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Study on the Optimal Shape of Low Noise, New Concept Fan for Refrigerator
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ABSTRACT

In this paper, new concept, low noise axial fan was developed. The fan was designed to operate at high-pressure condition inside
the refrigerator. This fan — we call it Alpha fan - has small turbo blades at trailing edge of axial fan. These turbo blades make alpha
fan operate at high pressure and low noise condition. In order to find out the optimal value of design parameters, 6-sigma method
was used. The design parameters are ratio between inner and outer diameter, Height, Install angle and Install position of turbo blade.
Optimal value of turbo blade was found out and the noise generated from this fan is reduced about 3dB(A).
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Fig.1 Flow path around the axial fan inside the
refrigerator
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Fig.2 The flow path inside the Freezer room of the
Refrigerator
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Fig.3 Former axial fan used in refrigerator
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Fig.4 The performance curve of various fans

ojelgt £/ MMl WHS Hesy
st AAE nAY AAS AYA Mo ¥
< (c)%F #rh Alpha 9 HFIFALE 7]&e

B
B3 AW B4R PQ AT w]wakel

[
me duopx o

B orix

rL px,

P EHE JeE D e, 439 Wzl
o] A¥Hod Wsle EAL Ug
. ol8{¥ Alpha #9] P-Q FAML oA

ae] /by wWis gl Fg shdg
oM HlwA Ye doo A

FE AN & Qo

ofy
rV
o ofk

—

}_

1

W & 2 8
R TR 1N )
_%_%rsl';g‘&
2 2oL oo
oX o
B

=
ot |

23 MEA ol MA R o HH

# AToME YolA AFF R A
AR FFLSY APE Y3ty
Alpha e R s elre] gAe] s o
3 AFE P en, o8 A 6-Sigma 7
He AR

6-Sigma 7} & Motorola ¢ Mike J. Harry ol 2] &}
41987 | At BATH AE WHoEH A
F oy FAEE 1 WA B 34 A2 e
B89N EFolvh. w1 dwd| FAgE 2Ed
T ow R el ohvet wAY, dxXUe®, An)
&% AEET vk dAez stm dlev, @
A GE, Sony, IBM 5% AlAl f49 d7|deld &
atA Ag Fel Aok [7)

QFD

- Quality Function Deptoyment
Start foate)

- Critica! To Quality

FMEA
(s QF'D 2) - Failure Mode Effect Analysis
tepl. DOE

- Design ot Experiment

Fige

OiiHl CTQ & &

System
Deslgn

Gage R& R

Fig.5. The Procedure of 6-Sigma

UnkAQ) R&D 6-Sigma HAE Figs S} ol
QFD(Quality Function Deployment)?} FMEA(Failure
Mode Effect Analysis)dAtE F8te uzel QFA}
FE 71ed 2FANG L AAAASHe He
3te] o H] CTQ(Critical to Quality)& A g}, =G
SAN2E R FH sy BYF 5 A
FR4 AXE 2487 938t9 Gage R&R &
AAlg

olFA HAHE oH CTQ ¢ & A" o
43} DOE(Design of Experiment)& 48j5t1, &
B Data & o] &3t HAUARY W maby

_647-



o] A3 d5¥ F e IA PHNE =
toh, aela 7€ AR S s wA A
5H& W Z gko] 6-Sigma o A E
W DOE HARE A £33 2, 6-Sigma
o £¢ &4 H¥ CTQ & A4 Hrh

L AFof A ALtE Alpha B dH] CTQ
A7 fsted QFD & 3 oy, 4
o] Alpha 9] A5 £&o FIFE vAE=
*éﬁl°z 4 7FA[EH R 9] WL Au], Fo], A
A, dxz=]2 Hg & + YA £3 Figé
o Mg} 7ol Alpha ML AAGEW U0l HE
Qo] AA AAEC] FFNY 4H % Fojo W
slol tigate] HA 2 £ JEE HFHUY A
AAke} HEs FAAs A

Iy o e ok
r}m HN X oo ot 01r

£ oo

:L

Fig.6 Design parameters of Alpha fan
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Table. 1. Array of design parameters for 6-sigma.

Azl 4 | 8 c D
No

1 1 1 1
2 2 1 2 2
3 3 1 3 3
4 1 2 3 2
5 2 2 1 3
6 3 2 2 1
7 1 3 2 3
8 2 | 3 3 1
9 3 3 1 2
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Fig.7 The apparatus for measuring the flow rate of
refrigerator.
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Fig.8 Optimized shape of Alpha fan
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Fig.9 Power consumption of former fan and Alpha fan
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Fig.10 Measured noise spectrum of former fan
and Alpha fan
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