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Understanding the work energy involved in gas expansions is fundamental in
thermodynamics. When a gas expands or compresses, it either gains or loses
work energy depending on the process conditions. Specifically, calculating
the work done during an expansion from 20 liters to 35 liters against
external forces provides insight into energy transfer mechanisms. This
article offers a comprehensive guide to calculating the work energy, W,
gained or lost by the system during such an expansion, covering the
theoretical background, formulas involved, step-by-step calculation
procedures, and practical examples.

Fundamentals of Work in Thermodynamics

Before diving into calculations, it’s essential to understand what work
entails in thermodynamic systems, especially gases. Work (W) in
thermodynamics refers to the energy transfer that occurs when a system
interacts with its surroundings due to a force acting through a distance.

Types of Work in Gas Processes

1. Expansion or Compression Work: The work associated with volume change at
constant or variable pressure, typically expressed as PV work.

2. Other forms: Shaft work, electrical work, but PV work is most relevant
in gas expansion scenarios.

Work Done During Gas Expansion

The work done by a gas during expansion or compression is calculated using
the integral:

\ [
W = \int {V i}"~{V_f} P\,dV
\1



where:

- \(V_i\) = initial volume
- \(V_f\) = final volume
- \(P\) = pressure (which may vary depending on the process)

The sign convention is such that:
- Work done by the system (the gas) is positive.
- Work done on the system is negative.

Types of Thermodynamic Processes and Their
Impact on Work Calculation

The calculation of work depends heavily on the process path followed during
expansion. The three common idealized processes are:

1. Isobaric Process (Constant Pressure)

- Pressure remains constant during expansion.
- Work is straightforward to calculate.

2. Isothermal Process (Constant Temperature)

- Temperature remains constant.
- Pressure varies inversely with volume.
- Requires integrating PV = constant.

3. Adiabatic Process (No Heat Exchange)

- No heat transfer occurs.
- Pressure and volume change according to adiabatic relations.

Knowing which process the gas undergoes from 20 L to 35 L is critical for
accurate work calculation.

Calculating Work for Different Expansion
Processes

Depending on the process, the formulas for work differ.



1. Work in an Isobaric Expansion

\ [

W =P {ext} (V.f -V i)

\1]

- \(P_{ext}\) = external pressure (assumed constant)

- Volumes must be in consistent units, typically cubic meters.

2. Work in an Isothermal Expansion

W = nRT \ln \frac{V f}{Vv i}

- \(n\) = number of moles of gas
ideal gas constant (8.314 J/mol-K)
absolute temperature (Kelvin)
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3. Work in an Adiabatic Expansion

\ [

W= \frac{P i Vi - P fV f}{\gamma - 1}

\1]

or by integrating:

\ [

W= \frac{P i Vi - P fV f}{\gamma - 1}

\1]

where:

- \(\gamma = C p / C v\) (ratio of specific heats)
- \(P_1i, V_ i\) = initial pressure and volume
- \(P_f, V. f\) = final pressure and volume

Note: Without details on the process or initial pressures, assumptions are
necessary for calculations.

Step-by-Step Calculation Approach

Here’s a general method to compute work energy during an expansion from 20 L
to 35 L:

Step 1: Identify the Process Type

- Determine if the expansion is isobaric, isothermal, or adiabatic.
- Use process-specific assumptions or given data.



Step 2: Convert Volumes to SI Units

- 1 liter = 0.001 cubic meters.
- So, \(V. i = 20\,L = 0.020\,m"3\).
- \(V_f = 35\,L = 0.035\,m"3\).

Step 3: Gather Necessary Additional Data

- External pressure (\(P_{ext}\)), or
- Temperature (\(T\)), or
- Initial pressure (\(P_i\)) and final pressure (\(P_f\)).

Step 4: Apply the Appropriate Formula

- Use the formula based on the process.
- Be consistent with units.

Step 5: Perform the Calculation

- Plug in the known values.
- Calculate work energy, noting the sign.

Step 6: Interpret Results

- Positive work indicates work done by the system.
- Negative work indicates work done on the system.

Sample Calculation: Isobaric Expansion Scenario

Suppose a gas expands from 20 L to 35 L against a constant external pressure
of 100 kPa.

Given Data

e Initial volume, \(V_i = 0.020\,m"3\)
e Final volume, \(V f = 0.035\,m"3\)

e External pressure, \(P_{ext} = 100\,kPa = 100,000\, Pa\)



Calculation

\ [

W =P {ext} (V.f -V i) = 100,000\,Pa \times (0.035\,m"3 - 0.020\,m"3) =
100,000 \times 0.015 = 1,500\,J

\]

Since the gas expands against external pressure, the work done by the system
is +1500 Joules.

Interpretation

- The gas does 1500 Joules of work during expansion.
- The system gains energy in the form of work output.

Additional Considerations

While the above example assumes constant external pressure, real-world
processes may involve variable pressure, temperature changes, or adiabatic
conditions. In such cases, the calculations become more complex and often
require integrating the pressure-volume relationship or applying
thermodynamic relations.

Accounting for Real Gas Behavior

- If the gas does not behave ideally, correction factors or real gas
equations (like Van der Waals) are necessary.

- For most practical purposes, ideal gas assumptions suffice unless high
precision is required.

Impact of Temperature and Pressure Changes

- Changes in temperature affect the internal energy but not directly the
work, unless linked via the first law of thermodynamics.

- Understanding the initial and final states enables better estimation of
work involved.

Practical Applications of Gas Work Calculations

Calculating work energy during gas expansion has numerous applications across
engineering and physics, including:

1. Engines and Pistons: Estimating work output in internal combustion



engines.
2. Refrigeration Cycles: Understanding work input in compressor cycles.

3. Chemical Reactors: Assessing work done during gas expansion or
compression in industrial processes.

4. Aerospace Engineering: Propellant expansion in rockets.

5. Environmental Studies: Analyzing atmospheric gas movements and energy
transfer.

Conclusion

Calculating the work energy, W, gained or lost by a gas during expansion from
20 L to 35 L involves understanding the process path and applying the
appropriate thermodynamic formulas. Whether the process is isobaric,
isothermal, or adiabatic, the fundamental relation involves integrating
pressure over the change in volume. Accurate calculations require knowledge
of initial conditions, process specifics, and system parameters. By mastering
these calculations, engineers and scientists can better analyze energy
transfer processes, design efficient systems, and interpret thermodynamic
phenomena with confidence.

Remember:

- Always convert units to SI for consistency.

- Clarify the process type before choosing the formula.

- Sign conventions are crucial for correct interpretation.

- Practical scenarios may involve more complex models, but the principles
remain the same.

Optimize your thermodynamic analyses by understanding and applying these
principles, ensuring precise and reliable results in your engineering and
scientific endeavors.

Frequently Asked Questions

What is the formula to calculate work done during
the expansion of a gas against a constant external
pressure?

The work done is given by W = P x AV, where P is the external pressure and AV



is the change in volume.

How do you determine whether the work is positive or
negative during gas expansion?

Work is positive when the system does work on the surroundings (expansion),
and negative when work is done on the system (compression). For expansion, W
is positive.

What units should be used for pressure and volume
when calculating work in this context?

Pressure should be in Pascals (Pa) and volume in cubic meters (m3) to keep SI
units consistent. 1 L = 0.001 m3.

Given a gas expands from 20 L to 35 L against a
constant external pressure of 1 atm, what is the
work done?

Convert volumes: 20 L = 0.020 m3, 35 L = 0.035 m3. External pressure: 1 atm =
101,325 Pa. Work W = P x AV = 101,325 Pa x (0.035 - 0.020) m3 = 101,325 x
0.015 = 1,519.875 Joules.

Does the work done by the system increase or
decrease when the gas expands from 20 L to 35 L?

The system does positive work on the surroundings during expansion, so the
work gained by the system is positive.

How does changing external pressure affect the work
done during gas expansion?

Higher external pressure increases the magnitude of work done during
expansion, as work W = P x AV depends directly on pressure.

Can the work energy be calculated if the pressure
varies during the expansion?

Yes, if the pressure varies, work is calculated as the integral of P dV over
the volume change: W = [ P dV, which may require additional data or a P-V
diagram.

What is the significance of the sign of work in



thermodynamics?

The sign of work indicates whether the system gains energy (positive work) or
loses energy (negative work) during a process, helping to understand energy
transfer directions.

If the gas expands against a constant external
pressure of 1 atm from 20 L to 35 L, what 1is the
work done in kilojoules?

Using previous calculation: 1,519.875 Joules, which equals approximately 1.52
kJ. The work done is +1.52 kJ, indicating energy transferred from the system
to the surroundings.

How does the ideal gas law relate to calculating
work during expansion?

While the ideal gas law (PV = nRT) relates pressure, volume, and temperature,
calculating work requires external pressure and volume change; the law helps
determine pressures at different states but does not directly give work.

Additional Resources

Calculate The Work Energy, W, Gained Or Lost By The System When A Gas Expands
From 20 L To 35 L Against a resistance or external pressure is a fundamental
concept in thermodynamics, shedding light on how energy transfer occurs
during processes involving gases. Whether in engines, refrigeration cycles,
or natural phenomena, understanding how to compute the work done by or on a
gas during expansion or compression is essential for engineers, physicists,
and students alike. This article provides a comprehensive guide to
calculating the work energy, W, gained or lost by a system during such an
expansion, covering different process types, formulas, and practical
considerations.

Understanding Work in Thermodynamics

In thermodynamics, work is defined as the energy transferred when a system
interacts with its surroundings through mechanical means. For gases, this
often involves volume changes caused by expansion or compression against
external forces. The work done, denoted as W, can be positive or negative:

- Positive work (W > 0): The system does work on the surroundings—common 1in
expansion.

- Negative work (W < 0): Work is done on the system—common in compression.

The calculation of work depends heavily on the nature of the process—whether



it is isothermal, adiabatic, isobaric, or polytropic—and the path taken
during the process.

Basic Concept of Work Done During Gas Expansion

The general expression for work done by a gas during a process where volume
changes from Vi to V: is:

W=1_]Pdv
This integral sums the infinitesimal work contributions over the volume
change, considering the pressure P as a function of volume or other

variables.

In many practical problems, simplifying assumptions are made based on the
process type, allowing explicit formulas to be used.

Types of Processes and Their Impact on Work Calculation
1. Isothermal Expansion (Constant Temperature)
Process: T remains constant.

Equation: For an ideal gas, PV = n R T (constant).
Work Done:

W=nRT ln(Vz2 / V1)
Since T is constant, pressure varies inversely with volume.

- Key Point: The work depends on the initial and final volumes and the
temperature.

2. Adiabatic Expansion (No Heat Exchange)
Process: Q = 0 (no heat transfer).

Equation: P V*y = constant, where y = C p / C v.
Work Done:

W= (P2 V2 - P1 V1) / (1 - YY)

Key Point: The process involves more complex calculations because pressure
and temperature change during expansion.

3. Isobaric Expansion (Constant Pressure)

- Process: P remains constant.
- Work Done:



W=P (V2 - V1)

Key Point: Simplest to calculate, as pressure is constant.
4. Polytropic Process (Generalized Process)

Process: P V*n = constant.
Work Done:

W= (P2 V2 - P Vi) /7 (1 - n)

Key Point: This formula covers a range of processes depending on n.

Practical Example: Calculating Work During Gas Expansion

Let's explore a specific example to understand how to compute the work
energy, W, gained or lost by the system during expansion from 20 L to 35 L.

Given Data:

- Initial volume, Vi = 20 L

- Final volume, V2 = 35 L

- Initial pressure, P1 =1 atm
- Final pressure, P2 = 0.5 atm

- Process type: Assume an isothermal process at 300 K.

Note: For simplicity, gases are assumed ideal.

Step-by-Step Calculation for Isothermal Expansion
Step 1: Convert Volumes to SI Units

-1L=0.001 m3

- Vi =20L =0.020 m3

-V2=35L=20.035 m3
Step 2: Convert Pressures to SI Units

- 1 atm = 101,325 Pa

- P2

101,325 Pa

- P2

0.5 atm = 50,662.5 Pa

Step 3: Confirm the Process Conditions



- Assuming ideal gas behavior, and constant temperature (T = 300 K).

- Number of moles, n, can be derived from initial conditions:

PV = nRT

n =PV /RT

R = 8.314 J/(mol-K)

n = (101,325 Pa x 0.020 m3) / (8.314 J/(mol-K) x 300 K)
n = (2026.5) / (2494.2) = 0.812 mol

Step 4: Calculate Work Done
Using the isothermal work formula:
W=nRT ln(V2 / V1)

Plugging in the values:

W =0.812 mol x 8.314 J/(mol:K) x 300 K x 1n(0.035 / 0.020)
W= 0.812 x 8.314 x 300 x 1ln(1.75)
Calculate:

- 0.812 x 8.314 = 6.75

- 6.75 x 300 = 2025 J

- In(1.75) = 0.5606

Finally:

W = 2025 J x 0.5606 = 1137 J

Result: The gas does approximately 1137 Joules of work during this isothermal
expansion, meaning the system gains energy from the surroundings.

Considering Other Process Types
If the process isn't isothermal, the calculation varies. For example:

- Adiabatic expansion involves different formulas, taking into account the
specific heat ratio y.

- Constant pressure expansion simplifies to W =P (V2 - Vi), with pressures
in consistent units.



Additional Factors and Practical Considerations
External Pressure and Real-World Conditions

In real systems, the external pressure may not remain constant, and the
process could involve complex pressure-volume relationships. When the
expansion occurs against a variable external pressure, the work calculation
must incorporate the actual pressure at each step, often requiring
integration.

Non-Ideal Gas Behavior

At high pressures or low temperatures, gases deviate from ideal behavior,
necessitating the use of real gas equations of state like Van der Waals.

Heat Transfer and Internal Energy Changes

Work calculations often accompany analysis of heat transfer (Q) and internal
energy change (AU). The First Law of Thermodynamics relates these:

Understanding the work involved helps in comprehensive energy accounting.

Summary of Key Steps to Calculate Work During Gas Expansion

Identify the process type (isothermal, adiabatic, isobaric, polytropic).
Gather initial and final parameters (volumes, pressures, temperatures).
Convert units to SI for consistency.

. Use the appropriate formula based on the process:

Isothermal: W= n R T ln(V2 / Vi)

Isobaric: W =P (V2 - Vi)

Adiabatic or polytropic: W= (P2 V2 - P1 Vi) / (1 - n) or similar.

5. Calculate the work and interpret whether the system gains or loses energy.

A WN R

Final Thoughts

Calculating the work energy, W, gained or lost by a system during gas
expansion from 20 L to 35 L is a fundamental task that reveals the underlying
energy exchanges. The process specifics—whether isothermal, adiabatic, or
another—determine the exact approach and formulas used. Mastery of these
calculations equips engineers and scientists with critical insights into
thermodynamic efficiencies, energy management, and system design.

By understanding the principles and practicing with real-world data, you can



accurately evaluate the energetic implications of gas expansion processes in
various applications—from engines to industrial reactors.
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