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Design and comparison of micromixers using COMSOL simulations

Clinical laboratory tests are performed to detect diseases, pathological cases (blood analysis, immunoassay). However, these tests require laboratory infrastructure, trained technicians, and often expensive equipment. Application of point-of-care (POC) devices and quick tests is becoming more and more frequent and offers new possibilities in medicine. Microfluidics provides integrable, portable diagnostic devices, which require a very small amount of sample. These lab-on-a-chip (LOC) devices are capable of obtaining laboratory tests, are a subset of MEMS devices and often indicated by Micro Total Analysis Systems (µTAS).
The right concentration and homogeneity are key issues in manipulation of biological samples. One of the important features of a microfluidic system that is integrable into bioanalytical devices is the dilution and complete mixing of the analyte with an adequate buffer solution to ensure homogeneous concentration distribution of the species reaching the sensor area. At the range of 10-100 µm, fluid flow is always laminar, which makes mixing difficult. We have to develop new structures which optimize the efficiency of passive mixing. The behavior of different mixer structures can be analyzed by numerical modeling and their efficiency determined experimentally.
Designing micromixers is a new task in engineering, existing macroscale devices cannot be simply scaled down for microscale use. In this work, we present the results of numerical simulations with different micromixers that describe their efficiency and disadvantages, and we make suggestions on enhancing the mixers’ geometry. We present both visual and numerical methods to describe the goodness of the mixing that enables quantitative comparison of different devices. Based on measurements carried out with a prototype device, we verify the computational model. Our results are valuable in the development of more effective micromixers and LOC devices.



