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Abstract

The paper presents a diagram of an experimental solar installation with a self-acting circulation
pump powered by local heat. The installation is a measuring stand which enables an assessment of
this type of pumping device in terms of its practical operational efficiency. A self-acting circulation
pump has been successfully tested in a laboratory.
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Abstrakt

W pracy przedstawiono schemat eksperymentalnej instalacji slonecznej z samoczynng pompg
cyrkulacyjna napedzana cieplem lokalnym. Instalacja ta jest stanowiskiem badawczym pozwalajacym
na ocene jakoSci tego typu urzadzenia pompujacego pod wzgledem jego praktycznej efektywnosci
eksploatacyjnej. Samoczynng pompe cyrkulacyjna pomys$lnie sprawdzono w warunkach labora-
toryjnych.
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Introduction

Solar systems for water heating have been used in various configurations
and can operate under several systems of control (CHOCHOWSKI, CZEKALSKI
1999). The simplest and the cheapest installation for heating water is a gravi-
tational system, also known as thermosiphon. The flow of the heating agent in
such installations takes place spontaneously owing to convection movements
of hot mass (LEWANDOWSKI 2006). Such circulation is also self-controlled, i.e.
the intensity of the agent movement depends on the temperature difference
between the upper parts of the collectors and the lower part of the tank. The
absence of a circulation pump and of automatic control are undoubtedly the
advantage of this solution. However, to operate effectively, particular elements
of the system have to be positioned appropriately. The tank should be situated
above the upper edge of the collectors, which is impractical for roof collectors.
Additional load on the roof is also a problem. It is an advantage of the solution
that by placing the collectors on the roof, use is made of unshaded, unused
space. The inclination angle of roofs frequently makes it possible to mount
a collector directly on the roof. In such cases, installations are applied with
active (i.e. forced) circulation of the agent in the system of solar collectors
— accumulation tank. The agent circulation is usually started by a one-phase
glandless pump, whose work is controlled by a differential temperature
regulator.

In areas with no electricity supply, it is possible to power the pump by
energy obtained in photo-voltaic cells. Such a system is self-controlled to
a certain extent, but the cost of the cell purchase is an additional expense. This
can be solved by applying a circulation pump powered by part of the heat,
supplied to the system by the solar collector (DOBRIANSKI, WESOLOWSKI 2003).

Materials and Methods

A self-acting circulation pump is known from a Ukrainian patent no.
15361A (DOBRIANSKI 1997). It is built as a closed loop, filled partly with a liquid
working agent. The device operates in cycles. In the upper part of the
downward circulation conduit, the liquid heat carrier is heated, which results
in an increase in its saturated vapour pressure, which in turn pushes it
downwards. The agent cools down in the lower part of the loop and flows to the
upward conduit. This is a result of the pressure difference in the circulation
conduits. After the specified pressure difference has been achieved, the passage
in the upper part of the loop opens and the vapour from the upper part of the
downward conduit passes to the upward conduit. At the same time, the excess
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of cooled-down liquid from the upward conduit pours down gravitationally
through the intermediate conduit to the upper part of the cold conduit. There
are several varieties of devices which transfer heat in this manner. In general,
all the solutions have the form of a closed loop with an upward and downward
conduit. The pump used in this system is based on patent PL 195 490 B1
(DoBRIANSKI, FIEDUCIK 2000). The device consists of two vessels (cold and hot),
one placed above the other. The vessels are connected with an intermediate
conduit, through which liquid pours down after a cycle of operation is finished,
and a hydraulic valve which controls the entire process. The work in the
circulation is performed by saturated pressure of the working agent.

Solar installation — location and structure

A solar installation for operation with a self-acting circulation pump has
been constructed at the Faculty of Technical Sciences of the University of
Warmia and Mazury in Olsztyn. It is an active system with a liquid collector,
area F = 2.0 m?, fixed to the roof of the university building (Fig. 1). The
collector is connected with a 300 L water heater, installed in the building
basement. Two manners of forcing the solar liquid flow have been provided for.
In the first one, the circulation is forced by an electric pump. It is a traditional

Fig. 1. Experimental solar installation on the roof of building
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solution which requires the use of controlling systems. The system has been
adapted for connection of another circulation forcing device — a self-acting
circulation pump. The diagram of connecting such a pump is shown in Fig. 2.
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Fig. 2. Diagram of connection of self-acting circulation pump with solar
installation: I - collector, 2,3 — vessels of the self-acting circulation pump;
T - temperature sensors, G — flow sensor, Z — valve, Po — electrical circulating

pump

Control and measurement system

Parameter of the system with a self-acting circulation pump can be checked
owing to its cooperation with a control and measurement system. Empirical
data can be obtained thanks to detailed measurements of the system under
study. The measuring devices perform real-time measurements of the follow-
ing parameters:

— temperature of the solar liquid at various points of the system;
— stream of the liquid flow;
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— pressure in the self-acting circulation pump circuit.

The system operation parameter values will be collected and sent to the
central unit through a module with analogue and 4-20 mA current inputs.
Operation of all the devices of the system can be visualised as a graphic mask,
shown in Fig. 2. It displays changes of all the measured parameters. The mask
contains descriptions of the sensors which comprise the installation’s measur-
ing system:
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Fig. 3. Display of measured magnitudes of test solar installation with self-acting circulation pump

The method of laboratory tests of the self-acting pump

The self-acting pump was tested in a laboratory. The collector in the tested
model was replaced with a 300 W electric heater with a thermoadjuster; water
was used as the heat carrier. The pump forced the medium through a copper
heat exchanger, placed in a 7 L insulated tank, filled with water. No heat
exchange in the tank took place during the experiment. During the device
operation, temperature measurements were performed in the downward and
upward conduits as well as in the tank. The sensor deployment places are
shown in Fig. 4.

Three calibrated resistance thermal sensors Cu 100’ with an accuracy of
+/-0,5°C connected to visualization and data acquisition system were used to
measure the temperature of water. The temperature measurements were
made with the frequency of 0.1 Hz. The experiment was carried out successive-



186 Jurij Dobrianski, Michal Duda

ly for two different temperature values of source heat (35°C and 60°C) set with
an accuracy of +/-5°C. An algorithm written in MS Excel for measurement

noise reduction in periodical processes was used in empirical data processing
(DOBRIANSKI, DUDA 2007).
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Fig. 4. Scheme of sensor layout: I — pump’s supply conduit, 2 — pump’s return tube, 3 — heat
exchanger in tank-accumulator

Results

The experiment results are shown in Figs. 5 and 6. In the first case, the
system was started when the liquid temperature was 17°C and the upper limit
of the heat source temperature was established as 35°C. The system operation
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Fig. 5. Temperature diagram for different measurement points of laboratory model at heater
temperature 35°C
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started upon switching on the heater. The initial cycles of the medium
pumping were intense, which resulted in a temperature increase at every
measurement point. Subsequently, the temperature in the tank and in the
upward conduit settled at 25°C, and in the downward conduit it fluctuated
within the range from 31°C to 33°C. At the same time, a noticeable increase in
the length of the pumping cycles was recorded. The other diagram shows the
system operation at an established initial heater temperature of 60°C. As in the
previous case, the temperature in each measurement point rose initially until
it settled at about 47°C for the upward conduit and the tank and about 55°C for
the downward conduit.
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Fig. 6. Temperature diagram for different measurement points of laboratory model at heater
temperature 60°C

Summary

The experiment results confirmed the periodical character of the device
operation, which starts pumping the medium upon switching on the heat
source. The pumping intensity depends on the source power and on the
temperature difference between the source and the hot water tank. In this
case, the system can be regarded as self-controlling. Thanks to successful tests
of the laboratory model it was possible to build the solar installation discussed
here. Subsequent tests will be related to the checking of the installation with
the use of the self-acting circulation pump in the installation.

Accepted for print 19.02.2010



188 Jurij Dobrianski, Michal Duda

Reference

CHOCHOWSKI A., CZEKALSKI D. 1999. Sfoneczne instalacje grzewcze. Wyd. COIB. Warszawa.

DosriaNski J., Duba M. 2007. An algorithm for handling experimental data of periodical processes
with Microsoft Excel. Technical Siences, 10.

Dosrianski YU. P. 1997. Sposib teploperedachi i prystriy do yego zdiysnienia. Patent of Ukraine. UA
15361 A; MPK F 28 D 25/00.

DoBriaNskI J., WEsorowskl M. 2003. Ocena techniczno-ekonomiczna zastosowania samoczynnego
obiegu cyrkulacyjnego w stonecznej instalacji grzewczej. Problemy Inzynierii Rolniczej, 3: 71-78.

DosriaNskI J., Fiepucik J. 2000. Urzqdzenie do przekazywania ciepla w kierunku przeciwnym do
konwekcji naturalnej. Patent PL 195490 B1.

LeEwanpowskl W. 2006. Proekologiczne odnawialne Zrédia energii. WNT, Warszawa.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /PLK ()
  >>
  /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 [1008.850 850.394]
>> setpagedevice


