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Abstract 
An experimental and numerical study has been carried out to investigate the effects of eccentricity of a needle 
inside a valve-covered-orifice (VCO) diesel nozzle on internal cavitating flow and primary atomization, so that a 
10 times large-scaled VCO nozzle was employed.  Especially most of discusion focuses on the behavior 
observed at relatively low needle lift in this paper.  The needle, which was incorporated into the nozzle, was 
manipulated by a three-dimensional traverse with micrometers.  When the needle is perpendicularly positioned 
to the nozzle hole at low needle lift, trend of the spray cone angle becomes very complicated because of four 
regimes of cavitating flow inside the nozzle hole, in addition to the relatively high spray cone angle.  In the 
same geometric condition, two regimes of primary atomization, the hollow cone spray regime and the solid cone 
spray regime, can be obtained.  Reduction of spray cone angle is observed experimentally when atmospheric air 
is introduced from the hole entrance and the air-core (fully covered vortex cavitation) is produced inside the 
nozzle hole.  The numerical simulation by using the Volume of Fluid (VOF) model can indicate the same 
phenomena.   

Introduction 
The valve-covered-orifice (VCO) nozzles are used due to reduction of unburned hydrocarbon emissions 

produced by diesel engines.  However some researchers [1,2,3,4] have qualitatively demonstrated that different 
size sprays were ejected from real-size VCO nozzle because of eccentric location of needle incorporated into the 
nozzle.  As a result, asymmetric combustion and soot formation are caused [1].   

The large-scaled nozzles have been employed frequently, so that cavitation bubbles and resulting sprays 
could have been easily observed [5,6].  Especially, string-like bubbles, so called the vortex cavitation bubbles, 
and hollow cone sprays have been observed at very low needle lifts.  We performed a steady-state experiment 
by using a 10 times large-scaled VCO nozzle with good spatial resolution of a 3-D traverse to manipulate a 
needle.  As a result, the experimental study provided quantitative information that the eccentric location of 
needle influences behavior of cavitating flow inside the nozzle and spray cone angle of resulting liquid jets [7,8].  
This experimental study seems to suggest that axial momentum and angular momentum of internal flow might 
play an important role in the flow pattern and the structures of liquid jets.   

In this paper we present experimental results about 
effects of eccentric location of a needle on internal 
cavitating flow and primary atomization.  Additionally, 
a three-dimensional computational fluid dynamic (CFD) 
simulation of cavitating flows by employing the 
Volume of Fluid (VOF) model was performed. Finally, 
internal cavitating flow and spray cone angle, which are 
obtained numerically at very low needle lifts, are 
compared with experimental results.   

Experimental Procedure 
An accumulator containing water, which was 

employed as the test liquid, was pressurized up to 
1.2MPa.  The liquid from the accumulator passed 
steadily through a needle valve and a Bourdon-type 
pressure gauge, which were used to control the injection 
pressure, before the liquid attained a nozzle holder, 
which is shown in Fig. 1.  The liquid introduced into  
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an inlet of the nozzle holder before flowing a 
pre-nozzle region which was located just 
upstream of a seat.  A needle was incorporated 
into the nozzle holder, and had a diameter of 
16mm and a 60°-edge tip.  A large-scaled VCO 
nozzle, which was made of transparent acrylic 
resin, was mounted downstream of the nozzle 
holder.  Finally the liquid was ejected from 
nozzle holes to the quiescent atmospheric air.  
The needle was mounted underneath the 3-D 
traverse with three micrometers which could 
provide a minimum resolution of 10μm.  The 
needle lift and the eccentric radial location were  
set in  terms of the micrometers reading  before       (a)  Nozzle geometry and coordinate system 
the liquid was emerged. 

The large-scaled VCO nozzle had two 
nozzle holes as illustrated in Fig. 2 (a).  Both 
the nozzle holes had sharp-edged circular shape 
at the entrance of the holes.  The diameter of 
both the nozzle holes was 2mm and the length 
was 8mm, providing a length to diameter ratio of 
4.  The large-scaled VCO nozzle was ten times 
larger than real-size diesel nozzles.  At an 
injection pressure of 0.20MPa the Reynolds 
number of the flow inside the nozzle hole of the 
large-scaled VCO nozzle was achieved at 
Reynolds number of approximately 40000.  The     (b)  Radial location of needle at azimuthal angle of 0o    
Reynolds number of the large-scaled VCO 
nozzle was nearly the same value as that of real-
size diesel nozzles.  The needle lift and the 
radial location denote Lh and r, respectively.  φ 
describes the azimuthal angle from common 
plane of the two holes axes.  However our 
coordinate system is different from conventional 
cylindrical coordinate system.  Figures 2 (b) 
and (c) explain radial locations at the azimuthal 
angle of 0o and 90o, respectively.  The radial 
location which has negative value is opposed to 
that which has positive value in our coordinate 
system.  There exists the radial  location along     (c)  Radial location of needle at azimuthal angle of 90o 
the direction of the nozzle holes at the azimuthal          Figure 2.  Schematic of nozzle geometry  
angle of  0o (Fig. 2 (b)).   As the value of  the                   and coordinate system. 
radial location decreases at the azimuthal 
angle, the needle approaches the entrance 
of the nozzle hole for observation. 

Cavitating bubbles inside the nozzle 
and liquid jet were illuminated 
simultaneously by two Xenon flashes of 
4μs duration.  Therefore front-lit 
photographs of cavitating bubbles and the 
liquid jet were captured by a digital still 
camera.  Behaviors of the cavitating 
flow and the liquid jet breakup could be 
observed from each photograph, and 
spray cone angle was estimated by using 
the photograph. 
  

 Figure 3.  Effect of needle lift and azimthal on spray 
cone angle.  (φ=90o, ΔPinj=0.20MPa) 
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 Figure 4.  Effect of radial location of needle on cavitating flows inside nozzle hole 
(right    photographs) and breakup behavior of liquid jets (left photographs).   
(φ=90o, ΔPinj=0.20MPa, Lh=0.50mm) 

Experimental Results 
Figure 3 illustrates the effect of the needle lift and the azimuthal angle on the spray cone angles.  At high 

needle lift of Lh =3.00mm the spray cone angle remains almost constant as the value of the radial location 
increases up to r/D=0.50.  At the azimuthal angle of φ=90o, the spray cone angle increases significantly beyond 
r/D=0.50, so that the spray cone angle almost reaches maximum value.  At the low needle lift of Lh=0.50mm 
measuring range of the radial location is smaller than that for Lh=3.00mm due to extremely smaller needle lift.  
In contrast to the trend at the high needle lift of Lh=3.00mm, the spray cone angle increases with increasing the 
value of the radial location monotonically.  The significant increase of spray cone angle around the nozzle 
center must be caused by a narrow gap between the needle and the seat because of lower needle lift while the 
spray cone angle remains constant around the center at higher needle lift.   

It is noted that the trend of the spray cone angle becomes very complicated at the low needle lift of 
Lh=0.50mm and the azimuthal angle of φ=90o and spray cone angle of this case is larger than that observed at 
other cases.  This figure shows symmetry of the both profiles obtained at φ=90o, in contrast to the profiles 
obtained at φ=0o.   
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Two different breakup behaviors of 
liquid jets I and II are obtained as 
demonstrate in Fig. 4 obtained at the low 
needle lift of Lh=0.50mm and the 
azimuthal angle of φ=90o as follows: one 
is the solid cone spray/wavy jet regime 
(regime I) when the needle is located near 
the center of the nozzle(r/D=0), and 
another is the “hollow cone spray” regime 
(regime II) when the needle is located 
relatively far from the center of the nozzle  
(r/D=0.045, 0.070, 0.170).  Many large 
droplets at the periphery of the hollow 
cone spray are yielded at the end of the 
conical liquid sheet.   

Four regimes of cavitating  flows are     Figure 5.  Effect of radial location of needle on spray  
obtained by similar photographs to Fig. 4.               cone angle and length of vortex cavitation.   
  As the needle located near the center of               (φ=90o, ΔPinj=0.20MPa, Lh=0.50mm) 
the nozzle (Regime A: upperside and 
 lowerside sheet cavitation, at r/D=0 in 
Fig. 4), bubble of the vortex cavitation 
can not be observed but bubbles of the 
sheet cavitation, which are yielded at 
upperside and lowerside of the entrance of 
the hole, can be observed.  The spray 
cone angle increases with the value of 
radial location of the needle among the 
regime A as represented in Fig. 5.  
Regime B is the so-called transient regime  
(Upperside sheet cavitation and partial 
vortex cavitation, at r/D=0.045 in Fig. 4). 
Short bubble of the vortex cavitation is 
produced with bubbles of sheet cavitation         Figure 6.  Schematic of the computational domain. 
at the entrance of the hole.  The solid  
cone spray or the hollow cone spray can be appeared at the regime B.  And then the bubble of the vortex 
cavitation is elongated and the tip of the bubble penetrates to the exit of the hole, so the “air-core” is produced 
(Regime C: fully covered vortex cavitation, at r/D=0.070 in Fig. 4).  As results, the spray cone angle reaches 
peak value, and the spray cone angle significantly diminished.  However the sheet cavitation can not be 
appeared any more.  Finally, the bubble of the vortex cavitation becomes short as the needle is located enough 
far from a nozzle center in spite of relatively large spray cone angle (Regime D: partial vortex cavitation, at 
r=0.170 in Fig. 4).   

Numerical Methods 
As mentioned above, spray cone angle is drastically varying with pattern of cavitating flow inside nozzle 

hole, when the needle is radially positioned in the direction perpendicular to both the holes and the nozzle has 
narrow gap between the needle and the seat.  Especially, it seems possibly that the vortex cavitation is likely to 
influence the spray cone angle.  Therefore remaining discussion will focus on the internal cavitating flows at 
the low needle lift of Lh=0.50mm and the azimuthal angle of φ=90o.   

The CFD code STAR-CD version 4.02 has been used for this study.  The code solved the three-
dimensional compressible average Navier-Stokes equations, coupled with the realizable k-ε model [9] as a 
turbulent model.  The simplified Rayleigh’s model was employed for mass transfer which is caused evaporation 
of liquid and condensation of vapor at the surface of cavitating bubbles inside the nozzle.  In addition, the 
simulations were done using Volume of Fluid (VOF) model to capture the formation of an air-core which are 
introduced from the hole exit.   

The simulation was made within a domain shown in Fig. 6.  For computational efficiency, a 45o sector of 
the test nozzle with one nozzle hole was modeled.  Meshes were crated with total of about 1,700,000 cells.  
Particularly, high mesh density was used near the inner wall of the seat, the needle and the nozzle hole.  The 
wall conditions with no-slip boundary conditions for velocity and zero gradient condition for pressure fields 
were imposed.  The inlet pressure of the domain was set as 0.2MPa (gauge), and the outlet (exit of the nozzle  
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hole) pressure of the domain was set as 0MPa 
(gauge) in all cases.  The ejecting liquid was only 
introduced from upside of the domain although the 
flow rate of the liquid from both sides and lower 
side of the domain was set to zero.   

Spray cone angle was calculated as follows: 

S1tan−=θ . (1) 

where  S  is  swirl number which  is numerically              (a)  Map of stream lines 
estimated from the axial and angular momentum of 
flow at the hole exit. 

Numerical Results 
Figure 7 exhibits a map of stream lines and a 

contour map of void fraction which are obtained by 
the numerical simulation.  The map of stream 
linesindicates that ejecting liquid is forced  to flow 
asymmetrically between the seat and needle due to 
displacement of needle as shown in Fig. 7 (a), so 
that the asymmetric flow produces rotating motion 
inside  the  nozzle  hole.   Finally  the  liquid          (b)  Contour map of void fraction 
emerges  from  the exit of  the nozzle hole  to the     Figure 7.  Flow structure inside the nozzle. 
quiescent atmospheric air.   Cavitation bubbles are                (φ=90o, ΔPinj=0.20MPa, Lh=0.50mm,  
apparent at the upperside and center of the hole                    r/D=0.050) 
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Figure 8.  Effect of radial location of needle on cavitating flow and void fraction  

                      inside the nozzle hole.  (φ=90o, ΔPinj=0.20MPa, Lh=0.50mm) 
  
  
entrance while bubbles can not be appeared at the hole exit in the contour map as illustrated Fig. 7 (b).   

Figure 8 exhibits photographs of internal cavitating flow and contour maps of void fraction which are 
numerically obtained at a vertical plane with the hole axis.  Entrance and exit of the nozzle hole are located at 
right-hand and left-hand side of each photograph, respectively.  Although cavitating bubbles are produced in 
the vicinity of the upperside of the hole entrance at two radial locations, r/D=0.0250 and 0.0500, these bubbles 
are located out of the vertical plane to represent contour map.  Thus no cavitating bubbles appear at the 
upperside of the hole entrance in these maps.  Cavitating bubbles, which are obtained by using simplified 
Rayleigh’s model, are appeared near the center of the hole entrance at r/D=0.1000 and 0.1500.  In fact, in the 
regime B, a string-like short bubble, “core” of partial vortex cavitation, is observed at the hole entrance in the 
photograph.  Usually, steady “core” of the vortex cavitation can be formed at the center of a swirling flow 
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where the pressure in the vortex core is often significantly small.  Lower pressure leads to larger spherical 
bubbles and hence higher void fraction in the calculation, while the production of the short “core” is not taken in 
to account for the simulation.   

Atmospheric air is introduced from the hole exit beyond r/D=0.0500, so that the air-core is created inside of 
the nozzle hole.  In contrast to the fully covered vortex cavitation observed experimentally in the regime C, the 
length of air-core gradually increases with increasing the value of the radial location of needle, and finally the 
leading edge of the air-core reaches the needle.  Figure 9 shows comparison of spray cone angle between the 
experimental and numerical results.  The tendency of the predicted spray cone angle agrees well with measured 
up to about r/D=0.090.  It is important to note that the numerical code can predict the peak angle around 
r/D=0.050.  This numerical result indicates that the production of air-core corresponds to the reduction of spray 
cone angle.  However, if the VOF model is not incorporated into calculation, this important result can not be 
obtained. 

Conclusions  
Experimental and numerical results about effects of eccentric location of a needle on internal cavitating flow 

and spray cone angle of a large-scaled valve-covered-orifice (VCO) diesel nozzle are presented.  Especially we 
mainly focus the behavior at relatively low needle lift in this study.   
(1)  When the needle is perpendicularly positioned to the nozzle hole at low needle lift, trend of the spray cone 

angle becomes very complicated one because of four regimes of cavitating flow inside the nozzle hole, in 
addition to the relatively high spray cone angle.   

(2)  Two regimes of primary atomization, the hollow cone spray regime and the solid cone spray regime, can be 
obtained in the same geometric condition explained above.   

(3)  Reduction of spray cone angle of the hollow cone spray is observed experimentally when atmospheric air is 
introduced from the hole entrance and the air-core (fully covered vortex cavitation) is produced inside the 
nozzle hole.   

(4)  The numerical simulation by using the Volume of Fluid (VOF) model can indicate the same phenomena 
represented above.   

Nomenclature 
Cv discharge coefficient 
D diameter of nozzle holes  
L hole length  
Lh needle lift  
lv bubble length of vortex 

cavitation 
r radial location of needle  
S swirl number of internal flow 

of a nozzle hole 
ΔPinj injection pressure 
φ azimuthal angle of eccentric 

needle 
θ spray cone angle 

Figure 9.  Comparison of spray cone angle between the 
experimental and numerical results. 
 (φ=90o, ΔPinj=0.20MPa, Lh=0.50mm) 

Acknowledgements   
The authors would like to thank Dr. T. Sumi for the technical support and comments.  We also wish to 

thank Mr. K. Aoki and Mr. K. Ohnishi for helpful support.   

References 
[1] Renner, G, Koyanagi, K. and Maly, R. R., Proc. the Fourth International Symposium on Diagnostics   

and Modeling of Combustion in internal Combustion Engines (COMODIA 98), pp. 477-482, 1998. 
[2] Fettes, C., Heimgärtner, C. and Leipertz, A., The Fifth International Symposium on Diagnostics and 

Modeling of Combustion in Internal Combustion Engines (COMODIA 2001), pp.54-59, 2001. 
[3] Tsunemoto, H., Ishitani, H., Montajir, R., Hayashi, T., Kitayama, N., The Fifth International Symposium on 

Diagnostics and Modeling of Combustion in Internal Combustion Engines (COMODIA 2001), pp.528-533, 
2001. 

[4] Kim, J. H., Ph. D. Thesis, University of Hiroshima, 2001 (in Japanese). 

0

10

20

30

40

50

60

70

0.00 0.05 0.10 0.15

Experimental

Analysis

Measured

S
pr

ay
 C

on
e 

A
ng

le
   

θ 
   

de
g.

Dimensionless Radial Location of Needle   r/D

Calculated

ΔPinj = 0.20 MPa
φ = 90o

Lth = 0.50 mm



ILASS – Europe 2010 Experimental and Numerical Investigation about internal Cavitating Flow and Primary  
Atomization of a Large-Scaled VCO Diesel Injector with Eccentric Needle 

7 

[5] Liverani, L., Arcoumanis, C., Yanagihara, H., Sakata, I. and Omae, K., Proc. Seventh COMODIA 
International Symposium on Diagnostics and Modeling of Combustion in internal Combustion Engines, 
JSME No.08-202, pp. 453-460. 

[6] Kim, J. H. Nishida, K. and Hiroyasu H., The 7th Internal Conference on Liquid Atomization and Spray 
Systems (ICLASS-'97) Proc., pp. 175-182, 1997. 

[7] T. Oda, S. Kanaike, K. Aoki, Y. Goda and K. Ohsawa, Proc. Of the 12th Annual Conference of ILASS-Asia 
and the 17th Symposium (ILASS Japan) on Atomization, pp.21-26, 2008. 

[8] T. Oda, Y. Goda, S. Kanaike, K. Aoki and K. Ohsawa, Proceedings of the 11th Triennial International 
Annual Conference on Liquid Atomization and Spray Systems, paper number: 132, 2009. 

[9] T. H. Shin, et. al., Computers and Fluids, vol. 24, pp.227-238, 1995. 
  

  



<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


