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Understanding how temperature influences pressure within a confined vessel is
fundamental in thermodynamics and engineering. When a gas is contained within
a rigid, sealed vessel-meaning the volume remains constant—the relationship
between temperature and pressure becomes a crucial aspect to analyze.
Specifically, increasing the temperature of the gas to 450 K at constant
volume prompts questions about how the internal pressure will change and what
physical principles govern this change. This article explores this topic in
detail, providing a comprehensive explanation rooted in the ideal gas law,
real-world considerations, and practical applications.

Fundamental Principles Governing Pressure and
Temperature in Gases

Before diving into the specifics of the temperature increase to 450 K, it's
essential to review the foundational principles that relate pressure,
temperature, and volume in gases. The ideal gas law serves as the cornerstone
for understanding these relationships.

The Ideal Gas Law

The ideal gas law is expressed as:

PV=nRT

- P = Pressure of the gas

V = Volume of the gas

n = Number of moles of gas

- R = Universal gas constant (~8.314 J/(mol-K))
T = Temperature in Kelvin

This equation indicates that, for a fixed amount of gas in a closed
container:

- Pressure is directly proportional to temperature when volume remains
constant.



- Increasing temperature results in a proportional increase in pressure.

Implication of Constant Volume

When the volume of the vessel is held constant:
- The number of moles of gas remains unchanged.
- The relationship simplifies to:

P« T
or
Pr. / T1 =P2/ T2

where P1 and T:1 are initial pressure and temperature, and P2 and T2 are the
final pressure and temperature.

Analyzing the Impact of Increasing Temperature
to 450 K

Suppose we have an initial state where the gas inside the vessel has known
parameters: initial pressure (Pi1) and initial temperature (Ti). When we
increase the temperature to 450 K at constant volume, we want to find out
what the new pressure (P2) will be.

Step-by-Step Calculation

To determine P2, follow these steps:

1. Identify initial conditions: P1 and T:.

2. Apply the proportional relationship derived from the ideal gas law:
P = P1 x (T2 / Tz1)

3. Substitute T2 = 450 K and known values of Pi1 and T:.

Example:
Suppose the initial conditions are:
- P1 =1 atm



- T1 = 300 K

Calculate P::
P =1 atm x (450 K / 300 K) =1 atm x 1.5 = 1.5 atm

Thus, increasing the temperature from 300 K to 450 K results in a 50%
increase in pressure, assuming ideal gas behavior.

Generalized Relationship

The key takeaway is that:
P, = P1 x (T2 / Tz1)

This simple proportionality allows engineers and scientists to predict the
internal pressure of a gas after a temperature change, provided the gas
behaves ideally and the volume remains unchanged.

Real-World Considerations

While the ideal gas law provides a convenient approximation, real gases often
deviate from ideal behavior, especially at high pressures and low
temperatures. When dealing with gases at elevated temperatures like 450 K,
several factors should be considered:

Gas Deviations from Ideal Behavior

- Intermolecular Forces: Real gases exhibit attractions and repulsions that
can affect pressure.

- Finite Molecular Size: Gas molecules occupy space, which influences the
behavior at high pressures.

- Non-Ideal Gas Equations: Use of equations like Van der Waals or Redlich-
Kwong can provide more accurate predictions.

Material Strength and Safety Limits

- Pressure Limits: The vessel's material must withstand the increased
pressure resulting from temperature elevation.

- Safety Precautions: Exceeding design pressure can lead to rupture or
failure; safety valves and pressure relief systems are essential.



Heat Transfer and Equilibration

- Uniform Temperature: Ensuring the entire vessel reaches the target
temperature (450 K) uniformly.

- Rate of Heating: Controlled heating prevents rapid pressure spikes that
could compromise vessel integrity.

Practical Applications and Examples

Understanding the relationship between temperature and pressure in sealed
vessels is critical across various industries and scientific research.

Industrial Reactors and Pressure Vessels

- Chemical reactors often operate under high temperatures and pressures.
- Engineers must calculate the expected internal pressure when heating
reactors to ensure safe operation.

Storage of Gases and Liquids

- Gases stored in sealed containers require careful monitoring when
temperature varies.

- For example, compressed gases in cylinders can significantly increase
pressure if heated.

Automotive and Aerospace Engineering

- Internal combustion engines and jet engines operate under high-temperature
conditions.

- Material selection and safety margins depend on precise pressure-
temperature relationships.

Safety Considerations and Best Practices

When increasing the temperature of gases inside sealed vessels to 450 K or
higher, safety is paramount.



Design Safety Margins

- Engineers must design vessels with pressure ratings exceeding the expected
maximum pressure at operating temperature.
- Include safety valves to vent excess pressure.

Monitoring and Control

- Use sensors to monitor internal pressure and temperature continuously.
- Implement automated control systems to prevent exceeding safe operating
limits.

Material Compatibility

- Ensure vessel materials can withstand the thermal stresses and chemical
interactions at elevated temperatures.

Summary and Conclusions

Increasing the temperature of a contained gas to 450 K at constant volume
leads to a proportional increase in pressure, as dictated by the ideal gas
law. Specifically, if the initial conditions are known, the new pressure can
be calculated using the ratio of temperatures:

P = P x (450 K / T1)

For example, raising the temperature from 300 K to 450 K results in a 50%
increase in pressure, assuming ideal gas behavior and no other complicating
factors.

However, real-world applications demand careful consideration of non-ideal
behavior, material strength, safety margins, and operational constraints.
Proper engineering design, monitoring, and safety protocols are essential to
manage these phenomena effectively.

Understanding these principles ensures safe and efficient operation of
equipment involving gases at elevated temperatures, whether in industrial
processes, scientific research, or daily applications. Always remember to
evaluate specific conditions and consult relevant standards when designing or
operating pressurized systems at high temperatures.
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Frequently Asked Questions

What happens to the pressure inside a vessel if the
temperature 1is increased to 450 K at constant
volume?

The pressure inside the vessel will increase proportionally with the
temperature, according to Gay-Lussac's Law, since volume and amount of gas
are constant.

How can we calculate the new pressure inside the
vessel after increasing the temperature to 450 K?

You can use the formula P2 = P1 x (T2 / T1), where P1 and T: are the initial
pressure and temperature, and T2 is 450 K, to find the new pressure.

If the initial pressure is 2 atm at a temperature of
300 K, what will the pressure be at 450 K?

Using P2 = P1 x (T2 / T1), P2 = 2 atm x (450 K / 300 K) = 3 atm. The pressure
will be 3 atm.

Why does increasing the temperature to 450 K
increase the pressure inside the vessel?

Increasing temperature provides more kinetic energy to gas molecules, leading
to more frequent and forceful collisions with the vessel walls, thus
increasing pressure.

Are there any safety considerations when increasing
the temperature of a vessel to 450 K?

Yes, ensuring the vessel's material can withstand the higher temperature and
pressure is crucial to prevent rupture or failure due to thermal stress.



Additional Resources

Pressure Calculation in a Fixed-Volume Vessel at Elevated Temperature

Understanding how the pressure inside a sealed vessel responds to changes in
temperature is fundamental in thermodynamics, engineering, and various
industrial applications. When a vessel's temperature is increased while
keeping its volume constant, the internal pressure adjusts accordingly,
obeying the principles laid out by the ideal gas law. In this detailed
analysis, we will explore what happens when the temperature of a vessel is
raised to 450 K, and how to accurately determine the resulting internal
pressure.

Fundamental Principles Governing Gas Behavior

Before delving into the specific scenario of increasing the temperature to
450 K, it's essential to understand the core laws governing gases in a closed
system.

The Ideal Gas Law

The ideal gas law is the cornerstone of thermodynamic calculations involving
gases. It states:

\[ PV = nRT \]

Where:

- \( P \) = Pressure of the gas (Pa)

- \( V\) = Volume of the gas (m3)

- \( n \) = Number of moles of gas (mol)

- \( R\) = Universal gas constant (~8.314 J/(mol:K))
- \( T \) = Absolute temperature (K)

This law implies that, for a fixed amount of gas at constant volume, the
pressure is directly proportional to temperature:

\[ P \propto T \quad \text{(at constant } n \text{ and } V) \]

Implication: Increasing the temperature results in a proportional increase in
pressure.

Assumptions and Limitations



While the ideal gas law provides a good approximation under many conditions,
real gases may deviate at high pressures or low temperatures. For this
analysis, we will assume the gas behaves ideally, which is reasonable at
moderate pressures and temperatures.

Scenario Description: Increasing Temperature to
450 K

Suppose we have a sealed, rigid vessel containing a specific amount of gas at
an initial temperature \( T 1 \), initial pressure \( P_1 \), and volume \( V
\). The question is: If the temperature is increased to 450 K at constant
volume, what will be the new internal pressure \( P 2 \)?

Step-by-Step Calculation Approach

To determine the new pressure, we need the initial conditions and then apply
the proportionality from the ideal gas law.

1. Establish Initial Conditions

Let’s denote:

- Initial temperature: \( T 1 \) (in Kelvin)
- Initial pressure: \( P_1 \) (in Pascals)

- Volume: \( V \)

Note: If specific initial conditions are not provided, the calculation will
be expressed generally, or based on typical values.

2. Apply the Ideal Gas Law Relationship

Since the number of moles \( n \), volume \( V \), and gas constant \( R \)
are constant, the relation simplifies to:

\[ \frac{P 1}{T 1} = \frac{P_2}{T 2} \]
Rearranged to solve for \( P_2 \):

\[ P2 =P 1 \times \frac{T 2}{T 1} \]



Where:
- \( T_2 = 450\, \text{K} \)

Key Point: This relation indicates a linear dependence of pressure on
temperature at constant volume.

3. Calculate the New Pressure \( P_2 \)

Given initial conditions, the calculation is straightforward:
\[ P2 =P 1 \times \frac{450\, \text{K}}{T 1} \I
Example Calculation:

Suppose the initial temperature is \( T 1 = 300\, \text{K} \), and initial
pressure is \( P_1 = 200\, \text{kPa} \).

Then:

\[ P 2 = 200\, \text{kPa} \times \frac{450}{300} = 200\, \text{kPa} \times
1.5 = 300\, \text{kPa} \]

Result: The pressure inside the vessel would increase from 200 kPa to 300 kPa
when the temperature rises from 300 K to 450 K.

Factors to Consider Beyond the Ideal Gas Law

While the ideal gas law offers a clear-cut estimation, real-world scenarios
often involve complexities that can influence the outcome.

1. Gas Composition

- Monoatomic gases (e.g., helium, argon) behave more ideally.
- Polyatomic gases (e.g., nitrogen, oxygen) may exhibit deviations at high
pressures or temperatures.

2. Non-Ideal Behavior at High Pressure

- At elevated pressures, gas molecules interact more strongly.
- Real gas equations, such as the Van der Waals equation, account for
molecular volume and attraction forces:



\[ \left( P + a \frac{n™2}{V"2} \right) (V - nb) = nRT \]

Where \( a \) and \( b \) are constants specific to each gas.

3. Material Constraints of the Vessel

- The vessel must withstand the increased pressure.
- Safety margins are critical to prevent rupture or failure.

4. Temperature Limits of the Vessel Material

- Materials have maximum operating temperatures.
- Raising temperature too high may compromise structural integrity.

Practical Applications and Implications

Understanding how pressure varies with temperature is vital in numerous
fields:

- Chemical Processing: Managing pressure in reactors during heating.
- Aerospace Engineering: Designing pressurized cabins and fuel tanks.
- Industrial Equipment: Ensuring safety and efficiency in pressurized
vessels.

In all these cases, accurate calculations enable engineers to design systems
that operate safely within material limits and optimize performance.

Summary and Key Takeaways

- Increasing the temperature of a gas in a fixed-volume vessel results in a
proportional increase in internal pressure.

- The ideal gas law provides a simple, effective method for estimating this
change, assuming ideal behavior.

- For a temperature rise to 450 K, the new pressure can be calculated using
the ratio \( P 2 = P 1 \times \frac{450}{T 1} \).

- Real-world factors such as gas composition, non-ideal behavior, material
strength, and safety considerations should be taken into account for precise
and safe system design.

- Always verify initial conditions and consider the limitations of the ideal



gas law when applying these calculations to practical scenarios.

Final Thoughts

The relationship between temperature and pressure in a fixed-volume container
is a fundamental concept that underpins much of thermodynamics and
engineering design. Whether you're working on designing pressure vessels,
optimizing chemical reactors, or understanding environmental systems,
grasping how temperature influences pressure is crucial. Increasing the
vessel's temperature to 450 K, for example, can significantly impact internal
pressures, necessitating careful calculations, safety considerations, and
material selection. By leveraging the ideal gas law and understanding its
assumptions and limitations, engineers and scientists can make informed
decisions, ensuring both efficiency and safety in their applications.

In summary: Raising the temperature of a sealed vessel to 450 K at constant
volume, starting from known initial conditions, leads to a proportional
increase in pressure, calculated by the simple ratio derived from the ideal
gas law. Always remember to consider the specific context and real-world
factors to ensure accurate, safe, and effective system design.
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