
This section presents a concise overview of alternative refrigeration systems that operate on

principles distinct from traditional vapor compression or absorption cycles.

Principle:

Steam-jet refrigeration—also called ejector or vacuum jet refrigeration—uses high-pressure

steam as the motive force to produce cooling. The process relies on creating a vacuum, causing

a portion of a liquid (often water) to evaporate at a low temperature, which absorbs heat and

produces the cooling effect.

How It Works:

Key Features:

Principle:

A vortex tube splits a stream of compressed air into two: one hot and one cold stream, exploiting

the energy separation in rapidly rotating air.

How It Works:

Key Features:

Other Refrigeration Systems

1. Steam-Jet Refrigeration System

High-pressure steam passes through a nozzle, creating a high-velocity jet in an ejector.

This jet entrains vapor from a flash chamber (evaporator), where water evaporates and

absorbs heat (cooling the remaining water).

The mixed vapor is compressed in the ejector and then condensed; the condensate may be

reused.

No moving mechanical parts in the main cycle.

Uses water as the refrigerant, making it environmentally friendly.

Suitable where waste steam is available, e.g., industrial plants.

Low Coefficient of Performance (COP); replaced in many applications by mechanical

systems .[1] [2] [3]

2. Vortex Tube Refrigeration

Compressed air is injected tangentially into a tube, generating a high-speed vortex.

Outer (periphery) air becomes hot, while inner (core) air becomes cold due to angular

momentum and internal energy transfer.

Cold air exits one end of the tube; hot air exits the other through a control valve.



Principle:

Uses the Peltier effect: when direct current passes through a circuit of two dissimilar

semiconductors, heat is absorbed at one junction and released at the other, producing a

temperature difference.

How It Works:

Key Features:

Principle:

Operates based on the magnetocaloric effect: certain materials change temperature when

exposed to a changing magnetic field.

How It Works:

Key Features:

Entirely mechanical: no moving parts, valves, or refrigerants.

Light, simple, reliable, and requires only compressed air.

Limited to spot and local cooling (tools, electronics) due to low efficiency and small

capacity .[4] [5] [6] [7]

3. Thermoelectric Refrigeration System

Direct current (DC) is passed through thermoelectric modules.

Heat is pumped from one side (cold junction) to the other (hot junction).

The hot side requires a heat sink for dissipation.

Solid-state: no moving parts, silent, long service life.

Precise temperature control, easily reversed for heating or cooling.

Low efficiency (i.e., limited COP), suitable for small-scale applications like portable coolers,

electronics cooling, or laboratory use .[8] [9] [10]

4. Magnetic Refrigeration

Magnetocaloric materials (e.g., gadolinium alloys) are cyclically magnetized and

demagnetized.

During magnetization, material heats up (aligning magnetic moments).

When the magnetic field is removed, the material cools rapidly as magnetic moments

randomize.

A coolant fluid transfers heat from the cold region to the external environment.

No gaseous refrigerants, compressors, or moving parts in the refrigeration cycle.

High theoretical efficiency and eco-friendliness (no greenhouse gases).

Technology is emerging: currently used in advanced, low-temperature, or prototype

systems and starting to appear in commercial applications .[11] [12] [13] [14]



System Working Principle Advantages
Common

Applications
Limitations

Steam-Jet

Refrigeration

Ejector-driven

evaporative cooling

Simple, water-

based, few moving

parts

Industrial cooling,

historical rail AC

Low COP,

needs waste

steam

Vortex Tube

Refrigeration

Energy separation in

compressed air

No moving parts,

simple, portable

Spot/tool cooling,

electronics

Low efficiency,

low capacity

Thermoelectric

Refrigeration

Peltier effect in

semiconductors

Silent, precise,

compact,

reversible

Mini-fridges,

electronics

High cost, low

COP

Magnetic

Refrigeration

Magnetocaloric

effect
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