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ABSTRACT

A compressor is a vital mechanical device used to increase the pressure of air or gas by reducing its volume,
thereby enabling efficient energy transfer in numerous engineering applications. This paper presents a
detailed study on the design, construction, fabrication, and testing of a compressor system. The work
emphasizes understanding the thermodynamic principles, mechanical components, and operational
characteristics that govern compressor performance. The design process includes material selection, pressure
ratio calculation, component modeling using CAD tools, and stress considerations to ensure reliability and
efficiency. The fabrication process involves precision machining and systematic assembly, followed by
performance testing to evaluate pressure output, leakage, efficiency, and safety compliance. This project
enhances practical knowledge of compressor technology and provides exposure to real-world mechanical
engineering practices.
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1. INTRODUCTION

Compressed air is often referred to as the “fourth utility” in industries after electricity, water, and gas due to its
extensive usage. A compressor converts mechanical energy into pressure energy by compressing air or gas to a
higher pressure. The reliability and efficiency of a compressor directly influence the performance of the entire
system in which it is used.

The making of a compressor involves the application of thermodynamics, fluid mechanics, material science,
and manufacturing processes. Proper design and fabrication are necessary to achieve efficient compression,
minimize losses, and ensure safe operation. This paper focuses on the systematic development of a compressor,
starting from conceptual design to testing and performance evaluation, with the aim of providing a strong
technical foundation.

2.0OBJECTIVE

The main objectives of this project are:
» To study the working principle of air compressors > To evaluate compressor performance through

» Todesign and fabricate a functional compressor testing

model » To gain hands-on experience in mechanical
» Tounderstand the role of individual mechanical fabrication and assembly

components

3. CLASSIFICATION OF COMPRESSOR
Compressors are broadly classified based on their working principle:

3.1 Positive Displacement Compressors
These compressors trap a fixed volume of air and increase its pressure by reducing the volume.
» Reciprocating compressors and Rotary compressors (screw, vane, lobe type)

3.2 Dynamic Compressors
These compressors increase air pressure by imparting kinetic energy.
»  Centrifugal compressors and Axial flow compressors
For this project, a reciprocating compressor is preferred due to its simplicity, ease of fabrication, and suitability
for small-scale applications.

4. DESIGN CONSIDERATION

The design of a compressor depends on the intended application, required pressure, air delivery rate, operating
speed, and environmental conditions. Compressors are generally classified into positive displacement and
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dynamic compressors. For small and medium-scale applications, positive displacement compressors such as
reciprocating compressors are preferred due to their simplicity and high-pressure capability.
Block Diagram of Air Compressor System
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Lubrication System
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Fig -1: Block Diagram
Key design considerations include pressure ratio, volumetric efficiency, mechanical strength, and heat
generation during compression. Computer-Aided Design (CAD) tools are used to model compressor
components and analyze stresses under operating conditions. Proper material selection plays a critical role in
enhancing durability and efficiency. Cast iron or alloy steel is commonly used for cylinders due to wear
resistance, while aluminum alloys are preferred for pistons because of their lightweight and good thermal
conductivity.

4.1 Material Selection

> Cylinder: Cast iron or alloy steel for wear resistance

> Piston: Aluminum alloy for lightweight and good thermal conductivity
> Crankshaft: Carbon steel for high strength

> Valves: Stainless steel for corrosion resistance

Proper material selection ensures durability and long service life.
5.WORKING PRINCIPLE

The working principle of a compressor is based on the fundamental laws of thermodynamics, particularly
Boyle’s Law, which states that pressure is inversely proportional to volume at constant temperature. During the
suction stroke, atmospheric air enters the cylinder through the inlet valve. As the piston moves upward during
the compression stroke, the volume of air decreases, resulting in an increase in pressure.

Compression can be isothermal, adiabatic, or polytropic depending on heat transfer conditions. In practical
compressors, compression is closer to a polytropic process due to partial heat transfer. Heat generated during
compression reduces efficiency; therefore, cooling systems such as air cooling or water cooling are employed to
maintain safe operating temperatures and improve performance.

6. PERFORMANCE AND TESTING ANALYSIS

Performance testing is conducted to evaluate the operational characteristics of the compressor. Key parameters
such as pressure output, air delivery rate, power consumption, and efficiency are measured under different
operating conditions. Leakage tests are performed to ensure proper sealing and safe operation.

Mechanical efficiency is analyzed by comparing input power to useful output power. Noise and vibration levels
are also monitored, as excessive vibration can lead to mechanical failure. The results obtained from testing help
in validating the design and identifying areas for improvement. Proper testing ensures that the compressor
meets safety and performance standards.

Parameter Description Observation / Analysis

Compressor Type Reciprocating Air Suitable for small to medium pressure applications due to
Compressor simple construction and high compression ratio

Working Principle Positive displacement Air pressure increases by reducing volume inside the cylinder
mechanism

Input Power Source | Electric motor Provides continuous and uniform rotary motion

Compression Polytropic compression Practical compression with partial heat transfer

Process

Pressure Range Low to high pressure Depends on piston size, speed, and stroke length
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Air Delivery Rate

Moderate

Adequate for pneumatic and refrigeration applications

Mechanical High at moderate speeds Efficiency decreases at higher temperatures
Efficiency

Parameter Description Observation / Analysis

Volumetric Affected by leakage and Proper sealing improves efficiency
Efficiency valve timing

Heat Generation

Significant during
compression

Requires effective cooling system

Cooling Method

Air or water cooling

Prevents overheating and enhances performance

Lubrication System

Oil-based lubrication

Reduces friction and wear of moving parts

Noise and Vibration

Moderate

Can be reduced using dampers and proper alignment

Material of Cylinder

Cast iron / Alloy steel

Provides wear resistance and strength

Material of Piston

Aluminum alloy

Lightweight with good thermal conductivity

Maintenance Periodic

Requirement

Includes lubrication, valve inspection, and seal replacement

Pressure relief valve

Safety Features Prevents over-pressurization and system failure

7. APPLICATION AND ADVANTAGES

Compressors are used in a wide range of applications including refrigeration and air conditioning systems,
pneumatic tools, automobile service stations, industrial automation, and medical equipment. Their ability to
deliver reliable and continuous compressed air makes them indispensable in modern engineering systems.
Advantages of compressors include simple construction, high reliability, and adaptability to various
applications. However, compressors also have limitations such as heat generation, requirement of regular
maintenance, and efficiency reduction at higher temperatures. Proper cooling, lubrication, and periodic servicing
can overcome most of these limitations.

8. RESULT

The compressor system was successfully designed, fabricated, and tested under normal operating conditions.
During testing, the compressor demonstrated stable operation with consistent air delivery and acceptable
pressure buildup. The pressure output increased proportionally with the speed of the drive mechanism,
confirming effective compression within the cylinder.

Thermal behavior was observed during continuous operation, where a gradual rise in temperature occurred due
to air compression and friction between moving parts. The implemented cooling arrangement effectively
reduced excessive heat accumulation, thereby maintaining safe operating limits. Lubrication significantly
minimized frictional losses, resulting in smoother piston movement and reduced mechanical wear.

Leakage tests indicated minimal pressure loss, confirming proper sealing between the piston rings and cylinder
wall. Volumetric efficiency showed improvement when operating at moderate speeds, while excessive speed led
to minor efficiency reduction due to valve timing limitations and heat generation.

Noise and vibration levels remained within permissible limits, indicating proper alignment of the crankshaft
and balanced motion of reciprocating components. Overall system performance validates that the
fabricated compressor is suitable for practical applications such as pneumatic tools, refrigeration support, and
small industrial operations.

The results demonstrate that appropriate material selection, proper assembly, and effective cooling and
lubrication systems play a crucial role in enhancing compressor efficiency, reliability, and service life.

9. CONCLUSION

The making of a compressor provides valuable insight into mechanical design, thermodynamic processes, and
manufacturing techniques. The successful design, fabrication, and testing of the compressor demonstrate its
practical applicability and operational reliability. This study bridges the gap between theoretical knowledge and
practical implementation.

Future improvements may include the use of advanced materials to reduce weight, integration of sensors for
real-time monitoring, energy-efficient motors, and automation using smart control systems. Such advancements
can significantly enhance compressor performance, efficiency, and sustainability.
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