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Performance Analysis of a Vapor Compression Cycle Driven
by Organic Rankine Cycle
KYOUNG HOON KIM', JAEYOUNG JIN?, HYUNGJONG KO' "

lDepanment of Mechanical Engineering
’Graduate School, Kumoh National Institute of Technology, 61 Daehak-ro, Gumi, Gyeongbuk, 730-701, Korea

Abstract >> Since the energy demand for refrigeration and air-conditioning has greatly increased all over the world,
thermally activated refrigeration cycle has attracted much attention. This study carries out a performance analysis
of a vapor compression cycle (VCC) driven by organic Rankine cycle (ORC) utilizing low-temperature heat source
in the form of sensible heat. The ORC is assumed to produce minimum net work which is required to drive the
VCC without generating an excess electricity. Effects of important system parameters such as turbine inlet pressure,
condensing temperature, and evaporating temperature on the system variables such as mass flow ratio, net work
production, and coefficient of performance (COP) are thoroughly investigated. The effect of choice of working
fluid on COP is also considered. Results show that net work production and COP increase with increasing turbine
inlet pressure or decreasing condensing temperature. Out of the five kinds of organic fluids considered CsHjo gives
a relatively high COP in the range of low turbine inlet pressure.

Key words : Low-temperature heat source(#]-2 & -¢), Organic rankine cycle(-3-7] 271 A}e]&), Vapor compression
cycle(F714= WEA1E), COP(5 A<), Working fluid(ZHs f+4))

Nomenclature T . temperature, C
7. : condenser temperature, C
COP : coefficient of performance T, : evaporator temperature, C
h : specific enthalpy, kJ/kg T : source temperature, C
P : pressure, bar ATpp : pinch point temperature difference, C
Py : turbine inlet pressure, bar AT, : turbine inlet temperature difference, C
q : specific heat transfer, kJ/kg w : specific work, kl/kg
s : specific entropy, kl/kg-K w,, - specific net work, kJ/kg
x : quality
TCorresponding author : kohj@kumoh.ac.kr e : division flow ratio
[ A5Y 2012731 49 : 2012816 AP : 20121026 ] I¢] : mass flow ratio of working fluid
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. . isentropic efficiency of compressor
m, : isentropic efficiency of pump
, . isentropic efficiency of turbine
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position for R134a
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Fig. 2 Plot of mass flow ratio against turbine inlet pressure for
various condensing temperature
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Fig. 3 Plot of minimum flow division ratio against turbine inlet
pressure for various condensing temperature
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S pol oz e
3l Q1 o] 27151
$52w7} Zhastn
2 27} QolF} 74
1@ Gol dhahA

copP

0.0 ' ' ' ' '
-20 -186 -10

10

Evaporating temperature [°C]

Fig. 8 Plot of COP against evaporating temperature for various
condensing temperature

nk=-ES 527
0.45
0.40 |
0.35 |-
0.30 | &&%wa
0.25 | s
o
Q 0.20 - f f
o Y working fluid
—— R134a
015 | —0—R143a
—4— R22
0.10 |- ——C4H10
—O—NH3
0.05 |-
0.00 L L

60 80 100

Turbine inlet pressure [bar]

Fig. 9 Plot of COP against turbine inlet pressure for various
working fluids

= 37F flo] fAlste] BRIl Y+t oo 7k
SH2LEY] fao] wet &Y w7t SV
2t e At Aol FobAw AE-A7E
FEE Gugbro Eojtel whEt Fig. 2004 Hi
R} Zro] Aehfagn] e o] Wxro] A7]7] o
o &% w,.,,° AZE Mol A7A FHrh
3.3 copr

Fig. 72 olg] 5= tisto] ERl Y- o=

LTyl =

o W COP WSS ehd oIt 2

222 gl Q3 ¢FHo] U3t corel Wl 37
ope 01%—5 Sl Bt o197k 7 ek Fig 3
X 3% ewol tet fapuule] et Ao} 2

) o] Zko] 27 Hwl VOCR Bol7he £l Kol
Z]7] wjof] W2} 8- (cooling capacity)©]| ZFo}A A
COP2] W37} 3A o4A =k

Fig. 8o|Al= of2] § iEc’ﬂ EH;
E COP WH3lE HojZErh &=

S0 tigt coPe H‘]§}7]‘ 3;(] oro. ]*(r)r‘lf—.
fgoll tigh olf7F 78 Ark Fig 38 BH 352
ol met fEFRuuzE 24 G2d of grol A
B VCCR Sol7ke fao] Mojx7| el 2t

A23A A5E 20129 10



528 §7]

working fluid
—0—R134a
—0—R143a
——R22
—<— C4H10
—C—NH3

0.4 |-

copP

3 X X

Evaporating temperature [°C]

Fig. 10 Plot of COP against evaporating temperature for various
working fluids

Gl ZobMA Cope| Wyt A4 A Hoh

Fig. 9o A= of2] 2bs-RAllol sl B9l A+ oF
Sjoll FE COPY| WBkE HolZeh 2t2re] AE0
= ORC-VCC E3JAPo|ZS AR off Zadh 2
A = dA e 277 42 ter] die
of M= thE FEje) T2 Yepdth NH= 7h
=2 U dEelM corE dERfaL 91l
CiHip> W2 91 W 2lollA 7} =2 CoPE UE
Wiz A

Fig. 109]M= 2] 2-sfAlol disl Sz
w2 COPE RolEr) AA Al 1ejzes Siee
7} =& o] COP7} Z7Fsith. 18y} R143a, NH;,

R2E Zurew wWslo] gisl|A CcoP wWalrt ofF 2}
- o= q]ﬂ'l/]'_l_ R134a C4H10——— 5‘:”' —9—E Eﬂ?j’
l 4’6}@ cop Wgl7h 2 208 YERdth

4. 2 E

A9 Wejel 3712
VCC B3t Aol 2ol dis) 84

>> e 9 AeUA e =8

R

2)

3)

YEAtel 2o A B4

s} 2foe COP7} olic.
B QT el wstel oot dmab] Qpelq

A9 Azt o3 A §A] A
o $29 ¥ 9Us
o] 2% RS AHGAS Wl COPE 247}e] ¢
A grel el SRS o) CHol We o
H9lOIA 8 COPS BT,
g J

B o Fegudta st qUos
= gl ch

xned

. V. A. Prisyazhnink, “Alternative tends in devel-
opment of thermal power plant”, Applied Ther.
Eng., Vol. 28, 2008, pp. 190-194.

. K. H. Kim, C. H. Han, K. Kim, “Effects of
ammonia concentration on the thermodynamic
performances of ammonia-water based power
cycles”, Thermochimica Acta, Vol. 530, No. 20,
2012, pp. 7-16.

. W. Nowak, A. A. Stachel, A. Borsukiewicz-Gozdur,
“Possibilities of implementation of a absorption
heat pump in realization of the Clausius-Rankine
cycle in geothermal power station”, Applied Ther.
Eng., Vol. 28, 2008, pp. 335-340.

. D. Manolakos, G. Papadakis, E. Mohamed, S.
Kiyritsis, K. Bouzianas, “Design of an autonomous
low-temperature solar Rankine cycle system for
reverse osmosis desalination”, Desalination, Vol.
183, 2005, pp. 73-80.

. D. Manolakos, G. Papadakis, S. Kyritsis, K.
Bouzianas, “Experimental evaluation of an autonomous
low-temperature solar Rankine cycle system for
reverse osmosis desalination”, Desalination, Vol.
203, 2007, pp. 366-374.

. L. Garciarodriguez, J. Blancogalvez, “Solar-heated
Rankine cycles for water and electricity production
: POWERSOL project”, Desalination, Vol. 212,



10.

11.

7%

ot

2007, pp. 311-318.

. T. C. Hung, S. K. Wang, C. H. Kuo, B. S. Pei, K.

F. Tsai, “A study of organic working fluids on
system efficiency of an ORC using low-grade energy
sources”, Energy, Vol. 35, 2010, pp. 1403-1411.

. A. Delgadotorres, L. Garciarodriguez, ‘“Double

cascade organic Rankine cycle for solar-driven
reverse osmosis desalination”, Desalination, Vol.
216, 2007, pp. 306-313.

. B. F. Tchanche, G. Papadakis, A. Frangoudakis,

“Fluid selection for a low- temperature solar
organic Rankine cycle”, Applied Ther. Eng., Vol.
29, 2009, pp. 2468-2476.

K. H. Kim, “Study of working fluids on
thermodynamic performance of organic Rankine
cycle”, Trans. of the Korean Society of

Hydrogen Energy, Vol. 22, 2011, pp. 223-231.
J. H. Jeong, Y. T. Kang, “Analysis of a
refrigeration cycle driven by refrigerant steam
turbine”, Int. J. Refrigeration, Vol. 27, 2004, pp.
33-41.

- A7)

k- 529

12

13.

14.

15.

16.

. D. W. Sun, “Solar powered combined ejector-vapour

compression cycle for air conditioning and
refrigeration”, Energy Conversion and Management,
Vol. 38, 1997, pp. 479-491.

H. Vidal, S. Colle, “Simulation and economic
optimization of a solar assisted combined ejector-vapor
compression cycle for cooling applications”, Applied
Ther. Eng., Vol. 30, 2010, pp. 478-486.

H. Wang, R. Oeterson, T. Herron, “Design study of
configurations on system COP for a combined ORC
and VCC”, Energy, Vol. 36, 2011, pp. 4809-4820.
T. Yang, G. J. Chen, W. Yan, T. M. Gou,
“Extension of the Wong-Sandler mixing rule to
the three-parameter Patel-Teja equation of state:
Application up to the near-critical region”,
Chemical Engineering J., Vol. 67, 1997, pp. 27-36.
J. Gao, L. D. Li, Z. Y. Zhu, S. G. Ru,
“Vapor-liquid equilibria calculation for asymmetric
systems using Patel-Teja equation of state with a
new mixing rule”, Fluid Phase Equilibria, Vol. 224,
2004, pp. 213-219.

A23A A5E 20129 10




<<
  /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


