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Numerical Simulation of Flow and Heat Transfer of Hybrid
Nanofluids in Manifold Microchannel Heat Sink
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Abstract: The numerical simulation of flow and heat transfer characteristics of hybrid nanofluids
in a manifold microchannel heat sink (MMHS) was performed. Using Al,O,—CuO-water as the
working fluid, the effects of the mixing ratio of nanoparticles, volume fraction (¢), Reynolds
number (Re), and the introduction of grooves on the flow and heat transfer of the heat sink were
investigated. The results showed that the hybrid nanofluids have excellent thermodynamic
properties at high concentrations and Re, but the corresponding pressure drop increases. The
overall performance of the hybrid nanofluids with a mixing ratio of 1:4 is the best. When Re=
100, ¢=6%, the pump power consumption is 18. 9% lower, and the overall performance index is
21. 7% higher than that of single Al,O;—water nanofluids. Adding different shapes of grooves on
the sidewall has a similar heat transfer effect to that of a smooth bifurcation microchannel.

Key words: manifold microchannel heat sink; hybrid nanofluid; grooved structure; flow and
heat transfer

Bl & L 2R R 2 A N R A BT A JE 55 P TR]
R BCARE & TR Y R R R R 5% Ryu Z5 2 H T —FF MMHS W BE RS =453
S5 1) T0E T8 R AR A L, B A THGE T8 B Brs ik, JF 0 T ok s 19 o ik %11, MMHS #]
(manifold microchannel heat sink, MMHS ) H. 45 DI A2 30T I R X8 50 M MR R . Luo 260143531
SR AL APERES, JF LT UG R IR R, 2l LUKFIHFET100 2 TR0 Z £ CHY (H AUHI U A

W B 2023-03-20

BEEWR: hJe m A EEARRINY 45 284 0% 4 % B0 3 (N2225025) 5 [ 5 AR IR W B H (52176067) 5 b4 A 5 4F
Bl2ESL 40 H (E2022202139) ; {ifdb44 [ SABR 2= 3L 4 e B35 H (E2021202163).

EERA: & H(1969-), 5 LTI, ALK 2EH07 .



%74

F O A A YORIAR R AR N 09 RS A R BB A L 961

4 T B A8 A5 AR BRI R AT BB LA, 245 2R R B
H ABUFN U B ECHRES ELAT T (5 3L 2 5 P s
M BB s RE . T2 BRI MMHS Bk fE
T — A R AHBRAL S T, K AR Y
HAAGE T IR 1995 4F, Choi %17 15 R E HE 4 K
TR B AL, BRI LA — 2 19 07 208 40 oK G0 1 [ {4
AUASE 5021 B TR AR O R BRI . 3T
Hk[10-12] LA ALO,—7K Fll CuO-7K 44 K T AR AE
T, WFSE T ARFU 5K TR T BAE X MMHSS it 8
ki LA T =N R R TR RN A |
BB BE I, B B e B EE T 3G A EURE
52 DR WA . Adio &2 BT CuO-7K 44K
DA, LREE T O RN IO ARG T X AR PR B Y
SO 25 LRI A W GE B R (il Nu A5 B4
PR AL F4 g T s ok, i mT L ad 51 A sh
P zh ke sl AR O T RE .

AR 115, 78 Ao Rl 22 1H 2 i I T
B 2R AR AT AYE iR R B SCk[13-15]7E
T T BE T ) MRS BT T MR A R R
FR]EE 25 JL A0 S 8O0 B R A AR RE A 52 e . 25 21
FWT, B TE R 1) e K 5 B Y 0 RN S5/ N 9 B /N T
DLt B AR 40 AR IR B e A, iX R = P
Fl A PP BEOE T AE 2 4l . Wang 250945 — N ik
Z B M LT 80, B L/L, R 0.75 1 (L,
TR 8 B, L, RIRHR SEE ) | e ke 2% .

(a) 12 A 04

BN DUNTSTBIER € S 2 IE R SURENUET
Z A R TR G B0 I A AR — B AR IR
AR, LRI 3 FRCRAGER 1 o o ) AT L B e e R RE
J7 B DR I R B s R A0, 1K T A 5
P Pi R 3 1, BOBOAER 25 5 PR REFR A
A A ST S DR IR i v o T A S [ i st — 22
Sif P A% A T A U T BE T ST IR, LA
kI ALO,~CuO GK M T 5, sl i ™ A
SRR BRAR A B I R4, BIF AN ) R
R BRI & LB N MMHS (9255 8 A PERE .

[N A = BL

Kl la 7R T MMHS F) 49 BRABE TR K FEA L]
R BT WA TR RA AR = 22—
N DX 8l B 4358 11 XA A B Y PRLOT AR R
W 1b Fi 7R , 76 il 18 1 N BE ST T VT, LA
TE AR AL 5 = A MM (L,=0) BB M4 (L,=36,
72 wm) AT VA (L,=108 wm). B RS LA 2
BanFE 1 PR .

2 BUE L

2.1 E=HHE
X 4 K AR A MIMHS Ho (7 3 8l % 44 0]

B EEREEBEEILMEE
Fig. 1 Geometric model of manifold microchannel heat sink

(a) 3R (b)— ORI (o) —IMIREAR .



962 FAKFFHR(A A FR)

% 45 %

HEAT LR 20 RS sh s A% E 1
FH 5 AR A A= W5 AT e 246 266 44 38 1 5 B 1T G AH X
VRSB B 5 40K UKL X8 A0 43 B K s BUE T A
Aib T AP AR 9K AR Ry BAH T ik
F UL AR, 40K I A 1Y O Bl e A 4 ) O A
mr.

Bl
Ve p(UU) ==Vp+V (1 (o (VO)+(VU))). (2)
et e .
(PeiCpen) V- (UT)=V (2 T). (3)
V(1. VT,)=0. (4)
IR A R BR eff ARG TR 5 s AQ IR A

LR U,T,p 5 iR E JRERE ST 52,0,¢,.u
V-U=0. (D) i CRIT R BT AT R
&1 MMHSJL{T&#
Table 1 MMHS geometric parameters pum
L, L, L, L, L, L, w. W, W, H, H, H,
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Fig.5 Hot spot temperature of heating surface
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