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1.3 Evaporation & liquid characteristics
Evaporation Definition:

Evaporation is a phase-change process during which a liquid transforms into vapor
or gas at a temperature below its boiling point. It occurs at the liquid's surface,
where molecules gain sufficient energy to overcome intermolecular forces and
enter the gaseous phase. Factors such as temperature, humidity, and surface area

influence the rate of evaporation.
Liquid Characteristics:

The characteristics of a liquid play a crucial role in the evaporation process. Key

liquid characteristics include:

Vapor Pressure: The tendency of a liquid to evaporate depends on its vapor
pressure, which increases with temperature. Higher vapor pressure indicates a

higher likelihood of evaporation.

Boiling Point: The boiling point is the temperature at which a liquid changes into
vapor at atmospheric pressure. Evaporation occurs at temperatures below the
boiling point.

Viscosity: Viscosity, or the thickness of a liquid, affects the ease of molecular
movement. Low viscosity liquids typically evaporate more readily than highly

VISCOUS Ones.

Surface Tension: Surface tension influences how molecules at the liquid's surface

interact. Lower surface tension can facilitate faster evaporation.
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Specific Heat: The amount of energy required to raise the temperature of the
liquid influences the rate of evaporation. Liquids with lower specific heat may

evaporate more quickly.
Single and Multiple Effect Evaporation:
Single Effect Evaporation:

In a single effect evaporator, heat is applied to a single vessel, causing the liquid to
evaporate. This is a simple and common method used in various applications, such

as concentrating fruit juices or purifying water.
Multiple Effect Evaporation:

In multiple effect evaporation, two or more evaporators are arranged in series. The
vapor generated in one effect is used to heat the next effect, increasing overall
efficiency. This is commonly seen in large-scale industrial processes to conserve

energy.
Performance of Evaporators:
The performance of evaporators is assessed based on several factors:

Evaporation Rate: The amount of liquid evaporated per unit time is a critical
performance metric. It is influenced by temperature, heat transfer efficiency, and

the design of the evaporator.

Energy Efficiency: The efficiency of energy utilization in the evaporation process
Is crucial for sustainability. Multiple-effect evaporators significantly improve

energy efficiency compared to single-effect systems.
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Concentration Factor: The ratio of the initial concentration of the solution to the
concentration after evaporation indicates the effectiveness of the process in

concentrating the solute.
Boiling Point Elevation:

Boiling point elevation occurs when a solute is dissolved in a solvent, raising the
boiling point of the solution compared to the pure solvent. This phenomenon is
described by Raoult's law and is relevant in the context of evaporation because it
influences the temperature at which evaporation occurs. The presence of solutes
typically results in a higher boiling point, requiring more heat for evaporation to

take place.
Flash Evaporation:

Explore the principles and applications of flash evaporation, a rapid vaporization

process that occurs when a liquid undergoes a sudden drop in pressure.
Drying Techniques in Food Processing:

Investigate various drying methods, such as freeze-drying, spray drying, and air
drying, commonly used in food processing for preservation and shelf-life

extension.
Distillation Processes:

Delve into the principles of distillation, a separation process based on differences
in boiling points, commonly used in the production of alcoholic beverages,

essential oils, and chemical products.
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Osmosis and Reverse Osmosis:

Examine the phenomena of osmosis and reverse osmosis, especially in the context
of concentration and desalination processes, highlighting their applications in

water treatment and purification.
Crystallization in Food Industry:

Explore the crystallization process in food manufacturing, where controlled
cooling or evaporation is employed to produce crystals, commonly seen in the

production of candies and chocolate.
Heat Exchangers in Evaporation Systems:

Understand the role of heat exchangers in evaporator systems, focusing on their

design and efficiency in transferring heat between different process streams.
Solvent Extraction in Food Processing:

Investigate the use of solvents to extract valuable compounds from raw materials

in food processing, such as extracting flavors, colors, and essential oils.
Fluidized Bed Drying:

Explore the principles and applications of fluidized bed drying, a technique where
a bed of solid particles is suspended and exposed to a stream of drying air,

commonly used in pharmaceutical and chemical industries.
Supercritical Fluid Extraction (SFE):

Examine the principles of supercritical fluid extraction, a method that uses
supercritical fluids for the extraction of compounds, offering advantages in terms

of selectivity and efficiency.
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Vapor-Liquid Equilibrium:

Explore the concept of vapor-liquid equilibrium, which plays a crucial role in
processes like distillation and evaporation, understanding how it influences the

separation of components in a mixture.
Enthalpy and Entropy in Evaporation:

Dive into the thermodynamic concepts of enthalpy and entropy to understand their
role in the evaporation process, providing insights into the energy changes during

phase transitions.
Cryogenic Evaporation:

Explore the principles and applications of cryogenic evaporation, whe

UNIT OPERATIONS IN AGRICULTURAL PROCESSING



