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Abstract: In this work, we study a heat transfer enhancement technology using fan-shaped small-scale fins. Fins having
a thickness of 10 um move up-down by a pulsating flow. Owing to these motions, the heat transfer on a surface
increases dramatically. The two-way FSI (fluid-structure interaction) method was applied for the analysis, and the
analysis model was evaluated using a single fin model by comparing the experimental results. In summary, a maximum

40

% increase in heat transfer capacity using a single and multiple small-scale fins was obtained in comparison with the

results obtained without using fins. From this work, we believe that the proposed method can be a promising method
for heat transfer enhancement in real applications.

1. M 2 A¥el 7)ol QT iR W] A~

AT 2dst 5o dFoR ouA B&FY 7] o By BAE DS AASY] flste] dwbHoR
Gol AAED ge £33 FuEe] g @ FYA0] g, AAA we Bes)EE)
oy #g7)Eel U3 FeAol FEeta k. JNiEEo] ok RS FEshE WAL 37
283 = u@AstE AxAE A, A A€ A (cooling fan)@} Y7} (cooling fin) ©]-&3h+= W
el el MY A wgel FAsA Sk Aew el ol AYEHE THES o8
o QTR0 Ea, RES) WS 99 FAA o% el WA EW 4 AN Gk L%
T A FolEol ¥ uAY 3B Y A(heat A= TH AEFHAAN diF EdEE STHATI=
sinker) 2% ¢o® FEI I4& A4 471 ¢l wew AA ¥ VMR EFE ZH4s 5
o qlom Amnd gepd Asde ogds  ZRAYE BEs 54 U f5 58 Bl
detel Aze WA EF QA 24 we A oo QAR AFE A s BRGSO
U mEAe FA7E dwe e g

 Corresponding Author, sanghu@pusan.ac.kr Ho| x| gk 238 AH|dl= F7HE dA7F Q7] WE
© 2013 The Korean Society of Mechanical Engineers o 4% 325 Aolste] AAY Ao ot



524 I E I

A7k ol A w
B Aol A

5 A T

T«

91T} 67
vlAl G7he] MEs o]&ste] &
T e shed] Oaﬂﬁ%% A7) =
|zl thate] Aatdict Hd B
oA ss 915k "ETEr(pulsatmg flow)
£ o] &3 tt® 71E AP Go T2 vlolA
= WA 7lss olgste AeE dlolzr 4
nfol A= A7]9] &/l wE(fin array)E Al Z}sko]
Aoz dAdg avg B gy who]
A8 MAY A&7 E2E e e mA
N AL AFE 7] o]H I A ZH]Lo] Wo
=71 wiEel & Aol FEEd FA-2A A
‘el A (Two-way FSD= o]-&sto] 7h2 o] A3
FHaAE olfste wE 4 UAxEF sk, FA)
ReE 7H g 2 o vlA 2o 19 44
ol] A= g3 AR dolR gkt wt

i)

N

Ao A #elsy] fste]l v Gl
TxE AZete] AYder 7§ Aze} vwat
Qo dlMde Auel & AxFE Fley
o},
2. 7=+
2.1 OMIZ7l &AM |
B AFgME dAg 218 938 vA g9

A2S golstAl st7] $ske] STS304-H £~AE
o] &3t} KS B 0801 Al wet F7 20 um &
7FR Aol bWk (rolling direction) .= H F 5}

o] AAL Az o, E 4 39 g o=
T FR ABEEAS Table 1 3 #r}. o] A=
o AL FrAl-A AAA Y 7] HelH =
ol&Htt Al Il FxE fFEel 9ste] Hu
MY S dod § = Fx27F Hojof st et
A 7182l HElE Fig. 1(a)2t #o] AbztE =k
o] Mt 7= vl E 7= FHE AA S
7] freol uste] JA vATE ¢ e Fx2E
k7] 91ste] mlA Gl 712 el Al M F(a)
7 =ol(b), thel Hol(c)et FH(d)e=E v 7HH A

)

AMTE T3 Ly(3% Aal widmel o4 719
(Taguchi method)< ©]-&3to] AAHS gt 7]

Table 1 Mechanical properties of STS304-H

Items Value
Yield Stress (MPa) 670.0
Ultimate Stress (MPa) 771.4
Elongation (%) 6.0
Elastic Modulus (GPa) 143.9

o] Z7)7}F 2x5x10 mm & o, ¢
m/s = A4S B S/ Fro= 7pgsielth
Ao AREE 2132 ANSYS CFX (ver. 12.0)
& °o]&sIUHh Fig. 1(0)% 1(o)°ll= 23} 2
Jad FHAHRE YEd Aol A A v A
Hygo] 2 ¥= HAHZHL Fig. 1(a)o] YeEbH A
Al Al a, b, e, d7F 247 39, 37, 27

Table 2 Variation of maximum displacement and von
Mises stress on a fin

Thick.(mm) | Max. Disp. (mm) |Max. Stress (MPa)
0.005 5.26 675.0
0.010 0.55 175.0
0.012 0.42 125.0
0.015 0.25 98.0

a
- ’
Head of a fin
- “] (unit: mm)
a b ¢ d
- 1|10 1.0 1.0 0.05
Legofafin 51 54 15 15 0.10

313020 200.15
(Thickness : 0.01 mm)

s
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T

Fixed boundary

Symmetry
condition

(unit: mm)

* Num. of Elements: 500.000
* Num. of Nodes: 100,000
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Fig. 1 (a) Basic shape of a fan-shaped pin and its design
parameters and design levels, (b) CFD analysis
model and mesh shape, and (c) result on the
effectiveness of parameters.
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Table 3 Boundary conditions for two-way FSI

Items Value

Density : 1.185 kg/m’

Ref. Temp. : 298.15 K

Air properties | Viscosity : 1.835¢-05 kg/ms

Cp:1005.4 J/kg'K

Incompressible flow

V= 0.75 [sin(2n-10-0)+1]

Operation

condition No slip condition is applied at the

interface between fluid and solid

27xsin17°
=7.9 mm

Analysis

27xsin17°

Analysis FrAmm

Experiment

Upward position of a fin

Fig. 5 Comparison of deformed shapes between analysis
(left-side) and experimental results (right-side)
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Fig. 6 (a) Temperature distribution in the flow field
during a period, (b) temperature distribution in
air at the end of outlet
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Fig. 8 (a) Comparison of flow patterns depending on the distance between fins. (b), (c), and (d) Temperature
distribution during one period with change of the distance between fins
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