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INTRODUCTION  

Evaporators are essential equipment 

used in various industries, including food 

processing, pharmaceuticals, chemicals, and 

wastewater treatment. Their primary function 

is to remove solvent or water from a liquid 

solution by vaporizing it, leaving behind a 

concentrated product. Evaporation is a widely 

employed technique for concentrating liquids, 

increasing their viscosity, and facilitating easier 

handling, storage, and transportation. 

Evaporators come in a variety of designs and 

configurations, each tailored to specific 

applications and processing requirements. 

PRINCIPLES OF EVAPORATORS 

Evaporators operate on the principles 

of heat transfer, mass transfer, and phase 

change. The basic principle involves the 

application of heat to a liquid solution, causing 

the solvent (typically water) to vaporize and 

leave behind a concentrated product. The key 

principles governing the operation of 

evaporators include: 

Heat Transfer: Heat transfer is fundamental 

to the evaporation process. Heat is supplied to 

the liquid solution to raise its temperature 

above the boiling point of the solvent. This 

additional heat energy breaks the 

intermolecular bonds between solvent 

molecules, allowing them to escape into the 

vapor phase. The heat transfer can occur 

through various mechanisms, including direct 

steam injection, heating coils, or jacketed 

vessels. 

Mass Transfer: Mass transfer involves the 

movement of molecules from regions of high 

concentration to regions of low concentration. 

In an evaporator, mass transfer occurs as the 

solvent molecules vaporize and move from the 

liquid phase to the vapor phase. The rate of 

mass transfer is influenced by factors such as 

temperature, pressure, and the surface area 

available for evaporation. 

Phase Change: The evaporation process 

involves a phase change from liquid to vapor. 

This phase change occurs when the vapor 

pressure of the liquid equals the surrounding 

pressure. By reducing the pressure inside the 

evaporator, the boiling point of the liquid 

solution decreases, allowing evaporation to 

occur at lower temperatures. Controlling the 

pressure within the evaporator is critical for 

optimizing the evaporation rate and energy 

efficiency. 

Separation of Components: Evaporators are 

often used to separate volatile components 

from non-volatile components in a liquid 

mixture. During evaporation, the volatile 

solvent evaporates and is removed from the 

system as vapor, leaving behind a 

concentrated solution or solid residue. This 

separation process is utilized in various 

industries for concentrating liquids, recovering 

solvents, and producing purified products. 
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Energy Efficiency: Efficient heat transfer and 

energy utilization are essential for the 

economic operation of evaporators. Energy 

efficiency can be improved through the use of 

multiple-effect evaporators, where the vapor 

generated in one effect is used to heat the 

liquid in subsequent effects, thereby reducing 

the overall energy consumption. Additionally, 

optimizing process parameters such as 

temperature, pressure, and flow rates can help 

minimize energy losses and improve the 

overall efficiency of the evaporation process. 

Types of Evaporators 

1. Short-Tube Vertical Evaporators 

Short-tube vertical evaporators are 

characterized by their compact design and 

vertical orientation. They consist of a vertical 

shell with a bundle of short tubes mounted 

inside. The liquid to be evaporated is fed into 

the tubes, while steam is introduced into the 

shell to provide heat for evaporation. As the 

liquid flows downward through the tubes, it 

undergoes evaporation, and the vapor is 

collected at the top of the shell. Short-tube 

vertical evaporators are commonly used for 

low-capacity applications where space is 

limited, such as in small-scale food processing 

facilities or laboratory settings. 

2. Basket-type Vertical Evaporators 

Basket-type vertical evaporators 

feature a cylindrical vessel with a perforated 

basket or screen inside. The liquid to be 

evaporated is poured into the basket, and 

steam is passed through the vessel to provide 

heat. As the liquid heats up, vapor is 

generated, which passes through the 

perforations in the basket and is collected in 

the space surrounding the vessel. Basket-type 

evaporators are often used for batch 

processing of small quantities of liquid, such as 

in the production of pharmaceuticals, herbal 

extracts, or specialty food products. 

3. Long-Tube Vertical Evaporators 

Long-tube vertical evaporators are 

similar in design to short-tube vertical 

evaporators but feature longer tubes that 

extend the entire length of the evaporator 

shell. This design provides a larger heating 

surface area, allowing for more efficient 

evaporation and higher processing capacities. 

Long-tube vertical evaporators are commonly 

used in industries where large-scale 

production is required, such as in the dairy, 

sugar, and chemical processing industries. 

4. Falling Film Evaporators 

Falling film evaporators are designed 

to handle heat-sensitive materials and operate 

on the principle of creating a thin film of liquid 

on the inner surface of vertical tubes. The 

liquid is fed into the top of the evaporator, 

where it flows downward as a thin film under 

the influence of gravity. Steam is passed 

through the tubes, heating the liquid and 

causing evaporation. Falling film evaporators 

offer rapid evaporation rates and minimal 

residence time, making them suitable for 

processing delicate food products such as fruit 

juices, dairy concentrates, and 

pharmaceuticals. 

5. Rising or Climbing Film Evaporators 

Rising film evaporators operate in a 

manner opposite to falling film evaporators, 

with the liquid flowing upward inside the tubes 

while steam is passed through the shell. As the 

liquid heats up, vapor is generated, which rises 

to the top of the tubes. Rising film evaporators 

are commonly used for high-viscosity or heat-

sensitive materials where it is important to 

minimize residence time and maintain product 

quality. 
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6. Forced Circulation Evaporators 

Forced circulation evaporators utilize a 

circulation pump to maintain the liquid flow 

rate through the heating surface. This 

circulation ensures uniform heating and 

prevents fouling or scaling on the heat transfer 

surfaces. Forced circulation evaporators are 

suitable for processing high-viscosity or high-

solid content materials, such as syrups, 

molasses, or concentrated fruit juices. 

7. Agitated Thin Film Evaporator 

Agitated thin film evaporators consist 

of a cylindrical vessel with a rotating agitator 

inside. The liquid to be evaporated is spread as 

a thin film over the inner surface of the vessel 

by the agitator, while steam is passed through 

a jacket surrounding the vessel to provide 

heat. Agitated thin film evaporators are used 

for heat-sensitive materials or viscous liquids, 

where the thin film ensures efficient heat 

transfer and minimal residence time, 

preserving product quality. 

APPLICATIONS OF EVAPORATORS 

Evaporators find diverse applications 

across numerous industries due to their ability 

to concentrate liquids, separate components, 

and facilitate product preservation.  

Food and Beverage Industry 

Fruit Juice Concentration: Evaporators are 

extensively used to concentrate fruit juices by 

removing water, thereby increasing the solids 

content and enhancing flavor. Concentrated 

fruit juices are used in the production of 

beverages, jams, jellies, and fruit-based 

products. 

Dairy Processing: Evaporators are employed to 

concentrate milk and whey for the production 

of condensed milk, evaporated milk, and milk 

powders. Concentrated dairy products have a 

longer shelf life and are easier to transport and 

store. 

Sugar Processing: In sugar processing, 

evaporators are utilized to concentrate sugar 

solutions derived from sugar cane or sugar 

beet juice. The concentrated syrup obtained is 

further processed to produce various types of 

sugar, including granulated sugar, powdered 

sugar, and brown sugar. 

Pharmaceutical Industry 

Drug Formulation: Evaporators are used in 

the pharmaceutical industry for drug 

formulation and production. They are 

employed to concentrate liquid drug solutions, 

remove solvents from drug formulations, and 

produce drug powders and concentrates. 

Solvent Recovery: Evaporators are utilized for 

solvent recovery in pharmaceutical 

manufacturing processes. They are employed 

to separate solvents from reaction mixtures, 

allowing for the reuse of solvents and reducing 

waste generation. 

Chemical Industry 

Chemical Processing: Evaporators play a 

crucial role in chemical processing industries 

for concentrating chemical solutions, 

separating components, and recovering 

valuable products. They are used in 

applications such as solvent recovery, chemical 

synthesis, and purification processes. 

Fertilizer Production: Evaporators are 

employed in the production of fertilizers to 

concentrate liquid nutrient solutions derived 

from natural sources or chemical synthesis. 

Concentrated nutrient solutions are used in 

the formulation of liquid and solid fertilizers 

for agricultural purposes. 
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Water and Wastewater Treatment: 

Desalination: Evaporators are utilized in 

desalination processes to remove salt and 

other impurities from seawater or brackish 

water. They operate by evaporating water to 

produce freshwater vapor, which is then 

condensed and collected as potable water. 

Wastewater Treatment: Evaporators are 

used in wastewater treatment plants to 

concentrate wastewater streams, reduce 

volume, and recover valuable resources. They 

are employed in processes such as zero liquid 

discharge (ZLD) systems, where wastewater is 

concentrated to eliminate liquid discharge and 

recover usable solids or salts. 

Oil and Gas Industry 

Brine Concentration: Evaporators are 

employed in the oil and gas industry for brine 

concentration, where they remove water from 

produced water or brine streams to increase 

the concentration of salts and other dissolved 

solids. Concentrated brine is often reused in 

drilling and production operations or disposed 

of safely. 

Environmental Applications 

Landfill Leachate Treatment: Evaporators 

are used in landfill leachate treatment to 

concentrate the liquid leachate generated 

from landfills. By evaporating water from the 

leachate, the volume is reduced, and the 

concentration of contaminants is increased, 

facilitating further treatment or disposal. 

CONCLUSIONS 

Evaporators are vital in numerous 

industries, concentrating solutions, separating 

components, and facilitating product 

preservation. Their versatility, efficiency, and 

diverse applications make them indispensable. 

Through heat transfer and phase change 

principles, evaporators enable the production 

of concentrated products, contributing to the 

success of various industrial processes. 


