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THE PERFORMANCE IMPROVEMENT OF VACUUM CLEANER
BY ANALYSIS OF THE FLOW AROUND CENTRIFUGAL FAN

IW. Park" M.C. Ki* and HK. Park’

A cleaner has trouble with too much noise and power consumption. To solve these problems, the investigation
for motors, which are the main component of vacuum cleaner, is required. However, it is difficult to analyze the
flow by the experimental means because of the high speed of the fan rotation ranging from 30,000 rpm fo 50,000
rom. Moreover it takes much time to perform the numerical simulation for the flow. In this research, it is aimed to
analyse the flow through the centrifugal fan which is believed to be a main noise source, by the computational

method.

The efficiency of the centrifugal fan is affected by friction loss, shock loss and so on. Those losses depend on
fuctors like the velocity of impeller, blade shape and etc. Accordingly, the influence of the shape of impeller on the
flow is investigated in this study. The computational analysis was done by changing impeller shapes. The flow
around the centrifugal fan is simulated by applying the moving mesh. To verify the validity of the computation
results, the air flow rate and the pressure field to the cleaner is compared with the experimental data. All
simulations are performed by using commercial code SC/Tetra. The calculated results show good agreement with the
experimental ones qualitatively and it is believed to be promising to use computational  simulation in  the

improvement of the vacuum cleaner performance.
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Table 1 Experiment result(Average)

15.88 2,554 2,600 141 37,386
19.05 2,053 2,090 1.82 |35973
22.03 1,564 1,592 2,18 |35,120

(a) Centrifugal fan

(b) Experiment device

Fig. 4 Computational grid

25 A=A Y AMHR

At gl Q79 2Foe dr|gzAE FACh 44
Aol et 35,000~37,000pme] SARA 8] hiA,

z 9 Yot noslipAAZAS ALtk dREdR

Qutdlo 2 714 ol ALLEE Standard k—eEEE A}
ATk ANARNE Fig 4@k Zol #A FHd AL
ANS ) st} o SITAS AFAFeH, =E7
UslR] SEsjARed o 286ut7le] AxtE XS A
AHoz o 3379AS AAsth AXkAL Pentiumd(D
32GHz, 3.24GB RAM)ollA o]FoALtt leycled 2°¢ 3 3
Ao @2 AN FHsigon AMRRE 7 Az
whe} ek 30417 A _FUTE Fig 4(b)E W AAF-Eo)
g A= Jebd 2gelth

ofo rlr Mo



N 2 BT 85

§+Exp81i|nent 1 = - Experment 2 —&— Experiment 3
Experiment 4 —%— Experiment 5 —a— CFD

Volumn tow ratelm~3/min)

34500 35000 35500 36000 36800 37000 37500 38000
RPM

Fig. 5 Compare RPM with flow rate

—— Experiment 1 Experiment 2 —8— Experiment 3;
- Experiment 4 —%— Experiment 5 —8— CFD

3000

2500

2000

value of vacuum(Pa)
@
o
<

34500 35000 35500 36000 36500 37000
RPM

37500 38000
Fig. 6 Compare RPM with value of vacuum
3. wasi et 3 o

FEsiA Ave ks AN freel sle
7] ZAAMEE FAAE AANA fEo] 9 wed
7HA] ol oA,

Fig. 569 94| Sd&EES A
Aezol oieh APz FEi dabgrel g
et Agdae f5eid Azt
AE oS BT o] 2xbllE
ot M b Fo] old Egrdrk st A4AL
2E AW} GAFE @ 7 AoH o)F FEdl AN
AEgE AR

+

I ZHSE]

Velgerty

Fig. 7 Velocity vector

ey

Prassure

Fig. 9 Pressure contour of surrounding motor

32 MitsiA A3t
NP Q7 orifice 270 22.23mmY W] AL
Azl &£TwEl7} Fig 783 2ol TalFch TERelA w
24 717 Fdge] YARE AU FRF-FLE WAL
ok & glrh Fig9e BH FHe| JHIFE HUT A

e

g = <

o] AR AFL FA%T Qo8 o
2



N2 EEY

Fig. 102 949 F919) iEEE #3% Aotk g
29 QFRE FRPEAA 12 JdEE EILE HAT
AT Fig. 11914 & 5 %] <HiA
el EARE & & F
7k iR ek E7Re] =X
FRTIIL 2R X AL }
3t Tl 25o] Fra BeEn: o
Al AR 9 - FTY A 3
g AT devt dnk

Pressure

108181
107981
106772
105562
104353
103143
101834
100724
99515
98305
97095
95885
94675
93467
92257

91048

29828
38629
87419
86210
85000

R R

AR

3.3 ohliZl EAH ol AE
S ARl Fgg WA nEA AAHAS £

slo] Hokh ohfzl YR EAA AFsigoen VE A7
oA WAE 6mme] AP E FAAHEAE stk 1 2
3 Fig. 11904 Jeidd 47 FHolAe fEuteddol
Fig13olM 2 & gi%o] 4% aid9 S I 5 Ak ¥4
T oF 1.66%2] F&0 FUIEHALL

T3 OFAd Zo8 wadurie ¢hil R4 disiv:
Fig.149} Zo] hlA BGE 20°-25°4% 79 st A
dEN e P



BB AT M2 EB% 87
\ ECEE

A QhiY) 7 2 ET BPEPE Bl AL AR

chest 2k

flo e

1) AAATNGE F 15%-20%2 AE vERi ARAL
Az ohh Zol7h YUAT HHHA A AT
o o 4= qigith ol giste] Mataldlel AlHAE EE
St

2) A JTE SageR wAHsle] AAENS R
th 2 47 g3uEE 29 4 gded 71ERdd H
) oF 166%2] FUEgo] A4S BB

3) ehiiZl Q17 FAWAT WA E7Y g 200-25° B

Aejstol WS SaAE A AR
12%9] §9EE0] H5RS T F Uk
4 ol2A AN 7, = kA Bl 2] A
$o 0lAE o] AMALS F9 T 5 AT
5 5 24w ehizle) WAWBE B A5IEel A
2 olsolHol @ Aot
e vty A3

[1] 2003, Jeon, W.H, Back, SW. and Kim, CJ, "Analysis of
the aeroacoustic characteristics of the centrifugal fan in a

vacuum cleaner,” Journal of Sound and Vibration, Vol.268,
pp.1025-1035.

[2] 2006, ¥ro)A, £AE, o132 %E, “gho} FEE
1
H

P71 83

1.
A

%
3513, —7;“74] i3]

IO
i‘ﬂﬂ %%7 a5d #A) Eﬁl—’ﬁ%J%—}'i@L 7H
Pp.99-106.
[4] 2002, AT, WEE ALE 5 5
24 got @ Ahgslel B AT FFLSUFETY
3] 2S48 =83, pp.633-638.
(5] 2004, A&7, HET “AFHL7E AV A
o]

pp.5_40-5_41.

[7] 1974, Launder, BE. and Spalding, D.B, "The Numerical
Computation of Turbulent Flows," Comp. Math. In app.
Mech. And Eng., Vol.3, pp.269-289.

[8] 1995, Versteeg, HK. and Malalasekera, W., An introduction

A
T4E 9
3l L 0 Sl ALR-A 38T raet 3=
sue 54 o}ait} AYET BENE Sk @] 7] Uj ) 2“ FALRASHE, FALERS
2ol ns B3 FoIELE AT 5 otk £ F e e s
Qlgar slmmee] s of 424 FUNSS & & [6] 2005, SC/Tetra Version6, Basics o D  Analysis,
A

X = ©
B Ao e 44T SC/Tetra?] ©]FBAEE of& to Computational Fluid Dynamics : The Finite Volume
3l FEHLVE A FH9 S sich xR

Method, LONGMAN, pp.148-150.



