
ADVANCES in NATURAL and APPLIED SCIENCES 

 
ISSN: 1995-0772                                                                                                                                                          Published BY AENSI  Publication 

EISSN: 1998-1090                                                                                                                                                           http://www.aensiweb.com/ANAS    

2016 Special10(7): pages 293-298                                                                                                                           Open Access Journal                                                                                                                             

 

To Cite This Article: E. Vineth kumar, J. Prabhu,. Manoj Kumar, M. Vinoth Kumar., Stirling engine with shaper machine. 
Advances in Natural and Applied Sciences. 10(7); Pages: 293-298 

 

Stirling engine with shaper machine 
 
1E. Vineth kumar, 1J. Prabhu, 1S. Manoj Kumar, 2M. Vinoth Kumar 

 
1Student, Knowledge Institute of Technology, Salem, Tamilnadu 
2Assistant Professor, Knowledge Institute of Technology, Salem, Tamilnadu 
 
Received 25 April 2016; Accepted 28 May 2016; Available 5 June 2016 

 
Address For Correspondence: 

E.Vineth kumar, Student, Knowledge Institute of Technology, Salem, Tamilnadu 

E-mail: vineth.mech@gmail.com  

 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 

This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

 

 

 

ABSTRACT 
A Stirling engine is a heat engine that operates by cyclic compression and expansion of air or other gas (the working fluid) at 

different temperatures, such that there is a net conversion of heat energy to mechanical work. Shaper is the mechanical device 

used for shaping the work piece in the required shape and in required. Generally the shaping machine is being worked with the 

help of electric motor. In this project we introducing the Stirling engine instead of the electric motor connecting rod is connected 

with the flywheel and the ram for the motion of the ram and to make slot in the work piece 
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INTRODUCTION 
 

A Stirling engine is a heat engine that operates by cyclic compression and expansion of air or other gas (the 
working fluid) at different temperatures, such that there is a net conversion of heat energy to mechanical work. 
More specifically, the Stirling engine is a closed-cycle regenerative heat engine with a permanently gaseous 
working fluid A shaper is a type of machine tool that uses linear relative motion between the work piece and a 
single-point cutting tool to machine a linear tool path. 

Stirling engine with the shaper machine the process in which the shaping machine is being run with the help 
of the stirling engine. The connecting rod is being connected with the flywheel of the engine and in the ram of 
the shaping machine.  

Through which the efficiency of the machine will be high.  
 
Stirling engine: 

A Stirling engine is a heat engine that operates by cyclic compression and expansion of air or other gas (the 
working fluid) at different temperatures, such that there is a net conversion of heat energy to mechanical work. 
More specifically, the Stirling engine is a closed-cycle regenerative heat engine with a permanently gaseous 
working fluid. Closed-cycle, in this context, means a thermodynamic system in which the working fluid is 
permanently contained within the system, and regenerative describes the use of a specific type of internal heat 
exchanger and thermal store, known as the regenerator. The inclusion of a regenerator differentiates the Stirling 
engine from other closed cycle hot air engine. 

Originally conceived in 1816 as an industrial prime mover to rival the steam engine its practical cause was 
largely confined to low-power domestic applications for over a century.  

Stirling engines have a high efficiency compared to steam engines, being able to reach 50% efficiency. 
They are also capable of quiet operation and can use almost any heat source. The heat energy source is 
generated external to the Stirling engine rather than by internal combustion as with the Otto cycle or Diesel 
cycle engines. Because the Stirling engine is compatible with alternative and renewable energy sources it could 
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become increasingly significant as the price of conventional fuels rises, and also in light of concerns such as 
depletion of oil supplies and climate change. This type of engine is currently generating interest as the core 
component of micro combined heat and power (CHP) units, in which it is more efficient and safer than a 
comparable steam engine. However, it has a low power-to-weight ratio rendering it more suitable for use in 
static installations where space and weight are not at a premium. 
 
Working of Stirling engine: 

The idealized Stirling cycle consists of four process acting on the working fluid: 
1. Isothermal expansion: The expansion-space and associated heat exchanger are maintained at a constant 

high temperature, and the gas undergoes near-isothermal expansion absorbing heat from the hot source. 
2. Constant-volume heat-removal: The gas is passed through the regenerator, where it cools, transferring 

heat to the regenerator for use in the next cycle. 
3. Isothermal compression: The compression space and associated heat exchanger are maintained at a 

constant low temperature so the gas undergoes near-isothermal compression rejecting heat to the cold sink 
4. Constant-volume: heat-addition. The gas passes back through the regenerator where it recovers much 

of the heat transferred in 2, heating up on its way to the expansion space. 
Since the Stirling engine is a closed cycle, it contains a fixed mass of gas called the "working fluid", most 

commonly air, hydrogen or helium. In normal operation, the engine is sealed and no gas enters or leaves the 
engine. No valves are required, unlike other types of piston engines. The Stirling engine, like most heat engines, 
cycles through four main processes: cooling, compression, heating and expansion. This is accomplished by 
moving the gas back and forth between hot and cold heat exchangers, often with a regenerator between the 
heater and cooler. The hot heat exchanger is in thermal contact with an external heat source, such as a fuel 
burner, and the cold heat exchanger being in thermal contact with an external heat sink, such as air fins. A 
change in gas temperature causes a corresponding change in gas pressure, while the motion of the piston causes 
the gas to be alternately expanded and compressed. 

The gas follows the behavior described by the gas laws that describe how a gas' pressure, temperature and 
volume are related. When the gas is heated, because it is in a sealed chamber, the pressure rises and this then 
acts on the power piston to produce a power stroke. When the gas is cooled the pressure drops and this means 
that less work needs to be done by the piston to compress the gas on the return stroke, thus yielding a net power 
output. 

The ideal Stirling cycle is unattainable in the real world, as with any heat engine; efficiencies of 50% have 
been reached,[4] similar to the maximum figure for Diesel cycle engines. The efficiency of Stirling machines is 
also linked to the environmental temperature; a higher efficiency is obtained when the weather is cooler, thus 
making this type of engine less interesting in places with warmer climates. As with other external combustion 
engines, Stirling engines can use heat sources other than from combustion of fuels. 

When one side of the piston is open to the atmosphere, the operation is slightly different. As the sealed 
volume of working gas comes in contact with the hot side, it expands, doing work on both the piston and on the 
atmosphere. When the working gas contacts the cold side, its pressure drops below atmospheric pressure and the 
atmosphere pushes on the piston and does work on the gas. 

To summarize, the Stirling engine uses the temperature difference between its hot end and cold end to 
establish a cycle of a fixed mass of gas, heated and expanded, and cooled and compressed, thus converting 
thermal energy into mechanical energy. The greater the temperature differences between the hot and cold 
sources, the greater the thermal efficiency. The maximum theoretical efficiency is equivalent to the Carnot 
cycle, however the efficiency of real engines is less than this value because of friction and other losses. 

Very low-power engines have been built that run on a temperature difference of as little as 0.5 K. In a 
displacer type Stirling engine you have one piston and one displacer. A temperature difference is required 
between the top and bottom of the large cylinder to run the engine. In the case of the low-temperature difference 
(LTD) stirling engine, temperature difference between your hand and the surrounding air can be enough to run 
the engine. The power piston in the displacer type stirling engine, is tightly sealed and is controlled to move up 
and down as the gas inside expands. The displacer on the other hand is very loosely fitted so that air can move 
freely between the hot and cold sections of the engine as the piston moves up and down. The displacer moves up 
and down to control the heating and cooling of the gas in the engine. 

There are two positions: 
1. When the displacer is near the top of the large cylinder; inside the engine most of the gas has been 

heated by the heat source and it expands. This increases the pressure, which forces the piston up. 
2. When the displacer is near the bottom of the large cylinder; most of the gas in the engine has now 

cooled and contracts causing the pressure to decrease, which in turn allows the piston to move down and 
compress the gas. 
 
 



295           E. Vineth kumar, et al., 2016/ Advances in Natural and Applied 

 

Pressurization: 
In most high power Stirling engines, both the minimum pressure and mean pressure of the working fluid are 

above atmospheric pressure. This initial engine pressurization can be realized by a pump, or by filling the engine 
from a compressed gas tank, or even
mean operating temperature. All of these methods increase the mass of working fluid in the 
cycle. All of the heat exchangers must be sized appropriately to supply the necessary heat transfer rates. If the 
heat exchangers are well designed and can supply the heat 
engine, in a first approximation, produces power in proportion to the mean pressure, as predicted by the West 
number, andBeale number In practice, the maximum pressure is also limited to the safe pressure of the 
vessel. Like most aspects of Stirling engine design, optimization is 
requirements. A difficulty of pressurization is that while it improves the power, the heat required increases 
proportionately to the increased power. This heat transfer is made increasingly difficult with pressurization sin
increased pressure also demands increased thicknesses of the walls of the engine, which, in turn, increase the 
resistance to heat transfer. 
 
Lubricants and friction: 

A modern Stirling engine and generator set with 55 kW electrical 
applications At high temperatures and pressures, the oxygen in air
of hot air, can combine with the engine's lubricating oil and explode. At least one person has died in such an 
explosion.  

Lubricants can also clog heat exchangers, especially the regenerator. For these reasons, designers prefer 
non-lubricated, low-coefficient of friction materials
moving parts, especially for sliding seals. Some designs avoid sliding 
for sealed pistons. These are some of the factors that allow Stirling engines to have lower maintenance 
requirements and longer life than internal
 
Beta Stirling: 

A beta Stirling has a single power piston arranged within the same cylinder on the same shaft as a displacer 
piston. The displacer piston is a loose fit and does not extract any power from the expanding gas but only serves 
to shuttle the working gas between the hot and c
end of the cylinder it expands and pushes the power piston. When it is pushed to the cold end of the cylinder it 
contracts and the momentum of the machine, usually enhanced by a flywheel, pushe
way to compress the gas. Unlike the alpha type, the beta type avoids the technical problems of hot moving seals.

Again, the following diagrams do not show any internal heat exchangers or a regenerator, which would be 
placed in the gas path around the displacer. If a regenerator is used in a beta engine, it is usually in the position 
of the displacer and moving, often as a volume of wire mesh.
  

Power piston (dark grey) has compressed the gas, the displacer piston (light 
of the gas is adjacent to the hot heat exchanger.

The heated gas increases in pressure and pushes the power piston to the farthest limit of the 
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In most high power Stirling engines, both the minimum pressure and mean pressure of the working fluid are 
above atmospheric pressure. This initial engine pressurization can be realized by a pump, or by filling the engine 
from a compressed gas tank, or even just by sealing the engine when the mean temperature is lower than the 

. All of these methods increase the mass of working fluid in the 
cycle. All of the heat exchangers must be sized appropriately to supply the necessary heat transfer rates. If the 
heat exchangers are well designed and can supply the heat flux needed for convective heat transfer then the 
engine, in a first approximation, produces power in proportion to the mean pressure, as predicted by the West 
number, andBeale number In practice, the maximum pressure is also limited to the safe pressure of the 

. Like most aspects of Stirling engine design, optimization is multivariate, and often has conflicting 
difficulty of pressurization is that while it improves the power, the heat required increases 

proportionately to the increased power. This heat transfer is made increasingly difficult with pressurization sin
increased pressure also demands increased thicknesses of the walls of the engine, which, in turn, increase the 

A modern Stirling engine and generator set with 55 kW electrical outputs, for combined 
At high temperatures and pressures, the oxygen in air-pressurized crankcases, 

combine with the engine's lubricating oil and explode. At least one person has died in such an 

cants can also clog heat exchangers, especially the regenerator. For these reasons, designers prefer 
friction materials (such as rulon or graphite), with low 

moving parts, especially for sliding seals. Some designs avoid sliding surfaces altogether by using diaphragms 
for sealed pistons. These are some of the factors that allow Stirling engines to have lower maintenance 
requirements and longer life than internal-combustion engines beta Stirling. 

has a single power piston arranged within the same cylinder on the same shaft as a displacer 
piston. The displacer piston is a loose fit and does not extract any power from the expanding gas but only serves 
to shuttle the working gas between the hot and cold heat exchangers. When the working gas is pushed to the hot 
end of the cylinder it expands and pushes the power piston. When it is pushed to the cold end of the cylinder it 
contracts and the momentum of the machine, usually enhanced by a flywheel, pushes the power piston the other 
way to compress the gas. Unlike the alpha type, the beta type avoids the technical problems of hot moving seals.

Again, the following diagrams do not show any internal heat exchangers or a regenerator, which would be 
the gas path around the displacer. If a regenerator is used in a beta engine, it is usually in the position 

of the displacer and moving, often as a volume of wire mesh. 
  

 
Power piston (dark grey) has compressed the gas, the displacer piston (light grey) has moved so that most 

of the gas is adjacent to the hot heat exchanger. 

 
The heated gas increases in pressure and pushes the power piston to the farthest limit of the 
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In most high power Stirling engines, both the minimum pressure and mean pressure of the working fluid are 
above atmospheric pressure. This initial engine pressurization can be realized by a pump, or by filling the engine 

just by sealing the engine when the mean temperature is lower than the 
. All of these methods increase the mass of working fluid in the thermodynamic 

cycle. All of the heat exchangers must be sized appropriately to supply the necessary heat transfer rates. If the 
for convective heat transfer then the 

engine, in a first approximation, produces power in proportion to the mean pressure, as predicted by the West 
number, andBeale number In practice, the maximum pressure is also limited to the safe pressure of the pressure 

, and often has conflicting 
difficulty of pressurization is that while it improves the power, the heat required increases 

proportionately to the increased power. This heat transfer is made increasingly difficult with pressurization since 
increased pressure also demands increased thicknesses of the walls of the engine, which, in turn, increase the 

, for combined heat and power 
pressurized crankcases, or in the working gas 

combine with the engine's lubricating oil and explode. At least one person has died in such an 

cants can also clog heat exchangers, especially the regenerator. For these reasons, designers prefer 
), with low normal forces on the 

surfaces altogether by using diaphragms 
for sealed pistons. These are some of the factors that allow Stirling engines to have lower maintenance 

has a single power piston arranged within the same cylinder on the same shaft as a displacer 
piston. The displacer piston is a loose fit and does not extract any power from the expanding gas but only serves 

old heat exchangers. When the working gas is pushed to the hot 
end of the cylinder it expands and pushes the power piston. When it is pushed to the cold end of the cylinder it 

s the power piston the other 
way to compress the gas. Unlike the alpha type, the beta type avoids the technical problems of hot moving seals. 

Again, the following diagrams do not show any internal heat exchangers or a regenerator, which would be 
the gas path around the displacer. If a regenerator is used in a beta engine, it is usually in the position 

grey) has moved so that most 

The heated gas increases in pressure and pushes the power piston to the farthest limit of the power stroke 
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The displacer piston now moves, shunting the gas to the cold end o

 
The cooled gas is now compressed by the flywheel momentum. This takes less energy, since its pressure 

drops when it is cooled. 

The complete beta type Stirling cycle
 
In contrast to internal combustion engines, Stirling engines have the potential to use renewable heat sources 

more easily, to be quieter, and to be more reliable with lower maintenance. They are preferred for applications 
that value these unique advantages, particularly if the co
capital cost per unit power. On this basis, Stirling engines are cost competitive up to about 100

Compared to an internal combustion engine of the same power rating, Stirling engines currently hav
higher capital cost and are usually larger and heavier. However, they are more efficient than most internal 
combustion engines. Their lower maintenance requirements make the overall 
thermal efficiency is also comparable (for
micro-CHP, a Stirling engine is often preferable to an internal combustion engine. Other applications include 
water pumping, astronautics, and electrical generation from plentiful energy so
the internal combustion engine, such as solar energy, and biomass such as agricultural waste and other waste 
such as domestic refuse. Stirlings are also used as a marine engine in Swedish 
submarines.However, Stirling engines are generally not price
high cost per unit power, low power density, and high material costs.

Basic analysis is based on the closed
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The displacer piston now moves, shunting the gas to the cold end of the cylinder 

 

The cooled gas is now compressed by the flywheel momentum. This takes less energy, since its pressure 

 
 

The complete beta type Stirling cycle  Comparison with internal combustion engines 

combustion engines, Stirling engines have the potential to use renewable heat sources 
more easily, to be quieter, and to be more reliable with lower maintenance. They are preferred for applications 
that value these unique advantages, particularly if the cost per unit energy generated is more important than the 
capital cost per unit power. On this basis, Stirling engines are cost competitive up to about 100

Compared to an internal combustion engine of the same power rating, Stirling engines currently hav
higher capital cost and are usually larger and heavier. However, they are more efficient than most internal 
combustion engines. Their lower maintenance requirements make the overall energy 
thermal efficiency is also comparable (for small engines), ranging from 15% to 30%. For applications such as 

CHP, a Stirling engine is often preferable to an internal combustion engine. Other applications include 
water pumping, astronautics, and electrical generation from plentiful energy sources that are incompatible with 
the internal combustion engine, such as solar energy, and biomass such as agricultural waste and other waste 
such as domestic refuse. Stirlings are also used as a marine engine in Swedish 

tirling engines are generally not price-competitive as an automobile engine, because of 
high cost per unit power, low power density, and high material costs. 

Basic analysis is based on the closed-form Schmidt analysis. 
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The cooled gas is now compressed by the flywheel momentum. This takes less energy, since its pressure 

 

combustion engines, Stirling engines have the potential to use renewable heat sources 
more easily, to be quieter, and to be more reliable with lower maintenance. They are preferred for applications 

st per unit energy generated is more important than the 
capital cost per unit power. On this basis, Stirling engines are cost competitive up to about 100 kW. 

Compared to an internal combustion engine of the same power rating, Stirling engines currently have a 
higher capital cost and are usually larger and heavier. However, they are more efficient than most internal 

 cost comparable. The 
small engines), ranging from 15% to 30%. For applications such as 

CHP, a Stirling engine is often preferable to an internal combustion engine. Other applications include 
urces that are incompatible with 

the internal combustion engine, such as solar energy, and biomass such as agricultural waste and other waste 
such as domestic refuse. Stirlings are also used as a marine engine in Swedish Gotland-class 

competitive as an automobile engine, because of 
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Advantage: 

• Stirling engines can run directly on any available heat. 
• In some cases, low operating pressure allows the use of lightweight cylinders. 
• They start easily (albeit slowly, after warm up) and run more efficiently in cold weather,  
• Waste heat is easily harvested (compared to waste heat from an internal combustion engine), making 

Stirling engines useful for dual-output heat and power systems. 
 
Disadvantages: 

• A Stirling engine cannot start instantly; it literally needs to "warm up". 
 

Applications: 
Applications of the Stirling engine range from heating and cooling to underwater power systems. A Stirling 

engine can function in reverse as a heat pump for heating or cooling. Other uses include combined heat and 
power, solar power generation, Stirlingcryocoolers, heat pump, marine engines, low power aviation engines, and 
low temperature difference engines. 
 
Shaper Machine: 

A shaper is a type of machine tool that uses linear relative motion between the work piece and a single-
point cutting tool to machine a linear toolpath. Its cut is analogous to that of a lathe, except that it is 
(archetypally) linear instead of helical. (Adding axes of motion can yield helical tool paths, as also done in 
helical planing.) A shaper is analogous to a planer, but smaller, and with the cutter riding a ram that moves 
above a stationary work piece, rather than the entire workpiece moving beneath the cutter. The ram is moved 
back and forth typically by a crank inside the column; hydraulically actuated shapers also exist 

 
Operation: 

The work piece mounts on a rigid, box-shaped table in front of the machine. The height of the table can be 
adjusted to suit this workpiece, and the table can traverse sideways underneath the reciprocating tool, which is 
mounted on the ram. Table motion may be controlled manually, but is usually advanced by automatic feed 
mechanism acting on the feedscrew. The ram slides back and forth above the work. At the front end of the ram 
is a vertical tool slide that may be adjusted to either side of the vertical plane along the stroke axis. This tool-
slide holds the clapper box and tool post, from which the tool can be positioned to cut a straight, flat surface on 
the top of the workpiece. The tool-slide permits feeding the tool downwards to deepen a cut. This adjustability, 
coupled with the use of specialized cutters and tool holders, enable the operator to cut internal and external gear 
tooth profiles, spines, dovetails, and keyways. 

The ram is adjustable for stroke and, due to the geometry of the linkage, it moves faster on the return (non-
cutting) stroke than on the forward, cutting stroke. This action is via a slotted link or Whitworth link 

Working of shaping machine with Stirling engine 
In this method we are introducing that shaping machine with Stirling engine. In this method flywheel of the 

Stirling engine is connected with the ram of shaping machine. Comparing with the electric motor this engine 
gives more efficiency. It also works in the solar power through which power consumption will be lesser. 

 
Lay diagram: 
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Advantage: 
• Easy to construct 
• Easy to manipulate 
• Efficiency is high 
 

Application: 
          It is used to machine all the function of the shaping machine. 

 
Conclusion: 

By this method of shaping machine the efficiency of the machine will be high through which we can do 
machining sooner. It helps the user to machine in the short period of time. When the flywheel rotates it saves the 
energy from the engine through which the machining is considerably easy. 
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