
Modern refrigeration systems consist of several key components that work in sequence to

accomplish heat removal and provide controlled cooling. Below is a detailed overview of these

core components, their classifications, and operating principles.

Compressors raise the pressure and temperature of the refrigerant vapor, enabling heat rejection

in the condenser.

These trap a fixed quantity of refrigerant vapor and compress it by decreasing the volume.

These increase refrigerant pressure by accelerating it to high velocity and converting velocity

energy into pressure.

Components of Refrigeration Systems

1. Compressors

A. Positive Displacement Compressors

i. Reciprocating Compressors

Operation: Use a piston-cylinder mechanism, with the piston moving back and forth to

compress vapor.

Types: Hermetic (sealed) and open-drive.

Applications: Domestic refrigerators, small commercial applications.

Advantages: High pressure ratios, robust operation at varying loads.

Limitations: More moving parts mean higher maintenance, moderate capacities.

ii. Rotary Compressors

Operation: Use rotating elements (such as vanes, scrolls, helical screws, or rolling pistons)

to compress refrigerant.

Types: Scroll, screw, rotary vane, and rolling piston compressors.

Applications: Household air conditioners (scroll, rotary vane), large commercial and

industrial systems (screw).

Advantages: Compact, smoother operation, fewer moving parts than reciprocating types,

better suited for continuous load.

B. Dynamic Compressors



Condensers remove heat from the refrigerant vapor, causing it to condense into a liquid.

Type Principle Features & Applications

Natural

Convection

Air or water moves naturally over the

condenser coil due to density differences

Quiet, simple; used in small refrigerators and

freezers

Forced

Convection

Fans or pumps actively move air or water

across the coil

Higher heat transfer, compact; widely used in

air conditioners and commercial systems

Common Types:

Evaporators absorb heat from the environment (or product) to be cooled, causing refrigerant to

evaporate.

Type Principle Features & Applications

Natural

Convection

Rely solely on air movement

around the coil (no fan)
Low capacity, domestic refrigerators, static coolers

Forced

Convection
Air is circulated with a fan

Better and faster cooling, uniform temperature;

common in air conditioners, cold storage

Common Designs:

i. Centrifugal Compressors

Operation: An impeller spins refrigerant outward, increasing velocity; volute or diffuser

transforms this velocity into pressure.

Applications: Large-scale HVAC, chiller plants, industrial cooling.

Advantages: High capacity, quiet operation, fewer reciprocating parts.

Limitations: Less effective at low capacities, sensitive to performance drop-off at low loads.

ii. Axial Compressors

Operation: Multiple rows of rotating and stationary blades accelerate and compress the

refrigerant along the axis.

Applications: Rare in refrigeration, primarily used in jet engines and gas turbines due to

high flow, low-pressure ratio characteristics.

2. Condensers

Air-Cooled Condenser: Air (natural/forced) removes heat.

Water-Cooled Condenser: Water absorbs heat (shell-and-tube, shell-and-coil designs).

Evaporative Condenser: Combines air and water for enhanced cooling; water sprayed and

evaporated to remove heat.

3. Evaporators

Bare Tube Evaporators: Exposed coils, low cost, slow cooling.



Expansion devices reduce the pressure and temperature of the liquid refrigerant before it enters

the evaporator, controlling the refrigerant flow:

Component Function Example/System Type

Compressor Pressurizes/raises temp of refrigerant
Reciprocating, Scroll, Screw,

Centrifugal

Condenser
Removes heat, condenses vapor to

liquid
Air-cooled, water-cooled, evaporative

Expansion Device Drops pressure/controls liquid flow Capillary tube, TXV, electronic valve

Evaporator Absorbs heat, vaporizes refrigerant Finned-tube, plate, bare tube

Accessory

Components
Assist function, protect system

Drier, receiver, accumulator, oil

separator

A well-designed refrigeration system relies on the correct selection, configuration, and

integration of these components for efficient, reliable, and safe operation.

Finned-Tube Evaporators: Fins increase surface area, improve heat transfer; used in most

air conditioning and refrigeration.

Plate Evaporators: Flat, compact form; often used in domestic freezers.

4. Expansion Devices

Capillary Tubes: Fixed orifice, simple, used in small capacity systems.

Thermostatic Expansion Valves (TXV): Senses evaporator temperature/pressure to

regulate flow, common in commercial systems.

Automatic Expansion Valves: Maintain constant evaporator pressure, best for steady

loads.

Electronic Expansion Valves: Precisely control flow using sensors and microprocessors;

used in modern, high-performance systems.

5. Other Major Components

Receiver: Stores high-pressure liquid refrigerant from the condenser (large systems).

Accumulator: Placed at evaporator outlet, prevents liquid return to compressor (flood-back

protection).

Filter-Drier: Removes moisture and impurities from the refrigerant.

Oil Separator: Prevents excess oil from circulating with refrigerant, especially in systems

using screw or centrifugal compressors.

Pressure Controls (High/Low): Safety devices that shut down the system if pressures

cross safe limits.

Sight Glass: Provides visual indication of refrigerant level and moisture content.

Component Summary Table
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