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(a)—micromixer with J-shaped baffle; (b)—micromixer with elliptical projection.
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Figure 1

One-dimensional fluid micromixer
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(a)—schematic diagram and micrograph of micromixer with improved tesla structure ; (b)—multi channel two-dime-

nsional micromixer; (c)—composite sidewall structure micromixer; (d)—five inlet two-dimensional micro mixer.
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Figure 2 Two-dimensional micro-mixer
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(a)—three dimensional serpentine micro mixer; (b)—three dimensional checkerboard micro mixer; (c¢)—three-
dimensional hydrodynamic focused micromixer; (d)—microfluidic drift mechanism.
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Figure 3 Three-dimensional fluidic micro-mixer
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(a)—schematic diagram of the three-dimensional passive microfluidic mixer; (b)—schematic diagrams of the mixing mechani-
sm of the horizontally crossing manifold micromixer (H-CMM) ; (¢)—3D micromixer with obstacles based on the Koch frac-
tal principle (OKF) ; (d)—geometry and size of SAR micro mixer design.
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Figure 4 Individually designed three-dimensional micro-mixers
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(a)—flow chart of submerged hollow fiber membrane module experimental device ; (b)—flow chart of double film disper-
sion experimental device ; (¢)—schematic diagram of experimental device of modular micro chemical reaction system
(d)—schematic diagram of experimental device with reactor.

B 5 RmEREEARERNL T HEF A
Figure 5 Microfluidic mixing technology in microchemical applications
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Figure 6 Microfluidic mixing technology in biomedical applications
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Table 2 Examples and characteristics of the application field of micromixing technology
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Research Progress in Design and Application of Microfluidic Hybrid Chips

LUO Yonghao'*,ZHANG Weiye**, WANG Zhi’,ZHU Xiaowu”*, CHEN Xingchi*, DONG Dongdong”
(1. School of Chemistry and Chemical Engineering/Key Laboratory for Green Processing of Chemical Engineering of
Xinjiang Bingtuan, Shihezi University, Shihezi 832003, China; 2. National Engineering Laboratory of Modern Mate-
rials Surface Engineering Technology/Guangdong Provincial Key Laboratory of Modern Surface Engineering Technol-
ogy/Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510650, China; 3. School of Materials
Science and Engineering, Shenyang University of Technology, Shenyang 110870, China; 4. School of Mechanical
and Electrical Engineering, Wenzhou University, Wenzhou 325035, China)

Abstract: Different from the traditional macroscopic fluid mixing process, microscale fluid mixing follows unique principles due
to the amplified effect of surface tension, friction, and viscous resistance. Due to the advantages of high mixing efficiency,
large liquid contact area, high output flux, automated control, and low manufacturing cost, micromixing chips have been
rapidly developed in recent years in fields such as chemicals, materials, and medicine. The typical runner sizes of these chips
are below the millimeter level, often only a few micrometers to tens of micrometers. At this scale, the influence of fluid
viscosity 1s more significant, leading to a laminar flow, which makes achieving thorough fluid mixing challenging. Therefore,
achieving complete mixing of microfluidic is essential for developing fast and efficient micromixers. The key is to overcome the
laminar flow regime within the micro-channels to facilite thorough mixing. This paper takes the research progress of passive
micromixers as a starting point, introducing their development from the design perspective. It summarizes the structural design
principles from low to high dimensions and the specialization of functions. Furthermore, it reviews the applications of
micromixing technology in microchemicals, biomedicine and new energy, and discusses its potential feasibility in other fields.
With its wide range of application scenarios, micromixing technology holds great potential for future development and
application prospects.

Keywords: microfluidic mixing chip; microscopic mixing; perturbation effect; passive mixing; multidimensional configuration;

microchemical; biomedicine ;new energy
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