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A Refrigerator Has A Coefficient Of Performance Of 2.10. Each Cycle It
Absorbs 3.40 x 10* J Of Heat From the cold reservoir, which is typically the
interior space that the refrigerator aims to keep cool. This parameter, known
as the coefficient of performance (COP), is a critical measure of the
refrigerator’s efficiency in transferring heat from the cold interior to the
warmer surroundings. Understanding the implications of this COP, along with
the heat absorption per cycle, provides valuable insights into the
thermodynamic processes governing refrigeration systems and their practical
efficiencies.

Understanding the Coefficient of Performance
(COP) of a Refrigerator

Definition of COP in Refrigeration

The coefficient of performance (COP) for a refrigerator is defined as the
ratio of heat removed from the cold reservoir (the interior of the
refrigerator) to the work input required to transfer that heat.
Mathematically, it is expressed as:

® COP,.. = \(\frac{Q_{L}}{wi\)

where:
- \(Q_{L}\) is the heat removed from the cold space (in Joules),
- \(W\) is the work input to the refrigeration cycle (in Joules).

This ratio indicates how effectively the refrigerator converts electrical
energy into useful cooling.

Significance of a COP of 2.10

A COP of 2.10 implies that for every unit of work input, the refrigerator
removes 2.10 units of heat from the interior. This efficiency reflects the
thermodynamic limits of the cycle, typically modeled as a Carnot cycle in
ideal conditions. The higher the COP, the more efficient the refrigeration
process, meaning less energy 1s required to achieve the same cooling effect.

Implications for Energy Consumption

Given the COP, one can determine the work input per cycle based on the heat
absorbed:

\ [



W = \frac{Q_{L}}{\text{COP}}
\1

With \(Q_{L} = 3.40 \times 107{4}\) J, the work per cycle is:

\ [

W = \frac{3.40 \times 107{4} \text{ J}}{2.10} \approx 1.62 \times 10"°{4}
\text{ J}

\]

This value quantifies how much electrical energy must be supplied to the
refrigerator during each cycle.

Thermodynamic Principles Underlying the
Refrigerator Cycle

The Refrigeration Cycle and Its Components

A typical refrigeration cycle involves the following stages:

1. Evaporation: The refrigerant absorbs heat (\(Q_{L}\)) from the interior,
evaporating at low pressure and temperature.

2. Compression: The vapor is compressed, increasing its pressure and
temperature.

3. Condensation: The high-pressure vapor releases heat to the surroundings
as it condenses into a liquid.

4. Expansion: The liquid refrigerant passes through an expansion valve,
reducing pressure and temperature, ready to absorb heat again.

The cycle repeats, continuously removing heat from the interior.

Energy Transfers in the Cycle

Analyzing the energy flow:

- The refrigerant absorbs \(Q_{L}\) from the cold space during evaporation.
- Work \(W\) is input during compression.

— The heat rejected to the surroundings, \(Q_{H}\), occurs during
condensation.

The first law of thermodynamics relates these quantities:

\ [
O_{H} = O _{L} + W
\1]

This equation illustrates that the heat expelled to the environment exceeds
the heat absorbed from the interior by the amount of work input.



Calculating the Heat Rejected and Work Input

Heat Rejected to the Surroundings
Using the relation:
\

Q_{H} = Q_{L} + W
\]

and substituting the known values:

\ [

O _{H} = 3.40 \times 10"{4} \text{ J} + 1.62 \times 107{4} \text{ J} = 4.96
\times 107{4} \text{ J}

\1

This means that each cycle, the refrigerator expels approximately 49,600
Joules of heat to the surroundings.

Work Input per Cycle

As previously calculated, the work required per cycle is approximately 16,200
Joules:

\
W \approx 1.62 \times 107{4} \text{ J}
\1]

This is the energy that must be supplied electrically for the cycle to
operate effectively.

Efficiency and Practical Considerations

Real vs. Ideal COP

While the ideal Carnot cycle provides an upper theoretical limit, real
refrigerators operate below this ideal due to inefficiencies like friction,
non—ideal refrigerants, and heat losses. The actual COP is generally lower
than the Carnot COP, which depends on the temperature difference between the
hot and cold reservoirs.

Impact of Temperature Difference

The COP of a refrigerator is sensitive to the temperature difference between:

e The cold reservoir (\(T_{L}\)), and

e The hot reservoir (\(T_{H}\)).



The Carnot COP for cooling is given by:

\ [
\text{COP}_{\text{Carnot}} = \frac{T_{L}}{T_{H} - T_{L}}
\]

where temperatures are in Kelvin. As the temperature difference increases,
the COP decreases, indicating lower efficiency.

Design Optimization

To maximize efficiency, engineers aim to:

e Minimize the temperature difference between the interior and
surroundings.

e Use refrigerants with favorable thermodynamic properties.

e Reduce mechanical losses and improve component efficiencies.

Practical Applications and Energy Efficiency

Energy Consumption in Household Refrigerators

Understanding the COP helps consumers and manufacturers estimate energy
consumption:

— Higher COP means less electricity is needed for the same cooling capacity.
- Regular maintenance and choosing energy-efficient models can improve
effective COP.

Environmental Impact

Efficient refrigeration reduces energy consumption, which can lower
greenhouse gas emissions, especially when electricity is generated from
fossil fuels. It also influences the choice of refrigerants with lower global
warming potential.

Industrial and Commercial Refrigeration

In large-scale applications, maximizing COP is vital for cost savings and
environmental considerations. Advanced systems incorporate variable speed
compressors, better insulation, and optimized heat exchange processes to
improve overall efficiency.

Conclusion

The coefficient of performance (COP) of 2.10 signifies that the refrigerator



is reasonably efficient, removing a substantial amount of heat from the
interior with a manageable work input. Each cycle, it absorbs 34,000 Joules
of heat and expels approximately 49,600 Joules to the surroundings, requiring
about 16,200 Joules of work. Understanding these thermodynamic principles
helps in designing more efficient refrigeration systems, minimizing energy
use, and reducing environmental impact. As technology advances, ongoing
efforts aim to push the boundaries of efficiency, balancing thermodynamic
limits with practical constraints to meet the growing demand for sustainable
cooling solutions.

Frequently Asked Questions

What is the Coefficient of Performance (COP) of the
refrigerator described in the problem?

The Coefficient of Performance (COP) is 2.10.

How much heat does the refrigerator absorb from the
cold space per cycle?

It absorbs 3.40 x 1074 Joules of heat from the cold space each cycle.

How can the work input per cycle be calculated for
this refrigerator?

The work input (W) can be calculated using the formula W = Q_c / COP, where
Q_c is the heat absorbed from the cold space.

What is the amount of work input required per cycle
for this refrigerator?

Using Q_c = 3.40 x 1074 J and COP = 2.10, the work input is W = (3.40 x 1074
J) / 2.10 ~ 1.62 x 1074 Joules.

What does the Coefficient of Performance tell us
about this refrigerator’s efficiency?

The COP of 2.10 indicates that for every unit of work input, the refrigerator
removes approximately 2.10 units of heat from the cold space, reflecting its
efficiency in cooling.

Additional Resources

Refrigerator Coefficient of Performance (COP) of 2.10: An In-Depth Analysis

Understanding the efficiency and operational principles of refrigeration
systems is fundamental in thermodynamics and practical engineering. The
coefficient of performance (COP) is a critical parameter that measures how
effectively a refrigerator moves heat from a low-temperature reservoir to a
high-temperature reservoir. When a refrigerator has a COP of 2.10, it



signifies a certain level of efficiency that warrants a comprehensive
examination. This article delves into what this COP value entails, how it
influences the refrigerator's operation, and its implications in real-world
applications.

Fundamentals of Coefficient of Performance
(COP) in Refrigeration

Definition and Significance

The coefficient of performance for a refrigerator is defined as:

\ [

\text{COP}_{\text{refrigerator}} = \frac{\text{Heat Removed from Cold
Reservoir } (Q_c) }{\text{Work Input } (W)}

\1

Where:
- \(Q_c\) is the heat extracted from the refrigerated space.
- \(W\) is the work done by the compressor (or other work input mechanisms) .

Key points:

— A higher COP indicates a more efficient refrigerator.

— It reflects the ratio of heat removed to work input, not the total heat
transferred.

- Typically, the COP for refrigerators ranges from about 2 to 6, depending on
the system design and operating conditions.

Relevance of COP in Practical Scenarios

— Determines energy consumption and operational costs.

— Affects the size and capacity of components like compressors and
condensers.

— Guides engineers and designers in optimizing system performance.

Given Data and Its Interpretation

The problem statement provides:

— COP of the refrigerator: 2.10

- Heat absorbed per cycle: \(3.40 \times 1074\, \text{J}\) from the cold
reservoir (the refrigerated space).

This data allows us to analyze the system's operation in quantitative terms
and understand the energy flow within each cycle.



Analyzing the Refrigeration Cycle

Heat Absorption and Work Input

From the given:
- \(Q_c = 3.40 \times 1074\, \text{J}\)

Using the COP definition:

\ [

W = \frac{Q_c}{\text{COP}} = \frac{3.40 \times 1074\, \text{J}}{2.10} \approx
1.619 \times 1074\, \text{J}

\1

This work input reflects the energy needed per cycle to remove the specified
heat from the cold space.

Implications:

— The compressor must supply approximately 16,190 Joules of work per cycle.
— The efficiency of the system directly influences energy consumption and
operational costs.

Heat Rejected to the Hot Reservoir

In a refrigeration cycle, the heat rejected \(Q_h\) to the surroundings (hot
reservoir) can be found using the first law of thermodynamics:

\ [
Oh=0c¢c+W
\]

Substituting the known values:

\ [

Q_h = 3.40 \times 1074\, \text{J} + 1.619 \times 1074\, \text{J} \approx
4.919 \times 1074\, \text{J}

\1]

This heat rejection is essential for understanding the overall thermodynamic
efficiency and environmental impact.

Thermodynamic Principles Underpinning COP

Ideal vs. Actual Systems

— The maximum theoretical efficiency is bounded by the Carnot cycle, which
defines the ultimate limit of refrigeration efficiency between two
temperature reservoirs.

— Actual systems operate below this limit due to irreversibilities, friction,
and non-ideal component behavior.

Carnot COP for a refrigerator:



\ [

\text {COP}_{\text{Carnot}} = \frac{T_c}{T_h - T_c}

\]

where:

- \(T_c\) 1is the absolute temperature of the cold reservoir.
- \(T_h\) is the absolute temperature of the hot reservoir.

Given the system's COP of 2.10, it is useful to compare it to the Carnot
limit to gauge efficiency.

Efficiency Relative to Carnot Limit

- If the actual COP approaches the Carnot COP, the system is nearly ideal.
— The deviation indicates real-world losses and inefficiencies.

Implications of a COP of 2.10 in Practical
Applications

Energy Consumption and Cost

- For every unit of work invested, roughly 2.10 units of heat are removed.
— This ratio directly impacts electricity bills and operational expenses.
— Improving COP can lead to significant savings over time.

Design Considerations

— Components such as compressors, evaporators, and condensers are selected
based on the expected heat transfer rates and energy input.

— System optimization aims to maximize COP while meeting cooling
requirements.

Environmental Impact

— Higher COP systems are more environmentally friendly due to lower energy
consumption.

- Reducing energy use lowers greenhouse gas emissions associated with
electricity generation.

Calculating Key Parameters Based on the Data

Cycle Efficiency and Performance Metrics

- Work per cycle: \ (W \approx 1.619 \times 1074\, \text{J}\)
- Heat removed per cycle: \(Q_c = 3.40 \times 1074\, \text{J}\)



- Heat rejected per cycle: \(Q_h \approx 4.919 \times 1074\, \text{J}\)

Power Consumption in Continuous Operation

If the system runs continuously with a certain cycle frequency \ (f\), the
power consumption \ (P\) can be estimated:

P =W \times £

Understanding the cycle frequency and mass flow rates enables a realistic
assessment of energy consumption over time.

Real-World Factors Affecting COP

Temperature Differences

— Larger temperature differences between the cold and hot reservoirs reduce
COP.
— Maintaining optimal temperature gradients is essential for efficiency.

Component Performance

— Compressor efficiency, heat exchanger effectiveness, and refrigerant
properties influence COP.
— Regular maintenance and high-quality components improve system performance.

Refrigerant Choice

— The thermodynamic properties of the refrigerant impact the cycle's
efficiency.

— Modern refrigerants are selected for high COP, low environmental impact,
and safety.

Operational Conditions

- External factors such as ambient temperature, humidity, and load variations
affect COP.
— Adaptive control systems help maintain optimal efficiency.

Conclusion and Future Perspectives

A refrigerator with a COP of 2.10 demonstrates a moderate level of
efficiency, typical for many practical refrigeration systems. While it



effectively removes heat from the cold reservoir with a reasonable energy
input, there is always room for improvement. Advances in thermodynamic cycle
design, refrigerant technology, and component engineering continue to push
the boundaries of COP, aiming for systems that are more energy-efficient and
environmentally sustainable.

Key takeaways:

— The COP value directly influences operational costs and environmental
impact.

— Understanding and optimizing cycle parameters can lead to significant
efficiency gains.

— Comparing actual COP to the Carnot limit provides insight into system
irreversibilities and potential improvements.

In an era where energy conservation is paramount, systems with higher COPs
are not just advantageous—they are essential for sustainable development.
Continuous research, technological innovation, and mindful operation are the
pathways to achieving higher efficiencies in refrigeration technology,
ultimately benefiting both consumers and the planet.
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