wavy wall surface and (b)
a line away from the wavy surface with
2z — hy =~ 0.004 for a = 0.03.

Here, we are interested in the curvature effect
on the compressibility-related terms. The velocity-
pressure gradient term C7j has a notably negative
contribution to the budget balance over the crest re-
gion in Fig. 4(b). The velocity-viscous term CT5 shows
an obvious variation in the viscous layer in Fig. 4(c).
The term CT, takes a negative contribution to the
budget balance over the downslope surface and a pos-
itive contribution over the upslope surface. The nega-
tive distributions of C'T} and C'Ty over the wavy wall
mean that the turbulent kinetic energy transfers back
to the mean flow under the coupled influence of the
compressibility and curvature effect. The distribution
over the wavy wall of the pressure-dilatation term CT5
is shown in Fig.4(d). The influence of the term CTj
spreads over the flow field, consistent with the mean
dilatation distribution in Fig.2(a). The negative dis-
tributions near the wall and in the flow field represent
that the turbulent kinetic energy transfers to the in-
ternal energy. In addition, we have identified that
the magnitudes of the compressibility-related terms
exhibit the same order, unlike the major compressibil-
ity contribution only from CT5 for compressible plane
channel flow.[2! The curvature effect has significantly
enhanced the compressibility-related terms, compared
with the distributions of these terms over the com-
pressible plane channel flow.[!+2]

In summary, the curvature effect on compressible
turbulent flow over a wavy wall has been investigated.
According to some typical quantities including the
mean turbulence statistics, dilatation and baroclinic

term E'P with contour increment 5; (b) velocity-pressure gradient term CT}
with increment 0.3; (c) velocity-viscous term CT, with increment 0.1; (d)
pressure-dilatation term C7T3 with increment 0.2. Here, solid lines represent
positive values and dashed lines negative values.

terms in the enstrophy equation, turbulent kinetic en-
ergy budgets and the near-wall turbulent structures,
we have found that the curvature effect has signif-
icantly enhanced the influence of compressibility on
wall-bounded turbulent flow. Although we recognize
the limitation of analysis based on only typical results,
the present effort has provided physical insight into
the understanding of the coupled effects of curvature
and compressibility on wall-bounded compressible tur-
bulent flow.

We thank Professor P. Sagaut for providing a com-
pressible Navier-Stokes basic code.

References

[1] Coleman G N, Kim J. and Moser R D 1995 J. Fluid Mech.
305 159

[2] Huang P G, Coleman G N and Bradshaw P 1995 J. Fluid
Mech. 305 185

[3] Morinishi Y, Tamano S and Nakabayashi K 2004 J. Fluid
Mech. 502 273
[4] Lenormand E, Sagaut P, Ta Phuoc L and Comte P 2000

AIAA J. 38 1340
[[5] Henn D S and Sykes R I 1999 J. Fluid Mech. 383 75
[6] Dong G J and Lu X Y 2007 Phys. Fluids 19 057107
[7] Adams N A 2000 J. Fluid Mech. 420 47
[8] Lu XY, Wang S W, Sung H G, Hsieh S Y and Yang V 2005
J. Flutd Mech. 527 171
[9] Sun X B and Lu X Y 2006 Phys. Fluids 18 118101
[10] Chorin A J 1994 Vorticity and Turbulence (Springer-Verlag,
Berlin)
[11] WuJ Z, Zhou Y, Lu X Y and Fan M 1999 Phys. Fluids 11
627
[12] Wu J Z, Ma HY and Zhou M D 2006 Vorticity and Vortex
Dynamics (Berlin: Springer)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 600
  /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 600
  /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

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


