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U ovom radu izvršeno je određivanje optimalnih geometrijskih veličina solarnih prijemnika 

metodama slučajne pretrage. Razvijen je matematički model za određivanje povoljnih geometrijskih 
karakteristika solarnih prijemnika u cilju maksimizacije njihovog iskorišćenja. Optimalno rešenje 

dobijeno je za geometrijske karakteristike solarnihprijemnikasa cevima, kružnog poprečnog 
preseka, prijemnika sa cevima kvadratnog i prijemnika sa cevima pravougaonog poprečnog 

preseka. Izvršena je uporedna analiza iskorišćenja sva tri tipa solarnihprijemnika. Rezultatima 
ovog istraživanja predstavljen je značaj primene optimizacije u projektovanju prijemnika, kao i 
uticaj broja promenljivih na kvalitet rezultata optimizacije. Ova rešenja mogućeje jednostavno 

primeniti u praksi. 
Ključne reči: solarni prijemnici, faktor iskorišćenja, optimizacija, geometrijske veličine. 

In this paper optimization was used for determination of geometric values of solar collectors using 
random search method was conducted. A mathematical model was developed for determining 

favorable geometric values of solar collectors with a goal to maximize their efficiency. An optimal 
solution was created for geometric characteristics of a collector with circular, rectangular, and 

square cross-section shaped pipes. A comparative analysis for all three types was conducted. 
Results of this research present an important use of optimization in designing collectors, as well as 
the influence of variables on the quality of optimization results. These solutions can be simply put to 

practical use. 
Key words: solar collectors, efficiency factor, optimization, geometric values. 

I. Introduction 
Efficiency of solar energy use presents an attractive research topic. The use of solar radiation energy is 

done through its transformation into heat, electric, or chemical energy. Due to cost effectiveness of solar 
radiation exploitation solar collectors for water heating are the most widespread. Solar collectors are divides 
which by absorbing solar rays convert radiation energy into heat energy of the fluid which circulates through 
the collector. Depending on the desired work fluid temperature there are two types of solar collectors: flat 
solar collectors which can achieve a temperature of over 1000C, and focusing solar collectors which can 
achieve temperatures of over 30000C. 
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Design and technology development of flat solar collectors, done in order to increase their efficiency, 
decrease price of production and other unwanted effects are a current research topic. These effects can be 
achieved through optimization of geometric values of the solar collector, which is the topic of this paper.  

Farhat et al. [1] optimized solar collectors in order to increase their performances. Their research 
covered a large number of parameters: absorber area, gross dimensions, pipe diameters, input and output 
temperatures, temperature losses, and many others. Authors in paper [2] concluded how to choose optimal 
performance in order to increase efficiency of solar collectors. In paper [3] Vargas et al. have maximized the 
performance of a solar collector according to their use in realistic weather conditions. Authors of paper [4] 
have optimized solar collectors from a thermos-ecological standpoint. Optimization of collector type 
according to climate conditions was done by authors in paper [5]. Paper [6] gave the authors research on 
optimal performances of collectors from an interior parts standpoint for collectors with square cells set in a 
honeycomb formation. This research included an analogy with natural solutions as an alternative in solar 
collector development.  

This paper presents an approach to optimization of solar collectors. Optimization is directed towards 
geometrical values with a large number of variables, which are viewed as dominant for efficient use of solar 
collectors in practice. The mathematical model created is for calculating optimal absorber plate dimensions 
with pipes of various cross-sections. 

II. Formulating the problem 
For the development of the mathematical model pipes with a circular, rectangular and square cross-

section were considered. Independent mathematical models were developed for these cross-sections, where 
for all cases as a goal function the efficiency factor for flat solar panels F’ was taken into consideration. 

In order to make a comparison between using collectors of various cross-sections, the following 
factors were considered: 1) inner area of the cross-section through which the fluid flows must be equal for all 
pipes regardless of cross-section shape, 2) total heat loss coefficient UL must be the same, 3) absorber plate 
thickness δ must be the same, 4) wall thickness t must be the same, 5) distance between collector pipes Wf 
must be the same.  

The equation for the efficiency factor of the solar collector F’ for collectors with circular cross-section 
pipes is taken from [7]: 
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Variables are: Cb, conductivity of the connection between the circular pipe and absorber  (W/mK), Di, 
inner diameter of circular pipe (m), Do, outer diameter of circular pipe (m), F, standard rib efficiency (-), F’, 
solar collector efficiency factor (-), Hfi, heat conductivity coefficient in the ribs(W/m2 K), UL, total heat loss 
coefficient (W/m2 K) and Wf, rib width (m). 

The equation for solar collector rib efficiency factor F for collectors with circular cross-section pipes 
is taken from [7]: 
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Equation (2) uses the variable M which is defined as: 

 
δk

UM L=   (3). 

Variables are: k, heat conductivity of absorber plate (W/mK), δ, absorber plate thickness (m). 
The cross-section of the collector rib with circular pipes is shown in figure 1. 
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Figure 1 –Cross-section of circular pipe rib 

A similar equation is used for determining the solar collector rib efficiency factor for pipes with 
rectangular cross-section: 
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Variables are: Wi, inner width of rectangular pipe (m),Wo, outer width of rectangular pipe (m). 
The equation for solar collector rib efficiency factorF for collectors with rectangular cross-section 

pipes is taken from [7]: 
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Variable M, for the collector with rectangular pipes is also calculated using equation (3). The cross-
section of the collector rib with rectangular pipes is shown in figure 2. 

 
Figure2 – Cross-section of ribs with rectangular pipe 

Ratio of inner pipe width Wi and inner height Hi is 1,5: 1. This ratio is frequent in cross-sections of 
rectangular pipes which are used for collectors. 

A similar equation is used for determining the efficiency factor of solar collectors with square cross-
section pipes: 
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Variables are: Bi, inner side of the pipe with a square cross-section (m), Bo, outer side of the pipe (m).  
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The equation for the efficiency factor of the solar collector with a square pipe cross-section  F is as 
follows: 
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The cross-section of the collector rib with square pipes is shown in figure 3. 

 
Figure 3 – Cross-section of square shaped pipe rib  

III. Problem solving methods and discussion of results 
Function (1) was used as a goal function for the collector with circular cross-section pipes, (4) for the 

collector with rectangular pipes, and (6) for the collector with square pipes. Limits were created based on 
suggestions from [2-6, 7, 8]. 

Heat conductivity coefficient depends on the choice of absorber material and pipe. The length of the 
solar collector is given according to standard values for length of the collector. Solving is done in MS Excel.  

Optimization for all three cases is done using random search method [9, 10] through 1000 iterations 
for more precise results. 

Initial interval is given through constraints of the variable from [2-6, 7, 8]. Parameter Wf is searched 
between 120 and 250 mm. Parameter Wi is searched between 5 and 30 mm. Parameter Di is simultaneously 
calculated for all iterations from the area of the rectangular cross-section using equation: 
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Other parameters in the goal function (3) and (5), are set as constants. Achieved results for circular 
pipe cross-section area are presented in figure 4. 

 
 

Figure 4 –Optimization results for circular pipe  
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Achieved results for rectangular pipe cross-section area are presented in figure 5. 

   
Figure  5 – Optimization results for rectangular pipe 

Achieved results for circular pipe cross-section area are presented in figure 6. 

    
Figure 6 –Optimization results for square pipe 

Based on achieved results conclusions can be made for the favoring of solar collectors with 
rectangular cross-sections. A large number of variables were taken into account, and using the right 
combination of these values an optimal concept of geometric values can be achieved. 

IV. Conclusion 
In this paper using the change of efficiency factor as a function of pipe geometry and rib width of flat 

solar collectors an optimization using random search method was conducted. All combinations of pipe 
variables for circular, rectangular and square cross-sections were taken into account. 

The collector with rectangular pipes had a greater factor of efficiency than the circular and square 
cross-section pipe collectors. Square pipe collectors presented the least favorable choice for practical use. 

Further research of this problem would require taking into account all types of materials used in the 
making of solar collectors. In order to achieve an optimal solution to this problem it is necessary to use 
multi-criteria optimization, with experimental verification of results. 

V. Acknowledgment 
This paper is a result of two projects: (1) TR33015 project of the Ministry of education, science and 

technological development, and (2) III 42006 Integral and interdisciplinary research in Serbia project. The 
first project is called " Research and development of a Serbian zero-net energy house", and the other is " 
Research and development of energy and ecological high frequency systems of poly-generation based on 
renewable energy". We would like to thank the Ministry of education, science and technological 
development on their financial support during this research. 



46. MEĐUNARODNI KONGRES I IZLOŽBA O KGH  • 283 
 

VI. References 
[1] Farahat, S. Sarhaddi, F. Ajam H., Exergetic optimization of flat-plate solar collectors, Renewable 

Energy, (2009), Vol. 34, pp. 1169-1174. 
[2] MessaoudBadache, StéphaneHallé, Daniel Rousse, A full 34 factorial experimental design for 

efficiency optimization of an unglazed transpired solar collector prototype, Solar Energy, Volume 86, 
Issue 9, September 2012, Pages 2802-2810, ISSN 0038-092X. 

[3] J.V.C. Vargas, J.C. Ordonez, E. Dilay, J.A.R. Parise, Modeling, simulation and optimization of a 
solar collector driven water heating and absorption cooling plant, Solar Energy, Volume 83, Issue 8, 
August 2009, Pages 1232-1244, ISSN 0038-092X 

[4] J. Szargut, W. Stanek, Thermo-ecological optimization of a solar collector, Energy, Volume 32, Issue 
4, April 2007, Pages 584-590, ISSN 0360-5442 

[5] I. Luminosu, L. Fara, Determination of the optimal operation mode of a flat solar collector by exergetic 
analysis and numerical simulation, Energy, Volume 30, Issue 5, April 2005, Pages 731-747, ISSN 0360-
5442 

[6] A.A. Ghoneim, Performance optimization of solar collector equipped with different arrangements of 
square-celled honeycomb, International Journal of Thermal Sciences, Volume 44, Issue 1, January 2005, 
Pages 95-105, ISSN 1290-0729 

[7] Kang, M. C., Kang Y. H., Lim, S. H., Chun W., Numerical analysis on the thermal performance of a 
roof-integrated flat-plate solar collector assembly, (2006), Heat and Mass Transfer, Vol. 33, pp. 976-
984. 

[8] Ho, C. D., Chen T. C., Tsai, C. J., Experimental and theoretical studies of recyclic flat-plate solar water 
heaters equipped with rectangle conduits, (2010), Renewable Energy, Vol. 35, pp. 2279-2287.     

[9] Zanakis, S. H., Evans J. R., Vazacopulos, A. A., Heuristic methods and applications: Categorized 
survey, European Journal of Operational Research, Vol. 43. pp. 88-110, 1989. 

[10] Rao, S. S., Engineering optimization theory and practice, John Wiley and sons, Hoboken, New Jersey 
pp. 309-314. 2009. 
 

 


	M33_2015_KGH_Matejic.pdf
	M33_2015_KGH_Matejic1.pdf
	M33_2015_KGH_Matejic2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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

  /CreateJDFFile 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2159.000 2794.000]
>> setpagedevice




