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Abstract.  The flow around cylinders of circular, square, and diamond cross-section oscillating 
in quiescent fluid was studied experimentally using particle image velocimetry (PIV).  Phase-
averaged measurements of the velocity field were obtained at the maximum-amplitude, zero-
amplitude, and intermediate positions of the oscillation cycle.  The experiments were performed 
at low Keulegan-Carpenter numbers, from KC = 1 to 3.5, and for moderate Stokes numbers, 
from β = 250 to 376.  Within this range of KC, the flow patterns remained symmetric about 
either side of the cylinders.  For KC = 1, the flow remained close to the surface of the cylinders 
throughout the cycle.  For KC = 1.5 to 3.5, an attached vortex pair formed behind the circular 
and square cylinders at the maximum-amplitude position.  The distinct geometry of the diamond 
cylinder, with two fixed separation points, led to a unique but still symmetric vortex pattern.  
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1. Introduction 
 
The flow around a two-dimensional circular cylinder of diameter, D, oscillating 
sinusoidally from side to side with amplitude, A, and frequency, f (or period, T = 
1/f), in quiescent fluid of kinematic viscosity, ν, can be considered a fundamental 
problem in unsteady fluid mechanics (Figure 1). The flow is a useful starting 
point for the study of flow-induced vibrations and has applications in the behav-
iour of offshore structures in wave motion. The time-dependent cylinder position, 
x(t), and velocity, u(t), are given by 
 
  ( )tAtx ωsin)( =  and   (1) 
 
  ( tUtu )ωcos)( max= ,   (2) 
 
respectively, where t is time, ω  (= 2πf ) is the angular frequency, and Umax is the 
maximum cylinder velocity, 
 
  TAAfAU ππω 22max === .  (3) 
 

Experimental [1, 7, 8, 9, 10, 13, 14] and numerical [3, 12, 15] studies of the 
oscillating circular cylinder have identified several flow regimes, which are pri-
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marily a function of the dimensionless amplitude parameter known as the Keule-
gan-Carpenter number, KC, where 
 
  DADTU π2KC max == .  (4) 
 
 A second influencing parameter is the Reynolds number, Re, which is defined 
using the maximum cylinder velocity, 
 
  νπν ADfDU 2Re max == .   (5) 
 
The dimensionless Stokes number (or reduced frequency), β, is often used in-
stead of the Reynolds number and behaves in a similar manner, where 
 
  νβ 2KCRe fD== .   (6) 
 
 The number of flow regimes, and the limiting values of KC defining these 
regimes, are functions of Re or β.  For sufficiently high values of β, the flow re-
gime is almost solely determined by KC.  The flow patterns are distinguished by 
the “wake re-encounter” phenomenon, where separated flow and vortices formed 
and shed by the cylinder during one half cycle return to interact with the cylinder 
during the next half cycle [5].  For KC ≤ 1, the flow does not appreciably sepa-
rate from the cylinder and the extent of the ambient fluid affected by the moving 
cylinder is small.  For 1 < KC < 4, the flow separates from the cylinder and a 
symmetric pair of attached vortices forms behind the cylinder during each half 
cycle.  For 4 ≤ KC < 8, the attached vortex pair becomes asymmetric.  For KC ≥ 
8, vortex shedding occurs during each half cycle [5, 14]. 
 Similar flow regimes and KC boundaries can be identified for square and 
diamond-shaped cylinders, as shown in several experimental [1, 8, 9] and nu-
merical [11, 12] studies.  For the circular cylinder, the separation points are free 
to move over large distances during an oscillation cycle [10].  However, for the 
oscillating square cylinder, the separation points are fixed at the four corners; for 
the oscillating diamond cylinder, there are only two fixed separation points.   

There are relatively few experimental studies of oscillating cylinders which 
report velocity field measurements [2, 4, 6].  In the present study, particle image 
velocimetry (PIV) was used to measure the velocity field of oscillating circular, 
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square and diamond cylinders at low KC numbers. The PIV measurements were 
phase locked with the cylinder position, at the zero-amplitude (corresponding to 
dimensionless time t* = t/T = 0, 0.5), maximum-amplitude (t* = 0.25, 0.75), and 
intermediate positions (t* = 0.125, 0.375, 0.625, 0.875) in the oscillation cycle. 
 
 
2. Experimental Approach 
 
The oscillating cylinder experiments were conducted in water in an X-Y towing 
tank (Figure 2) with internal dimensions of 3.96 m long, 1.03 m wide, and 0.75 
m deep.  The glass side walls, end walls, and floor of the towing tank give optical 
access for the PIV system.  The primary towing direction (X-direction, 3.5 m of 
travel) is along the length of the tank, where the main carriage straddles the tank 
width and moves on two parallel rails.  A linear motion stage containing the sec-
ondary carriage is mounted on the main carriage for transverse movement across 
the tank (Y-direction, 260 mm of travel). 

The motion control system for the X-Y towing tank includes a personal com-
puter, a National Instruments (NI) PCI-7344 motion controller card, two Intelli-
gent Motion Systems IM1007 micro-step drivers, and a stepping motor on each 
axis.  Encoders provide closed-loop position feedback.  The user interface was 
developed in the LabVIEW programming language. 

In the present study, only the secondary carriage (Y-direction) was used.  A 
circular or square cylinder of D = 25.4 mm (for the square cylinder, D corre-
sponds to the side length) was suspended in the water vertically beneath the Y-
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Table 1. Summary of oscillating cylinder experiments. 
 

Cylinder KC β Re A/D  Cylinder KC β Re A/D 
Circular 1.0 376 376 0.159  Square 2.5 250 625 0.398 
Circular 1.5 325 488 0.239  Square 3.0 250 750 0.477 
Circular 2.0 250 499 0.318  Square 3.5 250 875 0.557 
Circular 2.5 250 625 0.398  Diamond 1.0 374 374 0.159 
Circular 3.0 250 751 0.477  Diamond 1.5 325 488 0.239 
Circular 3.5 250 875 0.557  Diamond 2.0 251 502 0.318 
Square 1.0 375 375 0.159  Diamond 2.5 250 625 0.398 
Square 1.5 325 488 0.239  Diamond 3.0 250 751 0.477 
Square 2.0 250 500 0.318  Diamond 3.5 250 

motion stage (Figure 2). The cylinder aspect ratio ranged from AR = 25.5 to 
26.7.  The oscillation amplitude ranged from A = 4.04 to 14.15 mm (giving KC = 
1 to 3.5).  The oscillation frequency ranged from f = 0.38 to 0.60 Hz (giving β = 
250 to 376 and Re = 374 to 875); see Table 1. 

875 0.557 
 

Velocity field measurements (u and v components, in the x and y directions, 
respectively) were made with a TSI PIV system. Laser light was supplied by a 
120-mJ/pulse dual Nd:YAG laser. The light sheet was located 29.2 cm above the 
lower end of the cylinder.  Images were acquired with a TSI PIVCAM 10-30 (1 
Megapixel) camera in a fixed location beneath the tank. The timing was con-
trolled by a TSI LaserPulse synchronizer and Insight 5 software and was phase-
locked to a reference signal from the motion control system. The water was 
seeded with 8-12-μm hollow glass spheres.  Image pairs were processed with a 
single-pass Nyquist grid algorithm, a FFT correlation algorithm, and a Gaussian 
peak detection algorithm. The interrogation window was 32 × 32 pixels.  The 
field of view was approximately 80 × 80 mm (60 × 60 vectors with 50% overlap) 
giving a spatial resolution greater than [4] but lower than [6]. 

For each phase (cylinder position), an ensemble average of 250 instantaneous 
velocity vector fields was obtained.  The cylinder completed at least 50 oscilla-
tion cycles before PIV measurements were made, to give sufficient time for the 
flow patterns to be established.  The numerical simulations of [12] showed that at 
least 15 cycles were needed to reach equilibrium flow behaviour. 
 
 
3.     Results and Discussion 
 
For the range of KC numbers investigated, 1 ≤ KC ≤ 3.5, the flow fields were 
symmetric about the axis of motion and on opposite ends of the cylinder for sub-
sequent half-cycles, for all three cylinder geometries.  Selected results (only vor-
ticity results are presented here) are shown in Figures 3, 4 and 5. 
 
 
3.1. CIRCULAR CYLINDER 

 
For the oscillating circular cylinder (Figure 3), frame-by-frame analysis of the 
instantaneous velocity fields did not show any asymmetry on either side of the 
axis of motion up to KC = 3.5, consistent with [14, 15]. The flow at these KC 
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numbers is characterized, for the most part, by the formation and movement of 
concentrations of vorticity and/or symmetric vortex pairs behind and about the 
cylinder. 

igure 3.  Phase-averaged vorticity fields for an oscillating circular cylinder at the zero- (t* = 0)
and maximum-amplitude (t* = 0.25) positions, cylinder moving to the right: (a) KC = 1.5, β =
325; (b) KC = 2, β = 250; (c) KC = 2.5, β = 250; (d) KC = 3.5, β = 250.  Solid iso-vorticity
contour lines represent positive (CCW) vorticity; dashed lines represent negative (CW) vortic-
ity.  Minimum vorticity contour of ω* =  0.5, contour increment of ω* = 0.5. 
 
 

At KC = 1, the fluid is swept symmetrically around the circular cylinder from 
the front to the rear, the process repeating itself with minimal disturbance to the 
surrounding fluid as the cylinder reverses direction.  The region of disturbed, 
separated flow is small and remains close to the cylinder surface throughout the 
range of motion, consistent with [5, 15].  The largest concentrations of vorticity 
are seen on either side of the cylinder at the zero-amplitude (t* = 0) position.  As 
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the cylinder moves toward the maximum-amplitude position (t* = 0.25), these 
concentrations are swept behind the circular cylinder and weaken. 

At KC = 1.5 (Figure 2a), the flow field is generally similar to KC = 1, with 
the separated flow remaining close to the cylinder throughout the cycle.  How-
ever, a small, weak attached vortex pair is observed behind the circular cylinder 
at the maximum-amplitude position (t* = 0.25), which is the primary feature of 
the flow regime for 1 < KC < 4. 

For KC = 2 (Figure 2b), the flow behind the cylinder at maximum amplitude 
(t* = 0.25) contains a prominent attached symmetric vortex pair, similar to what 
is observed in the near-wake region of an impulsively started circular cylinder, 
where each vortex is of similar size and strength but of opposite sign. Behind this 
vortex pair is weaker detached vortex pair, with vortices of opposite sign to those 
that are attached. As the cylinder reverses direction (t* = 0.375), the attached 
vortex pair is now ahead of the moving cylinder, and it quickly diminishes in size 
and vanishes; this is consistent with the simulations of [3]. 

 The flow is similar for KC = 2.5 (Figure 2c), where a strong attached vortex 
pair forms at maximum amplitude (t* = 0.25).  This is accompanied by the de-
tached vortex pair of opposite sign extending further from the cylinder.  As the 
cylinder reverses direction, the attached vortex pair disappears (t* = 0.375) while 
the detached vortex pair is split by the approaching cylinder (t* = 0.5).  These 
two concentrations of vorticity are then entrained into the new attached vortex 
pair that forms behind the cylinder on the opposite side (t* = 0.625). 

At KC = 3 (Figure 2d) and 3.5, the attached vortex pair is stronger and more 
prominent than at KC = 2 and 2.5. The behaviour is characterized by the move-
ment of vortex pairs around the circular cylinder from the front to rear [12, 14].  
As the cylinder reverses direction (t* = 0.375, 0.5) the attached vortices no 
longer disappear.  Instead, they detach from the cylinder and sweep around into 
the new wake that is developing behind the cylinder (t* = 0.5, 0.625).  As this 
happens, they pair up with the developing vortices that will form the attached 
vortex pair at the next maximum-amplitude position. The swept vortices eventu-
ally meet and pair up downstream of the attached vortex pair. 
 

 

3.2. SQUARE CYLINDER 

 
For the oscillating square cylinder (Figure 4), the four sharp corners lead to well-
defined separation points.  Vortex formation from the leading corners leads to a 
wider region of disturbed flow compared to the circular cylinder [9]. 

For KC = 1 (Figure 4a), the vortex structures that form during the cycle re-
main close to the cylinder surface.  Movement of vorticity along the upper and 
lower surfaces of the cylinder results in the formation of a vortex pair at each of 
the rear corners at the maximum-amplitude position (t* = 0.25). 

For KC = 1.5 and 2 (Figure 4b), an attached vortex pair forms behind the 
square cylinder, similar to what is observed for the circular cylinder, and consis-
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tent with [9].  The vortex pair does not meet at the flow centerline; rather, at the 
maximum-amplitude position (t* = 0.25), there is an arrangement of four vortices 
of alternating sign on the rear surface of the cylinder, and another pair of vortices 
of opposite sign at the rear corners (Figure 4b). 

igure 4.  Phase-averaged vorticity fields for an oscillating square cylinder at intermediate- (t*
= 0.125) and maximum-amplitude (t* = 0.25) positions, cylinder moving to the right: (a) KC =
1, β = 375; (b) KC = 2, β = 250; (c) KC = 3, β = 250.  Contour lines as in Figure 3. 
 
 

The flow pattern has distinct differences at KC = 3 (Figure 4c) and 3.5 (the 
flow pattern for KC = 2.5 can be considered transitional).  The pairs of vortices at 
the rear corners are less prominent.  Flow separation from the front corners of the 
square cylinder leads to the formation of small corner vortices.  The corner vor-
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tices from the previous half cycle enter the wake of the cylinder and form a sec-
ond, detached vortex pair of opposite sign situated behind the main attached vor-
tex pair (shown for t* = 0.125 in Figure 4c).  The detached vortex pair weakens 
at the maximum-amplitude position (t* = 0.25) and is absent when KC = 3.5.  
 
 
3.3. DIAMOND CYLINDER 

 

The flow around the oscillating diamond cylinder (Figure 5) is distinct from the 
circular and square cylinders, being characterized by flow separation and vortic-
ity production at the upper and lower sharp corners.  In the direction of motion, 
the angled flat surfaces meet at the front sharp corner that forms the leading edge.  
Each flat surface pushes the fluid to the side and some of the fluid flows around 
the upper and lower corners into the wake.  In the base region, the angled flat 
surfaces meet at the rear sharp corner that forms the trailing edge. 
 For KC = 1 (Figure 5a), appreciable fluid movement is confined mainly to 
the regions about the upper and lower corners, where large concentrations of vor-
ticity are produced.  The sign of the upper and lower corner vorticity concentra-
tions alternates from one half cycle to the next.  During the half cycle, these con-
centrations of vorticity move behind the diamond cylinder to positions on the 
angled flat surfaces on the trailing edge.  At the maximum-amplitude position (t* 
= 0.25), an attached pair of opposite-sign vortices has formed on both the upper 
and lower angled flat surfaces on the rear of the diamond cylinder.  Narrow rows 
of vorticity, resembling free shear layers, extend away from the diamond cylinder 
parallel to the axis of motion on the upper and lower sides of the flow field. 

For KC = 1.5, 2 (Figure 5b), and 2.5, large concentrations of vorticity are pro-
duced at the upper and lower sharp corners.  These vorticity concentrations are 
convected into the wake of the diamond cylinder.  On the angled flat surfaces at 
the rear of the cylinder, each pairs up with a vorticity concentration of opposite 
sign.  At the maximum-amplitude position (t* = 0.25), an attached vortex pair 
has formed on each of the rear angled flat surfaces. 

For KC = 3 (Figure 5c) and 3.5, only a single, large attached vortex forms on 
each of the flat surfaces at the rear of the diamond cylinder.  Weaker concentra-
tions of vorticity of opposite sign form further downstream, but are not attached 
to the flat surfaces (as in the case of KC = 1.5 to 2.5).  

 
 

4.     Conclusions 
 
In the present study, PIV was used to study the velocity and vorticity fields for 
circular, square and diamond cylinders oscillating in quiescent fluid at low 
Keulegan-Carpenter numbers (KC = 1 to 3.5) and moderate Stokes numbers (β = 
250 to 376). Phase-averaged velocity and vorticity fields were obtained at the 
maximum-amplitude, zero-amplitude, and intermediate positions of the oscilla-
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tion cycle.  The flow patterns remained symmetric about either side of the oscil-
lation axis. For KC = 1, the flow remained close to the cylinder surfaces 
throughout the oscillation cycle. For KC = 1.5 to 3.5, attached vortex pairs 
formed behind the cylinders at the maximum-amplitude position. The flow 
around the diamond cylinder was generally distinct from the circular and square 
cylinders, which can be attributed, in part, to its different base geometry. 
   
 
Acknowledgments 
 
The authors acknowledge the support of the Natural Sciences and Engineering 
Research Council (NSERC), the Canada Foundation for Innovation (CFI), and 
the Innovation and Science Fund of Saskatchewan. The assistance of M.G. 
Crane, O.J.P. Dansereau, J.L. Heseltine, and Engineering Shops is appreciated.  
 
 
References 
 
1. Bearman, P.W., Graham, J.M.R., Obasaju, E.D., and Drossopoulos, G.M., The influence of 

corner radius on the forces experienced by cylindrical bluff bodies in oscillatory flow. Appl. 
Ocean Res. 6 (1984) 83–89. 

2. Dütsch, H., Durst, F., Becker, S., and Lienhart, H., Low-Reynolds-number flow around an 
oscillating circular cylinder at low Keulegan-Carpenter numbers. J. Fluid Mech. 360 (1998) 
249–271. 

3. Iliadis, G. and Anagnostopoulos, P., Viscous oscillatory flow around a circular cylinder at 
low Keulegan-Carpenter numbers and frequency parameters. Int. J. Numer. Meth. Fl. 26 
(1998) 403–442. 

4. Lam, K.M. and Dai, G.Q., Formation of vortex street and vortex pair from a circular cylin-
der oscillating in water. Exp. Therm. Fluid Sci. 26 (2002) 901–915. 

5. Lin, X.W., Bearman, P.W., and Graham, J.M.R., A numerical study of oscillatory flow 
about a circular cylinder for low values of beta parameter. J. Fluid Struct. 10 (1996) 501–
526. 

6. Lin, J.C. and Rockwell, D., Quantitative interpretation of vortices from a cylinder oscillat-
ing in quiescent fluid. Exp. Fluids 23 (1997) 99–104. 

7. Obasaju, E.D., Bearman, P.W., and Graham, J.M.R., A study of forces, circulation and vor-
tex patterns around a circular cylinder in oscillating flow. J. Fluid Mech. 196 (1988) 467–
494. 

8. Okajima, A., Matsumoto, T., and Kimura, S., Force measurements and flow visualization of 
bluff bodies in oscillatory flow. J. Wind Eng. Ind. Aerod. 69-71 (1997) 213–228. 

9. Okajima, A., Matsumoto, T., and Kimura, S., Force measurements and flow visualization of 
circular and square cylinders in oscillatory flow. JSME Int. J. B-Fluid T. 41 (1998) 796–
805. 

10. Sarpkaya, T. and Butterworth, W., Separation points on a cylinder in oscillating flow. J. 
Offshore Mech. Arct. 114 (1992) 28–35. 

11. Scolan, Y.-M. and Faltinsen, O.M., Numerical studies of separated flow from bodies with 
sharp corners by the vortex in cell method. J. Fluid Struct. 8 (1994) 201–230. 

 

9



                                                                                                                                 D. SUMNER ET AL. 

F

12. Smith, P.A. and Stansby, P.K., Viscous oscillatory flow around cylindrical bodies at low 
Keulegan-Carpenter numbers using the vortex method. J. Fluid Struct. 5 (1991) 339–361. 

igure 5.  Phase-averaged vorticity fields for an oscillating diamond cylinder at the zero- (t* =
0) and maximum-amplitude (t* = 0.25) positions, cylinder moving to the right: (a) KC = 1, β =
374; (b) KC = 2, β = 251; (c) KC = 3, β = 250.  Contour lines as in Figure 3. 
 
 

13. Tatsuno, M. and Bearman, P.W., A visual study of the flow around an oscillating circular 
cylinder at low Keulegan-Carpenter numbers and low Stokes numbers. J. Fluid Mech.  211 
(1990) 157–182. 

14. Williamson, C.H.K., Sinusoidal flow relative to circular cylinders. J. Fluid Mech. 155 
(1985) 141–174. 

15. Zhang, H.-L. and Zhang, X., Flow structure analysis around an oscillating circular cylinder 
at low KC number: a numerical study. Comput. Fluids 26 (1997) 83–106. 

 

10



<<
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


