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Abstract A small air-conditioner or chiller for a constant temperature bath normally uses a constant speed compressor.

The constant speed compressor is relatively inexpensive, but it uses on/off control for capacity modulation. The on/off

control has several disadvantages, specifically energy loss and large temperature fluctuation. Continuous operation with

a bypass system can be an alternative to on/off control, for capacity modulation. In this study, a heat pump system

having a hot-gas bypass and a liquid bypass was adopted. The performance of the bypass-type heat pump was measured,

by varying the bypass valve opening. The differences of the COP between the hot-gas bypass and the liquid bypass,

in the cooling and heating operations, were within 2% and 1%, respectively. The liquid bypass showed a wider range

of capacity control in the cooling operation but the hot-gas bypass showed a wider range of capacity control in the

heating operation.
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Fig. 1 Schematic of a dual bypass heat pump system.
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Fig. 2 Variation of the suction pressure, and
discharge pressure with EEV opening ratio.
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Fig. 5 Variation of the suction pressure, and discharge
pressure with EEV opening ratio.

O Q, cooling mode
@® Q, heating mode
E 8000 - \.\ — A w, cooling mode
- - - __A W, heating mode
= T e ———
8
a 6000
1]
o
4000
2400
=
2 2200 A ——a 4
Liquid bypass system

0 20 40 60 80 100
EEV opening ratio (%)
Fig. 6 Variation of the capacity and work with EEV
opening ratio.

140

Fig. 6 vlolafj~ WiH /e wsle] wpE W - ik
&% 9 &g el WstE YeRY, Fig. 72 vl g
22 WlB Il Wste] e coPel WstE ekt

<
B AR FSEA W - e Ee Fastei, &
]

HAE e ghsilt. 4 SAREe B ue
AR Aol 2 98 9P AE PPEAAA o
A7) hebeel ntel whols) 2 fake] Wk e A

A 9 A ‘45} Jo}, e Aol A wnlolu A Sk
& Aslg o) SRl Weh Be
Cr g B 3 B A Lo
1401:::] COPe] W3} wal Yke-xlo] n

=S

3.3 I127tA Hio|afA L}l Mz HiO|EA H|m

T} wlold s Al AElT Nz wlo]d] s A AE]

S 7247 e d Ao ulEl] vl waksith Fig. 8
o Zh7b el A aes)e ko] s)2s} o
vpelj g Agskgle W &% wlEdl e Copel
WekE et »gug%xdow A whols) s Hg

&S b ul =3hgo] st
A7) Wi, Wg-EFe] Aol Mol HA] upolu
7 8 B Yelgth G dolAE A vloluf
A wf npolsfx FFS AT W] ] WSt
o AA el 2oy 227k vpo] g oA gt
%7] B¢ Wy o A7) wiel Whigo)
Ao} Wl a7k mpolsjzel A B BA e
th npol sl bRl whE &% W&ol w2 copel A
ol WA AA 2% oW, dH- A 1% o=
Z Aol s YERA eFokth whEbA] &5 wisle] w2
vpolsf 2 W2 Aol WenkS skl Y
A Al NA] wpols 2, Wk Alele a1 7hs
vpol g 271 We gkAle] WS 7HIth

COP

25

20 Liquid bypass system

£ COP, cooling mode
# COP, heating mode

15
0 20 40 60 80 100

EEV opening ratio (%)
Fig. 7 Variation of COP with EEV opening ratio.

(© SAREK



a7k B oA npolaf s Ag SRFP

100 100
{ Hot-gas bypass { Hot-gas bypass
& Liquid bypass o8 | @ Liquid bypass
90
96 |
=
o 80 ) 94 t
= 5\
il \ 92
g ™ X
\
(8] \ 90 |
\
[ ]
60 \% 88
Cooling mode 86 | Heating mode
50

100 90 80 70 60 50 100 95 90 85 BO 75 70
Capacity ratio(%)
Fig. 8 Variation of COP ratio with capacity ratio.

100 - 100
Cooling mode
{0 Hot-gas bypass
a0 ® Liquid bypass o0 |
S
=]
-ﬁ 80 80
{1
2
g 70 \ 70 |
g .
o 1]
[S] “
60 ] 60 [ Heating mode
\. O Hot-gas bypass
[ ] @ Liquid bypass
50 50

100 95 90 85 100 95 a0 85
Discharge pressure ratio(%)

Fig. 9 Variation of capacity ratio with discharge
pressure ratio.

Fig. 92 717t W - W7ol A 3127k~ wlo] g~
o AA ol =E A E5IE W EEUY BlEol
e &5 vl WstE yERdTh e el A
=0} =]

H

29l 96%7M A= A&7t =
Wgeo] A Jehoy EEYE Alo] W7t 2
UERstth o= A HMJH o o vlolsf s A<
o Wl FEEFe] A HaEkelr] wliEel 0“2“1101
HA7F A debsk7] witolth Wi Hol A &=

7h2s wpolufjs B wf wuhgeFo 1 H =2/ UrE}M
om, BEE9E Aol M =3 o WA yERRTh 1
27k~ vhell A Flty s l w}ﬂ‘r Hlol g A~ &
Aelg Wul EEsFe] o A7) wiol] Wi-ge] o
Atk E=3 FF7] EEN oA v OMVEM B
el A ol ke AR EEFE] WA Y
Epgel uhel EEE e Ao WL7F WAl YElRTh

=

H

—

(© SAREK

SEgL) AeEgel B A9H AT

100
95 |
— 3
s \
90 |
S 4
" \
= A
L
2 85 | o
& 3
L)
& \ 4
(8] y 80 |
A
60 . .
Cooling mode Q Heating mode
QO Hot-gas bypass i 75 O Hot-gas bypass
@ Liquid bypass @ Liquid bypass

50

115 110 105 100 95 90 108 104 100 96
Suction pressure ratio(%)

Fig. 10 Variation of capacity ratio with suction
pressure ratio.

Fig. 10& 27F W - W9 Aol A @7k vhols)
29} oA whol i 23 A g W FULE Hol
WE £ vgel Mo et oA Hels) g
A2 o FUgol dastglon, mestes vt
o~ g3l uel FYPele] FFAAon L,
£Q94E 45 98 vhols) 2 Wpgo 1 ks
o] A go] AFEFE LA

4.8 B

B ATelas mevks uolsla Az o)
gH/\ ,\]ieﬂjl% E‘IEﬂi }\]/\Eﬂoﬂ ;HB. }Oﬂﬂr 71—

2z g nEkelal, ,
of we} 23k upeld s RES Aotaiinh
1) &% A3l w2 core Wag Aole= W -
4

bol= A9 FUstn
2 83 watol uhe vhols) 2 Py Hele £ Aol
MRS sefshe] WHe ] Aol A mhol s, w
33 Aol 327 nols)2rh AFFE ehg
ok o) mE §3% Aol WARA BPEF 52-100%,
8 74-100%¢) Ao ZFs WelE hep,

¢}
2) gFeAlole] e A% S Aste] vholu)
M A8 5 Atk BEYE 44T 99, Wi

A EEE I oA aete vels,
gl o) ol e 9Yed
JEIR, SR A 3Ll vol ) B e
9 W o] e e Vet F99
9 e me Tk Hhols)

4938 Lhehign,

o I U:fl o |4 e 05‘:,

141



2
=
ot
oy
oo
e

N
o
N
o
o
B
ol
o

o
N

2 AFE kvl A @ AE S 0 1003
5530)2] A9 2 F=ro U] 7] &3 7+ (No. 20124010
203250)9] Aol ofste] FaqE|lom, ofd A=

1. Ryu, Y. H., Hwang, Y. J., Kim, C. M. and Cho, K.
S., 2002, Benchmark performance analysis of vapor
compression system with capacity modulation com-
pressor, Korean Journal of Air-Conditioning and Re-
frigeration Engineering, Vol. 14, No. 2, pp. 98-107.

2. Baek, S. M., Choi, J. H., Byun, J. Y., Moon, C.
G., Lee, H. S., Jeong, S. K. and Yoon, J. 1., 2009,
Characteristics of temperature control by hot-gas
bypass flow rate on industrial water cooler, Journal
of the Korean Society of Marine Engineering, Vol.
33, No. 8, pp. 1129-1136.

142

. Yaqub, M., Zubair, Syed M., and Khan, J., 2000,

Performance evaluation of hot-gas by-pass capacity
control schemes for refrigeration and air-condition-
ing systems, Energy, Vol. 25, No. 6, pp. 543-561.

. Jeong, S. K., Lee, D. B. and Yoon, J. 1, 2012,

Comparison of system performances of hot-gas by-
pass and compressor variable speed control of water
coolers for machine tools, Korean Journal of Air-
Conditioning and Refrigeration Engineering, Vol. 24,
No. 1, pp. 1-8.

. ASHRAE Standard, 1975, Laboratory methods of

testing fans for rating, ASHRAE Standard 37, pp.
51-75.

. Song, 1. S., Choi, J. M., Joo, Y. J., Chung, H. J.,

Kang, H., and Kim, Y. C., 2008, The performance
of a simultaneous heat and cooling heat pump at
various charging conditions, Korean Journal of Air-
Conditioning and Refrigeration Engineering, Vol. 20,
No. 7, pp. 492-499.

(© SAREK




<<
  /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


