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Abstract

The purpose of this study is to develop the nozzle, which is able to obtain the spray with high-dispersion and high-
penetration and to apply the atomization enhancement nozzle developed in this study to an actual Diesel injector. In
this paper, the effects of this atomization enhancement nozzle on atomization of intermittent spray and application to
the actual Diesel injector were investigated. The results show that although the spray tip penetration of the
atomization enhancement nozzle is short, the spread of the spray becomes large significantly compared with the
single hole nozzle and high-dispersion spray was obtained at the intermittent injection.

Introduction

It is important to obtain excellent spray
characteristics and combustion characteristics in order
to reduce fuel consumption ratio and carbon dioxide for
control of global warming. A hole nozzle, which is
used a direct injection Diesel engine, is demanded high-
injection pressure up to about 200 MPa (2000 bar) in
order to obtain excellent spray characteristics.
Moreover, it is necessary to obtain the spray with high-
dispersion and high-penetration. Experimental studies
[1]-[6] concerned with cavitation in the nozzle hole and
atomization of the liquid jet were investigated. The
disturbance of the liquid flow in the nozzle hole due to
occurrence of cavitation has a dominant effect on
atomization of the liquid jet. It has developed the
atomization enhancement nozzle, which the spray
characteristics at relatively low injection pressure of 10
MPa are equal to ones at super-high injection pressure
of 200 MPa [7]. However, since these results were
steady spray, application to the actual Diesel injector
was not clear.

The purpose of this study is to develop the
atomization enhancement nozzle, which is obtained the
spray with high-dispersion and high-penetration.
Moreover, it is to apply the atomization enhancement
nozzle to the actual Diesel injector, and it is to improve
the spray characteristics of a direct injection Diesel
nozzle. In this paper, the effects of the atomization
enhancement nozzle [7], which was invented in the
previous study, on atomization of intermittent spray and
application to the actual Diesel injector were
investigated. The test nozzles were used a single hole
nozzle and the atomization enhancement nozzle. The
effects of geometric shape and dimensions of the
atomization enhancement nozzle such as the hole
diameter, the hole length, the gap diameter made at the
nozzle hole, the bypass number which was connected
between the upstream chamber and the gap on

atomization of intermittent spray and atomization
characteristics were investigated.

As a result, it was cleared that although the spray
tip penetration of the atomization enhancement nozzle
invented in this study is short, the spread of the spray
becomes large considerably compared with the previous
single hole nozzle at the intermittent spray.

Experimental Apparatus and Method

Schematic of the experimental apparatus is shown
in Fig.l. It is consisted of high-pressure pump,
microcomputer for controlling injection time, injection
duration and irradiation time of stroboscope, digital
camera and stroboscope. Light oil for fuel was
intermittently injected under atmospheric pressure
condition at the differential pressure of injection of
Pi=100 MPa, the spray was photographed at the
arbitrary time after start of injection. The injection
duration of fuel was Tj,; =0.9 ms for the hole diameter of
D=0.15 mm, T;;=0.7 ms for D;=0.3 mm, and the
injection amount of fuel is about from 4.5 to 6.9 mg
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Fig.1 Schematic of experimental apparatus



independent of the hole diameters. The spray tip
penetration was measured by images of the spray, which
was photographed by back illumination light method
using a stroboscope, until the maximum time after start
of injection of 1.2 ms at intervals of 0.05 ms and 0.10
ms.

Schematics of the test nozzles are shown in Fig.2,
and specification of the test nozzles is shown in Table 1.
The test nozzles were used a single hole nozzle and the
atomization enhancement nozzle which was invented in
the previous study [7].

Experimental Results and Discussion
Effect of the bypass number on atomization of
intermittent spray and spray tip penetration

The effect of the bypass number on atomization of
intermittent spray and the spray angle are shown in
Figs.3, 4, respectively. The differential pressure of
injection is P;=100 MPa and the time after start of
injection is Tj,;=0.40 ms. As shown in Fig.3, in case of

Table 1 Specification of test nozzles (mm)

Nozzle Types Dimensions
Single Hole D, L D
Nozzle 3.0 0.3 $0.15
n Du Ll Dl
0,1,4 ¢ 3.0 0.3 ¢ 0.15,
Atomization $0.3
Enhancement L, D, L, D,
Nozzle
¢ 0.6,
0.3 $0.8, 0.3,0.9 ¢ 0.3
¢ 1.0
D, Bypass
D=43.0 n$0.1
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Fig.2 Schematics of test nozzles

the bypass number of n=1 and n=4, spread of the sprays
are wide and the sprays atomize compared with the
nozzle without the bypass of n=0. Especially, the
spread of the spray of n=1 is the largest, excellent spray
is obtained. As shown in Fig. 4, the spray angle of the
nozzle with the bypass number of n=1 are larger than
the nozzle without the bypass of n=0 independent of the
gap diameter D,. In case of D,=0.6 mm, the spray angle
of n=1 and n=4 are almost same. In cases of D,=0.8
mm and D,=1.0 mm, the spray angle of n=1 is larger
than one of n=4. From these results, it can be seen that
when the nozzle with the bypass number of n=1 and the
gap diameter of D,=1.0 mm to the hole diameter
downstream from the gap D,=0.3 mm was used, the
high-dispersion spray with the large spray angle is
obtained.

The effect of the bypass number on the spray tip
penetration is shown in Fig.5. The spray tip penetration
of the bypass number of n=1 is the shortest and the
penetration of the spray is weak except of the early
injection. The spray tip penetrations of the nozzles
without the bypass of n=0 and the bypass number of
n=4 become long straightly with a progress in the time
after start of injection. In case of the bypass number of
n=1, although the spray tip penetration becomes long
straightly until the time after start of injection of about

n=0 n=1 n=4
Atomization Enhancement Nozzle, L1=0.3 mm, D1=¢ 0.3 mm,
Lg=0.3 mm, Dg=¢ 1.0 mm, L2=0.3 mm, D2=¢ 0.3 mm,
APi=100 MPa, Pa=0.1 MPa, Ta=300 K, t=0.40 ms

Fig.3 Effect of bypass number on atomization of
intermittent spray
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t=0.6 ms, when the time after start of injection excesses
about t=0.6 ms, increasing rate of the spray tip
penetration becomes small. The spray tip penetration of
the nozzle without the bypass of n=0 is the longest, one
of n=1 is the shortest compared with the same time after
start of injection of t=0.7 ms.

The reasons why the disintegration behaviors of
the sprays and the spray tip penetrations are different by
existence of the bypass and the bypass numbers are
considered as follows. Schematics of the internal flow
in the nozzle hole and the issued spray are shown in
Fig.6. As shown in Fig.6 (a), in case of the nozzle
without the bypass of n=0, hydraulic flip [2], which the
liquid flow in the nozzle hole is separated from the inner
wall of the nozzle hole, occurs in the nozzle hole like
that a single hole nozzle at the atmospheric pressure.
Hence, it is guessed that even though the super-high
injection pressure of 100 MPa, cavitation does not occur
in the nozzle hole and the spray atomizes little at the
intermittent injection. To the contrary, as shown in
Fig.6 (b), in case of the bypass number of n=1, it is
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Fig.5 Effect of hole length downstream
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Fig.6 Schematics of internal flow in nozzle hole
and issued jet

guessed that cavitation occurs in the nozzle hole like
that the steady injection and atomization of the spray is
enhanced due to disturbance of the liquid flow in the
nozzle hole. Therefore, in case of n=1, the spread of the
spray becomes wide and the penetration of the spray
becomes weak, because the momentum toward the
radial direction becomes large compared with the
momentum toward the injection direction.

It can be seen that the bypass number affects
considerably the dispersion and the penetration of the
spray. Although the nozzle with the bypass number of
n=1 is obtained the spray with large spread angle, that is,
high-dispersion spray, the spray tip penetration becomes
short and the spray with high-penetration is not obtained.
To the contrary, in cases of the nozzles without the
bypass of n=0 and the bypass number of n=4, although
the spread angle of the spray is small and high-
dispersion spray is not obtained, the spray tip
penetration becomes long and high-penetration spray is
obtained. From these results, it can be seen that in case
of the nozzle with the bypass number of n=1, although
the penetration of the spray is weak, high-dispersion
spray is obtained.

Effect of the hole length on atomization of
intermittent spray and spray tip penetration

The effect of the hole length downstream from the
gap; simply called the hole length on atomization of
intermittent spray is shown in Fig.7. As shown in Fig.7
(a), in case of the bypass number of n=1, the spread of
the spray of the shorter hole length of L,=0.3 mm is
large considerably compared with L,=0.9 mm, the spray
atomizes significantly. As shown in Fig.7 (b), in case of
the bypass number of n=4, the spread of the spray of
L,=0.3 mm is slightly large compared with one of
L,=0.9 mm, the hole length is little affected to
atomization of intermittent spray.

The effect of the hole length on the spray angle is

Bypass Bypass

Lomm 0.3 0.9 0.3 0.9
P=100 MPa, P,=0.1 MPa, T;,;=0.7 ms, t=0.40 ms
(a) Bypass number n=1 (b) Bypass number n=4

Fig.7 Effect of hole length downstream from gap
on atomization of intermittent sprays



shown in Fig.8. The spray angle of the nozzle without
the bypass of n=0 becomes large a little, one of n=1
becomes small with an increase in the hole length L.
The spray angle of the bypass number of n=4 are almost
same values independent of the hole length L,.
Moreover, in case of the nozzle with the bypass number
of n=1 and the shorter hole length of L,=0.3 mm, the
spray angle is the largest, in case of the nozzle without
the bypass of n=0, the spray angle is the smallest.

The effect of the hole length on the spray tip
penetration is shown in Fig.9. As shown in Fig.9 (a), in
case of the bypass number of n=1, the spray tip
penetration of the hole length of L,=0.9 mm becomes
long straightly with an passage in the time after start of
injection. Moreover, when the time after start of
injection excesses about t=0.5 ms, the spray tip
penetration of L,=0.9 mm is longer than one of L,=0.3
mm, high-penetration spray is obtained. As shown in
Fig.9 (b), in case of n=4, the spray tip penetrations are
almost same length and are long independent of the hole
length L,, high-penetration sprays are obtained.

It is considered that even though the grade of the
disturbance of the liquid flow at both the gap and the
nozzle hole upstream from the gap are different by the
bypass number, the liquid flow in the nozzle hole
downstream from the gap is commutated due to the
longer hole length. Therefore, in case of the longer hole
length, it is guessed that behaviors of the liquid flow
vicinity of the exit of the nozzle hole are almost same,
the bypass number is little affected to the spray tip
penetration.  Moreover, it is considered that the
disturbance of the liquid flow caused by occurrence of
cavitation at the inlet of the nozzle hole is reduced at the
nozzle hole downstream from the gap. Therefore, the
nozzle with the longer hole length is little affected to
geometric shapes and dimensions of the nozzle hole.

Moreover, the reasons why the spray tip
penetration of the hole length of L,=0.3 mm becomes
short compared with the nozzle of L,=0.9 mm are
considered as follows. It is guessed that the disturbance
of the liquid flow, which is caused by collapse of
cavitation bubbles, occurred in the nozzle hole
downstream from the gap. In case of the nozzle of
L,=0.3 mm, the disturbance of the liquid flow strongly
affects to the issuing spray. To the contrary, in case of
the nozzle of L,=0.9 mm, it is guessed that the
disturbance of the liquid flow in the nozzle hole
downstream from the gap reduces and the disturbance
little affects to the issuing spray. Therefore, it is
considered that the momentum of the spray toward the
injection direction is larger than the momentum toward
the radial direction and the spray tip penetration
becomes long.

From these results, it can be seen that the hole
length downstream from the gap strongly affects to
atomization of the spray and the spray tip penetration.
Moreover, it can be seen that although the penetration of
the spray is weak, high-dispersion spray is obtained,
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Fig.9 Effect of hole length downstream
from gap on spray tip penetration

using the nozzle with the bypass number of n=1 and the
shorter hole length of L,=0.3 mm.

Effect of the hole diameter on atomization of
intermittent spray and spray tip penetration

The effect of the hole diameter upstream from the
gap; simply called the hole diameter on the spray angle



is shown in Fig.10. In case of the bypass number of n=1,
the spray angles are almost same values independent of
the hole diameter. In cases of without the bypass of n=0
and the bypass number of n=4, the spray angle, which
the hole diameter is small of D;=0.15 mm for the hole
diameter downstream from the gap of D,=0.3 mm,
becomes large. Moreover, the spray angle of n=1 is the
largest and one of the nozzle without the bypass of n=0
is the smallest.

The effect of the hole diameter on the spray tip
penetration of the nozzle with the bypass number of n=1
is shown in Fig.11. The spray tip penetrations become
long in proportion to the time after start of injection
until about t=0.4 ms independent of the hole diameters.
When the time after start of injection excesses about
t=0.4 ms, the spray tip penetration of D;=0.3 mm
becomes longer than one of D;=0.15 mm, penetration of
the spray becomes strong.

Comparisons of dispersion and penetration of the
spray of the single hole nozzle and the atomization
enhancement nozzle

The disintegration behaviors of the intermittent
sprays at the arbitrary time after start of injection are
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Fig.11 Effect of hole diameter upstream
from gap on spray tip penetration

shown in Fig.12. Figure 12 (a) is the single hole nozzle
and Fig.12 (b) is the atomization enhancement nozzle.
As shown in Fig.12, the spread of the spray of the
atomization enhancement nozzle is wide considerably at
all the time after start of injection, compared with the
single hole nozzle. Moreover, although the spray tip of
the single hole nozzle are not photographed within the
observation sight at the time regions of which the time
after start of injection excesses t=0.25 ms, it seems that
the spray length of the single hole nozzle become long
compared with one of the atomization enhancement
nozzle. The spray length of the single hole nozzle
becomes long in proportion to the process of the time
after start of injection.

The comparisons of the spray angle and the spray
tip penetration between the single hole nozzle and the
atomization enhancement nozzle are shown in Figs.13
and 14, respectively. As shown in Fig.13, the spray

t ms 030 0.35 0.40 0.45 0.50

(a) Single hole nozzle

0.45 0.50

(b) Atomization enhancement nozzle

S. H.N. : L=0.3 mm, D=0.15 mm
A.E.N.:n=1, L;=0.3 mm, D;=0.15 mm,
D,=1.0 mm, L,=0.3 mm, D,=0.3 mm,
P=100 MPa, T;;;=0.9 ms

Fig.12 Effect of geometric shape of nozzle
on atomization of intermittent spray
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angle of the atomization enhancement nozzle is large
independent of the hole diameters upstream from the
gap D;. As shown in Fig.14, the spray tip penetration of
the single hole nozzle becomes long in proportion to
progress of the time after start of injection. The spray
tip penetration of the atomization enhancement nozzle
becomes long straightly until the time after start of
injection of about t=0.3 ms. When the time after start of
injection excesses about t=0.3 ms, the increasing rate of
the spray tip penetration becomes small. The spray tip
penetrations of the atomization enhancement nozzle
become short significantly as mentioned before,
compared with one of the single hole nozzle at the time
regions of which the time after start of injection
excesses about t=0.3 ms.

From these results, it can be seen that the spray tip
penetrations of the atomization enhancement nozzle are
short and the spread of the spray of one becomes wide
considerably, compared with the single hole nozzle. It
was cleared that although atomization of the spray of
the atomization enhancement nozzle is improved
significantly, the spray tip penetration of one becomes
short, the penetration of the spray is weak.

Conclusions

(1) The bypass number strongly affects of dispersion
and penetration of the spray. In case of the bypass
number of n=1, although penetration of the spray is
weak, the spray angle becomes wide and excellent spray
is obtained.

(2) In case of the nozzle with the bypass number of n=1
and the shorter hole length of L,=0.3 mm, the spray
angle is the largest. Moreover, in case the nozzle with
the longer hole length, the spray tip penetration
becomes long and penetration of the spray becomes
strong.

(3) In case of the bypass number of n=1, the spray angle
are almost same values independent of the hole diameter
upstream from the gap. In cases of the nozzle without
the bypass of n=0 and the bypass number of n=4, the
spray angle of the nozzle with the smaller hole diameter
of D;=0.15 mm for the hole diameter downstream from
the gap of D,=0.3 mm becomes large.

(4) Although the spray tip penetration of the atomization
enhancement nozzle is short compared with the single
hole nozzle and penetration of the spray is weak, the
spread of the spray of the atomization enhancement
nozzle is considerably large and atomization of the
intermittent spray is improved.

References

1. Bergwerk, W., Flow Pattern in Diesel Nozzle Spray
Holes, Proc. Inst. Mech. Eng., Vol. 173, No. 25,
(1959), pp. 655-660.

2. Hiroyasu, H., Arai, M. and Shimizu, M., Break-up
Length of a Liquid Jet and Internal Flow in a Nozzle,
Proc. Fifth International Conference on Liquid
Atomization and Spray Systems, (1991), pp.275-282.

3. F. Ruiz, A Few Useful Relations for Cavitaing
Orifices, Proc. Fifth International Conference on
Liquid Atomization and Spray Systems, (1991), pp.

595-602.

4. Soteriou, C., Andrews, R. and Smith, M., Direct
Injection Diesel Sprays and the Effect of Cavitation
and Hydraulic Flip on Atomization, SAE Technical
Paper, No. 950080, (1995), pp. 27-52.

5. Chaves, H, Knapp, M., Kubitzek, A., Obermeier,
F. and Schneider, T., Experimental Study of
Cavitation in the Nozzle Hole of Diesel Injectors
Using Transparent Nozzles, SAE Technical Paper,
No. 950290, (1995), pp. 645-657.

6. Badock, C., Wirth, R., Kampmann, S. and Tropea,
C., Fundamental Study of the Influence of Cavitation
on the Internal Flow and Atomization of Diesel
Sprays, Proc. Thirteenth Institute for Liquid
Atomization and Spray Systems-Europe, (1997), pp.
53-59.

7. Tamaki, N., Shimizu, M. and Hiroyasu, H.,
Enhancement of the Atomization of a Liquid Jet by
Cavitation in a Nozzle Hole, Afomization and Sprays,
Vol. 11, No.2, (2001), pp. 125-137.




<<
  /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


