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The Effects of Fluid Slip at Walls on Heat

Transfer of Microchannels Heat Sink

Student: Ben-Chain Yu Advisor: Prof. Jenn-Der Lin

Abstract

Fluid slip has been observed experimentally in micro and
nanoscale flow device by several investigators. Some
researcher examines a possible mechanism for the measured fluid
slip, for water flowing over a hydrophobic surface. In this
study, the computational fluid dynamics approach is employed
to simulate and analyze the effect of fluid slip at walls on
heat transfer. Results are presented in terms of Nusselt
number at varies values of Reynolds number for microchannel
heat sinks of different shape. Numerical results show that more
effective of fluid slip at walls on heat transfer of

microchannel heat sink.
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VS AZE D 09T AL A R TR A 4 Kbl & PR F K YA
R RE 0 Ao 1-3 AT o 3F 5 G M AT S IR B R KT Y 2
Jroow G Ll R PIRRTR g 2 v gk T L [1-3] -

M 3 % *u(micro-electro-mechanical systems , MEMS) & g
AL & B E Sef B (micro system technology) @ ¥ ¢ 0y & £ L
(1965 ## P 4@ BEE ) A 1959 # F WP ELE & ¢ V5 4

"There’ s Plenty of Room at the Bottom, & 3g7:#» » 7 &

HF BB s 0 A T e B (nicromachines) | 2 — Z3#



b 1978 & F x5 43 MENFE LY BRFRETER
LA 1982 E## &0 F L T ug L PR M (silicon as a
mechanical material) ; # 3 3F 4 > 1989 & Jif # - ;33 (Salt Lake
City) - ## 3t € (Micro-Tele-Operated Robotics Workshop)® -
BIE RS TS T kst ) ot - Lff o A r e R k4] - 4
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(micro-channel) ¥ & #raleagwl Cheat sink) £ # ¢ 2 £ U7
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FIREGARBHAFIRTFASTAL S o miTE K> d T
(MEMS) 2 2 s e or@4echgip » &7 @i 41k 4 2 /2 (hydraulic
diameter) te#ic & B p Moot 0 & AR i chin i o B @R M5 I EHT
Mg > RBIHIFITIATALTFEREME B AN FOERT

o REREATF ASERV AR R LT A -
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BAFHe SN - BER RFBSREEER 26 T RS 2D
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BREARRTF TS E 3 ARNAMEAZ N FoPRET 0 A
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PG g A G o BRMILEE R EOE e Bk
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potential theory) kb~ > T EEHETEFFH T LEL &
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ARG BRK 0 i endowm % 0 - & g5kt (hydrophobic) g0

perfluorodecanetrichlorosilane §= octadecyltrichlorosilane

A AW & 4 170 52 400nm <7 4 & & (slip length) - @ Derek and
carl[23]Z * % f2+7 & eh Micro-PIV(Micron-resolution particle
image velocimetry)dp #:& (73§ & i # Hindl > BB DI 57T >
BE EAL R IR S B ESERFH DT 5 - K F S
M o P A A R R G e o ) F R s e d
James W. G. Tyrrell and Phil[24] &/ =+ 4 Eicéi(Atomic force
microscopy) ™ Bl | (4rBl.154) > Tréthway f- Meinhart[25] % 2%
% Kom tsn-kt(hydrophobic)sifiitsg € 2 2 iF 4% > dp F R
ki (hydrophilic) spicivsg AFA €& 20 B % - @2 6, Yu

o Ameel[26]% 4+ $H4EAmiE ¢ 2§ in Wi A T % ik R

1-3 2= % B eh
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R SR A s A 1A S B Ak > G £ Bmm o o]
2-1 MARARE B bl o AT Y B IR AR k4 BT g
BATFBEFFA > FHSERL0.924n[29] ) FHE 2 kT HEK
T Nusselt Number e% it 472 » Hiiktz = 67 i S35 B
YoB) 2-2~ 2-3~ 24
T A 2 SRS i A R 2 e T T

I Bl I

%—/;+V-(p\7)=0 (2-1)
il il

() 4V () ==V P4V () + 44 (2-2)
fo B AR5

%(ph)+v-(ph\7) =V [(k+k)VT] (2-3)

94 %4 & 4 (Body Force)

P4 # it & 4 (Static Pressure)
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B 47 40T AT

Tor=Tir (2-10)
—ks§§$¢r=-—kf%%f-r (2-11)
(IM)FdE R
FHE R UslipB B &R B 2 Bl T
RRELRMF R TR TERBF PR
BRELERY -

';&&:US ﬁ»/#’%)" . B o Uw F‘*é%/” éﬁf)i(@i@‘%\iﬁ)i’

Uw=0)
Uslip =Uw_2_—aﬂ’(d_u)w (2_12>
a dn
He
a % % 4 x#(accommodation coefficient)
A % TE=p d s (mean free path)
10——) e R4
8RR
T, =T, -222%5 ), (2-13)
a dn

b & o Navier > @RS - BER > PEHTHE RS
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E"J}‘f—%’g 1:,\;_& Lo 'l—[fr"f ;\b’l—i—-ﬁ-\:
d

Vo (2-14)
dy

V,(y =0)=p(
Fla pend =i £ R FIPLHL R E R L FH L #(slip lengthor
slip coefficient) » ™ ™ #4335 Navier B k4534 2-D 2 BinT™ p
B REG i B Uslip 0B i ¢
Bl 2-6 = A & B B BB 8, A N A A T E
FRERLR Py 2 o SUE R R ST A S 8 ¥ B R
S AW o % - A4 5 Eibeig (Elastic collision) > ¥ Q, %3¢
q, (& + & g BEpidl chr St &R F SHEdgp %) o % = a4 5 #hicr
s+(Diffuse reflection)s A+ €4 >t g R > & 5 I F
FREGE RS 0 LT A RN o g, i B g B0 R
ik R o AVRELALT A € F 8 A Flh il E Rk
(Accommodation coefficient)a » ¥4 i *t#-5 & 7 el 4c 1L EE & >
Moo T E R A F 5 i et 5 (The fraction of molecules
undergoing diffuse reflection) - #d % & K #chsl A0 PRI A
T ARG
g, = aU ,, + (1-a)q, (2-15)
U wall -+ ’E’» REEE R

Rt BEen ) e R g R BH R W (S e R R T iR E
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U =—q1;q2 (2-16)

Uy 774l e B2 e B
#(2-15)38 * ~ (2-16)38 ¢ # 17

U :%Uwan +2_Tach (2-17)
P g 2aEae R RE R S0 REHAER > TR
— IR TIeA d BT E 18] T A I AR W 1S RS g 2
—/1(/1 mean free path) » 4- B 2-7 #777 » F|pb q, &4 pEH 5 %;t o
Flt i * Fiop d Bmat 2 BB RE R SadkU,, ()7 ET
(B~F|- Fg):

21 [dU wall (y)]y=0 (2‘18)

=U
q wall 3 dy

#e(2-18) 3% 1~ (2-17) 748 P 3t

U,y =Uy + 2 “31[ i (2-19)
a dy

wall wall

<R R R R TIUAM BE B A S

U _2-a 5/1[ wall ] (2-20)

wall a y
HRO-1DIAPT L @DFSER
ﬂZZ—_aél (2-21)

o

2-2 BciE >
CFD-ACE(U) f2 erdh B8 _» 38 * 441 R AR A A gt 77 > L85
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(I I A F R - A fjﬁi— SN R SE i i A
(Discretization Equations) » #% {3 2 SIMPLEC (Semi-Implicit
Method for Pressure-Linked Equation):& & 2 £ ¥ 2 & re/R 4 &3¢

B B B Az 0-8 BT R i MM AT R A § 3%

3-2-1 4> 250
BOTRSRES ARS R S S AR e S0 A
:T\“ ° gﬁ—‘g/{q ﬁi ﬂ;d L 7?.1'_;7\‘ 41”{'—4 l]} ,gé‘r%; ,gﬁf Am 8 e 1l —

il A2 5 bl M- BRI V A AT A e

A

§p¢\7.dA:§r¢v¢-dA+LS¢dV (2-22)

APl ARk VAE R A G e Bz
E . BTG S "’z\'i/)?liﬁ
SU(2-22)FE R P E B - BT AIMAE e - Z iz & B
b o 4ol 2-9 17 0 3 (2-23)F AAT s T A
Nfaces . Nfaces .
Z,‘ﬁf@ A = ZF¢(V¢)nAf +S¢V
f f (2-23)
g0 New 2 mohg e " 2586 T @ H?eE

, (V)2 Voo
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q
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=
9
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77 H L2
o
181 el

upwind scheme

/%’f;
\F‘lﬂ
\v
F_&
&
&

AN (2-23)endpic f2P 0 ¢ F AREY R

Tﬁ
A
=
(%
|

RBLAITE o - @ 5 0 (2-23)58 v AR ¥ R A 2,
HRENEFNT AT 5T SN

ap¢ = % anb¢nb + b (2_24)

Ao T ARD L AT et g B2 e R et So s cnih i
b % kg o
3-2-2 BWE B
BB et 8 2 ,‘f‘ggl 7 * 342 CEDRC ( Version 2003 » CFD
Research Corporation » Huntsvilley»-AL) eCFD-ACE+ 4% > IPA IS
A2 72 Bonficonig R S BB R 0 MR E G B R
B~ BB E R R TR P iE AR 2-8 Bl AT 0 T FAeT
1. Hr# " 2 E CFD-GEOM : 1 ph 3R 2 g Bl 488 g & 10 jie i 48
EE 2 A5k 2 Hag > Bt r S #(Structured grid) > o
e dc(cell)* ) E RPN O B EFLEF S S
TR ERERZ TOSA AL HNEE e p L)

L)

PR FIR & B D g 9 & 860000~930000 B o

A

A2

BEFITRERILT 4o v~ BB E

Sk

VT S

o
ks

14



CFD-ACE-GUI EJ2 %3 B~ o
2. CFD-ACE-GUIAJZ B @ S 3t I 4o p B ~ 277 G lcZ
BERERIEEZ I BRFEEAPRT FERS T

# Jeehinik o JeaciR 5 107 i& (7 48 i (Steady-State) 2. i&

-

Bfs L BArdotEE s AR H o R TR (S TR
it 5 B -
CFD-VIEW lﬁv@m BIRBAEEE R BRI R T\ﬁiu‘i’i

B $1i§ B HPF > pl4]* SIMPLEC i -

3-2-3 SIMPLEC Algorithm
B4 B REGD A ELE AW REALY o L K] e
g E NP e ERIRDE > BT aE AT
1. & L 4R 3 PriEsgp -
2. B-PXi o~ d F 3 AN T AT AR M g BB uk s vEE wko
3. RAFen Pk~ K~ vKEr wXI 7 R AR 2 AR > FME Y AR
FERESBIP o AAMSERBE Y SV ~W &R EE
FIp T B F) R AESR A B g B T AT
P =PX*+ P’ (2-25)

u =u¥+ u’ (2-26)
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v =vkt v (2-27)

W =wk+ w’ (2-28)

4. BAhedt B D ¢ Fln TS RIE RIS L ARE U

B4R B SRR S FNE ) FNE AR L RilciE ¢

D. B H MRS P Y RATIERIE  EAFH A2 4 E FIH fE
ah ko

-3 H B a % #(Nusselt ‘Number)
A & 73 gk i Nusselt Number (Nu) &7 Fe g )54k ~ i

ciniE 2 FRERFB T L FEOTRGHINA D RS

WMEGE Gz v o S REFME LR ZEFHIIR

B SR -n M iE
Q
h= —~ _
A, AT, (2-29)
Q = Mc, (T, —Tp) (2-30)
AT, = 7 18 =2 (T, 4T, ) (2-31)

Q% @ » 1 v/ §
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A, 2 FEBIRE i G FE
AT # T 358 B £ (mean temperature difference)
T 2T, F Mg 2 v af B

\

1

#-(3-28)22(3-30) +* » Nessult Number Z & ;% ¢ » # jE £

—

NuU = Mc pDh(Tout _Tin) (3_32)
K A, AT,

VLA A2 25 Nuessult Number s & 2258 o
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Fr x> En(fully develop) » m y 3 ey AET| 2 2F BN o
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B3-3 | 3-5 5 F17) ~ B fed ) fiiig » U fitni i A
Bod BA7 g o RiE s Tox=0 hizE o R A Apg T

W i R R g BRe 5 R 0 "EF A & (boundary layer)

B B DERDF R NPT NFRE D v PR 2P E D
T ¢ % ¥ X (entrance pegion) wiid B R i # P ] i*u{il
FHERT o HREEIR2FE R FS D ERAEER
A iR S TR B X BRAEL R AT 520 um -

B 3-6 = FIA)inif &7 k4 2588 dk(Re)™ » 2 Fiic
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FHEET B LA PR RS T REFFHDRT
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B 3-14 5354k 4 2 /25 100 um ™ » 3 5+ 5 F#k > i d
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