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Abstract: A radial heat sink, adopted to LED(light emitting diode) downlight, was optimized. Discrete transfer
radiation model (DTRM) was used to calculate radiation heat transfer, and numerical model was verified with
experimental results. The effects of number of fin, long fin length and middle fin length on overall thermal resistance
and radiation heat transfer were analyzed. As the emissivity increased, thermal resistance decreased due to the
increment of radiation heat transfer. The radial heat sink was optimized and optimum number of long fins is 19~28,
optimum length of long fin is about half of radius of heat fink and optimum fin ratio is 0.4~0.7.

i s
L FAR|
H : 3 =9] [mm] M e
h D EHE AS [WmPK] 0 D MRS
L . 3 o] [mm] rad : SAIEAG
n v B
g o EfE [Wm') 1. M2
Ry, : @A [°C/W]
- . W22 [mm] o M3 FYPdoe=x LED (Light Emitting
t : ¥ FA [mm] Diode)’} Z="g& o= &-8o] 77k St} 17
U LED oA BAsks & A Wds 5
aegja 22Xt Hom oA Fal o] =W AFome] A8k
e HALS Y& Aotk LED 9o & A4 #A4S BW LED
= ol 2424 PN AFeR AFE o 3
St At Aol A "le] BAkww 1 o] S5 i AR[7L
avg BT daste dx wolxA #rh ey 1 d{H7F
5E4% we do] WAL, ol skl U
+ Corresponding Author, ksleehy@hanyang.ac.kr o] 2=V} AseEtd 58 dRUt daste] 3
© 2012 The Korean Society of Mechanical Engineers S8 E A Hok T3 LED & 20 #AA




386 F5B YA - olus

B wEEo g wols FHE VsETHoR
=0 57] Wl AlFe] A=HES At w
2tx] LED ZWe] wAdTAE sldsty] fsx 4
A wdr)71e] AAVE degh dAolrh dx
LED =% 543 7P 25s wd7)7l= Add
FE ol 8T JEA AT Akl AR 3
EAAe] RS o A A g
LED 17|79 Feje dge]7] wiel] 47 3
ER A g A7F Zastt
AA7MA AAYF{FE o]k heat sink o] ¥
ATE wWel FFE AT ChaddockV> Ew o]
Avtd A dFulE S|E Al diste] A
7 EdE A¥s Fdsdla, a1 A HAF 4
g&Fo] AA dHEF T 10-20%E AA AL
AT Yu 5P 93 heat sink o] &l AAd)F
dHgws nd diE WS FHEAT o
AQEFE B4 B Nu g 5T F Ade dHAE
Albatgiet. w3 Yu 5L ol A7 FAel o
g AdiF @des A3, pareto front
S S = A =)= o =0 ) (b)TOleeW
T HAsE FPsTE 9 ATES WA
222= o}E i o = RIS
0.1 —ET‘ETU] 7O 2 WHEo]X heat sink = 3 Fig. 1 Schematic of radial heat sink
Metelal, & AHGE Fol AP Y v go
5% wgkel7] wiol HAR AREE FAISH wlo| 29l % 7}x Zole] Azt Fom TAH o]
gy AHEAE Q) heat sink £ HAF 4GS S} 9 . 3L WAgow FAd ZArm wjxHY
AZI71 skl mWAe7E Hololal, BAF A" on sE A3 wolak Awd Fgolt). A%
<ol A eddBdun daHes 2 AT gae gojel), dE 43 ALe drviEH
o= Yu 509 siN A 2 oAbk AT g gosryoln). A e e dako] whE )
AL SIS WAE, FEAT, Lm0 GES gme] Ax ek AN Nk welste] Fig. 1(b)
A T AR 2We] A mEt Wk g ae) mEge 3 23 8 HEZ FAgAo
B, FE s 8 ost AAEH 2EE 2 gusayg
o]7] &x7t WatAY, wdwke] wet wshA €
ot wEbA] AR AR A AA g 2.1 X|Hf b A
20%°17 AHABhE JAME A Y-S By A g6 BoAd gas FAor Atelr] 9 =
siAasty] fad A, FEAlS, SR WE 93l s1ge g gy
FFES B agsor g (1) &7 5 32 B3, SFelvh
= ArME AAUFE oL 99 FEY ) 379 AEE A9e BAXE dAS
Aol HAEAE] FFE AR THTH. (3) FU)E o)Atk
O BARES Ve A9 sIEAAY PS4 slEANT BUe Fxo)wA] atdhalA o)
Eote] A EAle] v§eAde AT SIE A x4 o] gd AupAd e ofge} 2}
A9 F (3 A, 03 Aol T3 # Aol
2l dda 4G WA= dFe BAs 2 (pu)=0 (1)
mute R ddg Ase ndd 9 slEyA o
AAFE E5 J }ars 5 5 ot
o] HAsts okl AA WIFE AASLA Gt _(pul_uj)__a_i%r I | pg. @)
X ox; 0Ox,
sl A gled ' ’
2. OH -1 od™ o o or op
L (puh)= | k<= |, L 3)
2 AT A dS Fig. 1(a)¢t 2ol 99 ox; ox; o, ox;



P, =P85 tDp “4)

el £]7]qtE ol A
of Wxo|th, HAF dde A el F diEy e
Pgo =z o]Folxl F7] A AFEE 7 =
DTRM (Discrete Transfer Radiation Model)¥2- 41 & &}
ATt SIE At 7)o AAHAA FAF A
92 o o] ALl

qnut = (1 - gW )Qin + gW O-Tl/;" (5)

q[/l = 'L >0 ][ns: : ﬁdQ (6)

) WA AAW (fluid): F7] =4O

u(F)=u,(F + L)

(3) WA AAH (solid): td =1

oT,
=0
a}’l sectional wall
(4) 29 &7] o= W oy 24,
];nm = z)utlet, back flow — T,
(5) &719} heatsink & 74 AlH
oT, oT,
T;’,wal] :T;,wal]’ _kf_f out = s a : +qin
n wall n wall
SANY A el £EE AR FEFS
Z7] 98 SIMPLE ¢ ag]5S Mgttt 7k #)
g Ao ol FEat olux] WA o A3

i
:oé
1%

387

4
Experiment Present Model
£=0.25 o
(oxidize)
£=0.6 o -
(chrome gilding)
3 | e=0.8 A e
o (black anodizing)
7~
3
@)
~
k5
& 2r
1

200 . 600 . 1000
¢ (W/m’)

Fig. 2 Comparison between experimental and computational
results

Wi A Al FE AFEY] £Y AEE 5 W
o] gl eake] Huigto] e A4
107018t of E o= B33l

FA A Aol B S AT Slste] AdS
Sl BlAES JE a9 A dFvE
S 6061 o], = 3 o JE Aa= wwstick

©
rlo
o
)
2
o

i
o
N
5
IS

H =l
2 XA E A &, vE F REES 7
= o}

8 o9 54 ohorlold e EHANS o
Ae mdlo] PJAe p=40, r=75mm, r=10mm, L;=50

H=213mm, =2 mm ©|t}. EHA =S

a4 e EL?——H]TH HIARE-S 025, 98 =5 4F
mEe] WARES 06, A ofwtold LFEu]Ee
0.8 ©|T}. Fig. 2= A3 Axts} —’Fi]—s]w 7%"4% H] 3

=
(ng heatsink )

) G, m)

i}‘ﬂﬁﬂ 2%°M1 olth. l—E
lo] EAF AAES 13 AAF EHAES &
BApetta @ ¢ Qlnh AR Adjex  FH
Grashof 9] < 4.4X10° o] 7] rﬁ]—:%d] % oA+
A e SR/ REdo] lgsirta 3 4 )

mE‘FlFE—E
_O‘ll‘
_&
OO
‘%
N
O
_>‘L
N
XN
]I
g
% o
ol
ol
o X
U
iz
}EE



388 R

4. Z2xt & 0FE

41 QAR Ak 24

Heat sink 2] 3 70, 71 3 do|e} 3+ 3 4
olo uwhz} WAMES 0 (free convection), 0.9 & A€
sto] BEANA Hat EAFY WA EdEdEFT &
Ab dd o] Ak vl Sl gk dIgE S
Akt A FFE A Al Ve EEe] Y

[e]
S A rdy Za dFES 700 Wm0
9] 7] &%= 30°C o]t}
Fig. 3 & & 759 W3l u}2 heat sink 9] 3
o EAge] Wslel HAL dAdste] oAl A
|

g mAG ageltt fe) At FAuss
AAF AALe S} gasts Feelr
7, oSk Wl A dAge gastit 7t
@k fel At 2SS dduse Fohe

2.5 30
Natural convection (¢=0.0)
e
=
A
S
=]
'''''''' .o —
< | T -7 X
E 200 7 @ ------------ /‘ {25 £
~ £=0.9 <
< <)
1.5 i 1 i 1 i 20
40 48 56 64
n
Fig. 3 The effect of number of fins
2.5 30
Natural convection (¢=0.0)
0
&
______ =S
\\\\\\ - ~
. =
\(j—’ S
....................... -
3 *g
D 20F 425 %
< £=0.9 QA
= F
oS ‘i) S
1.5 L 20
40 50 60

L, (mm)
Fig. 4 The effect of long fin length

I~

A9k, 2 Abe]l 1A FolEol FEATE
akal, HAF dHEe 39 ATt oF 56 A
Harh v BAF 4y Addi dAd
Aol arestd, AAdR{ ol
AL dAGe] A77F Ao w #an, AA o
o] & wol= HAF o] iAo
A vepdoh webA BARE 09 A W A
gzl 71&7]E WAFE O(natural convection)®d
ol Boh enks S gl 4= QT
Fig. 4 = %1 ¥ Zo]o| W& heat sink & v G4
g 9 B o] wekE vErd Aotk 11 #
Hol7} S7VdrS 1% 2 o] FobA|aL, Y
A7t Faetr] wiiol] HAF ddE At
AAdF D=0 AHsS well= 11 | A
ol7b FVEe whel Hi A A2 HjE= 7
2=
A

g

2
E
fr o 2 b

It
£
°

.

i

(2 F

\

adth WAREol 09 o wl, 21 & Aot S
5 AP A9 gaspArt, ol AddlE A
o] Wstel] wste] FrjHom 27] wiio] Hyr
A wA= Ggel #al, 7 A 1 A Aol
of b et A wMsh= A< ik

Fig. 5= =¢F & dojo] Mzl we A4} 5
AL AR Wsks EASSIY. $3 A Aot &

7V E S "3k 71 3 Abo] HAo] EoE7)
uloll FE AL ghel AFAHoR FHAstal, T3t
A Zdol7} 35 mm U uf, HA} AL

o) Ao Aol npRiA R BEAF A zpd
Ui DS FAlol aefshd, S 3 dojo ®
slo| w2 it AT Wal= AAUFYE 18
RS wro) FaheE)

2.5 30
Natural convection (¢=0.0)
\ﬁ_dl/ -
=
N
S
| S
_______________________ _ —
""" &;""""— X_
g 20F / {25 £
) PR
e &=0.9 S.t
5 «
< / )
1.5 L L 20
15 25 35 45

L, (mm)

Fig. 5 The effect of middle fin length



A dAg

tio

Table 1 Design of experiments (r,=75mm, ¢ =300 W/m®)

Test Parameters Response
number X X X; Ry
1 16 35 0.3 3.443
2 24 35 0.3 2.952
3 16 35 0.7 3.002
4 24 35 0.7 2.909
5 16 55 0.3 3.157
6 24 55 0.3 2.969
7 16 55 0.7 2.965
8 24 55 0.7 3.207
9 16 45 0.5 3.067
10 24 45 0.5 3.000
11* 20 45 0.3 2.969
12 20 45 0.7 2.946
13 20 35 0.5 2.921
14 20 55 0.5 2.940
15 20 45 0.5 2.904
* referenece
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Fig. 6 Effect of heat flux
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Table 2 Results of optimized radial heat sink HAL dAGE 2 wAsitta & 4 Ao 9 S
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