Journal of National Fisheries University 61 (4) 166- 172 (2013)

XA 27 BF v )VINT O R A GR TN
AUCERHTEICBY T % ZBRIIDESE

RIEE— *7

Experimental Study on Forced Convective Heat Transfer
Characteristics of Liquid Phase in Microchannels

Junichi OHARA

The power consumption of individual electronic devices has increased with the performance

improvements in recent years. Accordingly, the heat quantity generated from electronic

devices has increased to the extent that the performance is limited by the conventional cooling

technology. In this study, a water cooling method with microchannels is utilized to cool

electronic devices as represented by a CPU. The test equipment is designed to record the

average heat transfer data at the microchannels. The resulting test data illustrates that the heat

transfer coefficient depends mainly on heat flux and little on mass flow rate. The present results

are also compared to existing correlation equations. Additionally, the influence of hydraulic

diameter of the microchannels on heat transfer is clarified.

Key words : Microchannel, Heat transfer, Forced convection, Water cooling method

FC®HIC

A, /770 —0RBIIEONNY Oy, Y-
—, EHEFESOEMBEHMIEZIICHLELT, T2
7 M OmEtEREIR BRIV AIITON TN D, FITH,
oty HOmERRBICBITSS Ty /0o —-03F I
REW, 7oty HFIHOEHREE#ERZT T, i
oM, HIEEES, BEARRSFOETHRB T RS
SHRENTHO, KEE - WEECTHEHT 2B O
LR RILITRKELSBEE L TWd, 1971 FFICHEL
Intel tLHJ D 7Ot B 4004 ICHEH SN TR T 2P
& OEEH 2200 fHTH > 7= DITK L, HIED CPU IZIZ 10
BELAED N T > X AR ERN, 10000MIPS(Million
Instructions  Per Second : 1 FP[H]24 U {Z A RE/R i 3 AT [AIEX
Z 100 FHALTERLLZDD) OMNEZEHL TS, L
MU, ZHUHENFEARDHRL, RFIE0IERE 4
HBHT LD/ >THO, Intel ££D PentiumD Ot v 4

ICESTIE BOWICETS2H5DHH D, ZD CPU DIEE
FRIE, CPUDNK T 4= XX FEBVWEZD, AT
L EBIESREITERNERD, ZOKRFENOF TH
SkEBO OZER S IT X > TIE CPU OEE % IR 5t L
TICHFEFT D ENEL<IRDDDH D, TIT, 2EhAEL
D BMRERNE WK E W, KBk TRITO®WHZ
IO EITERFEDRFTINTNS 0, ERE, Z22mK
A 16 7 B 1T B W T 0.5~20m/s D HIPHTREM L 7235
B, BMRERET 10~200W/m2K TH D DITH L, —fki)
73 7K1 TR SRR BUAZE 1T B W T 0.1~5m/s O #iPH T ek
U 7256 YRR ERIE 5~2000W/mK &72 0, 22 ik
D BHKE S RO S NHHIERDBEEN TS EE A S,
$7z, B O/NU KR ORI NERINTND Z EM 5,
HAR—ZAMD, WHENRO &N O EH E15>
Tn3,

T T, AMFETIBKNDMEYSES D, 4% lum LA L Imm
PUF oGl 7L — ~ (LA 7 0F v 32V 7T L — b

* 7K PE R RHFERERR T4 %L (Department of Ocean Mechanical Engineering, National Fisheries University)

PRI O 3>RSt (Corresponding author):ohara@fish-u.ac.jp



167 KIENE—

ENER) Z {8 U 72 /K Q3R BT R R BVMAZICE B U,
FOMHELTIE, DFOXIIENETH %,
< RA 7 OF ¥ R EMHWZKGRRAEL, RS
A 0% —=F—TH5DTAR=ZAZWSR,
M EF v 2L OY A XAVNE < TR B ITDNTEMAE
PEREN R TR D CTHET 1 > T 7 V&M L2 %
SABAA R ELRCTORERET L THRESBAITE
2

XA 7 OF v RV O, BE LR £ IR
HZRRHRICHE H U 72 © O S BUNARRE O BUEVE, EIROIR
F — B Z VK PE W 5 A i AR O R AL IR AN DS A — 12
FHLEDDOETZBICHZD, BIE, I 2F 3o
AT OF ¥ )V 2 I R D R TR R A O B
AR DIE], BRRHE N O 2 JE RS AR R R, AR
VLSI, ARNA F IE I8 Ekk & 7857 5 T OWFZEA
TON TS, LTI, KEBEMK TS (ASME) O 1T
“International Conference on Nanochannels, Microchannels and
Minichannels ICNMM)” ©  BHfEI N 5%, ¥1 /7 0F v
TN KLFENEFRLL TV D,

Steinke 57 13, YA 7 O0F v+ X)LOEREN 10mm, &
W% 7% 8mm, F ¥ RV DFE X A 250um, F v 3 IV OHEH
200um DY) AT A M g > EHWTER
FealTV, WIEOE B DOE(ITH T 2 BIEHT OBf%
ERL, MEND DM T2 & BRE 12K 598K
PL B UTIRNZ & & /R LUz, Peng & Peterson® 1, <
7O0F ¥ RI)VOEEN 45mm, A 7 OF v 1)L OEEN
18mm, 7KJJHIMSERAD 133~367um D 12 /8% — > DI
F v RINT DWW TR ZEFIRAR & U CHAR RS i i 2L
ERITBI U CERIT S oo WHECEEIREZIT K > TEE#
BERRETEREL, BRITLEBRL T /I EX IV
R OBIRERD, JER, SRR oM ERELZ, L
MU, WERIVIBEIN TN EBHBER EET S EX
TIU MDA 13 FRE LN, W.Qu B 2 1L, /KM
MEEA 62~169um DY I VEEEF v =L ZEHANT,
BEFESREDHREBVAEIC U TRBZITV, SEHRREVEE
REEREIL, 2o, HRoukl Xl M eL 1/
VAR OMGEERL 2, XL ML, LA IV RO
LS5 TICRIEFEMERL, TOMIERTHES N
BEODENIRINE2THoz. ZOMREEZITIT, Fv
FIVORMMS DBITEHL T, FvRI)VOXRAMS &
ERULHEHGZEREL, BT —57OX )l ML —
KT D EERLE, Lelea ® 913, EED 100~500um
DA T > L AT 20— 7 % Fi T BT Gl ek i 245

FEIZDOWT, FEUEESICER LRI EH 2 il 4
2o F 12— T DEEILT0~600mm TH 57, EHAEXIZT
53~250umm TH 5, FHEHHIH LTS EFHTF2—7
DOEEQIEZFHIIL, TNTNOBITH U CEYRER k%
BIHLTWS, X&)l M BRITIERE & OBIR TR R &
R L, TERDIFEE L - IREE S T OB N AR R I 3
B ERAMREOHMETH S 436 LIFIE-H|L TWB
ZEERLZ, TR, Lelea 5 HA L 727K A4 E
BIZBWTHHROEZEDOBIRD RN T D & O R % R~
L7z,

Pl X2, ZInETYA70F vz AWt
ZBWT, XM 0F v RIVNTDRT =)L I LS
W AR e LS B R M N D BT D W TR 4 TR
BINTVWDEHOOD, H—HRAMIRINTHERNON
Bk TdH 5,

Z T, AWIFETIE, <A 7 0F v RV TORREM
Hilsehift MR E OB E 2 R T2 & & BT, IRIKIEDN
T R BARBMETEAN DB D W TR 21T T
EERHEMNET D, TOHIT, EBRTIIFHREIED 400um &
200um XA 7 OF v X)L BEELEZYA 7 O0F ¢
FIT L — RN TENTNOEMEER MO 2 175
oo TDWHK, THEEEIUEL, WERKOI IO —
NBLORA 7O =) TREINTVLERMHBERE
DT> 72,

RBREELZOSUICRRAE

B 1 ICAHISE TR Wz R EOMRE /R, EREE
BIEERIE SRR Y > 7, EEfAR > T, ARRERN T
Abhtra iz TSN TWDS,

BRI S > 7 SARBNRIRR > 7, &Rl T A b
Yoy a VI3EERAROREE LTS Y A Fa—T T
BINTWD, (EBNRARTDH SR EKEOEER A S
SUIEDENTHED, OFEENRERY TEEHIE2Z
EICE D HYOFRE TRHEIRS N5, 2 S N EERAR,
QAR EI 2BV DT A My a3 VITAD, £LT,
XA 70F v 32T L — NI T, CPUICKEL 7= —kR B
HEFHETDHHIRE —F — 34X34mm) KD BEEN, G
HRBID S > 7T E N5, fEBREEERS Y > 7 Mok
B OIREL, 19~21COMIC/IR2 KD ICHEI Lz, /&
BAWIZE TIIEHZFT S 720 I B - 28t - 7—% 0
F— - BifiatE iz,

FANEZ T a>NTE, XM 270F v RIICTHAT D



XA 7 OF v R DRRE 168

BXDIEBYRAA DR EE, BN AEBIRIAD ATNRE T, &< A
7 8F v RIS T BB OIEBRRDEE, Rl /ES)
REROMITRET . WRE—Y =631 70F v )b
DEEBNORZEZFHT 5%, @ikt —%—0E
BIE T HK- BB Lo TAHE NS, ZA5FX b
U a TRoNZRET—F EHEEQERDS I
TRHERBE VX, F—FO0H—IC&> T 1 BEICEHIS
N, ikkIns, £/, BRIFE—F—LBEREFRDOM
ISR S Nz BB RERA TRl N S,

O : Working Fluid Supply Tank
@ : Working Fluid Pomp

@ : Flow Meter

@ : Test Section

® : Discharged Water Tank

Fig.1 Schematic view of experimental apparatus
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Fig.2 Schematic view of experimental apparatus
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Table 1 Specifications of microchannel plates

Width of channel [m] 200 400
Depth of channel [um] 400 400
Thickness of wall [um] 200 200
Thickness of channel base [mm] 1.6 1.6
Number of channels 75 50
Length of microchannel plate [mm] 36 36
Width of microchannel plate [mm] 34 34
Hydraulic diameter of microchannel [um] 267 400
w

Fig.3 Cubic diagram of the microchannel plate
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Fig.4 Schematic view of experimental apparatus
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Fig.5 Relation between outlet temperature of the cooling water

and heat flow rate
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Fig.6 Relation between heat transfer coefficient and mass flow

rate of the cooling water
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Fig.7 Relation between heat transfer coefficient and heat flux
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