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Supplementary Text
Working principle of the Kelvin waterdrop generator

The working principle of Kelvin waterdrop generator is the electrostatic induction
effect and positive feedback regulation. As Figture S1 shows, as the water drops, the
generator obtains stray charges from the surroundings at a certain moment.!-* Assuming
that the waterdrops at the left side obtains negative charges (Fig. S1a), metal drum D
and metal ring C will be negative charged as them falling into metal drum D and then
the waterdrops at the right side are positive charged due to the electrostatic induction
effect (Fig. S1b). Metal drum B and metal ring A will be positive charged when the
right drops fall into B, and then the left waterdrops induce negative charges (Fig. S1c).
As water drops continuously, the negative charges in D and positive charges in B
accumulate explosively (Fig. S1d), which enables positive feedback regulation.
Calculation of the dielectrophoretic force applied on the droplets

Fog droplets are composed of H,O molecule, which is a polar molecule. When an
electric field is applied, the positive charges inside the droplets move to one end along
the direction of the electric field, and the negative charges move to the other end along
the opposite direction of the electric field, which is called polarization*. The opposite
charges on the fog droplets’ two ends will be subjected to electrostatic force with
opposite direction, and the net electrostatic force on the fog droplets is called
dielectrophoretic force (F).

The equation for F is: F=2nd’¢y, Re[K(e,", em")] V|E|*. d is the diameter of droplet,
m. &, is dielectric constant of continuous phase, F-m!. Re[K(g,", ém')] is real part of
Clausius-Mossotti coefficients, and Re[K(g,", em )] = (& -em)/ & T26m. &, is dielectric
constant of the dispersed phase, F-m™!. When Re[K(¢,", em")] > 0, the dielectrophoretic
force of the droplet points to the direction of the higher field. When Re[K(e,", &m")] <
0, the dielectrophoretic force of the droplet points to the direction of the lower field.’

In the fog harvesting experiment, the fog droplets are consisted of water, with d ~
25 um, &, =¢o=1 and g, = 81. So Re[K(¢,", &m")] = 0.96 > 0. When it is in the uniform
electric field, V|E]?> = 0, so F = 0, the motion of the mist droplets is not affected by the

electric field. When it is in the nonuniform electric field, V|E|*> > 0, and F > 0, the



dielectrophoretic force of the fog droplets points to the direction of the higher field.



Supplementary Figures
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Figure S1. Working principle schematic diagram of Kelvin waterdrop generator, A and

C are metal rings, B and D are metal drums, AB and CD are crosslinked by wires.
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Figure S2. Schematic image for the dielectrophoretic force of the fog droplet in
different electric fields. (a) The fog droplet in uniform electric field. (b) The fog droplet

in nonuniform electric field.
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Figure S3. Simulation of the trajectory of the fog droplets without applying the electric
field.
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Figure S4. Simulation of the electrostatic force applied on the fog droplets by
discharge.
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Figure S5. The fog harvesting rate and the electric field intensity of the KFHS and the
system without Kelvin waterdrop generator with different mesh size.
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Figure S6. (a) Fog harvesting rate with different electric field intensity. (b) Discharge
current of the probe tip.



Supplementary references:
1. F.O. S Desmet, F Grandjean, Eur. J. Phys., 1989, 10, 118-122.

2. D.J.J. M Hill, Phys. Educ., 1997, 32, 60-63.

3. H.Luo, G. Gu, W. Shang, W. Zhang, P. Cui, B. Zhang, J. Guo, M. Zheng, G. Cheng
and Z. Du, Nano Energy, 2022, 97, 107158.

4. H. Gong, Y. Peng, Z. Yang, H. Shang and X. Zhang, Colloids and Surfaces A:
Physicochem. Eng. Aspects, 2015, 468, 315-321.

5. S. H. Molla, J. H. Masliyah and S. Bhattacharjee, J. Colloid Interface Sci., 2005,
287, 338-350.



