
INDUSTRIAL ENGINEERING

The Comprehensive Guide to Atomization: Theoretical 
Frameworks, Engineering Principles, and Industrial 
Applications
Published: August 18, 2026  |  Index ID: #553

Atomization represents a fundamental process in fluid dynamics, engineering, and material science, where a bulk 

liquid is systematically disintegrated into a collection of fine droplets. This transformation is not merely a 

mechanical reduction in size but a complex interplay of kinetic energy, surface tension, and aerodynamic forces. 

From the simple operation of a household showerhead to the sophisticated production of lead-free solder powders 

and the precision of airless spray coating technology, atomization is the engine of efficiency in modern industry. 

Understanding the Atomization Concept and Theory is essential for engineers and technicians tasked with

optimizing fluid delivery, whether in pharmaceutical spray drying or high-pressure industrial finishing.

Theoretical Foundations of Atomization

The Physics of Liquid Disintegration

At its core, atomization is the process of increasing the surface area of a liquid mass. Because liquids naturally 

seek a state of minimum energy, surface tension acts as a cohesive force that resists the creation of new surfaces. 

To achieve atomization, an external force—be it hydraulic pressure, centrifugal force, or pneumatic energy—must 

overcome this surface tension. The process generally occurs in two distinct stages: Primary Atomization and 

Secondary Atomization.

•  Primary Atomization: This is the initial stage where the bulk liquid (liquid sheet or jet) emerging from a nozzle 

becomes unstable. These instabilities, often referred to as Kelvin-Helmholtz instabilities, cause the liquid to break 

into ligaments or large droplets.

•  Secondary Atomization: In this stage, the large droplets created during the primary phase are further 

fragmented into smaller droplets. This occurs when the aerodynamic drag forces exerted by the surrounding gas 

exceed the restorative surface tension of the droplet.

Dimensionless Numbers in Atomization Theory

To quantify and predict the behavior of fluids during atomization, engineers rely on dimensionless numbers. These

mathematical models provide a framework for scaling processes and selecting equipment.

1.  Weber Number (We): This represents the ratio of disruptive aerodynamic forces to restorative surface 

tension forces. A higher Weber number indicates that the liquid is more likely to break into smaller droplets. It is 

defined as: We = (<��,R�k"�,R�Â’�ò�Ã, where <��—2�v�2�FVç6—G•, v is relative velocity, l is the characteristic length, and <2�—2�7W&`ace 

tension.

2.  Reynolds Number (Re): This describes the ratio of inertial forces to viscous forces. In atomization, the 

Reynolds number helps determine the transition from laminar to turbulent flow within the nozzle.

3.  Ohnesorge Number (Oh): This relates the viscous forces to the surface tension and inertial forces. It is 

particularly useful in describing the influence of fluid viscosity on the breakup process, effectively bridging the 

Weber and Reynolds numbers.

Critical Fluid Properties Influencing Atomization



The success of any atomization process is dictated by the physical properties of the fluid being processed. As 

noted in Graco’s Moving Fluids Concept and Theory training, the more an operator knows about the fluid, the

better they can calibrate the equipment.

Viscosity

Viscosity is the internal resistance of a fluid to flow. In the context of atomization, high viscosity acts as a

dampening force that inhibits the development of instabilities. Higher viscosity fluids require more energy (higher

pressure or higher air volume) to achieve the same droplet size as lower viscosity fluids. In industrial coatings, for

instance, high-viscosity paints may require pre-heating to reduce their resistance to atomization.

Surface Tension

Surface tension is the force that holds a liquid together. It is the primary barrier to creating a spray. Fluids with high

surface tension, such as water, tend to form larger droplets unless significant energy is applied. Conversely, fluids

with low surface tension, such as many solvents and alcohols, atomize more readily into fine mists.

Density and Temperature

Fluid density affects the momentum of the spray and the energy required to accelerate the liquid. Temperature

plays a dual role; it typically decreases both viscosity and surface tension. Therefore, controlling the temperature of

the fluid is a common strategy for maintaining consistent atomization in varying environmental conditions.

Major Atomization Techniques and Methodologies

Different industrial requirements necessitate different atomization methods. The choice depends on the desired

droplet size, the viscosity of the fluid, and the environmental constraints of the application.

1. Pressure Atomization (Airless Spray)

Airless spraytechnology is a method of atomizing paint or other fluids without the use of compressed air. In this

system, the fluid is pumped under extreme high pressure (often ranging from 500 to 7,000 psi) through a small

orifice in the spray tip. As the fluid exits the orifice, it encounters the lower pressure of the atmosphere and expands

rapidly, disintegrating into droplets.

2. Air Atomization (Airspray/Pneumatic)

This is perhaps the most common form of atomization, utilized in everything from perfume bottles to automotive

paint booths. High-velocity compressed air is directed into a stream of liquid. The kinetic energy of the air shears

the liquid into fine particles. This method allows for exceptional control over the spray pattern and droplet size but is

less efficient than airless methods due to higher overspray and air consumption.

3. Centrifugal and Rotary Atomization

In rotary atomization, liquid is fed onto the center of a rapidly spinning disk or bell. Centrifugal force flings the liquid 

to the edge, where it is sheared off into droplets. This method is highly effective for viscous fluids and is a staple in 

spray drying operations and high-volume industrial coating lines where uniform droplet size is paramount.

4. Ultrasonic Atomization

Ultrasonic atomization utilizes high-frequency sound waves (generated by piezoelectric transducers) to create

vibrations on a surface covered with a thin film of liquid. These vibrations create capillary waves in the liquid; when

the amplitude reaches a certain threshold, the waves break, releasing a fine, low-velocity mist. This technique is

favored in medical drug delivery and electronics manufacturing (e.g., applying flux to PCBs).



Comparative Analysis of Atomization Technologies

Choosing the right technology requires a side-by-side evaluation of performance metrics. The following table

provides a comparison of the three most prevalent industrial atomization methods.



Feature Air Atomization 
(Pneumatic)

Airless Spray (Hydraulic) Rotary Atomization

Driving Force Compressed Air High Fluid Pressure Centrifugal Force

Droplet Size Very Fine (10-50 ;ÆÒ• Medium to Coarse (50-200 
;ÆÒ•

Highly Uniform

Transfer Efficiency Lower (30-40%) Higher (50-70%) Very High (up to 95%)

Best Use Case Decorative finishing, detail 
work

Large surfaces, high-build 
coatings

Automotive assembly lines

Fluid Viscosity Low to Moderate Moderate to High Wide range

Advanced Applications in Modern Industry

Spray Drying and Pharmaceutical Processing

In the pharmaceutical and food industries, atomization is a critical step in spray drying. This process involves

atomizing a liquid feedstock into a hot gas stream to instantaneously produce a dry powder. The review of

atomization techniques in spray drying highlights that the choice of atomizer (nozzle vs. rotary) directly impacts the

particle size distribution, bulk density, and shelf-life of the final product. Precise control over atomization ensures

that active pharmaceutical ingredients (APIs) are encapsulated correctly and remain stable.

Production of Metal Powders

Atomization is the primary method for producing high-quality metal powders, including lead-free solder powder. In

water or gas atomization, a stream of molten metal is struck by high-pressure jets of water or inert gas. The rapid

cooling (quenching) and high-energy impact result in spherical particles with specific metallurgical properties. This

is essential for the electronics industry, where solder paste must have a consistent particle size to ensure reliable

surface-mount technology (SMT) connections.

Industrial Coating and Finishing

The Graco Airless Spray Coating Technologydemonstrates the practical application of high-pressure

atomization. In large-scale construction or maritime industries, the ability to apply thick, protective coatings quickly

is vital. Airless systems allow for high flow rates and the ability to spray "heavy" materials that would clog a

standard airspray gun. Furthermore, the reduction in "bounce-back" (overspray) makes it a more environmentally

friendly and cost-effective solution for massive projects.

Step-by-Step Procedure for Optimizing Atomization

To achieve a high-quality finish or efficient powder production, technicians should follow a structured approach to

equipment setup and troubleshooting.

1.  Fluid Preparation: Ensure the fluid is at the correct temperature and viscosity. Use a Zahn or Ford cup to 

measure viscosity seconds.

2.  Nozzle Selection: Choose an orifice size based on the fluid viscosity and the desired flow rate. A larger 

orifice is needed for heavier materials to prevent clogging.

3.  Pressure Calibration: Start at the lowest pressure setting. Gradually increase pressure until the "tails" (heavy 



edges of the spray pattern) disappear and a uniform fan is achieved.

4.  Environmental Adjustment: Account for humidity and ambient temperature, which can affect the rate of 

solvent evaporation or droplet cooling.

5.  Maintenance Check: Regularly inspect nozzles for wear. Even slight erosion of a tungsten carbide tip can 

significantly alter the spray pattern and increase material waste.

Troubleshooting Common Atomization Failures

Even with advanced equipment, operational challenges arise. The following matrix outlines common issues and

their technical solutions.



Issue Probable Cause Technical Solution

Coarse Droplets/Spitting Insufficient pressure or air volume Increase hydraulic pressure or air 
CFM; check for air leaks in the supply 
line.

"Tailing" (Heavy Edges) Pressure too low for the nozzle size Increase fluid pressure or switch to a 
smaller orifice nozzle.

Clogging Particulates in fluid or dried material Install or clean fluid filters; ensure 
material is properly strained before 
use.

Non-Uniform Pattern Worn or damaged nozzle tip Replace the spray tip; verify nozzle 
alignment.

The Future of Atomization: Electrostatic and Smart Systems

The evolution of atomization theory is moving toward "Smart Atomization." This involves the integration of sensors 

and AI to adjust pressure and flow in real-time based on atmospheric conditions. Additionally, Electrostatic Spray 

Finishingis becoming a standard for efficiency. By applying a negative charge to the atomized droplets and

grounding the workpiece, the droplets are attracted to the target, virtually eliminating overspray and ensuring that

the coating wraps around complex geometries.

Atomization remains a cornerstone of industrial process engineering. By mastering the Atomization Concept and 

Theory, from the mathematical modeling of the Weber number to the practical nuances of airless spray

maintenance, organizations can achieve unprecedented levels of precision, material savings, and product quality.

As industries transition toward more sustainable practices, the role of efficient atomization in reducing waste and

energy consumption will only become more prominent. The synergy between fluid mechanics and mechanical

hardware continues to push the boundaries of what is possible in coatings, metallurgy, and beyond.
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