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Design, Fabrication, and Experimental Evaluation of Open- and Closed-Channel Mini-
scale Mixers with Electrically Driven Liquid-Metal Droplets

A. Mohammad Jafarpour Department of Mechanical Engineering, Aza.C., Islamic Azad University, Azarshahr, Iran

A. R. Rostamzadeh Khosroshahi

M. Hanifi

Department of Mechanical Engineering, Ta.C., Islamic Azad University, Tabriz, Iran

Department of Mechanical Engineering, Ta.C., Islamic Azad University, Tabriz, Iran

Abstract

Efficient mixing in microfluidic systems remains a significant challenge due to laminar flow and limited molecular diffusion. This
study presents the design and fabrication of Y-shaped active mini-scale mixers with liquid-metal-enabled pumps; The study focuses
on transient and stable mixing behavior, the comparative performance of open- and closed-channel configurations, and the effects of
electrical and geometrical parameters on mixing efficiency. Sodium hydroxide solution is pumped through electrowetting combined
with an alternating electric field (14 Hz, 6-14 Vpp), and mixing between two colored solutions is quantified using image
processing. Based on the Results, stable mixing occurs in under 9 seconds. Also, the open-channel configuration shows 25-40%
higher efficiency due to reduced pressure drops and higher flow rate. Increasing the voltage to 14 V improves mixing, beyond
which the solution electrolysis reduces performance. With their simple design, low energy consumption, and no moving parts, these
mixers provide an effective strategy for microfluidic applications. Future work should explore replacing mercury with non-toxic
alloys and investigating advanced channel geometries to enhance both safety and performance.

Keywords: Mini-scale mixers, Liquid metal, Electrowetting, Mix, Mini-channel, Mix index.
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