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Design Optimization of an Extruded-type Cooling Structure for Reducing the Weight
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Abstract The configuration of an extruded-type cooling structure was optimized for the light-emitting diode (LED) streetlights
that have recently replaced convectional metal halide streetlights for energy saving. Natural convection and radiative heat
transfer over the cooling structure were simulated using a numerical model with experimental verification. An improved
cooling structure type was suggested to overcome the previous performance degeneration, as confirmed by analyzing the
thermal flow around the existing cooling structure. A parameter study of the cooling structure geometries was also conducted
and, based on the numerical results, the configuration was optimized to reduce the weight of the cooling structure. Consequently,
the mass of the cooling structure was reduced by 60%, while the thermal performance was improved by 10%.
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Fig. 3 Experimental and numerical results(T~ = 26C).

SCXI)E ol-83to] 27 shoiuk. Hed Fme Hod A
5 QA9 AAY Rets ThE Hom ANt

Torp— T,
Ry = % 5)
714,
Q:'fl(l_'}/)PSMPSAC (6)
PSMPSDC
= SMEDC 7
P&’llPSAC ( )

To = 26 C Z7o| A Pswpsac = 186 W, 77 = 0.95%
=A%, y= 030t} LED 7[259] AR Zte o=
0~40° HHNA 5% WA HEE 53 HHES}
AANFL B FEE AAF 34 Ane) Ao
A= 2890k

Fig. 3¢ A% Ase} 53 a1 A9E vad 17
otk 4@ Avst 53 4 Aske] A7} 29600 0)
2 A2 dA Gl o] Z1-ollA ®HZol, @ Tkl
W) e ol PAHE AL WA TRE UR f
Tol & Zo] wo =z FAH Y| uwTo|r}

T -
& UEY WY TR U ARS 9
o E =

F8g 5 9

4.1 71F 4 T2 YRS 24
Fig. 4= AW 2% Te =25C 2 HX 4% @ =

(© SAREK

I 76 (°C) 3
| ¥
66 v

56
| PP

36

IIG

(a) Existing cooling structure

I 76 (°C) z
66 L’J'
X

36

.46

36

I26

(b) Improved cooling structure
Fig. 4 Streamlines of inlet air and temperature
contours of cooling structures.
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Table 2 Thermal resistance of the cooling structures
when different vent types were applied

Side vent Upper vent Ro(‘C/W)  Improvement(%)

type type
opened opened 0.419 0
grilled opened 0.408 2.6
opened grilled 0.385 8.0
grilled grilled 0.378 9.8

Table 3 Reference value and range of geometric
factors in the parameter study.

Geometric factor Reference Range
(non-dimensional) (mm) (mm)
Isv(x1) 21.4 114 <x1 <414
Wsv(X2) 7 4 <x2<22
psv(X3) 13 8 < x3<38
luv(x4) 20 10 < x4 < 40
Wuv(Xs) 14 8 <xs <44
puv(Xe) 16 6 < x6 < 36
duv(x7) 22.5 75<x1 <375
Is(xs) 360 260 < xs8 < 360

Aol grastel e 5ol Ak Fig. 6(c) T

GG 14 Aotk Xe <)

d¥ P A% F 4 A
ATk Xeo] Aopam AL W
o] FolEo] Wl ol BN, A Pa
stgleh. Wb Q14 GEE 2 At W FRE
W st A i FFH0] 2 Xe, Xs, X1, Xek
A5 AAE A% 4A A= Agsten,

[e]
Xo, Xs, X7, Xe= 7] QA= A3} dgkeo] o] F
2 A AAF A AL E X, Xs, Xa, Xe= 7] FHO=
aAste]l HA AAS APy HA Ao HA
gt Al 212 v 2k

Find Xz, Xs, X7, Xs
To Minimize Ms/Ms_ex
Subject to Ri/Rth ex<1
0<X2<1 9)

(© SAREK

—
ool
)
L
fr
oif
oo
2
.
ot
%
2
U
BN
i
oM,
o
o
st
fo
ot
A
2
e
e

1.15
X:
I A W v |,
U_, """"""" Bty
Lo} xn—
>
é‘ <40.9 ﬁ
2 LOS| ~
3 =
= 2
&
100} - 1°8
0.95 L - 1 L 0.7
0.00 0.25 0.50 0.75 1.00
X;
(a) Geometric factors of side vent(Xi~X3)
1.15
" 410
1.10
B 0.9
3 409 =
5 =
9\4 1.05 ~
&~ 3
3
Jo.s
1.00 |
0.95 0.7
0.00 0.25 0.50 0.75 1.00
X;
(b) Geometric factors of side vent(X4~X7)
1.15
41.0
1.10 |
T
5 40.9 '=
5 =
& Lost N
3 <
= §
5
1.00 | 1°8
0.95 L L L L L10.7
0.00 0.25 0.50 0.75 1.00

X,
(c) Length of cooling structure(Xs)
Fig. 6 Effects of geometric factors on the thermal
resistrance and mass of cooling structures.

0<Xs<1

0<Xr<1
0<Xs<1

399



kA, olHl, ol #

A A ZEAsE 3 AA A T2y
PIANO version 325 €833tk A WAXE Las(5)
o] 2571¢] A AL gH sl Kriging RS o]-&35}o]

HES S AT AAdE BhS ¥HS v|dlo g
g AnPEE ol sl 4 g wF ek 2
sp daglsel H8d M g2 e 2k

e Population size : 150

e Maximum number of generation : 250

e Violated constraint limit : 0.003

e Number of consecutive generations without
improvement : 15

e Mutation probability : 0.01

e Selection probability : 0.15

e |nital seed value : 150

Fig. 7& 24 AAg g T2Bolth AY 2B
Isv = 21.4 mm, wsv = 23 mm, psv = 13 mm, lw = 20 mm,
Www = 40 mm, Pw = 16 mm, dw = 36.5 mm, Is = 260

Psco
66
56
D

36

IZG

(b) Temperature contours
Fig. 7 Schematic diagram and temperature contour
of the optimized cooling structure.

400

mm 78t FAE 7HAAL glom, o] uwf AAF

2 Z4ZF Rn = 0.379C/W, Ms = 1.64 kgo.2 AAk
th o]= 7]E Wd Fx2E HE s 10% A
A 60% 74k Aot

R
Ol 32 o

5. &8 E

2 Aol A= 180 W LED 7hE el 288 5 gle
dEY W F2ES AHE 5] Y3 H4 AAE
3ttt ol 714 783 discrete ordinates EA} R

2 229 Ad o7 24 dae
= 74 AYs E E*}g}ﬂ, e Tl A B
2 < AFe A H
%’4 l A 2, vent B WA
A3} 71 AFe] A
TEw Y-S Aljtetar, ¥
=2 zA}sk9n) o]E H}EF o
S 7HA

>
b

b

Ko
<

@D

>

3

O

_4

2 o u@

offl

o
=

™

N
)

olr
oX,

W
fi o
rﬂl

1

o =

os o flo
2 _l

i
(e

o

e o
>

95 Al 9
J

O
o
e
2
il
e
1m
do o
ol
m>"
) oo«
o
_>,i
fru
"X

5 N
S ot
= 32 o©
b
ol
‘1 E
£
U e oo ?:19‘ il
B P
BN g,
['U'{ﬂ ﬂllO —Q‘
oY, o, oo
) o
oy
i “%
. c) nz
% o
B ,
¥ b S
=

on L
o i
oty
)

o,
i
odth

T
iiea
4
N oX,
ot of

10% 7N 3FH A 60%
A o+a} S ok

7

o

2 A= 2016 % 2HE A F(MOTIE) ] A<l
o2 ol L% 7] H 7 HI(KETEP) 2] olUA] =232
&4 717 2AF] (No. 20162010103830) 2 13 g4+
(No. 20164010200860)2] A5 Rro} 43¢t #pA| Yt}

References

1. De Almeida, A., Santos, B., Paolo, B., and Quicheron,
M., 2014, Solid state lighting review : Potential and
challenges in Europe, Renewable and Sustainable
Energy Reviews, Vol. 34, pp. 30-48.

2. Jang, D., Yu, S. H,, and Lee, K. S., 2012, Multidis-
ciplinary optimization of a pin-fin radial heat sink
for LED lighting applications, International Journal
of Heat and Mass Transfer, Vol. 55, pp. 515-521.

3. Yu, S. H, Lee, K. S., and Yook, S. J., 2010, Natural
convection around a radial heat sink, International
Journal of Heat and Mass Transfer, Vol. 53, pp.
2935-2938.

4. Yu, S. H, Lee, K. S, and Yook, S. J., 2011, Opti-

(© SAREK



10.

mum design of a radial heat sink under natural con-
vection, International Journal of Heat and Mass Tran-
sfer, Vol. 54, pp. 2499-2505.

. Choi, S. H., Song, S. M., and Kim, D. N., 2011, The

feasibility of LED lighting as the street light’s light-
ing, Journal of the Architectural Institute of Korea
Planning and Design, Vol. 27, pp. 65-72.

. Park, S. J., Jang, D., Yook, S. J.,, and Lee, K. S,

2016, Optimization of chimney design for cooling ef-
ficiency of a radial heat sink in a LED downlight,
Energy Conversion and Management, Vol. 114, pp.
180-187.

. Jang, D., Yook, S. J, and Lee, K. S., 2014, Optimum

design of a radial heat sink with a fin-height profile
for high-power LED lighting applications, Applied
Energy, Vol. 116, pp. 260-268.

. Park, S. J., Jang, D., and Lee, K. S., 2015, Thermal

performance improvement of a radial heat sink with
a hollow cylinder for LED downlight applications,
International Journal of Heat and Mass Transfer, Vol.
89, pp. 1184-1189.

. Luo, X., Xiong, W., and Liu, S., 2008, A simplified

thermal resistance network model for high power LED
street lamp, Proceedings, International Conference on
Electronic Packaging Technology and High Density
Packaging, ICEPT-HDP, pp. 1-7.

Ma, H. K., Chen, B. R., Lan, H. W., and Chao, C.
Y., 2010, Study of an LED device with a honey-
comb heatsink, Annual IEEE Semiconductor Thermal

(© SAREK

11.

12.
13.

14.

15.

16.

17.

ot
Y
ax

e
2,

Measurement and Management Symposium, pp. 289-
298.

Tang, H., Li, D., Pan, M., Yang, T., Yuan, C., and
Fan, X., 2013, Thermal analysis and optimization de-
sign of LED streetlight module, 10th China Interna-
tional Forum on Solid State Lighting, China SSL, pp.
193-197.

www. Iglighting.co.kr.

Ishizuka, M. and Nakagawa, S., 2008, Study on the
natural air cooling design of electronic equipment ca-
sings : Effects of the height and size of outlet vent
on the flow resistance, 11th IEEE Intersociety Con-
ference on Thermal and Thermomechanical Phenome-
na in Electronic Systems, I-THERM, pp. 555-560.
Petroski, J., Norley, J., Schober, J., Reis, B., and Rey-
nolds, R. A., 2010, Conduction cooling of large LED
array systems, 12th IEEE Intersociety Conference on
Thermal and Thermomechanical Phenomena in Elec-
tronic Systems, I-THERM, pp. 1-10.

Michael, F. M., 2008, Radiative Heat Transfer, Second
Edition, Academic Press, San Diego, pp. 8, 99.
Boulet, P., Gerardin, J., Acem, Z., Parent, G., Collin,
A., Pizzo, Y., and Porterie, B., 2014, Optical and ra-
diative properties of clear PMMA samples exposed to
a radiant heat flux, International Journal of Thermal
Sciences, Vol. 82, pp. 1-8.

Moffat, R. J., 1988, Describing the uncertainties in
experimental results, Experimental Thermal and Fluid
Science, Vol. 1, pp. 3-17.

401





