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Abstract: An operation temperature of Pb(Zr, Ti)Os based piezoelectric ultrasonic flowmeter was generally

restricted to below 200°C due to a low depoling temperature of its ceramic material.

Thus, a new

designed piezoelectric ultrasonic flowmeter was fabricated in order to protect from the extremely hot fluid.

Its structure is optimized by a finite element method to effectively stop heat flowing along a waveguide.

Various materials such as Cu, Al, SUS were examined as a multi-plate radiation shield to enhance the

performance of piezoelectric ultrasonic flowmeter. The SUS was evaluated as the most effective material

to enhance the performance of piezoelectric ultrasonic flowmeter. As the number of plates of the radiation

shield increased, the temperature at piezoelectric transducer away from the hot fluid was constantly

decreased with a ratio of 3.12°C per the plate number.
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Fig. 1. Model of symmetric structure.
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Fig. 2. Result of transient analysis by temperature.
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Table 1. Properties of materials.
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SUS | 7830 1% 03 152 498 09 | 1400-1420
Al | 8930 10 0343 365 365 015 860.37
Cu | 8930 10 0343 210 900 005 [10832-1083.6
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Fig. 3. FEM model designed ANSYS.

Table 2. Result of simulation by condition.

Dista  Thick .
Radius Plate Length Temp. .
nce ness Material
(mm)  Num. (mm) ()
(mm)  (mm)
#1 10 7 50 265.6 SUS
#2 10 4 50 295.7 SUS
#3 5 01 5 7 50 294.0 SUS
#4 ' 10 9 50 243.1 SUS
#S 10 9 100 135.7 SUS
#6 10 9 50 225.9 Cu
#7 - - - - 100 233.0 SUS
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Fig. 4. Result of transient analysis by temperature.
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Table 3. Result of displacement by simulation.
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Table 4. Result of displacement by calculation.
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Fig. 6. Newly designed piezoelectric ultrasonic flowmeter.
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Fig. 7. Result of harmonic analysis.
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Fig. 8. The produced ultrasonic flowmeter.
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Fig. 9. Measuring equipment of temperature of the
ultrasonic flow meter for high temperature.
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Fig. 10. Results of temperature with changing of the
various materials.
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Fig. 12. Resonance frequency of ultrasonic flowmeter.

HAe =u#e] Ao, ®
BAE R, FFHor Zudel deol= 715 mm,
wade] Aee 170, $E#e] YHE 5 mmE A
Akt

Al WA AES] AE Bt A A, 400T
O] ZEE 22X w9t AUtElA S W HE AR &=
9= eEE 100C X2 Wde @ 2% 7
g7t ofg- gdEEs A

REFERENCES

[11 Y. R. Noh, Journal of Acoustical Society of Korea,
12, 72 (1993).

[2] S. Y. Hwang, Characteristics of the flowmeter market
in 2007 (Control & Instrumentation, Korea, 2007), p.
11.

[3] J. L. Hong and S. C. Lee, KIEE, 6, 131 (2002).

[4] I. S. Choi, H Y. Chun, J. O. Kim, and I. S. Kim,
Journal of Acoustical Society 22, 545
(2003).

[5] H. H. Law, P. L. Rossiter, G. P. Simon, and J.
Unsworth, J. Mater. Sci., 30, 4901 (1995).

[6] D. Q. Xiao, J. G. Wu, L. Wy, J. G. Zhu, P. Yu, D. M.
Lin, Y. W. Liao, and Y. Sun, J. Mater. Sci., 44, 5408
(2009).

of Korea,




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


