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ABSTRACT
This Research work was set out to with an objective to explore the practicality of power production from a Hybrid
Stirling engine. This would include research, design and fabrication. Hybrid here meant that the engine model would run
on different sources of sufficient external heat to generate the desired motion. This was done to supplement the
government’s efforts to provide affordable electricity to rural and marginalized parts of India.
With this end in sight, a thorough and comprehensive research was carried out on the working and configurations of
Stirling engines. Research sources included the internet, engineering books on thermodynamics and engine machines as
well consulting the project supervisor.

From the theoretical analysis, the Stirling engine designed had and efficiency of about 7.7%. This was pointed out that
there were energy losses, which were attributed to friction and the engine having some out-of-balance masses. To rectify
this, it was proposed that a kinematic assessment of the engine be carried out to eliminate any out of balance masses.

Upon completion of the project, it was recommended that more investment in the Stirling engine project needs to be
made. Emerging economies such as India have turned to use of Stirling engines to provide electricity to the rural poor. In
addition, developed economies such as the United States are taking advantage of this technology to generate electricity
in ‘solar farms’ using large solar powered Stirling engines.
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INTRODUCTION
This project was set out to explore the practicality of power production from a Hybrid Stirling engine. This
would include research, design and fabrication.

“Hybrid” in this sense means that, unlike conventional Stirling engines that are designed with one mode of
heating in mind, our engine model would run on different sources of sufficient external heat to generate the
desired motion.In carrying out this project, we were focused on creating an engine model that could utilize
heat from biomass, as well as take a “green turn” and take advantage of solar heat by use of solar
concentrators.

Our target beneficiaries would be Indians living in the marginalized areas with little hope of getting access to
electricity. Seeing as these people use biomass for their ordinary energy needs, the success of this project
would afford these people a chance to have sustainable subsistent power in their homes.

A Stirling engine is a heat engine operating by cyclic compression and expansion of air at different
temperature levels such that there is a net conversion of heat energy to mechanical work.Like the steam
engine, the Stirling engine is traditionally classified as an external combustion engine, as all heat transfers to
and from the working fluid take place through the engine wall. This contrasts with an internal combustion
engine where heat input is by combustion of a fuel within the body of the working fluid. Unlike a steam
engine’s (or more generally a Rankine cycle engine’s) usage of a working fluid in both of its liquid and
gaseous phases, the Stirling engine encloses a fixed quantity of air.i

As is the case with other heat engines, the general cycle consists of compressing cool gas, heating the gas,
expanding the hot gas, and finally cooling the gas before repeating the cycle. The efficiency of the process is
narrowly restricted by the efficiency of the Carnot cycle, which depends on the temperature between the hot
and cold reservoir.
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SCOPE OF DESIGN
The hybrid Stirling engine we designed and fabricated was in two pieces: a normal Stirling engine that could
be heated externally using an open flame and a detachable solar concentrator that could be placed in front of
the Stirling engine to take advantage of solar heat.

A gamma configuration of the engine was chosen, whose working shall be explained further in this report.

The solar concentrating unit consisted of a solar reflector, similar to the ones being used in solar cookers in
the most rural areas. Its design was simple and with the right focal length in the curved mirror, the heating of
the displacer head would be most efficient.

The aim of choosing this design was to make the manufacturing cost of this engine low and keep it simple.
The design and fabrication of the engine are also documented in this report.

DESIGN OF PROPOSED WORK

 Initial designs
The design process was started off with simple hand sketches that were then drawn using CAD tools. The first
sketches, shown in Fig 1, were drawn using the Rhinoceros Software. These preliminary sketches were too
simple and did not consider machine dynamics that had to be taken into account. These sketches, however,
were the first step towards project actualization.

Fig 1: Stirling engine designs drawn using the Rhinoceros Software

 First revision designs
The revised designs, drawn on the Autodesk Inventor software, were better in kinematics and gave the best
simulation on a computer. This design, shown in Fig 2 was the closest to finally getting the Stirling engine
final design.

It is noted here that this first revision of the design was not used because the connectors used in design would
be too hard to fabricate. Further, the heating portion had to be changed in design to counter overheating of the
system.

Fg 2: First revision of the Stirling engine drawn using Autodesk Inventor
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 Second revision - Final designs
After the final adjustments, the final design shown in Fig.3 was drawn using Autodesk Inventor. The revisions
made included a new heating chamber that made it easy to heat using an open flame.

Fig 3: The Final Stirling Engine Design used in fabrication

 The complete engine assembly:
The displacement cylinder (with custom made displacement piston inside it) and power cylinder (with power
piston inside it) were placed parallel to each other and each cylinder was provided with a support of mild steel
frame at a suitable position.

This entire assembly was mounted on a custom made mild steel plate (known as base) and piston of each
cylinder was connected to a connecting rod of crankshaft by a suitable pin. Both crankshafts were also
connected to each other by a suitable pin.

A suitable flywheel was also connected to one of the crankshaft and operations such as welding, fitting, etc.
were also undertaken to build this stirling engine and suitable bearings were also used in building engine
wherever required.
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Fig 4: The Complete Engine Assembly with parabolic Solar Dish (With Different Views)

 Harnessing the solar energy
For solar heating, we incorporated a parabolic solar concentrator that could be attached to the Stirling engine
if need arose.

A solar concentrator is a device that optically reflects and focuses incident solar energy onto a small receiving
area. As a result of this concentration, the intensity of the solar energy is magnified, and the temperatures that
can be achieved at the receiver (called the "target") can approach several hundred or even several thousand
degrees Celsius. The concentrators must move to track the sun if they are to perform effectively. Our
concentrator in this case was a parabolic mirror, same one that is used for solar cookers as shown in the figure
below;

When a three dimensional parabola (i.e. a paraboloid) is aimed at the sun, all the light that falls upon its
mirrored surface is reflected to a point known as the focus. If a black cooking pot is placed at the focus it will
absorb the light’s energy and become very hot.

A satellite dish is an example of a paraboloid that can be made into a cooker. Parabolic Solar cookers heat up
quickly and are used like a standard stovetop range to sauté or fry foods, boil water, or even bake bread. They
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can also be used to generate steam, power Stirling engines, crack water to produce H2 gas, and even plasma
matter. It is easy to see in today’s world that this shape is successful in its use.
The detachable concentrator will be as shown below:

To increase the intensity of the sun, we thought it would be a great idea to include a lens in the concentrating
unit as an option. The focal point of the concentrator has to be calculated in order to know how far the
displacer should be from the concentrator

Example of a calculation; if a parabolic mirror is 20 cm across at its edge and is 6 cm deep, Drawing the
parabola used to form the dish on a rectangular coordinate system so that the vertex of the parabola is at the
origin and its focus is on the positive y-axis. i.e.

The form of the equation of the parabola is x2 4ay = and its focus is at (0, a).Since (10, 6) is a point on the
graph, the equation is

102=4a (6)

100=24a

Therefore, a =100/24 =4.17cm

The heat source will be 4.17cm from the center vertex of the dish in direct line of sight toward the sun.

FINDINGS AND DISCUSSION

 TESTS RESULTS
 TEST 1
After the first test was conducted, by heating using suitable flame and cooling by ambient air, stirling engine
failed to run.

This was possibly because the displacer cylinder was not ideally divided into 1/3 cool and 2/3 hot. The
displacer cylinder itself should be about 2/3 the total length of power cylinder. Also the ratio between the
displacement volumes of the two cylinders must be 33% larger for the displacer cylinder or 1.5 times the
power cylinder.

 TEST 2
Before the second test, we implemented the necessary corrections which we pointed out in the first test.

Also adequate lubrication was provided to moving parts in order to reduce friction. After the second test was
conducted, stirling engine still failed to run.

 TEST 3
Before the third test, the engine was disassembled and some another few possible corrections were
implemented carefully.
In the third test, the engine still could not run.
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Upon scrutinizing, it was discovered that the engine was losing power due to small air leaks from the power
cylinder due to irregularity in the cylinder profile. This irregularity in profile may have been attributed to any
of the following stages in fabrication:

• During welding the cylinder to the flanges

• Imperfect machining when it was fabrication was outsourced

• In general assembly

The manufacture of the power cylinder was a precision procedure and therefore expensive. Constrained by
monetary resources, fabrication was left there and a recommendation for further investment and development
was made.

CALCULATIONS

 Engine efficiency
The efficiency of the engine was calculated using the following formula:

(1)

The power input to the system was estimated by taking the temperature difference between the heated part
and the heat sink, as follows;

(2)

However the mass of air can be calculated as;

Therefore, taking

Taking the power output as that
estimated by the Baele
equation as;

Therefore, the
efficiency can be calculated as;

Thus the actual efficiency of the engine is 7.7%. This can be compared to the Ideal theoretical

Stirling engine efficiency, which is theoretically equal to the Carnot efficiency as;

(3)

CONCLUSION
The project work was undertaken to explore the practicality of power production from a Hybrid Stirling
engine. This included research, design and fabrication.

The fabricated model was then tested and it was noted that some air leaks existed in the displacement cylinder.
The displacement cylinder was an expensive part, and constrained by monetary resources, discussions and
recommendations were made and the project was wrapped up.
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On the overall, the project was successful on several accounts. First, a successful research led to a design that
was simulated on Autodesk Inventor, and showed kinematic synchronization. In addition, the prototype was
fabricated and pointed the project exploration in the right direction. The setbacks encountered were used to
give recommendations and pointed out some ways of project improvement. A theoretical energy assessment
showed that with an open flame of sufficient temperature, (about 600oC) the designed Stirling engine would
generate 45watts of power.

In conclusion therefore, the project successfully explored the practicality of generating power from a Hybrid
Stirling engine.
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