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Optimal Design of Vacuum Cleaner with a Multi Cyclone
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ABSTRACT: Cyclone, a type of particle collector widely used in the field of ambient sampling

and industrial particulate control, is the principal type of gas—solids separator that uses a centrifugal

force. The goal of this study is to design and evaluate the cyclone that can be used for the

household vacuum cleaners. A multi cyclone with a 1st cyclone and several 2nd cyclones is

designed to improve dust collection efficiency. The dust collection efficiency and the suction power

of 1st cyclone are evaluated. And the dust collection efficiency and the suction power of multi

cyclone are evaluated according to various sizes of inlet and vortex finder. As a result, a cone

shape porous filter has better dust collection efficiency than a cylinder shape porous filter. The

dust collection efficiency of a multi cyclone is 3.5% greater than that of a single cyclone.

Key words: Multi cyclone(2E] Alo]E &

), Dust collection efficiency (2 #] 3

2 %), Suction

power(F U Y E), Vacuum cleaner(Z &% A7])
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Fig. 4 Schematic diagram of the 1st cyclone.
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Table 1 Parameters and dimensions of the 3. Az % 24
porous filter
Test No.| Dot A Dot A Dot A 311X Ato| 22 24T
1 05D | 0° |06D| 0° |07D| 0°
2 |05D]| 10° [06D| 10° | 07D 10° Fig. 6(a)i= thed dHe] Al =40 ws 14
3 05D | 20° 106D | 20° | 07D | 20° AtolE &0 MAXPEEY FTYLES HET A
) : : o] a1, Fig. 6(b)& 22| 7t w2 13} Alo]F#9]
Note) Dist : 110 mm, Hist : 85 mm, Hpf : 70 mm. W 2A=o et thaa B e Ao 22
a2 dee Ao A4 2o 2tno] B2 ¥ 5 FUdE] FE MAEP AL HaTE
2A5S otolry] 9E|A, AYAATG 2o Z% gl 4= k. 29| AErt F55 FULES ¢
2 7} MR FEoR 2TEe] AFMAE Y AstARE AAEH{EEo] Sl S & F Aok
tad Yol A o] 2o ZterRt UAZR |
2.5 2% Ato|E 29 AME=A ol g GFE7F =4 deEpdoh 2Rl 27 9
AAEZFEEo e JF=7t 2o ZA=e et
Fig. 501 4849 §4be 2 24 Apegge  OI7F R, Ao 079 W e Rt b
AFEE Gehileh, ngw Afol2ee A7s w0 L. LEA e Aree] gRw A4 wef
olo A 4§l E3} o] mElA 7T (Vortex Aol 7h Qe HAo] 5% 2o Zro] P

pus A l_i]—
Finder)¢] 27 m& AAZHEEIN} FULES

Hrbakdth A9 27L Table 29 2t}

100.0% 400

0.0% // )
—

96.0% \\ )
94.0% \ 340

Efficiency [%]
[AA] 1amod uonong

92.0% 320

90.0% 300
0.5D 0.6D 0.7D
—B— Efficiency-0° —&— Efficiency-10° —h— Efficiency-20°
— Suction Power-0" Suction Power-10° Suction Power-20°

(a) Effects of the diameter of vortex finder

100.0% 400

98.0% -1 380
Fig. 5 Schematic diagram of the 2nd cyclone. 5 B 1%
; 04.0% / 1 340

Efficiency [%]
[AA] 4emod uonong

Table 2 Dimensions of the 2nd cyclone

92.0% 1 320

Test Inlet Inlet Vortex finder
No. width, a height, b dia., Dvf 00.0% 300
O 2D O 25D Angle 0° Angle 10° Angle 20°
1| 06D 0.48D LR o e e ]
2 0.2D 0.5D, 0.6D 0.48D (b) Effects of the inclination angle
3 02D 0.6D 0.42D, 0.48D, Fig. 6 Dust collection eff.iciency and suction
0.54D power for the various types of 1st

Note) D : 48 mm, H : 140 mm. cyclone.
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tion of vacuum cleaners using cyclone techno-—
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Kim, C., 2006, Design and performance evalua—
925-930.
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0.48D 0.54D

0.42D

power for the various types of 2nd

cyclone.

Roro R M®IR MW HN R TFUHgpw Ha 5 o Y o
2_%ﬁﬂﬂ47ﬁﬁo%. WX ORNE g ® g, g SE R g
S N T WS E L K W o) o m X =D L 2o = =
R T B o PR ol w8 gy B AR o = F T
H ol o e = X TR o — o - Y ] el P o= N
zREFIL TR ox TENRT TR e v Sx Towd s
) J— i — foar ~
@MMWM%.@uWMaﬂE%Eﬁ qﬂmuﬂer_m W}Mﬂﬂﬁﬂﬁo ﬂﬁ meﬂ_oror o
1o )
A o PEnE L LRoH N o dy B .
TR ALT LR SR oﬂi%g BT W 5
) w = X g o of
BERES T EITAT FXERH TRl LW pET L o5 7
Zriiesiinnnl TEzCeavyers TE ORTooF ow o
BagEg S IR g GG H GheT R pudPs g x TITLGT m g
EME%M%EEJmor_ag_mﬁu% an_/n&oﬂﬁzhw_ﬂawﬂlﬁmﬂﬁﬂk%dnﬂlx] %W&mﬂi wl p
= 5 ! 3 — N = = T ~ - "0 1 o ol
o n w5 E_é %_Al A W EE ,m.h ™ S <o iy oy T o w_ oy Mﬂ MM o o it :w__t % N w..,o MM m
Fo®m s T T gl W P e @m@ﬁﬂ o oA S,
g A E LT ey oy TP e mrto o AWM e Lo s, ;
~o AR . N G — — 2T xR L w2 3 i 2 N o A ©
X0 o o = or B < ~E o T Ho o N ol < o T X S <~ O SR W= ~n .
NEHF Ll gew W oA Tw T e MR S v g R D g
— AK ™ %D@%@ﬂﬂ. B W o — o B X aomw —~ o M =)
o OE j‘._ jog OE © .HT_ _E T ;& Tl T o) ﬂE o :.;E Xz m i < —~ \w —~ —~— XX ‘UI <
op P o T RE ] S T RE oo SR R B I W O ) B B v B T <
o o oV M B REoF o Moo N R M AT O ORNMOTEDT TR WX E M —
17r ‘.ME ‘UI EE 1__/| ,Eﬂ ﬂﬂ Suction power(W) Suction power(W) Suction power(W)
T =1 1r_! . M — IS o © 3 I S S 2 3 g I S S 2 3 < I S
ShEeNE T e e T 8 8 3 8 ¢ T % 8 3 4 =
IS SRR i .
o %o — T M X rallc e = < -
ko W oy o I ° - 2 g = " e 5
Q 1 T o ) | Q2
&lll;&]__& K o = a o | g =
I L 3 g s [ 7 ° £ | s £
ook X B @ X o z = 3 = g 2
MR e - SN e s k= = | 28
»¥rper ®OED | MR - S s g | 4 L is
Mo B __®wm M m e s 2 g g - vl
T TWW T Wl if | s : 5 K
- il | o g 3 §
gHapere Morx / 5| 8 8
I T e / A -
TEEILT m ST L . g & tt 5 1 .
TxRT® o M 3 3
TR AL T e e - =
o —_ O o [t} o 0 o T T T T T T
A SV (- S - B - Sz 3 & 3 s 3 2 3§ 3
i) ) 1 Ux# \Mﬂ (q\] oo = o o o =) =
o X E- o ol [, o (%) Aousiouye uonoa|od 1sng (%) Aousioiye uoRoaljo 1sNQ (%) Aousioyye uonos||00 IsNQ
TR OPS o 5

(c) Effects of the diameter of vortex finder
Fig. 7 Dust collection efficiency and suction



HE AL 2 2S5 o] &3 A7) HAAA N B3 AT 131

2. Lim, K. S., Kwon, S. B. and Lee, K. W., 2003, 1996, Design methodology for multiple inlet cy-

Characteristics of the collection efficiency for a
double inlet cyclone with clean air, Journal of
Aerosol Science, Vol. 34, pp. 1085-1095.

. Molhave, L., Schneider, T., Kjagaard, S. K.,
Larsen, L., Norn, S., and Jorgensen, O., 2000,
House dust in seven Danish offices, Atmosphe-
ric Environment, Vol. 34, pp. 4767-4779.

4. Murry E. Moore and Andrew R. Mcfarland,

clones, Environ. Sci. Technol., Vol. 30, pp. 271-
276.

. Park, Y. G, Yun, C. Y., Yi, J. H, and Kim, H.

G., 2005, Numerical simulation of the effects of
the design feature of a cyclone and the inlet
flow velocity on the separation of CO2 particles
from a CO2-COF2 mixture, Korean J. Chem.
Eng., Vol. 22, pp. 697-704.




<<
  /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


