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Section S1. The 3D model and the boundary conditions used in the numerical simulation 

A 3-D model of the same size as the designed micromixer was established. The governing equations and boundary 
conditions that are based on the 3-D geometric model are shown in Figure S1 and Table S1.  

 

Figure S1 The 3D model and the boundary conditions used in the numerical simulation. 

Table S1. Governing equations and boundary conditions employed in the numerical simulation 

Position  Condition in electric field  Condition in flow field  

Electrolyte ∇ଶ𝜑෤ = 0 −∇𝑝 + ∇ · ൫η(∇u + (∇𝑢)்)൯ = 0, ∇ · u = 0 

Driving electrodes  𝜎(n · ∇𝜑෤) = jω𝐶଴(𝜑෤ − 𝐴) 〈𝑢௦௟௜௣〉 = 𝜀2(1 + 𝛿)𝜂 𝑅𝑒((𝜑෤ − 𝐴)(𝐸෨ − 𝐸෨ · 𝑛 · 𝑛)∗) 
Floating electrode  𝜎(n · ∇𝜑෤) = jω𝐶଴(𝜑෤ − 𝜑଴) 〈𝑢௦௟௜௣〉 = 𝜀2(1 + 𝛿)𝜂 𝑅𝑒((𝜑෤− 𝜑଴)(𝐸෨ − 𝐸෨ · 𝑛 · 𝑛)∗) 
Wall n · ∇𝜑෤ = 0 𝑢 = 0 
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Notes:𝜑෤ = 𝐴𝑒௝ఏ  is complex phasor amplitude of electrostatic potential 𝜑(t) = Acos(𝜔𝑡 + 𝜃)  (j=√−1 ) and 

ω=2πf represents the angular frequency. p, η and u denote the flow pressure; the dynamic viscosity of the fluids and 

the flow velocity, respectively. 𝐸෨  represents the electric field phasor and ε is the fluidic permittivity; 𝛿 = 𝐶ௗ/𝐶௦ 
(Cd and Cs represent the capacitance of diffuse layer and the capacitance of stern layer, respectively). 〈𝑢௦௟௜௣〉 
denotes the time-averaged induced-charge electroosmotic (ICEO) slip velocity. Re(···) indicates the real part of (···);  

n is the unit normal vector pointing into fluid.1   
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