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Abstract: To integrate efficient mixing functions inside small chips with variable Reynolds numbers, this
study developed a strategy for designing micromixers by increasing the concentration difference through
matching contact surfaces based on Fick's law and Einstein's equation for Brownian motion. Subsequent-
ly, the Coanda effect was extended by analyzing the flow direction of the fluid over the channel surface and
abstracting four functions from specific microchannel modules. These functions were used to predict and
modulate the concentration gradient and construct the micromixer. Two three-dimensional structures of
passive micromixers were designed using four functional modules to rotate and adjust the fluid interface. A
three-dimensional Navier-Stokes system of equations was used for numerical analysis, and a micromixer
was constructed via soft lithography for experimental verification. The experimental and simulation results

showed that the designed micromixer consistently exhibits a mixing efficiency of 94%-99% at 3.3 mm,
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which is 22 times the hydraulic diameter length, for Reynolds numbers ranging from 0.1 to 100. This

demonstrates a clear advantage over existing methods at an equal hydraulic diameter. Furthermore, the

structure is easy to integrate on a chip, indicating the superiority of the modular design.
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Fig. 3 Mixing performance of two micromixers with Reynolds number of 0. 1~100

4 RS BHRHEL LR

4.1 RHRAE|HEIE

RMIM 78 K Z 504 1 R R 47, Bt DA £
RMIM i Ll /E o PDMS # R} i % 55 1)
BOEZ) T2 RMIM 47 D6 51, M HL 25 44 41 5t
SUSIGZI e s # ik F o hiVE T FE Q0 18] 4 B o fiff
FH 0 B TT AR S XU 25, R EE — 25 m] DUAEIR &
i SRR Oy O T A A 5 b
il A LA X 45 R A A R R 5 5 = bl e A
B DL K 2] il A5 T 28 1206 M L Y RDE % B

S EE R A I 1, 19 B 5 AR S 5 DU A5 fl A PD-
MS B4, 24 PDMS 7£ 60 °CF 52 i [ 4k J5 B o] i
IFPIE, K45 TN RS M S 4 5d plasma
b B A Bl 6T o B B AT X o A G B AT S8
RMIM # il 75
4.2 XWHEREHH

SIS S R R R A 25 B OK R RE 10
5, TR RS 7R B 0 5 25 B8 1 2KGE A TOR &
WHEATIR A o S0 I 4 1 5 1 4% 15 ML A4
BT I %

Kl 5 R T RMIM GUIR & 5 76 A [A] B i X
TRRAWEN ., ZRT R MY, % i b 2



4519 49 R, 45 < A 7R T L

R T SR A A% 2855

Disassembled into a 2D structure

Removing the selected part UV light ‘l' Mask
ﬁ < N —

PDMS casting

Mold preparation

. Exposure
v Photoresist
Removing the
molded PDMS =8 5
T H”;\-—f—"’ ~
Demoulding

PDMS structural alignment bonding
P4 I O 20 RMIM R & 88 10 A2 R B K
Fig.4 Schematic flow of RMIM fabricated by soft lithog-

raphy

1 W B EMRHEAT PR AR B0 0 o A S 56 B A AR
I B AR R s IR A, AR TR SR A 2
FUE

f5 B 25 F B 1B K B Oy 3 300 pm Ab K 1T 1Y)
B A RCR i i 8 A T 22 % K ) J AR A
(D,=150 pm) ; XF F B 5 B 78 (1 52 560 EAR L BUi
K R 3 150~3 300 pm P BY AR HE 17 K B AL
b B IFR R 5 BT R K R A R AT B
B, 0 5 0918 3 K B2 RAR MR BE B 5 =X (7)
PR A SR IEAT FAE . TE T EC 0.1 /1100
B R4 804 5k 99. 03% F198.97% , 545 B
GiRILT —. EENMKITEROEZEHET,
RMIM 7 A~ [\ B 3 80T 09 3% 8RR 8 7F 9400~
99 % , ¢ B A FH >4 w45 20 1 4 P MR AR B, A 3¢
P R 0 B B AR T v R RE AT LR T S M R
SRR AR .
5 4 #®

-

AR SO T — AR B Ak 4 B 3 SRR & 4

S E WK

[1] JAHN A, STAVISSM, HONG S, ez al. Micro-
fluidic mixing and the formation of nanoscale lipid
vesicles[J]. ACS Nano, 2010, 4(4): 2077-2087.

[2] BAYAREH M, ASHANI M N, USEFIAN A.

Active and passive micromixers: a comprehensive

Channel length:

(B)R:=100(900 uL/min)
K5 RMIM WOR & #5146 0. 181 100 7 #5 4CT (1 % (ff
JI LONGER 7 41 %% , 1 FASTCAM UX100 &
HIHL, X 104%8%)
Fig.5 Experimental images of RMIM at Reynolds num-
bers of 0.1 and 100 (using the LONGER syringe
pump and the FASTCAM UX100 high speed

camera, with a X 10 objective)

WAL T — Rl LA S84 FI PR IE BN T 4
PR AR RE , B 5E 1 L Au] 45 A4 X6 3t AR 3 1] il fin 5
i) 14 5 2o 3 gk R A 8 T BT R A 45 1 A B
BRI 2SI T PRRAS [8] ) 0 R O & 2% 5T
THMMIESREASRFIHE T MR R
FORA FEm PR . SCIR A BRI, LA 4B Hz A
Pt AT D — s A TR0 G T A A O e,
1o HH 6 L 1) 25 K R T R T A ViR B A R 0 AT O
i 5 BB AR e ) B0 A R TR B S A D)
fig s Ak B IR) B, 2% 05X RR 5 ORI A AL
RMIM 7E 3 300 pm & Ji& , B 22 %5 K 71 A2 4L,
0. 1~100 19 B i B0 19 TR & 20 % fig fa & 78
94%~99% , TE# 3h X WIR & &% ' B A W % W
R

review [J]. Chemical Engineering and Processing-
Process Intensification, 2020, 147 107771.

[3] OHKW, LEEK S, AHN B, ezal. Design of pres-
sure-driven microfluidic networks using electric cir-
cuit analogy [J]. Lab on a Chip, 2012, 12(3) :

515-545.



2856 e RE LR %31 %
[4] ZHAO S G, HUANG P H, ZHANG H Y, et al. ous-flow micro-reactors with curved geometries. Ex-
Fabrication of tunable, high-molecular-weight poly- perimental and numerical analysis[J]. Chemical En-
meric nanoparticles via ultrafast acoustofluidic micro- gineering Journal, 2022, 437 135192,
mixing [J]. Lab on a Chip, 2021, 21(12) : 2453- [9] HARRSON S, SANTANA, CALVO P V C, e
2463. al. Design, optimization and scale-up of a new mi-
(5] AZIMIN, RAHIMI M, ZANGENEHMEHR P. cromixer design based on plate column for organic
Numerical study of mixing and mass transfer in a mi- synthesis [J]. Chemical Engineering Journal,
cromixer by stimulation of magnetic nanoparticles in 2022, 446: 137159.
a magnetic field[J]. Chemical Engineering & Tech- (10] BRI Bk B S MR A I i
nology, 2021, 44(6): 1084-1093. AL[T]). 5 #h % 142, 2022, 30(3): 286-295.
[6] DING HH, ZHONG X T, LIU B, et al. Mixing
) ZHANG H, YANG SH, CHUAIRY, et al. Per-
mechanism of a straight channel micromixer based
on light-actuated oscillating electroosmosis in low- formance optimization of chaotic flow micromixer
frequency sinusoidal AC electric field [J]. Microflu- [1). Opt. Precision Eng. , 2022, 30 (3) : 286-
idics and Nanofluidics, 2021, 25(3): 1-15. 295. (in Chinese)
(7] MONDAL B, MEHTA S K, PATOWARI P K, [11] RAZA W, HOSSAIN S, KIM K Y. Effective
et al. Numerical study of mixing in wavy micromix- mixing in a short serpentine split-and-recombina-
ers: comparison between raccoon and serpentine tion micromixer [J]. Sensors and Actuators B:
mixer [J]. Chemical Engineering and Processing- Chemical, 2018, 258: 381-392.
Process Intensification, 2019, 136: 44-61. [12] HASHMI A, XU J. On the quantification of mix-
[8] FERNANDEZ-MAZA C, FALLANZA M, ing in microfluidics[J]. SLAS Technology, 2014,
GOMEZ-COMA 1., et al. Performance of continu- 19(5): 488-491.
fEBE AT BWAESE:

R (1996— ), 53, 1AL+ 32 A, il
WS AR, BN S O P R S
T Ay B F ey e it 15 i 3 4
JOm KBRS

2(@mails. ucas. ac. cn

E-mail: lixinxin20

R—IF(1965— ), L&, Wi+ A5 51, 1
R R, R B AR AT O 5L, R K
SRR TR o TR R T,
HME S RE K, D EBORGREAR
S E S ES FEMR W KR
P 2R RS AL N Ik T R
2 T HREAL ST AL IR KOk
Y DL WGMs DCE o bml s =
HOE e AL AR O 235 ) T Y

% . E-mail:yihuiwu@ciomp. ac. cn



