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Abstract

A test apparatus was set up to investigate the turbulent flows and flow induced vibrations in a
fluid-conveying pipe containing a CANDU 43-element simulation fuel bundle. The fuel bundle
is immersed in test pipe of 4-inch in diameter. A centrifugal pump circulates fresh water with a
maximum velocity of 9 m/s at full pump power. The pressure fluctuation near the inner surface
of the flow channel was measured at various locations using a pressure transducer and a data
acquisition system. It was found that the turbulence away from the test section containing the
simulation fuel bundle is largely caused by the pipe flow of high Reynolds number; the
turbulence near and inside the bundle structures is the result of pipe flow and fluid-solid
interactions. The measurements of pressures near the fuel bundle structure showed that the power
spectral density (PSD) of pressure fluctuation has a frequency range of 1-300 Hz, and a
normalized maximum pressure range of 0.04 to 0.05 times dynamic pressure. The effects of
bundle angular alignments and subchannels on the pressure spectra, Strouhal number range, and
streamwise pressure drop are also investigated in this paper. Results presented in this paper are
useful in validating the computational models for flow-induced fluid forces that cause the fuel
bundle structure to rock and fret.

1. Introduction

Pressure fluctuation is the main source of periodic loads acting on wall surfaces of
structures interacting with turbulent flows, and of great importance in a variety of fluid-solid
interaction (FSI) studies in nuclear industry. While a lot of research has been done in this area,
there are still unanswered questions. The large-scale low-frequency turbulence is responsible for
the fluid-solid interaction and is more noted as it represents the frequency range close to the
natural frequencies of the solid object. On the other hand, the high-frequency turbulence is also
important because it identifies the turbulent kinetic energy transfer rate of the system.

Turbulent wall pressure in pipe flows has been extensively studied in the literature.
Clinch [1] measured the pressure spectra in a fairly quiet water tunnel and obtained the
relationship between the bulk flow velocity and the root mean square of the turbulent pressures,
and also the pressure spectra versus strouhal number. Blake et al. [2] used microphone arrays to
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examine the turbulent boundary layer. Bull [3] presented a thorough review of findings related to
both mean square pressure amounts and frequency analysis of turbulent wall pressure. Curling et
al [4,5] studied experimentally the turbulent flows in a twelve-rod bundle flow, but in a
magnified system. Yang et al. [6] produced valuable turbulent measurements in bundle flow with
the focus on turbulent heat transfer.

In this paper, the pressure fluctuation in a 43-element simulation bundle is measured
using pressure transducer and data acquisition system. The purpose of the present work is to
produce experimental spectral results for bundle flows with a focus on effects of longitudinal
locations and Reynolds numbers. The measurements have been produced using the test rig
shown in Fig.1. A centrifugal pump circulates water in a piping system. The bundle is immersed
in the axial direction of the flow. A miniature pressure transducer is flush-mounted on the inner
surface of the pipe. By changing the pump frequency, various flow rates were generated and the
corresponding pressure signals and turbulence frequencies were measured. Results presented in
this paper are in agreement with those available in the literature for turbulent frequencies.

2. Experimental apparatus

A centrifugal pump and piping system shown in Fig.1 is used to circulate water at
different velocities. The mass flow rate of the system is obtained from the pressure differences
and pump frequencies using the pump specifications diagrams. The pressure along the piping
system is measured using pressure gauges at various locations. The system can be pressurized up
to 60 psi, and run at a maximum pump frequency of 30 Hz. Figure. 2 shows the bundle geometry,
flow direction, and bearing pads locations on the bundle in different views. A strain gauge type
miniature pressure transducer is flush-mounted on the inner surface of the pipe at different
locations. The transducer is connected to an IMC CRONOS-PL data acquisition system with a
full bridge module. Special care has been taken to ensure that the surface of transducer perfectly
flushes with the water flow. The transducer has a sensitivity of 1.1x10” volt/Pa, and a noise to
signal ratio of 2%.
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Fig. 1 Test rig: Centrifugal pump, piping system, and the bundle in axial flow
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Fig. 2 Bundle geometry: a) Flow direction, and b) Bundle cross-section

3.1 Pipe flow measurements

The wall pressure signal was measured first for the case of pipe flow without bundle, and
was compared with the results of Clinch [1] for validation. The flow measurements in a turbulent
flow system are subjected to not only the turbulence induced fluctuations, but also the structure-
born excitations and acoustic noise of the system. The structure-born excitations are largely
caused by the rotational unbalance of the pump blades at a frequency equal to the rotational
speed. The acoustic pressure pulsations are caused by the oscillatory pressure at the pump outlet
at a frequency equal to the pump rotational speed multiplied by the number of vanes. Proper
isolations may be used to reduce structure-born excitations. While affording such a system may
demand a large amount of time and expenses, an alternative can be the signal processing.
Separation of pipe vibrations [7] and two-point cross correlation [8] by the coherence methods
were used to eliminate the unwanted signals forced to the system. In the present work, pressure
signals are filtered using a low-pass filter in order to eliminate the effects of structure-born and
noise signals. Table.1 shows values of different parameters used in the experiments.

Table. 1 Flow characteristics for different pump frequencies and corresponding flow velocity

S, (Hz) U (m/s) d (m) Re Re_
12 3 0.1016 3x10° 1290
17 4.1 0.1016 4.1x10° 1708
22 5.54 0.1016 5.54x10° 2239
27 7.01 0.1016 7.01x10° 2767

Figure. 3 shows the original pressure signal with reference to the mean pressure. The pressure

p

signal has been non-dimensionalized with respect to the dynamic pressure, i.e.,p = 2007
yo,
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The power spectral density of pressure is non-dimensionalized using Jp = where ¢, is

the power spectral density of pressure (mean square per unit bandwidth).
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Fig. 3 Wall pressure fluctuations and spectrum in pipe flow: a) Non-dimensionalized pressure
fluctuations, normalized by the mean value of pressures versus time, b) Non-dimensionalized
power spectral density of pressures versus Strouhal number plotted in a logarithmic scale

The PSD of pressures has been averaged using a quadratic filter and plotted versus Strouhal
number in Fig.4 for different Reynolds numbers. Since Strouhal number is used, the plots for
different Reynolds numbers are relatively the same. The previous experimental result by Clinch
[1] has been used to make comparisons. Figure 5 shows another comparison made about root
mean square of pressures for different Reynolds numbers. From both Fig.4, and Fig.5 it is
obvious that the present pressure signals are stronger than those previously measured by Clinch
[1]. As aforementioned in this report, extraneous low and high frequency noises always affect the
signal from different sources such as components of pipe and pump vibrations, and pump
acoustics. As a result, the amplitude of the signal is higher than the real pressure signal
amplitude. In the next section, the signal is filtered and is focused in the frequency range of
interest in order to tackle the problems caused by irrelevant noises. As will be revealed later, by
focusing on a low-frequency range a lot of undesirable noises can be filtered out and the pressure
signal quality can be improved. This paper focuses mainly on comparisons of bundle flow wall
pressure amounts in different longitudinal locations, and using proper filters have proved to be
useful to achieve our goals.
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Fig. 4 Comparisons of non-dimensionalized power spectral densities of pressures
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3.2 Filtered pressure signals

While high-frequency turbulence is always important when studying the kinetic energy
transfer, lower frequencies are more important from dynamical point of view as they are closer to
the dominant frequencies of the structures .i.e. bundles, pipes etc.

Low pass filter can be used to filter out the high frequency large-amplitude signals. The
cut-off frequency was obtained after carefully studying the signal and recognizing the extraneous
noises and associated frequencies. Abraham et al. [9] used different cut-off frequencies for
different Reynolds numbers in a water tunnel. A constant cut-off frequency of 100 Hz is used in
this paper to make comparisons that are more sensible over a wide range of flow velocities.
Figure.6 shows the pressure fluctuations and PSD after the signal is filtered. From the
comparison between Fig.3, and Fig.6 it is obvious that the signal amplitude has been reduced by
about 50% and the large-amplitude noise spikes have been removed from the PSD.

(a) ()

0 5 10 15 3 2 -1 0
Time () log(3t = £d/TN
Fig. 6 Filtered pressure signal and spectrum: a) Non-dimensionalized pressure fluctuations

normalized by mean value of pressures versus time, b) Non-dimensionalized power spectral
density of pressure versus Strouhal number plotted in a logarithmic scale

Figure. 7 shows the non-dimensionalized power spectral density of pressures versus frequency
plotted in a logarithmic scale for the four different Reynolds numbers. The effect of noises still
has damaged the PSD in the form of peaks, especially in higher Reynolds numbers shown in Fig.
7. The turbulent frequencies seemed to be dependent on Strouhal number as shown in Fig.4.
From the results obtained by Clinch [1], others available in literature, and the present report, it is
known that the dominant turbulent frequency lies within the range of 0.5<St<I. The pressure
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measurements are in agreement with this criterion. The frequencies are shown in Table.2 for
different Reynolds numbers.

Table. 2 Turbulent frequencies for different Reynolds numbers in the pipe flow

Reynolds no 3x10° 4.1x10° 5.54x10° 7x10°
Frequency (Hz) 32.34 36.03 50.44 62.85
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Fig.7 Non-dimensionalized power spectral density of pressure versus frequency in a logarithmic
scale: 1) Re =3x10’,2) Re =4.1x10°, 3) Re =5.54x10°, 4) Re=7x10’

3.3 Bundle flow measurements

The wall pressure fluctuations in the presence of fuel bundle are measured in this study.
The sensor locations and position of the bundle inside the pipe are shown in Fig.8. The
longitudinal locations are shown in terms of pipe diameter (d). Figure.9 shows the PSD of
pressures plotted for one location and different upstream Reynolds numbers. The PSD of
pressures in different locations and Reynolds numbers are shown in Fig.10.
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Sensor locations

Fig. 8 Bundle position inside the pipe and longitudinal locations of the pressure sensor (left),
and cross sectional view of the fuel bundle inside the tube (right)
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Fig. 9 Averaged PSD of the pressures in bundle flow versus frequency plotted in a linear scale,
for different upstream Reynolds numbers: 1) Re =3x10°,2) Re =4.1x10°, 3) Re=5.54x10°, 4)
Re=7x10’
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Fig. 10 PSD of pressures for the bundle flow at different longitudinal locations
a) Re =3x10°,b) Re =4.1x10°, ¢) Re =5.54x10°,
d) Re=7x10’

From Fig.9 and comparison with Table. 2, it can be known that the dominant frequencies in the
presence of bundle are lower than frequencies in the case of pipe flow at the same upstream
Reynolds numbers. While low-frequency signal still affected the PSD, dominant frequencies are
definitely recognizable in the averaged PSD and follow the expected pattern i.e. increase with
fellow velocity or Reynolds number as PSD amplitudes do. In Fig. 10, PSDs are plotted for
different Reynolds numbers and different longitudinal locations as illustrated in Fig.8. As shown
in Fig. 10, the PSD amplitude is decaying with axial distance. This phenomenon is better
pronounced in higher Reynolds numbers. Curling et al [4] reported same behavior, but in the
same paper, they reported a reverse pattern in other circumpherential locations and showed that
turbulence development depends on the gap size and energy transfer rate, and consequently the
PSD amplitudes can increase or decrease with axial distance depending on the circumpherential
position. The dominant pattern in the present experiment is what has been shown in Fig. 10
apparently because of the presence of numerous subchannels in the simulation bundle.
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4. Conclusions

Turbulent pressure fluctuations beneath the turbulent boundary layer on the wall surface
of a pipe have been measured and analyzed in this paper. The pipe flow measurements were
conducted to make comparisons with the available data in literature and validate the
experimental procedure. Once the validity was obtained, the measurements were taken in the
presence of a 43-element simulation bundle.

Pipe and pump vibrations and the acoustic noise generate large-amplitude extraneous
noises. Normally, special measures such as use of sound absorbers and suspension systems are
taken to provide a quiet structural-born-vibration-free system. In this paper, low-frequency
digital filters were used instead to tackle the problem. However, the measured signal amplitude
still is higher than the expected value although the measured turbulent frequency is in agreement
with the Strouhal range given in the literature. By adding the bundle, the turbulence was
somehow damped and the dominant frequencies decreased compared with the case of pipe flow
without bundle at same upstream Reynolds numbers. The main finding of this study is the pattern
shown in Fig 10, where a decrease in PSD amplitude is observed in the longitudinal direction.
This phenomenon was also reported in [4] but was ruled out when the experiment was repeated
in different azimuthal directions showing that the turbulence development depends on the gap
size and azimuthal location. Although fairly same results were obtained in the present
experiment, the pattern shown in Fig. 10 was observed in most of the azimuthal locations.

5. Nomenclature

d = Pipe diameter (m)
U = Centerline flow velocity (m/s)
p = Density (Kg/m”)
p = Pressure (Pa)
, =1/2pU?= Dynamic pressure (Pa)
p = p/ p, = Non-dimensionalized pressure

¢,= Power Spectral Density of pressures (Pa * /Hz)
9,

Ud

= Non-dimensionalized Power Spectral Density of pressures
P

4, =
f = Turbulence frequency (Hz)
S, = Pump blades passing frequency (Hz)

Re = Reynolds number
Rez_ = Reynolds number based on the friction velocity

St = f.d/U= Strouhal number

10 of 11



29th Annual Conference of the Canadian Nuclear Society June 1-4, 2008
32nd CNS/CNA Student Conference Marriott Eaton Centre, Toronto, Ontario

6. References

[1] Clinch, J. M., “Measurements of the Wall Pressure Field at the Surface of a Smooth-
Walled Pipe Containing Turbulent Water Flow”, J. Sound Vib., Vol.9, Iss.3, 1969,
pp-398-419.

[2] Blake, W. K., and Chase, D. M., "Wavenumber-Frequency Spectra of Turbulent
Boundary Layer Pressure Measured by Microphone Arrays", Journal of the Acoustical
Society of America, Vol. 49, No. 3, Part 2, 1971, pp. 862-876.

[3] Bull, M. K., “Wall-Pressure Fluctuations Beneath Turbulent Boundary Layers: Some
Reflections on Forty Years of Research”, Journal of Sound and Vibration, Vol.190, Iss.3,
1996, pp.299-315.

[4] Curling, L. R., and Paidoussis, M. P., “Measurements and Characterization of Wall-
Pressure Fluctuations on Cylinders in a Bundle in Turbulent Axial Flow; Part 1: Spectral
Characteristics”, Journal of Sound and Vibration, Vol.157, Iss.3, 1992, pp.405-433.

[5] Curling, L. R., and Paidoussis, M. P., “Measurements and Characterization of Wall-
Pressure Fluctuations on Cylinders in a Bundle in Turbulent Axial Flow; Part 2:
Temporal Characteristics”, Journal of Sound and Vibration, Vol.157, Iss.3, 1992, pp.435-
499.

[6] Yang, S. K., Chung, M. K., and Chung, H. J., “Measurements of Turbulent Flow in
Axially Finned Rod Bundles”, Experimental Thermal and Fluid Science, Vol.5, 1992,
pp-828-837.

[7] Kudashev, E. B., “Methods of Near-Wall Pressure-Fluctuation Measurements in the
Presence of Vibration” Journal of Fluids and Structures, V19, 2004, pp.1129— 1140.

[8] Curling, L. R., Gagnon, J. O. and Paidoussis, M. P., “Noise Removal From Power
Spectral Densities of Multicomponent Signals by the Coherence Methods”, Mechanical
Systems and Signal Processing, V.6, Iss.1, 1992, pp.17-27.

[9] Abraham, B. M. and Keith, W. L. “Direct Measurements of Turbulent Boundary Layer

Wall Pressure Wavenumber-Frequency Spectra” ASME Journal of Fluids Engineering,
1998, Vol.120, pp.29-39.

11 of 11



	Abstract
	1. Introduction
	2. Experimental apparatus
	3.1 Pipe flow measurements
	4. Conclusions
	5. Nomenclature
	6. References


<<
  /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


