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78) A Carnot Air Conditioner Has A Coefficient Of Performance Of 17.0 And
Removes 72.0 MJ Of Heat From the surrounding environment, illustrating an
idealized scenario of thermodynamic efficiency in cooling systems. This
situation exemplifies the theoretical maximum performance of a Carnot air
conditioner operating between two temperature reservoirs. Understanding the
principles behind this setup provides valuable insight into thermodynamics,
heat transfer, and practical applications in HVAC (Heating, Ventilation, and
Air Conditioning) systems. In this article, we will explore the concept of
the Carnot cycle, analyze the given data, calculate key parameters such as
the temperature of the environment and the working fluid, and discuss the
implications for real-world cooling systems.

Understanding the Carnot Cycle and Its
Relevance to Air Conditioners

What Is the Carnot Cycle?

The Carnot cycle is a theoretical thermodynamic cycle that provides the
maximum possible efficiency for a heat engine or refrigerator operating
between two temperature reservoirs. It was introduced by Sadi Carnot in 1824
and forms the basis for understanding the limits of heat engine and
refrigerator efficiencies.

A Carnot cycle consists of four reversible processes:
- Isothermal expansion

- Adiabatic expansion

- Isothermal compression

- Adiabatic compression

In refrigeration and air conditioning, the cycle is adapted to transfer heat
from a cold space to a warm environment efficiently.

Refrigerators and Air Conditioners in the Context of
Carnot Efficiency

An air conditioner functions as a refrigerator, removing heat from an indoor



space and releasing it outside. The Carnot refrigerator operates at maximum
theoretical efficiency, which depends solely on the temperatures of the hot
and cold reservoirs.

The key parameters include:
- Cold reservoir temperature: typically the indoor environment
- Hot reservoir temperature: outdoor environment or ambient air

The efficiency of such systems is characterized by the Coefficient of
Performance (COP), which measures how effectively the system moves heat
relative to the work input.

Analyzing the Given Data

Given Parameters

- Coefficient of Performance (COP) of the Carnot air conditioner: 17.0
- Heat removed from the cold reservoir (indoor space): 72.0 MJ

These parameters allow us to deduce important information:

- The efficiency of the system

- The work input required

- The temperature of the cold reservoir (indoor space)

- The temperature of the hot reservoir (outdoor environment)

Understanding the Coefficient of Performance (COP)

For a refrigerator or air conditioner, the COP is defined as:

\ [
\text{COP} \text{cooling} = \frac{Q {L}}{W}
\1

Where:
- \(Q {L}\) is the heat removed from the cold space (in MJ)
- \(W\) is the work input (in MJ)

For a Carnot refrigerator:

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

where:
- \(T_{L}\) = absolute temperature of the cold reservoir (Kelvin)



- \(T_{H}\) = absolute temperature of the hot reservoir (Kelvin)

Given that \(\text{COP} \text{Carnot} = 17.0\), we can relate this to the
temperature ratio.

Calculating the Temperatures of the Reservoirs

Step 1: Express the Temperature Ratio
Using the formula for a Carnot refrigerator:
\ [

\text{COP} \text{Carnot} = \frac{T {L}}{T {H} - T {L}}
\1]

Rearranged to find the ratio:

\ [
T {H} = T {L} \left( 1 + \frac{1l}{\text{COP} \text{Carnot}} \right)
\1

Plugging in the COP:

\ [

T {H} = T {L} \left( 1 + \frac{1}{17.0} \right) = T {L} \times \left( 1 +
0.0588 \right) = T {L} \times 1.0588

\1

Note: To proceed, we need to find \(T {L}\) and \(T {H}\) in Kelvin.

Step 2: Determine the Work Input
The work input \(W\) can be calculated from the heat removed \(Q {L}\):

\ [
W = \frac{Q {L}}{\text{COP} \text{Carnot}}

\]
Given \(Q {L} = 72.0\, \text{MI}\):
\ [

W = \frac{72.0\, \text{MJ}}{17.0} \approx 4.235\, \text{MJ}
\1



This is the minimum work required to remove 72.0 MJ of heat from the cold
reservoir at ideal efficiency.

Determining the Temperatures of the Cold and
Hot Reservoirs

Step 3: Calculate Cold Reservoir Temperature
\(T_{L}\)

In the Carnot cycle, the heat transfer processes occur isothermally at the
respective reservoir temperatures.

The relation between the heat removed and the temperature:

\ [
Q {L} = W \times \text{COP} \text{Carnot}
\1

But more directly, the temperature of the cold reservoir is related to the
heat transfer and the work input:

\ [
T {L} = \frac{Q {L}}{W} \times T {H} - T {L}
\1

Alternatively, since the Carnot COP is known:

\ [
T {L} = \frac{\text{COP} \text{Carnot} \times (T {H} -
T {L})}{\text{COP} \text{Carnot}} = \text{unknown without \(T_ {H}\)}

\]

Better yet, use the temperature ratio:

\ [
T {H} = T {L} \times 1.0588

\]

and the relation:

\ [
\text{COP} \text{Carnot} = \frac{T {L}}{T {H} - T {L}}
\1



which becomes:

\ [
17.0 = \frac{T_{L}}{T {L} \times 1.0588 - T {L}} = \frac{T {L}}{T {L}(1.0588
- 1)} = \frac{T_{L}}{T_{L} \times 0.0588}

\1

Simplify:

\ [

17.0 = \frac{1}{0.0588} \approx 17.0
\1

This confirms the consistency of the temperature ratio, but to explicitly
find the temperatures, assume a typical indoor temperature.

Step 4: Assign a Reasonable Indoor Temperature

Suppose the indoor environment (cold reservoir) is at a typical room
temperature, say 20°C:

\ [
T_{L}
\]

20"\ circ C = 273 + 20 = 293\, \text{K}

Then:

\ [
T_{H}
\]

1.0588 \times 293 \approx 310.4\, \text{K}

which corresponds to approximately 37.2°C outdoor temperature, a reasonable
hot reservoir temperature.

Implications and Practical Considerations

Efficiency and Limitations

While the Carnot cycle represents an ideal scenario, real-world air
conditioners operate at efficiencies significantly lower than this maximum.
Factors such as:

- Irreversible processes

- Material limitations



- Non-ideal refrigerants
- External environmental conditions

all reduce actual performance.

Work Energy and Power Requirements

The calculated work input of approximately 4.235 MJ indicates the minimum
energy needed for removing 72 MJ of heat. For practical purposes, this
translates to:

- Power consumption estimates for real systems

- Energy costs for cooling operations

- Design considerations for HVAC systems

Environmental Impact

Understanding the thermodynamic limits helps in designing environmentally
friendly air conditioning systems that minimize energy consumption and reduce
greenhouse gas emissions.

Real-World Applications and Significance

Designing Efficient HVAC Systems

Knowledge of the maximum theoretical efficiency guides engineers in:
- Selecting appropriate refrigerants

- Optimizing system components

- Improving insulation and heat exchange processes

Energy Policy and Sustainability

Accurate assessments of system efficiencies inform:
- Energy conservation policies
- Sustainable building designs
- Renewable energy integration

Advancements in Thermodynamics

Research into approaching Carnot efficiencies drives innovation in:
- Thermoelectric cooling

- Magnetic refrigeration

- Other emerging cooling technologies



Summary and Conclusion

The analysis of a Carnot air conditioner with a COP of 17.0 removing 72.0 MJ]
of heat demonstrates the principles governing ideal refrigeration cycles. By
calculating the associated temperatures and work input, we gain insight into
the maximum theoretical efficiencies and the fundamental limits imposed by
thermodynamics. While practical systems fall short of these ideal
efficiencies, understanding the Carnot cycle provides a benchmark for
designing more effective, energy-efficient cooling solutions. As the demand
for sustainable HVAC

Frequently Asked Questions

What is the coefficient of performance (COP) of the
Carnot air conditioner in this scenario?

The COP of the Carnot air conditioner is 17.0.

How much heat does the air conditioner remove from
the space?

The air conditioner removes 72.0 MJ of heat.

What is the significance of the COP value being 17.0
for this air conditioner?

A COP of 17.0 indicates the air conditioner is highly efficient, transferring
17 times more heat than the work input required.

How can the work input needed for this air
conditioner be calculated?

The work input (W) can be calculated using the relation: W = Q c / COP, where
Q c is the heat removed from the cold reservoir.

What is the amount of work required to operate this
Carnot air conditioner?

The work required is W = 72.0 MJ / 17.0 = 4.24 M].



What does a Carnot air conditioner's performance
tell us about its efficiency?

As a theoretical maximum, a Carnot air conditioner's performance indicates
the highest possible efficiency between two temperature reservoirs.

If the heat removed is 72.0 MJ, what is the heat
expelled to the surroundings?

The heat expelled to the surroundings is Q h=Q c + W =72.0 MJ + 4.24 MJ =
76.24 MJ.

Why is the Carnot cycle considered ideal for
thermodynamic analysis?

The Carnot cycle is considered ideal because it operates reversibly,
achieving maximum efficiency between two heat reservoirs and serving as a
benchmark for real-world devices.

Additional Resources

Carnot Air Conditioner: The Pinnacle of Thermodynamic Efficiency

In the realm of refrigeration and air conditioning, the quest for higher
efficiency and optimal performance remains paramount. Among the theoretical
models that define the upper limits of thermodynamic performance stands the
Carnot cycle — a fundamental concept illustrating the maximum achievable
efficiency for a heat engine or refrigerator operating between two
temperature reservoirs. Today, we delve into a specific example: a Carnot air
conditioner with a coefficient of performance (COP) of 17.0, capable of
removing 72.0 MJ of heat from a space. This exploration aims to unpack the
principles, significance, and practical implications of such a device,
drawing on the core ideas of thermodynamics, and providing a comprehensive
understanding suitable for engineers, students, and enthusiasts alike.

Understanding the Carnot Cycle and Coefficient
of Performance

The Carnot Cycle: An Idealized Benchmark

The Carnot cycle, proposed by Sadi Carnot in 1824, represents an idealized



thermodynamic cycle that provides the maximum possible efficiency for a heat
engine or refrigerator operating between two temperature reservoirs. Its
significance lies in establishing the theoretical upper limit-no real device
can surpass this performance.

In the context of an air conditioner, the Carnot cycle operates as a
reversible refrigeration cycle, transferring heat from a cold reservoir (the
interior space) to a hot reservoir (the surroundings). The cycle involves
four reversible processes:

Isothermal Expansion (absorbing heat at low temperature)
Adiabatic Expansion

Isothermal Compression (rejecting heat at high temperature)
Adiabatic Compression

A WN R

This idealized process assumes no entropy generation, friction, or other
irreversibilities, making it a useful benchmark rather than a practical
design.

Coefficient of Performance (COP): The Measure of
Efficiency

The COP is a dimensionless ratio that measures the effectiveness of a
refrigeration or air conditioning system. For cooling devices, it is defined
as:

\ [
\text{COP} {\text{cooling}} = \frac{\text{Heat removed from cold reservoir }

(Q_{L}) H{\text{Work input } (W)}
\1]

A higher COP indicates a more efficient system, requiring less work to
transfer a given amount of heat.

- In an ideal Carnot refrigerator:

\ [
\text{COP} {\text{Carnot}} = \frac{T {L}}{T {H} - T {L}}
\1

where \( T _{L} \) and \( T_{H} \) are the absolute temperatures of the cold
and hot reservoirs, respectively.



Analyzing the Given Data: COP of 17.0 and Heat
Removal of 72.0 MJ

The provided parameters describe an exceptionally efficient theoretical air
conditioning system:

- Coefficient of Performance (COP): 17.0
- Heat Removed (\(Q {L}\)) from the cold space: 72.0 MJ

Let's explore what these numbers imply regarding the system's work input,
operating conditions, and overall performance.

Calculating the Work Input

Using the definition:

\ [
W = \frac{Q {L}}{\text{COP}}
\1

Plugging in the known values:

\ [
W = \frac{72.0\, \text{MJ}}{17.0} \approx 4.24\, \text{MJl}

\1

This means the system requires approximately 4.24 MJ of work to remove 72.0
MJ of heat from the cooled space.

Implication: The high COP signifies that the system performs the cooling with
minimal energy input relative to the heat removed, idealized by the Carnot
cycle.

Understanding the Temperature Reservoirs

The COP for a Carnot refrigerator is directly related to the reservoir
temperatures:

\ [
\text{COP} {\text{Carnot}} = \frac{T {L}}{T {H} - T {L}}
\1

Rearranging to find the temperature ratio:

\ [
\frac{T {H}}{T {L}} = 1 + \frac{1}{\text{COP}}



\]

Substituting the given COP:

\ [
\frac{T {H}}{T {L}} = 1 + \frac{1}{17.0} \approx 1.0588
\1

This indicates that the hot reservoir's temperature is approximately 5.88%
higher than the cold reservoir's temperature.

To find actual temperatures, assume a typical cold space temperature:
- Suppose \( T {L} \) = 273 K (0°C). Then,

\ [

T {H} = 273 \times 1.0588 \approx 289.4\, \text{K} \approx 16.3°C

\1]

This suggests an ideal operating temperature difference, although in real-
world applications, the hot reservoir (ambient air) is often much hotter,
making such high COPs unattainable outside ideal conditions.

Practical Significance and Limitations

Theoretical vs. Real-World Performance

While a Carnot air conditioner with a COP of 17.0 and such heat removal
capacity is an impressive theoretical construct, real devices are constrained
by irreversibilities, friction, non-ideal components, and practical operating
conditions.

- Real-world COPs for air conditioners typically range from 3 to 6, depending
on design and conditions.
- The enormous difference underscores the importance of understanding

thermodynamic limits and striving for designs that approach these ideals as
closely as possible.

Implications for Engineering and Design

Understanding the Carnot cycle's ideal performance guides engineers in:

- Benchmarking efficiency of actual systems.



- Identifying thermodynamic losses in real devices.

- Designing components (compressors, heat exchangers, expansion devices) that
minimize irreversibilities.

- Optimizing operating conditions to maximize COP within practical
constraints.

Limitations of Applying Carnot’s Principles

Despite its elegance, the Carnot cycle's practical application is limited by:

- The need for perfectly reversible processes (impossible in reality).
- The idealized assumption of no friction, turbulence, or heat transfer
losses.

- Material constraints at various temperatures.

- Cost and complexity of achieving such high efficiencies.

However, these theoretical insights remain invaluable in pushing the
boundaries of refrigeration technology.

Broader Context: The Significance in
Thermodynamics and Environmental Impact

Thermodynamic Boundaries and Sustainability

The pursuit of higher COPs aligns with broader goals of energy efficiency and
environmental sustainability. Reducing energy consumption for cooling reduces
greenhouse gas emissions and operational costs.

- High-performance systems inspired by thermodynamic principles can
significantly reduce electricity demand.

- Innovations such as magnetic refrigeration, thermoelectric cooling, and
advanced heat exchange materials aim to approach the ideal efficiencies
suggested by the Carnot cycle.

Future Directions and Research

Research continues into:

- Materials science for better thermoelectric and magnetic refrigerants.
- Cycle modifications (e.g., ideal regenerative cycles) that can surpass



traditional vapor compression efficiency.
- Integration with renewable energy sources to further reduce environmental
impact.

Conclusion: The Benchmark of Perfect Efficiency

The hypothetical Carnot air conditioner with a COP of 17.0, capable of
removing 72.0 MJ of heat, exemplifies the pinnacle of thermodynamic
efficiency. While unattainable in practical applications, such models serve
as essential benchmarks guiding technological advancements. They remind us
that the laws of thermodynamics set fundamental limits but also inspire
innovative efforts to approach these ideals.

In essence, understanding these principles not only deepens our knowledge of
heat transfer and thermodynamics but also drives the development of more
sustainable, efficient cooling solutions vital for modern society. As
engineers and researchers continue to innovate, the dream of approaching
Carnot’s perfect cycle becomes an ever-inspiring goal, promising a future
where cooling and refrigeration are both highly efficient and environmentally
friendly.
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