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Heat and Mass Transfer Performances of Fluid Flow in Microchannel
Heat Sinks in Consideration of Boundary Slip

SONG Shiyu, HE Lei, JING Dalei
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: With considering the boundary slip at the solid-liquid interface, the heat and mass transfer
performances of fluid flow in microchannel heat sinks with three different cross-sectional shapes, i.e.,
rectangular, elliptical and triangular were studied. The results show that the hydraulic resistance
decreases but the convective heat transfer coefficient increases with the increasing of slip length. Under
the constraints of fixed slip length and with the same cross-sectional shape, the hydraulic resistance and
convective heat transfer coefficient of microchannel heat sinks with any cross-sectional shape decrease
with the increase of hydraulic diameter of the microchannel. Regarding the microchannels with three
different cross-sectional shapes, it is found that the triangular shaped microchannel has the worst heat
transfer performance under the constraint of same cross-sectional area. For the elliptical and rectangular
microchannels, the rectangular microchannel has better heat transfer performance when the hydraulic
diameter of the microchannel is smaller than a critical value, but the elliptical microchannel has better
convective heat transfer performance when the hydraulic diameter of the microchannel is larger than the
critical value.
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Fig.1 Simulation models for microchannel heat sinks

TR Bl B AL ARG 26 1F B D 25

v=vin, T =T, P=pou
an aT aTS
=li—|, T=Ts, —ki|o—|=—ks| =
Viw Sal’lw S f(an) S( an)

K vy, Tl kit O ESHEORE; pou
AR T 5 vy, Ay R f 1 A A X 32 B
I %‘ T £ 7 600 R
n T B TR R B R AR B 5 e Sk e 1 B
A SR T OR 2 N

SEFRAE ST 3 Comsol AR B S B, #EH 7K
R EHVEAAR , G TE TR R R R o fHGE T
LR EREA 107 Wim® BFGR E, BOTH LA
AL LT B, A TR KA EE Ry 5 mys, TREE
9 293.15 K, KA TR k=130 W/(m - K),
KSR k=0.6 W/(m - K), KKZEE p=
996.6 kg/m’, KM LA FEIAE ¢,=~4 178 1/ (kg - K),
KB 3 185 #=0.001 Pa - s, H.ZW& ik B AR fk xF
K ES B R . A TR R s, &
A [ R kb B E] iE FSKE (0~1 000 nm)
X BEHEA T BT o

AN, BIARAKRE S R M AZREE h X 24>
SRR W 30 T8 DT L PR . ARIETA
o AR AL, FRARAE KT R T R 2
iy, HARRGE O SEE MmN EZE Ap, &
WK T2 v, KEE L, VISRIESI TIBEE n 1Y

*zH"
Q=mnr*Ap/(8nL) (5)
A R=Ap/Q =8nL/(rr"), R EI Ay [R5 S AABE 1 144
v . Comsol ff ELWFFE Y R W] =0 (6) LI
(ERiS
R=Ap/Q (6)
Hrp, Ap, Ot Comsol f 45 RS .
YA R RSATAERS, PAREE AT o P
8nL
R= m (7)
AR I R T A AR AR KO R A R )2
TS BT, Y AR TE AT AR T R R Y TG T AR
JEUIE S, @I K 7R AT = =24/P 15
th, A HRoRIES A, P o ETE K
MR AR 2 5 0 F AT, AR S AR RE i
[i] P9 0T 3 A A ) AU o 55 AT ) ) O B 22 1O
I, AIRARIR N
On = hAg (T -Ty) (8)
Ky O Ay B I T] PN TED AR Ay (G T8 v [ 422
fil T AR AR IR R 5 T, R TROE T RE TR
BE s T, s G oK 2R R
O, AT PAFRIR R
Oh = cq(Two — Twi)
K. e RARTARMLLINES ; g AR E; Ty,
FORERIE A D ALK REE 5 T, /8 HOE A ) H
Ak 7K B TR o



RUET, 45 25 50 SR 0 3 TS L BT RETSE 119

cq(Two—Twi) = hAg (T - Ty)
FrLL, h W ZRR A

h=cq(Two—Twi) /A(To—Tw) (9)
KHF0 g, Twis Two» Tw»> T PIH Comsol {ff EAFE,

2 HR5WE

21 (FEEREBRNESH

1€ Comsol ff 4Tt BE T, S PR UFAL L (1) 1E
Al P DA K A ] o3 A B P, ) AR Y
A7 500 UE S W s R BPE5Hr o >R TR AR 534 O vk
S VAR AR 15 um, 3EE K R 1000 um (1)
B i 3 A ), 8 R A R A% RS, Comsol
15 AT 20 () B A A [R) 10 A0 R K R 0 f 30 4 9 KL
U)W BRI EIT . 2 Comsol i 45
RS IS AR 25 05 /NI, T B AR Y ) A% )
SEM, TEBREIESN., S EMR, MR
FF DO A AR, LR R B Sy 2.73%10° B, AT
DIAS BB R HERf i B A R . WK 2 iR, i &
AT S EB A R Z R B RIRZEAR 2.5% (TEFEK
BER 1 um B ), B Ry S JC U B W R AR EE T
IR BRI, R—ABIAVER R HAH A Y
BT T AR AT, PRE AR R 2 G Y .
22 BRKEXREREADMERRENIMD

R T b A R AR BE T s, 8] 3
25T AN RS S X 3 L AN [R) A T TR IR A

POTN B FLARBE T 52 B AT 4 SR . Roy R I
RS R 26.6 umx26.6 wm (145 2 3408 18 #4000 T8 i %
B TRARBH 7, Ry 7R #IH R ST 2 15 pmx 15 pm
(14) (53 J2 fil J T TC IS B B B AR B 7, Ros Fm
I R ST R 40.4 umx60 © 1) = Y S 8 FA0T T
BB ARBH 7. B 3 45 R R, A BN
FEW S TR 7, JF HBE A R K B Y,
TARBH N . X 52 (7) 45 R IR AR RE T i
e R —3, HRE R W T 5 B AR A
Me) " 03 T A A P U B0 B, A A T ) T B S
RGO RE N, BT LA, AR A R 3K 35 R )
T, BFERBER T WA S, FECTRBUR
G, EURAE WARBE T R0

10 axb=15 ymx15 um
o i HER
100 — BB
0.90 |
<
<
0.85}
0.80 |
o]
0.75 . . . . :
0 0.2 0.4 0.6 0.8 1.0

I/pum

B2 BeamSHESWERITLL
Fig.2 Comparison between the results of theoretical analysis
and simulation analysis

164 + pxw=14.1 pmx50 pm 15 +axb=10 umx22.5 ym L3 + 1%0=53.2 um30 °
+ . # 1xw=20.2 pm*35 pm | % axb=12 pmx18.7 um 1ot « Ix0=40.4 pmx60 °
1.4 + xPw=26.6 1mx26.6 um +y « axb=15 pmx15 pm 1oE 4 x0=37.6 tmx90 °
+
o Ty L1 * "
212 + N + o o
< | MRS S 1) Ay T <10 +
B Lol * o= = o i * T B ® oy
) X ., > . - 0.9 & ¥

T : ol T ' %y : ] : L y "

0.8 RS B 038 o
0.6 0.5 0.7 s

0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
[/nm [/nm [/nm
(a) FETEAIT (b) HEEE AR (c) =fnitam

B3 BBRKEMER. BEEN=AREEEREENMm

Fig.3 Effect of slip length on the fluid resistance in rectangular, triangular and elliptical microchannels
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Fig.4 Effect of slip length on the heat transfer coefficient of rectangular, elliptical and triangular microchannels
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Fig.5 Effect of cross-sectional dimensions on the fluid resistance in rectangular, elliptical and triangular microchannels
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Fig.6 Effect of cross-sectional dimensions on the heat transfer coefficients of rectangular, elliptical and triangular microchannels
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Fig.7 Influence of hydraulic diameter on the heat transfer coefficient of microchannels with different cross-sectional shapes
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