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ABSTRACT: In this study the optimization of plate-fin type heat sink for the thermal sta-
bility is performed numerically. The optimum design variables are obtained when the tem-

perature rise and the pressure drop are minimized simultaneously. The flow and thermal fields
are predicted using the finite volume method and the optimization is carried out by using the
sequential quadratic programming (SQP) method which is widely used in the constrained non-
linear optimization problem. The results show that when the temperature rise is less than 34.6

K, the optimal design variables are as follows; B;=2.468 mm, By =1.365 mm, and #==10.962 mm.

The Pareto optimal solutions are also presented for the pressure drop and the temperature

rise.

Key words: Optimum design(# 24 4]), Plate-finned heat sink(¥%-% W <%) Thermal sta-
bility(83 <¢tA4A), CFD(AFA4948), SQP(+&x138 23 AFH)

Zlesd Yy
By, By DR /e FA4 [m]
cp A E [JkeKl
C1,Cy, C3, Co Cy : ke mde] AUF+
fi ck-e Bdo] g4
F(X) P EAgS
Gy, G Lk oeRARA Y HAY
g, &j Ci-Eg FEEE /s,
FeEA xR
h ©# %] [m]

¥ Corresponding author
Tel.: +82-2-2290-1639; Fax: +82-2-2291-4070
E-mail address: kwoopark@hanyang.ac.kr

oy oo

v~

oo

oF

o

D E% %o [m]
: Hessian 3 2
P SEAgEA

EQUA [m%s
2 dAEASF [W/mK]
of digt 44| [m]

4ol [m]

Hu

A

s A S )
ri.‘lMO-lTIHO

l—|
m
—

: %Ta%ﬁl' [Pa]

gy (W]

CERART ARAE [W/m')
: GF Reynolds &

8" 9A [m]

DAk



2% A9 -
t e VAR 54 [m]
T L5 [K]
¢ 2xo g 2 FAE
AT 2535 (= Toaux — Tw)
H

uv,w : x%,92-9% £ [m/s]
w,u; - i-4g Fo L 8F5EE [m/s]

X P AAESE

x; Di-3E AnFRA [m]
azlx X

a P ojEAe], 2(19)

a; D dF G8AAS [mPs]

8 P E9AAT (/K]

Sy . Kronecker delta

CRFEEAUA 24E [mYs’]

P EAF [K/W], 42D

7y D E2R/9F BAASF [Ns/m']
o P A% [kg/m’]
0u 0, : '¢F Prandtl 4 2 Schmidt 5
@ Dgul &g
SHE X}
n RS
k nHE- g
max - At
o) LT
1.4 B

AApgu Al2de SRA BAsE €8 &
Koz Aojstr] Y HEF(heat sink)E F
Apg-git), olE e HEwe #H-H(pin-fin) E
H %-3(plate-fin) 2 A FESHE=H, 4
e A" HEd 39 AV SEH
< 3este] Mgt

wadge AFFNE, €Ay Hashe
T ATE AFAA FF3] o)FolA g1 ¥
ozx ALdE Aotk dAGAFE A2y
AR e Mdozre At

ot X rr hu mo

2k

uk
=

o
A9 -

HE¥E

A &2 (micro-channel) ¥ #Ve] H2o] HAxF
vl 2¥gstets FAS HES A ZFE &
Z o a3y AR APEFdE AFHY
Ar|(Ae], 50~500 mm)<] WFdo] QA3 g
AHEE DL Qle], olEY AEd Aol tid ATt
f 9 gu3] AYPHT Yot 53, HEw 5 A
A3 JZ4AxE dAge] JY(Ee €4
FHazhet 4g7ste A28 5 AsFLE
Ug 4 sty e =], HHEF 9 &%
5 FEL dAES o dA=H A Fo
uetd, ddwe =)t 43 A9 Hdy
/4884 45S Fus5r] A taw
Fgel digt HHEAIE o] FoxoF & Fojrt

Ledezma and Bejan®e A8 2 £xzq u
He B3 Fu-1 SdHe YAged B 4
T8 F8gs 9t ol do] AAA HHYE )
AN YA £x71 S48 o wdHy &
el %ol FAATR YT} Jang et al®'e
9 F3-9 % dugr)e f5 ¢ gdEE
d did |7, AZUA BL W ALt
Az wdd ARy GALL 15~27%, ¢¥
Aete 20~25% A= 47 =oa o, =3
Ma and Peterson”& dl23ag #FEEH W4
o2 AEFHI e HER WY & ¥ FFF
& FAAHoz FREd JHe AEAFI F
Ag Agd A 9FE FAEH

HIZd o228 CFD ¥ 33 7ge we=z
Bag §F Q/FAAN2EY HALAH o &
o] Eolxm Utk Ryu et al®e B3t 04
Ag wEge 43 AFE 458 = Yde 8
A719e Adste wdd AHMAd HLEH
t}, EF Park et al®e A Yol AzeA
ZeE Hu dugrle AXYE ¢ wge v
ATE F8s49th )15 F7]3 U(periodic) 4/
F5el A ddg £ FH98 718D &
AA AY Z2aYP(SLP)S AHEsd HH A
Begtes AAEAT. a3y AFAXYG 478
Amrg, Ag3Q Hu-F gdde HHHA
o B3 AE i "G Adeielr).

wetA, o] AFdME LEAS(TEN Y )
ool 2xxha AT AU HE HA
o] dAASE £XH 7IYS AMgsd Faln
A g s GEBsFE T 9%
B o 554 FAAHYEL o] &3,

[«
-

ox 1|



Yu-9y wIRe +4% 443 29

Agxz1E e HAY HHLAARZAE =X
2 22} A & (sequential quadratic programming,
SQP)H-g H&sd. 53, €45 M AH
g 5 EE 3L d&FY(batch-process) L2
e gt

2. 3% nay
21 M 2d

HH3E Yo o] TN AdEd d Axd
o] NFEE Fig. 1o Yehidch SHa(zdy -
3112KL-05W-B50, 27] : 80X80x40 mm, &
%1146 mY/min)e] o8 2 4Y AT L=(318
Ko 3718 Q9ES A4, ¥4 24 o
o oy 7€y HIHAA : @FulE, 0=2707
kg/m’, k=204 W/mK)& WA ¥ w9830
F48. olF WeR FRu JAY 7S
53 W2 #Eduh "wgdM o] dFdae 9
E, 398, 21 gy AAE s Ay
dog MASHAG. oln), FIH ARWe] A
d FYd 271(122x62mm)2] 27) 9oz HE
M2 g A7HA A g8 d(FH Q=
348 2 321 W)o| wAgr} wx Wztg F7)
7t odde] 9% W Aolg AuwA AE o
ZAAF 8 dEgoza ¢ dFAZS
gy18 4 o

o] dF+& Fig. 13 £ ¥ AlAddA 713
Fo% Wd%e HHYANGE FAHo2 Tt
£ Aolmg wrdAe vl A3 AL Fig.
201 Gehgich Hdwe ¢hE ¥ (extruded) -

EO|(H), (W), 28z ZAo|(L)7}

Duct Heat Sink

Reactor

Fig. 1 Schematics for thermal system.

247} 60, 188, 430 mm=E A H vt 27m 4
ol #A(S), "ol AR Z(By), 3F F(By),
a2 "o Fol(t)d o3 Hu-He i §
ol A€t

22 HMMH HAs

221 SHEgs 9 MyHs MY

wdune HAdANsE Ydd o IAF
(0, BT 254%, 47)% 4533 (4Pt 3
A b dojzd @t o] AFME olES
£ g4 (objective function)o.2 M A& P o o}
Heo] Aoz b7 Hejghct

AN Toax, T FY9-94Ed HER 2 o
NEEE 77 9y, P, Pt 77 9d%n
Wi 2 di7jte e Yehdo

W gol FAL Fig. 2014 HEo] 3o 4 3
o #%, g9 FA 2 gol, 2z BdD 7A
B FA 5o 98 ZA"ET. a8y o] @At
i
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(1) EXgE Aisle A7) (analyzer), &
g/ A8 T2y

(2) HjXy HHF BAE sldsie FHI7|
(optimizer)

(3) 93 71A widd W4 He ¥ F ZTE

& Aste FZaaY

ol AZHAAL Fig. 39 EMAT}. Fig.
394 B upep Zo], 49, € ¥ #5F #AY
o] A4 FHFgF7L ALLHR, FEEIHLE F
X3 g Fy3t7] A3 HAAHF/E o] &3} o
4, X337 = HAUESTE £HE £ oy, £
Ag AANSE A8 N2 EHIFES da
2 A & 9, FERaP0R EolrtA 47
o] &3l ol&& ALstA €t} ojw, H3Hs
A7 2 AAESE AR g A7)
Nz2E AAE Aol gt olfd #A
Y3zl FEZAL UEY w7x BHEH
S

fu o U

i

2 d nF

daw AAN 3 FasA neser ¢ A
e waun-94 HEEY LAl Hed
s wel EAsior @rhe Wolvh meA o
FANE CEAS(AT= Ty — Tw)S 31}
FEHEAOE Aot FAFEHE HassE B
Bo) AHAANSRE FAHo2 Fend @
o. Fig.2e) Ued uis} o] AAMSRE W
o AAR E(B)FH % F(By), 2= B
FA()E Adstglon, Ad de dSFHF
(4P)o] H£9 W HH YA doiH2 4P
€ 2AYFE HHAT Table 1& EAFE, Al

o

e o rd af ot

Table 1 Objective function, design variables,
constraints and side constraints

Objective function, F(X) AP
Design variables, X ; B, By, t
. AT <3HK
Constraints, g;(X), g(X) B,<B,
< =
Lower and upper limits, 1.25=58,=6.0
7.0=t=25.0

Table 2 Geometric parameters of the baseline

domain
Duct
Length 80 mm
Inlet surface 190 X160 mm
Outlet surface 190 X 60 mm
Heat sink
Length (L) 400 mm
Width (W) 190 mm
Height () 60 mm
No. of fins 25
Fin pitch (S) 7.52 mm
Base width of fin (B1)" 2.0 mm
Lower width of fin (By)" 1.0 mm
Base plate thickness (¢)” 70 mm
Fin height (h), 60.0—¢ 53 mm
Reactors (3EA)
Total length 160 mm
Total width 340 mm
Total height 150 mm
Exit (3EA) 88 X55 mm
Diameter of reactor (D) 75 mm
Length of reactor 125 mm

* Design variables for optimization

SfxzA, a8lm /e 2A & uehd R
o, fAgde] gig 7|atey FP(HER, B4d
% wrgE) D FF(baseline) FAE Table 290
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Table 3 Optimum design variables for tem-
perature rises

aT B, B, ¢

33.0 2.903 2.348 10.491
34.0 2.637 1.897 10.581
34.6 2.468 1.365 10.962
358 2.179 1.250 11.042

* Baseline geometry, 4T=38.34K

Table 4 Maximum temperature and pressure
drop for optimal and baseline models

Tmax [K] AP [Pa]
ont 330 35035 72.95
ptmum |- g, 352,02 5821
model 346 352,62 53.54
(4T) ' : '
3538 35383 4768
Baseline model 356.34 53.23

S ERREEE 301
2 @
= sl Pareto optimal solutions
£
2 o)
g8 b
E L) ONNG}
g ©
[ ()
33F o

50 6.0 70
Pressure drop (s3p)

Fig. 8 Relationship between objective functions.

Hog ¥ FeE TN e ARE 24T
£ Table 47} & BAF3 gtk FA3te whe}
2ol e A AR VBHez &
dege Huslg FHA o)Foj Y ol Fig
4~69A =9 @ e} Zo] dAYE WA H A}
ol9) £ g FIHAFLEZR A & F gith
agy dAd g4E A% dugs) Ul f5%
T F/te a3y ygslEe S 2
gae, o) W] 5ol otdse nxA "ot

o2t FEHFSE Alole RAE EHI}E RE
Pareto # A8} 30, | & Fig. 89 =A&%ch
a9 (@-(d) 5 I & s)7}F Pareto
Ao, HHaN7t A8 A EAsGT AL 9
g, &, AR 4HEES Y (EE
22 2N 7 d FAHE EuW, Fig. 89
A9 (0) B (DE A9 F o0, o9
Agete HALA WG Table 3004 2ow
Al oly MAAY ko) ozt HHAMA WS
#e 28 F dL&E 9n o weld Pareto
AN TEH T LY HAHLA AF
& A7l g AARA o $ FE&A o)jg"
T A& Aol

6.4 E

Aol UAT PU-VY YAne YL
FAHo2 Fednh 89 4% E(By)o] AW
£3} GEFSNA 7bF 9ge wol vizen,
8 FA9 9% vk 24 AT LA
& U6KEZ AVY 3% ARAARE B =247
mm, B,=137mm, 2831 $=1096mmo|t}. o|



302 “LER

g HAHAELL &R udty LEAFS 98
% A 9E A E o 06% Frbe A
A ekokoh = gERE Y LxAAF %o B
g Yehd Pareto HHHE ToH, ol A
Ago]l o TAHE e BT H&de 3
HAA WFE MYse O =48 F & US
7;

10]}.

)

i}

px M
a)

e

£ 7l

o] ATE FFFHAY AN FFYtT 3
AAN71EATFAEGEDOT)Y Adez $d53A
Fuoh

ngsl

ita]

1. Tuckerman, D.B. and Peace, R.F. W., 1981,
High-performance heat sinking for VLSI,
IEEE Electron Dev. Letter, Vol.2, pp.126-
129.

2. Ledezma, G. and Bejan, A., 1996, Heat sinks
with sloped plate fins in natural and forced
convection, Int. J. Heat Mass Transfer, Vol.
39, No. 9, pp. 1773-1783.

3. Jang, J.Y., Wu, M.C. and Chang, W.],
1996, Numerical and experimental studies of
three-dimensional plate-fin and tube ex-
changers, Int. J. Heat Mass Transfer, Vol
39, No. 14, pp. 3057-3066.

4. Ma, H.B. and Peterson, G.P., 2002, The in-
fluence of the thermal conductivity on the

10.

11.

heat transfer performance in a heat sink,
ASME J]. of Electronic Packaging, Vol. 124,
pp. 164-169.

Ryu, J.H,, Choi, D.H. and Kim, S.]J., 2003,
Three-dimen-sional numerical optimization of
a manifold micro channel heat sink, Int. J.
Heat Mass Transfer, Vol. 46, pp. 1553-1562.

Park, K, Choi, D.H. and Lee, K.S. 2004,
Optimum design of plate heat exchanger
with staggered pin arrays, Numerical Heat
Transfer Part A, Vol. 45, pp. 347-361.

Rodi, W., 1984, Turbulence models and their
applications in hydraulics a state-art-of re-
view, Book Publication of International As-
sociation for Hydraulic Research, Delft, Ne-
therlands.

Abe, K., Kondoh, T. and Nagano, Y., 1996,
A two-equation heat transfer model re-
flecting second-moment closures for wall
and free turbulent flows, Int. J. Heat and
Flow Flow, Vol. 17, pp. 228-237.

FLUENT 5 User's Guide, FLUENT Inc.,
1998.

Patankar, S.V., 1980, Numerical Heat Trans-
fer and Fluid Flow, Hemisphere, Washing-
ton.

Vanderplaats, G.N., 1984, Numerical opti-
mization techniques for engineering design
with application, Chap. 2, McGraw-Hill, New
York.



