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Understanding the intricacies of refrigeration cycles is essential for professionals in the HVAC and
refrigeration industries, especially when dealing with low-temperature applications such as freezing,
cryogenics, or scientific research. Among the various refrigeration cycles, the cascade, split-stage,
low-temperature cycle utilizing Freon 12 (dichlorofluoromethane) has gained prominence due to its
efficiency and effectiveness in achieving ultra-low temperatures. This article provides a
comprehensive overview of the sequence of events in such a cycle, detailing the operational
principles, component interactions, and thermodynamic processes involved.

Introduction to Cascade, Split-stage, Low-Temperature
Refrigeration Cycles

Before delving into the specific events, it is crucial to understand what constitutes a cascade, split-
stage refrigeration system, and how Freon 12 functions within this setup.

What Is a Cascade Refrigeration System?

A cascade refrigeration system comprises two or more refrigeration cycles connected in series, where
the output of one cycle (the high-temperature cycle) serves as the condenser for the next (the low-
temperature cycle). This configuration allows the attainment of temperatures significantly lower than
what a single-stage system can achieve.

Split-stage Refrigeration

Split-stage refrigeration refers to a system where the refrigeration process is divided into separate
stages, each with distinct components and operating conditions. This division enhances the system's
ability to reach ultra-low temperatures efficiently.

Role of Freon 12

Freon 12, a chlorofluorocarbon (CFC), was widely used as a refrigerant due to its favorable
thermodynamic properties, chemical stability, and non-flammability. In low-temperature systems,
Freon 12 acts as the refrigerant in the secondary or low-temperature cycle, absorbing heat from the
low-temperature load and facilitating heat transfer in the cascade setup.



Components of a Cascade, Split-stage, Low-
Temperature Refrigerating Cycle

Understanding the sequence of events requires familiarity with the main components involved:

e High-Temperature Cycle Components:
o Compressor
o Condenser
o Expansion Valve

o Evaporator (High-Temperature Side)

e Low-Temperature Cycle Components:
o Compressor
o Condenser (often cooled by the high-stage condenser)
o Expansion Valve

o Evaporator (Low-Temperature Side)

* Cascade Heat Exchanger: Connects the two cycles, allowing heat transfer between the high-
temperature condenser and the low-temperature evaporator.

The Sequence of Events in the Cascade, Split-stage,
Low Temperature Refrigerating Cycle

The operation involves multiple thermodynamic processes occurring in a specific sequence, ensuring
efficient heat removal at low temperatures. The following steps describe the sequence of events in
detail:

1. Compression of Low-Temperature Cycle Refrigerant (Freon



12)

- The low-temperature cycle's compressor compresses the Freon 12 vapor, raising its pressure and
temperature.

- The high-pressure, superheated vapor exits the compressor and moves toward the low-temperature
condenser.

2. Condensation in the Low-Temperature Condenser

- The high-pressure Freon 12 vapor flows through the low-temperature condenser, where heat is
rejected to the surrounding environment or to the high-stage condenser in some setups.

- As heat is removed, the vapor condenses into a high-pressure, subcooled liquid.

- This process involves a phase change from vapor to liquid, releasing latent heat.

3. Expansion through the Expansion Valve

- The high-pressure liquid Freon 12 passes through an expansion valve or capillary tube.

- During this throttling process, the pressure drops significantly, and the liquid becomes a low-
pressure mixture of liquid and vapor.

- This expansion results in a cold, low-pressure mixture entering the evaporator.

4. Evaporation in the Low-Temperature Evaporator

- The low-pressure, cold mixture absorbs heat from the low-temperature load (e.g., frozen goods or
scientific samples).

- As it absorbs heat, the refrigerant evaporates completely into vapor.

- The vapor leaves the evaporator as a low-pressure, low-temperature vapor, ready to be compressed
again.

5. Compression of Vapor in the Low-Temperature Compressor

- The vapor is compressed again, increasing its pressure and temperature.
- The cycle repeats, maintaining continuous low-temperature refrigeration.

6. Heat Transfer in the Cascade Heat Exchanger

- The high-pressure vapor from the low-temperature compressor passes through the cascade heat
exchanger or condenser.

- Here, it transfers heat to the high-temperature cycle's condenser or refrigeration cycle.

- This heat exchange helps pre-cool the high-pressure refrigerant before it condenses, improving
overall efficiency.

7. High-Temperature Cycle Operation

- The high-temperature cycle functions similarly: the compressor compresses refrigerant vapor, which
then condenses in the condenser, releasing heat to the environment.



- The high-temperature cycle's condenser acts as the heat sink for the low-temperature cycle,
facilitating the transfer of heat away from the low-temperature evaporator.

Thermodynamic Principles Behind the Cycle

The cycle's efficiency hinges on fundamental thermodynamic processes:
e Compression: Increases pressure and temperature of the refrigerant vapor, preparing it for
condensation.
¢ Condensation: Releases latent heat, transitioning refrigerant from vapor to liquid.
e Expansion: Throttles the refrigerant, causing a significant drop in pressure and temperature.

e Evaporation: Absorbs heat at low temperature, vaporizing the refrigerant entirely.

The cascade configuration allows each stage to operate at optimized pressures and temperatures,
reducing the work input and increasing the cooling capacity at ultra-low temperatures.

Advantages of Using a Cascade, Split-stage, Low-
Temperature Cycle with Freon 12

Implementing such a system offers several benefits:

Achieves lower temperatures than single-stage systems

Improves system efficiency through staged heat exchange

Reduces compressor work by dividing the temperature load

Facilitates precise temperature control for scientific and medical applications

Environmental and Safety Considerations

While Freon 12 was historically popular, it is now phased out due to its ozone-depleting properties.
Modern systems utilize alternative refrigerants with lower environmental impacts. Nonetheless,
understanding Freon 12's cycle remains valuable for historical knowledge and for working with
existing equipment.



Conclusion

The cascade, split-stage, low-temperature refrigerating cycle utilizing Freon 12 involves a complex
but well-orchestrated sequence of thermodynamic events. From compression and condensation in the
high-temperature cycle to expansion and evaporation in the low-temperature cycle, each step is vital
for achieving ultra-low temperatures efficiently. This system exemplifies the effective application of
thermodynamics and heat transfer principles to meet demanding refrigeration needs, especially in
scientific, medical, and industrial fields.

Understanding these events not only aids in proper system design and troubleshooting but also
provides insight into the evolution of refrigeration technology. As environmental standards evolve,
modern refrigerants and system configurations continue to build upon these foundational principles to
deliver sustainable and efficient cooling solutions.

Frequently Asked Questions

What are the main events in a cascade refrigeration cycle
using Freon 12?

The main events include compression of the refrigerant, condensation in the high-temperature cycle,
expansion through an expansion device, and evaporation in the low-temperature cycle, with heat
transfer occurring at each stage to achieve very low temperatures.

How does a split-stage cascade refrigeration cycle improve
cooling efficiency?
A split-stage cycle separates the refrigeration process into two interconnected cycles, allowing each

to operate at optimal pressures and temperatures, thereby reducing overall energy consumption and
enabling lower temperatures than single-stage systems.

What role does Freon 12 play in the cascade refrigeration
cycle?

Freon 12 acts as the refrigerant in one or both stages of the cascade system, facilitating heat
absorption and rejection during compression and expansion processes, and enabling effective cooling
at low temperatures.

Why is low-temperature refrigeration achieved using a
cascade cycle with Freon 12?

Low-temperature refrigeration is achieved because the cascade cycle allows the refrigerant to
condense and evaporate at different pressure levels, effectively reaching temperatures below what
single-stage cycles can attain with Freon 12 alone.



What are the advantages of using a cascade cycle with Freon
12 over other refrigerants?

Using Freon 12 in a cascade cycle offers benefits such as reliable performance at low temperatures,
good thermodynamic properties, and compatibility with existing systems, although environmental
concerns have led to the search for alternative refrigerants.

What are the key considerations when designing a low-
temperature cascade refrigeration system with Freon 12?

Design considerations include selecting appropriate heat exchangers, ensuring proper pressure and
temperature levels in each stage, managing refrigerant flow, and addressing environmental and
safety regulations related to Freon 12 use.

Additional Resources

The Events Of A Cascade, Split-stage, Low Temperature Refrigerating Cycle Are As Follows; A Freon
12

Refrigeration technology has evolved significantly over the past century, driven by the demand for
efficient cooling systems capable of reaching increasingly low temperatures. Among these
advancements, the cascade, split-stage, low-temperature refrigerating cycle stands out as a
sophisticated solution, especially when utilizing refrigerants like Freon 12 (dichlorodifluoromethane).
This article aims to delve into the detailed sequence of events within such a refrigeration cycle,
elucidate its components, and analyze its operational principles, with particular emphasis on the use
of Freon 12.

Introduction to Cascade, Split-Stage Low-Temperature
Refrigeration Cycles

Refrigeration systems are broadly categorized based on their operating principles and applications.
The cascade, split-stage cycle is a specialized configuration designed to achieve extremely low
temperatures, often below -80°C, which are unattainable by single-stage systems.

What is a Cascade, Split-Stage Refrigeration System?

- Cascade System: Comprises two or more refrigeration cycles connected in series, where the
condenser of the first cycle feeds the evaporator of the second.

- Split-Stage Configuration: Divides the refrigeration process into separate stages, each optimized for
specific temperature ranges, improving efficiency and capacity.

- Low-Temperature Cycle: Specifically engineered to reach cryogenic temperatures necessary for
applications such as liquefaction of gases, scientific research, or medical storage.

The Role of Freon 12 in Such Systems
Freon 12, a chlorofluorocarbon (CFC), was historically popular due to its thermodynamic properties,



stability, and non-flammability. Although phased out in many regions due to environmental concerns,
it remains a valuable case study for understanding low-temperature refrigeration cycles.

Fundamentals of the Cascade, Split-Stage Cycle

Before exploring the sequence of events, it is essential to understand the fundamental components
and thermodynamic processes involved.

Core Components

1. Compressor: Compresses the refrigerant, raising its pressure and temperature.

2. Condenser (High-Temperature Side): Removes heat from the high-pressure vapor, causing
condensation.

3. Expansion Valve (or Throttling Device): Reduces pressure of the condensed refrigerant, cooling it
further.

4, Evaporator (Low-Temperature Side): Absorbs heat from the cooled environment or process.

5. Interconnecting Heat Exchanger: Transfers heat between the high-temperature and low-
temperature cycles.

6. Additional Compressors and Condensers (for cascade system): Facilitate multiple stages.

The Sequence of Events in a Cascade, Split-Stage, Low-
Temperature Refrigerating Cycle

Understanding the precise sequence of thermodynamic events allows engineers and technicians to
optimize system performance and troubleshoot effectively.

Stage 1: High-Temperature Cycle (First Stage)

1. Compression of Freon 12 Vapor:

- The cycle begins with the compressor compressing the low-pressure vapor of Freon 12.

- The vapor's pressure and temperature increase significantly, often reaching 40-60°C depending on
operating conditions.

2. Condensation in the High-Temperature Condenser:

- The high-pressure, high-temperature vapor flows into the condenser.

- Here, Freon 12 releases heat to an external cooling medium (air or water).
- As heat is rejected, the vapor condenses into a high-pressure liquid.

3. Subcooling and Heat Exchange:
- The high-pressure liquid passes through an intercooler or subcooler, which may be a heat exchanger



connected to the low-temperature cycle.
- This step enhances efficiency by ensuring the refrigerant is fully liquefied before expansion.

4. Expansion through the Throttling Device:
- The high-pressure liquid passes through an expansion valve.
- This causes a rapid pressure drop, cooling the refrigerant and partially vaporizing it.

5. Evaporation in the Low-Temperature Evaporator:

- The cold, low-pressure mixture enters the low-temperature evaporator.

- It absorbs heat from the low-temperature environment or process, causing further vaporization.
- The refrigerant leaves as low-pressure vapor, ready for compression again.

Stage 2: Low-Temperature Cycle (Second Stage)

1. Compression of the Low-Pressure Vapor:

- The vapor from the evaporator is compressed by a second compressor.

- This increases its pressure and temperature, but to a lesser extent compared to the high-
temperature cycle.

2. Condensation in the Low-Temperature Condenser:

- The compressed vapor releases heat to the high-temperature cycle's condenser or to an external
medium.

- Condensation produces a high-pressure liquid, which is subcooled before expansion.

3. Interstage Heat Exchange:
- Heat transfer occurs between the two cycles via specialized heat exchangers.
- This process improves system efficiency by reducing the work required for compression.

4. Expansion and Evaporation:
- The high-pressure liquid undergoes throttling, cooling further.
- It then absorbs heat in the low-temperature evaporator, completing the cycle.

Operational Considerations and Thermodynamic
Efficiency

The efficiency of a cascade, split-stage cycle hinges on several factors, including the properties of
Freon 12, heat exchanger effectiveness, and proper control of pressure and temperature levels.

Key Operational Parameters

- Temperature Differentials: Maintaining appropriate temperature gradients between stages is vital.
- Pressure Ratios: Should be optimized to prevent compressor overloading and ensure effective heat
transfer.

- Superheating and Subcooling: Technigues used to prevent compressor damage and improve



efficiency.

Advantages of Using Freon 12

- Stable thermodynamic properties over a range of temperatures.
- Non-flammable and chemically stable.
- Well-understood behavior, facilitating system design.

Environmental and Historical Context

- Freon 12's ozone depletion potential led to phased-out use
under international agreements like the Montreal Protocol.
- Despite this, it remains a critical case study for
understanding low-temperature cycles and legacy systems.

Analysis of the Cycle Events: A Step-by-Step Summary

| Step | Action | Description | Purpose |

e remrememeeees R |

| 1 | Compression | Compressor compresses Freon 12 vapor |
Increase pressure and temperature |

| 2 | Condensation | Vapor releases heat and condenses |
Remove heat, prepare refrigerant for expansion |

| 3 | Subcooling | Refrigerant cools further in heat exchanger |
Enhance efficiency |

| 4 | Throttling | Expansion valve reduces pressure | Achieve
low temperature and pressure |

| 5 | Evaporation | Refrigerant absorbs heat, vaporizes |
Provide cooling effect |

| 6 | Low-Pressure Compression | Vapor compressed again |
Prepare for second stage condensation |

| 7 | Interstage Heat Exchange | Heat transfer between cycles



| Improve overall efficiency |
| 8 | Repeat | Cycle continues for sustained cooling | Maintain
low-temperature environment |

Challenges and Limitations of the Cascade Cycle with
Freon 12

While the cascade, split-stage refrigeration cycle is highly
effective for achieving cryogenic temperatures, it presents
certain challenges:

- Complexity and Cost: Multiple compressors, heat
exchangers, and controls increase system complexity and
maintenance costs.

- Environmental Impact: Use of CFC refrigerants like Freon 12
poses significant environmental risks.

- Energy Consumption: Multiple stages and components can
lead to higher energy demands.

- Operational Stability: Precise control of pressures and
temperatures is necessary to prevent system failures.

Future Perspectives and Alternatives

With environmental regulations phasing out Freon 12,
research has shifted toward alternative refrigerants such as



hydrofluorocarbons (HFCs), hydrofluoroolefins (HFOs), and
natural refrigerants like ammonia and carbon dioxide.

Emerging Technologies:

- Magnetic refrigeration: Uses magnetic fields for cooling,
eliminating refrigerants.

- Cryocoolers: Compact systems for specific low-temperature
applications.

- Hybrid systems: Combining different technologies for
efficiency and environmental compliance.

Conclusion

The cascade, split-stage, low-temperature refrigeration cycle
utilizing Freon 12 exemplifies a sophisticated thermodynamic
system designed to reach cryogenic temperatures efficiently.
Its sequence of events—from compression and condensation
to throttling and evaporation—demonstrates the intricate
interplay of thermodynamic principles and engineering
design. Despite environmental concerns leading to the phase-
out of Freon 12, understanding its operational cycle provides
valuable insights into the evolution of refrigeration
technology and the foundational principles that underpin
modern low-temperature cooling systems.

Future innovations are poised to replace traditional
refrigerants with environmentally friendly alternatives, but
the fundamental cycle events and their sequence remain a
cornerstone of refrigeration science. As research progresses,



the lessons learned from Freon 12-based systems continue to
inform the development of safer, more efficient cryogenic
refrigeration solutions.
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