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S1 Experimental system

Fig. S1 (a) The structure and size of pillars; (b) Schematic diagram of the position of iron pillars, 
Teflon sleeves, and platinum resistors. 

S2 Experimental data processing

Fig. S2(a) shows the experimental images taken by a high-speed camera. The experimental images 
are superimposed using Matlab to obtain the trajectories of the graphite particles as shown in Fig. 
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S2(b).

Fig. S2 (a) Experimental image; (b) Processed image.

S3 Heat flow calculation for natural convection process

The heat transfer coefficient h between the solution and the metal surface and the air during natural 
convection is approximately 5~25 W/(m2·K), Take the maximum value of 25 W/(m2·K) when 
estimating. From Newton's cooling equation, we know that the heat flow Qs-a between the solution 
and the air is
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where As-a is the contact area between the solution and the air, and ∆Ts-a is the temperature difference 
between the solution and the air, which is approximately 7°C.

The heat flow Qe-a between the metal surface and the air is 
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where Ae-a-1 and Ae-a-2 are the contact areas between the hot and cold end electrode plates and the air, 
respectively; ∆Te-a-1 and ∆Te-a-2 are the temperature differences between the hot and cold end electrode 
plates and the air, respectively, which are approximately -10 and 20°C. The heat flow transfers to the 
cold end through the iron pillar: 
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where λFe is the thermal conductivity of iron, Ap is the cross-sectional area of the iron pillar, ∆T3-1 is 
the temperature difference between position No. 3 and No. 1 in the pillar, and ∆x3-1 is the distance 
between two positions No. 3 and No. 1.

S4 Thermal resistance network diagram of the experimental system
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Fig. S3 The thermal resistance network diagram of the experimental system. Th and Tc are the 
temperatures of the heating plate and the cooling plate respectively. φg1~φg4 are the thermal 

resistance of thermal grease. φe1 and φe2 are the thermal resistance of the electrode plates. φs is the 
thermal resistance of the solution. φp is the thermal resistance of the iron pillar.

S5 Calculation of the velocity of the solution on the droplet surface

The velocity of the droplet surface is deduced by referring to our previous work.1 First, the surface 
tension gradient of the droplet is determined by the potential distribution. For analysis, the solution 
region is divided into three parts as shown in Fig. S4(a). L1~L3 are the lengths of each region, and 
L1=L3, L2=2r, and the corresponding resistances are R1~R3. e is the width of the solution region, and 
r is the radius of the droplet. Fig. S4(b) is the equivalent circuit of the solution region and the electrode 
plates,2, 3 where Ce1 and Ce2 are the capacitances of the electric double layer (EDL) between the 
electrode plates and the solution, Re1 and Re2 are the transfer resistance of the charges of the EDL 
between the electrode plates and the solution. VE is the voltage applied to the electrode plates.

Fig. S4 (a) The resistance division of the solution region; (b) The equivalent circuit diagram of the 
solution region and the electrode plates. 

The resistance of each solution region is proportional to the length and inversely proportional to 
the cross-sectional area of the region. When the solution depth is d and the conductivity is σ, the 
resistances are: 
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For the resistance of the droplet region, R2, in Fig.S4, the resistance of the solution between the 
EGaIn droplet and the channel wall is mainly paid attention to, which only depends on the properties 
of the solution. R2 is determined by the integration method:
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For ease of the expression, denote , and eqn (S5) is simplified: 2/k ed r  
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The resistance of the solution between the tangent planes on the left of the droplet Sleft and the x-
section (i.e., 0~x) is:

\* MERGEFORMAT (S7) 

    

20 0 2
s

1 d 1 d

    arctan arctan

x x

x
x xR

A ed r x r

k k x r kr

 
    

    

   



where As is the cross-sectional area of the solution. The surface tension γ of the droplet is related to 
the capacitance c per unit area of the EDL and the potential difference Vt-x across the EDL:
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where γ0 is the surface tension of the droplet when Vt-x=0. The potential difference Vt-x of the EDL of 
the droplet is the sum of the potential difference V0 at each point in the original electric double layer 
of the droplet and the potential difference Vx of the induced double layer at any position x on the 
droplet surface: 
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q0 is the charge density in the original electric double layer of the droplet, and VRC is the potential 
difference across the RC circuit. 

The shear stress at x on the surface of the droplet: 
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Combining eqs (S8) - (S12), eqn (S12) can be written as:
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(S13)
Therefore, the flow velocity of the solution with a dynamic viscosity of μ at any x on the droplet 
surface is:
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(S14)
When the number of droplets is n, R2 can be expressed:
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Denote , and eqn (S15) is: ' 2/k n ed n r  
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Therefore, the velocity of the solution at any position x on the surface of the droplet is:
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S6 Distribution of the temperature of the solution at the final state 

under the action of two droplets

Fig. S5 The temperature distribution of the solution at the final state under the action of two 
droplets; Vp-p=10 V, VDC=5 V, f=100 Hz.
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