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DFSS OPTIMUM DESIGN OF LOW NOISE COOLING FAN
FOR AN ALTERNATOR BY NUMERICAL METHOD

W. Kim," W.-H. Jeon,” J.-J. Hyun,’ C.-K. Lim’ and S-H. Lee’

An alternator which converts mechanical rotating energy into electric energy is an important component of a
vehicle. It operates in broad range from 3000 RPM to 18000 RPM. So, sufficient flow rate and low noise are
needed in such broad operating range for a cooling fan of this alternator. In current study, the cooling fan of an
alternator is developed through DFSS process and numerical analysis. In order to calculate flow rate and noise
level, SC/Tetra and Flow Noise are used respectively, for a new developed fan, compared with original model,
numerical result shows 3 dBA reduction and measured value shows 4 dBA reduction.
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Fig. 5 Surface pressure and pressure and velocity at vertical
section

Fig. 6 Surface pressure and absolute and relative velocity at
horizontal section
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Fig. 7 Sound spectrum graphs of centrifugal fan noise
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Table 2 L9 DOE table for Centrifugal fan Design
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o Fig 109 2 A% 9L 5 Ak 719 base ! 25 50 8 14.5
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Table 1 Design factors and range of levels 3 25 60 13 215

Factor Level 4 30 50 10 21.5

1 2 3 5 30 55 13 14.5

1 Inlet angle (B1) 25° 30° 35° 6 30 60 8 18.0

2 | Outlet angle (B») 50° 55° 60° 7 35 50 13 18.0

3 | No. of blades (Z) 8 10 13 8 35 55 8 21.5

4 | Chord Length (CL) | 21.5mm 18.0mm 14.5mm 9 35 60 10 14.5




Fig. 12 Numerical result of an optimum fan

. - 1 = (=13
S A4 255 3 EHY 237 i:/
| EEFE]
Flow rate [CMM] 100
260 — Uneven pitch
. -~ 80
250 / ’g 70 F
A S T S S e0 |
oz T 2
260 — ® 50
a0 |
- / 30
20
0 2000 4000 6000 8000 10000
Noise [dBA] Frequency [Hz]
- ) )
. - Fig. 13 Sound spectrum of even and uneven pitch fans
Em ] /
) = NoBk = = = = 100
= — 0id fan
s 90 — L5 fan
%0 <. —— 80 — Optimum fan
e 8 10 13 .5 180 as 2‘ 70
. 5
Fig. 11 Taguchi analysis results of flow rate and noise = 60
o
@ 50
40
3 “x_' 30
Noise
— 20 ‘ ‘ ‘ ‘
e Flow rate 0 2000 4000 6000 8000 10000
. Frequency [Hz]
=
= = ) )
&) ™ e Fig. 14 Sound spectrum of base, L5 and optimum fan
&2 %5 g
Fd =
[}
3 =z
[T
0 Flowrate 72
—— Noise ik ,_—.;_%‘\“
1 : 90 L = ¢
Base L5 Ot W \.
CASE \

\\:f

Al Aol webd Zle) ArE 16 R Bl Easd i
ol7] $1ElA Zle] §-5 7H4 wjEE Agste] HHAs AA (a) base model (b) Optimum model
sath A frsd A A A= Fig 12 9F 2ol Fig. 15 Impeller surface pressure and stream line by particle tracing
FHS 27 % 7RI Age A Bl nlate] of 4
dBA AZHE AT A% 2l 59 A9 Btk LS 2de 1M BPF 7F 7
Fig. 13 Z19] 7o) SAQ1 A F-sitA e A7 AETh ola] A 2o #wo] | dBA =th HAe Ao
HAE Ao AkprE ~dERoR S WY A% 54 BPF ¢ BEASL Ajzlos zolx7l §Aut v Fu
& BIFS) B0 ge AobIAU BIF Aol FAFN  gpeten 15 of Mol 48 AERe] w ool
=awol 7k A & 5 Aok Fig. 15+ base model ¥} optimum model & 2 FETHoA] 2]
HHEES} A blade Aol o] A& THAglske] HERd
4.3 obEnt =& MA e H| W o)t} tEol 79 base model & leading edge o412 blade
oA L5 oF HHse] AFAHERS Wuste] Fig Aol Ak sHEApb wAE ol Aw Age] Uglo]
140 JERASITE FAkae Agdoel Z2A Adghe] =& = Ae 9= 4= 9tk Stream line 2 . base model 2]
ol Mellxel Algh frEEE]et oz QIgh Zl Alololx9] 7= 5ol blade ©| leading edge o T=T F AshA al



238 M3 EHY

ge] fEuEsh A% 2 §5S FHSAT optimum
O] $490] blade B Theb FE
ol 3]

s As GRS 4 glon oY@ olfE Aiss
3k
=

B S 122

T B AFE BEiA W
AgE Aejoll 4 224 CFD 3l
A @ Apde] ThsEe BT

[1] 1970, Morfey, C.L., "Sound generation in subsonic
turbo-machinery," J. Basic Eng. (ASME), 92D, pp.450-458.

[2] 1999, Chen, M.Z. and Wu, X.H., "Vortex simulation of
rotor/stator interation in turbomachinery," Trans. ASME,

Vol.121, pp.358-364.

[3]1 1952, Lighthill, M.J., "On sound generated aerodynamically,"
L General theory. Proc. Roy. Soc., Vol.A211, pp.564-587.

[4] 1969, Williams, J.E. and Hawkings, D.L., "Sound generation
by turbulence and surfaces in arbitrary motion," Phil. Trans.
Roy. Soc., Vol.A264, pp.321-342.

[5] 1955, Curle, N., "The influence of solid boundaries on
aerodynamic sound," Proc. Roy. Soc., Vol.A231, pp.505-514.

[6] 1997, Jeon, W.H. and Lee, D.J., "An analysis of the flow
and sound source of an annular type centrifugal fan," Proc.
Of the 5th Int. Congress on Sound and vibration, Adelaide,
Australia, pp.1333-1340.

[71 1999, Jeon, W.H. and Lee, D.J., "An analysis of the flow
and aerodynamic acoustic sources of a centrifugal impeller,"
J. Sound Vbi., Vol.222, pp.505-511.

[8] 2006, Kim, W., Jeon, W.H., Cho, J.-H., Shin, D.-S. and
Kim, H., "Numerical study on the noise generation of the
axial flow fan in a refrigerator," Proc. Internoise Honolulu,
pp- - .

[9] Liu, Q., Qu, D. and Mao, Y., "Numerical calculation of
centrifugal fan noise," Proc. IMechE, Vol220 Part C.
JMES211. pp.1167-1177.

[10] Kensaku, I., Yoshinori, M. and Hiromu, T., translation Cho,
K., The basic of pump design, Daeyoungsa, Korean.

[11] Eck, B., Azad, R.S. and Scott, D.R., Fans, Pergamon press.




<<
  /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


