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ABSTRACT 
Passive fog collectors, which are primarily composed of mesh materials designed at right angles to the direction of the wind, have limitations imposed by the aerodynamic bypass effect, thereby restricting the efficiency of collection to about one to two percent. As the airstream carrying the fog comes into contact with the collector, a pressure build-up redirects the airstream and its micro-droplets around the surface of the collector, making it ineffective for interception. In this paper, we outline the design and simulation of the Corona Discharge Electrostatic Fog Collector (CD-EFC), which is characterized by the ability to completely dissociate the trajectory of the droplets from the airstream fluid flow lines. Using a HVDC voltage source created using the Robodo RS1060 step-up module and applied to a copper needle discharge electrode, we create a localized Townsend avalanche in the air surrounding the discharge electrode. In a typical scenario, droplets of one to fifteen microns enter a region of saturation-level ionization and attain full electrical charge in one millisecond, which is ten times faster than their transit across the ionized region, which takes about ten milliseconds. 
An important limitation of compact high-voltage generators lies in thermal damage resulting from constant use. To mitigate this problem, the proposed system incorporates AI-based computations at the edge, where a machine learning algorithm runs exclusively on the ESP32-S3 microprocessor without relying on uninterrupted internet connections. The Artificial Neural Network implemented through the ANFIS, utilizing a first-order Takagi-Sugeno fuzzy logic framework, scales the voltage dynamically in less than 2.5 milliseconds, translating real-time measurements recorded from a DHT22 temperature-humidity sensor into optimized PWM signals. The Random Forest Regression algorithm working concurrently evaluates the empirical amount of water generated per unit of watt, limiting the voltage if any additional increment produces reduced volume. Predictive analytics is performed using an LSTM neural network running on the cloud, whereby the model consumes historical IoT data sent over the Blynk app to predict the water output for 24 hours ahead. 
The aerodynamics of the structural enclosure were optimized through iterative 3D Computational Fluid Dynamics analysis utilizing a shear stress transport turbulence model. Baffles within the system direct the wind profile to concentrate the humid air mass within the ionization zone evenly, thereby increasing droplet residency in the area and allowing maximum ionization and charging before collection. Interference of electromagnetic waves generated by the pulsed corona discharge system is controlled through compartmentalization of high and low voltage components in the 3D-printed enclosure housing, and through sensor data rejection techniques on the software side. Energy autonomy is achieved through the use of the 134N3P boost-charging board that connects the photovoltaic panel to the lithium polymer battery, harvesting solar energy throughout the day to power the fog harvesting event that occurs during the period recognized as the peak fog period based on climatological studies in the region. Power required by the system for each kilogram of water extracted does not exceed 38.3 watt-hours per kg, which translates to a hundred times increase in efficiency compared to conventional atmospheric water harvesters. 
 
 
