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Optimal Design of a Heat Sink Using the Kriging Method

Je-Seon Ryu, Keun-Ho Rew and Kyoungwoo Park
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Design Optimization(3 & 4 7)), Plate-Fin Type Heat Sink (4 %-3 3 94 %), CFD (A

2H-f- A 9 8, Global Approximate Optimization(d 9 ZAF3] & 31), Kriging (2 74)

Abstract

The shape optimal design of the plate-fin type heat sink with vortex generator is performed to minimize

the pressure loss subjected to the desired maximum temperature numerically. Evaluation of the performance
function, in general, is required much computational cost in fluid/thermal systems. Thus, global approximate
optimization techniques have been introduced into the optimization of fluid/thermal systems. In this study,
Kriging method is used to obtain the optimal solutions associated with the computational fluid dynamics
(CFD). The results show that when the temperature rise is less than 40 K, the optimal design variables are B,
=2.44 mm, B, = 2.09 mm, and ¢= 7.58 mm. Kriging method can dramatically reduce computational time by
1/6 times compared to SQP method so that the efficiency of Kriging method can be validated.
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r(x) = r[R(x,X)] = F[R(X, x"), -+, R(x,x™)]. @
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gdEdge ug FHPY HAF2A(mean
square error, MSE)E A 3lsl= AL mz g}
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MSE[H(x)] = E[e'(X)y - y(x)]’ )
& A e(x)E AAFLEHN DoAY, F,
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Fig. 1 Schematics of the thermal system
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Fig. 2 Schematics of the heat sink with vortex generator
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[ Candidate x |
v
[ Kriging estimated value f’ x) I

I x" = perturb(x)

)’

| Kriging estimated value 169 |

fe—

F(x)< f(x) or
explf(x) = f(XN/T 2»

Fig. 4 Procedure for obtaining optimal level of Kriging
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¢ x"elMe 2™ FAHE wasd, M2
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£ o] &3ty A MHAUS =T ﬁ“— 00 = N
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g Al e HAANMS F, B3I % 7| A B (),
39 AR (B, B)Y Astegre 1 sy
Zel 244 AAYE ojfdte XY REHES
Table 19] YeERRATH o] AFolAE BEHY

£ 3070(F, 10-n,) B 2RI EH,
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Table 1 Sampling points and corresponding to values of
performance functions

No. X X X3 AP T
1 | 3.8708 | 5.0042 | 8.7333 | 153.114 | 352.644
2 | 27375 | 4.7208 106 | 95.886 | 354.431
3 | 37292 | 21708 | 9.5333 | 77.886 | 355.088
4 | 31625 | 3.1625 | 14.0667 | 96.015 | 354.792
5 | 42958 | 24542 | 14.8667 | 135.821 | 353.879
6 | 20292 | 14625 82| 39376 | 359.663
7 | 1.6042 | 3.8708 | 7.1333 | 49.263 | 358.439
8 1.7458 2.8792 8.4667 45474 | 358.562
9 | 1.8875 | 33042 | 11.1333 | 56.801 | 357.147
10 1.4625 1.3208 10.8667 38.071 | 360.702
11 | 24542 | 48625 | 7.9333 | 81.395 | 355.311
12 | 47208 | 3.0208 9.0 | 134.122 | 352.999
13 | 48625 | 1.6042 | 10.3333 | 110.843 | 354.079
14 | 5.2875 | 4.0125 9.8 | 238.381 | 351.473
15 5.4292 3.4458 13.2667 | 262.828 | 351.819
16 | 3.0208 | 2.7375 74 | 62.150 | 356.144
17 | 2.1708 | 44375 | 143333 | 87.141 | 355.406
18 | 4.1542 | 5.1458 | 13.5333 | 218.612 | 351.982
19 | 4.4375 | 1.7458 13.0 | 112419 | 354332
20 | 2.5958 | 2.5958 | 10.0667 | 59.462 | 356.531
21 2.3125 2.0292 12.4667 56.498 | 357.402
22 4.5792 5.2875 114 | 266.645 | 351377
23 5.0042 1.8875 7.6667 | 109.035 | 354.027
24 | 33042 | 37292 | 9.2666 | 90.089 | 354328
25 3.4458 2.3125 11.6667 80.562 | 355.188
26 3.5875 3.5875 11.9333 | 109.345 | 353.803
27 1.3208 4.2958 12.7333 60.872 | 357.451
28 | 2.8792 | 5.4292 122 | 127.800 | 353.728
29 4.0125 4.1542 14.6 | 167.697 | 352.857
30 | 5.1458 | 4.5792 13.8 | 322.814 | 351.347
AeE zZF AR g gaw Ry g€
3t 2 HLEE AASIe] Table 1 9] 5-6 HA

|

A(column)o]l YERHAT o) AFE HUYLES
34 W2 FASEA G FS H4 88
t JFAEA FEAol2Z Table 1 9 #E o] &35t
AuAsed 387 AALARS FIA 2o o
g e HFoAM apg T, o & A
AL FHALAZE ded W Fasit :
WEH HA3 A7E HAgsy) &, 224
TS 40 KE AFF 99 27 2 HHED
g 718teA B4 ool mE HAH S E Table 2
o Yehidct. A3 oM g
H2gsA 9 293 $ERY JUeEsr F
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Table 2 Initial and optimized designs for AT <40K

Initial Optimal
Base part of fin thickness, B, 2.0 mm 2.44 mm
Lower part of fin thickness B, 1.5 mm 2.09 mm
Base thickness of heat sink, ¢ 7.0 mm 7.58 mm
Thermal resistance (6, ) 0.066 K/W  0.059 K/'W
Pressure drop (AP) 41.29 Pa 45.54 Pa
Max. temperature (7, ) 36231K  357.99K
Temperature rise (AT ) 4431K 39.99K
43 718 5 7l Wi ExEdsE At
Ao|t. Table 204 BTo], ZE HA WS A
e Z71 2l Hlgte Eol%Ee & & ot

53], B,& B, Uizt s 2198 vls) o
22%, 393% A& ZzZt FAY zod, /AR F
A@e] L& o¢ FAANthB.3% 7). o2
g 3FAB, B)7t HEHY AT 2 9%
£ "X E AAAAYE & 4 At olEF A
 Add 2SS 955 g8 dxge ¥
A7l Yoz A7) o)Fo|x)y] wEolth
oo wiet HAFPA o] vl EAFL 0059 KWE
AME e, o]s WERI 49 Alolg FHyex
7V @3 P mel 2712929 0.066 K/wll
Hls < 10.6% F4S Folth. aHY JAF 5
A5o], AHAIFL 41.29 PaclA 4554 Pas oF
103 % Z7}& )

Table 3 2 2| (10)l4 A L E=T(p0))S
Hojstete] @2 FBAT(0)Y ol o) &5y
T8 JALAUST E EATF(AP)E ASzA
9 3 Hdexeo] dis) vebd Holoh o
714 8=(6,6,,8,) = 4z AAHFY B, B, g
3¢9 F$shs ABASolth Table 3 o HAA
A A BRo], Hadehy HAdx(7, )9 A
ol weh M2 e dANTFR(x,)S d& F
domf ole utet ZAF¢Ad GFH A F(AP)E
HakA 2ok 5, 1,9 8 E WA 44
A$(0) dFAME T, =355K), 3|47 &
(T, =359 K)ol vls} BE AAMSEZo) F7}
2S¢ Aok (AAHT AFL Fig. 5 #FX).
ol FU A FERAA Ao gHgHAL
SZANAT FAO FHol 23 ¥ AHE F2E A

T AY £x7t FU1ete) WEw Ue d4A
STFAZ Ragoss SAZE FHA 7] B2
ojt}. olo we} EHFEU APIF F7HES Table
38 %2 BAFa o FE#AFAFVMT 2L
T Yol 93 d/RF MY NY =
AL BEAYST A =3 Azlo] Ae®TE
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Table 3 Correlation coefficients (8 = 6,,6,,6, ) and optimal
solutions for various maximum temperatures

355K 356K 357K 358K 359K

2402, 2468, 1996, 2.168, 1.789,

AP | 1111, 1085, 1.023, 0963, 0.893,

o 0.101  0.103 0077 0074  0.061

1280, 1361, 1.013, 1.145, 1.028,

T. | 0088, 0213, 0102, 0145, 0.150,

0.141 0168 0.120 0.137 0.122

3462, 3.110, 2766, 2443, 2174,

F | x,, | 2852, 2498 2260, 2091, 1935,

2 8489 8298  7.955 7.582 7.117
o

AP | 76586 6207 5305 4554  40.23

9
A\*
E 8 i L\‘
: \\
w
5 7t .——o.D'A » A
: =: o =
'“ i1 —B— 1t W
E o
E
2 3 O\-D‘\. _
r- N Gl =N
| o o8
N - = 40 4

Fig. 5 Variations of optimal design variables for maximum
temperature

Aolch. web AHoEL ol AAN sl
A FRED ohe AAHY At F
258 98 584 Ans HPsholol T vs
298 FAolt. Haha o ATNE 2ALAA

CRERIECE RS EIRE I E 2
Ha7] Asted F2ARANEY €AY 2 A =
2IAYEQREE ) AT FUW P4 2L =

Aol &3 Park ¥ Az}l Bl wdle] Table 4
of Getlidc. 224 wye Ad(x=e A
e g g, 38 84S dA
ol £A 3¢ & A28 S(NFC, number of
function call)& o] &3to A AFH o nwsly
A stad. d9A, A X9 3 A5
APE BW, BE A9 A ol sQp Hol
Hla] Bk 24 o &3ta glon, o]2RE 337
73 ol 2o AEEE ¢ 4 o E3 NFC
& Auiy 327 UHe BE 25 Az
3l F 30 3 At BHL I wkd, SQP He
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Table 4 Accuracy and efficiency of Kriging method
compared to SQP method

C A

Table 5 Validation of optimal results for Kriging method

o AP [Pa]
AP [Pa] NEC
AT*  Kriging  SQP® Kriging  SQP® ar Xopt Kriging CFD
37 7686 NA NA 37 (3.462,2.852, 8.489) 76.86 76.94
8 6207 6211 7 38 (3.110,2.498, 8.298) 62.07 6243
19 5305 5336 30 51 39 (2766, 2.260,7.955) 53.05 53.94
40 4554 16.72 o 40 (2443,2.091,7.582) 4554 46.79
41 40.23 4194 21 41 (2.174,1.935,7.117) 40.23 4181
Total 30 181 X =[B),Byst],,
* AT =T, -T,=(T,, -318)K
** NFC : number of function calls mm, £ =758 mm. o] T F|ZFEde] u)s HHmA
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