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ABSTRACT: A heat sink system using nanofluidic thermosyphon for electronics systems was
studied. The experimental results indicate that a cooling capacity of up to 150 W at an overall
temperature difference of 50C can be attainable. The heat sink design program also showed
that a computer simulation can predict the most of the parameters involved. In the experi-
mental study, the volume concentration of nano particles affect the system performance. Nano-
fluidic thermosyphon with 0.5% volume concentration showed the best performance. Nanofluid
can increase CHF of the system compared with water as a working fluid. The current simu-
lation results were close to the experimental results in acceptable range. The simulation study
showed that the design program can be a good tool to predict the effects of various para-
meters involved in the optimum design of the heat sink.
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88 NNT - AFE - JUF - )3T - %75 - 0] 2

9 FERE FAHY U 4 FALO]EL 50x
50x10mme] Fu§el ¢FuEF EE(block)e 4
2o 5mm HFe2 wEAFN FHA AYIA
o} wEtA vl e GAtelEo] EFuE EE
AR YEH2 SEPIY FIHE FAI
3 9tk Fig.19] Hoje AAY ZF dAlo|&EL
ZaRd A49€¥ 50mm$t 290mme] F£4HEE
Zt3 gloer, Uz 150mmE 150x90x1 mm2}
2% #A(fin)el 0.7mm TFe2 RAIHUY. =
& Fig. ld& B 47& 98 EAZA {3d
137018 d4de X8 FAstT Aok 7MEE
e 1719 dAds 7HEE EH F4d QF
HRon FHE &7 47, &% 4Fd 47,
a2 g5 g 4/ dHANWE RF3)
Aot Fig.20l4 ¥ 4 X%l Azt dxde
Data Acquisition System(MX 100D, Yokogawa)
o dddgNen, AFHE B3 YA FEHY=
o RxWEE #AY F UAEE YUY

71dRE 3709 AA 5mme FHEEA|(Car-
tridge) 318l & 50x50x10 mme] &FvlE EEd
A93te Aoy, A4 H 300W =
714 T8E ZEF AXEHUT. 7MdEE 2¥
Ao L=EXE Ao, 7tERY 2R
XE 50x50mme] AH WolA 74 A
ZE A

Fig. 2014 RolRe] ¥ HAPAZANE ZALS
AFAAZ RIANE F JAEE 583 AFINA
th $&5HdE 559 HA H(fin) BH &
a3 YFFAe F5E A8 SEFE =N 2
A FEAde] A HAHNADL SFHRY TV
#F5E 98 120x120 mme] < #(cooling fan)
o] AAEHGer, 1~25m/s7HA Y {FEFEEE 2

. Cooling Fan - Fan Controller
Heat Sink AN
Assembly ¢

Cooling Channel

‘Heater
Assembly

Data Acquisition System

Fig. 2 Experimental setup.

g & UA=EE SE2FFAYG FZ2HUT. o
28 FIF R FHEFE d&do) A=E ©d
A '

£ AYdA A" YxfAE TiO: 4AE
ERA EAMA el FARZ FEO we
Azso] Aol o]83 A ALEE YxFAe
dRA7le) WE EEZE ARAEYVIE Fit9
EFAY 23 A= 3¢ 50nme JF & 7Y
20nmolA 100nm FEZA FAREEE 2= A
22 & 4 AUk

3. Al2dolH

Fig.3e Zzade &4 HIAHL 989
AgE 9ES ZEojt AEHolMe =l
FAL drjolE e dU(heat source)LEHE Y
5 A7A dol ARHINAA Z AAe LEE
FRan glon, GAlolE SEAZS] AEo]
He AN QA YEYHIC wRe 1 58
s "o AEdHoNE TRFoz zZtzte] o
A3 Aastn A VIEY AT Gauss-Seidel
¥ o9 wEAN o8 HEFHoDT 53
ZA((PH - 1)<e)e DEAPOZH AB
o)de +8sA "t NENZ A G A
& Aoz Jed £ gt

Ath—c

EA I BANE EAYEL S 2

Fig. 3 Simulation software window.



BxfAHE o] &T A E JENR

: Z

N
NPAGY

Fig. 4 Conductlon shape factor in the evapo-

10
rator.

Q

FEER R ER DER-Lk

__LM__) (2)
kpoa A poa

Rﬁad=(

AENA Uy BES dAlolE od Ao
AR

R=() 3

4714, S& AE B4A4oIH, Fig. 4 o)
t ANY 94% eEY FYE Fyud TUW
43¢ Ze Bojxrt AUl g Al o
& %o

S= znlh _
in| £ xsion (2 ?
ZulH o Alo Ao 3]
_{_In(D/d)
Rt.h - ( znk‘ lh ) (5)
H gl Ao B]
_ 1
R‘_(hﬂdlh) ®

4714 HFel ¢ YALGATAE Forster and
Zubar'P9] M5 QAYASFH S AHgATh

829
T024AP075 045 049 0.79
h,=0.00122- S AE T B
I 4
$3% 23 4% ARG
I
R=(52ar) ®)

714 50 % FALASE Nusselt™o] ¢
% 9ASASH S ALY,

= k?p,(p,—D,)ghm ]1/4
hc—0.943[ AT, ©)

223 ANO)E BN ST

= ]n(DZd))
R‘.C_( an,lc (10)

OE‘ A=) mﬂ,\jo] gast

= _.1__)
Rconv ( hconvn-totAtot (11)
3.1 UYiewAe S4x

YrgAe FESAZ AL YL 2y
s ANEH AR st YxsAY BAHA
RES Yook . YxfAs mgAs T
A Folg Bole BHOozE: aA JAEAL,
ARAS, A, 0g o] gon, TaaPdN
2o BHAREL dA ATFANE vz AY
qe AHgsQen, Jg BANEL ZaAY B
Aghe A

AAEAGF tse) oJgAEo B AEYo|
e g8t ANEHo s IFH FARE B
z Maxwell™9] 78 9471 2AIQL 73S
gate] 7% fE dAEAFNL AL

. ) |
Leff _ 3((1 Dv .
I 1T T —(a-Do (12)

A7A, o 2EAG FEAA Be dAEE



830 oY% - AFE -

Hloln, y= YAt} A o] A Fu)ojt}
SEs) LN HAASS dBE YupA

EA#EY g4 EHAEs @4 F28 e

g7lo] EAMA Ado] F88 Aolr|o] A EHo]

AolNE Einstein® 29 71A3 ABgolH e

TR,

0< v <0.01

et 149,50, (13)

I3

Y gAe vds dxd g AFA 1]
oktel Jang'e A7 o ugoz EFolE
& ugoz Axsgg P

Cp'ef/=Cp_/(1_1))+ Cp.,,mv (14)

Per=P;(1=0)+ D, v - (15)

UxefAe EAXE @4 A&Foz 4AFH
o ey a2 A7} vekEed EHNFES
T8 & Jde A5 AFd A §A4 AN
71 o#El¥ "ol oy AEHolA ZEqME
713 ZAG Rde FAE7] Yy g AE
£ A839d.

4 83 2 1

Figs. 5~7¢ & 474 A2y WaEAe
dAY 43S BeFn gtk agd B 4
%o A9t Yrlel LExA AT, 7t 50T
d A GAY A5 150W oj4 oz &
4+ 9. 0TE AARTYRe A% WA
AN gaz e /eHd eEE & A7
oA ML Uegi dArlEL o4 W
A ANREYZE 9F 229 YRS 9
£ Aoz & £ glon, ojgd BE AEHA
2 A4AE 22T A3 45e wHse
Aoz ¢ 4 UG B AFALlN Awd U
A GAOIE WAFAGN UeFAE AS
A= 0.1, 05% TiO:-Waterg YA 2 AL
A BOW oSNNE BE ABRAZ AHEAR
9 2 Aolg nolx wgten, nAFY A%
2ug gz 29 94% 4%5¢ RAFUY 1%
9] TiOz-Water Yx=fA& ZIFFHAZ AHEAlE
29 Z4ET 450 Bo| AssHe Aoz @

Qw

Heater Surface Temperature, °C

e - o] FF - }7)E - 0] %

400
T,= 228-30.5°C
350 | oo s
o
300 - ®o
oo
250 ca
oo
200 - ®no
MO
150 1 @ o
0o o © Distilled Water
100 4 00 o & Ti020.1 % Nanofluid
@ oo’ o TiO20.5% Nanofluid
1 «®? o TiO) 1% Nanofluid
0 T - T T
0 20 40 60 80 100 120
AT, ,°C

1504

1204

30

Fig. 6

Heater Surface Temperature, °C

Fig. 5 Heat transfer performance.
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