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THERMOELECTRIC HEAT PUMP AS A MEANS OF IMPROVING EFFICIENCY 
OF WATER PURIFICATION SYSTEMS ON SPACE MISSIONS 

The paper presents the results of development and test of a modernized high-performance 
apparatus for water supply to cosmonauts during long-term missions. The basic structural units of 
the device include a centrifugal vacuum distiller (CD) and a thermoelectric heat pump (THP). The 
productivity is up to 5 l/hour, specific energy consumption is less than100 W⋅hour/l, the degree of 
water recovery from the source liquid is at least 92 %. The apparatus was created by the efforts of 
Thermodistillation Co. and Altec-M Ltd. The research was performed by the National Technical 
University of Ukraine “Kyiv Polytechnic Institute” and Institute of Thermoelectricity. Testing of the 
apparatus on the test facilities of Honeywell International and NASA has shown that the use of 
thermoelectric heat pump reduces energy expenditure by a factor of 1.6 as compared to closest 
competing device, i.e. vapor compression distiller (VCD). In so doing, CD and THP system work 
stably with concentration level to 77 %. 
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Introduction 
Water supply to human crew on long-term space missions is a serious and relevant problem due 

to impossibility of its on board delivery during the flight. The problem was solved by water recovery 
from cosmonauts’ liquid waste products – urine, sweat, service and sanitary water [1-3]. 

At the present time, there are several technologies of liquid waste purification. Depending on 
the degree of water contamination, use is made of ionic exchange, electrodialysis, a reverse osmosis 
and thermal distillation. Ionic exchange and electrodialysis are used at low concentrations of salts 
5⋅102 – 5⋅103 mg/l. To perform a reverse osmosis at desalination of highly mineralized water or urine, 
it is necessary to employ high pressure pumps (up to 70 bars) and make a pretreatment of the source 
liquid. The disadvantage of this method is a restricted service life of membranes. The technology of 
water purification through use of phase transition (distillation) offers the greatest promise, since it is 
free from the above disadvantages. The strong point of this method is independence of water 
purification quality of the degree of mineralization and contamination of the source liquid.  

US specialists developed three systems of such water purification, namely AES system – liquid 
evaporation on wick modules using hot air, TIMES system – liquid evaporation on porous membranes 
using a thermoelectric heat pump and VCD system – centrifugal vapor compression distiller [4].  

Since 1974 the National Technical University of Ukraine “Kyiv Polytechnic Institute” has 
developed distillers with a rotating surface on which evaporation occurs in a thin film [5-7]. During 
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1999 – 2005 Thermodistillation Co., Honeywell International Inc. (USA) and Institute of 
Thermoelectricity have jointly manufactured a new model of five-stage centrifugal distiller CD-5 with 
a thermopile as a heat pump (ТНР) [8-12]. The apparatus efficiency was tested on the NASA facilities 
during 2006 – 2009. The results of testing centrifugal distillation systems equipped with 
thermoelectric heat pumps are given below.  

Multi-stage distillation apparatus with a thermoelectric heat pump 
The method of improving the efficiency of distillation devices through use of multi-stage 

evaporation process is common nowadays. Its principle is that the secondary steam of one evaporation 
stage is used by the heating steam in the next stage. Pressure in each subsequent stage is maintained 
lower than in the previous one. N-stage distiller gives almost n-fold reduction of energy expenditures 
as compared to a single-stage distiller.  

The cascade system is schematically shown in Fig. 1 [13]. Liquid to be purified is fed to a 
multi-stage vacuum rotor distiller (CD) where its evaporation and condensation take place. The 
necessary energy is transferred from the heat pump. Here the distilled water is cooled, and the purified 
liquid is heated. Both fluxes are directed by pumping with CD to heat pump circulation channels and 
come back to CD. The temperatures are from 35° to 45 °C. 

 

Fig. 1. Schematic of centrifugal distillation with a thermoelectric heat pump. 1 – cascade distiller CD,  
2 – concentrate container, 3 – source liquid container, 4 – thermoelectric heat pump,  

5 – purified water container, 6 – cooler, 7 – vacuum pump. 

During a periodic cycle, 10 liters of the source liquid are processed. Purification yields 9 liters 
of purified water and one liter of brine. 

Thermoelectric heat pump 
“Altec-7001” thermopile based on the Peltier and Joule effects serves as a heat pump [10]. It 

assures heat removal from one object and transfer of this heat together with the Joule heat to another 
object. The outward appearance of “Altec-7001” thermopile is shown in Fig. 2. It comprises special 
liquid heat exchangers, thermoelectric modules and liquid collectors forming motion of liquids along 
the heat exchangers. The heat exchangers meet high technical requirements, namely they must possess 
low thermal resistance and, on the other hand, must be made of materials resistant to aggressive 
liquids. Such materials generally possess increased thermal resistance. 
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Fig. 2. Outward appearance of “Altec-7001” thermopile 

Design optimization of heat exchangers was done by computer simulation. This resulted in heat 
exchanger designs consisting of titanium tubes and aluminum heat concentrators embracing them. To 
assure a turbulent mode of liquid motion, spiral titanium inserts are mounted into titanium tubes. 
Heavy demands are imposed on thermoelectric modules, especially as regards reliability. In order to 
increase the heat pump service life, the module components were connected into parallel-in-series 
circuits, increasing mean time between failures (MTBF) hundreds of times. 

The basic technical characteristics of thermoelectric heat pump are given in Table 1. 
Table 1 

Basic technical characteristics of “Altec-7001” thermopile 

Parameter Value 

Overall dimensions (length / width / height), mm 410/125/160 

Mass, kg 6.1 

DC electric voltage, V 12 – 30 

Maximum electric power, W 500 

Efficiency factor (max) 2.5 

Hydraulic resistance in cooling circuits, bar 
in cooling circuit 
in heating circuit 

 
 

< 0.20 
< 0.15 

Operating mode continuous 

Processed liquids urine, sewage water 

Long-duration test of CD-5 centrifugal distiller with “Altec-7001” thermopile was performed on 
the NASA test facility for 2006 – 2009. The test was performed on two solutions (Table 2). 
Altogether, 1500 kg of sewage water were processed. 

To estimate the quality of distillation, comparative rests were performed at two NASA centers. 
At Marshall Space Flight Center (MSFC), Wiped-Film Rotating Disk (WFRD) (also centrifugal 
distiller with a vapor compressor) and Vapor Compression Distillation (VCD) systems were tested; at 
Johnson Space Center (JSC) - Cascade Distillation Subsystem (CD-5). 
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Table 2 
Results of testing CD-5 centrifugal distiller with “Altec-7001” thermopile 

Parameter  Test on solution № 1 Test on solution № 2 

Solution composition 
56.6 % condensed water 

43.3 % urine 

18.3 % condensed water, 
14.0 % urine 

67.7 % water for sanitary 
needs 

Amount of processed liquid, kg 381 1198 
Productivity, kg/hour 4.1 ± 0.1 5.2 ± 0.1 

Regeneration degree, % 93.4 ± 0.7 90.3 ± 0.5 
Specific energy consumption, W·h/kg 99 ± 6 106 ± 2 

Table 3 compares the basic characteristics of centrifugal distillation systems CD-5, VCD and 
WFRD. The CD-5 distiller has lower specific energy consumption as compared to VCD with a higher, 
up to threefold, productivity and a larger recovery degree (90 – 94 and 89 %, respectively). 

Table 3 
Specification figures of tested distillers at recovery of solution № 1 

 CD-5 VCD WFRD 
Productivity, kg/hour 3.7 1.63 16.1 

Specific energy consumption, W·h/kg 109 188 85 
Average power, W 375 297 1252 

Distillate obtained using CD-5 without any post treatment [15] confirmed excellent quality and 
full conformity to standards. The quality of distillate obtained from VCD and WFRD, is inferior to 
that from CD-5 by factor of 2 to 8 [14]. 

In the course of all tests on NASA, Honeywell and Thermodistillation test facilities 
(> 1000 hours), the thermoelectric heat pump has operated trouble-free, without deviations from the 
required parameters and characteristics. 

Conclusion 
The most promising systems of water recovery and purification for long-term manned space 

missions were analyzed. The developed and manufactured multi-stage centrifugal distillation system 
equipped with a thermoelectric heat pump was compared to closest analogs. In the most important 
figures, namely specific energy consumption, overall dimensions, weight and quality of distillate 
obtained, the CD-5 + ТНР system outperforms all known distillation and purification systems of space 
application. 

References 
1. L.I. Anatychuk, Rational Areas of Investigation and Application of Thermoelectricity, Journal of 

Thermoelectricity 1, 3 – 14 (2001). 
2. L.I. Anatychuk, Current Status and Some Prospects of Thermoelectricity, Journal of Thermoelectricity 

2, 7 – 20 (2007). 



L.I. Anatychuk, P.A. Barabash, V.G. Rifert, Yu.Yu. Rozver, V.I. Usenko, R.G. Cherkez 
Thermoelectric heat pump as a means of improving efficiency of water purification systems… 

 Journal of Thermoelectricity №6, 2013 ISSN 1607-8829 76

3. V.G. Rifert, V.I. Usenko, P.A. Barabash, L.I. Anatychuk, Yu.Yu. Rozver, A. Lubman, Development 
and Test of Water Regeneration System of Liquid Vital Activity Waste Aboard Manned Spacecrafts 
with the use of Thermoelectric Heat Pump, Journal of Thermoelectricity 2, 59 – 68 (2011). 

4. M.B. Gorensek, D. Baer-Peckham, Space Station Water Recovery Trade Study-Phase Change 
Technology, 18th International Conference on Environmental Systems, San Francisco, July 1988. 

5. V.G. Rifert, P.A. Barabash, and N.N. Goliyad, Methods and Processes of Thermal Distillation of 
Water Solution for Closet Water Supply Systems, SAE Paper 901294, 20th International 
Conference on Enviromental Systems, Williamsburg, July 1990. 

6. N.M. Samsonov, L.S. Bobe, V.M. Novikov, N.S. Farafonov, B.Ja. Pinsky, V.V. Rakov, V.G. Rifert, 
Ju.I. Grigoriev, V.V. Komolov, and N.N. Protasov, Development and Testing of a Vacuum 
Distillation Subsystem for Water Reclamation from Urine, SAE Paper 1999-01-1993, 29th 
International Conference on Environmental Systems, Denver, July 1999. 

7. V. Rifert, V. Usenko, I. Zolotukhin, A. MacKnight, and A. Lubman, Comparison of Secondary 
Water Processors Using Distillation For Space Applications, SAE Paper 1999-01-1991, 29th 
International Conference on Environmental Systems, Denver, July 1999. 

8. A. Lubman, A. MacKnight, V. Reddig, L.S. Bobe, B.Y. Pinsky, V.V. Rakov, and M. Edeen, 
Performance Evaluation of a Three-Stage Vacuum Rotary Distillation Processor, SAE Paper 2000-
01-2386, 30th International Conference on Environmental Systems and 7th European Symposium 
on Space Environmental Control Systems, Toulouse, France, July 2000. 

9. V. Rifert, V. Usenko, I. Zolotukhin, A. MacKnight, and A. Lubman, Design Optimization of 
Cascade Rotary Distiller with the Heat Pump for Water Reclamation from Urine, SAE Paper 2001-
01-2248, 31st International Conference on Environmental Systems, Orlando, July 2001. 

10. V.G. Rifert, V.I. Usenko, I.V. Zolotukhin, L.I. Anatychuk, A. MacKnight, and A. Lubman, 
Development and Test Cascade Centrifugal Distiller for Regeneration of Water from Urine, 
Industrial Heat Engineering. International Scientific and Applied Journal. National Academy of 
Sciences of Ukraine 23 (4-5) (2001). 

11. V.G. Rifert, V.I. Usenko, I.V. Zolotukhin, A. MacKnight, and A. Lubman, Cascaded Distillation 
Technology for Water Processing in Space, SAE Paper 2003-01-2625, 34th International 
Conference on Environmental Systems, Orlando, July 2003. 

12. L.D. Noble, Jr., F.H. Schubert, R.E. Graves, and J.H. Miernik, An Assessment of the Readiness of 
Vapor Compression Distillation for Spacecraft Wastewater Processing, SAE Paper 911454, 21st 
International Conference on Environmental Systems, San Francisco, California, July 15-18, 1991. 

13. A. Lubman, A. MacKnight, V. Rifert, and P. Barabash, Cascade Distillation Subsystem Hardware 
Development for Verification Testing, SAE Paper 2007-01-3177, 37th International Conference on 
Environmental Systems, Chicago, Illinois, July 9-12, 2007. 

14. J. Mc Quillan, Karen D. Pickering, Molly Anderson, Layne Carter, Michael Flynn, Michael 
Callahan, Leticia Vega, Rama Allada, and Jannivine Yeh, Distillation Technology Down-selection 
for the Exploration Life Support (ELS) Water Recovery Systems Element, AIAA 2010-6125, 40th International 
Conference on Environmental Systems, 2010. 

15. M.R. Callahan, V. Patel, and K.D. Pickering, Cascade Distillation Subsystem Development: Early 
Results from the Exploration Life Support Distillation Technology Comparison Test, AIAA 2010-6149, 
40th International Conference on Environmental Systems, 2010. 

 
Submitted 20.12.2013. 



<<
  /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


