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Figurel (Color online) The experimental saturation pressure of R1234ze(Z). (a) The datain present work; (b) the data from different literatures
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Tablel The experimental saturation pressure of R1234ze(Z) obtained by low temperature setup

TK) p (MPa) TK) p (MPa) TK) p (MPa) T(K) p (MPa)
243.152 0.0161 257.150 0.0338 271.152 0.0627 285.150 0.1111
245.148 0.0180 259.150 0.0372 273.150 0.0684 287.150 0.1199
247.148 0.0202 261.150 0.0410 275.150 0.0745 289.150 0.1292
249.153 0.0225 263.150 0.0450 277.150 0.0809 291.150 0.1391
251.153 0.0250 265.150 0.0483 279.150 0.0879 293.150 0.1497
253.150 0.0278 267.154 0.0529 281.150 0.0949 295.150 0.1608
255.155 0.0307 269.152 0.0576 283.150 0.1027 297.150 0.1726

F2 HRERIESNEHRI234zeZ) MR ERITESBEIE
Table2 The experimental saturation pressure of R1234ze(Z) obtained by high temperature setup

T(K) p (MPa) T (K) p (MPa) T (K) p (MPa) T (K) p (MPa)
288.072 0.1243 289.682 01318 291.479 0.1409 303.150 0.2106
288.245 0.1251 289.757 0.1323 291.582 0.1420 313.150 0.2908
288.348 0.1254 289.978 0.1327 293.587 0.1527 323.150 0.3918
288.523 0.1264 290.062 0.1338 296.758 0.1701 333.150 0.5174
288.651 0.1268 290.256 0.1347 297.141 0.1726 343.150 0.6713
288.949 0.1282 290.506 0.1355 297.473 0.1747 353.150 0.8593
289.077 0.1201 290.569 0.1360 297.722 0.1758 363.150 1.0821
289.187 0.1296 290.765 0.1374 297.994 0.1768 373.150 1.3491
289.299 0.1303 291.132 0.1390 299.208 0.1853
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Figure 2 (Color online) The deviations of pressures calculated by

Antoine equation, Wagner equation and Refprop. (a) The absolute devia-
tion; (b) the relative deviation
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Figure 3 (Color online) The relative deviation of pressure from litera-
tures and data calculated by Wagner equation
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Table3 Theregressed parametersin Helmholtz equation, Wagner equation and Antoine equation

TiEL I RIE A S5
3 i 1 2 9
a —0.0988 —6.8639 -5.0867
4 i 2 3 4 21
a —-7.8924 3.3578 -3.5514 —205.54
5 i 2 3 7 20 21
EN —7.586 1.298 -5.333 4011 -5838
6 i 2 3 5 19 20 21
8 —7.6792 1.7980 —2.4976 -15209 46831 -36302
7 i 2 5 12 13 15 16 17
a -7.3871 7.3430 —27998 102726 —471871 731570 —344020
a a a3 a
Wagner
-7.6351 1.5169 -3.5972 2.9746
. A B C
Antoine
3.33632 1117.76 248.567
P s 15}
O y=0.0293-7.22611x 1.0
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2 2 il
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Figure4 (Color online) The reduced pressure in relation to the inverse
reduced temperature
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Figure5 (Color online) The relative deviation of pressure from differ-

ent literatures and data calculated by Wagner equation and Helmholtz
equation (N=3, 4,5, 6, 7)
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Saturation pressure measurement and correlation of
cis-1,3,3,3-Tetrafluoropropene at temperatures
ranging from 243.152 to 373.150 K

ZHUO KeFan™?, ZHAO YanXing', DONG XueQiang', GONG MaoQiong" & WU JanFeng*

! State Key Laboratory of Technologies in Space Cryogenic Propellants, Technical Institute of Physics and Chemistry, Chinese Academy of Sciences,
Beijing 100190, China;

2 Zhongguancun High School, Beijing 100086, China

* Corresponding author, E-mail: gongmg@mail.ipc.ac.cn

R1234ze(Z) (cis-1,3,3,3-Tetrafluoropropene), with the 10 d atmospheric life time and <1 global warming potential (GWP)
value, has been investigated in refrigeration, heat pump, organic rankine cycle and other fields in recent years. In the
work, some fundamental information about R1234ze(Z) was provided. At the same time, many researchers had
investigated the heat transfer characteristic and frictional pressure drop of R1234ze(Z) for both the condensation and
evaporation. The heat transfer coefficients of R1234ze(Z) are much higher than those of all the other refrigerants now
used in heat pump application while the frictiona pressure drop of R1234ze(Z) was a little higher than that of the
conventional refrigerants. In conclusion, R1234ze(Z) is a very potential low-GWP and low-flammable refrigerant with
high hesat transfer coefficient while its frictional pressure drop is higher than conventional refrigerants. In this work, the
saturation pressures of cis-1,3,3,3-tetrafluoropropene were investigated using two different apparatuses at temperatures
rangingfrom 243.152 K to 373.150 K. The uncertainties of the temperature and pressure were less than + 5 mK and +
0.0007 MPa for one setups, and were less than + 5 mK and + 0.0005 MPa for another. The experimental data were
compared with Fedele, Higashi, Katsuyuki and Refprop 9.1. Good agreements were found among them with the
maximum deviation of 0.0016 MPa, and the maximum relative deviation of 1.07% comparing to Refprop 9.1. Using
Antoine equation, Wagner equation and Helmholtz equation, the expermental data were regressed, and the average
absolute relative deviation of the pressure are satisfactory. The relative deviation of the pressure were higher at lower
temperature than that at higher temperature, due to the very low pressure at lower temperature. In the end, the Helmholtz
equation was analyzed with various number of terms to regress the experimental data. An approximate linear correlation
between the reduced pressure and the inverse reduced temperature was found by analyzing the dominant factor in the
terms of the Helmholtz equation. The Helmholtz equation of three terms were good enough to represent the saturated
vapor pressure of R1234ze(Z), and to get the best result, five terms were recommended in Helmholtz equation. The
average absolute relative deviations of the pressures calculated by Wagner equation and Helmholtz equation with five
terms are 0.3105% and 0.2813%, respectively.

R1234ze(7), saturation pressur e, deviation, Wagner equation, Helmholtz equation

doi: 10.1360/N972016-00615

2697




<<
  /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 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


