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Analysis of the flow and noise characteristics of small turbo fan in a ultra slim
note PC
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ABSTRACT

In recent years, a notebook like an ultrabook gets thinner. Its thickness causes problems in cool-

ing fan performance, system installation condition, and so on. In this study, we installed a small tur-

bofan in notebook system with very narrow gap in order to generate similar condition to a real

product. Experiments were performed to measure the fan's performance and the flow and noise char-

acteristics, its results were compared with computational ones. Prediction of P-Q curve using CFD

showed under about 5% error in high flow rate and its trend was agreed with experimental one over

the flow field. Experimental data to measure the noise at a distance of 100 mm from a rotation axis

direction of an impeller corresponded well with computational ones of broadband and BPF noise.

The noise experiments to measure at a distance of 100 mm from a rotation axis direction of an im-

peller corresponded well with computational ones of broadband and BPF noise. Especially, tip part

of impeller blade and part of exit and bottom near cut off of a casing were dominant noise source

in an analysis by a commercial program(FlowNoise).
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Fig. 1 Turbo fan in an
ultra notebook

g W5t 2o A9 HRAANA PR RELS
2 Fol7] AaANE A1 NGl @ PHonE
W7k Qom, WY §E B4 olslakzd) o

o glom, ol dds] A Azg el



A AFE AEEW, CEFDE o] 23k YAwe A4
T2 Az gk A7t e, dlsd T

o] BEd A%y 23 Fuee dAHY] 78 A%
o}, % F3<(BPF : Blade Passing
Frequency)?] B2 A52 3 dste dHe 9} 14
HojA gle FREHe AsAged ol dAE=
Roz ekeyAgdO)

F <t Jeon?} Leets YA £35S 4
B ALY, o] oS P
fFreslde] 1 49 diolHE o] &3t CAA9
=4S Aoz el oA LA
258 95800,

=)
rir

O

!

9 =
o
=

oxl

fr B oo X

w A7 29 79 FEaeS 4ECFD S/W
91 SC/Tetra V99} FW-HEE22] o]=A} &89
& olgdte] FUE Altete 48 THLE S/We
FlowNoise V4.37F AH&5I1T}. o]k #& A
& Apsate] Atel= vl TR el 4850
N@st vlaste] £ Ave ATV, sH o}
A 28 o 0 A7 BA 4 AHojnz B
ATE Fotol 2% W] fresd 71Me gHata

A e,
2. HIYY 85 L RSLSY SAHAIIY

2.1 HEY 739 X HILHA

CFD3 Al A i} o] F-2o]= EAo] dist v
3 F5ds FAEA S flEiA ALE(Arbitrary
Lagrangian Eulerian)®¥$<& ©]&3}%tl. ALEWH
& uAFTANA S Navier-Stokes WAAE &4
= 1A ¥He] (el st ayshd g
2137} o] xE ),

o

o,

— =0 (D

2

A7IA, u= WIS FAS] FEoli, v

Agaom 54 AL oy
7 Wl dFEES Aestel oleld e BA

s Wl o] g¥th 2(1),(2)9] Navier-Stokes

WA A A7t Wste] wel WEsteE HRE o
PR B SEAROR W ABshe
S RN Hi $US FET 5 UL o) ¥
olzz 39 olgtal &t A(3)F o] fFrerh ¢
ojEz $o] Pirkmel £HOR AHSYS 1)
Tl MEEA R S A4S uE 1Fs
At 2o, g ouA kS HF 2qHE e
o3 o] golsin.
ou ou; 2
U, o —L | = pks,
puqu lut 8z]+ (91’1) 3p 5] (3)
k'2
My = Ctp? 4)
1/(— —5
kzi(ueruéJrué) (5)

2.2 CFDE O| ¢t H|Fd 73 AL WY

2 AFoM = 448 CFD Z=9! SC/Tetra V9&
o] g3kl HIFA F&dS AXtsltt. SC/Tetrad]
718l 7k o]atsl WhHE node base FVMo|H,

F&9 o4tz WS 2nd order MUSCL W<
ojgstalon, el ojitst W oRE SIMPLE
(Semi Implicit Method Pressure Linear Equation)
YRET F33ke] A7l v Zstd SIMPLEC
(SIMPLE  Consistent) — W¥S  AR83ISItH
SIMPLEC ®W+-& SIMPLE Wil w3 sjje] 44
gol o ok B4 9u 144 AT 95
o sliding 2742 AHE3HS,

o ox

22

s

Neise, &2 ®e] 213 HQ) GollA A= H]
A dlo] makel o]Fo] @l 2L9 Fy ol
Buadi? ggrg B Ao @l 22834
& Slal olF) 9% SWEL dFaAAL. AL
Flowes-Williams®} Hawkings®] 5 %742S
ERvitt,

1 9% 9%, _ @
(agatz_ oz, |¥ = [P0V (6)
9 i
——[npd () VI 5T, H(f)]
ol7]A,

-776-



P': sound pressure [Pal, p  air density [kg/m3]

n; * surface normal, a, + speed of sound [m/s]

v, © normal surface velocity [m/s], p : static pressure [Pal

Ty puﬂl,]‘FPl]*(sz(Sij, Lighthill tensor [Pa]

&(f) © Dirac—delta distribution, H(f) : Heaviside distribution
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Fig. 3 Experimental setup of noise measurement
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(a) for P-Q curve (b) for aeroacoustics

Fig. 4 Computational domain for the numerical
analysis

(a) Impeller

(b) inner surface of casing

Fig. 5 Sound wall for the aeroacoustics analysis
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Fig. 6 P-Q curve comparison with
experiment
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Fig. 7 Impeller grid shape of casel
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Fig. 8 Comparison of SPL for casel~3
at microphone position

Right

Fig. 9 Streamline of turbo fan system
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Fig. 10 Velocity vector at cutoff section
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Fig. 11 Noise source of turbofan
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