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Characteristics of Flow-Induced Noise in the Suction Nozzle of a Vacuum
Cleaner with a Double-Blade Fan
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Abstract: The characteristics of noise generation in the suction nozzle of a vacuum cleaner are analyzed
numerically and experimentally. First, the flow resistance induced by each element in the suction nozzle of a
vacuum cleaner with a double-blade rotary fan is investigated numerically and its relation with flow-induced
noise and suction performance is examined in an anechoic room. The flow resistance and vorticity in the
suction nozzle are calculated, and it is found that they are closely related to flow-induced noise and that the
upper limit of noise reduction is only 4 dBA. This upper limit can be achieved by changing the design of
the brush nozzle. Two methods for noise reduction by enlargement of flow-inlet area and by optimization of
the number of blades are tested. Finally, the effects of each method are verified experimentally.

- 71aMdY - 1L.ME

L i WA wlolTRE 9o wjA A AEFHR7I] Fo7se AT o]25lA

S9 BAH 99HdB) 2 ae S e A Ha gl A
Ly =R uare] o3&yl ¥ (dB) T A7) = YA M(centrifugal fan)©] 30,000 ~
S s AT H 40,000 RPM A= nf&oz 3]st B2 &
S ZIERAA ) g wesd FQeEe, 1 544 T2 48
(o neldel Bt 59 Aol fEe B ABYL e FEFQ
(Upy| = 713 =2, 5 B4 @S AA 22 (flow-induced noise)©] 2t & gt} 7 E

o) ) B

& A B S Har)e 2ege dumon Ha yie] £
+ Corresponding Author, chsohn@sejong.ac.kr st dAlde] nEs)doew Qg frsihsd B
© 2011 The Korean Society of Mechanical Engineers o 9 wZoA] A= 52807 B




206 whol A - 23

73 5 glom M fmae A Bl %

g 545 detd 7 Ao
28 AL e AT e zEeH
gol Hojokstal, fredolA e Zdlb]
M Ak Fzbel disiA 27 43k, 63
Aol A2 zk= A7bel| iE HRA3 2
of that xHEAS Hgslolof Frh. o] 3k o]
2 v A (unsteady) &S Aol AGI A
Algbe] 28551, e ko

©

o

A A, A7

1 omgshe

B oz
oo v
=
-
2
ro B rix
oo b
o ok
z
ox e

b
A
T
i)
Si%
o
X
ko

oo
0,

>,
o
=2

X o {0, <
of

2,
lo
Sh
do 4
ol ok
2
b
oo - 1
e Ho
L
2>

o
ofl 2 ol
ox 10 9
oy

o

>,

)

©,

o o do
HU ol v
ob
32
i
o

o
B
oo
=
2
o
f
r g

I
ox re

T2
317
N,
1Ay

r2
-4
=
ox
jsd
ot
A
o
BN
=
B~
dlo

i1t
jaiiA

o4

N
o = glo
| Tt
r&i o
o H
32

Jo Jo
REgRY

o

il

e

v

b

1o

|
o,

2.1 FX|sHA HH

2 AN s ASEAE AT e
Navier-Stokes 74 2] 2] Eol&
AL 2AEIATY A gigo s,
e 715 vA &Y |
A#7F B npete] AAE o
o7 3ldete] nie 7
st BYHAE A

e 4

o
o2
1>

ok X
2 Ay

o (R
O:

x dport Moy
o o
o M
= o
N
> T o

oft
o
filo

Me o
H
>
1o
@ Ob ook —y off

of

ofo 4 o =2 R dpb =

, Fig. 201 o]FEeol= (Fig. 2(a))%
T & (Fig. 2(b))ol st A/

o ®
N 3R o e

o
>

extended pipe

fan

Helmbholtz

resonator

Fig. 1 A model suction nozzle with a damp-cloth

brush

E Yy 9 283 dH-E AAV A=
EYol= XS 2454 AxE A
AR oF 20902, o] ¢ S/MAARE Y
WE7E SR Aee At SR E
22 AEgEE Zbe= ARAEH(upwind  difference
scheme)& A& Wi RURE HE ke
ey HegeE ARkl

FYT AAEAS YPF(nlet) Fo= HSH
(total pressure)S 101,300 Pa® F-o&}al, A2
Z7(outlet) A2 S 100,144 Pa(A W A
HhE AAsigltt. Bejqs, 4] a&3|de

=

BYHAZA UFe o]F Edo]= 3i(double-blade
fan)©] 11,200 RPM ©]%Fo & 3]dste] E4#E 2
B3R 3ARIL olF Edol= Wy B4 e
A712 AHo] Ho] FEHGo] Hu, 7|ojH|=
1:702.2 o] 70 FHH EArt 111 s}
5 AAEAL e WS
= 3|4 (transient analysis)= T3 3}= w2l
ANl e g A s F
S5 Tole s AREElth
oA Qe e Wy mds A
&te] CFD-ACE[9]Zt= A4 =
Abgste] AES Faeksih B
= i 910 AAE 7= Eol 3

B oow

T WS Sl B FATelA T



ol Edol= WMol FFdE T

Rotation: 11,200 RPM

(a) Double-blade fan

Outlet condition, Sub type:
Fixed Pressure 100,144 Pa

4

Helmholtz
resonator

\

Inlet condition, Sub type: Total P 101,300 Pa

(b) Main flow part

Fig. 2 Geometry and computational grids of a damp-
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Fig. 5 Main body of the vacuum cleaner isolated
by an enclosure
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Table 1 Each velocity components, velocity magnitudes,
and flow resistances
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