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An Experimental Study on the Effects of Operating Variables
on the Cooling and Heating Performance of Geothermal Heat Pump

'
Keun-Sun Chang , Hee-Jeong Kang
Department of Mechanical Engineering, Sunmoon University, Chungnam 336-708, Korea
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ABSTRACT: In this research, an experimental study is performed to investigate the effects of
system operating variables on the cooling and heating characteristics of heat pump system using
geothermal heat source and carbon dioxide as a refrigerant. System variables analyzed include
compressor frequency, electronic expansion valve opening, refrigerant charge, secondary fluid
temperature and flow rate. Results show that optimum refrigerant charge and electronic expansion
valve opening position exist at the maximum point of COP curve, and both cooling and heating
capacity increase but COPs decrease with the increase of compressor frequency. The change of
a secondary fluid temperature leads to variation of overheat area and enthalpy difference in the
evaporator and gas cooler. which again results in considerable variations of cooling and heating
capacity and COP. In the case of effects of secondary water fluid flow rate, both cooling capacity
and COP increase with the increase of secondary flow in evaporator or gas cooler, whereas heating
capacity and COP decrease with the increase of flow rate in gas cooler.

Key words: Geothermal heat pump(*x€ €3 3), Carbon dioxide(¢]4Fs}Er4), Cooling and

heating performance(W'¢% d5), COP(35A)

J &5 M o9 P %9 (pressure) [MPa, bar]
Q £ [W]
COP  :A%AF w w4 [W]
G c 4 [kl/kg - K]
h s g [k]/kel ag|a ZAt
k AP E AS [Wm - K]
m A e [kg/s] p : W% (density) [kg/m3]
W : A A5 (viscosity) [kg/m - s]
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AR outdoor Heat Exchanger
~ Cooling Mode : Gas Cooler Indoor
- Heating Mode : Evaporator

4 way Valve

Expansion Valve
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Internal Heat
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Indoor Heat Exchanger
- Cooling Mode : Evaporator
- Heating Mode : Gas Cooler

o

Fig. 1 Schematic diagram of test equipment.
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Fig. 2 Schematic diagram of heat exchanger
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Table 1 Specification of heat exchangers
o Size
Parameters| Specification Length

set 1| set 2a | set 2b
0.D. [mm] 25.4 | 19.05 25.4
Heat LD. [mm] 4
exchanger 2 m
A Number of
inside tube [eal 8 8 12
OD. [mm] [19.05| 19.05 254
Heat
exchanger ID. [mm] 4 2 m
B Number of
inside tube [eal 8 8 12
0O.D. [mm] 19.05
Internal
heat LD. [mm] 4 1m
exchanger| Number of 3
inside tube [eal]
Table 2 Operation conditions
Range
Parameters Cooling Heating
mode mode
Compressor frequency [Hz] 30~45 30~45
EEV opening [%] 18~24 14~20
Refrigerant charge [g] 2000~ 2600 2400
Gascooler inlet temperature of N -
secondary fluid [C] A~ 2%6~34
Gascooler inlet mass flow rate
of secondary fluid [I/min] 16~24 13~21
Evaporator inlet temperature of _ _
secondary fluid [C] 13~21 8~16
Evaporator inlet mass flow rate _ _
of secondary fluid [1/min] 13~21 9=
2(b)= W+ Lﬁﬁl A8 Weiv e m A
g2 o7} o@o R sewE Aselr)
Table 2= ¥ L?‘J ARAZAE vEbd slo= A
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Fig. 3 Variation of cooling capacity and
COP for refrigerant charge.
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—o—2200g Compressor frequency : 40 Hz
EEV opening : 20 %

T T T T T T
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Enthalpy [kJ/kg]

Fig. 4 Variation of P-h for refrigerant charge.
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—m— Cooling capacity [W] at 20%, 2400 g
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Fig. 7 Variation of COP, cooling and heating
capacity for compressor frequency.

10 T
10°c
8 4
‘©
o
=
> 6 4
5
@
o
o
4 4
Compressor frequency
—-0=-30 Hz
—o0—35Hz Refrigerant charge : 2400 g
24 - 2= 40Hz EEV opening : 20 % 4
- 45Hz
T T T T T T T T \I \
100 200 300 400 500
Enthalpy [kJ/kg]
(a) Cooling mode
10 T ‘ T \ T T T
[ T
8 .
‘T
o
=
o °] i
3
17
13
Qo
o
4 .
Compressor frequency |
—-0=-30 Hz
—o—35Hz Refrigerant charge : 2400 g
2 - a- 40 Hz EEV opening : 20 % 4
- 45 Hz
T T T T T T T J T \I \
100 200 300 400 500
Enthalpy [kJ/kg]
(b) Heating mode
Fig. 8 Variation of P-h, for compressor

frequency.



568

o
fl

Fig. 8(a)%} Fig. 8(b)= 2tz Wb &4 A o=
7] FI Wste] & P-hd %55 YERd ol
Fig. 8(a)oll A WA Al Fa47 S7tedss |
n Aol Srlste] 7] EEYE S EE2
=7F S7betal, b=l ddtE ) ddeerh 3
Adke AS ## & 4 dnh Fig. 8w ded
Al Fokrt SV s Aol SUkekal WA
WE oy U] S 2= ASHA HA
A& AUHA SF57] dde] 27t
ZolA 7] witel] 457 EESH Y EEET 5
7VebAl Wi bs7] Aol e HATE &

34 2% 7 2= A 7 HEto ofFt I

COopP

Cooling and heating capacity [W]

Cooling and heating capacity [W]
Compressor work [W]

Fig.

. 1 o6 = -
Fig. 9% 27 4] £Ewatol up2 Wby 43
= = =

2 UhEbl Zlolth o] Aol A Wik mE
7500 — —m— Cooling capacity [W] at 20%, 2400 g 6.0
—o— Heating capacity [W] at 16%, 2400 g
e, 0 COP 56
7000 |-
o 452
/ T~g = n
= 6500 | O / H48
i~ D/ . 44
g o— / - 4.
6000 -
5 . 1+°°8
g | R ET I
£ 5500 |- ——— [ L
§ . - 132
5000l O Q- B 128
424
1500 1 " 1 " 1 " 1 " 1 " 1 " 1 " 2.0
8 10 12 14 16 18 20 22
0
T2nd, eva_in [ C]
(a) Variation of T2nd, eva_in
7500 —| —m— Cooling capacity [W] at 20%, 2400 g 52
—o— Heating capacity [W] at 16%, 2400 g ’
@ -0- COP
7000 14
L D .
| . g da4

6500 -

6000 -

u
1
w
o
d00

5500 132
m) 128
o
1500 L L L L L L L 24
20 2 24 26 28 30 32 34

T2nd,gc7in ['C]
(b) Variation of Tond, gein
9 Variation of COP, cooling and heating
capacity for Tond, evain and 7®nd, gein.

W TS 2400 g, 457 FIE 40 Hz= 1A
3}l EEV /=& Wk 20%, G 16% = 7213819
22} A 2= W % =41 Table 29 veRY

[e)
=
sgeEe Wi §% % COPYL FEd 7

A 227t ST FE S
COP7} 7% & zHAsta 7

BN
= AL BES A ol 27 FA 42T
S/HETE SV EERES WAHE Sus
7} Z7rske] g uAsh gaskgly] watol, COP
T U4F7 By AsoR Qs dEurt st
71w o]t

Fig. 10°l= 224 A £ Wste] w2 Wd &
ZF 5 COPE ettt SU7]5 23 #§4 frgo
SHEFE SV Fuer VIR 4F7] BEEY
BRI R LR w7 A5EA ol Fuby

6800 — —®— Cooling capacity [W] at 20%, 2400 g 52
—0o— Heating capacity [W] at 16%, 2400 g
6700 -| ---m-- ---0-- COP
-48
S 6600 D/D /l ]
2 6500 [ - a4
) /
o = 6400 |- u|
8 % ] 440
2 £ 6300 |- /
£ (@]
=2 le)
§ % 6200 |- = - e W .m 3670
2 g0k e e
g T 432
23
§ 1900 |- e ve
O qg0} BT ’
1700 L 1 1 1 1 L 2.4
8 10 12 14 16 18 20 22
m2nd, eva_in [len]
(a) Variation of my,q e in
7000 —m— Cooling capacity [W] at 20%, 2400 g 52
[| —o— Heating capacity [W] at 16%, 2400 g i
6800 - | ~W--, 0~ COP
Has8
= 6600 [
£
2 6400 |- n u L Y
8 o— ) -
gfezoo- D\.\D\D ‘o
gg 6000 |- o 1" o
§ 2 ss00 - 16 9
<9 e W L]
Tase00F | R
© g n- 432
26 5400 -
©
o
© mp oot raen ] 2
1800 1 L 1 L L 1 2.4
12 14 16 18 20 22 24
m2nd, gc_in [llmln]
(b) Variation of m g 4
Fig. 10 Variation of COP, cooling and heating

CapaCIty for m?nd, eva_in and m?nd, gein-



—

(@

o] F = 7] el g
3 QojubA rob W
7hshe] COPE 3

AT Ao] A4
| ol =N o

of W X&= ggkol] sk AHAT 569

. Choi, J. M., Kang, S. H., Choi, J. H., Lim, H.
J., Moon, J. M., Kwon, Y. S., Kwon, H. J., and
Kim, R. H., 2009, Verification Experiment of a
Ground Source Multi-Heat Pump at Cooling
Mode, Korean Journal of Air—Conditioning and
Refrigeration Engineering, Vol. 21, No. 5, pp.
297-304.

. Standard for Equipment Inspection(New and
Renewable Energy)-Water—to-water Heat Pump
Unit, NR GT 101 : 2008, KEMCO.

. Kim, Y. L. and Kim,, S. C,, 2008, A Study on
the Improvement of the Heating Performance
of the Ground Source Heat Pump Using CO2
as a Refrigerant, J. of Industrial Technology,
KITECH, Vol. 18, pp. 73-86.

. Neksa, P., Rekstad, H., Zakeri, R., Schiefloe,
P., 1998, CO2-heat pump water heater : char-
acteristics, system design and experimental re-
sults, Int. Journal of Refrigeration, Vol. 21, No.
3, pp. 172-179.

. Cho, H. H., Ryu, C. G. and Kim, Y. C., 2005,
Experimental Study on the Cooling Performance
of a Variable Speed CO2 Cycle with Internal
Heat Exchanger and Electronic Expansion
Valve, Korean Journal of Air-Con ditioning
and Refrigeration Engineering, Vol. 17, No. 3,
pp. 209-215.

. Cho, H. H,, Ryu, C. G., Lee, H. S. and Kim,
Y. C,, 2005, Experimental Study on the Varia—
tion of the Optimal Charge with cycle option
in the CO2 Refrigeration, Proceedings of the
SAREK, pp. 398-403.

. Lee, E. C, Baek, C. H,, Kang, H., Kim, Y. C,,
Cho, H. H. and Cho, S. W., 2009, Experimen—
tal Study on the Performance of a CO2 Heat
Pump Water Heater, Korean Journal of Air—
Conditioning and Refrigeration Engineering,
Vol. 21, No. 6, pp. 367-372.

. Chen, Y., Gu, J., 2005, The Optimum High
Pressure for CO2 Transcritical Refrigeration
System with Internal Heat Exchanger, Int.
Journal of Refrigeration, Vol. 28, No. 8, pp. 1238-
1249.



570

9.

10.

11.

12.

13.

o
fl

Qureshi, T. Q. and Tassou, S. A., 1996, Vari-
able speed capacity control in refrigeration sys-—
tem, Applied Thermal Engineering Vol. 16, No.
2, pp. 103-113.

Ha, J. H, Kim, Y. C. and Choi, J. M., 1999,
Experimental study on the superheat control
of the variable speed heat pump, Proceedings
of the SAREK Winter Annual Conference, pp.
527-533.

Cho, H. H,, Ryu, C. G, Kim, Y. C., and Sim,
Y. H., 2005, Effects of Refrigerant Charge Amo—
unt on the Cooling Performance of a Trans-—
critical COz2 Cycle, International Journal of
Air-Conditioning and Refrigeration Enginee—
ring, Vol. 17, No. 5, pp. 410-417.

Rieberer, R., Neksa, P. and Schiefloe, P, A.,
1999, CO2 heat pumps for space heating and
tap water heating, 20th International Congress
of Refrigeration, IIR/IIF, Sydney.

Rieberer, R., Gassler, M. and Halozan, H., 2000,

2
oY
o
o

14.

15.

16.

Control of CO2 heat pumps, Proceedings of
the 4th IIR-Gustav Lorentzen Conference on
Natural Working Fluids at Purdue, 25-28;
West Lafayette, USA, pp. 75-82.

Bivens, D. B., Allgood, C. C., Shiflett, M. B,
Patron, D. M., Chisolm, T. C., Shealy, G. S.,
Yokozeki, A., Wells, W. D., and Geiger, K. A.,
1994, HCFC-22 alternative for air conditioners
and heat pumps, ASHRAE Transaction, Vol.
100, No. 2, pp. 566-572.

Bullock, C. E., 1997, Theoretical performance
of carbon dioxide in subcritical and transcrit—
ical cycle, ASHRAE/NIST Conference Refrige-
rants for the 21st Century, Gaithersburg, Mary—
land, USA, pp. 20-26.

Boewe, D. E., Bullard, C. W., Yin, J. M., and
Hrnjak, P. S., 2001, Contribution of internal
heat exchanger to transcritical R-744 cycle
performance, HVAC&R Research, Vol. 7, No.
2, pp. 155-168.




<<
  /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


