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Introduction

 While the potential of turbulent gas flow to enhance liquid breakup is acknowledged, constructing 

turbulence-driven atomizers for ultrafine droplets remains challenging.

 Liquid atomization is fundamentally important across various scientific and industrial processes  

particularly pronounced in material processing and nanotechnology.

 Effectively breaking up bulk liquid into ultrafine droplets poses a significant scientific challenge 

requiring innovative solutions.

 Ultrasonic atomization can produce ultrafine droplets but struggles with high-viscosity liquids and has 

low flow rates and high operating costs, hindering industrial adoption.

 GTA does not involve two nozzle fluids atomization and it can be used to atomize wide range of liquids 

having low to high viscosity. 
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Different ways of atomization

 Electrospray ionization

 Ultrasonic atomization

 Paper spray ionization

Nebulization induced atomization

 Grid turbulence atomization
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Terminology

 Liquid Atomization: The process of breaking a bulk liquid into smaller droplets. 

 Grid Turbulence: Turbulence generated by passing a fluid through a grid or mesh. 

 Weber Number (We): The ratio of inertial forces to surface tension forces. 

 Sauter Mean Diameter (SMD): A measure of the average droplet size in a spray, defined as the 

diameter of a droplet having the same surface area-to-volume ratio as the entire spray.

 Tyndall Effect: The scattering of light by particles in a colloid or fine suspension.

 Volume of Fluid (VOF) Method: A numerical technique used to track the interface between two or 

more immiscible fluids.

 Vorticity: A measure of the local rotation of a fluid.

 Strain Rate: A measure of how much a fluid is deforming.

 Q criterion: Reflects the difference between the magnitudes of the fluid vorticity and strain rate.
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Why this paper?

 Turbulence driven atomizers is a challenge to realize, while so many articles focus on the development 

of atomization involving turbulent gas flow to break the liquid. 

 A new method has been discovered to atomize the wide range of bulk liquids including low to high 

viscous fluids ( e.g., Silicone oil) by producing sub 10 µm droplets.  

 This paper evolves innovation from the natural process of sneezing in which high speed air flow creates 

ultrafine pathogen consisting droplets having mucus as a fluid provides thinking in terms of nature.

 Mechanism has been established by both CFD (Computational fluid design) and VOF (Volume of liquid) 

simulation and experimentally.
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Background
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Background
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Figure 1. GTA design and construction. (a) Illustration of the GTA system. (b) Photographs of the GTA equipment. A 
clear and uniform Tyndall phenomenon was observed. (c) Optical microscope image of the mesh during the GTA process. (d) 
Photographs of a collection of meshes with various counts and meshes made with different materials including nylon, 
copper and stainless steel. (e) High-speed camera image of the GTA process using different liquids, including water 
(H2O), 3 wt % H2O2, ethanol, crude oil, olive oil, lubricating oil, and silicone oil, with viscosity values from 1.0 to 990.0 cP. 

Results and Discussion
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Results and Discussion
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Results and Discussion
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Figure 2. Grid turbulence origins. (a) CFD simulation result depicting the flow structures (b) Experimental flow 
visualization illustrating the airflow dynamics as it passes through a mesh, captured using the smoke wire 
technique to trace the airflow patterns. (c) Turbulence intensity I and anisotropy η along the x-axis at y = 0 and 
z = 0 using meshes with different counts (d) CFD simulation result depicting the nondimensionalized vorticity 
magnitude, (e) A comparison of experimental flow visualizations with and without the presence of mesh. 

Results and Discussion
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Figure 3. Liquid breakup mechanisms. (a) Simulation results of VOF illustrating the bag formation process. (b) A 
high-speed camera image of the GTA process illustrating bag formation. (c) Simulation results of VOF illustrating the 
liquid stretching process. (d) Simulation results of VOF illustrating the turbulence-induced liquid breakup process, 
coupled with airflow velocity field. (e) A 2D map of vortices identified by the Q criterion in grid turbulence, (f) 
Schematic illustration of the energy cascade process during the evolution of grid turbulence. (g) Size distribution of 
water droplets generated by GTA. (h) Sauter Mean Diameter (SMD) of droplets generated by GTA for different 
liquids. (i) SMD of droplets generated by GTA for glycerin/water mixtures with different ratios and viscosities.

Results and Discussion
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Figure 4. GTA as a generalized strategy to fabricate ultrafine powders. (a) Photographs of a rich 
variety of powders fabricated by GTA spray-dry. (b) Scanning electron microscopy (SEM) images of 
the corresponding powders (Nos. 1–12).

Results and Discussion
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Smoke-wire system to visualize the flow of fluid.
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Conclusions

 A highly effective grid turbulence atomization (GTA) method for rapid, consistent, and extremely fine dispersion of 

various liquids, leveraging the principles of grid-induced turbulence.

 The GTA method effectively achieved superior atomization quality through its three-stage breakup mechanism, 

including bag formation, stretching and turbulence-induced atomization.

 The flexibility of the GTA platform allows it to atomize a wide range of liquids, including those with high viscosity, 

making it broadly applicable across industries.

 This advanced technique of turbulent gas−liquid interactions paves the way for a host of prospective developments 

in practical applications, such as improved fuel injection systems, more effective disinfection methods for public 

spaces, and the atomization of molten metal for ultrafine metal powders.
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-THANK YOU
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