Korean Journal of Air-Conditioning and Refrigeration Engineering

Vol. 26, No. 9 (2014), pp.447-452
http://dx.doi.org/10.6110/KJACR.2014.26.9.447

olo|3 2

HEHFE ool ug I

EZX g1 7| =AF

Fundamental Study on Heat Transfer Enhancement Effect of Microscale Surface

Wrinkles

ut3] 21 (Hee-Jin Park)', 94 -‘?‘-(Sang Hu Park)”

ARSI A AT B, s A AF LAY 2 73E ATe

[e]

' Graduate School of Mechanical Engineering, Pusan National University, Pusan 609-735, Korea
*School of Mechanical Engineering, ERC/NSDM, Pusan National, Pusan 609-735, Korea

(Received June 19, 2014, revision received August 5, 2014, Accepted: August 11, 2014)

Abstract We evaluated heat transfer characteristics of microscale wrinkles using a CFD (computational fluid dynamics) analysis.
In order to verify the heat transfer effect of wrinkles having various shapes, we introduce wrinkling processes to generate

few different shapes of wrinkles such as macroscale (200 ~400 pm width), microscale (10~30 pm width), and hierarchical

(microscale on macroscale wrinkle) wrinkles, using repetitive-dividing-volume (RDV) method for single-shape of wrinkles

and connected method of UV-weakly polymerization with thermal curing for hierarchical structure of winkles. The analysis
results of simplified CFD model showed that heat flux on heated plate was changed by the shape of wrinkles on the plate.
The increase in heat flux of about 2.6 times was achieved in the case where hierarchical wrinkle structure was used.

Key words Surface wrinkles(3 ™ 5), Heat transfer enhancement(E A g =3 7]%), CFD(HAH-A 9 &,

Hierarchical structure (©]%7-32)
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Cp . specific heat [J/kg - K]

U : viscosity coefficient [kgf/m - s]
0 . density [kg/m3]

Vi : inlet velocity [m/s]

Ti : inlet temperature of air [K]
Tw : hot wall temperature [K]

Po : outlet relative pressure [atm]
O : heat flow rate [W]

@ - heat flux [W/m’]
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Fig. 1 Various shape of wrinkles; (Dhierarchy wrinkles
(microscale on macroscale wrinkles), @microscale
random wrinkles, Qdotted shape, @directional

wrinkles, (5, ®fully directional wrinkles.""
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Fig. 2 Temperature variation depending on the number

of meshes.
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Outlet

Hot wall (surface wrinkles)
650 mm

10 mm (width)

- wrinkles e

a-part

(a)
Case-I (wavelength of 580 um, height of 18 pm)

Case-II (wavelength of 50 pm, height of 18 pm)

Case-III (hierarchical structure, similar to Case-I+I)

(b)
Fig. 3 (a) CFD analysis model and boundary conditions,
(b) three different wrinkle-models; Case-I, II, and III.

Table 1 Summary of analysis conditions

List Properties
) 1.185 kg/m’
Air Cp 1,005.4 J/kg - K
u 1.83e-05 kgf/m - s
Vi 1.2 m/s
Boundary Ti 298.15 K
conditions Tw 375.15 K
Po 1 atm
Tu::;lézllwe k-¢ model

I i %%%%(Qy 3 21(1)

AW AN A y &

to g o
ot ]
5 olt o
:oé
£
=2
>
- N
i
==
s
o
iics

J
¢
ok

o
i
I}
H

0

o
20
rir
oLL
L km

3 37kA] FEZoll tHéke] Table
H’H gt A3} Fig. 4(a)~Fig. 4(d)<}

Y, o
rlo
BN
ol

oy

M

.
=
o H
F Lo
> By
Olﬂomlm_}‘d[o
LIS
R
N3 ]
_a

2o
kv
B xR

2

g20} fle B9 44
"o ¥ 09 ol

o

3
o
z
‘wé
_\,L
rlr
offt oy
o
=
aQ
ES
&
1

rr b
N
12 y °
l'ﬂ :to
N
)
i, 32 o go
]=Jl
9
Ho

o

e 3
Ho
offt
=2
o
E)

| T Utk

Case-], 11, NIs=A 2 B 3ke] Ho)
of He] HA 7= S
2hA ‘lTXﬂ‘lc'l" o] FExEHol o) F3F
Case-IIT7} o] 2 F=E(macroscale wrinkle)¥} 2H-2
(microscale wrinkle)= ZA%Her 45 THA S7F] &
et A FEFRAA st ) Zfolell €] s}
o (vortex)7} BT G glo] dHAE FXE G| 9
g AE gt 259 & 5 gop?

=230 ul (8 BN o N
dlo
ttlo

my 4 rfo
N o

—10

2

1\1
ﬂ_4

max. 373.1 K

3.656e+002|
3.581e+002|
3.506e+002
3.431e+002|
3.3566+002
3.281e+002
3.206e+002|
3.131e+002|
= 3.056e+002|
e bbbt y 3 2.981e+002

LY
Without wrinkles

(B) ‘Wl in y-axis

Case-II (microscale wrinkles)

magnified figure of ‘w2’ in y-axis

B e i = =G =,

(c)

Case-III (hierarchical wrinkles: Case-1+II)

T — magnified figure of ‘w3’ in y-axis

(d)
Fig. 4 Temperature distribution of air; (a) in case of without
wrinkle surface, (b) Case-l, (c) Case-Il, and (d) Case-III.
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Fig. 5 Average temperature and pressure drop of each
case(flat plate, Case-1, II, III).

max. velocity (m/s) H

(a)

min. velocity
: magnified figure
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q
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ST ST T v v sn
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(d)

Fig. 6 Velocity distribution of air flow in case of (a) plate

without wrinkles(max. velocity : 1.32 m/s, min.
velocity : 0.81 m/s), (b) Case-I(max. velocity : 1.67
m/s, min. velocity : 0.38 m/s), (c) Case-II(max.
velocity : 1.50 m/s, min. velocity : 0.063 m/s), and
(d) Case-Ill(max. velocity : 1.39 m/s, min. velocity :
0.00009 m/s).
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Wall Heat Flux
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Fig. 7 Heat flux distribution in case of (a) macroscale
surface wrinkles(Case-I), (b) microscale surface
wrinkles(Case-II), and (c) hierarchical surface wrin-
kles(Case-III).
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Average wall heat flux (W/m?)

Fig. 8 Comparison of average heat flux on wall among
three cases(Case-I, II, III).
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