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Compression of air is a fundamental process in various industrial applications, including pneumatic
systems, refrigeration, and power generation. When air is compressed, it experiences a change in
pressure, temperature, and volume, which are governed by thermodynamic principles. In this article,
we explore the process where air is compressed adiabatically from an initial pressure of 100 kPa and

a temperature of 20°C to a final pressure of 800 kPa. We will analyze the thermodynamic properties
involved, derive relevant equations, and discuss implications for engineering applications.

Understanding the Compression Process

The process begins with air at a known initial state—pressure and temperature—and involves
increasing its pressure to a higher value through compression. The specific process in question is
adiabatic, meaning no heat exchange occurs between the air and its surroundings during
compression. This assumption simplifies analysis and is often a good approximation for rapid
compression processes.

Initial State of the Air

e Initial Pressure, \( P_1): 100 kPa
e Initial Temperature, \( T_1): 20°C (293.15 K)

e Initial Volume, \( V_1): To be determined or assumed based on context

Final State of the Air

* Final Pressure, \( P_2): 800 kPa
e Final Temperature, \( T_2\): To be calculated

e Final Volume, \( V_2\): To be determined or related through process equations



Thermodynamic Principles of Adiabatic Compression

The adiabatic compression process adheres to specific thermodynamic relations derived from the
ideal gas law and the principles of adiabatic processes.

Ideal Gas Law

The ideal gas law relates pressure, volume, and temperature:
\[ PV = nRT\]

Where:

-\( P\) = pressure

-\(V\) = volume

-\( n'\) = number of moles of gas

-\( R\) = universal gas constant

-\( T\) = temperature in Kelvin

In terms of specific volume \( v = V/m\):

\[ Pv = RT \]

Adiabatic Process Relations

For an ideal gas undergoing a reversible adiabatic process:
\[ PV~ {\gamma} = \text{constant} \]

or

\[ TV~ {\gamma - 1} = \text{constant} \]

Where:
-\(\gamma\) = heat capacity ratio (\( C_p/ C_v)), typically about 1.4 for air

The temperature and pressure change according to:
\[ \frac{T_2}{T 1} = \left( \frac{P_2}{P_1} \right)~{(\gamma - 1)Agamma} \]
And volume change:

\[ \frac{V_2}{V 1} = \left( \frac{P_1}{P_2} \right)~{1/A\gamma} \]

Calculating Final Temperature After Compression

Understanding the temperature change during compression is vital for designing mechanical systems
to prevent overheating and ensure efficiency.



Step-by-Step Calculation

Given:

-\(P_1 =100 \text{ kPa}\)

-\(T_1=20"\circ C =293.15 \text{ K} )

-\(P_2 = 800 \text{ kPa}\)

-\(\gamma = 1.4) (for air)

Using the relation for temperature change:

\[ T_2 =T_1\times \left( \frac{P_2}{P_1} \right)~{(\gamma - 1)A\gamma} \]
Calculating:

\[ T_2 =293.15 \times \left( \frac{800} {100} \right)~{(1.4 - 1)/1.4} \]
\[ T_2 =293.15 \times (8)~{0.4/1.4} \]

\[ T_2 =293.15 \times 8°{0.2857} \]

Calculating the exponent:

\[ 87{0.2857} \approx " {0.2857 \times \In 8} \]

\[ \In 8 \approx 2.079\]

\[ 0.2857 \times 2.079 \approx 0.594 \]

\[ e~{0.594} \approx 1.811\]

Finally:

\[ T_2 =293.15 \times 1.811 \approx 531.6 \text{ K} \]

Converted back to Celsius:

\[ T_2"\circ C = 531.6 - 273.15 \approx 258.45"\circ C\]

Key Point: The temperature increases significantly during adiabatic compression, which has critical
implications for equipment design and safety.

Determining Final Volume and Work Done

The change in volume and the work required for compression are essential for system design and
energy calculations.

Final Volume Ratio

Using the volume relation:



\[ \frac{V_2}{V 1} = \left( \frac{P_1}{P_2} \right)~{1/A\gamma} \]

\[ \frac{V_2}{V_1} = \left(\frac{100} {800} \right)~{1/1.4} \]
\[ \frac{V_2}{V_1} = (0.125)~{0.7143} \]

Calculating:

\['\In 0.125 \approx -2.079\]

\[ 0.7143 \times (-2.079) \approx -1.487 \]
\[ e~{-1.487} \approx 0.226 \]

Thus:

\[ V_2 \approx 0.226 V_1]

This indicates the volume decreases to approximately 22.6% of the original volume during
compression.

Work Done During Adiabatic Compression

The work input per unit mass (\( W \)) for adiabatic compression:
\[ W= \frac{C v (T 2-T 1)}\]
Alternatively, in terms of pressure and temperature:

\[ W = \frac{\gamma}{\gamma - 1} R T_1 \left[ \left( \frac{P_2}{P_1} \right)~{(\gamma -
1)Agamma} - 1 \right] \]

Where:
-\(R\) = 0.287 kJ/kg-K (specific gas constant for air)

Calculating:

\[ W =\frac{1.4}{0.4} \times 0.287 \times 293.15 \times (8" {0.2857} - 1) \]
\[ W = 3.5 \times 0.287 \times 293.15 \times (1.811 - 1) \]

\[ W = 3.5 \times 0.287 \times 293.15 \times 0.811 \]

Calculations:

\[ 0.287 \times 293.15 \approx 84.27 \]

\[ 84.27 \times 0.811 \approx 68.4 \]

\[ 3.5 \times 68.4 \approx 239.4 \text{ kJ/kg} \]

Interpretation: Approximately 239.4 kJ of work is required per kilogram of air to compress it
adiabatically from 100 kPa and 20°C to 800 kPa.



Implications for Engineering and Industry

The analysis of adiabatic compression provides essential insights for designing efficient and safe
compression systems.

Equipment Design Considerations

e Material Selection: Materials must withstand high temperatures (~258°C) generated during
compression.

* Cooling Systems: Since no heat is exchanged during ideal adiabatic compression, real
systems require intercooling to manage temperature rise.

¢ Pressure Vessel Safety: Equipment must handle the increased pressure (800 kPa) with
appropriate safety margins.

Energy Efficiency and Operational Costs

e Understanding the work input helps estimate energy consumption and operational costs.

e Implementing multi-stage compression with intercooling can reduce work and temperature,
improving efficiency.

Real-World Applications of Adiabatic Compression

The principles outlined are foundational in various industries:

- Pneumatic Tools and Systems: Compressors provide high-pressure air for manufacturing and
construction.

- Refrigeration Cycles: Compressors elevate refrigerant pressure, facilitating heat transfer.

- Gas Transmission: Compression increases pressures for efficient pipeline transport.

- Power Plants: Gas turbines and jet engines rely on adiabatic compression principles for operation.

Conclusion



Frequently Asked Questions

What is the process involved when air is compressed
adiabatically from 100 KPa and 20°C to 800 KPa?

The process involves adiabatic compression, where air
is compressed without heat exchange with
surroundings, resulting in temperature and pressure
increase.

How does the temperature of air change during adiabatic
compression from 100 KPa and 20°C to 800 KPa?

The temperature of the air increases during adiabatic
compression due to the work done on the air, typically
following the relation T2 = T1 (P2/P1) " {(k-1)/k}.

What is the significance of using an adiabatic compressor in
this process?

An adiabatic compressor is significant because it
assumes no heat transfer occurs during compression,
allowing for a simplified analysis of temperature and
pressure changes and increased efficiency.

What is the approximate final temperature of air after



adiabatic compression from 20°C at 100 KPa to 800 KPa?

Using adiabatic relations, the final temperature can be
estimated around 70°C, though exact values depend on
the specific heat ratio (k) for air.

What is the role of the adiabatic index (k) in calculating the
compression process?

The adiabatic index (k), the ratio of specific heats
(Cp/Cv), is used to determine temperature and
pressure changes during adiabatic compression
through thermodynamic relations.

Why is it important to consider the isentropic efficiency of the
compressor in real applications?

The isentropic efficiency accounts for real-worid
irreversibilities like friction and heat losses, providing
a more accurate assessment of the compressor's
performance compared to ideal adiabatic compression.

How do the work input and power requirements relate to
adiabatic compression from 100 KPa to 800 KPa?

The work input increases with the pressure ratio;
higher compression ratios require more work and
power, which can be calculated using thermodynamic



equations based on initial and final states.

What are practical considerations when designing an
adiabatic compressor for such a pressure increase?

Practical considerations include material strength to
withstand high pressures, heat dissipation, efficiency
optimization, and managing temperature rise to
prevent equipment damage.

Additional Resources

Air Is Compressed By An Adiabatic Compressor From
100 KPa And 20 Degree C To A Pressure Of 800 KPa

Introduction

In industrial processes and various engineering
applications, the compression of air plays a crucial role
in powering pneumatic tools, enabling chemical
reactions, and facilitating refrigeration cycles. Among
the various compression methods, adiabatic
compression stands out due to its simplicity and
efficiency under specific conditions. This article delves
into the detailed analysis of air compression by an



adiabatic compressor, specifically focusing on the
process of compressing air from an initial state of 100
kPa and 20°C to a final pressure of 800 kPa.

Understanding the thermodynamics involved in this
process is vital for engineers and researchers aiming
to optimize compressor design, improve energy
efficiency, and accurately predict the thermodynamic
properties during compression. This investigative
review explores the fundamental principles,
calculations, and practical implications associated with
this compression process.

Fundamentals of Adiabatic Compression
What is Adiabatic Compression?

Adiabatic compression refers to a thermodynamic
process where a gas is compressed without any heat
exchange with its surroundings. In an ideal scenario,
the process occurs so rapidly that heat transfer is
negligible, and the system remains thermally
insulated.

Key Assumptions

- No heat transfer (Q = 0): The process is perfectly
adiabatic.



- Reversible process: The compression is carried out
quasi-statically, ensuring maximum efficiency.

- Ideal gas behavior: Air is treated as an ideal gas with
constant specific heats.

Significance in Engineering

Adiabatic compression models are essential for
understanding the theoretical limits of compressor
performance and serve as baseline calculations for real
compressor systems.

Thermodynamic Analysis of the Compression Process
Initial and Final States

Parameter | Initial State | Final State |
-------------- s R
Pressure (P1) | 100 kPa | 800 kPa |
Temperature (T1) | 20°C (293 K) | ? |
Specific Volume (v1) | ? | ? |

Assumptions and Data

- Air as an ideal gas

- Specific heats: \( C_p \approx 1.005\, \text{k}/kg-K} \),
\( C_v \approx 0.718\, \text{k)/kg-K} \)

- Ratio of specific heats: \( \gamma = \frac{C p}{C v}



\approx 1.4\)

Step 1: Convert Initial Conditions
- Convert initial temperature to Kelvin:

\[
T 1=20"\circC + 273 = 293\,K

\]

- Initial pressure:

\[
P 1 = 100\,kPa

\]
Step 2: Find Final Temperature \( T_2)

Using the adiabatic relation for ideal gases:

\[

\frac{T 2}{T 1} =

\left(\frac{P_2} {P_1}\right)~ {\frac{\gamma -
1}{\gamma}}

\]

Where:



\[
P 2 = 800\,kPa

\]

Calculating:

\[

T 2=T_1\times
\left(\frac{P_2}{P _1}\right)~ {\frac{\gamma -
1}{\gamma}} = 293 \times

\left(\frac{800} {100}\right)” {\frac{0.4}{1.4}}
\]

\[
T 2 =293 \times (8)"{0.2857}

\]

Calculating the exponent:

\[

87 {0.2857} \approx e” {0.2857 \times \In 8} \approx
e”{0.2857 \times 2.0794} \approx e” {0.594} \approx
1.811

\]
Finally:

\[
T _2 \approx 293 \times 1.811 \approx 530.8\,K

\]



Final temperature: approximately 531 K (~258°C).

Step 3: Determine Work Done per Unit Mass

For adiabatic compression, the work input per unit
mass \( W) is given by:

\[
W = \frac{C p (T 2-T 1)}{}
\]

Alternatively, in terms of pressure:

\[

W = \frac{\gamma}{\gamma - 1} R T 1 \left[
\left(\frac{P_2}{P 1}\right)” {\frac{\gamma -
1}{\gamma}} - 1 \right]

\]

Where:

-\( R = 0.287\, \text{kJ/kg*K} \) (specific gas constant
for air)

Calculating:

\[
W = \frac{1.4}{0.4} \times 0.287 \times 293 \times



(87{0.2857} - 1)
\]

\[
W = 3.5 \times 0.287 \times 293 \times (1.811 - 1)

\]

\[
W = 3.5 \times 83.981 \times 0.811

\]

\[
W \approx 3.5 \times 68.18 \approx 238.6\, \text{k)/kg}

\]

Interpretation: Approximately 238.6 k] of work is
required per kilogram of air compressed.

Practical Implications and Efficiency Considerations
Real vs. Ideal Compression

While the calculations above assume a perfect
adiabatic process, real compressors encounter factors

such as:

- Mechanical losses
- Heat transfer (non-adiabatic effects)



- Irreversibilities due to turbulence and friction

These factors typically lead to higher actual work input
compared to the ideal calculations.

Isentropic Efficiency

The efficiency (\( \eta_{isen} \)) of real compressors is
often expressed relative to the ideal process:

\[

\eta_{isen} = \frac{\text{lsentropic
work} } {\text{Actual work}}

\]

For typical industrial compressors, efficiencies range
from 70% to 85%.

Energy Optimization

Understanding the thermodynamic process allows
engineers to:

- Design better cooling systems to manage
temperature rise

- Select appropriate materials to withstand high
temperatures

- Optimize compression stages for energy efficiency



Thermodynamic Properties and State Post-
Compression

Final State Properties
Using the ideal gas relations:

- Final temperature \( T_2 \): approximately 531 K
- Final specific volume \( v_2):

\[

v 2 = \frac{RT 2}{P 2} = \frac{0.287 \times
531}{800} \approx \frac{152.4} {800} \approx
0.1905\, \text{m} " 3/\text{kg}

\]

Pressure-Volume Relationship
Since the process is adiabatic and reversible, the

specific volume decreases as pressure increases,
leading to increased temperature and density.

Safety and Material Considerations
Temperature Rise

The significant temperature increase (~258°C) during
compression necessitates:



- Use of heat-resistant materials
- Adequate cooling systems
- Monitoring to prevent thermal damage

Pressure Containment

High-pressure conditions (up to 800 kPa) demand
robust pressure vessels and safety protocols to
prevent failures.

Environmental and Economic Factors
Energy Consumption

The energy required for compression directly affects
operational costs and environmental impact.
Optimization reduces greenhouse gas emissions and
energy bills.

Noise and Vibration
Mechanical inefficiencies and high-temperature

operation contribute to noise and vibrations, impacting
workplace safety and comfort.

Advances in Compressor Technology



Recent developments aim to:

- Enhance isentropic efficiency

- Incorporate intercooling stages to reduce
temperature and work

- Utilize variable speed drives for better control
- Implement advanced materials for durability

Conclusion

The process of compressing air from 100 kPa and 20°C
to 800 kPa via an adiabatic compressor involves
complex thermodynamic principles that, when
analyzed thoroughly, reveal critical insights into
energy requirements, temperature profiles, and
system design considerations.

The ideal calculations suggest that approximately
238.6 k] of work per kilogram of air is necessary under
perfect adiabatic conditions. In practice, various
inefficiencies increase this energy demand,
emphasizing the importance of optimizing compressor
design and operation.

Understanding these fundamental principles not only
enhances the efficiency and safety of compression
systems but also contributes to sustainable and cost-
effective industrial practices.
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