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Figure 1 (Color online) Schematic diagram of experimental system.
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Figure 2 (Color online) Structure schematic of experimental section.
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Figure 3 Structure schematic of microchannel heat sink.
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Table 1 Parameters of microchannel sink

L W H W, H, W,
220 40 15 2 2 5

FIR 14 1b7E I H A 38 PO HET B AT AT 5 56
S AN SR e A SR U T
IR 9L AE A e R A T 1
MRS, T ¥ sl 2 R4 R, 44
MRS AR T

g = MedTu= 1) 00 W

tot

AP MASLE B OB E; o AR141bIIEAE &
PL#has, T NTANIEE B R, T o i@ iE 3k
L5 QI ARRR SEBR A& T

SEI6 A R R AR AN TR AR, AR A
DR HEAT 22 IR S0 AT B SR T A 2 L 1 AR A R
B, WIEARTR, 7RI BRI DT, FVICR BE A
DI P B RT3 K, I SR A B, R T
—NEOFRE BME, THEAR P RRE N84%, T AH
YR e S v BAGR  BE HE 10~24 KW m i [
W, KT ARSI IR EE, R E S BN,

NIRRT B RGRS FE 1 2 v Sk, Rt
BE AR T BN XSERI VYA AR, SRR T W
ALK B RRZE, WESHTR; BT A S G A H
W 2 (B 42 BRI SRR K E R NG, AN #1525
JBE 2 )4 Ak FABH RS AN T, HLAR 3L R S B R R AT
PR 1 b DR R R B A JEC TR A.0.5 mm, AT BAIA

1214

100
95 |
90 |
= 8
s n=84 g
= t ®
8k L______ Qe e B e e e Y
L s e g e
0 - ¢ :
1 1 1 1
1 2 3 4 5 6
Ge (KW m2)

Bl 4 (4 RROR ) B A T S 2R

Figure 4 (Color online) Result of thermal equilibrium experiment.
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Figure 5 Schematic diagram of a single microchannel sectionl.
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Table 2 Parameters of nano-refrigerant

24

@ Gae 8
© e ©
= 20 >
L
2 16 ¢
=
o [
12F ©
[
)
1 L 1 L 1 n 1 n 1 L 1 n 1 " 1

8 i
200 250 300 350 400 450 500 550 600
QW)

B 6 (MR ) AT vt 5 s Fhant 2 B LR
Figure 6 (Color online) Comparison of heat flux calculated by two
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Table 3 Uncertainty of main physical parameters

LBy T KA

RET 0.4°C
REREG 0.50%
PR g, 4.48%
BEFEAP,, 8.77%

WA K E R, SR REREN
118.64 kgm > s, M # VLR 911.23~23.3 kW m ™,
TR L SH35°C, 875 i 1 A2 16 823 kHz, Th3R
TERS0 W, 20 75 3 GRS i, X g ek
VB R AS IR 5 23 B K 4 710 15 0 1) 4 7 R By
PE, BI83 7~ 85t 5 7 B AN K i ¥4 713 ot i 4 3 3 1Y) A
JE R P FH e e B B FAGm % B R AR At 2. I8 B
R, OB A A = AN [ R 40 B g K A AN
2l VA ST S0 I T A . T A A S R 20 I A 25
0TI K, 3K DR Dy it 2 I 2 FEE 8 o, 3T P
T, SR BN, NI G R X R RS
U0, PEZEEIE, SRR EEAE A e, R I R
K. FAGRUEE R AR T B i R A R A 5,
7T B4 1 62 i T R F) S 2R R Y, T AR T
B SRR, =R E S B K A I
P SR . PR B ER Al A, R R
B E RGO AT shih s R O8N K, R
PR RS /N, RIRBEREN11.23 kW m i, &
I3400.1%, 0.2%, 0.3%4H Kl ¥ FIAH L2l i) 74 77 ) A

(b) = =
351 kiBE HiBE
o " R141b
30t 0.1%TiO,/R141b g
A A 0.2%TiO,/R141b R
25} : -
gt S Y 03%TiO/R141b 07 2" v
= -y
= 20} e
L<L‘1' o /,Af =
O TN
151 D§ v
B E N
1.0F ol R
05F 7
1 1 1 1 1 1 1

a
@40l e mEm
sgl O Ru4b
: 0.1%TiO,/R141b »
36F o A 02%TiO/R141b w2
p— s v 0.3%TiOyR141b -~ A
[ S om
o 4 A
= 30 “u 2
N = 'V,Er"l’ H A Y
< ,D""' L /'/V 2
30 A - 7
O-----O---=eee- O c JA,,,,,,,A"
28F u . m S R 2
| B e
26 A ° =V
-2
24} M
1 1 1 1 1 1 1
10 12 14 16 18 20 22 24
Ge (KW m=2)

T B3 08/ N4.05%, 9.15%, 15.58%, PHAH K &4 5
/N4 13%, 7.29%, 13.71%.

AR JS, GKEIA IR shEh s SRR . P
AR B T a4 700, HGRE 1551 kW m i,
S H00.1%, 0.2%, 0.3%28 K54 75 RH b4t il ¥4 771
[ B TR B4 B ZN2.94%, 6.26%, 9.52%, WiAH M E [
3 I N5.62%, 11.95%, 18.17%. [F]—#HIR#5FE T R
EH0.1%,  0.2%Z0 K il ¥4 55 A0 4l ] ¥4 75137 ik i 2
JEF% L P AH L B TG 75 A B 3 — e e AR
b, T 5 50 £00. 3% A K HI VA T i s A R . R
FHE PR TC I B ARAY, IR KRG AR S8 T R A
o} 5B U T T K VA R B A 59

P19 7 25 o1 5 29 E 4 oK i ¥4 7 At e o 4 S 1Y
AN K T A R 4 o B AR AR A £k a9
B, JGE AR I =P 5T & 2 E g oK i v 5 A
K FEE T AH BE 18 TR B 28 /N T4l 457, LR B T A
JEE P52 1 B I 6 0 oK 1) A 70 5 R 0 B KT s s, AR
W N18.56 kW m I, B 43410.1%, 0.2%, 0.3%Z4
K] ¥4 FRAH Ll 2 1) 4 770 PR A7 K T A R 4 1 2 4 )
PN 2.24%, 15.79%, 24.72%. FEINFEF )G, [F—HR
PR B 57 H800.3 % 40 K 1) VA 7 AT K R AR 4 T
AT S Bk, MR REERT
17.03 kW m i, JRES%00.1%, 0.2%40K 74 7 &
A7 JBE 8 e IR ABL LT 75 1 I 22 S 0K, i 25
FE#EE17.03 kW m I, SR 500.1%, 0.2%44K
VA TR AT K PR PR 458 T 20 AR A TG 5 11 I 22 S 3 T Dk
sy PR 912,38 kKW m B, N A A

10 12 14 16 18 20 22 24
qe (kW m2)

B8 (M4 hiors ) s el FA O FE PO AR AL T 26, (a) BV R (b) PIAR

Figure 8 (Color online) Variation of pressure drop with heat flux. (a) Total pressure drop; (b) two-phase pressure drop.
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Figure 12 Wall contact angle after flow boiling experiment. (a)
Refrigerant; (b) nano-refrigerant.
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Figure 14 Schematic diagram of nanoparticle deposition.
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Study on boiling flow characteristics of nanorefrigerant in micro-
channels under ultrasonic waves

LUO XiaoPing, LI GuiZhong, LIU Qian & LIAO ZhengBiao

School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China

To study the influence of ultrasonic waves and nanoparticles on flow boiling pressure drop and pressure drop fluctuation in
microchannels, a two-step method was used to prepare TiO,/R141b nanorefrigerant with mass fractions of 0.1%, 0.2%, and 0.3%. The
absolute pressure in the experimental system was set to 152 kPa, with an ultrasonic power of 50 W and a frequency of 23 kHz. The
flow boiling experiment was carried out in a 2 mmx2 mm aluminum rectangular microchannel to analyze the flow characteristics of
nanorefrigerant with different mass fractions under the action of ultrasonic waves. The influence of nanoparticles and ultrasonic
waves on the flow state of the working medium in the microchannel was analyzed combined with the visualization results. The results
show that adding TiO, nanoparticles to refrigerant R141b and using ultrasonic wave to reduce the flow boiling pressure drop in the
microchannel can effectively reduce the flow boiling pressure drop in this experiment, with ultrasonic wave having a more significant
effect on the flow boiling pressure drop at the stage of low heat flux density. These findings could lead to a novel approach to
optimizing the ultrasonic enhanced heat transfer performance of microchannel heat exchangers.

microchannels, nano-refrigerant, ultrasound, flow boiling, pressure drop
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