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During The Isothermal Heat Rejection Process Of A Carnot Cycle, The Working Fluid
Experiences An Entropy. This fundamental aspect of thermodynamics plays a crucial role in
understanding the efficiency and behavior of the Carnot cycle, which is a theoretical model
representing the most efficient heat engine possible. In this article, we explore in detail what occurs
during the isothermal heat rejection phase, focusing on the entropy changes experienced by the
working fluid, and how this process fits into the broader context of thermodynamic principles.

Understanding the Carnot Cycle

The Carnot cycle is a theoretical construct that defines the maximum possible efficiency for a heat
engine operating between two thermal reservoirs. It consists of four reversible processes:

Isothermal Expansion

Adiabatic Expansion

Isothermal Compression

Adiabatic Compression

Each phase involves specific changes in the working fluid’s thermodynamic state, with implications
for heat transfer, work output, and entropy.

The Isothermal Heat Rejection Process

The isothermal heat rejection process is the third phase in the Carnot cycle, during which the
working fluid releases heat to the cold reservoir while maintaining a constant temperature. This
process occurs during the transition from the adiabatic expansion to the adiabatic compression
phase.

Process Description

During this phase:



- The working fluid, typically a gas, is compressed at a constant temperature equal to that of the cold
reservoir.
- Heat \(Q_C\) is expelled from the working fluid to the cold reservoir.
- The process is reversible and occurs quasistatically to ensure maximum efficiency.

This process is critical because it effectively removes the waste heat from the system, allowing the
cycle to complete and be repeated.

Entropy Changes During Isothermal Heat Rejection

Entropy, a measure of disorder or randomness within a thermodynamic system, plays a central role
in analyzing heat transfer processes. During the isothermal heat rejection phase:

Entropy of the Working Fluid

Since the process occurs at a constant temperature \(T_C\), the change in entropy \(\Delta S\) of the
working fluid can be expressed as:

\[
\Delta S = - \frac{Q_C}{T_C}
\]

Where:

- \(Q_C\) is the heat rejected to the cold reservoir (positive value).
- The negative sign indicates that the working fluid is losing heat, resulting in a decrease in entropy.

This relationship signifies that during heat rejection, the working fluid’s entropy decreases as it
gives up heat to the cold reservoir.

Entropy of the Cold Reservoir

The cold reservoir gains heat \(Q_C\), and its entropy increases by:

\[
\Delta S_{reservoir} = \frac{Q_C}{T_C}
\]

Since the process is reversible, the total entropy change of the universe during this phase is zero:

\[
\Delta S_{total} = \Delta S_{working\,fluid} + \Delta S_{reservoir} = 0
\]

This highlights the idealized nature of the Carnot cycle, where the process involves no net increase



in entropy and is perfectly reversible.

Thermodynamic Significance of Entropy in the
Isothermal Rejection

The behavior of entropy during this process underscores several key principles:

Reversibility and Ideal Conditions

The Carnot cycle assumes reversible processes, meaning no entropy is generated within the system.
The entropy decrease of the working fluid matches the entropy increase of the cold reservoir,
maintaining a constant total entropy in the universe.

Maximum Efficiency

The isothermal heat rejection at the cold reservoir temperature \(T_C\) is crucial for maximizing the
cycle’s efficiency. The efficiency \(\eta\) of a Carnot engine is given by:

\[
\eta = 1 - \frac{T_C}{T_H}
\]

where \(T_H\) is the temperature of the hot reservoir. The process's reversibility and entropy
transfer ensure that the cycle operates at the theoretical maximum efficiency.

Real-World Implications

In practical systems, irreversibilities and entropy generation cause deviations from ideal behavior.
Nonetheless, understanding the entropy changes during isothermal heat rejection helps engineers
design more efficient heat engines and refrigeration cycles.

Mathematical Expressions and Calculations

To quantify the entropy change during the heat rejection process, consider the working fluid as an
ideal gas undergoing a reversible isothermal process:

\[
Q_C = nRT_C \ln \left( \frac{V_2}{V_1} \right)
\]



Where:

- \(n\) is the number of moles of gas,
- \(R\) is the universal gas constant,
- \(V_1\) and \(V_2\) are the initial and final volumes of the working fluid during this process.

The entropy change of the working fluid can then be expressed as:

\[
\Delta S = nR \ln \left( \frac{V_2}{V_1} \right)
\]

Since heat is rejected:

\[
\Delta S = - \frac{Q_C}{T_C} = - n R \ln \left( \frac{V_2}{V_1} \right)
\]

This demonstrates that the entropy decrease of the working fluid corresponds exactly to the entropy
increase of the cold reservoir, preserving the total entropy in an ideal process.

Practical Applications and Limitations

While the Carnot cycle provides a theoretical maximum efficiency, real-world applications face
several challenges:

Irreversibilities such as friction, unrestrained expansions, and heat transfer through finite
temperature gradients cause entropy production, reducing efficiency.

Achieving perfect isothermal heat rejection is difficult due to practical limitations in heat
exchanger design and finite temperature differences.

Material constraints and energy losses mean that actual engines operate below the Carnot
efficiency, with entropy generation being inevitable.

Understanding the entropy dynamics during the isothermal heat rejection process allows engineers
to optimize cycle components and improve overall system performance.

Conclusion

During the isothermal heat rejection process of a Carnot cycle, the working fluid experiences a
decrease in entropy as it releases heat to the cold reservoir at a constant temperature. This entropy
change is fundamental to the thermodynamic analysis of the cycle, illustrating the principles of
reversibility, maximum efficiency, and the conservation of entropy in an idealized system.



Recognizing these principles helps in the design and optimization of real heat engines and
refrigeration systems, despite the inherent limitations posed by irreversibilities and practical
constraints. Mastery of entropy behavior during this process is thus essential for advancing
thermodynamic engineering and enhancing energy conversion technologies.

Frequently Asked Questions

What happens to the entropy of the working fluid during the
isothermal heat rejection in a Carnot cycle?
During the isothermal heat rejection process, the entropy of the working fluid decreases as it
releases heat to the surroundings at a constant temperature.

Why is the entropy of the working fluid constant during the
isothermal process in a Carnot cycle?
Because the process occurs at a constant temperature and involves a reversible transfer of heat, the
entropy change of the working fluid is zero during the ideal isothermal step; however, during heat
rejection, entropy is transferred out, leading to a decrease in the fluid's entropy.

How is entropy change related to heat rejection during the
isothermal process in a Carnot cycle?
The entropy change of the working fluid during the isothermal heat rejection is given by ΔS = -Q_c /
T, indicating a decrease proportional to the heat rejected at temperature T.

Does the entropy of the working fluid increase, decrease, or
remain constant during the heat rejection process?
The entropy of the working fluid decreases during the heat rejection process as it expels heat to the
surroundings.

Is the isothermal heat rejection process of a Carnot cycle
reversible in terms of entropy?
Yes, the process is ideally reversible, meaning the total entropy of the universe remains unchanged,
with the working fluid's entropy decreasing while the surroundings' entropy increases by the same
amount.

What role does entropy play in the efficiency of a Carnot cycle
during the heat rejection phase?
During heat rejection, the decrease in the working fluid's entropy reflects the transfer of heat out of
the system, contributing to the cycle's maximum theoretical efficiency, as dictated by entropy



considerations.

How does the entropy change during the isothermal heat
rejection compare to that during heat absorption in a Carnot
cycle?
During heat absorption, the entropy of the working fluid increases, while during heat rejection, it
decreases; both processes are reversible and occur at constant temperature.

Can the entropy change during the heat rejection process be
zero in a real Carnot cycle?
No, in real cycles, irreversibilities cause entropy production, so the entropy change during heat
rejection is greater than the ideal case; however, in an ideal Carnot cycle, it is precisely calculable
and reversible.

How is the entropy change during the isothermal heat
rejection process calculated?
It is calculated using the formula ΔS = -Q_c / T, where Q_c is the heat rejected to the cold reservoir
at temperature T.

Why is understanding entropy important during the heat
rejection phase of a Carnot cycle?
Because entropy change quantifies the irreversibility and efficiency limits of the cycle, helping to
analyze how effectively heat is expelled and the theoretical maximum work obtainable.

Additional Resources
During The Isothermal Heat Rejection Process Of A Carnot Cycle, The Working Fluid Experiences An
Entropy Change

---

Introduction

The Carnot cycle is a fundamental concept in thermodynamics, often regarded as the idealized
engine operating between two heat reservoirs. It exemplifies maximum efficiency and provides
critical insights into the nature of heat, work, and entropy. Within the cycle, the process of heat
rejection at a constant temperature—the isothermal heat rejection—is of particular interest because
it involves notable thermodynamic transformations, especially concerning the entropy of the working
fluid.

This review aims to provide a comprehensive understanding of what occurs during the isothermal
heat rejection phase of a Carnot cycle, with a specific emphasis on the entropy change experienced



by the working fluid. We will explore the thermodynamic principles, mathematical derivations, and
physical interpretations to clarify how entropy behaves during this process.

---

Overview of the Carnot Cycle

Before delving into the specifics of the isothermal heat rejection process, it is essential to
understand the entire Carnot cycle's structure:

1. Isothermal Expansion (A → B):
- The working fluid absorbs heat \(Q_{in}\) from a high-temperature reservoir at temperature
\(T_H\).
- The process occurs at constant temperature \(T_H\).
- The working fluid expands, doing work on the surroundings.

2. Adiabatic Expansion (B → C):
- The working fluid expands without heat exchange.
- The temperature drops from \(T_H\) to \(T_C\).

3. Isothermal Compression (C → D):
- The working fluid releases heat \(Q_{out}\) to a low-temperature reservoir at temperature \(T_C\).
- The process occurs at constant temperature \(T_C\).
- The fluid is compressed, and work is done on it.

4. Adiabatic Compression (D → A):
- The working fluid is compressed without heat exchange.
- The temperature rises from \(T_C\) back to \(T_H\).

The focus of this review is the isothermal compression process (C → D), during which the working
fluid rejects heat \(Q_{out}\) to the cold reservoir at \(T_C\).

---

Thermodynamic Principles of the Isothermal Heat Rejection

First Law of Thermodynamics

In the isothermal process:
\[
Q_{out} = W_{compression}
\]
since the internal energy change \(\Delta U\) for an ideal gas or idealized fluid remains zero at
constant temperature, implying:
\[
\Delta U = 0 \Rightarrow Q_{out} = W_{compression}
\]

Second Law of Thermodynamics

The second law introduces the concept of entropy and dictates that:



\[
\Delta S_{universe} \geq 0
\]
with equality for reversible processes, which the Carnot cycle aims to approximate.

During the isothermal process, the working fluid exchanges heat with the reservoir in such a way
that the total entropy change of the universe is zero if the process is reversible.

---

Entropy Change in the Isothermal Heat Rejection

Definition of Entropy

Entropy (\(S\)) is a state function quantifying the degree of disorder or the number of microscopic
configurations consistent with the macroscopic state. For a reversible process involving heat
transfer at a constant temperature:
\[
\Delta S = \frac{Q_{rev}}{T}
\]

Where:
- \(\Delta S\) is the change in entropy of the system.
- \(Q_{rev}\) is the heat transfer under reversible conditions.
- \(T\) is the absolute temperature at which heat transfer occurs.

Entropy Change of the Working Fluid

During the isothermal heat rejection process in the Carnot cycle:

- The working fluid loses heat \(Q_{out}\) to the cold reservoir at temperature \(T_C\).
- If the process is reversible, the entropy of the working fluid decreases by:
\[
\Delta S_{fluid} = -\frac{Q_{out}}{T_C}
\]
- The negative sign indicates entropy reduction in the working fluid because it is releasing heat.

Entropy Change of the Cold Reservoir

The reservoir gains heat \(Q_{out}\):
\[
\Delta S_{reservoir} = + \frac{Q_{out}}{T_C}
\]

Since the heat transfer occurs reversibly and at constant temperature, the total entropy change of
the universe during this process is zero:
\[
\Delta S_{total} = \Delta S_{fluid} + \Delta S_{reservoir} = 0
\]

This idealized scenario underscores the reversible nature of the Carnot cycle.



---

Mathematical Derivation of Entropy Change

Assuming the working fluid behaves as an ideal gas, the entropy change during isothermal
compression can be derived explicitly:

\[
\Delta S_{fluid} = n R \ln \frac{V_D}{V_C} \quad \text{or} \quad \Delta S_{fluid} = - n R \ln
\frac{V_B}{V_A}
\]
for the compression process \(C \to D\), where:

- \(n\) is the number of moles.
- \(R\) is the universal gas constant.
- \(V_A, V_B, V_C, V_D\) are the respective volumes at key points.

Given the heat transfer relation for an isothermal process:
\[
Q_{out} = n R T_C \ln \frac{V_D}{V_C}
\]
and because the process is reversible at constant temperature:
\[
\Delta S_{fluid} = - \frac{Q_{out}}{T_C} = - n R \ln \frac{V_D}{V_C}
\]
which aligns with the earlier expression.

---

Physical Interpretation and Implications

Entropy Decrease in the Working Fluid

The key takeaway from the entropy change during isothermal heat rejection is:

- The working fluid loses entropy, proportional to the heat expelled divided by the temperature
\(T_C\).
- This decrease reflects a more ordered state or lower microscopic disorder as the fluid's thermal
energy diminishes.

Reversibility and Ideal Conditions

- In a reversible process, the entropy decrease in the working fluid is exactly balanced by the
entropy increase in the cold reservoir, resulting in zero net entropy change of the universe.
- Real processes are irreversible; hence, actual entropy production occurs, making the entropy
change of the universe positive.

Significance in Thermodynamic Efficiency

- The entropy change during heat rejection impacts the maximum efficiency of the Carnot cycle.
- Since entropy must decrease in the working fluid during heat rejection, the process must be



carefully controlled to maintain reversibility.
- Any irreversibility (e.g., friction, finite temperature gradients) leads to additional entropy
production, reducing efficiency.

---

Practical Considerations and Real-World Applications

While the Carnot cycle is an idealized theoretical model, understanding entropy behavior during the
heat rejection process is crucial for:

- Designing efficient heat engines and refrigerators.
- Optimizing heat exchanger systems, ensuring minimal entropy generation.
- Analyzing entropy production in real thermodynamic cycles, which inevitably deviate from
reversibility.

Engineering systems aim to approach the idealized Carnot process by reducing irreversibilities, thus
minimizing entropy generation during heat rejection.

---

Summary and Key Takeaways

- During the isothermal heat rejection process of a Carnot cycle, the working fluid experiences a
decrease in entropy.
- The entropy change of the working fluid is given by:
\[
\boxed{
\Delta S_{fluid} = - \frac{Q_{out}}{T_C}
}
\]
- This process is ideally reversible, with the entropy decrease in the fluid exactly balanced by the
entropy increase in the cold reservoir.
- The physical interpretation of this entropy change underscores the transition to a more ordered
state as the fluid relinquishes heat.
- Irreversibilities in real systems cause additional entropy production, reducing efficiency and
increasing the entropy of the universe.

Understanding these thermodynamic intricacies is fundamental for advancing energy conversion
technologies and improving the efficiency of thermal systems.

---

Final Remarks

The study of entropy changes during the isothermal heat rejection phase in a Carnot cycle provides
profound insights into the nature of irreversibility, energy quality, and the fundamental limits
imposed by the second law of thermodynamics. Mastery of these concepts guides engineers and
scientists toward designing more efficient thermal systems and deepens our comprehension of
energy transformations at the microscopic level.
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