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Performance of Serpentine Channel Micromixer with Herringbone Ridge
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Abstract Micromixer is an important part of microchip integrated system, widely used in biological analysis,
chemical synthesis and other fields. In order to improve the mixing efficiency of passive micromixers under low
Reynolds number laminar flow conditions, a serpentine channel micromixer with herringbone ridges was designed
in this paper, and its mixing structure and fluid parameters were analyzed. Based on the study on the effect of
herringbone ridges height and angle on fluid mixing, the influence of flow rate on mixing effect was analyzed when
the herringbone ridges angle 8 = 45° and d/H was 1/2. At the same time, PBS solution and Trypan blue dyeing
solution were selected for experimental tests to comprehensively evaluate the mixing performance of the
micromixer. The results show that, in a certain range of structural parameters, the greater the ratio of herringbone
height to channel height, the more sufficient the fluid mixing, and the optimal herringbone angle is between 40° and
50°. The lower the flow velocity, the higher the mixing quality. The average error of simulation and experiment is
less than 10%. This study provides a reference for improving the mixing efficiency of passive micromixers.
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Tab. 1 Design parameters of mixer structure

28 EEEE Hum  AFEEE dum AFEME 0L FiE Qul/min . AIEE vm/s AL Reynold Number ( Re )
1 15.0 1.0 30 2.5 2.2x10° 5.8x107
2 15.0 3.0 40 5.0 4.6x107 1.1x107"
3 15.0 5.0 45 10.0 9.1x10° 2.1x10"
4 15.0 7.5 50 20.0 1.8x107 43x107
5 15.0 10.0 60 40.0 3.6x107 8.5x10™"
6 15.0 12.0
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Schematic diagram of experimental system
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Fig. 2 Micromixer channel structure and its effect on mixing quality. A: Channel structure; B: Surface of sampling (a) Sampling cross-

sections in simulation, (b) Sampling cross-sections in experiment; C: Velocity vector in the same channel section (c) d = 3.0

um, 6 =45°, (d) d = 7.5 pm, 6 = 30°, (¢) d = 7.5 um, 6 = 45°; D: Mixing quality (f) Mixing quality at different 0, (g) Mixing

quality at different d/H
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Fig. 3 Effect of inlet flow size on mixing quality. A: Distribution of ethanol mass fraction under different Re; B: Mixing quality

(a) Mixing quality as the function of mixing path under different inlet flow rates, (b) Comparison of mixing quality of the mix-

ers with/without herringbone ridges at the same inlet flow rate (10.0 pL/min)
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