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Performance Comparison of Heat Transfer Plates for Cooling
Tower Air Heater Through Numerical Analysis
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Abstract In this study, numerical analysis was performed on three shapes of heat transfer plates (chevron,
wave and dimple type), which are currently used as fillers of cooling towers. Results show that heat transfer
rates per consumed power were larger for enhanced plates as compared with that of plain plate. Highest heat
transfer coefficient was obtained for wave shape followed by chevron and dimple shape. For wave shape, cross
corrugations induced significant mixing of fluids, which enhanced the heat transfer. Friction factor yielded a
similar trend with the heat transfer coefficient. However, heat transfer rate and pressure drop per sheet was the
largest for chevron shape, due to the largest heat transfer area per sheet.
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[Fig. 1] Schematic drawing and diagram of the cooling
tower equipped with an air heater
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[Fig. 2] Schematic drawing of fin-tube type air heater and
plate type air heater
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[Fig. 3] Geometry and specifications of the heat transfer plates considered in this study (unit: mm)
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[Fig. 5] The heat transfer coefficient and pressure drop
according to the mesh number for the dimple

model
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[Fig. 6] Non-dimensional temperature profile at the center
of the dimple model
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[Fig. 11] Comparison of j-factors between models

[Table 1] Heat transfer area (A) and cross-sectional
flow area (Ac) and hydraulic diameter(Dy) of

the models
Model Plain Chevron Wave Dimple
A(m’) 0.068 0.154 0.090 0.076
A(m’) 0.0027 0.0022 0.0033 0.0027
Dn(m) 0.027 0.024 0.031 0.027

Fig. 110]i= Aozt Ae4g jelx ekl
otk jlAbe thewt o] g gk,

—2_pp2f3 ®)

o714 hie FAGASWMK), Vi S (m/s)olch
QA Aol GAGAS b = A (DREE ALE=
Table 19 2] (4)of] A-gH AFHA AZ Vepct &
HAeAG (AR dolugyeln 7P 3u H=e
A, GZ FAeo R Yehgth J2E JAre] 49 A
A o] T2 FAabol ulste] AHor 37] uwjio]
(Table 13%) AAFo| 7P Folw= Esta -G
Fi lojB Fahwrt ZA ehgth Re=60000]4] <l
A= glojB FAafo] Furols. i), AHE 4T JE §
Ao kel 3.5u), 2.5u]0|c}.

Fig. 100] Zzte] @Ato] thato] Qr-g<:3m/ s ol

FEERE ettt He) 49 SR 459 v
2 A GAAE S0 Bask EdET U
2 welth B3] golu Jae] A9t wAjsks 42y
4 Aol fFol G BRHL AL Mol
oleidt BEHFo| AL AL FAAY A0 By

5681

o %

[y

o o

e H
2o
e
o
1o
o
Jo T
M
©
_{_-Il‘
|z
ru
ot
o -
2,
Rl
2
TS

o
~

o
>

ot rpr

7} . 3.9ufo]c} Fig. 130 upaA)
Yel it npEaAlgE= o] 4oz AXbErh

4> ot o

AP=f——5pV’ ©

7|4 A P: gE7sKPa), f= b AS, As A

g £ 45 SHEm), pe Yk(kg/m’), V
= Bt HE(ms)olck 7 gAre] A9 A 4= Table 19]
Ul Qlck opAlL glojx gatollA 7 23 4]
BE 9 gzt A 2] Lhepteh Re=60000] 4] u}2t
[ Slo]B Ak Wuke] 10.5u), YlojH P4k o
ZFAre s53uf0]ck

)

]

‘ ——Plate —O—Chvron '—A—vWave '—YV—Di.mpIe ‘
L]

100 ¢ &
= 10 .
=3
[a
N

1
L]
1000 6000 10000
Re

[Fig 12] Comparison of pressure drop between models

1 _J —0—Plate —O—Chvron ——Wave —S7—Dimple L_
n

0.01
1000

[ |
Re 6000 10000

[Fig. 13] Comparison of f-factors between models



garakely| st A 4139 A|12E, 2012

0.1
0.08 F

‘ —0—Plate —O—Chvron —&—Wave —57—Dimple ‘

0.06

0.04 A\

j /f1/3

1000 6000 10000

Re

[Fig. 14] Comparison of j/f”3 between models

out o7 Ao HHE
nEeolA AL ojujeh j/f/3 o) e ulm
TH18). Fig. 149 j/f/>2 Reynolds 9] g4t Lieh
ik o] Tge A Agwe) j/ o) Hane
29 Hojzr). ol Et AuET o)A 14 AdT
o] Aepo] Hykwrt Ack= AL oulgkh. Re=6000
oA j/fY3 gre goln gayol Wuke] 17wy, HuE
Fayo] 1.5 v ©= Fabo| 1.2 w2 vpepyrk.

o&

A} Aol F

b

ot

2 BTE DG JAT Bt A4
= g g 4

x_oguar °é”°ﬂ ot <
i

s B PAito] o] L7vl, HJEE
FAol 1.5 vl & FAo] 1.2 wiE Rtk
2) GAEAS (JUADE dlolB FAollA 71 ax
HEE F4, HF 4 o2 YePTh Re=6000

oflA jolzk= flol8 FAdo] Be] 5w, B
3.54), 2.5u] = LPEP*

5682

Re=600001)] th2A= ol @Ae] ko] 10.5

Hil, flolE /3 HEBYS 5.3u= YERdth
4) 5L A7) FlEAY ALF A %@.CE% He

E3°NM 7P 3A debdh ol AEEF48e

dgwzo] g F4ol viste] d53] A l o=

olct.

References

[11 S. M. Zivi and B. B. Brand, An Analysis of the
Crossflow Cooling Tower, Refrigerationg Engineering,
Vol. 64, pp. 31-34 and 90-92, 1956.

[2] D. R. Baker and H. A. Shryock, A Comprehensive
Approach to the
Performance, J. Heat Transfer, Vol. 83, pp. 339-349,
1961. Article(CrossRefLink)

[3] J. C. Campbell.,
Towers,

Analysis of Cooling Tower

The Prevention of Fog from Cooling

Annual Meeting of the
Institute, Houston, 1976.

[4] C. K. Choi, Y. K. Choi, and H. Y. So., A
Numerical Study on the Performance Analysis of the
Plume Abatement NWD Cooling Tower, Korean J.

Cooling Tower

Air-Conditioning and Refrigeration Engineering, Vol.

11. pp. 1049-1058. 2001.

Clearflow Application, Users Manual, Marley Cooling

Technologies Inc, 2005.

[6] A. Cooper and J. D. Usher, Plate Heat Exchangers,
in Heat Exchanger Design Handbook, Hemisphere
Publisher, New York, Chap. 3.7, 1983.

[71 M. Ciafalo, J. Stasick and M. W. Collins,

of Flow and Heat

[5

—

Investigation Transfer in
Corrugated Passages, Int. J. Heat Mass Transfer, Vol.
39, pp. 165-192. 1996. Article(CrossRefLink)

[8] B. Sunden, Flow and Heat Transfer Mechanisms in

Plate-Frame Heat Exchangers, in Heat Transfer
Enhancement of Heat Exchangers, Kluwer Academic
Pub., pp. 185-206, 1999.

[9] K. H. Lee, W. Y. Choi, J. H. Lee and H. Y. So,
Comparison of performance of cooling water with
various shape of packings, Korean J. Air-Conditioning
and Refrigeration Engineering, Vol. 10, pp. 358-367,
1998.

[10] S. Y. Yoo, M. H. Chung, K. H. Kim and J. M.
Lee, An Experimental Study on the Performance of
Plastic ~ Plate  Heat

Exchanger, Korean  J.

Air-Conditioning and Refrigeration Engineering, Vol.



17, pp. 117-124, 2005.

[11] S. Y. Yoo, M. H. Chung and Y. M. Lee, A Study
on the Factors Affecting the Performance of Plastic
Plate Heat Exchanger, Korean J. Air-Conditioning and
Refrigeration Engineering, Vol. 17, pp. 839-848,
2005.

[12] M. H. Chung, S. Y. Yoo, K. H. Han and H. L
Yoon, A Numerical Study on the Flow and Heat

of Plastic Plate Heat

Transfer  Characteristics

Exchanger, Summer Annual
Conference, SAREK, pp. 1366-1371, 2008.

[13] M. Kim, J.-H. Lee, S. R. Park, H. S. Ra, J. H.
Jeong and H. Lim, Experimental Investigation of an

Air-Cooled  Heat

Single-Wave and Double-Wave Plates, Korean J.

Proceedings of the

Cross-Flow Exchanger  with
Air-Conditioning and Refrigeration Engineering, Vol.
21, pp. 347-354,

[14] H. J. Ahn, S. H. Lee, N. Hur, H. J. Park and H.
S. Ryu, 2010, A Numerical Simulation of Flow and
Heat Transfer in a Dimpled-Type Plate Heat
Exchanger, Korean J. Air-Conditioning and Refrige-
ration Engineering, Vol. 22, pp. 149-155, 2009.

[15] Fluent 12, ANSYS, http://www.ansys.com.

[16] W. M. Kays., and M. E. Crawfod., Convective Heat
and Mass Transfer, 3rd ed., McGraw-Hill Pub., 1993.

[17] R. K. Shah., and A. L. London, Laminar Flow
Forced Convection in a Duct, Academic Pub., New
York, 1978.

[18] R. L. Webb and N. H. Kim, Principles of Enhanced
Heat Transfer, 2nd ed., Taylor & Francis Pub.,
London, 2005.

24 L $Nae-Hyun Kim) [Hsld]

® 1989\ 129 : Penn. State
University ~ Pennsylvania, PA,

USA (Z3hakah
° 1994 39 ~ FA : ATy}
o 7| ASSE wg

5683

2 & A|(eong-Sik Kim) EEE)

® 20029 3¢ : & Frohst of
ahel Faolgatelrai gt

e 2012 119 ~ @A (A
EETE S LT RPALS
A7e

0| € Z(Eul-Jong Lee) (A3

40

]

© 20109 2% : AN 7|AF
st} (FEH4AD

e 20109 3Y ~ A : ATt
L 7\ AEE} (FEEAD




<<
  /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


