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Abstract This paper presents a numerical optimization of louvered fins to enhance the JF factor in terms of the design parameters,
including the fin pitch, the number of louvers, the louver angle, the fin thickness, and the re-direction louver length. We
carried out a parametric study to select the three most important parameters affecting the JF factor, which were the fin
pitch, number of louvers, and the louver angle. We optimally designed the louvered fin by using 3rd-order full factorial
design, the kriging method, and a micro genetic algorithm. Consequently, the JF factor of the optimum model increased
by 16% compared to that of the base model. Moreover, the optimum model reduced the pressure drop by 17% with a
comparable heat transfer rate.
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Table 1 Specification of the reference louvered fin

Flow depth
(Fa, mm) 25
Fin pitch
. 19
(Fp, pi)
Louver angle
. 30
®, ")
Louver pitch 12
(Lp, mm) :
Number of louvers 18
(#)
Fin thickness 0.08

(6, mm)
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Fig. 1 Definition of geometrical parameters for a louvered fin.
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Table 2 Comparison of turbulence models with

Re = 250
JF err.(%)

Kim and Bullard® 1 -
Standard k- & model"” 1.14 14
RNG k- & model”’ 132 32
Realizable k- & model® 1.04 4
Standard k- w model"” 0.65 35
SST k- wmodel” 0.65 35
2-D unsteady model 104 4

(realizable k- € model)
3-D steady model 0.98 5

(realizable k- € model)
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Fig. 2 Validation of results with previous studies.

Table 3 Level of each factor in this study

Level
Factor(unit)
-1 0 1
Fin pitch, Fp(fpi) 15 17 19
Number of Louver, # 16 18 20
Louver angle, (") 20 25 30
Fin thickness, &(mm) 0.06 0.08 0.1

Re-direction louver length, RL(mm) 1.0 14 18
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Fig. 3 The results of parametric studies.
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Table 4 Design of experiments a 3“.order FFD

Test  Fin pitch, Number of louver angle,

number  Fp(fpi) louver, # e(") IE
1 19 16 20 1.08
2 19 16 25 1.05
3 19 16 30 1.02
4 19 18 20 1.13
5 19 18 25 1.11
6(ref.) 19 18 30 1.00
7 19 20 20 1.14
8 19 20 25 1.09
9 19 20 30 1.10
10 17 16 20 1.08
11 17 16 25 1.07
12 17 16 30 0.96
13 17 18 20 1.13
14 17 18 25 1.07
15 17 18 30 1.08
16 17 20 20 1.16
17 17 20 25 1.12
18 17 20 30 1.09
19 15 16 20 1.10
20 15 16 25 1.04
21 15 16 30 1.03
22 15 18 20 1.14
23 15 18 25 1.09
24 15 18 30 1.07
25 15 20 20 1.15
26 15 20 25 1.11
27 15 20 30 1.07
1 1
—&— Reference model
—&— Optimum model
S 0.1 0.1 -—
—
0.01 L L L 0.01
1 2 3 4 5
u. (m/s)

Fig. 4 Comparison of optimal model with reference
model.

& Rdo] A Yehdt a8y HA 2di &
zdo] gk Aol 2 H& A, 7ke] ztole =A JE

658

g} wetd HF mde v)E mdo) HE dHagH
o] mjekstAl ZASHAIRE kel gstEFe] A A s
w) Fol] JF ghollA 16% =712 HQlth

4. 2 B

2 A7 FHIY AA QA FHIY Adel
A FFE AR &, HHE 7S o] 8st F
2ol FHE S Attt g, HA o] FHIAT 7]
<o FHEH] HuE T3 HZH FFY MAHE
robH gk}

(1) FHIAY HA A F o] & AL fin pitch,
number of louver 2 louver angle®]T}.
(2) MGAE 33l 92 2 FHAY HA Q1A= FP

=17 fpi, # = 20, © = 20°°]t}.
3) AF FHAe NE FHIA B& JF Fol 16%
= AT

R

4) HF L 7| FHA vwsksd
o %

o
At 2olEH, gdEEe A
Reference

1. Qi, Z. G., Chen, J. P, and Chen, Z. J., 2007, Para-
metric study on the performance of a heat exchanger
with corrugated louvered fins, Applied Thermal En-
gineering, Vol. 27, pp. 539-544.

2. Hsieh, C. T. and Jang, J. Y., 2012, Parametric study
and optimization of louver finned-tube heat exchan-
gers by Taguchi method, Applied Thermal Engineer-
ing, Vol. 42, pp. 101-110.

3. Ameel, B., Degroote, j., T’Joen, C., Jaeger, P. D.,
Huisseune, H., Schampheleire, S. D., Vierendeels, J.,
and Paepe, M. D., 2013, Optimization of X-shaped
louvered fin and tube heat exchangers while maintain-
ing the physical meaning of the performance evalua-
tion criterion, Applied Thermal Engineering, Vol. 58,
pp. 136-145.

4. Yun, J. Y. and Lee, K. S., 2000, Influence of design
parameters on the heat transfer and flow friction cha-
racteristics of the heat transfer with slit fins, Interna-
tional Journal of Heat and Mass Transfer, Vol. 43,
pp. 2529-2539.

5. Kays, W. M. and London, A. L., 1950, Heat transfer
and flow friction characteristics of some compact heat
exchanger surfaces-part I : test system and procedure,
Transactions of the ASME, Vol. 72, pp. 1075-1085.

6. Kim, M. H. and Bullard, C. W., 2002, Air-side ther-
mal hydraulic performance of multi-louvered fin alu-

(© SAREK



10.

11.

minum heat exchanger, International Journal of Refti-
geration, Vol. 25, pp. 390-400.

. David, C. W., 2004, Turbulence Modeling, DCW In-

dustries.

. Shih, T. H., Liou, W. W., Shabbir, A., Yang, Z., and

Zhu, J., 1995, A new k-epsilon eddy-viscosity model
for high Reynolds number turbulent flows : model
development and validation, Computers and Fluids,

Vol. 24, pp. 227-238.

. Kim, M. S. and Lee, K. S., 2010, The thermoflow

characteristics of an oscillatory flow in offset-strip
fins, Numerical Heat Transfer Part A, Vol. 58, pp.
835-851.

Davenport, C. J., 1983, Correlation for heat transfer
and friction characteristics of louvered fin, AIChE
Symposium Series, Vol. 79, pp. 19-27.

Chang, Y. J. and Wang, C. C.,, 1997, A generalized

(© SAREK

12.

13.

14.

15.

FHH AY 4 2 A 2l AR

A
oX,
M
>

heat transfer correlation for louver fin geometry, Inter-
national Journal of Heat and Mass Transfer, Vol. 40,
pp. 533-544.

Chang, Y. J., Hsu, K. C., Lin, Y. T., and Wang, C.
C., 2000, A generalized friction correlation for louver
fin geometry, International Journal of Heat and Mass
Transfer, Vol. 43, pp. 2237-2243.

Simpson, T. W., Mauery, T. M., Korte, J. J., and
Mistree, F., 2001, Kriging models for global approx-
imation in simulation-based multidisciplinary design
optimization, AIAA Journal, Vol. 39, pp. 2233-2241.
Krishnakumar, K., 1989, Micro genetic algorithms for
stationary and non-stationary function optimization,
Intelligent Control and Adaptive Systems, Vol. 1196,
pp. 289-296.

PIAnO(Process Integration, Automation and Optimiza-
tion), 2011, User’s manual, Version 3.3, Framax Inc.

659




<<
  /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


