spol22b34 299 A4
]

PF50602]

B, A303 A7E, pp. 646~655, 2006

LR FEE L
47 £4

ZEfg - 285 - oAy’
(20063 19 119 R4, 20061 5¥E 1€ AAISE)

Characteristics of Cooling for the Adjacent Double Micro-Porous Coated
Surfaces in PF5060

- Tae-Gyun Kim, Yoon-ho Kim and Kyu-Jung Lee

Key Words: Micro-Porous Coating(PF0]ZZt}34 FH), Cooling(*87}), Heater Orientation(3] € 7]
£71), Bulk Subcooling(¥3 ), Bubble Sweeping(HE 2=93)

Abstract

The present research is' an experimental study on characteristics of cooling behavior for the adjacent
copper blocks with surface roughness or micro-porous coated surface. The experiments were carried out
at saturation state or within subcooled states of PF5060. The effects of heater orientation and the
intervals between heating surfaces or substrates were investigated under various heat flux conditions.
The boiling performance of copper block with micro-porous coated surface was better than that of
copper block with surface roughness. It is understood that the bubble sweeping enhances boiling
performance for the heaters with inclinations of §=45° and 6=90°, where as the bubble flattening
decreases boiling performance for the heaters with inclinations of §=135° and §=180°. In comparison to
upper heater and below heater with orientation, the upper heater has lower superheat temperature than
the below heater due to the bubble sweeping. It is also found that boiling performance decreases in the
case of adjacent double heaters with only 0.2cm substrate interval.

JleMy
H : 718379 7"]"/][cm] :
B QAZASE QAToan - Tea)[W/em® K]
L g Rk A {em]
g" : 9YRHG FHE[Wiem’]
Toae © wAA BAY R EE[K]
ATeor © B8 ZE(Toar-Tsa)[K]
ATwp Y E(Taar-Tour)[K]
Twar @ TEA Y HAXEK]

a2( AR}
0 : FHozREY XA 7)L7I[)

Ho

1. ME
A2 Az FAPNES 2y P u§S Fol
dA A2" 4se Igse F7sn Yo ol
2 A AP 2% L ndEge d4%
3 ddHe A B A4 2 BTy B
ASE o)Az 3 itk B3], ORI EEMCM :

T AAA4A, 9, nedgn 71AFe
E-mail : kjlee@korea.ac.kr
TEL : (02)3290-3359 FAX : (02)928-9768
* 39, agdsa q&td 7 AFa

multichip module)?] 7d-¢-ol& AAZ<Q ]9 2
71 FAE EoldAM AF W JEL AFY
oz uidstd FAFe Y A AA{EE
FFA7I o] AFLEY Frlo & FAF




Fo gdz 9 df4e F43 Fopsla gle
Z A ot

BAZIAZAA A4 E HPAUY A 2
Aol unit F 300W, 22 T 80w, dHS
2 15~23W/cm2°] ¥ CPUAIA & 100We &
g3 625W/em22l df4o AT ®
T DUHA AASF F 5L 100W/end,
GHRENAE 25Wem®, 231 PCBIAME
10W/em® A=2 ez ok A371&e
A3 v 7|EY Fuld v F2 I3
A 2" 1dFE5e €48 afAeR Rz
HAAD F Qe 71g9 AEe] 8FH|AL
At '

PCS, WLL, CDMA &
ZIAZ AAE P¥dls Ay 4
7] 2§ ALgEtn gJon ey AL A F
A unito) A FAHE ndH459 TIFL T
g ZAdF 37 FAS HLsto HEATln
Atk o9t ZL J|E BN JAA g o
2718 §F7] TEA wWEE AFPLETT B3
222 3daS5AA 2 AT F7197 o
E dHAE 2 AT ATo| EAFLZ AUy
2 gtk w2ty EAAY] wmitd ARHoZ oA
APzstd Fujel e, VY € £HE I
Ald g7t ok

BA Yz F7)Yze] Hlgte] dAEE
2 prgrt AN gFEALDAAN FEsta, 2=
2 bjgo] 222 F4F FHIAME FHE 7t
A gt B3 FAAM A (dielectric fluid)E ©]
23 2 AAYZG FA2 AT AAAD B4
9] iAol =Hu 9t}

FHZ, 43 AP W2l v dALS F
7WN 717 8 ggdy Zdd Folu TFL A
Asle] 2Edy Ede 9§ ¥ AfHo=
WEA717] 98 A7l FYsm Yo

Ferjancic and Golobic"g AlEE
stainless steel 3029} steel 1019 EWo] 33 A
271(0.02~1.51mE 7HAE YIRS A Zéo
Fdzxzd o YAIDFS(CHF : critical heat
flux)e] &S dFsact A AASNI 71
G52 wdie] EFH4 o ge FFo) AN
o] AL RS0l F718 A

Guglielmine et al? 72 E@Hd L Az s}
of ¥ Zojot A X0 wE dAY AFe g4

24 FAAATANE
AAY PPy due

e

ol gate] -

L

dAd g3k PF50609] Wzt E4 647

[o

o H5S FI5E R Kim et al DS FaEH
vlo|22 WL AlFst W ZHo), A7), ZHol,
Zo wE HFAsE ATEAh Shu-Rong et
al¥2 FC-12E ol&sld %4 AFY Al
e 4FL Agsidn. $E59 2z #a
ol wel dAG AFd QALHELE S8
3 EUY $54 A Alele HFo] FolAd o
2t AL FEo] ZAgS B
Hooe ddR gHd FHETL I¥Y
S dAGL Z7MA7E W o 4

B2g o] 43l F& U9 FH wE y
Q5L AFsach A¥9Z2H 48T =29
Edo] w3 TelEdrRT ONB 249 =7]
HIEE 80~90% FAAZAD oF 30%9] A
A& 447t Rainey and You®= FEW
o tololrz RAL :Yste] IR A7)
IR S &7 oE dFE dTFEUT. 3H
Abo]lZ7}F Fa §=45° < 6=90° A R} EAF
Aol $FIRL 71E7]7t 9=90°ET EFFH
AALDFE dElo EA =2ste] ddd 45l
A3t9L 98 A S0

0y BEY ¥5AH sl #F Aol Misale
and Bergles”’e WIH FEwol Ze¥Al(sand
blasting)E S8 EH AAVIE P4 F 24
T3 Halole] o] wE ¥jFT @AY Ao o
A AT et IR @I Fajol9 Eo
ZAagozd AduFfdAe 442 Axst 2
A28 ou AnjE GG 85 Hsol F7t
e B4y

2 AFgMEe dgd® EHe 48 9gF8 2 3
BHog wEA77] 93, 4G AW F&
Ed(diamond)S FH I AR Helgy
£ AFso dAZ 45< Fretdnh 53], 3
WS(ATw = 0K, 5K, 10K, 15K), 7]&7](6=0°
45° 90°, 135° 180°), g9} LIR e Az
(0.2cm, 0.5cm), 7183 71 o A2j(0.2cm,
0.5cm, 1.0cm) 5& WIAANAA FEE(ATw
= Toa - Tea)ol 2 Evj5EAL a7 JF
g v, BN =8 d=doln g ol&
gto] FEH(phin)o] AZAZIE AT F ZH=E
o E vFAHFE HUtsle HEH 24¥E
o} @A HF dAdgd uXE ade JdFE
£ AHRgt B dFdMe AxgaFuy



648 ZHd - HEE - oA

A Y71 dF diF 54E Hodn
ndes EAGH S YziA Ae A7) K
12 A8E grstaz o

N

gk

LR

,_
It

2. Al

2.1 AEEZR

Fig. 12 PF50609] ¥z} 54 H4¥L Hg 4

ol & Atz g P/C(polycarbonate)2 A 28}
A3 AFdFze A7]E 35cmx3lemx33eme] =
712 Azt

AAFAY 22 ¢F5F4 FHEZA JEHRKW)
o} F2x9 YAFE o8t =AU A3
FZ Ao wWEFd FF71E AAsd E8F
A28 dlEstn FdE PE-50602 S35kt
Aggzo gREe ddAE AMEstd AFFA
9 &7} GRS RAHES st HAGA
9 ZE & Test Section FHol| 4702 T-type €4
E Algslo] 39 2x9 HAF}E ALE
L AEERY g A AE AR A
st EFA s
Fig. 2(2)9 2(b)= 2dH9 77} 4em’Y &
d iy B4 LdEE Jeld Mmool
Teflon substrate(80mm*80mmx10mm) ¢} Ni-Cr
AEZA 045mm)yS HAF FHAEHo] F2
Omega bond 2008 AM&-3td T EF7 A
ZAth T3 Teflon substrated] Fo] ALz I

o

o

2 0L

: i
{ 12 ! Constart
1} Cooirgy g Teperatun
i P
|
4 Cordorser R IP
D Acpision/ Y- i :
Powet Sigly i 1
I
] Test Sechon !
| eeccecnes
foess st I
4 o
\
D Wi :
................. 1
|
> !
1
Strer i
l&l

Fig. 1 Schematic diagram of experiment setup
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Table 1 Specifications of test section
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Table 2 Properties of PF5060

Teflon substrate ?&/n:rﬁl:ﬁ(;mmxwm
Copper block 20mmx*20mmx*4mm
Ni-Cr wire $=0.45mm
Surface roughness
(sand-papered surface) 1.546pm

— N0 0 (] 0
Heater Orientation 0 ?8’0"4 55 905 135,

No upper substrate,

Substrate distance H=2mm, 5mm, 10mm

Heater 1 &

Heater 2 distance L= 2mm, Smm
Particle size 6+2pm
_Coating thickness 45+5um

Boiling Point @1 atm 56 [°C]

Density@25[°C} 0.00168 [g/mm’]
Surface tension@25[°C} 1.2 [dyne/mm]
Vapor pressure@-10 [°C] | 58 [Torr]
Specific heat 1.05 [ki/kg K]

Thermal conductivity 0.057 [W/m-K]

Latent heat (vapor) 29670 [J/mole]

Liquid dynamlc viscosity
@ 25 [°C]

Liquid kinematic viscosity

@25 [C]

0.67x10° [Pa-s]

0.4x10° [m%s)

Fig. 3 SEM image of Micro-Porous
coated surface(Particle size:
6+2 nm)
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