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This scenario presents an intriguing thermodynamic system involving a fixed volume of air contained
within a rigid, insulated vessel equipped with a paddle wheel. Understanding how the properties of the air
change under these conditions requires a comprehensive analysis rooted in the principles of
thermodynamics, including concepts of energy transfer, work, and the behavior of ideal gases. This article
delves into the detailed examination of this setup, exploring the initial conditions, the role of the paddle
wheel, energy interactions, and the resulting state changes.

---

Overview of the System and Initial Conditions

System Description
The system consists of a rigid, insulated container with a volume of 2 cubic meters, containing air at an
initial temperature of 293 Kelvin and an initial pressure of 200 kilopascals. The container is fitted with a
paddle wheel, which can rotate and induce mixing within the air. The key characteristics include:

- Rigid Container: No change in volume (constant volume).
- Insulated Container: No heat transfer with surroundings (adiabatic conditions).
- Paddle Wheel: An external device capable of doing work on the fluid (air), which can alter the energy
state.

Initial State Parameters
The initial conditions are:

- Volume (V): 2 m³
- Temperature (T₁): 293 K
- Pressure (P₁): 200 kPa

Using ideal gas law, we can determine the initial amount of air (in moles):



\[ PV = nRT \]

Where:
- \( R = 8.314 \, \text{J/(mol·K)} \)
- \( P = 200,000 \, \text{Pa} \)
- \( V = 2 \, \text{m}^3 \)
- \( T = 293 \, \text{K} \)

Calculating the number of moles:

\[ n = \frac{PV}{RT} = \frac{200,000 \times 2}{8.314 \times 293} \approx \frac{400,000}{2435.1} \approx
164.3 \, \text{mol} \]

This initial amount of air sets the stage for analyzing energy interactions as the paddle wheel operates.

---

Thermodynamic Principles Governing the System

First Law of Thermodynamics for an Isolated System
Since the container is insulated, there is no heat exchange (\( Q = 0 \)). The first law simplifies to:

\[ \Delta U = W_{\text{external}} \]

Where:
- \( \Delta U \) is the change in internal energy of the air.
- \( W_{\text{external}} \) is the work done on or by the system.

The paddle wheel can perform work on the air by imparting rotational energy, which can manifest as
internal energy increase, kinetic energy, or both.

Role of the Paddle Wheel
The paddle wheel is an external device that can do work on the fluid, typically converting electrical or
mechanical energy into kinetic energy within the air. If it operates continuously or intermittently, it
influences the energy distribution in the system:

- Work Input: If the paddle wheel is powered, it adds energy to the air.
- Work Output: If the paddle wheel is turned by the fluid, it can do work on an external load (less common



in isolated systems).

In an idealized scenario, assuming the paddle wheel is powered and does work on the air, the system's
energy increases, potentially changing temperature and pressure.

---

Analyzing the Energy Interactions

Work Done by the Paddle Wheel
The work done depends on the rotation speed and torque applied. For simplicity, consider two cases:

- Case 1: The paddle wheel does no net work (e.g., it is passive or frictionless), meaning the system remains
at initial energy unless other effects occur.
- Case 2: The paddle wheel supplies work, increasing the internal energy of the air.

In the case where the paddle wheel performs work \( W \) on the air, the change in internal energy
relates to the work:

\[ \Delta U = W \]

Since the container is insulated and rigid, no heat transfer occurs, and all energy input via the paddle
wheel goes into the internal energy of the air.

Change in Internal Energy
For an ideal gas, the internal energy depends solely on temperature:

\[ \Delta U = n C_v \Delta T \]

Where:
- \( C_v \) is the molar heat capacity at constant volume (for air, approximately 20.8 J/(mol·K)).

Thus, the temperature change:

\[ \Delta T = \frac{W}{n C_v} \]

This relation highlights that the energy supplied by the paddle wheel directly increases the temperature
of the air if work is done on the system.



---

Final State Conditions and Calculations

Scenario 1: No Work Done (Paddle Wheel Idle)
If the paddle wheel is not operating, the initial state remains unchanged because:

- No heat transfer (\( Q=0 \))
- No work done (\( W=0 \))
- System remains in initial equilibrium

The properties stay at:

- \( T_2 = 293\, K \)
- \( P_2 = 200\, kPa \)

Scenario 2: Paddle Wheel Performs Work, Heating the Air
Suppose the paddle wheel supplies work \( W \). The temperature increases according to:

\[ T_2 = T_1 + \frac{W}{n C_v} \]

The pressure also changes since:

\[ P V = n R T \]

Given \( V \) is constant:

\[ P_2 = \frac{n R T_2}{V} \]

Calculating the new pressure:

\[ P_2 = \frac{164.3 \times 8.314 \times T_2}{2} \]

The increase in temperature leads to an increase in pressure:

\[ \Delta P = P_2 - P_1 \]

where \( P_1 = 200\, \text{kPa} \).



---

Practical Applications and Implications

Energy Conversion and Mechanical Work
This system exemplifies fundamental thermodynamic processes such as:

- Conversion of work into internal energy
- Effect of work input on temperature and pressure
- Energy balancing in a closed, insulated system

Understanding such systems is crucial for designing turbines, compressors, and other equipment involving
gases in sealed environments.

Real-World Examples
Similar principles apply in various industries:

- Internal Combustion Engines: Where work is converted into heat and vice versa.
- Refrigeration Cycles: Involving work input to transfer heat.
- Gas Turbines and Jet Engines: Utilizing energy transfer and thermodynamic cycles.

---

Summary and Key Takeaways

- The initial conditions of the air are defined by the ideal gas law, with known volume, temperature, and
pressure.
- The paddle wheel can perform work on the air, influencing internal energy, temperature, and pressure.
- The energy transfer analysis relies on the first law of thermodynamics, considering the system as
adiabatic and rigid.
- An increase in work input results in an increase in internal energy and temperature, which
subsequently affects pressure.
- In practical applications, understanding these principles aids in designing efficient thermal systems and
engines.

---



Conclusion: Understanding the Thermodynamics of a Rigid,
Insulated Container with a Paddle Wheel

The analysis of two cubic meters of air in an insulated, rigid container fitted with a paddle wheel illustrates
core thermodynamic concepts such as energy transfer, work, and ideal gas behavior. Whether the paddle
wheel remains idle or performs work, the system's response depends on energy interactions governed by
fundamental laws. Recognizing these principles enables engineers and scientists to optimize energy
transfer processes in various mechanical and thermal systems, ensuring efficiency and effectiveness in
practical applications.

---
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Frequently Asked Questions

What is the initial state of the air in the container in terms of
temperature and pressure?
The air is initially at a temperature of 293K and a pressure of 200kPa.

What is the volume of the air in the container?
The volume of the air is 2 cubic meters (2 m^3).

Is the container undergoing a process where work is done on or by the
system?
Yes, since a paddle wheel is fitted, it can do work on the air, or the air can do work on the paddle wheel,
depending on the process.

Given the container is insulated and rigid, what type of thermodynamic
process is this?
It is an adiabatic and isochoric process, as the container is insulated (no heat transfer) and rigid (constant
volume).



How does the paddle wheel influence the energy of the air in the
container?
The paddle wheel can transfer mechanical work to or from the air, increasing or decreasing its internal
energy depending on its operation.

What is the significance of the container being rigid and insulated in
analyzing the process?
The rigidity ensures constant volume, and insulation means no heat transfer, simplifying the analysis to
work interactions alone.

How can the temperature of the air change if the paddle wheel does
work on it?
If the paddle wheel adds work to the air, the internal energy increases, which can raise the temperature; if
it removes work, the temperature may decrease.

How would you calculate the initial internal energy of the air in the
container?
Using the specific internal energy for air at 293K and 200kPa, multiplied by the mass, or via ideal gas
relations if appropriate.

What additional information is needed to determine the final state after
the paddle wheel operates?
The amount of work done by or on the paddle wheel and whether heat transfer occurs are needed to
determine the final temperature and internal energy.

Can the process be considered isentropic? Why or why not?
Not necessarily; since work is done by the paddle wheel and the process is adiabatic, entropy could change
unless the process is ideal and reversible.

Additional Resources
Two M³ Of Air In A Rigid, Insulated Container Fitted With A Paddle Wheel Is Initially At 293K, 200kPa

---



Introduction

The intriguing scenario of two cubic meters of air confined within a rigid, insulated container equipped
with a paddle wheel offers a rich ground for thermodynamic analysis. This setup, often encountered in
experimental and theoretical investigations, exemplifies the principles governing energy transfer, work,
and entropy in closed systems. The initial conditions — temperature at 293K and pressure at 200kPa —
provide a baseline for exploring how the system responds to internal mechanical interactions, especially
with the presence of a paddle wheel that introduces additional complexity due to its potential to perform
work on or extract work from the fluid.

This article aims to delve deeply into the thermodynamic behavior of this system, analyzing the processes
involved, the energy exchanges, and the implications for real-world applications. We will systematically
examine the properties of the air, the role of the paddle wheel, and the possible outcomes of various
idealized and practical scenarios, ultimately providing a comprehensive understanding suitable for
researchers, engineers, and students interested in thermodynamics.

---

System Description and Initial Conditions

The core of our investigation is a rigid, insulated container filled with air:

- Volume (V): 2 m³
- Initial Temperature (T₁): 293K
- Initial Pressure (P₁): 200kPa
- Container characteristics: Rigid (fixed volume), perfectly insulated (no heat transfer with surroundings)
- Internal device: Paddle wheel capable of rotating within the container

The rigid and insulated nature of the container ensures that the boundary work exchanged with
surroundings is zero, and the heat transfer is negligible or zero unless explicitly specified. The paddle
wheel, however, introduces an internal mechanism that can alter the energy state of the air through work
interactions.

---

Thermodynamic Properties of the Air at Initial Conditions

Considering the initial conditions, it is essential to characterize the state of the air before any process occurs.



Calculating Initial State Parameters

Given the ideal gas law:

\[ PV = m R T \]

Where:

- \( P = 200\, \text{kPa} = 200,000\, \text{Pa} \)
- \( V = 2\, \text{m}^3 \)
- \( T = 293\, \text{K} \)
- \( R \) (specifically for air): approximately 287 J/(kg·K)

Mass (\( m \)) of air:

\[ m = \frac{PV}{RT} = \frac{200,000 \times 2}{287 \times 293} \]

Calculations:

\[ m \approx \frac{400,000}{84,091} \approx 4.76\, \text{kg} \]

Thus, the system initially contains approximately 4.76 kg of air.

Initial Internal Energy and Enthalpy

For an ideal gas:

- Internal energy:

\[ U = m c_v T \]

- Enthalpy:

\[ H = m c_p T \]

Where:

- \( c_v \) (specific heat at constant volume): approximately 718 J/(kg·K)
- \( c_p \) (specific heat at constant pressure): approximately 1005 J/(kg·K)

Calculations:



\[ U_1 = 4.76 \times 718 \times 293 \approx 4.76 \times 210,274 \approx 1,000,100\, \text{J} \]

\[ H_1 = 4.76 \times 1005 \times 293 \approx 4.76 \times 294,465 \approx 1,400,000\, \text{J} \]

These initial energy values serve as a baseline for analyzing the process dynamics.

---

Role and Function of the Paddle Wheel

The paddle wheel within the insulated container introduces a unique mechanism for energy transfer:

- Work Interaction: The paddle wheel can perform work on the fluid or have work done by the fluid,
depending on its rotation.
- Energy Addition: Mechanical work supplied to the paddle wheel increases the internal energy of the air
if the wheel is powered externally.
- Energy Extraction: Conversely, if the paddle wheel is driven by the air’s motion, it can extract work,
effectively converting kinetic energy into potential or internal energy.

Analysis of Paddle Wheel Operation

The paddle wheel's effect depends on its mode of operation:

- External Power Input: When driven by an external motor, the paddle wheel adds energy to the air,
increasing its internal energy and temperature.
- Self-Acting: If the paddle wheel is free to rotate due to pressure differences or internal energy, it can
perform work by the fluid, representing a conversion of internal or kinetic energy into mechanical work.

In an idealized scenario with a massless, frictionless paddle wheel and no energy losses, the primary
concern becomes how mechanical work influences the thermodynamic state.

---

Thermodynamic Processes and Energy Analysis

Given the initial conditions and system setup, several process pathways are possible depending on the
paddle wheel's operation:



2.1. No External Work or Heat Transfer (Isolated System)

In the absence of any external work input or heat transfer:

- Since the container is insulated and rigid, no boundary work occurs.
- The internal energy of the air remains constant (\( U = U_1 \)), assuming no internal work.

However, the paddle wheel may induce internal energy redistribution if it interacts with the fluid:

- If the paddle wheel is stationary: No change occurs.
- If the paddle wheel spins due to internal pressure: It converts some of the internal energy into kinetic
energy of the wheel, eventually possibly dissipating as heat if friction exists.

In an idealized, frictionless, and adiabatic scenario, the energy remains within the system, with no net
change.

2.2. External Work Input via Paddle Wheel

Suppose an external motor drives the paddle wheel:

- Work done on the air (\( W_{in} \)) increases the internal energy:

\[ \Delta U = W_{in} \]

- Temperature increase follows from the increase in internal energy:

\[ T_{final} = T_{initial} + \frac{W_{in}}{m c_v} \]

- Pressure and density change accordingly, assuming ideal gas behavior.

- Energy balance:

\[ \text{Initial}:\quad U_1 \]

\[ \text{Final}:\quad U_2 = U_1 + W_{in} \]

2.3. Work Extraction by the Paddle Wheel

If the paddle wheel is free to rotate and is driven by the internal pressure:

- It performs work on the fluid, decreasing the internal energy:

\[ \Delta U = -W_{out} \]



- The energy extracted could be used to perform external work if connected to a generator or other device,
or could be dissipated as heat internally.

- The resulting effect is a cooling of the air, leading to a decrease in temperature.

---

Energy and Entropy Considerations

Understanding the entropy changes in this system is pivotal, especially given the idealized assumptions.

2.1. Isolated System with No Dissipation

- If no energy is added or removed, the entropy remains constant.
- The process is isentropic, with no change in entropy.

2.2. Work Input or Extraction

- When work is added (or extracted), the process can be considered reversible or irreversible depending on
the presence of dissipative effects.

- Reversible process: No entropy generation; the temperature and pressure change accordingly.

- Irreversible process: Due to friction, turbulence, or other dissipative effects, entropy increases.

In the idealized scenario with perfect insulation, no heat transfer, and frictionless components, the process is
ideally reversible, and entropy remains unchanged.

2.3. Implications for Thermodynamic Efficiency

- Since the container is insulated, the second law of thermodynamics constrains the possible processes.
- Any work done by the system can be harnessed, but the entropy considerations dictate limits on
efficiency.

---

Potential Process Scenarios and Outcomes

Based on the initial conditions and system configuration, several process scenarios can unfold:



2.1. No External Intervention

- The paddle wheel remains stationary.
- No change in internal energy, temperature, or pressure.
- System remains in initial equilibrium: 293K, 200kPa.

2.2. External Mechanical Work Supplied

- The paddle wheel is powered externally.
- Internal energy increases, raising temperature and pressure.
- The system effectively undergoes a heating process at constant volume.

2.3. Self-Driven Paddle Wheel

- Pressure differences cause the paddle wheel to rotate.
- The system performs internal work, decreasing internal energy and temperature.
- Possible cooling effect within the container.

2.4. Dissipative Effects

- Friction in the paddle wheel converts mechanical work into heat.
- Heat is retained within the system due to insulation.
- Entropy increases due to irreversibility.

---
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