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Study on Noise Reduction of An Axial Flow Fan Accordmg to

the System Characteristics

Hong-yeol Yoon, Chang-jun Kim, Sung-bae Song ( Digital Appliance Lab., LGE )

ABSTRACT

In this paper, a guideline of axial flow fan design for noise reduction of refrigerators is p
resented. Refrigerators have components which have a role to screen particular frequency air
borne-noise which is generated by an axial flow fan set in them. Effective ways to use the

particular characteristic of refrigerators are shown in this study. As a result of application
of the methods, we reduced the noise of the target systems by more than 3 dB(A) from th
e viewpoint of air-borne noise produced by the axial flow fan set.

Key Words : Axial flow fan, Refrigerator, Air-bome noise

Introduction 2 fFEEY dF3 4259 EAogtn
) 3t WA netE e wjdEs] o

3Ane) 25de2AE dEI19 4T gol Yn Yo} FPE FWAT e

o e $£F8 9, 7AA 3748 Wor
UE & Jdth. AHEHEILA99) Fol 4
g wlo] W= ofe} o] YHIL AF
Mg gokd 4 ok gF7lel o
) HA 222 JAd Y] TR W
Al A B b E, Yo wjaE F
st YAD ZAE T3 dEHE A
o2 UEg F du ot 4F7 43S
olZ7] REje] ZF3H(harmonic frequency)
AR &7 Yo fA AFd g% 1
Fu AE, 4579 Wi 45 E3 W
o 719Ee IAHE AR FoE oF
o]z} olo wld WY e T8 W
o 9% 2&e WAL W I8 3
EAE B3d 9%

a7 o BFn

Ex0] Hald Aol ¥ & A3
et %4 Wol Aagae F
& A 7 $go

ToNE &

g WAL
BPF(Blade Passag
Azgel F4 e .

3 &]n}h& 01%‘6}04 ‘@%}I’—
%"33}511} k. 5§ @ éﬂl

-1381-



FEEQUTY Wslet BHESIA  blade
vortex interaction & °]i1 ‘g7l HHo A
o ¢S E HAHT & UEE MA
s ojo} gt}

Design Procedure of Axial Flow Fans for a

Refrigerator

G.S. Altshuller{1979]7} A|Qt§ TRIZ 9
System Approach ¥A1H[5]°] WEH Noise
2} Harmful Effect 7} A3t $AE A
7+ F37h, System o] uwpa} EAgol &}
! B.Zlotin[1995] ol AlAd
AFD(Anticipatory Failure Determination)] A

Ztoll A Ag9 HAYPAL FE3lo A
o]2]g TRIZ o] w}&

et oo} gk,
TAZY % 372 A wep IFa F
T8 FF 9& ALE dAse #43L
Fig. 1 o] Yepjic}.

+4 System Noise 4 ]

I
' ]

l Aj2toff THE Noise P & I [ Noise Source 24 I

l ]
i

Noise Genaration]

Zo dA e 2%

Noise &

o}
o5 BUS Air Flow Rate
&%

| wrwsmn |

Fig 1. Design Process

Resuits and Discussions

1. Noise Source 4]

G:S. Altshuller{1979]0] Waw® ojd 7%
< FYdE 4 A= Resource & @A)
system W§-olA Fajof gk o] AFD
of wat AWEY Noise h= Harmful
Factor & AT 4+ A+ Resource E EF
A o gt}

Fig. 2 ~4 o 7]1& System 2| Z}7}9} Noise

Source FH FAHEL YelRAS. Zz
38 @3 +H7 AN W9 288

Tl wet st Ao Fig 2
Yebd vheh go] $¥8 FF @ 2 2
kHz o8t9] Fab diq d&o] F8 &
& HEo H1 9o E3] 200 Hz oA
o-¢ & peak 7} el QlTh

0018 1216 2416 3616 4816 6016
Frecuency(k
Fig.2 $¢28% $354 57 @ 22
54 ¥l
2 kHz o439 F34= EH?%WV“] +38 =
F oz dd 71ad 280 ohd A4
% ] 1%01 el glol $£%4 &5 9@
AA&3te] & FA} Al—-—— -1y
% Sle.

olo HI3}ld Fig. 3 oA HlmE L YE
o] A&7l ¢ FPYF YoM &
A2FAE Yelda lon A %ﬁ*-g—
9] 2 kHz ©]4 5 kHz ©]3t Fo5dHe

FE A3 Yol 88 ¢ 9&1:}.

-1382-



!

0016 1216 2416 3616 4816 6016
Frequency(k-&)
Fig.3 457|¢t $F 8 &7/ @9 22
4 M@
b
!

S SRR -1
R ] - JDiiaH] _ _
B |

A0 o P e

_30,_ ..........................

50 | - r T -

0016 1216 2416 3616 4816 6016

Frequency(id-)

Fig.4 7|A4d 95} $38& 57 #9

(]
2554 vm

Fig. 4 JelY 71414 de EAL 49
HH 9A] 2 kHz F¢ o]3l9] &2& o
ol FA7F Hx Q. "t g4 L
€ A@stede £384 7% 999 A
THYeE @AV Jdeoy $£EL EH
d 9 AP P A 4229 Fy
T HYE nFHe oz olFAANY
200 Hz 34 4288 7IAA7|A] g2

dAsfort et

2. Azt mE Noise ¥ 3}

Fig. 5 o Algtel]l W& Al 489 W3
£ YERAT B39 F3A|0 e
Ag W3 Folg B3 ¢V 71EA
ARAoR FAFT 229 Wy 40
= AT Ao dad Ae st
g F k. gEd 2@ AL ZH
@ry)olold G Azt wE Wl
Zo2 ehfolo} g},

Noise (dB(A))
S 8

®
il

NN
S

T T T Y
80 100 120 140 180

Time (min)

Fig.5 AlZbol] w8 AW A& w3

T T T T
20 40 ]

3. A4 W 23

EF W & AT 9 ol = F
S¥sEE @/ 4, 9 Z(pitch angle),
2 Zk(sweep angle), #1012 ZH(rake angle),
5 BB(hub  ratio), 3 ¥ (maximum
camber) & & 4 Ut

o] 7}& oA System Ao wg A
B3 #dAo nsior & AL Eil 4,
¥ X} Zt(pitch  angle), & o7 ¥ (maximum
camber) 2] 53] 27| blade tip o] A} WA
3l blade vortex interaction & ZFAA]7] a1
2 tip FAFE AFHHAN BgHoz
FEE HAER dAsE

200 Hz ¢ 2¢ #9345 7had A7]A
FEE 3] 8 59 EAHE =
& dAsgen YFm Fo] = 22
AFGE #83tazl @ 8 wA sd9
BPF 7} 7]& ol njs 2 uj o] Fs}st
EE fFx35o ‘

T V& Aot 2dE 48 2 E
F 5L HiAgoeN e 3 Ao
it FFE S/HNPCER A S
(self-noise) & #AAA|7|zp Heles 9
outlet 79| o|A}FF & AFAIEE A
A3

% AL E outlet £ ¥l FHL oY
Fo2H FHOA HAHE oAFEL
HAsA 7|12} &%

-1383-



(228V, 1916 rppm)
1st BPF = 287 Hz

b Ad F #

(230V, 2145 rpm )
1st BPF =143 Hz

a) /i A @

i A A= il F Hehes

Fig.6 $38 &% 93 Hzte= Q4
AF P4 v

oo uwe} AHAY $FL FHF @
AL g FEsod SHI LgEHE
Fig. 7, 8 ol Z}Z} Yelyic}. 7€ %
=5 o v]dd 200 Hz peak 437}
A FolAEE & F YW EF £F
A9 EAL HW 1.5 kHz ol&tollA] A
33 Be A& A 537 Yz ¢
t}. o]l self noise E%F o}luz} blade
vortex interaction SHAAM T BL FIHE
BoSE AAE F+= Aolet Aztdrc
T3 Ags J4E WA d9, F
4% oy FAFE FFon ol
53 1.5 dB(A)Y 25A% AFHE AFH
o 2 A ALE HAee=rr Fit
of g wol 9o} ol ANRE Y
o] Frd FRAME dojuly]l 98
AdA Folt. HFEHoz dL 28AL
ARE, $£FA 38 dBA), Al 12
dB(A)°]H.

... 200 Hz Peak 28

25 o
20
: Je— &
sl 24.5dB(A) e =
§ 10
sl 20 7 4B(A}
E b
= ; q|' i 1 .
. yor.
’ L
1 1] s,
RESTI . ; - -
LZI 1 2 3 4 5 5.
Lo ]

Fig. 8 7} AF 3% £A3EA vm

Conclusions

330 ALLHE A% $F8 5% 9

Aol st 4¥H ATE SRS

Arg 2F B ¢ AAs: rlgoz 4

Fn A$EYL BEAGT. B A7
e > AL 98 2o

1. 3F1 $%F84 57 d3 Hg9=9
Aiagd HAE B39 YFzn A4
22 7|&EdY] 12 dBQA), $F2LL

7]&y] 3.8dBA) $FUh.

2. @71 3t9] vortex interaction & Zo]7)
A Gl tip o FYEAN WE 53}
€ #3oh

3.).%% W 2 & A9 FAE
2N PAn 79 aA&EA 4 ue 7]
& Y] A& peak frequency 2 A&
aA €4 & JdAdo

-1384-



References

[1] W. Neise, 1992, “ Review of Fan Nois
e Generation Mechanisms and Control M
ethods ”, International INCE Symposium,
pp. 45 ~ 56.

{2 T. Fukano, Y. Kodama and Y. Senoo, 1
977, “ Noise  Generation by Low Pressure
Axial Flow Fans ”, Journal of Sound an
d Vibration, Vol. 50, pp. 63 ~ 74.

3] B¥FmAL, BIFME, KEFHX, L
%, 1991, © HEEIMEEEIL ”, ZXE
BE R, Vol. 65, pp. 33 ~ 38.

(41 S.E. Wright , 1 976, “
The acoustic spectrum of axial flow fan nois
e ”, Journal of Sound and Vibration

(51 G.S. Altshuller , 1979,
Creativity as an Exact Science, Moscow

[6] B. Zlotin, A. Zusman, 1995, Ideation
Methodology, Ideation International Inc.,
U.S.A.

-1385_



