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Introduction

Price rise for energy carriers inevitably brings about the price rise
for heat energy and finally the price rise for stuffs, which makes it neces-
sary for a manufacturer to look for the new alternative sources and ways
of saving traditional energy sources, effective use of secondary energy
resources, including natural low temperature sources of heat. That is the
reason why the use of energy saving technologies, heat pumps being one
of them, acquires an ever increasing significance [2].

The use and manufacture of heat pumps (HP) in this country is
being carried out with the great delay. The 90° were characterized by the
cut of demand for such innovative energy equipment as heat pumps. The
reasons for that are well known. So a lot of machines and new develop-
ments which were already mastered proved to be out of usage.

The recent years gave real economic impetus for energy saving,
which is determined by the increase of price for energy carries as well as
by the changes in relation of electricity tariffs and prices for different
kinds of fuel.

Heat pump units are effective in technological processes of pro-
cessing and storing food raw materials here law temperature heat sources
and secondary heat resources are used. Of self — sustained meaning is the
use of heat pumps in the systems of heating and air conditioning of the
food stuffs enterprises premises [8].

In many cases the requirements of ecological cleanness for meth-
ods of getting heat energy step forward.
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Traditional systems of heat supply by using boiler — houses oper-
ating on various kinds of natural fuel are characterized by considerable
irreversible losses. By using high quality organic fuel (gas, oil, coal) the
combustion temperature exceeds 1000°C, while the customer weds low
temperature heat — 70°-130°C [1].

From the thermodynamic point of view the most rational fuel
consumption is attained at thermoelectric plants where high temperature
heat of combustion is maximally used for producing electrical energy,
and for heat supply — the heat carrier with temperature necessary for
heating production premises and residential houses.

But the use of heat electric power plant (HEPP) may be irrational
in many cases due to large losses at heat transfer for large distances or
lack of need for such volumes of heat. For example, when the heat users
are dispersed and at a large distance from each other or when the natural
conditions do not allow it. In such areas the boiler — houses remain the
main source of heat being the main reason of air pollution with sulfur
oxides and other harmful substances for people.

The world dynamics of rising prices for sources and energy itself
is of stable character. Of considerable importance is the fact that Russia’s
entering the WTO is followed by the price rise at the internal market
which is connected will energy power engineering at the level of world
prices. So saving of fuel and energy resources is an urgent task for Rus-
sia. It is even of greater importance for the Kaliningrad region due to its
geographic separation from the vest of Russia, lack of necessary re-
sources, rise of electricity consumption and necessity to provide its ener-
gy self sufficiency [3].

Research

The Kaliningrad state technical university has been carrying at re-
search for using heat pumps (HP) in technological processes of fish pro-
cessing for a number of years [9].

The research has been performed along the following lines:

1. The use of heat pumps in the systems of preparing air in cold smok-
ing, drying and fish.

2. The use of HP for heating water in the closed aquacultures systems
(CAS).
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3. The use of HP in the autoclave water preparation systems (sterilization
and pasteurization of hermetically packed products).

In the 90-s two experimental units for cold smoking of fish were
made at two fish processing enterprises of the Kaliningrad region. The
modernized unit H10-UBII-1-03 produced 120 tons of products for the
term of this unit was characterized by a better quality. The shore based
fish processing complex in Pionersky town saw modernization of unit for
continuous cold smoking of fish. For the term of one year it produced
4640 tons of product marked by a better quality. The economic effect
owing to modernizations amounted to more than 95000 USD [6, 7].

The use of HP in autoclave water preparation systems (steriliza-
tion and pasteurization) is associated with energy saving in these pro-
cesses. Thus documents regulating this process do not allow secondary
use of water after autoclave. So, by using HP it is possible to return the
warmth for heating water going into autoclave, which gives considerable
economy of heat energy and cats environment pollution.

Cutting volumes of commercial fisheries brought about intensive
development of aquaculture in many countries which made it possible to
meet the fish products demands of population. The leading countries in
this field, such as China, India, Japan, Norway and Chili supply their
products not only the internal market but are also active on the world
market. Having a great potential, Russia lags behinds by aquaculture in-
dexes. In recent years the necessity of developing Russian enterprises
that could have supplied the population with not expensive and fresh
products has attained a State scale [10].

The overwhelming majority of methods used for running aquacul-
tures farms prove to be useful in social sphere, providing foodstuff prod-
ucts with little or no harm for environment.

The closed water supply units (CWSU) prove to be the highest
form of industrial fish culture, allowing to creating the optimal conditions
for fish breeding all the year round both for supplying fish fry and com-
mercial fish. It is the CWSU that provide the highest output of fish prod-
ucts per the square unit. Expediency of large development of this trend of
industrial fish culture is based on the economy of water taken from under
earth and other sources (daily water feedings is 5...25 % of the total vol-
ume), ecological cleanness, because it gives an opportunity for full or
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partial utilization of fish metabolism and organisms, residing in biofilters
and avoiding their coming into open water systems.

Within CWSU the block for thermal water preparation is not only
one of the most important but also one of the most energy consuming
ones. Taking into consideration variety of hydrobionts bred in industrial
fish culture, it is necessary to point out a broad range of temperature
modes for their optimal growth even within one life cycle. Thus low
temperature is necessary for ripening and it is to rise gradually from fry
to marketable fish. There are optimal temperature modes for growing
marketable fish to facilitate their growth. This 14-18°C is optimal for
trout, 23—28°C — for carp, 18-23°C — for sturgeon, 25-30°C — for sheat-
fish, 25-32°C — for tilaphia. So aquacultures farms with heat, but also to
cool water supplied to system. And it is also to be taken into account that
technology presumes 5-20% change of the whole water volume, circulat-
ing in CWSU. It is obvious that development of aquacultures farms using
heat pumps for water preparation may facilitate appearance of new pos-
sibilities for rising effectiveness of fish culture from ripening roe to
growing marketable fish. This will result in obtaining competitive prod-
uct in both internal and foreign market. Taking into account the high cost
of breeding fish in CWSU at the present stage of aquacultures develop-
ment, it is used for breeding expensive fish species (eel, sturgeon) and
fish capable of maximum gaining weight for the shortest period of time
(tilaphia, sheat-fish) [4,5].

The use of plant for thermal water regulation of CWSU for fish
culture makes it possible to solve this task but with taking into account
large volumes of water for circulation and supply of fresh water.

To investigate operation of cheat pump within the system of water
preparation of CWSU n experimental unit was made. Its chart is present-
ed on fig.1; fish cultural part of CWSU is presented on fig.2.

HP unit MSR-JO72WLC was mounted and tested in the interna-
tional aquacultures center of the KSTU (Svetly). The Tests were carried
out in summer and winter seasons. The technical water from well was
used as a source of low-potential warmth. The change of water tempera-
ture was not large — 8°-10°C.
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Fig. 2. Fish culture portion of closed water supply; 1 — water pump,

2 — mechanical filter, 3 — biofilters, 4 — bactericidal lamp, 5 — oxygenator,
6 — consumption tank, 7 — water pump, 8 — fish culture water bodies

Rys. 2. Zamknigty obieg zaopatrzenia w wode¢ w farmie rybnej; 1 — pompa
wody, 2 — filtr mechaniczny, 3 — biofiltry, 4 — lampa bakteriobojcza,

5 — natlenianie, 6 — zbiornik zasilajacy, 7 — pompa wody, 8 — stawy rybne

Fig. 3, 4 show the dependence graph of electric power used by
heat pump engine and energy transformation ratio on time of operation in
heating up mode of water for feeding the system.

It is clear from graph (fig.3) that power used by 1 kWt at constant
temperature and pressure in evaporator of HPU for 35 min of operation,
which is accounted for by constantly increasing temperature and pressure
in condensate of HPU, corresponding increase of pressure relation Py/P,
decrease of feeding ratio of HP.
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Fig. 3. Dependence of electric power used by HP engine on time
Rys. 3. Zalezno$¢ zuzycia energii elektrycznej przez silnik
pompy ciepta od czasu
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Fig. 4. Dependence of transformation energy ratio on time used by HP engine
on time

Rys. 4. Zalezno$¢ wspotczynnika przemiany energii od czasu pracy silnika
pompy ciepta
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At the same time the energy transformation ratio of HPU (fig.4)
drops from 4.94 to 3.83, which is explained by the same reasons. The cost
of water heating preparation after mounting a heat pump was cut by 3
times compared to the electric heating system which was earlier operated.

Considering prospects and possible field of use for heat pumps in
fish culture it necessary to point out that because of the traditional struc-
ture and practice of designing heating and refrigeration systems for food
production technological processes the use of heat pumps is unreasonably
undervalued. Taking into account the present trend for sharp increase of
investments for the production purposes the ample use of heat pumps on
the food-staff enterprises seems quite expedient and promising.

Conclusions

An experimental heat pump unit for water thermal preparation in
the CWSU was developed. Experimental data supporting its energy sav-
ing effectiveness were obtained. Effectiveness of using unit for thermal
water regulation is confirmed by netting electrical energy consumption at
condensing water, which is 3 times less than by conventional modes.

Maintaining set water parameters in conditions of daily feeding
20% water to CWSU from thermoregulation unit at the stage of keeping
producers, 50% — at incubation and growing larval, 10-20% — at growing
fry and marketable fish, made it possible:
¢ to obtain high quality and timely spawn products,

e to solve growth potential and health at all stage of biotechnical process,
¢ to make effective use of advantages of polycyclic technologies of fish
culture in CWSU.
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Energooszczedne technologie
wykorzystujace pompy ciepla

Streszczenie

Wzrost cen no$nikéw energii w sposob nieunikniony powoduje wzrost
cen energii cieplnej i ostatecznie wzrost cen artykutéw spozywczych. Powoduje
to koniecznos¢ poszukiwania przez producentow nowych, alternatywnych Zzro-
detl i sposobow oszczedzania tradycyjnych zrodet energii, efektywnego wyko-
rzystania zasobow energii wtornej, w tym naturalnych, niskotemperaturowych
zrodet ciepta. To jest powod, dla ktorego stosowanie energooszczgdnych tech-
nologii, pompy ciepta sa jedng z nich, nabiera coraz wickszego znaczenia.

W pracy przedstawiono eksperymentalng instalacje pompy ciepta do
przygotowania cieplnej wody w zamkni¢tym obiegu zasilania w wodg. Dane
eksperymentalne pokazuja skuteczno$§¢ w oszczedzaniu energii. Wydajnos¢
przy zastosowaniu urzadzenia do regulacji temperatury cieptej wody potwierdza
zuzycie energii elektrycznej dla wody kondensacyjnej, ktora jest trzy razy
mniejsza niz w tradycyjnych rozwigzaniach.

Stowa kluczowe:
pompa ciepta, oszczedno$¢ energii, akwakultura, eksperymentalna jednostka
pompy ciepta

Keywords:
heat pump, energy saving, aquaculture, experimental heat pump unit




<<
  /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


