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Compartment And Expels heat, playing a crucial role in maintaining the
optimal temperature inside your appliance. Understanding the thermodynamics
and mechanics behind a refrigerator’s operation can help consumers better
appreciate how these everyday devices function efficiently. This article
delves into the refrigeration cycle, the significance of heat absorption and
expulsion, and how modern refrigerators are designed to optimize energy use
and performance.

Understanding the Refrigeration Cycle

Refrigerators operate based on a thermodynamic cycle that transfers heat from
the interior (where cooling is desired) to the exterior environment. The most
common types of refrigeration cycles include vapor compression and absorption
cycles. In residential appliances, vapor compression cycles are predominant
due to their efficiency and reliability.

The Basic Components
A typical vapor compression refrigeration system comprises four main
components:

Compressor: Compresses the refrigerant, increasing its pressure and
temperature.

Condenser: Releases heat from the refrigerant to the surroundings,
causing it to condense into a liquid.

Expansion Valve: Reduces the pressure of the refrigerant, allowing it to
cool rapidly.

Evaporator: Absorbs heat from the refrigerator interior, causing the
refrigerant to evaporate and cool the space.

The cycle repeats continuously, maintaining a consistent temperature inside
the refrigerator.

The Process of Heat Absorption and Expulsion



Heat Absorption from the Freezer Compartment
During each cycle, the refrigerant absorbs heat from the freezer
compartment—approximately 55 calories per cycle, as specified—causing the
refrigerant to evaporate. This absorption process cools the interior of the
freezer and, by extension, the entire refrigerator.

The process involves:

The low-pressure, cold refrigerant enters the evaporator coil located1.
inside the freezer.

As warm air circulates over the coil, heat transfers from the air to the2.
refrigerant.

The refrigerant absorbs this heat, causing it to evaporate into a gas.3.

The warmed, gaseous refrigerant then flows to the compressor for4.
compression.

This heat absorption is vital because it is the primary mechanism by which
the fridge maintains its cold temperatures.

Expelling Heat to the Environment
Following absorption, the refrigerant, now a high-pressure gas, passes
through the condenser coils located at the back or bottom of the
refrigerator. Here, it expels the absorbed heat to the surrounding
environment.

The process involves:

The compressor compresses the refrigerant, increasing its temperature1.
and pressure.

The hot, high-pressure refrigerant moves through the condenser coils,2.
releasing heat to the outside air.

As the refrigerant cools, it condenses into a high-pressure liquid.3.

The liquid refrigerant passes through the expansion valve, dropping in4.
pressure and temperature.

It then re-enters the evaporator to repeat the cycle.5.

This expulsion of heat ensures the continuous operation of the cycle, keeping
the interior cold.

Energy Efficiency and Heat Transfer



Calculations

The figure of 55 calories per cycle is an approximation that helps quantify
the refrigerator's cooling capacity. The actual amount of heat absorbed can
vary based on several factors:

Refrigerator size and insulation quality

Ambient temperature and humidity levels

Frequency of door openings

Contents inside the refrigerator

Understanding Calorie Transfer in Refrigeration

A calorie (cal) is a unit of energy representing the amount of heat needed to
raise the temperature of 1 gram of water by 1°C. In refrigeration, the energy
transfer involves removing this heat from the interior.

- Per Cycle: Absorption of approximately 55 cal from the freezer compartment.
- Per Day: The number of cycles determines total heat removed daily, which
can be calculated as:

\[
\text{Total heat removed per day} = \text{Number of cycles per day} \times
55\, \text{cal}
\]

Implications for Energy Consumption

The efficiency of a refrigerator depends on how effectively it absorbs and
expels heat. The coefficient of performance (COP) evaluates this efficiency,
expressed as:

\[
\text{COP} = \frac{\text{Heat removed from interior}}{\text{Work input}}
\]

A higher COP indicates better efficiency, meaning more heat is removed per
unit of energy consumed.

Modern Refrigeration Technologies and
Enhancements

Advancements in refrigeration technology aim to improve energy efficiency,
reduce environmental impact, and enhance performance. Some key innovations
include:



Energy-Efficient Compressors
Variable speed compressors adapt their operation based on cooling demand,
reducing energy consumption during low-load conditions.

Improved Insulation Materials
Better insulation minimizes heat ingress, decreasing the workload on the
compressor and reducing energy use.

Use of Eco-Friendly Refrigerants
Refrigerants with low global warming potential (GWP), such as R600a or R290,
are increasingly adopted to reduce environmental impact.

Smart Temperature Controls
Advanced sensors and control systems optimize compressor operation,
maintaining consistent temperatures while saving energy.

Maintenance Tips for Optimal Performance

Proper maintenance ensures that your refrigerator operates efficiently,
absorbing and expelling heat as intended. Consider the following:

Regular Cleaning: Clean condenser coils at least twice a year to improve
heat transfer efficiency.

Door Seals: Check and replace worn door gaskets to prevent warm air from
entering.

Temperature Settings: Keep the thermostat at manufacturer-recommended
levels, usually around 37-40°F (3-4°C) for the fridge and 0°F (-18°C)
for the freezer.

Avoid Overloading: Do not overcrowd the refrigerator, as it hampers air
circulation.

Defrosting: Regularly defrost manual units to prevent ice build-up,
which can reduce efficiency.

Environmental Impact and Sustainability

Efficient operation not only benefits consumers through lower energy bills
but also reduces the refrigerator’s environmental footprint. Key
considerations include:

- Using refrigerants with low GWP.



- Improving insulation and sealing to reduce energy consumption.
- Promoting recycling and proper disposal of old appliances.

Manufacturers are increasingly focusing on eco-friendly designs that meet
global standards for sustainability.

Conclusion

In summary, during each cycle of operation, a refrigerator absorbs
approximately 55 calories of heat from its freezer compartment and expels
this heat to the environment through its condenser system. This continuous
process relies on the principles of thermodynamics, involving compression,
condensation, expansion, and evaporation of refrigerant within a closed loop.
Advances in technology and best maintenance practices enhance this cycle's
efficiency, resulting in energy savings and environmental benefits.
Understanding these processes empowers consumers to optimize their appliances
and contribute to a more sustainable future.

Frequently Asked Questions

What is the significance of the 55 Cal absorbed by
the refrigerator during each cycle?

The 55 Cal represents the amount of heat energy absorbed from the freezer
compartment during each refrigeration cycle, which is then expelled to
maintain the desired temperature.

How does a refrigerator expel heat after absorbing 55
Cal from the freezer?

The refrigerator uses a compressor and refrigerant cycle to transfer the
absorbed heat to the external environment, effectively expelling it outside
the unit.

What components are responsible for expelling heat
during each cycle?

The compressor, condenser coils, and fan work together to release the
absorbed heat, ensuring the refrigerator maintains a cool interior.

Why is it important for a refrigerator to absorb 55
Cal from the freezer compartment?

Absorbing this amount of heat helps maintain the freezer's low temperature,
ensuring frozen foods stay preserved while the refrigerator operates
efficiently.

Does the amount of heat expelled change with



different refrigerator sizes or models?

Yes, larger or more efficient refrigerators may absorb and expel different
amounts of heat depending on their design, insulation, and cooling capacity.

How does the absorption of 55 Cal per cycle relate to
the overall energy consumption of the refrigerator?

The heat absorption per cycle correlates with the energy used by the
compressor to transfer that heat outside, impacting the refrigerator's
overall energy efficiency.

Can the heat expelled during each cycle be measured
directly?

While not typically measured directly in household settings, the expelled
heat can be estimated based on the amount absorbed and the efficiency of the
refrigeration cycle.

What role does the refrigerant play in the process of
absorbing and expelling heat?

The refrigerant absorbs heat from the freezer compartment as it evaporates
and releases it outside during condensation, facilitating continuous cooling.

How does the cycle of absorbing 55 Cal impact the
overall cooling efficiency of a refrigerator?

Consistent heat absorption and expulsion ensure the refrigerator maintains
stable internal temperatures, optimizing cooling efficiency and food
preservation.

Are there any maintenance tips related to the heat
expulsion process in refrigerators?

Regularly cleaning condenser coils and ensuring proper airflow help the
refrigerator effectively expel heat, improving efficiency and extending its
lifespan.

Additional Resources
Refrigerator Cycle Efficiency and Heat Transfer: An In-Depth Analysis

Understanding how a refrigerator operates during each cycle is fundamental to
appreciating its efficiency and performance. One of the key aspects of this
process involves the absorption and expulsion of heat, which ensures the
maintenance of low temperatures within the refrigerated space. Specifically,
during each cycle, a refrigerator absorbs approximately 55 calories from the
freezer compartment. This seemingly simple figure encapsulates the complex
thermodynamic principles and engineering design that enable a refrigerator to
function effectively. In this comprehensive review, we will explore the
detailed mechanics of this process, the significance of the absorbed heat,
and the broader implications for refrigerator efficiency.



---

The Thermodynamic Principles Behind
Refrigeration Cycles

Basic Concepts of Heat Transfer and Thermodynamics

Refrigeration relies on the principles of thermodynamics—particularly the
transfer of heat and phase changes in refrigerant fluids. The core components
involved include:

- Compressor: Compresses the refrigerant vapor, raising its pressure and
temperature.
- Condenser Coils: Facilitate heat rejection to the environment.
- Expansion Valve or Capillary Tube: Reduces refrigerant pressure, allowing
it to absorb heat efficiently.
- Evaporator Coils: Located within the freezer and refrigerator compartments,
where refrigerant absorbs heat and evaporates.

The cycle operates on the principle of transferring heat from the colder
interior of the refrigerator to the warmer external environment, driven by
the work input from the compressor.

---

The Refrigeration Cycle in Action: Absorption
of 55 Calories

What Does Absorbing 55 Calories Mean?

In the context of each cycle, the refrigerator absorbs approximately 55
calories (cal) of heat from the freezer compartment. To contextualize:

- Calories as a Heat Unit: One calorie is the amount of heat required to
raise the temperature of 1 gram of water by 1°C.
- Conversion to Joules: 1 calorie ≈ 4.184 Joules, so 55 cal ≈ 229.6 Joules.

This heat absorption is crucial because it directly correlates with the
amount of energy the refrigeration system must remove to maintain the low
temperature.

---

Heat Absorption During the Evaporator Phase

- The refrigerant in the evaporator coil, located within the freezer, absorbs
heat from the stored items and air.



- As the refrigerant absorbs approximately 55 cal, it evaporates from a
liquid to a vapor, carrying this heat away.
- This process cools the freezer space and maintains its low temperature.

Implications:

- The amount of heat absorbed reflects the thermal load of the freezer.
- The efficiency of this heat absorption depends on the evaporator design,
refrigerant properties, and insulation quality.

---

Expulsion of Heat: What Happens After
Absorption?

Heat Rejection in the Condenser

After absorbing heat, the refrigerant vapor is compressed by the compressor,
increasing its pressure and temperature. It then releases this heat to the
surroundings through the condenser coils:

- The refrigerant condenses back into a liquid, expelling the absorbed heat.
- This process typically involves rejecting more heat than absorbed due to
system inefficiencies.

Key Point: The heat expelled during each cycle exceeds the 55 cal absorbed
from the freezer, accounting for system losses and work input.

Typical Heat Expulsion Figures

- During each cycle, the compressor expels approximately 200-250 calories of
heat to the environment.
- This includes the heat absorbed from the freezer (55 cal) plus additional
heat generated by the compressor’s work and system inefficiencies.

---

Efficiency and Energy Considerations

Coefficient of Performance (COP)

- The efficiency of a refrigerator is often expressed through its Coefficient
of Performance (COP), defined as:

\[
\text{COP} = \frac{\text{Heat removed from the cold space}}{\text{Work
input}}



\]

- For example, if 55 cal (229.6 Joules) are absorbed per cycle, and the work
input is known, the COP can be calculated to assess efficiency.

Energy Input vs. Heat Removed

- The compressor consumes electrical energy to perform work, often several
times the heat absorbed from the freezer.
- The ratio between the heat removed and the work input determines the
overall efficiency.

Efficiency Factors:

- Refrigerant properties
- Insulation quality
- Compressor efficiency
- System design and maintenance

---

Thermodynamic Cycles Specifics

Ideal Refrigeration Cycle

- Assumes perfect isentropic compression, ideal heat transfer, and no losses.
- Under ideal conditions, the heat absorbed (55 cal) and expelled are
balanced with the work input.

Real-World Cycles

- Actual cycles involve irreversibilities, leading to higher heat rejection
(~200 cal) for each 55 cal absorbed.
- Losses include friction, non-ideal heat transfer, and compressor
inefficiencies.

---

Impact on Refrigerator Design and Performance

Design Optimization for Heat Transfer

- Efficient evaporator and condenser coil designs maximize heat transfer.
- Proper insulation reduces unwanted heat ingress, reducing the amount of
heat the system must remove.



Refrigerant Selection

- Refrigerants with suitable thermodynamic properties (e.g., high latent
heat, appropriate boiling points) improve heat absorption and expulsion.

Cycle Management

- Modern refrigerators employ thermostats and variable-speed compressors to
modulate the cycle and optimize energy use.
- Minimizing the number of cycles and their duration enhances overall
efficiency.

---

Broader Implications and Practical
Considerations

Energy Conservation

- Understanding the heat transfer during each cycle emphasizes the importance
of energy-efficient design.
- Consumers can improve performance by maintaining proper door seals,
avoiding overloading, and ensuring unobstructed airflow.

Environmental Impact

- Efficient cycles reduce energy consumption, decreasing greenhouse gas
emissions associated with electricity generation.
- Using environmentally friendly refrigerants with lower global warming
potential (GWP) is also critical.

Maintenance and Troubleshooting

- Regular cleaning of coils, checking for leaks, and ensuring proper
refrigerant charge can maintain the heat absorption and expulsion efficiency.
- Malfunctions such as compressor failure or refrigerant leaks can disrupt
the heat transfer process, affecting the cycle's ability to absorb the
expected 55 cal.

---

Conclusion: The Significance of the 55 Cal Heat



Absorption

The absorption of approximately 55 calories per cycle from the freezer
compartment is more than just a number; it encapsulates the delicate balance
of thermodynamic principles, system design, and operational efficiency that
define modern refrigeration technology. This process ensures the freezer
remains at low temperatures, preserving food and reducing spoilage.
Understanding this heat transfer process helps engineers optimize
refrigerator designs, consumers make informed choices, and policymakers
promote energy-efficient appliances. As technology advances, the goal remains
to maximize heat absorption and expulsion efficiency while minimizing energy
consumption, ultimately contributing to sustainable living and environmental
conservation.
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