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Abstract: This study investigates the performance of R410A heat pump water heater at 
various weather conditions. A household heat pump water heater with R410A refrigerant has 
been developed in ITRI. The tube-in-fin evaporator, tube-in-tube heat exchanger have been 
designed with in-house software based on R410A system. Meanwhile, all components have 
been manufactured and supplied by local companies. The assembling, optimizing tuning and 
performance also have been executed in a certificated laboratory in ITRI. The refrigeration 
system was judged according to the variable inlet temperatures of water and the weather of 
hot water demand. At specified condition of Taiwan domestic requirement which the water 
inlet and outlet temperature are fixed at 15 ℃and 55℃ respectively, the tested heat pump 
water heater had the heating capacity of 6.4 kW and the coefficient of performance (COP) 
was equal to 4.07. The operation of heat pump has shown that refrigerant subcooling was 
increasing with decreasing water inlet temperature. The result has also indicated that 
evaporator had larger pressure drop in the winter test condition because of the large volume 
of vaporized refrigerant which with a large specific volume resulted in a high flow resistance. 
It is suspected that the refrigerant subcooling at condenser outlet was limited by the high 
condenser water inlet temperature. The optimal operation conditions for the heat pump 
system, after a carefully examination of the measuring data, have concluded as following that 
the water inlet temperature should be kept as low as possible to obtain a larger subcooling, 
and the pressure ratio between the compressor inlet and outlet can be reduced such that the 
compressor power input is reduced as well. 
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1    INTRODUCTION 
 
About 97% of energy resources used in Taiwan is imported. In consideration of high energy 
price and global warming effect, encouraging the use of high efficiency and environmental 
protection products is one of the energy-saving policies. Taiwan is located in the subtropical 
zone, and its climate is warm all the year round. Consequently, the expansive energy cost for 
providing hot water in living can be reduced when a high efficiency heat pump water heater is 
used.  

Heat pump water heater is a machine that transfers heat from a source to others by 
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employing a refrigeration cycle. A heat pump reverses the heat flow direction and acts as a 
pump to move the heat from lower to higher temperature sites. Hence, heat pump can be 
used both for heating in winter and for cooling in summer. In a refrigeration cycle, refrigerant 
is compressed to a high temperature for dissipating heat to the ambient and then expanded 
to reach a low temperature state for absorbing heat. Heat pump transfers heat to heat up the 
desired space during the winter period and, by reversing the operation, extracts heat from 
the same region to be cooled during the summer period. 

Commercial applications of heat pump were introduced in 1950s. But Hepbasli and 
Kalinci (2009) pointed out that the growing utility rates inevitably made electric furnaces less 
competitive, and in the mean time, heat pump with its improved quality of control became 
more attractive. From another aspect, Harris (2005) said that the oil crisis in the early 70s 
had led researchers to use alternative energy sources for thermal energy production. 
Therefore, heat pump became very popular for heating and cooling applications and 
gradually developed diverse system designs including those with the ground and air heat 
sources. 

This study aims to investigate the performance of heat pump water heater at various 
weather conditions. Three weather conditions and three water inlet temperatures combine a 
total 9 sets of experimental measurement. The results are presented as coefficient of 
performance (COP) and power consumption of the tested heat pump system. Sequentially, 
the pressure versus enthalpy diagrams showing the cycling status of system are discussed 
too. From the test observation, the operating characteristics of each component (i.e. 
compressor, evaporator and condenser) can be indentified by the experimental system set-
up.  

 
2   EXPERIMENTAL SYSTEM  
 
The schmatic of the heat pump water heater is depicted in Fig.1. The system is composed of 
a scroll compressor, condenser, expansion valve, fin-tube evaporator and water tank. The 
refrigerant was driven by a scroll compressor with constant speed control from , and the 
maximum allowable pressure at the compressor discharge was 38 kgf/cm2. The condenser, 
which is made of copper tube, is a coil-typed heat exchanger, with effective heat transfer 
length of 20 meters. The coiled tubes for water and refrigerant flow lay on top of each others 
and soldered at their adjacent contacts. Their outer diameters are 9.525mm (3/8") and 
6.35mm (1/4"), respectively. Its detail configuration can be seen in Fig. 2. The water flow 
inside the smaller tube and the refrigerant flow inside the bigger tube imply a counter-flow 
heat transfer to obtain a smaller temperature differential. The temperature of inlet water was 
controlled by a thermostat to maintain at a specific test condition. The electronic expansion 
valve was used to regulate the refrigerant flow and heat transfer in the evaporator. The 
evaporator is a fin-and-tube typed heat exchanger made of aluminum fin and copper tube. 
The dimension of evaporator is 700 mm x 672 mm in cross-section and has tube diameter 
7.93 mm , tube pitch 21 mm and fin pitch 2 mm. 
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Fig. 1. Schematic of the heat pump water heater system 

 
 

 
 

Fig.2. A close-up picture of  the condenser 

The water and refrigerant temperatures were measured by RTDs (Pt 100 Ω) with a 
calibrated accuracy of 0.5oC, while the surface temperatures of the evaporator were 
measured by T-type thermocouples. Absolute pressure transducers were installed at the inlet 
and outlet of the compressor and the electronic expansion valve. The compressor power 
consumption was measured by a power meter with a maximum ranges of 10 A and 600 V. 
The water flowrate of the condenser was recorded by a magnetic flowmeter of accuracy 
0.002 l/s. Therefore, the heat transfer can be calculated by multiplying the specific heat, 
flowrate and water temperature difference between inlet and outlet of the condenser.  
Experimental tests were conducted at three inlet water temperatures of the condenser, 
namely 9 oC, 17 oC and 25 oC. In addition, the weather conditions, as shown in Table 1 
according to a Japanese Standard JRA-4050 entitled “water side calorimeter method”, were 
implied. To set up these test conditions, the high side pressure of the refrigeration system 
was regulated in-between 7.5 and 37 kgf/cm2 by adjusting the electronic expansion valve. In 
the process, the temperature and pressure responses at the inlets and outlets of each 
component and power consumption of the system were recorded. When the variation of 
temperature measurement was less than ±0.3oC and that of pressure measurement was less 
than ±5 kPa and continued for 30 min, the system was assumed steady and data were 
collected for further calculation. Table 2 lists the test condition adopted in this experimental 
study. 
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Table 1.  JRA 4050 test standard 
 

 Water side Air side 
 Cold water inlet 

temperature(℃) 
Hot water outlet 
temperature (℃) 

Dry bulb 
temperature(℃) 

Wet bulb 
temperature(℃)

Normal heating 
condition 

17±1.0 65±2.0 16±1.0 12±0.5 

Summer heating 
condition 

24±1.0 65±2.0 25±1.0 21±0.5 

Winter heating 
condition 

9±1.0 65±2.0 7±1.0 6±0.5 

 
Table 2.  Experimental test conditions in this study 

 
 Cold water inlet temperature(℃) Hot water outlet temperature (℃)

Normal heating condition 15±1.0 
25±1.0 
35±1.0 

55±2.0 

Summer heating condition 15±1.0 
25±1.0 
35±1.0 

55±2.0 

Winter heating condition 15±1.0 
25±1.0 
35±1.0 

55±2.0 

 
 
3   EXPERIMENTAL RESULTS AND DISCUSSION  

 
The experimental observation shows that the compressor used in this heat pump system had 
a refrigerant mass flow rate of 0.032 kg/s when condensing pressure was 3.35 Mpa and 
evaporating pressure was 1.0 MPa. The pressure conditions corresponded to the condenser 
outlet temperature of 20 oC, the evaporating temperature of 9oC, and the compressor outlet 
superheating temperature of 90 oC. 

The coefficients of performance at different water inlet temperatures are shown in Fig.3. 
COP increases as dry-bulb temperature increases. Also noting from this figure, COP is 
increasing with decreasing water inlet temperature significantly when holding the same 
weather conditions. For different climates, namely winter, normal and summer conditions, 
COPs have the values of 3.23, 4.07 and 4.38 respectively when the inlet water temperature 
is 15oC. As the water flow rate was  corresponded to outlet temperature in the experiment, 
when detected a temperature drop of water outlet temperature, the pump operating speed 
was increased to maintain the demanded water outlet temperature. Hence, the water mass 
flow rate was increased as well. Lower water inlet temperature could lead to the foresaid 
condition, but in this circumstance, higher COP was obtained due to a higher refrigerant 
subcooling and a better compressor performance. Fig.4 depicts the profiles of power 
consumption versus water inlet temperature. As the condenser water temperature increase 
was small such as in the case of water inlet temperature of 25oC, the heat pump could heat 
up the water to 55oC easily without doing much work. On the contrary, the power 
consumption was larger at the situation of 15oC inlet water temperature. There is no doubt 
that heat pump water heater needed more power input to generate more heat in order to 
maintain the setting water outlet temperature. Fig.5 presents the variation of the condenser 
refrigerant inlet temperature as a function of water inlet temperature. It is evident in the figure 
that the condenser inlet refrigerant temperatures were the lowest in normal, medium in winter 
and the highest in summer condition. The variation of temperature could be attributed to the 
effects of both compressor work input and compressor isentropic efficiency. The highest 
condenser inlet refrigerant temperature (eq. more than 90oC) was found at the conditions of 
the summer weather condition and at the high water inlet temperature of 35 oC. At these test 
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conditions, the combination of large refrigerant flow rate and less compressor heat loss 
resulted in the highest compressor refrigerant discharge temperature which could be used to 
improve heat exchange with water in the condenser. 
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Fig.3. COP versus various water inlet temperature 
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Fig.4. Power consumption versus various water inlet temperature 
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Fig.5. Condenser refrigerant inlet temperature versus inlet water temperature 
 

Fig.6 to Fig.8 present the pressure versus enthalpy diagrams of heat pump water heater in 
different weather conditions and with various water inlet temperatures. Fig.6 illustrates the 
relationship at different water inlet temperatures in the winter condition. Black, blue and red 
color lines stand for the refrigeration cycles at the water inlet temperature of 15oC, 25oC and 
35oC, respectively. Similarly, the cycles are drawn in Fig.7 for the normal weather condition 
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and in Fig.8 for the summer condition. In the summer condition, the system had the largest 
refrigerant subcooling when the inlet water temperature was 15oC. In the winter condition, 
due to the low ambient temperature, the condensing temperature decreased slightly. In 
addition, when the evaporator could not absorb enough heat from the surrounding 
environment, the compressor must operate at a higher speed to create a low evaporating 
pressure and temperature condition to maintain the demanded water outlet temperature. 
Moreover, due to the large specific volume of vaporized refrigerant, there was a very large 
pressure drop in the evaporator compared to other weather conditions. In contrast, the 
evaporating pressure was the highest in the summer condition because of the high ambient 
temperature and the easy heat gain from the ambient. Consequently, the inlet pressure of 
the compressor in the summer condition was higher than that of the winter condition. Thus, 
the compressor needed less work input in the summer condition. 

 

 
 

Fig.6 System PH diagrams for three water inlet temperatures in the winter weather condition.  
 

 
 

Fig.7 System PH diagrams for three water inlet temperatures in the normal weather condition.  
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Fig.8 System PH diagrams for three water inlet temperatures in the summer weather condition.  
 
 
4     CONCLUSIONS 
 
This paper reveals some system characteristics found in the experimental study of a novel 
heat pump water heater. The influences of ambient temperature and inlet water temperature 
on the performance of the heat pump water heater were examined. As the ambient 
temperature was kept at 25oC, the COP of the heat pump could reach a high value of 4.0. 
Evidentially, the high performance could be attributed to the increasing refrigerant subcooling 
in the low water inlet temperature condition. However, the risk of liquid compression 
increases if the refrigerant flow control valve is inappropriately functioning. Some optimal 
system design ideas were found in the prototype test. For examples, the temperature of 
water extracted from the tank should be kept as low as possible in order to obtain a 
maximum refrigerant subcooling and, as a result, an improved COP of system. The capacity 
of evaporator was strongly dependent on the ambient temperature. The evaporator easily 
absorbed more heat as the ambient temperature was high, and consequently, the 
evaporating pressure was high. Furthermore, the compressor loading was reduced because 
of a smaller compression ratio. 

Refrigerant superheating was affected by the refrigerant temperature at evaporator inlet 
and the compressor overall performance. Under such circumstances, the best choice of the 
condensing temperature should be adjusted in the range of 55 to 60 oC if the demanded 
water outlet temperature was kept at 55oC. To avoid the compressor overloading, the 
condensing temperature should not exceed to 60oC and moreover, water inlet temperature 
should not exceed to 45oC. These experimental results have summarized the best operating 
conditions which should be useful in constructing an optimal control strategy for an energy-
saving heat pump water heater.  

 
 
5    ACKNOWLEDGEMENTS 
 
The authors would like to express gratitude for Energy R&D funding from Bureau of Energy, 
Ministry of Economic Affairs, R,O.C. (Taiwan) to support this research work.  

 
 

6    REFERENCES 
 
1. Arif Hepbasli, Yildiz Kalinci 2009, A review of heat pump water heating systems, 

Renewable and sustainable energy reviews 13:1211-1229  

- 7 -

10thIEA Heat Pump Conference 2011 
 

 



                                                                    - 8 - 

10thIEA Heat Pump Conference 2011, 16 - 19 May 2011, Tokyo, Japan 
 

2. Harris J, Neme C, Calwell C. 2005, Residential heat pump water heaters: energy 
efficiency potential and industry status. Energy Efficiency Potential and Industry Statu  

3. Christopher L. Goodman, 2008, Modeling, validation and design of integrated carbon 
dioxide heat pump and water heaters, thesis, Georgia Institute of Technology, 33-38p. 

4. C. Kuo, S. Nian, L. Chao, 2009, An experimental study of performance of heat pump 
system using carbon dioxide, International Conference on Compressors and Coolants, 
Slovak Republic. 

- 8 -

10thIEA Heat Pump Conference 2011 
 

 



<<
  /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


