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Abstract 

 

The paper describes attempts at constructing a Simple Single Cylinder Stirling Engine in a lab 

and at home, using simple equipment and analyses the rationale behind their working. In all, four 

Stirling engines were attempted at, out of which 3 failed and 1 succeeded. The reasons behind their 

success and failure are investigated in their respective conclusions. After the failure of the first 

attempt, an existing and very simple model is assembled to explore its operation, and an unusual 

methodology of making a Stirling engine is found. This discovery also diversifies the research from 

run of the mill general understanding of Stirling engines to a deeper understanding of the complex 

working of these simple looking engines. What is readily understood of a Stirling engine is not pretty 

apparent, as many assumptions made before the research were not completely consistent with the 

findings. Observations illustrated that the Stirling engines works on many more variables than what 

can be readily understood and in the progression from the First Attempt to the Fourth Attempt, most 

of it is identified. The factors that may affect the success of making a successful Stirling engine in a 

first attempt, by an amateur, were also established in the due course of this research. Such success, as 

realised, depended on ‘constructing it (Stirling Engine) thermodynamically similar to a successful 

one’, but the virtuous wisdom and beneficial knowledge came from making it from scratch. 

 

 

 

 

 

 

 

 

 

 

 

(235 words) 
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Research Topic 

 

1. Constructing a Stirling engine 

 

This research paper documents attempts at constructing a Stirling Engine with ordinary parts of glass 

and plastic found in a physics and chemistry lab.  Three attempts were made with different methods of 

construction.  All three attempts failed.  The paper analyzes why they failed. 

However simple they are in their making, Stirling engines are complex and intricate in their working. 

This investigation on the failure of the three Stirling engines suggests the reason/s behind their failure 

and by understanding the fallouts makes a trial at a successful engine. 
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2. Introduction 

 

Stirling engines have long fascinated physicists and engineers for their efficiency and their ability to 

operate from any heat source. I am a great fan of the TV Show Planet Mechanics and in one of their 

episodes, ‘Solar Paella’, Bio engineer Jem Stansfield tried to make a Stirling engine which, using the 

heat power from the Sun should generate enough mechanical power to pull water a well. His engine 

generates wee bit of power, but as for pumping water, ‘he had bitten off more than he could chew’.  

 

Screen clipping taken: 09-11-2008, 10:57 (National Geographic) 

 

There came my interest in Stirling engines and their known ability to convert heat into mechanical 

energy very efficiently. The engine was invented in 1816 by a Scottish minister, Robert Stirling, long 

before the gasoline and diesel engines appeared. Stirling engines are more efficient and easier to 

operate but surprisingly, they are not widely used. They also look easy to build and run to an amateur 

but keenly, as Jem and I realize, Stirling engines are much more than a simple assembly.  
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3. Background Information 

3.1 What is a Stirling Engine? 

 

Stirling engines are engines which convert heat energy into mechanical energy by using the push 

created by the alternate expansion and compression of a working fluid which is enclosed inside the 

engine. 

 

Unlike engines in cars or airplanes, they are ‘external combustion reciprocating engines’. That means 

that the combustion process, which is the energy input to the engine, is separated from the working 

fluid which undergoes pressure and volume fluctuations to produce work. Such external heat engines 

can be driven by any heat source, and thus prove to be useful anywhere where there is excess heat or 

any heat. Stirling engines are unique in this context of engines, because their theoretical efficiency is 

nearly equal to the theoretical maximum efficiency (of conversion of heat energy into mechanical 

energy), that is, the Carnot cycle efficiency. 
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3.2 Working of Stirling Engines 

Single Cylinder Stirling Engine1 

This type of Stirling engine, known as the beta configuration
2
, consists of one cylinder with a 

hot and a cool end. The working substance is the gas that is transferred from one end of the cylinder to 

the other by a device called a displacer (illustrated in blue). The displacer is a large piston that has a 

smaller diameter than the cylinder. Its movement does not alter the volume of gas in the cylinder—it 

just transfers the gas within the cylinder. 

The four phases of the Stirling cycle are: 

Expansion 

 

Most of the gas in the system has just been driven to the hot end of the cylinder. The gas heats and 

expands, driving the piston outward. 

 

Transfer 

 

                                                           
1
 Images Courtesy  © Animated Engines.com <http://www.animatedengines.com/stirling.shtml> 

2
 Paraphrased from <http://www.animatedengines.com/stirling.shtml> 



Sahaj Umang Singh Bhatia 2279-017 

Page 9 of 48 

 

The gas expands. Most of it is still present in the hot end of the cylinder. Flywheel momentum carries 

the crankshaft the next quarter turn. Most of the gas is transferred around the displacer to the cool end 

of the cylinder. 

 

Contraction 

 

The majority of the expanded gas has shifted to the cool end. It cools, contracts and draws the piston 

inward. 

 

Transfer 

 

The contracted gas is still near the cool end of the cylinder. Flywheel momentum carries the crank 

another quarter turn, moving the displacer and transfers most of the gas back to the hot end of the 

cylinder. 
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4. Attempt at making a Stirling engine (1) 

 

4.1 Aim 

To construct a Stirling engine using simple lab equipment. 

 

4.2 Hypothesis 

This engine will work on the principle of expanding air in one chamber that pushes a loosely fitted 

piston, which could also take in some heat and dissipate it while moving toward the other chamber of 

the engine. Due to the piston’s loose fit, some expanding hot air would move to the other chamber, 

cool down, and compress, pushing the piston back into its original position. This cycle of back and 

forth movements will run the engine. 

 

4.3 Apparatus 

 

1. Boiling tubes (2) – 30ml 

2. Syringes (with plunger intact) (2)- 20ml 

3. Beakers (2) – 200 ml 

4. Delivery tube/Gas passing tube (2) 

5. Rubber Cork (2) 

6. Quick drying Adhesive 

7. A Cutter 

8. Bunsen Burner 

9. Wire Mesh 

10. Lab Thermometer(3)- (10-110
o
C) 

11. Water-(500ml) 

 

4.4 Variables 

Independent Variables  

• Temperature difference between ‘hot’ and ‘cold’ sides. 

Dependent Variables  

• Distance moved by the ‘piston’.  
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• Frequency of back and forth movements of the piston. 

Controlled Variables 

• The Room’s Temperature and Pressure. 

• Humidity in room. 

• Volume of the air inside the engine. 

• Size of the boiling tubes, plunger, delivery tubes. 

• Quantity of water used in the beakers. 

 

4.5 Methodology 

First decide on the hot and cold sides of the engines.  

 

• Take one boiling tube as the ‘hot’ side and one as the ‘cold’ side.  One boiling tube will 

be in a beaker with water that is hotter than the water in the other beaker; i.e. there should 

be a considerable temperature difference between the two. Note the temperature using 

two lab thermometers. 

• Take two syringes and remove the rubber washer from the plungers. Cut one of the 

plungers from its other end to remove the holder of the plunger. Cut the other plunger in 

half and join both of them back to back with each other using the quick dry adhesive, so 

that it makes a two faced plunger.  

 

Photograph 1- Syringe used to make barrel 

 

• After the adhesive dries up, insert both the plungers back to the barrels of the syringe and 

glue the barrels to each other’s ends. 

• Wait for the glue to dry up and, if necessary, reapply the glue to seal further better. The 

goal is to not allow any air leak (this can be tested by wetting the barrel from the outside, 

if any water reaches the inner part of the barrel it means there is a leak). 

 

That makes the piston part of the engine. 
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Sketch 1- Diagram of the model of the Stirling Engine 1 

 

• Now, attach both the nozzles of the barrels to a gas passing tube/delivery tube and seal 

them with the quick dry glue. 

• Fit the whole setup tightly into boiling tubes on both sides. 

• Place both the beakers on stands. Hold the ‘piston barrel’ with the boiling tubes in the 

beaker, and place in on a clamp, ensuring that it doesn’t fall off. 

• Pour water (250ml) in both the beakers and light up the burner underneath one of the 

beakers.  

• Make sure that room temperature is constant using the laboratory thermometer. 

 

Photograph 2- Stirling Engine 1 
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4.6 Observations 

4.6.1 First Try  

• The water heats up, boils and keeps evaporating. The ‘piston’ doesn’t move.  

• Water vapours seen on the inside walls of the barrel and test tube. 

• While the glass and plastic on the ‘hot’ side heats up, the ‘cold’ side relatively keeps cool. 

Preliminary Conclusions 

• The temperature difference was not enough for the engine to start. 

• Air may be leaking from unobservable nooks. 

• The formation of vapour suggests that the surface of the walls is cooler than the 

temperature of the vapour, that is, that there is an increase in temperature of the gas 

inside. 

 

Photograph 3- Stirling Engine 1 

4.6.2 Second Try  

Improvements Implemented after the First Try 

• Ice water kept in the beaker on the ‘cold’ side to increase the temperature difference. 

• Resealing of joints done to ensure air-tight structure. 

Observations 

• Water again boils and keeps boiling, heating up the boiling tube and the pipes. 

• The ‘piston’ doesn’t move. 

• Barrel on the cold side keeps relatively colder than the ‘hot’ side. 
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4.6.3 Preliminary Conclusions 1 

• The pressure generated by the expanding air is not enough to move the piston, even 

though the area from which the air moves into the barrel in very less, which optimizes the 

pressure. 

• The ‘piston’ made from the syringe plunger is heavy for the hot air to push under the 

current temperature difference and pressure.  

• Hot air is moving through the gaps in the ‘piston’ to the cold side, not creating any push, 

which is due to the weight of the piston and the friction that is created. 

4.7 Conclusion 

•  During the construction of the second Stirling Engine, it was realised that a 

constructional mistake was made during this first trial. In this construction, the volume 

regenerating piston/compression piston had been completely ignored. This way the 

pressure was building up inside the setup but it did not transform onto any work. 

• As the pressure builds up inside the barrel and the boiling tubes, it acted as a force on the 

walls and on the ‘piston’ but because the ‘piston’ does not move any distance, no work is 

being done.  

• Anyways, the ‘piston’ could not have moved any distance without another piston 

receiving the force built up due to the pressure. Only when there is some dimension in 

which the air can expand, will the air expand and put a pulling force on the displacer 

piston. 
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5. Attempt at making a Stirling engine (2) 

5.1 Aim 

To construct a Stirling engine, available on the World Wide Web by the National Maritime Research 

Institute, Japan, is tried in the lab.
3
  

 5.2 Hypothesis 

Heating the air on one side of the test tube will, due to air’s expansion, push the marbles to the other 

side, creating a compression. The air that gets cooled due to the room temperature (on the other end of 

the test tube) will move the marbles back. The marble would move as a displacer. 

5.3 Apparatus 

The following is the list from Appendix 2 – List of Materials needed 

“The test tube has 14 mm of inner diameter. The glass syringe is 3 ml capacity, which has about 

10 mm of diameter. Five marbles has about 12.5 mm of diameter. The rubber cap is inserted the 

aluminum tube, which has 5 mm of outer diameter, 3 mm of inner diameter and 30 mm of length. 

The rubber tube has 6 mm of outer diameter, 3 mm of inner diameter, and 30 mm of length, and it 

must be soft. The size of the rubber seat is 36 x 15 x 2 mm. The both-faces-adhesive tapes, whose 

size is 15 x 15 mm, are pasted the both sides of the rubber seat. The wood screws has 2.8 mm of 

diameter and 20 mm of length approximately. Nails are OK instead of the screws. The size of the 

base board is 280 x 90 x 14 mm, and it is made of lauan wood. The size of the frames is 170 x 30 

x 14 mm. The size of the reinforced board is 90 x 30 x 14 mm. The big size of the rubber ring is 

better. The alcohol lamp is marketed.” 

 

Apparatus with different specifications and some alternative apparatus were used in the construction 

of this engine which are mentioned below- 

• Instead of the 14mm test tube, a measuring cylinder of inner diameter of 19 mm (volume 

25ml) was used, as the test tube available was of 10 mm inner diameter and unable to fit 

the marbles available (diameter 12 mm) 

• Only two marbles were readily available, so 3 metal bobs were used as alternates 

(Copper; diameter- 14mm). 

• Syringe of 5 ml capacity used instead of 3 ml, to keep it proportionate to the variation that 

undertook  in volume of the test tube (replaced by a measuring cylinder, considerably 

larger than the test tube specified) 

• A wooden board wasn’t constructed as a similar board (a lens holder) was readily 

available. Although it fell short on its height, a wooden block was kept below it to correct 

that. 

• A rubber tube was directly used, and an aluminium tube was not used. 

                                                           
3
 Refer to Appendix 2 
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5.4 Variables 

Independent Variables  

• Temperature difference between ‘hot’ and ‘cold’ sides. 

Dependent Variables  

• Length Moved by the syringe. 

• Frequency of tilting motion of the test tube that in turn determines the frequency of 

the marbles movement from one side to the other.  

• Volume of air (working fluid) inside the engine. 

Controlled Variables 

• The Room’s Temperature and Pressure. 

• Humidity in room. 

 

5.5 Methodology 

 The instructions mentioned on the webpage are strictly followed; even though at some 

position certain ingenuity had to be applied. Refer to Appendix 2 for detailed procedure as stated on 

the website.  

 

Photograph 3 - Stirling engine2 

5.6 Observations 

 

• The steps 3 and 4 in the ‘Let’s Experiment’ Section of the Instructions did not work.  

o The syringe doesn’t become ‘long’ or ‘short’, as indicated in the photo and text, 

with the rolling of marbles from one side to the other. 



Sahaj Umang Singh Bhatia 2279-017 

Page 17 of 48 

 

• The marbles move freely across the tube, not putting any affect on the length of the syringe, 

unlike what is indicated on the webpage. 

• The convincingly similar model constructed here, doesn’t work, unlike the model it is based 

upon. In the video
4
 provided on the webpage, it is seen that engine works with little heat 

(alcohol lamp) and human interference. 

• Observing the video, it is seen that the cycle starts with the marbles being at the ‘cold’ side 

and when the air heats up and expands, the barrel of the syringe moves upwards, tilting the 

test tube and rolling the marbles over to the other side. As soon as the marbles move to the 

‘cold’ side, the barrel moves downwards and the marbles roll over back to their original 

position. 

• A second trial is conducted by keeping the marbles on the ‘cold’ side at the beginning of the 

experiment. A little after, air expands and the marbles roll over to the ‘hot’ side. 

• After the marbles roll over to the ‘hot’ side and the syringe extends to its maximum, the setup 

stay put. The syringe doesn’t retract and no further movement is seen. 

 

Photograph 4- Stirling Engine 2 

 

5.7 Conclusion 

The model was used because this is a working and tested model. The failure of this model is 

an important part of the whole research. 

                                                           
4
 Hyperlink provided in ‘instructions’- http://www.nmri.go.jp/eng/khirata/stirling/testtube01/testtube.mpg 
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This engine looks simple but, the model works on a system different than what was hypothised was 

earlier. It works on a principle different than normal displacer type Stirling engines or beta type 

Stirling engines.  

The marbles are not part of the piston system of the engine, where the piston is pushed by increased 

air pressure inside the cylinder. The marbles are on the ‘cold’ side of the engine during the start of the 

running of the engine, and move not due to air pressure. They do not act completely as a volume 

displacer piston in regular Stirling engines but rather act as a heat displacer and to some extent as a 

regenerator, conducting heat from the hot side to the cold side. 

The unusual placing of the marbles is explained this way- 

The equation � = ��∆�, can also be written as  

∆� =
�

��
 

And, according to that, the temperature difference is inversely proportional to the mass. So when the 

mass decreases, the temperature difference should increase.  

When the engine starts, air in the measuring cylinder (which has replaced the test tube here) expands 

and pushes the syringe’s plunger. Because the plunger’s end is attached to the board below it, the 

syringe barrel is pushed upwards due to force applied on the plunger. The measuring cylinder tilts and 

the marbles roll over to the other side. 

Now, when the marbles move to the side of the test tube above the flame, the mass increases in that 

area thus the temperature difference decreases. The marbles also absorb some heat from the air 

surrounding it and from the flame. According to theory the temperature difference should decrease, 

hence resulting in a pressure drop due to which the syringe retracts. The retracting syringe tilts the test 

tube again, and the marbles roll over to the cold side. The cycle repeats itself and the heat from the 

flame, through the marbles, reaches the cold side and dissipates.  

Though work is being done by the engine by means of the up and own movements of the barrel of the 

syringe, but the movements are not smooth and cannot be reciprocated onto a crank to create circular 

motion by attaching with a wheel. 

Preliminary Conclusions  

• A preliminary conclusion was made that, because there was big gap on the sides of the 

marbles due to their size difference with the inner diameter of the tube, the air could not 

push them.  
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• Another initial assumption was that, the increased mass due to metal bobs makes it harder 

for the air to push the marbles. 

These assumptions were verified as false following the observations from the video and the second 

trial which, as earlier stated, made clear that the engine has a different working. The hypothesis was 

also falsified 

Final Conclusions 

• In the trial, the use of three copper metal bobs instead of marbles should have been an 

advantage as their mass is relatively more than the marbles, because this could have 

decreased the temperature difference further than what could have been with the marbles. 

•  Also the metal bobs can act as a regenerator taking in heat from the hot air much faster 

than marbles and losing it on the ‘cold’ side. 

• But this increased mass and the regenerator capabilities don’t run the engine completely. 

A measuring cylinder was used instead of a test tube, as mentioned earlier, and that 

increased the mass as the measuring cylinder had a base made of thick glass. 

• The pressure drop that occurs after the marbles roll over to the ‘hot’ side, cannot create 

enough retraction force on the syringe to pull the mass (of the metal bobs, marbles and 

the base of the measuring cylinder) up to an angle from where the marbles would roll 

back. 

Theoretically, this Stirling engine is pretty foolproof as the marble size couldn’t make any difference 

to its movement, unlike the first try where the weight and the size of the piston could have mattered. 

The snag here was the adverse effect that the marble mass had on the working of the engine. The 

syringe would have had to exert too much retraction force to tilt the test tube downwards, for which, 

the kind of drop in pressure level needed could not be generated. Also the fact that the syringe 

extended very slowly, indicates that it was too tightly fitted and that would have also accounted for 

the non-retraction of the syringe. The air was unable to lose its heat rapidly, when after travelling to 

the cold side, and that is attributed to the thickness of the measuring cylinder. It is very adequate to 

say that, the model would have worked with usage of standard apparatus it had required and, alternate 

equipment convoluted its methodology. 
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6. Attempt at making a Stirling engine (3) 

6.1 Aim 

Learning from the first attempt, where the compressor piston was forgotten, the same equipment was 

modified so that to attach a tightly fitted piston to the construction. 

6.2 Hypothesis  

The engine will work by constant expansion and compression of the working gas (air) on 

either sides of the displacer piston. The ‘piston’ is the same as the First Setup, but the addition of 

another piston (which, as realised, is necessary) does the trick here. 

Air, taking in heat form the flame, will expand and push the two-faced plunger upwards, 

simultaneously creating push on the tightly fitted piston. The upward moving displacer will also allow 

some hot air to move to the cold space, and lose its heat. The total volume of the air inside the engine 

will increase but, volume on the cold side will decrease as the displacer piston, which is bigger, 

moves upwards compressing the air. Here, the tightly fitted piston would be retracting back inwards, 

due to the compression, and therefore would push air and the displacer back too. 

 

6.3 Apparatus 

• Essentially the same apparatus as Attempt (1). 

• A Syringe (5ml) 

 

6.4 Variables 

Independent Variables  

• Temperature difference between ‘hot’ and ‘cold’ sides. 

Dependent Variables  

• Distance moved by the ‘piston’.  

• Volume of the air inside the engine. 

• Frequency of back and forth movements of the compressor piston. 

Controlled Variables 

• The Room’s Temperature and Pressure 

• Humidity in room. 

• Size of the boiling tubes, syringe, area of surface of plunger. 
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6.5 Methodology 

• Delivery tubes were removed completely and nozzles of the barrel cut off.  

• Barrel directly attached to a boiling tube and the other one removed. 

• Parts of the barrel resealed. 

• Flame directly used on the engine to increase heat (except for the second try, where a 

water bath was used). 

 

Photograph 5- Stirling Engine 3 

 

Photograph 6- Stirling Engine 3 
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6.6 Observations 

First Try 

• Few minutes into the trial, it is observed that the ends of plastic parts (of the piston) in the 

‘hot’ side had started melting. 

o The setup was taken apart to fix the damage from the melting. The end of the 

barrel had to be cut to remove the melted plastic. 

o The setup was fixed to maintain a longer distance from the flame. 

Second Try 

Note: A water bath is used instead of direct flame. 

• The water boils, heating the hot air compartment. 

• The pistons, both the displacer and the compressor, don’t move. 

N.B. – It was assumed that the heat was not enough, so direct flame was used after this. 

Third Try 

• The plastic was far from the flame, safe from possible damage. 

• The two pistons start moving after a while, but don’t continue further. (from 0ml to 

0.8ml) 

o The process of expansion occurs, but the process of compression after the loss of 

heat by air doesn’t occur. Possibly, the air doesn’t lose enough heat to the 

chamber and surroundings to facilitate compression. 

• Minute screeching sounds could be clearly heard, indicating an air leak. 

• The piston moves very slowly and after a lot of time. 

Fourth Try 

To increase the temperature difference, a plastic glass with ice was attached to the ‘cold’ chamber 

from outside. This would fasten the process of heat loss from the air inside the chamber, when it 

travels to the cold side. 

The rubber washer on the plunger is taken out and another plunger is used, which is much smoother, 

with lesser friction. 
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Photograph 7- Stirling Engine 3 

• The engine starts and the compressor piston moves first, with the displacer piston also 

moving. 

 

Photograph 8- Stirling Engine 3 

• The tightly fitted syringe plunger (compressor) moves from its position at 0ml to 2.4ml.  

The displacer also moves upwards, but the distance couldn’t be observed as the ice 

chamber blocked the view. 

• In continuation to that, in the compression phase, the piston moves downwards to 0.7ml. 

• In the second turn, the piston moves from 0.7ml to 1.5ml only. 

• The movement of plunger of the syringe tapers further until the cycle abruptly stops due 

to crack in the boiling tube.  
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Photograph 9- Stirling Engine 3 

• Water vapours which condensed on the outer surface of the plastic glass used to hold the 

ice, fell as droplets of water on the boiling tube (the ‘hot’ side) resulting in the formation 

of cracks in the boiling tube. 

o The inner and outer layer of the borosilicate glass had expanded due to the heat 

supplied to it, but when cold, condensed water fell on it, the outer layer suddenly 

contracted and that created a strain breaking the borosilicate glass. 

 

Photograph 10- Stirling Engine 3-Crack 

 

6.7 Conclusion  

The improvement from the First model turns out well, although not working completely but running 

sufficiently enough to investigate what problems can be faced while constructing a Stirling engine 

from scratch. An attorney by profession, Andy Ross in his book Stirling Cycle Engines (Ross) 

describes his travails with making Stirling engines where many worked and many did not and 

referring to that, on the Stirling Engine Society of USA’s website, a write-up poses a interesting 
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question, saying that “If I want to build a Stirling engine of a certain wattage or I have a mechanical 

device I want to make into a Stirling engine, how in the world do I figure out how to construct the 

heat exchangers (the heater,  cooler and regenerator) so that the machine works the first time ?", and, 

“Considering the amount of time and effort that goes into creating a   device of this nature,  we want 

to learn how can we increase our   chances of constructing a unit that works as expected.”. A much 

paraphrased answer to that question is suggested, citing Dr. Allan Organ’s book “The Regenerator 

and the Stirling Engine" (Organ), stating to build it "Build it thermodynamically similar to a 

successful one.”
5
    

It can be concluded that the engine does not successfully work, as the repetition of the cycles does not 

occur and a tapering down of the movement is observed. There are certain ratios of mass of displacer 

and piston and the net forces that act on them, which determine the pressure differentials required for 

a Stirling Engine to work that would have come into play (Refer to 8.Conclusion), and further 

thermodynamic factors. These may have resulted in the problems faced in running the engine. 

 

                                                           
5
 Quoted from <http://www.sesusa.org/scaling.htm> 
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7. Attempt to make a Stirling Engine (4) 

Following up from the conclusion from Attempt (3), a replication of a Stirling engine is 

constructed making use of another simple assembly available on the World Wide Web. Refer to 

Appendix 3. 

7.1 Hypothesis 

This Stirling engine will work on the simple Beta-Type Mechanism or the Single Cylinder 

setup. 

7.2 Apparatus 

Some alternate apparatus was used, but essentially the same as the list. Care was taken to 

use the same equipment as stated in the instruction, so to avoid problems faced in Attempt (2). 

• Tin Cans (both 240ml) 

• Epoxy Glue 

• Soldering Machine 

• Copper Wire 

• Cutter, Pair of Scissors 

• Latex Condom (instead of helium quality rubber diaphragm) 

7.3 Variables 

Independent Variables  

• Temperature difference between ‘hot’ and ‘cold’ sides. 

Dependent Variables  

• Distance moved by the two ‘piston’.  

• Volume and Pressure of air inside the engine. 

• Rotation of the Fan attached to the Crank. 

o The frequency of up and down movements of the piston determines the 

rpm of the fan. 

Controlled Variables 

• The Room’s Temperature and Pressure 

• Humidity in room. 

• Size of the tin cans, piston and length of crank. 
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7.4 Methodology 

The instructions specified on the website were read, understood and then followed in an 

independent interpretation. 

Refer to Appendix 3 – Instructions (Pg. 37) for original instructions 

 

 Adapted Methodology 

 

7.4.1. Displacer 

• One of tin cans’ top is cut off and a cylindrical section is cut horizontally (Height 1 

inch). 

• A vertical cut is made, and the walls of the can are glued, overlapping each other to 

make a cylinder of smaller diameter (1.5 cm overlapping). 

• The can’s bottom is cut to make one of the top surfaces of the displacer and a hole is 

drilled into it. 

• The displacer rod is inserted into the can’s bottom and soldered to fix it. 

• The top surface is stuck to the displacer by using superglue. 

• The other surface is made out of thick paper and also glued. 

 

Photograph 11-Base of displacer being glued. Photograph 12-The displacer rod inserted Photograph 13-Soldered rod  

     in the top surface of the displacer. shown here 



Sahaj Umang Singh Bhatia 2279-017 

Page 28 of 48 

 

 

Photograph 14 – Displacer fitting into the Main Cylinder. 

7.4.2. Main Cylinder 

• Top of the other can is cut, just so that the displacer can go in.  

• The main cylinder is joined with its top with superglue and sealed using layers of 

cello tape. 

• As it was a used can there was a opening on the top, which was used for the 

displacer rod and the diaphragm attachment. 

 

7.4.3. Diaphragm 

• Rubber balloons, that were used, damaged easily while attaching due to the sharp 

edges of the can. 

• A latex condom was used to make the diaphragm and glued onto the opening of the 

can, leaving space for the displacer rod. 

• A thin copper wire is tied on top of the diaphragm, which makes the other piston of 

the engine.  

This was possibly the only place where an air leak was possible, though it was negligible. 

7.4.4. Crank Mechanism 

• The crank, with a 90° phase difference between the connection to the displacer and 

to the diaphragm, is made by turning a thick wire and hammering to straighten it. 

• The crank was held up using plastic rulers, in which holes were made. 

• On one end of the crank, a plastic fan was glued, to observe the rotations. 
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7.5 Observations 

 

 
Photograph 15- Stirling Engine 4 working slowly with a Candle Flame 

 

First, the engine is setup above a candle flame. 

• The fan spins after a while but gets stops when the displacer rod, due to its constant 

up and movement, shifts a little bit and gets stuck to the turn in the crankshaft. 

o This happened due to the loose fitting of the attachment of the displacer rod 

to the crank. 

The cycle resumes when the crank’s position is manually corrected. This problem recurs but is 

corrected later by tightening the loop. 

• It is observed, that while the engine works, one complete round of the crank/fan 

takes place in a time frame of approximately one second. 

• The instructions on the website indicate a working speed of 120 rpm (rounds per 

minute), which is 2 rounds in one second. 
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Another trial is done using a water bath. 

 

Photograph 16- Stirling Engine 4 in a water bath 

 

• The engine’s displacer rod had to be given a pull. 

• The engine runs slower than that of candle flame but speeds up later. 

• The displacer rod gets stuck again and had to be corrected manually.  

An approximate rpm of more than 60 rpm is achieved. 

 

7.6 Conclusion 

This trial at making a Stirling engine works, not as good as stated by the author of its making, 

but it performs better. This model was harder to build than the earlier models, but its working 

suggests that success of a successful engine indeed lies in replicating a successful model. Even 

though it had an observable air leak (mentioned in 7.4.3.), amateurish construction, and fragile 

assembly, the mechanism applied here works pretty well. 
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8. Conclusion 
 

Making a Stirling engine from scratch using uncomplicated tools and techniques and no 

sophisticated computer models proved to be simple but its success in working depended upon 

understanding the factors that can affect its construction. Construction of a Stirling engine consists of 

not only what was done in the Research above but also the knowledge of heat cycles and 

thermodynamics involved. In this analysis, simplistic Stirling engines have been tried but there is a 

great possibility of research to be done about such construction of its Alpha and Gamma types and 

most importantly, using regenerators.  

 

Attempt (4)’s success proves what was stated in 6.7 Conclusion, about making a model of a 

Stirling Engine ‘thermodynamically similar to a successful one’. Though the Attempt (2) was also a 

replication of a successful model, its design differed from the expected and gave a chance of learning 

a varied type of process. Attempt (1) and (3), stemming out of individual knowledge, contrastingly 

proved how unpretentious reasons initiate success. 

In a 1969 report on model tests of Stirling engines, its author, William Beale, states that- 

 “The net force: mass ratio of the displacer must be larger than that of the piston, otherwise 

the piston will move with or ahead of the displacer, and a sufficient pressure differential 

across the piston will not be developed”
6
 (Beale) 

Such ratios partly determine the working of the engine, and so would many more. Many such 

calculation were not possible to be done before making the engine, such as the pressure inside the 

chamber, which will in turn would have given the net force on the walls and the displacer. Citations 

from many sources mention such calculations and computer simulations that can provide with the 

perfect dimensions of a would-be perfectly working Stirling engine. But, real fun and intelligence can 

be earned only by making one from scratch. 

  

                                                           
6
 Beale, William T. (Dept. of Mechanical Engineering, Ohio University), Free Piston Stirling Engines- 

Some Model tests and Simulations. Detroit, Mich.: Society of Automotive Engineers, 1969. 
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Appendix 1 

 

The television program ‘Planet Mechanics’, telecasted on National Geographic Channel, has two Bio-

Engineers travelling around Europe and solving problems that concern providing environmental 

friendly measures. 

In the episode mentioned in the text, ‘Solar Paella’, the two bioengineers travel to Spain to a farmer 

Jesus’ ranch. Part of the Appendix, is the webpage describing the ‘Solar Paella’ episode. 

<http://www1.natgeochannel.co.uk/explore/green/mechanics_prog.aspx?mediaType=picture&ep=4> 

 

 

Screen clipping taken: 09-11-2008, 11:02 (National Geographic) 
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Appendix 2 

 

This appendix is the webpage of the National Maritime Research Institute of Japan, referring 

to which the Attempt to making a Stirling Engine (2) was based upon. This is the complete 

screen capture of the webpage as accessed last on 2 Dec. 2008.  

<http://www.nmri.go.jp/eng/khirata/stirling/testtube01/index_e.html> 

 

Video- <http://www.nmri.go.jp/eng/khirata/stirling/testtube01/testtube.mpg> 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P.T.O. 
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Test Tube Stirling Engine 
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End of Appendix 2 
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Appendix 3 

Appendix 3 is the webpage cited in Attempt 4. The webpage describes how to make a simple Stirling 

engine using household material available easily. 

 

Website Home Page: <http://www.geocities.com/therecentpast/> 

 

 

<http://www.geocities.com/therecentpast/Parts.html> 

 

Parts List 

A- Displacer - Aluminum drink can with top and bottom cut off. The can is cut vertically and glued (with hi-temp 

epoxy) together to form a 1-1/4" high cylinder with a diameter of about 95% of its original diameter.  When the 

can is glued to form a cylinder, the overlap will be about 10 millimeters (assuming a 65 mm diameter can).  The 

bottoms of 2 aluminum drink cans are trimmed to just fit inside the displacer and are glued into place (one end dish 

side in, the other end dish side out). There should be no air leaks into the displacer. The displacer should be 

smooth and fit inside an aluminum drink can (pressure vessel) with about 2 millimeter clearance when centered 

inside the can.  

  

B- Displacer rod - 2 inch straight quilting pin  

  

C- Pressure Vessel - Aluminum drink can with top cut off - 2-1/2" tall.  

  

D- 1" x 1/4" Copper tube (or equivalent).  You can also make a tube by rolling a section of aluminum cut from a 

can into a tube and gluing the seam.  Remember the seam must be air tight.  

  

E- 3/4" Schedule 40 PVC Cap (about 1.125" inner diameter) 

  

F- Flat Washer - 1/4" tube should just fit inside the washer hole  

  

G- Rubber diaphragm cut from a helium quality balloon.  The diaphragm should be cut from a spherical portion of 

the balloon so that it is dish shaped.  

  

H- Pressure Vessel Top - Aluminum drink can bottom, dish side down.  Top should be about 1 inch tall.  An 1/8" 

hole should be punched in the center. Epoxy (high temp) a 1/8" long section of 1/4" copper tubing (or equivalent) 

over the hole. Cut a flat 1/2" square out of a steel can (I used the bottom of a peanut can). Note that the 1/2" square 

must be made of steel.  Punch a hole in the center of the flat square with a straight pin. The displacer rod should 

slide smoothly through this hole with no side to side movement.  This is intended to be a fairly air tight seal; 

although there will be some air leakage. Epoxy the square onto the copper tube. The hole in the square should be 

centered over the hole in the pressure vessel top (see sketch). 
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I- Crankshaft Supports - Cut out four 1-1/2" x 4" sections from an aluminum drink can. Make a pair of supports by 

gluing (with high temperature epoxy) two sections together for stiffness. Punch a hole in each support 1/2" from 

one end. The hole should be just large enough to allow the crank to turn freely; but there should be no up-down or 

side-to-side play in the crank. 

  

J- Flywheel - 2 AOL CDs glued back-to-back (shinny side out).  

  

K- Penny (2 total) with hole drilled in center. Hole is sized to allow the crankshaft to be inserted. Pennies should 

be centered over the flywheel and glued in place. Holes in the pennies should be left clear so that the crankshaft 

can be inserted. Crankshaft will be perpendicular ot the flywheel. 

  

L- Connecting Rod - Stiff aluminum wire. One end of the wire will be coiled around the crank. The other end of 

the wire will be glued (with super-glue) to the rubber diaphragm (see sketch). 

  

M- Connecting Rod - Stiff aluminum wire. One end of the wire will be coiled around the crank. The other end of 

the wire will be coiled around the displacer rod (see sketch). 

  

N- Crankshaft - Stiff coat hanger wire (or equivalent). Bend per sketch.  

  

O- Fire Box - Aluminum drink can with top cut off. Remaining can should be 3-1/2" tall. 

  

P- Base - 6" x 6" x 1" wood 

  

 

  

 

<http://www.geocities.com/therecentpast/instructions.html>  
  

  

 

 

INSTRUCTIONS 

  

GENERAL 

  

J-B Weld epoxy was used throughout this project.  I found it best to apply the epoxy with a 

toothpick. 

  

Red RTV (Hi-Temp.) can be used to seal and glue some parts on the outside of the stirling engine.  

Its cheaper and dries faster than J-B Weld, but its not as strong.  Do not use RTV on the displacer 

because it has a high friction coefficent and will cause the displacer to drag if it rubs against the 

side of the pressure vessel.  Also, because it is flexible, do not use it to mount and seal the power 
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piston tube to the flat washer and to the side of the pressure vessel. 

  

Small stainless steel scissors were used to cut the aluminum cans. The type that comes with a good 

Swiss Army knife will do. 

  

A circular template (the diameter of the aluminum can) made from graph paper is useful for finding 

the center of a can. 

  

When making the bottom and top of the displacer, a compass should be used to scribe the circle on 

the bottom of the can. 

  

Use drops of superglue or slivers of tape to temporarily hold parts in place while epoxy sets. 

  

  

DETAILS 

  

Orient the displacer with the dished side down.  Glue (with hi-temp epoxy) the 2 inch quilting pin 

to the top of the displacer. The pin should oriented in the axis of the displacer cylinder.  Note that 

the displacer and pin will have to endure rapid up and down movement.  It is left up to the builder 

to determine the best way to secure the pin to the displacer.  However, one method is to insert the 

pin through a hole in the center of the displacer top, put a couple of bends in the end of the pin 

inside the displacer, and then epoxy the bent end of the pin to the inside of the displacer top. 

  

Insert displacer into pressure vessel dished side down.  Place top on vessel (dish side into vessel) 

and gently push the top into the vessel (dished side down).  Note that the straight pin should 

protrude at least 1/2 inch from the hole in the top.  Verify that the displacer moves smoothly inside 

the pressure vessel when the displacer rod (straight pin) is moves up and down.  Glue (with hi-temp 

epoxy) the top to the vessel.  This joint must be air-tight. Once the glue has dried, bend 5/16 inch of 

the end of the straight pin to a 90 degree angle.  Be careful not to bend the portion of the pin that 

must pass through the hole in the top of the vessel 

  

Bore a hole in the side of the PVC end cap for the copper tube to fit into.  The hole should be low 

enough in the cap so that when the tube is installed it will not interfere with operation of the rubber 

diaphragm.  Fit copper tube into the end cap and epoxy in place. Push the other end of the copper 

tube into the flat washer to make a flange and epoxy in place.  Cut a 1/4" hole  in the side of the 

pressure vessel near the top of the vessel. Position the copper tube flange (flat washer) over the 

hole.  The open end of the PVC cap should point up.  Verify operation of the displacer, and epoxy 
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(hi-temp) the tube flange in place.   

  

Punch a hole in the bottom center of the fire box.  Fasten the fire box to the center of the wood 

board with a wood screw inserted through the hole.  Gently push the pressure vessel assembly into 

the top of the fire box. You should be able to press it in about 1/4 inch.  Be careful not to split the 

fire box.  Cut an opening in the side of the fire box wide enough to insert a tea light candle 

through.  The opening should be about 1/2 inch above the base and 1-1/2 high.  Cut a slot in the 

upper back of the fire box about an inch wide and 1/8 inch high.  Make a flat surface inside the fire 

box by filling it with paster of paris up to the bottom of the opening. 

  

Fit the flywheel onto the crank.  (Note: You will need to install heat shrink tubing spacers on the 

crank on one side of each support).  Bend the end of the crank to 90 degrees and epoxy.  Turn the 

crank/flywheel and eliminate as much wobble as possible.  Install the crank in the support holes.  

Note that the crank is correctly oriented with respect to the PVC end cap (power diaphragm).  

Epoxy the supports to the side of the pressure vessel.  A slot may have to be cut in the support that 

fits over the copper tube.  Alternatively, the supports can be epoxied to the inside of the pressure 

vessel top.  The holes in the supports should be about 2.5 inches above the top of the pressure 

vessel.  The holes should be at the same height and in line with the displacer connecting rod. 

  

Apply superglue to the rim of the PVC end-cap and press the rubber diaphragm onto the end cap.  

The diaphragm should be air-tight and loosely fitted, so that it does not stretch through the entire 

motion of the crank. At the top and bottom of the stroke the diaphragm should be slightly taut.  The 

dish shape of the diaphragm should help achieve the range of motion without stretching the 

diaphragm.  It is important that the diaphragm not resist (by stretching) movement of the engine. 

  

Install the displacer connecting rod (aluminum wire) per sketch.  Adjust the wire so that when the 

crank is turned, the displacer comes close to the top and bottom of the pressure vessel but does not 

touch.  Tape a washer to the side of the flywheel to counteract the weight of the displacer.  Turn the 

crank and adjust the location of the washer until the crank turns smoothly (i.e. the weight of the 

washer counterbalances the weight of the displacer).  If a point can't be found, a larger washer may 

be needed.  Superglue the washer in place. 

  

Install the power diaphragm connecting rod per sketch.  Note the orientation of the foot.  Attach a 

square of rubber balloon to the bottom of the connecting rod foot with superglue.  Attache the 

covered connecting rod foot to the diaphragm with a drop of superglue.  Verify that the end of the 

wire is turned up and will not stick into the diaphagm.  The diaphragm should move into and out of 

the end-cap when the crank is turned but should not stretch.  
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The engine should run off the heat from a tea light candle, assuming the flame is as intense as an 

average candle.  Light and insert the candle into the fire box.  After 30 seconds or so, gently spin 

the crank in the direction in which the displacer rises before the diaphragm.   

  

The engine will run more efficient (faster) if some water is poured on the pressure vessel top (do 

not allow the water to flow into the pinhole in the pressure vessel top).  The more water put on top 

of the vessel, the cooler it will stay and the faster the engine will run.  A collar can be built around 

the displacer rod to keep water out of the vessel and the sides of the vessel top can be built up with 

a larger collar to make a space for holding water on top of the vessel.   

 

 

<http://www.geocities.com/therecentpast/tshoot.txt> 

 

TROUBLESHOOTING TIPS 

 

This engine will rotate at 120RPM or greater depending  

on the heat produced by the candle flame.   If the flame  

is too small, the engine won't work.  Cooling the top  

with water may help, just don't let the water  

get inside the engine (See instructions). 

 

The displacer has to be air tight.  Also, the pressure vessel,  

diaphragm, etc. have to be air tight.  There should only  

be minuscule air leakage around the pinhole when the engine  

operates.  In fact, this should be the only place that air leaks 

out of the engine.  You can check it by putting a drop of oil  

on the pin hole. There should be a few small air bubbles formed  

when the displacer moves up and down. 

 

Minimize all friction and binding.  The flywheel should turn freely.   

Verify that the flywheel is balanced with the displacer connected  

to the crankshaft and  the diaphragm disconnected. 

 

The displacer should not hit the top or bottom of the 

pressure vessel. 
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The diaphragm should not stretch or tighten during 

operation.  It should "pop" in and out. 

 

Make sure there is a 90 degree angle between the 

displacer and power diaphragm connections.  That is, 

the displacer is 90 degrees out of phase with the 

power diaphragm.  

 

Finally, check out other web pages relate to stirling 

engine design. 

 

Good Luck. 

  

 Pictures 

<http://www.geocities.com/therecentpast/Pictures.html> 
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End of Appendix 3  
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