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Abstract

The screech tone from jet Mach number 1.18 is numerically calculated from the initial stage. A fourth-order opti-
mized compact scheme and fourth-order Runge-Kutta method are used to solve the 2D axisymmetric Euler equation.
Pulse jet problem with Mach number 1.56 is solved to validate the present method. Not only two important compo-
nents of generating screech tones, shock cell structure and vortices, but also the transient behavior of the screech tone
are investigated at the initial stage. Additional time is necessary to generate periodic screech tone after formation of
shock cell structures. As time goes on, the location of the vortex generation becomes fixed near the nozzle exit, which
is farther downstream initially, and the screech tone becomes periodic. The FFT results of three different periods are
compared. It is observed that the component of lower frequency is dominant at the beginning, and the component of the
screech tone becomes dominant as time increases. It can be concluded that the screech tones can be also numerically

reproduced at the initial stage with the present inviscid method.
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1. Introduction

When supersonic jet flow is generated, jet noise is
also generated from the jet flow. Supersonic jet noise
has clear directivity patterns depending on the noise
component. Supersonic jet noise consists of three
principal components: turbulent mixing noise, broad-
band-shock-associated noise, and screech tones [1].
Turbulent mixing noise radiates downstream due to a
large-scale turbulence structure as a supersonic Mach
wave. Shock-associated noise and screech tone pro-
pagate upstream due to shock cell structure, which are
only generated by an under-expanded jet. Shock-
associated noise is produced by the interaction be-
tween a shock cell and a vortex, whereas screech tone
is produced by a feedback loop near the nozzle exit.

For over fifty years, research on screech tone has

“Corresponding author. Tel.: +82 42 869 3756, Fax.: +82 42 869 3710
E-mail address: essence@kaist.ac.kr
DOI 10.1007/512206-007-1210-7

been conducted via experimental and theoretical
methods. Numerical simulations have been widely
used recently because numerical computation has
become so powerful. One of the common methods is
turbulent modeling [2, 3]. The other method is direct
numerical simulation (DNS) [4]. Large eddy simula-
tion (LES) [5] is another method which can simulate
jet noise numerically. However, the characteristics of
screech tone and its transient behavior at the initial
stage have not been investigated by either experi-
ments or numerical simulations. So, additional inves-
tigations on when the screech tone begins to be gen-
erated and how the screech tone becomes periodic are
necessary.

In this work, an underexpanded supersonic jet with
Mach number 1.18 is numerically calculated from the
initial stage to investigate the transient behavior of the
screech tone after validation of present method. For-
mation of shock cell structures and generation of vor-
tices are observed. The formation process of jet flow,
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such as shock cell structures and vortices, and the
FFT results of three different periods at the initial
stage are compared to understand the generation of
the screech tone noise from the beginning of the jet
flow. Additionally, the variation of the screech tone
wavelengths with respect to jet Mach number is in-
vestigated and compared with other results.

2. Governing equations and numerical
methods

In this work the Euler equation is used and no ef-
fect of viscous flow is considered. All the governing
equations of motion for the axisymmetric inviscid
flow are:
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To accurately simulate a screech tone, the flow
near the nozzle exit should be simulated correctly and
the wave, which propagates upstream with relatively
small amplitude, should be analyzed precisely. Hence,
to successfully analyze a screech tone, the CAA
method (computational aeroacoustics), which has
high-resolution and high-order is used. In this work,
fourth-order OHOC (optimized high-order compact)
[6, 7] schemes for the evaluation of spatial derivatives
and the fourth-order Runge-Kutta scheme for integra-
tion in time are used. The adaptive nonlinear artificial
dissipation model [8] is also used to remove un-
wanted numerical dissipation. Generalized character-
istic boundary conditions [9] and absorbing layer,
which is shown as gray thick line along the boundary
in Fig. 1, are used as the time-dependent boundary
conditions to prevent unwanted non-physical reflec
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Fig. 1. Schematic view of computational domain and bound-
ary conditions.

tions around the computational boundaries. Fig. 1
shows the entire computation domain schematically.
The domain consists of three sub-domains. The nu-
merical domain extends 50 times the nozzle exit di-
ameter in the x direction and 30 times the nozzle exit
diameter in the y direction. The total number of grid
points is about 100,000 including absorbing layer,
and grid points are condensed around the nozzle exit
both in the x and y directions.

Initially, the whole computational domain is set to
ambient flow conditions and the supersonic inflow
condition at the nozzle exit is specified as follows
[10] with the use of ideal gas isentropic relations:
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In this research, 7, is equal to 1, because only cold
jet condition is considered in this work.

3. Numerical results

3.1 Validation of present method

Using the numerical algorithm described earlier,
we have numerically simulated the pulse jet problem.
Through the analysis of pulse jet problem, the motion
of first produced unsteady Mach disk and the position
of the first generated vortex are investigated. A pulse
jet is generated from a shock tube; the pressure ratio
of the shock tube is 8.7 and its Mach number is 1.56.
Fig. 2 shows two instantaneous density contours of



I C. Lee and D. J. Lee / Journal of Mechanical Science and Technology 22 (2008) 819~826 821

4r 1st shock

Barrel shock

Vortex-induced shock

T
S
e
2k
2’@‘ Reflected shock
1€ N
||
ol B . ;_11(=D' 1 1 L
Y Xu 2 * Xtem) 8 8
(@) t=97us
5
aF
aF
£
2
>-2 Xy
1
0 e " ! ,
0 2 X(cm) 6 8
(b) t=291 ps

Fig. 2. Instantaneous density contours of M=1.56 pulse jet at
two different times.

the M=1.56 pulse jet and introduces main jet struc-
tures.

To see if the first unsteady Mach and the first vor-
tex are numerically simulated properly, the diameter
of the unsteady Mach disk (D), the axial distance of
the unsteady Mach disk (Xy), the axial coordinate of
the first vortex (Xy), and the radial distance of the
first vortex (Yy) described in Fig. 2 are calculated and
compared with experimental and numerical results
[11] and other numerical result [12]. Ishii et al. solved
Euler equations and Kim solved the Navier-Stokes
equation. Fig. 3 shows the diameter and the axial
distance of the unsteady Mach disk, and Fig. 4 shows
the position of the first generated vortex. Results of
the Mach disk in Fig. 3 are shown only up to t=150<
10 sec since the unsteady Mach disk disappears to
make the first shock cell. First shock cell and an ex-
pansion wave are generated after t=150<10° as
shown in Fig. 2. Present results show a good agree-
ment with experimental data and other numerical
results. It seems that the numerical algorithm de-
scribed earlier can properly simulate the flow motions
at the initial stage.
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Fig. 3. Diameter and axial distance of unsteady Mach disk
with respect to time generated from a pulse jet of pressure
ratio 8.7 (M=1.56).
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Fig. 4. Axial coordinate and radial distance of first vortex
with respect to time generated from a pulse jet of pressure
ratio 8.7 (M=1.56).
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3.2 Formation of shock cell structures

Fig. 5 shows the instantaneous density contour of a
Mach number 1.18 near the nozzle exit. It is observed
that shock cells are formatted and vortices are being
generated from the mixing layer of supersonic jet
flow.

The formation of shock cell structures is observed
from the initial stage. Fig. 6 shows the instantaneous

Fig. 5. Instantaneous density contour for jet Mach number
1.18.
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pressure contour near the nozzle exit with respect to
non-dimensional time. The first shock cell is format-
ted due to the barrel shock and the reflected shock,
defined in Fig. 2(a) after the generation of vortex.
They are also observed in Fig. 6(a). In Fig. 6(b), the
second shock cell appears at about x/D=0.8 and the
reflected shock propagates to the farther downstream.
They seem to be overlapped since the propagation
speed of the first generated vortex is different from
the speed of shock cell formation. The speed differ-
ences between vortex propagation and shock cell
formation are observed more clearly in Fig. 6(c) and
(d). In Fig. 6(f), four shock cells are observed at t=11;
however, the outline of the fourth shock cell is not so
clear compared to outlines of first three shock cells.
This is because the strength of the shock cell weakens
as the number of shock cells increases.

Fig. 7 is a pressure signal measured at one point of
the nozzle exit plane (x/D=0, y/D=0.889) shown as a
star (¥) in Fig. 5 to investigate the noise charac-

0

(f) formation of 4™ shock cell (t=11)

Fig. 6. Observation of shock cell structure formation with respect to non-dimensional time (t = 2~11) by instantaneous pressure

contour.
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teristics of the screech tone at the initial stage. The
shock cell structures, which are the main source of
supersonic jet noise, are formatted at =11 or marked
as ‘t,’ in Fig. 7. The pressure signal becomes periodic
after t=60 and this periodic signal is the pressure sig-
nal of the screech tone. So it can be concluded that the
screech tones are not generated just after the forma-
tion of shock cell structure and additional time is nec-
essary after the formation of shock cell structures to
generate periodic noise propagating upstream, or
screech tone.

s TH =200y | T2 (N=258) T2 (258
; 1
i  Tegeiey |
} 108
E 1 ,\I‘N\M—-\.— AAALANANANS AANSAS
3
E aes
=
(-1
o 5 :

=
Morrdimanaional ime
Fig. 7. Pressure signal measured at one point (x/D=0,
y/D=0.889) of nozzle exit plane for jet Mach number 1.18.
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3.3 Generation of vortices and instability waves

Another important component for generating
screech tone is vortices since the screech tone is gen-
erated by the interaction of shock cells and vortices.
Fig. 8 shows the instantaneous density contour at six
different non-dimensional times at t=10, 20, 30, 40,
60, and 80. At t=10 in Fig. 8(a), the first generated
vortex is observed and the second vortex is generated.
To understand the transient motion of vortices, per-
turbations of the mixing layer from t=20 to t=80 are
observed (dashed box in Figs. 8(b)-(f)). Up to t=40,
the perturbation of the mixing layer begins around
x/D=2 or so and a vortex is generated after x/D=2 as
shown in Fig. 8(d). However, as time increases, it is
observed that the perturbation of the mixing layer
begins around x/D=1.5 and the vortex is generated
before x/D=2, dashed circle in Figs. 8(e) and (f),
which can be also observed at Fig. 5(a). It can be
concluded that the distance between the location of
vortex generation and the nozzle exit, which is in the
farther downstream initially, becomes shorter as time
increases. The distance is fixed at t=60 and the pres-
sure signal becomes periodic.
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T
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Fig. 8. Instantaneous vorticity contour with respect to non-dimensional time.
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Fig. 9. Instantaneous pressure contours with adjusted contour level (0.99<p/p,<1.01) for jet Mach number 1.18 at two different

non-dimensional times.

(a) =20 (in period T1)

(b) t=40 (in period T2)

(c) t=80 (in period T3)

Fig. 10. Visualization of noise propagation (0.99<p/p ,<1.01) of Mach number 1.18 jet at three different non-dimensional times.
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Fig. 11. FFT results for various time periods.

To observe the reduction of the distance, the instan-
taneous pressure contours at two different non-
dimensional times at t=20 (generating transient tones)
and at t=80 (generating periodic tones) are compared.
An adjusted level (0.99<p/p,<1.01) is applied in the
figure to observe the jet noise, of which amplitude is
only 1 percent or 0.1 percent of ambient pressure. Fig.
9(a) is the instantaneous pressure contour at t=20.
Several waves propagate upstream, which are not
periodic. Some part of each wave hits the nozzle exit

150

FFT from t=60 (N=4096)

ﬂ”w\,n‘n

0.5
Non-dimensional frequency

(b) FFT result for longer period T4 (N=4096)

900 1.5

plane and the mixing layer is perturbed due to the
sound wave at the nozzle exit plane. This causes an
increase of the instability of the mixing layer. It
changes the location of vortex generation in Fig. 8. As
time increases, the location of vortex generation is
adjusted and fixed. If the location of vortex genera-
tion is fixed, the location of interaction between shock
cells and vortices is also fixed, so the waves become
periodic as shown in Fig. 9(b). This is the screech
tone feedback process.
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To investigate the generation and the transient be-
havior of the screech tones, three non-dimensional
time periods, T1, T2, and T3, are chosen as shown in
Fig. 7. The instantaneous density contours with ad-
justed contour level (0.99<p/p,<1.01) at three differ-
ent non-dimensional times, t=20 (in period T1), t=40
(in period T2), t=80 (in period T3), are shown in Fig.
10 to observe the noise propagation. Fig. 11(a) shows
the results of Fast Fourier Transform (FFT) for three
time periods for more quantitative investigation. At
each period, 256 data are used for FFT. The sampling
ration is 0.075 non-dimensional time so the non-
dimensional sampling frequency is about 13.3. The
non-dimensional Nyquist frequency is about 6.67 and
the non-dimensional frequency resolution is about
0.052. The dashed-dot-dot line is the FFT result of
early period (T1), the dashed line is the FFT result of
middle period (T2), and the solid line is FFT result of
later period (T3).

In the early period (T1), the first shock of the pulse
jet is observed and the waves of long wavelength are
observed in Fig. 10(a). The non-dimensional fre-
quency of these waves is about 0.25 as shown in Fig.
11(a) (dashed-dot-dot line). In the middle period (T2),
the waves propagating upstream and downstream, or
the screech tones and the Mach waves are observed;
however, they are neither periodic nor regular. The
wavelengths of the screech tones are not regular as
shown in Fig. 10(b). The spectral characteristic of the
irregular screech tones is shown as a dashed line in
Fig. 11(a). The amplitude of non-dimensional fre-
quency equal to 0.25 becomes smaller and the ampli-
tude of non-dimensional frequency equal to 0.60 be-
comes larger. And the component of non-dimensional
frequency equal to 0.50 also becomes larger. In the
later period (T3), the screech tones and the Mach
waves become periodic as shown in Fig. 10(c). In Fig.
11(a), it is observed that the component of non-
dimensional frequency equal to 0.50 becomes small
and the higher frequency component of non-
dimensional frequency equal to 0.60 is dominant.
This means that the screech tone becomes regular in
period T3, which was not regular in period T2 since
the location of vortices generation is fixed after t=60
as shown in the earlier observation (Fig. 8).

To obtain more quantitative characteristics of
dominant component after t=60, a longer period is
selected for FFT. The longer period, which is shown
as T4 in Fig. 7, begins at t=60, and 4096 data are ac-
quired with the same sampling frequency of T1, T2

and T3 and the non-dimensional frequency resolution
is about 3.26><10°. So the result of T3 has 16 times
higher resolution than that of T1 or T2. Fig. 11(b) is
the result of FFT for the longer period T4. The non-
dimensional frequency of the dominant component,
screech tone, is about 0.617 so its non-dimensional
wavelength is about 1.62, since the non-dimensional
wavelength can be obtained from equation (4). And
the amplitude of screech tone is about 142 dB.
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Since it is known that the axisymmetric screech
tone is generated when the jet Mach number is
smaller than 1.20 [13], two additional jet Mach num-
bers 1.12, 1.15 are selected and the non-dimensional
wavelengths are obtained after performing the nu-
merical simulations at those jet Mach numbers. The
non-dimensional wavelengths are obtained from the
FFT of 4096 data with same sampling ratio and fre-
quency resolution of T4. Fig. 12 shows the non-
dimensional wavelength variation of axisymmetric
screech tone with respect to Mach number. The pre-
sent result shows a good agreement with experimental
results [13]. Another numerical result [2] shows an
over-predicting trend (other mode) up to jet Mach
number 1.18. It can be concluded that the present
inviscid method simulates the axisymmetric screech
tone properly and shows the generation of screech
tone from the initial stage.

4. Conclusions

In the present research, we simulate an axisymmet-
ric screech tone from M=1.18 jet flow from the initial
stage with the help of a high-order, high-resolution
computational aeroacoustics (CAA) scheme. To vali-
date the developed program, traces of the unsteady
Mach wave and the first vortex of jet Mach number
1.56 at the initial stage are compared, and the result
shows a good agreement with other results. The tran-
sient behavior of the screech tone is investigated at
the initial stage for the first time. Formation of two
important components for generating screech tones
(four shock cell structures and vortices generation)
are also observed with respect to time. Shock cells are
formatted at t=11. However, additional time is needed
to generate the periodic screech tone. The location of
vortex generation is fixed after t=60 and the pressure
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vy : Specific heat ratio
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a, : Speed of sound propagation
X direction

Y direction

Density

Velocity in x direction
Velocity in y direction
Pressure

Reservoir temperature
Total internal energy
Frequency of screech tone
Wavelength of screech tone

NT =R DR o=

~

~ N0

(2]

(9]

H. Shen and C. K. W. Tam, Numerical simulation
of the generation of axisymmetric mode jet screech
tones, ATAA Journal 36 (10) (1998) 1801-1807.

Y. S. Kim and D. J. Lee, Acoustic properties asso-
ciated with nozzle lip thickness in screeching jets,
Journal of Mechanical Science and Technology 21
(5) (2007) 764-771.

J. B. Freund, Acoustic sources in a turbulent jet: a
direct numerical simulation study, AIAA/CEAS
Aeroacoustics Conference and Exhibit, Bellevue,
WA, (1999) 1-13.

C. Bogey, C. Balilly and D. Juve, Computation of
the sound radiated by a 3-D jet using large eddy
simulation, AIAA/CEAS, Aeroacoustics Confer-
ence and Exhibit, Lahaina, HI, (2000) 2000-2009.

J. W. Kim and D. J. Lee, Optimized compact finite
difference schemes with maximum resolution,
AIAA Journal 23 (5) (1995) 887-893.

J. W. Kim and D. J. Lee, Implementation of bound-
ary conditions for optimized high-order compact
scheme, Journal of Computational Acoustics 5 (2)
(1997) 177-191.

J. W. Kim and D. J. Lee, Adaptive nonlinear artifi-
cial dissipation model for computational Aero-
acoustics, AIAA Journal 39 (5) (2001) 810-818.

J. W. Kim and D. J. Lee, Generalized characteristic
boundary conditions for computational Aeroacous-
tics, AIAA Journal 38 (11) (2000) 2040-2049.

[10] P. Jorgenson and C. Loh, Computing axisymmetric

jet screech tones using unstructured grids, 38th

AIAA/ASME/SAE/ASEE Joint Propulsion Confer-
ence and Exhibit, Indianapolis, Indiana, (2002)
ATAA-2002-3889.

[11] R. Ishii, H. Fujimoto, N. Hatta and Y. Umeda,

Experimental and Numerical Analysis of Circular
Pulse Jets, Journal of Fluid Mechanics 392 (1999)
129-153.

[12] Y. S. Kim, Analysis of radiated noise from internal

duct flow and external jet using high-resolution
schemes, Ph.D. thesis, KAIST (2001).

[13] M. K. Ponton and J. M. Seiner, The effects of noz-

zle exit lip thickness on plume resonance, Journal
of Sound and Vibration 154 (3) (1992) 531-549.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


