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Performance Characteristics of R134a Supercritical Heat
Pump
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Abstract: In this paper, cycle performance analysis for heating capacity, compression work and COP of
R134a supercritical heat pump is presented to offer the basic design data for the operating parameters of
the system. The operating parameters considered in this study include superheating degree, pressure and
outlet temperature of gas cooler, compressor efficiency and evaporating temperature in the R134a
supercritical heat pump system. The main results were summarized as follows : Superheating degree,
pressure and outlet temperature of gas cooler, compressor efficiency and evaporating temperature of R134a
heat pump system have an effect on the heating capacity, compression work and COP of this system.
With a thorough grasp of these effect, it is necessary to design the supercritical heat pump using R134a.
The prediction for COP of R134a supercritical heat pump have been proposed through multiple regression

analysis.
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Table 1 Balance equations for each component of

R134a supercritical heat pump

Component Energy Mass
Evaporator(4—1) Q,=m(h, —h,) | = m,
Compressor(1—2) | W=m(h,—h,)/nm, | =m,
Condenser(2—3) Qg =m(h, —hy) =my
Expansion valve(3—4) h, =h, =my
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Table 2 Thermodynamic equations for each state point
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of R134a supercritical heat pump using EES

Evaporator outlet Compressor outlet

Gas cooler outlet Expansion valve outlet

h2_(h2* 1)/77m +h,

P, ={(R134a, T=T,,x=1) |P, = {(R134a, T=T,, ,x=1) P, =P, P, =P,
T, =T, + AT, T, = f(R134A,P =P,,h =h,) | T, = {(R134a,P =P,,h =h,) T, =T,

h,. = {(R134a,P =P,,s=s,)
h, = f(R134a,T=T,,P =P, h, = {(R134a,P =P,, T=T,) h, =h,

s, = f(R134a,T=T,,P=P,) s, = {(R134a,P =P,,h =h,)

s, = [(R134a,P =P,, T="T,) s

Table 3 Performance analysis ranges of Rl134a

supercritical heat pump

R134a

4.5, 5.0, 5.5%,

20, 30, 40%,

0, 10, 20%*,

0, 5, 10%, 15, 20

0.5, 0.6, 0.7%, 0.8, 0.9, 1.0
0.8
0.01

Refrigerant
P [MPa]
Tecout - [T]

T, .1C]
ATy, [C]

Nes [/]

Mo [ /]
My, [kg/s]

6.0, 6.5
50, 60
30, 40
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Fig. 2 Schematic diagram of R134a supercritical

heat pump

AL F7rekanh ol p b SR VM
Zt7] d7 AL (h,) 7t F7hetA AT
=T Azt Frretr] "ot a8 a

7V ENETE AFT] dR(W)S E 13.3%

Al 7= M Rl et B2 g B o R S ) 4 O
2, Pt Mg E 57 27 dEH(h,)7h
F7tete k&7 dAEF A2 AT Frhetr] o
Zolth wtA, 9o A2 RE 2UA Ri34ad
JEFZY ABSASF(COP)E oF D 7.8% A}

Atk ol& A(HEFRE 7t=dz] $EFF S7Hs
Bt} %7 d3F Z71Eo] o #Ar] wEelth =
g, Pt 3SR Tty T Wele =
€ 157CA 180C7HA ¢ 2 16% AE F71sh
Atk ol Pt SV E 47 EES7E(T)
7V 7Vl wiielth. 1Y 302 RE, 7ty

71 47 Bl &=t 150C o) el =&, 90T AL
< Az 83 7hsstE e ST



T,=10[Cl; A T, =5[C]; Ty, .= 40 [C]; m,, = 0.01 [kg/s] 6
N =N, =08
5 r 190
st
e 4 180
g E| 8
% ,///’ 13 °° 170 i
© P é -
3 ///’/ ........................ 2 160
__________ 1 150
e —————
‘ ‘ ‘ ‘ — 110
45 50 55 6.0 6.5
P [ MPa]
COP,,;
................ COP,,
Qc
—_—— Qq
—_————w
______ Tgc
Fig. 3 Performance  characteristics of R134a
supercritical heat pump with respect to

variation of cooling pressure in the gas

cooler

3.1.2 ZL2E9| H&

Fig. 4& 7} %7—}71 ETE5(T,.,, =407C), %
HE(AT,,,=5C), 7t=977] ]
Wol-f-(m,, =0.01 kg/s), 714138
FE(n=08)% =7l /‘1 Zak2
£ Rl134a & z01741 3 E
71 FEFHQ), ¥V

02

ﬁ‘
-
)
o
2
k)

Fig. 4°ﬂ b}E}kﬂ_ ﬁXJE‘j, T, 7} Z71d4= Q
°F 8.9% st o= T7F S7Hgrs
W77 AT AL (h,)7h st 7&%%
A&7 A7 Fashy] dEelth w9, Tt
TGS WOt oF 45.8% H &= 7**8}%{4. °l=
.7 S7bgrs 4571 A7t A=H(h)7h SVt
std 4571 dET AYIARPTE Aash] fielth

Qo] AARRE, 17} 27455 Copy, = 4
(DEFH Q #ago] W dasHT 27] o
of F7bstach 181, b SEFE T
o 82%AE ZasHh ol T7b 27}
F57] ETLE(T)7F A4 dwelth

s

=]
R
R
yE
i
T

6 Toe ou= 40 [CL; & T, =5 [T]; P, = 5.5 [MPa; m,, = 0.01 Tkahs 20
N =Ny, =0.8 -
15 r 190
st
4 180
24 E| B
8 3 o 170 E
(%] ;— -
., 12 k160
__\:\: \\\\\ 41 b 150
2 B S —
. . P— 0 L 140
0 10 20 30 40
T,It]
COP,
................ COP,,
— Q
——— q
—_——w
""" Toc.i
Fig. 4 Performance  characteristics of  Rl134a
supercritical heat pump with respect to
variation of evaporation temperature
3.1.3 LHE9| A
. = _ oy =
Fig. 5& 7t2d47] E7_5(T,,,,~400), 5

25 (T,=107), 7t=¥77] 4P, =55 MPa),
ol f-(m,, =0.01 kg/s), 71AIEE(n,=0.8), L=
BEE(n=0.8)%) =X FAE(AT,,,) WAt o
£ Rl34a& YA SEFZ Ao ZF9| 7pviz}
7] WEEH(Q), &F7] W), B85 AT(COP,)),
vz 7] AT W2 5(T,, )5 WERA Zlolth

Fig. 5914 & & Aol AT, 7} 37HE+E

QE o 32% A= F7IstATh ol AT, 7t F
7%@?% 7t223 77 JF AT (hy) 7t F7H8k
vl 27 JET A-HrE Fher] wEolth
E=3, AT, 7t 7185SE we 9 14.6% B F
743tttk o= P-h A=A AT, 7t S7HE
5 457 47AE9(h,) FHEET E7AET
(hy)® F7H&0] A7) wjZolth

He] A= RE, AT, 7t /HEFE COP,, =
2 (DEFE Q 27 B W Z7h&o] 77
o 7o o 1.2% AE FAasHTh aela, AT

suh
7 FNEEE T, E ok BI%EE S
ol AT, 7t F7HEFE 457 ET2E(T)7t

S7Fst7] 2ol

st =2i7| A Z2ete x| M183 M4z, 2014 8 63



CR134a Hof

olo
B
o

Tooon =40 [CIi T, =10[CI; P,_=55MPal; m_=0.01 [kgis] © [
.=n,=08
5 190
sk
4 180
& 4 E k)
& 3 o 1m€
° - = g .
oS —— 2 I 160
,—”: ______________ 1 150
P ——i—
0 140
0 5 10 15 20
A Tsuh [c]
COP,,
................ corn
Q,
—— q
—_————w
—————— Te.i
Fig. 5 Performance characteristics of Rl34a

supercritical heat pump with respect to

variation of superheating degree

® [ Tyc.0m =40 [TI; T, = 10 [CJ; P,, = 5.5 [MPa]; m,, = 0.01 [kgls] ° [ 20
M, =08 A T, =5[C] [
5 190
st
4 180
B er E B
8 3 c"’ 170 f’
o ;— >
3 2 160
1 150
N
L 0 140
M
Fig. 6 Performance  characteristics of R134a
supercritical heat pump with respect to
variation of compression efficiency
_— =0 =
3.1.4 g5=89 d&
. o 5 Cne =
Fig. 6& 7}2=377] $7L5(T, . =100), &

LE(T=0C), 7F=¥z7] 44(P,=5.5 MPa),
W& (m,, =0.01 kg/s), HLE(AT,,,=07T), 7]
AEE(n,=0.8)% ZANA, AFHEE(n) W
wE Ri34ag ZYA SEFZ Alo]F9| 7l2yy

64 T=EFHI|AFRX| M18H M4z, 2014 8

3 W), ASAF
(COP,), 7F2=WZt7] it Wl 5(T,, )5 e
W Aol

Fig. 691M & & A= ZAAH, 97t S71HE5=
QE o 167% A= a3 ols 47t 7}
S5 Tty ] AT AL (h,)7F A3kt
23zt7] 4ET A=Y AF 7H4sy] wEolth
A g7t SFEEE We oF 40% A=
39tk ol g7t SUMESFE 4EFV] EF AE
T (hy)7t ZA&E] 457 dET dgIHAF
4317] wjioltt.

w3, 7t FHESEE o, E S AREY
B o 38.7% A= Zrleanh T

o)

B>
u
ro
o
)
w —
N
o
b
iy
P>
o]

T AYI(n,) 2 t
At
T,=10[CL; A T, =5[CJ; P, =55 [MPa]; m,, = 0.01 [kg/s] ¢ 2
M = 1y, = 0.8
5 190
st
4 180
£ g 1)
3 (] 170 =
8 g g
; -
3 2 160
1 150
s
‘ ‘ ‘ ‘ PR Y
20 30 40 50 60
Toe, ot [C]
COP,,
................ CcoP,,
— q
——— q,
—_——w
______ TW‘
Fig. 7 Performance  characteristics of  R134a
supercritical heat pump with respect to

variation of outlet temperature in the gas

cooler

3.1.5 7taYy| &7 2E9| g&

Fig. 72 JELXE(T.=10T), FEE(AT,,=
5C), 7t=d747] 4™E(@P,=55 MPa), WujfF
(m,. =0.01 kg/s), 71 A E&(n,=0.8)2 =7NA, 7}
227 ETEE(T,.,,,) WSkl mE Ri34a§
294 J|EFEZ Apo]Ze] vty wEw



(Q), E71 W), AEASG(CoP,,), 7F2=d7t
AT L =(T,.,,)E YERA Zlo]th

Fig. 791 vepd A", 1, 7 SHEEE
£ 727 2 A" (h) SR olsz
°F 21.8% Zastad. =3, T, .7t SHEF
We w3t = WX k] wjEo] 0.825WE
dAstAh 9o AHAERH, T, 7t LT

71

2 CoP,,E 4 (DEHE o 21.7% Z23k9th
L&, Tcout b SRS T, E 1502CE o
g3kt
4. 8 B

R134a& 2A S|EFZ Alo| o] 7}~z
FAF(Q), FE7) LFW), 4%BAS(COP, ), 7
2377 YT B (T, )0 FFE vAE
Zhd 7l Ee,),  FEER(T), HAE=
(AT,..), UFEE@H), 72477 7=
(Tyon) 59 AAEC] DHSIA Table 39 +Hx

oA Am Ryt
1. P, T, AT ps ns

.’:%7"7] u]—gat(Q).i
AT, 7F S7VE

7} Zﬂfﬁé QCL

Tyeon®l Wl T3 7}
AvEd, A4 Pt
Q= F7FHL, T, me Tyeon
askgin
o Py, Tles
%‘*‘5&% AW B, P9k AT, 7 S7H
z7}lakeg W
SHEEE W

T,

e’

AT,

suh >

n
g
z
o

il 4y 3

Tgc.nutg &0]6‘3:0” EH?—]: %
|, 1.9 7t 35S
ATsuh > Tgc,out 7"’ %7}6_‘;-]—

oL

suh> e
SAF(COP, )E AHE
CopP,, = 7k, p,,
T COPhD a3kt
4. 7t2=327) dT W
T, AT, T Tyeou 2
AT, 7t ENEFEE T,
7t S T

7]’ '%'7]'%7‘—1 T

gun‘—

(T, 000 gk Py

AT EH, chg}
s, T.9F g,
ok 28an T, .,
Haglo]l YA

2
I

o
=
375

]F

gc,in -

A

l R
s
o

7

Reference

1. W. S. Bodinus, 1999,

carbon dioxide systems",

"The rise and fall of
In: Will HM, editor.
The first century of air conditioning. Atlanta,
GA: ASHRAE, pp. 29-34.

. B. Donaldson and B. Nagengast, 1994,
and cold: mastering the great indoors",
GA: ASHRAE.

. T. Ebner and H. Halozan, 1994, "Testing the
Aviable Alternative - An Examination of R-134a,
R-152a and R-290", IEA HPC Newsletter, Vol.
12, No. 1, Sittard, The Netherlands.

. EES: Engineering Equation Solver, 2006. fChart

"Heat
Atlanta,

Software Inc.

S| AISHRR| Mg M4, 2014 88 65




<<
  /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 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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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


