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Introduction to this Volume

Welcome to the very first Volume of UK Stirling News.  This document is a reprint of the complete set of 6 issues published in 1996.  Covering a whole year between the busy 1995/96 Olympia Show and the Inauguration of the Stirling Engine society at the January 1997 London Model Engineers Gathering at Picketts Lock, this volume charts the early beginning of the Stirling engine society and some of the article contributed by founding members.

To the newcomer there is a section on the workings and history of the Stirling Cycle engine, plus details of literature materials and even videos of Stirlings.

Some editing has been performed in order to improve the accuracy of the text and to remove multiple adverts and title pages.

When first published, UK Stirling News was written on a word processor, and photographs were added using the old fashioned method of cut and paste.

Sadly over the years, the original master artworks became so dog-eared and scruffy, that it was impossible to produce good reprints.

So the text was salvaged and wherever possible, new photographs  and diagrams have been scanned in and added to the text.

Issue 1 was started in early January, just a week after the Olympia Model Engineering Show.

The Olympia Show was traditionally a gathering place for Stirling Engine Enthusiasts, and held the annual Gnat Power and Performance Tests.

I had been involved in demonstration the Viebach ST05G Gamma engine with a German friend, Barney Scharl from Munich.

Looking back I guess Issue 1 was a bit of an advert for the Viebach Engine, but I did feel that a publication was necessary in order to keep Stirling enthusiasts in touch around the World.

UK Stirling News changed its name in 1997 to reflect the international readership, and the Stirling Engine Society was officially founded at the Pickett’s Lock Show in North London on January 25th 1997.
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How A Stirling Engine Works

By way of an explanation, for those of you unsure of how a Stirling engine can produce mechanical power from any source of heat, I have included the following simple explanation. Many of you will probably have had far more experience of Stirlings than I have, so feel free to skip the next passage.

The Stirling Engine is a form of heat engine which relies on the principle that when a quantity of gas (usually air, but sometimes helium or hydrogen) is heated, it will expand, and its volume will increase. If the gas is sealed in a container, then the pressure inside the container will rise.  When cooled, the volume and thus the pressure will decrease.

If we make this container a closed cylinder with an air-tight piston at one end, on heating the gas pressure will push the piston out until the internal pressure equals atmospheric pressure, and on cooling the internal pressure will fall allowing the piston to be pushed back in by atmospheric pressure, until the pressure on either side of the piston is equal. If we can then devise a way of repeatedly heating and cooling the gas, then we can make the piston reciprocate, and turn a shaft and flywheel by means of a con-rod and crank.

In practical Stirling engines, rather than alternately heating and cooling the gas it is often easier to move the gas, from one end of the cylinder which is kept hot (typically 500 C or red heat) to the other end which is kept cool by means of a water jacket. A loose fitting piston, similar in appearance to a beer can, known as the displacer, is made to move to and fro in the cylinder, thus shuttling the gas from one end to the other, the gas leaking around the peripheral gap between the displacer and the cylinder wall. The displacer produces no power itself, but uses very little power from the working piston to move the gas through the engine.

The clever part of the Stirling cycle is to include between the hot and cold ends, a heat store, known as the regenerator made of a heat absorbing material such as steel wool or layers of stainless-steel mesh or perforated shim. This absorbs heat from the gas on its way to the cold end and replenishes the heat to the gas on its return trip to the hot end. This reduces the amount of heat which must be put into the gas by the heat source and thus lowers fuel consumption. It also means that less waste heat must be absorbed from the gas by the water cooling system, and so makes the overall working cycle more efficient.

The Stirling engine can also be used as a heat pump or refrigerator, if it is turned using an electric motor. The Stirling refrigerator or cryocooler can be used to liquefy air and other gases for laboratory purposes. Hi-tech Stirling engines can be as much as 40% thermo-mechanically efficient, although 10% to 20% is possible with a simple low-tech engine.

There are 3 basic configurations of Stirling engine, Alpha, Beta and Gamma. These types will be explained later. There are also engines named after their inventor, such as Rider, Ringbom, Kolin, Ross and Beale. These will also be featured in detail in subsequent Newsletters.

The Stirling Engine and its derivatives form a fascinating branch of engineering, encompassing disciplines such as thermodynamics, material science, gas dynamics, fuels and combustion not to mention mechanical and electrical or electronic engineering. In Stirling Engineering there is something to interest everyone.

A Short Stirling Engine History. 

The Stirling-Cycle engine has been around since 1816, originally patented by the Reverend Robert Stirling, a 26 year old Scottish Minister. How he came to be involved in such a development is a fascinating enigmatic story, recently unfolded in Robert Sier's new biography on Stirling the man and his engine. Yet 180 years later, very few people know anything of the man or the engine which he helped to create. As we approach the year 2000, there is a new Renaissance in alternative energy sources and energy conversion equipment. There has never been a better time to take a fresh look at some old ideas and produce a simple machine which will truly benefit everyday life, both in the Western World and the Developing World.

Once popular as a small source of mechanical power, with no potentially explosive boiler like a steam engine, the Stirling was used to pump water and run machinery, often in remote rural areas. Superseded by the more powerful internal combustion (IC) engine at the turn of the century, it fell into obscurity, and existed only as an interesting model. Philips of Holland revived it in 1937, as a potential source of electrical power for their valve radio sets that was clean quiet and produced no electrical interference.

From 1946 onwards the desire was to put a Stirling in a vehicle and both Ford and GM plus associated companies spent 100's of millions of dollars, and achieved this aim in the late 1960's. However the engine that they had developed for this purpose was a far cry from the simple Stirling known to the Victorians, and had become a high-tech, space-age energy conversion machine. The GM automotive Stirling programmes were dropped almost overnight in 1970, as the US car companies switched their research efforts to other projects, during major restructuring programmes of the mid '70s fuel crisis. 

So here we are in the second half of the 1990's, with very little evidence that the Stirling Engine is alive and  well. However in recent years there have been some new engine developments, mostly high-tech research  engines costing tens of thousands of dollars, and available only to research institutes and Universities. In addition, as you will have seen from the Model Engineering show, there is also a healthy profusion of beautifully crafted models. Thus the World of the Stirling Engine has become polarised, on one side models capable of a few watts of power, on the other seriously expensive prototypes capable of 10s of Kilowatts, but nothing in between, in the form of the affordable domestic Stirling.

Introducing the Viebach ST05 Engine.

Dieter Viebach is an electro-mechanical engineer, born in 1938, and living about 40 miles from Munich, in the small town of Kolbermoor, in Bavaria. He is an amiable chap, and his English is perhaps slightly better than my German and so we just about understand each other. Fortunately his son Stephan, has stepped in to translate in times of need. Dieter, once self employed, and previously in 1967, working in launch control of the ELDO European Rocket programme in Woomera, Southern Australia. Now in partial retirement, he has decided to focus on the production of small Stirling Engines, primarily designed for combined heat and power applications. He has a special philosopy when it comes to business, and that is not to keep secret his developments, like a conventional firm, but to actively share and encourage others to take part in the development of his engine. This is done by making available, all technical details and discoveries, in the hope that a larger group of people will benefit from the shared knowledge. This is a perhaps radical way of thinking, and perhaps a little unfamiliar to the UK businessman, but I too believe that this is a good way of accelerating the development of what is an interesting little engine. 

The Viebach engine is currently a semi-professional project, based upon a series of sand castings. The first prototype (1992) was built from welded sections of 6" steel pipe, and much of this heritage is visible in the appearance of the crankcase. The castings kit has been available in Germany for about a year now,  and when I visited Munich in October, 50 casting kits had been sold at that time. Herr Viebach, has established a User Group, “Study Group Stirling” and any person purchasing a casting set, becomes a member of the Group. Most of the castings have been sold in Germany, to enthusiasts, Technical Colleges and organisations involved in Alternative Energy systems. Herr Viebach publishes a quarterly information Newsletter, RingInfo, and encourages users to share information of developments and progress with their engines, across the Group. Herr Viebach believes that together, with all group members contributing, that the development of the engine will be rapid and exciting.

The first prototype engines, use a piston configuration, known in the Stirling World as a Gamma type arrangement. This is where the displacer piston is in a separate cylinder to the working piston and the two cylinders are linked by a connecting air pipe. Although simplest in operation, the Gamma configuration does have some drawbacks and it is for this reason that Herr Viebach is developing a Beta type engine, where both displacer and working piston run in the same cylinder one above the other. This new engine was first run over the Christmas period, and will make its debut at the Osnabruck Stirling Conference in February. Initial tests suggest that this new Beta engine can produce roughly twice the shaft power of the original engine. I hope to have more details soon. Herr Viebach, has also developed a cast stainless-steel heater head, which eliminates much of the fabrication work of the old heater head and helps to keep costs down. This will be available in mid-96.

As you are aware, the Viebach ST05 G Stirling Engine made its UK debut at Olympia in the New Year. As the engine is a German design, all of the literature has to be translated to suit the English market. It is anticipated that an English version of the Plans Pack will be available in the Spring. Meanwhile the German version is available, and I can supply a rough translated text, for anyone who is eager to get involved immediately. Additionally the German Newsletters will be translated in due course, and supplementary English information will be published from time to time.  It is anticipated that a comprehensive kit of parts will be produced, including pre-machined castings, bearings, seals,  piston rings, heater tubes, cylinders and cooler fins. This will allow the engine to be built more easily and quickly got up and running.

Much of the fun of this project, is tinkering with the design, so as to use readily available parts. The piston and displacer can be varied in size, to allow the use of stock size automotive pistons and cylinder liners, and stock stainless steel thin walled tubing. The casting set is very flexible in its design, and different configurations are already being tried in Germany. Twin cylinder engines are a possibility, by bolting two crankcases back to back. The choice of heatsource is also up to the user, and although propane or natural gas burners may be an obvious initial choice in the UK, it would be interesting to build an engine into a wood-burning stove or solid fuel AGA for example. Developments with different alternators or generators are possible, and Aerogen make a small wind generator which is ideal for bolting ono the back of the engine as is well matched to the speed and power output. One intention is to build the generator into the back of the crankcase, complete with flywheel counterweights, so that there is no requirement for an external shaft and the crankcase can then be completely sealed.

This is an exciting project, and I thank you for your interest at the start of UK developments. Over the next few months, I will endeavour to establish a UK casting machining operation, as well as producing a list of UK parts and materials suppliers, so as to allow the engine to be built at minimum cost. In 6 months, I hope there will be a UK-built demonstration engine, based in Dorking, as well as the nucleus of a UK user group. It is my intention to continue Herr Viebach's philosopy of shared development here in the UK, and so initially the UK organisation will offer castings at cost price, and charge enough to cover carriage, publication and translation costs.

Casting sets are available now from Germany, for approximately £450 depending on the exchange rate. I will try to establish a batch supply, say every 3 months, to keep shipping costs down. Anyone interested in obtaining a set should give me a ring. As I have said, I am trying to establish a machining service for castings, and I hope to be able to offer this for about £150 or so, depending on batch production. German labour costs are  currently higher than in the UK, and a recent German quote for machining the castings was about £250 per set. If anyone has any contacts in the machine shop industry and thinks they could get a better price please do not hesitate to get in touch. I want this engine to be available at the best price possible. Using a fair amount of ingenuity and resourcefulness in obtaining the materials, should allow the basic engine to built for approximately £1000.  It may well be possible to take advantage of  buying materials in quantities and obtaining them at a better price. Some parts can be made from everyday items, eg a stainless steel thermos is the correct size for the displacer, a 10kg exercise weight is a useful size for the flywheel, seam welded stainless steel tubing can be bought for gas flues etc. Suitable burners can be obtained fron Calor stockists or salvaged from old gas boilers.  Bearings and seals in standard sizes and are easily obtainable.

The demonstration rig at Olympia, proved that a simple air-charged Stirling engine can produce useful amounts of heat and electricity for domestic applications. It has the unique ability to be able to be powered by a wide range of fuels, allowing it to be used in remote situations, where conventional fuels are not readily available. It is a mechanically simple engine with few moving parts and low internal stresses, which will allow many thousands of hours of operation before seals and bearings require replacing. It produces very little mechanical noise, because there is no valve gear or internal explosions, and can therefore be run in situations where an internal combustion engine would be unacceptable, for example caravan and mobile home sites and residential areas. The Stirling engine, unlike the IC engine, cannot lose waste heat through an exhaust-pipe, and so must have a greater capacity in its radiator and cooling system. This was a big problem for the US engineers who endeavoured to put a Stirling Engine in a car, but in a combined heat and power system, it is beneficial, as most of the waste heat is in the form of easy to use hot water.  Finally, unlike an internal combustion engine, the fuel can be burnt under optimum combustion conditions, i.e. continual combustion, and this produces minimal emissions. In the case of burning natural gas, the products of combustion are carbon dioxide and water vapour. A recent enquiry was from a commercial Grower who wanted a heat source for a green house, a supply of electricity and a source of CO2 to improve the crop. All of these requirements were met by a gas fired Stirling Engine.    

My ambition is to see the small, low-tech Stirling engine become as familiar as the gas central heating boiler, just another appliance in a white box, to which you connect water, gas and central heating pipes. The system would be fully automatic self-starting, and run just like a gas boiler. For this to become reality, first we must have a reliable low-cost Stirling engine able to produce approximately 1200W (1.5 hp) and built for around £1000, and I believe this can be achieved with large scale production.

UK Stirling News is produced with the aim of keeping Stirling Enthusiasts in touch. All articles describing Stirling and Hot Air Technology gratefully received, whether model, experimental or commercial. 

Viebach ST 05  StirlingEngine

Built from a set of sand castings and readily available materials.

The Viebach ST 05 G Stirling engine, is a gamma type Stirling engine with a tubular heater. It consists of a crankcase with the displacer cylinder and power cylinder arranged at right angles to one another. The engine is based on a set of  8 sand  castings The ST 05 G engine has been developed over a number of years and  has been designed to form part of an integrated home heat and power system and can provide most of the domestic heating and electrical power requirements. The engine is gas fired but can be adapted to run on a wide range of fuels, including solid fuels, oil/paraffin, biomass or combustible industrial waste such as wood chips or sawdust. Specification.

Working Gas

Air

Pressure
10 Bar  

150psi

Working piston bore
80mm
3.149”

Displacer  Diameter
96mm
3.779”

Stroke

75mm
2.952”

Rotating Speed
600 rpm 

Torque

8 Nm
5.88 lb ft

Mech. Power Output 300-500W


0.4 to 0.67 hp

Power at 10 bar
355 W
0.475hp

Gas Consumption  
225 g / hour (Propane)

at 300W power output

Heat Input (for 300W output)

2.862kW

9769 Btu/h

Thermal Mechanical Efficiency
10.47%

These consumption figures are approximate and based on the first prototype engine using a standard propane burner.  With the addition of an air pre-heater, and condensing heat exchangers the overall efficiency can be raised to an estimated 15 to 20%.

Fuel Sources.

The St 05 G will run on any source of heat that will produce a heater temperature of about 600ºC.  Prototype engines have been run on propane, natural gas, wood gas and various solid fuels.

Engine Designed and produced and © Dieter Viebach,  Spielhahnstrasse 17, 83059 Kolbermoor, Germany.

The ST 05 G engine is best suited to battery charging or pumping applications. Combined with a suitable small alternator or generator it will produce a maximum of around 425W which  is ideal for charging of batteries in solar - photovoltaic (PV) systems. In addition to the electrical output, a system based on the ST 05 G will produce hot water for central heating and domestic hot water purposes. About 2.4kW  (8200Btu/h) is available in this form.

 As well as stationary applications the Viebach ST05 G Stirling Engine may also be used for boat propulsion or small experimental vehicle drive. The engine makes an ideal project for Engineering Students at Universities and Technical Colleges.

Stirling Engines at Olympia

The International Model Engineering Exhibition held at Olympia West London, has become an annual meeting place for Stirling Enthusiast for several years.

This year was an exceptional gathering, with Stirling engines both great and small present throughout the week-long show.

The focus of activity was the SMEE stand, where Roy Darlington and his colleagues displayed a fascinating collection of Model Hot-Air and Stirling engines covering almost every perceivable variant.

At the end of the SMEE stand a special demonstration of how a Stirling Engine can be used in the home to provide electricity and hot water based on a Viebach ST05G Stirling Engine. 

As well as the model offerings from Hot Air Enthusiasts around the World, Olympia this year saw a Stirling Engine Syposium, a full afternoons programme of lectures covering a wide gamut of Stirling and Hot-Air topics. Thanks are due to James Rizzo, Adam Harris, Alan Organ, Mick Collins and Justin Jones for these informative talks. Their lecture  topics will be reviewed in a later UK Stirling News.

Thanks must go to The Society of Model and Experimental Engineers for allowing us space on their stand, to demonstrate the system. I should also like to thank Barney Scharl and his friends in Munich for arranging the shipment of their engine to the UK for demonstration.

The Viebach ST05 G engine capable of 300 to 500W output power was run almost continuously for seven out of the eight Exhibition days, and could be seen powering a portable television, some Christmas lights, a lap-top computer and a low-energy light bulb. A 200W mains inverter allowed mains equipment to be powered from the low voltage generator.  Not so obvious, was the 11kg bottle of propane, powering the burner, and a set of 24V  ex-aircraft starter NiCad cells, which were continuously being charged by the Stirling Engine driven 24V generator.

The engine was cooled with a continuously circulated water flow provided by a 20 litre bucket of water and a small fan cooled motorcycle radiator. The limited nature of the cooling circuit meant that the engine was only run at about one third power, and even so the water reached a healthy 65 degrees C.

Throughout the show a constant stream of interested visitors passed by the Hot-Air engine benches. Thanks to everyone who took an interest in the Viebach ST 05 G Stirling Engine. We had a great deal of interest in our domestic combined heat and power (DCHP) demonstration and during the course of the show, distributed more than 350 of the A4 leaflets. Unfortunately these ran out at 1pm on the last day of the show, but the details are reprinted elsewhere in this issue.

Gnat Power At Olympia
By  Mick Collins.

There was an excellent entry of six engines for this year's Gnat Power Competition although some folk were mildly disappointed that they were all Stirlings.

Justin Jones won the event with a 2.5 cc gamma type engine, notable for the delicacy of its moving parts.  Off-load speed was over 2000 RPM.  It is thought that an enclosed firebox might improve on its excellent 0.46 watts at 1207 RPM.

Next most powerful was a Spanish entry by Jaime Gros. Although the last engine to be run  (about a week after the other entries)  it  was a most original design with a diaphragm giving a "swept" volume of 7 cc.   Maximum power was 0.35 watts at 496 RPM, although in fairness to the other competitors it must be admitted that the Spanish candle had a most impressive flame! 

Third  was Cyril Dennis’s entry : an engine with a glass cylinder.  Noteworthy for its ability to run on an incredibly tiny flame, there was insufficient clearance to allow the candle flame to burn properly. However a temporary arrangement to raise the engine gave no improvement on its 0.28 watts at 632 RPM.

Richard Gordon's engine was most innovative and this, combined with his meticulous workmanship won him a VHCC. The engine's 1.53 cc developed 0.16 watts at 614 RPM.

Paul Corner entered a 3 cc gamma type engine.  Nicely made it ran sweetly to develop 0.06 watts at 200 RPM.  Subsequent examination of this engine suggested that its performance had been seriously limited by oil drag.

The engine entered by David Lawrence had a firebox and chimney made from aluminium foil.  It also had a most ingenious displacer drive in which a rod, fixed perpendicular to the displacer rod, was threaded through a hole in a block running on the crankpin.

Power output was 0.018 watts at 207 RPM.

RESULTS

1. Justin Jones
0.46W    1207rpm

2. Jaime Gros
0.35W
496rpm

3. Cyril Dennis
0.28W
632rpm

4. Richard Gordon
0.16W
614rpm

5. Paul Corner
0.06W
200rpm

6. David Lawrence
0.018W
207rpm

Congratulations to everyone who entered, and good luck next year! 

UK Stirling News

 Issue 1: January 1996.

This is the first Newsletter, of what I hope will become a regular publication. It has been produced with the aim of keeping those involved with Stirling engines in touch with recent developments as well as trying to promote the Stirling engine as a viable means of producing power. As 1996 begins, we will take the bold step of looking at Stirling machines of several hundred ccs capacity, capable of producing several hundred watts of mechanical or electrical power.

The purpose of this Newsletter, is to inform and educate the engineering enthusiast, of the exciting developments that are just one small step further from the model Stirling and hot air engines, that so many of you make so well. To give confidence in tackling larger scale projects, with the help of some new designs just becoming available as casting kits. With these, I believe that we will soon have dozens of small Stirling engines chugging away in sheds, holiday  cottages, mobile homes and garages around the country, charging batteries, running pumps and machinery and producing useful amounts of heat. Imagine what a Stirling engine could do for your workshop. No more cold, dark winter nights with frozen fingers, but a warm, well lit workshop with a wood fired Stirling pottering away quietly in the corner.

A few people are working on small Stirling engines, which can be used for domestic work. Notably Andy Ross, of Ohio, has worked for more than 25 years in producing an engine that can power a bicycle, or a small boat or even a lawn mower! Sunday morning may never be the same, when you can cut the grass with a quiet Stirling powered lawn mower, or even a strimmer, or perhaps a generator that is so quiet that you can run it indoors. In Germany, Dieter Viebach has also produced a small Stirling capable of about a horsepower. It is this engine that I will concentrate upon, because I believe that it is very close to production in a form that is usable. As other designs come along, these too will become of interest to this Newsletter.

This issue looks at one possible contender in the race to produce a commercially viable Stirling Engine for domestic use.

There is also an excellent write up of the most exciting meeting at Norris Bomford’s in October. Thanks due to Norris and his wife Ro, for such excellent hospitality. This event must be repeated in 1996, but should it be the Stirling Octoberfest, or the October Stirlingfest?

First Meeting of UK Stirling Enthusiasts

By Julian Wood, of Sterling Stirling.

Eighteen Stirling Enthusiasts and about 50 Stirling engines attended a Stirling Weekend at the home of Norris Bomford near Stratford on Avon on September 31st, October 1st 1995. This was arranged mainly to give enthusiasts the opportunity to meet and discuss engine problems and projects, something which occurs only too rarely as a rule. Norris kindly arranged the use of a very large room with plenty of table space for engines and Mrs. Bomford laid on wonderful mid-day meals and frequent coffees which were greatly appreciated. All the ingredients were there for a hugely enjoyable and successful  meeting which is exactly what took place. Overnight stays were arranged at local B&B establishments.

Engine sizes ranged from 0.4 cc to 400 cc ‘and most common mechanism types and cylinder arrangements were represented. There was a definite need it seemed to produce engines of between 100 and 400 Watts output and the uses for which   such engines were required were micro CHP for a low energy house, battery charging for a caravan and camping sites and boats and electric vehicles and direct boat and runabout propulsion. A low tech design was sought and a few engines with that sort of power output in mind were shown in various stages of development. Norris Bomford had built a 400 cc ß engine which produces considerable torque but is too slow. Several improvements were suggested including a much more powerful heater and water cooling. Malcolm Rowney ran a 120 cc inverted Ross-yoke Rider which seemed limited to 1100 rpm. An internally and externally finned heater head is used and it was felt that the engine would stand some pressurising to improve its output. Julian Wood brought his uncompleted 100 cc bellcrank design with multi-tubed heater and cooler and a 40 cc twin Rider Siemens-drive engine which runs but with disappointing torque. It is yet to be pressurised. 

Three engineers from the Coal Research Establishment described their 5 litre engine which is under construction. The mechanism is arranged so as to completely eliminate side thrusts on pistons or displacers. Two double acting pistons and four displacers are used. The prototype will be one half of this design. The prototype will be pressurised to 100 bar with nitrogen and the design output is 150kW. It is intended for use in a CHP system where the overall efficiency will be 75%.

The prize exhibit was a Philips Air engine generator set owned by Cyril Dennis. Cyril has restored the set to new condition with new rubber parts such as seals and a small repair to the hot cap. He has also fitted a slightly smaller jet to the paraffin atomiser to reduce the temperature of a longer life. He explained the fairly complicated start-up sequence and the  set then ran for half an hour powering a 100 watt 240V lamp at full brightness. Everyone was impressed with the detailed design points incorporated in the set. This engine had been lying unused in his local technical college.

At the other end of the scale was a selection of fairly tiny engines. Malcolm Rowney had an odd-looking and stiff-feeling 3 cc engine which nevertheless ran at 3900 rpm driving a small pump. Julian Wood had two 0.4 cc ß engines, one ran at 3000 rpm on a cigarette lighter and a selection of his Sterling Stirling engines. Cyril Dennis also brought two beautiful rhombic drive  model engines complete with generators, one of these won the Hot Air Engine Competition at Olympia two years ago.

David Ayres ran his 30 cc Ross Yoke engine at 3200 rpm and 50 psi. He also ran a horizontal vacuum engine with its characteristic loud popping noise. Tim Oakley brought 3 vacuum engines, one a beautifully constructed V-Twin design in brass and one a twin glass-cylindered horizontal engine. This was most interesting as the flames could be seen inside the cylinders. The glass was Pyrex and was quite unaffected by the heat. Another user of glass for cylinders was Cyril Dennis. Three of his engines,  including two free-piston engines used them, together with hard anodised aluminium pistons run dry. The larger free piston engine ran at 38Hz while the smaller one used a candle. Julian Wood also ran a free-piston engine but it only managed about 20 Hz and was inclined to be erratic, this engine used a moving magnet whereas Cyril’s engine used a moving coil.

David Ayres and Julian Wood both had engines which ran from the Sun in the garden. It was breezy but the sun was warm and sufficient temperature was maintained for a few hours. David’s engine was a 5 cc return crank design (formerly a winner of the Gnat Power Competition) and he focused the sun on the hot end with a 6” diameter lens. Julian’s engine was a low temperature design  with lost motion displacer action and a blackened top surface again about 6” in diameter. The engine was propped up to receive maximum heat and the timing adjusted for best results.

There were several intermediate sized engines of between 5 and 20 cc swept volume which were run ate intervals. Some like Mick Collins’ electrically heated engine and Cyril Dennis’s low temperature engine on a thermos flask ran continuously as did also a large Improved Rider Ericcson engine belonging to Robert Sier. David Ayres ran his marble engine which had an ingenious snifter valve which assured the engine would start from cold unaided. There were a few engines from the Gnat Power Competition and the combination of candle smoke, meths fumes and propane gas fumes was a little overpowering.

Builders of larger engines were particularly keen to find ways of avoiding the risk that  the results of their efforts would fail to work well. It was pointed out that considerable investment , in time, effort and cash was involved in producing these engines and no-one was certain which design points were of most value. Ian Larque’s 300 cc Rider engine  (shown dismantled) was a successful design using  Alan Organ’s computer programme “Scalit”. Unfortunately this engine could not be run due to the lack of a supply of pressurised nitrogen. It would appear that this programme could be a valuable starting point in the search for reliable heat-exchanger designs but mechanism design and proportions and leakage path elimination would be further features of a successful design. No-one felt confident about this problem although there was some agreement that twin or multi cylinder engines had the advantages of smaller flywheels, smaller cylinder sizes thus reducing the square/cube law problem and the smaller parts could be machined more easily especially in a home workshop. Against this was greater complexity. A Siemens drive engine or Rinia design seemed representative of the theory.

The weekend was voted a considerable success, new contacts were made and enthusiasms renewed and it is hoped to arrange a repeat event in a year or so.

Editorial  by Ken Boak.

January has been an interesting month all in all what with the events at Olympia, the publication of the first edition of UK Stirling News and also rushing around the country, catching up on developments with interesting prototype Stirling engines.

This month we have two descriptions of engines built by enthusiasts, at either end of the model engineering skill set. First we have Geoff Ford’s description of an 11cc engine designed to get the maximum watts per cc at atmospheric pressure. Later on in the issue we have my description of my first engine , “Chunky“ which was literally thrown together with all sorts of pieces of scrap thus its extraordinary apperance. This article I hope will offer encouragement to anyone just starting with Stirlings, as I was, 12 months ago.  “Chunky” has the dubious privelage of travelling through France, Belgium, Germany, Austria and Switzerland, and refusing to run properly until the last port of call in Switzerland. I think their must be something special about the air there!

Also this month we have a report on the Gnat Power Competition at Olympia  plus a review of the Show,  plus the results of the judging of exhibits.

I have been in touch with Allan Organ who has promised to provide his latest literature  free  of charge to “UK Stirling News”. In return he is entitled to a free subscription, which I think is a very fair deal.

I am hoping to be able to include the text of Allan’s explanatory booklet of notes, for the lecture he presented at the Olympia Stirling Symposium.  Allan is a mine of useful information, and has an almost unique insight into the physics of the Stirling cycle as well as superb understanding of what can and cannot be achieved. I am hoping that he will continue to offer us practical advice to allow that extra watt or so to be extracted from our latest designs. 

As January has been quite a cold month, I have found myself dreaming of combined heat and power systems. It all started  with some extreme weather which almost left me stranded on the Isle of Man, two days before the start of the Olympia Show. Not to mention the poor souls in Shetland and the Scottish Highlands who were without power over Christmas. A sudden cold snap, like at the end of January, which left thousands of homes with power cuts, as the UK generating organisations struggled to cope with the peak early evening load, really focussed the mind on how good it would be to have a back-up generator, providing both electricity and warmth at times when it is most needed.

Meanwhile in Dorking, my humble, one bedroomed, converted Victorian flat, small though it is, has shown it too has quite an appetite for energy. Typical gas bills amount to approximately 16000 kWh per year and power bills of some 3500 units of electricity. In January alone, my boiler, (and to a lesser extent, my cooker) gobbled a massive 2475 kWh of gas, the system being timed to come on for an hour in the morning and seven hours in the evening. A simple sum shows that gas is being consumed approximately at a rate of 8kW, during the hours that the central heating is on. Translated into Stirling terms this means a 1hp engine running for 8 hours a day producing about 5 units of electricity, and all the hot water and heating needed by the average home. Incidentally, if you can't find as use for 5 units of "free" electricity, then get yourself an electric car, and have 15 miles of electric motoring, all as a by-product of your Stirling heating system!

So what is missing in this almost perfect domestic situation? Yes, you guessed it, the 1hp Stirling engine, nonchalantly mentioned in the paragraph above. Unfortunately, you can't just go to B&Q or Wickes and buy a Stirling heat and power system, (though the last time I was in B&Q I noticed some nice petrol generators for about £350). So this is all the more reason for us to pull together as a team and produce the commercially viable 1hp Stirling engine, just like Phillips, so nearly did in 1950.

By way of encouragement, we already have some engines that can muster between 350 and 500W. Norris Bomford is developing an engine with a 5" bore and 5" stroke, which, in a multi-cylinder version, he hopes will propel him to Rome in '97 for the 8th International Stirling Engine Conference. We look forward to the test run of this Leviathan machine, and of course a full write-up in UK Stirling News.

Submit articles for Publication to :

Ken Boak, 50 Monson Road, Redhill, Surrey, RH1 2EZ.

An 11cc Beta Engine

by Geoffrey Ford.

Introduction.

After reading about hi-tech Stirling Engines producing higher specific outputs than IC engines and looking at the results from the Brian Thomas Memorial Trophy, where power outputs of 0.25 watt/cc (atmospheric) are common, with a few engines at 0.5 watt/cc I wondered at the disparity.

I decided to design a small Stirling  engine capable of producing 1 watt/cc at atmospheric pressure, to drive a fan.

A Beta configuration engine was chosen for its superior volumetric efficiency over the Gamma.

The following points were considered within the parameters of cost and time:

1. Heat transfer

2. Volume ratios

3. Regenerative process within the engine

4. Phasing

5. Thermal shorting

6. Weight and strength of reciprocating components

7. Frictional losses.

1: Heat transfer: an annular gas burner acts on the cylinder, which has an increased surface area, by internal and external threading (80 tpi).

2: Volume ratios: This varies according to 1,3 & 4 above!; a ratio of 1.25 :1 was chosen.

3. An 0.05mm  (2 thou) pierced shim is wound around the displacer giving 3 times the surface area of the displacer alone.

4. 90 degrees phasing is the starting point.

5. Insulation between the hot cap and ngine cylinder help prevent direct shorting.

6. Most small engines are monstrously over-engineered in this respect, so a great gain can be made here. Of special interest is the displacer , where reducing the wall thickness reduces conduction of heat and also lowers reciprocating weight. With sharp tools and correct machining procedures, 0.1mm (4 thou) wall thickness should be achievable.

7. Frictional Losses. The combination of low noise with low friction calls again for care in machining procedures, especially regarding squareness of big end, small end displacer guide bush etc. to cylinder and crank axis.

Results.

Preliminary tests on the engine recorded the following results at atmospheric pressure:

Torque 
Speed

Power 

 Nm
Rad /sec 
(rpm)
Watts

0.0373
199
(1900)
7.42

0.0412
180.6
(1725)
7.44

0.0451
172.8
(1650)
7.79

0.0490
162.3
(1550)
7.95

0.0529
157.1
(1500)
8.31*

0.0589
130.9
(1250)
7.71

* 8.3/11 =0.7545 watt/cc

No load speed 335 rad/sec   (3200 rpm)

Specification:

Type:
 Co-axial/Beta  Stirling 11cc

Mechanism:
Cantilever Crank

Bore: 

30mm

Power Stroke
16mm

Displ.Stroke
20mm

Displacer:

Weight 
22g

Length 
55mm

OD
29.5mm with shim

Piston (Cast Iron) clearance type:

Weight
 22g

Length  
28mm

Thin walled with 3 internal strengthening hoops

Weight of reciprocating components 60g

Engine Weight 500g.

This is an encouraging start and with some adjustments and slight modifications 1W/cc at atmospheric pressure seems possible before pressurisation. If time permits I will do some further work on the engine with a view to the Model Engineering Exhibition at Olympia 1996/7.

CHUNKY - THE DEVELOPMENT OF A PROTOTYPE STIRLING ENGINE TEST RIG. By Ken Boak
My first known introduction to the Stirling Engine was in the Summer of 1976 in the first year of my secondary education.

The General Science Lab had in its possession a model hot air engine, which I now believe probably to be an example of one of the original British made model engines now made by Solar Engines in the US and depicted on the cover of Andy Ross's first book.  

I think at the time the science teacher's explanation of how it worked was a little confused, because I certainly was.

Unfortunately, at the time I was a keen aeromodeller, and was thriving on a diet of screaming glow motors, the sweet smell of home-brew fuel and an unhealthy interest in all things internal combustion.

So it was a few years before I rediscovered hot air engines in 1990, after reading an article in "The Engineer" describing a Stirling that was to become the prime mover in a domestic heat and power plant. Wanting to find out more I tracked down Andy Ross's book and by chance stumbled upon the 1959 PhillipsTechnical Review with the much favoured article on Stirling developments at Phillips by R.J. Meijer.

I was thinking along the lines of a Stirling driven generator that could be used during the Winter, to recharge the traction batteries of an electric car that a friend and I were, and still are building. My philosophy was to take the heat engine out of the vehicle and put it somewhere useful where all the lovely waste heat could be used for central heating and domestic water heating. Unfortunately, a standard car engine running in your garage for perhaps 8 hours at a time, might upset the neighbours a little, so the much quieter Stirling seemed a

reasonable solution.

Stirling engines could not be easily purloined, and I wasn't sure where I might even obtain a model. The thought of converting some IC engine to the Stirling cycle seemed a recipe for disaster. However, the time for action had arrived, and whilst bored stiff on a beach in Greece, I mused over an idea for a four cylinder double acting engine with a novel cam-track drive, which I had read about in a design magazine although applied to a

hydraulic pump/motor.

Jim Senft's book appeared on the Camden list, and there in the sources of materials was a small slip of paper with a new address in Gwent for Sterling Stirling, and it was through Julian Wood, the proprietor, that I have in six months immersed myself in the UK model Stirling scene. I obtained a small engine from Julian as well as Andy Ross's new book "Making Stirling Engines", plus some suitable deep drawn hot caps. 5 months later I have my first home made Stirling engine that is basically similar to Andy Ross's 35cc Rider, or a 2:1 scale up of the Sterling Stirling Ross linkage engine. 

Chunky is not so much a self contained exhibition model Stirling engine, but more akin to some carefully modified pieces of scrap metal that somehow achieve the Stirling or more accurately, Rider cycle. The result is a test-bed for ideas that is used to bring the newcomer to Stirling Engines up to speed in the shortest possible time.  

The configuration of the engine is designed so that different parts, eg linkages, heat-exchangers, burners and coolers can easily be tried around a working core, in order to explore the various parameters that affect Stirling cycle efficiency. The idea is to build up a Stirling engine "Meccano Set", where ideas can just be bolted on as they  develop. 

The idea of having instrumentation fitted to the engine so that definitive measurements can be made and recorded on a personal computer appeared attractive. This would involve thermocouples for hot and cold gas temperatures, cooling water temperature, gas pressure, shaft angle and rpm. pressure and shaft angle scaled to suit an XY oscilloscope would provide a useful "real time" indicator diagram. An electric heating coil, would allow input power to be measured and a suitable permanent magnet motor on the output shaft would allow direct measurement of output power, as well as providing a means of 'motoring' the engine.    

The engine was inspired by Andy Ross's 35cc Rider engine, described in his "Making Stirling Engines" and James Rizzo's just published "The Stirling Engine Manual"

The use of commercially available stainless steel deep-drawn cups, 1.5" and 1.35" in diameter has led to an engine with a hot-cap 1.5 " in diameter and a total engine length of nearly 12" This I believe to be a manageable size and thus "Chunky" began to evolve.

Six months ago, reading Andy Ross's book, led me to think, incorrectly, that only beautifully machined precision components from a world class model engineer could achieve success in Stirling cycle engines. Then a model engine I was fiddling with, "ballooned" its aluminium displacer, caused by an excess of heat, and I was forced to improvise a new one.

It was this act of improvising that has shown that with some thought and plenty time, even the novice to the lathe can produce working engines. It is with this in mind that "Chunky" is described here, to act as a source of inspiration for all those timid, potential Stirling engineers, who will strive forth in a new wave of optimism for the Stirling cycle.

"Chunky" has been designed for ease of construction using only a lathe, drilling machine and, if possible, access to a milling machine. 

The engine uses readily available deep drawn stainless cups both for the hot cap and the hot-piston extension. The size of these cups dictates the overall dimension of the engine. Other components are in aluminium bar, plate and rod and phosphor bronze for the cylinder barrels. Cast iron pistons are conveniently turned from sections cut from an old sash window weight. The frame is of 12mm tooling plate salvaged from scrapped equipment and the bearings came from scrap computer disk-drives. Rods are 5mm silver steel (3/16" nearest equivalent), drive shafts are 8mm, and most fittings are M5 or M4. 

The block is machined from a 50mm ( 2") length taken from a piece of 100mm x50mm (4"x2") aluminium bar. This may be difficult to source, so any "doorstop" of metal of similar dimensions will do. An alternative would be to fabricate from two end plates of 3 to 5mm thick steel with 50mm (2") lengths of tubing (scaffold pole would be ideal) set in to make the cylinder covers. The emphasis is a rigid core to which other items can be bolted. This is particularly important if pressurisation of the engine is intended. Heavy gauge material does however need more effort both in cutting and joining, but the result is a substantial item.

I would recommend investing in (or making) a powerful blow-torch, and some pink flux-coated silver soldering rods. These melt at 640 centigrade and make neat reliable joints in steel, brass,

copper, stainless steel and anywhere that red heat is not going to occur. This blow-torch will be needed later on to test the engine and I would consider it an essential piece of workshop equipment after the bench vice.   

Specification.

Power piston bore
         32.0mm

Power piston Stroke         25.0mm

Power swept volume        20.106 cc

Mass of power piston        74g

Piston Length
         12.3mm

Expansion piston bore      34.3mm

Expans. piston stroke       25.0mm

Expans. piston swept vol  23.08cc

Exp. Piston Mass
        192g

Length (hot cap)
        90.35mm

Total Length
        102mm

Piston rod (exposed)        71mm
 

The bores are turned from readily available deep wall phosphor-bronze tube in 1.5" OD, 1.25" ID which is bored out to 32mm and 34.3 mm respectively. This tube has a machining allowance of 0.8mm which allows the outside to be cleaned up to fir a 1.5" (38.1mmm) barrel. Cooling fins of 1 to 1.6mm width and 1.6mm deep may be cut in the power piston bore allowing water cooling to circulate around the bores.

Alternatively the bores may be available as phosphor bronze bushes. Glacier Metal Co. Ltd (01563 39999) do a range of bronze bushes  including 1.5” OD, 1.25” bore x 2” or 2.5” long. These are ideal and require minimal machining. They are made from a leaded bronze that allows free running with less than usual lubrication.

The bores are intended to be double acting so a 8mm flanged bush with a 5mm bore is set into the base of each cylinder to accept the piston rods.

The linkage may be of bell-crank, Ross linkage or meshing gear type. The first experimental linkage was based on module 1.0, 50 tooth spur gears allowing phase angle to be altered in 7.2 degree steps. Several different crankpin positions can be drilled so as to allow the stroke of each of the compression and expansion pistons to be varied.  

Ross linkage if favoured for its simplicity, low cost and lack of moving parts. 5/11/5mm ball bearing inserts allow the linkage to operate with little friction. The main shaft of an engine of this size is either 8mm or 10mm allowing 16/8/7 or 26/10/7bearings to be used.

Hot Cap.

The outer hot-cap is constructed from a 75mm (3") long deep drawn ss cup 38.1mm OD (1.5") This is silver soldered coaxially into a 25mm (1") ss piece taken from a salt pot. Items such as these are readily found in car-boot sales and the like, and make excellent starting points for designs. A 3mm thick brass or PB flange 72mm in diameter and drilled with 8 M5 clearance holes on a 63.5 mm PCD forms the base of the hot cap. This should be bored to the outer diameter of the salt pot and silver-soldered in place. Ensure the components have good concentricity by soldering in the lathe with a suitable centre as a guide. Silver-solder is ideal for the lower joints as they never achieve red heat. Any joints at the hot end should be brazed. 

If deep drawn cups are not available then the assembly could be fabricated from a bored out piece of 316 ss tubing 38.1mm in diameter. Bore out such that the wall thickness is 0.5mm (20 thou) or thinner, if you dare. The thinner this wall the more heat will pass through it into the working gas. An end plate of ss will complete the hot ca p. I recommend the use of deep drawn cups as it simplifies construction. Old salt and pepper pots are almost ideal. For larger engines, parallel sided sugar bowls are almost asking to be used.

The use of bolt down flanges for securing the hot-cap is one possibility. The other is machining a brass collar and cutting a screw thread. Threaded fittings are quicker to undo than flanges but most engines are dictated by what the machinist is most confident doing and so the choice is yours. 

Inner Liner.

The hot cap fits over an inner liner. This is turned down from a piece of 38.1 mm OD ss tube about 105mm long when finished. A 75mm length is turned down to 36mm OD leaving a 0.5mm wall. It may help to silver solder a piece of scrap plate across one end before machining. This stiffens the tube wall for machining and then can be easily removed with a blowtorch when done. It is worthwhile removing the inner seam from the bore of the tube by taking a tenth millimetre off the inner wall. This will prevent the hot piston extension cap from rubbing. On the 30 mm length of unturned tube, turn down a 5mm shoulder that forms a slip fit with the inner diameter of the hot cap assembly. Then using a 4mm end-mill cutter, make 8 axial slots, 20mm long, 5mm from the open end of the tube. These will form the air passages that convey the hot air from the heater annulus to the regenerator.

Regenerator.

The regenerator consists of approximately 3 to 4 turns of iron or steel gauze wrapped tightly around the slotted end. Pack as much in as the "salt-pot" will allow, and still enable the hotcap and inner sleeve to fit snugly together. Kettle scale collectors are made from a long strip of knitted stainless steel wire 0.15mm in diameter and these make good regenerators. They can be teased out into any shape, to fit any available space, but should be tightly packed to minimise dead-volume. If a used scale collector is used then the scale should be dissolved off first to prevent its abrasive particles getting through the engine. Tip- New ones are very cheap!

Pistons and Bores.

A good surface finish is required on both the pistons and the bores if the engine is to perform well. A "Mirror finish" is often the way I have heard it described by more experienced Stirling Engineers. The choice of material is quite open to discussion, aluminium for light high speed running, cast iron for stability, brass or phosphor bronze if it is available. One must bear in mind that as the engine warms up then dissimilar metals will expand at different rates, aluminium the most, at 23um per metre per degrees K, and this may cause a sticking in the bore. Alternatively it may give a slightly tighter seal which is just what a loose engine needs. 

Old automotive shock absorbers are an excellent source for bores as they require practically no internal machining and they can be found as scrap at most garages. 
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General View of “Chunky” Alpha-type

 In the first engine I used phosphor bronze for the bores as it came in the form of a thick walled tube 38.9mm OD and 18.25mm ID. I managed to scrounge a 5" length from a local engineering works and this dictated the bore size.  A 50mm length is required for each bore. These I bored out to a final finished bore of 32mm for the compression cylinder and 34.3 mm for the expansion cylinder. The latter was to suit a 1.35" OD deep drawn cup that forms the hot extension to the hot piston.

Engine.

Pistons were turned from cast iron salvaged from an old sash

window weight. These provide reasonable cast iron slugs up to about 40mm in diameter. 12 to 15mm should be allowed for the final piston length in order to get a good seal without the use of additional seals. A longer piston however will give rise to more internal friction and this is why speed-merchants use spindle like pistons in light aluminium alloy. The hot piston

should be at least 5mm longer and have a 5mm long shoulder turned

onto it to accept the stainless steel deep drawn cup. Make this a tight fit and use Loctite on final assembly. Pistons and bores should be turned to an accuracy of 0.05mm or 2 thou if possible. I made them almost an interference fit and then honed them together using metal polish and lots of oil. The final fit should allow the piston to slide slowly under its own weight against a thin film of oil. 

It is worth while taking time over the pistons and bores as these are key to the success of the engine.

Drive Linkage.

There are numerous ways of coupling the piston rods together so that they drive a crankshaft and flywheel. If spur or bevel gears are available these should be considered as a fairly reliable option. For the fabrication enthusiast, a simple two crank crankshaft could be produced from mild steel or brass, with silver steel crank pins. 

The other attractive alternative, that can be made from dural plate, is the Ross linkage. This is a "T-shaped" bellcrank that allows close to linear motion and is fairly well balanced. If miniature ball races are available these will improve the running.

Bibliography and Sources.

The best sources of Stirling Engineering books in the UK must be:

Camden Miniature Steam Services of Barrow Farm, Rode, Somerset.

and Sterling Stirling, 15, The Pill, Caldicot, Newport, Gwent. 

Between them they stock, or can obtain just about every book published in recent history (since 1816) on Stirling and hot air engine technology.

The following books are essential reading, and were sourced from the above:

"Stirling Cycle Engines", by Andy Ross,1977,1981 published by Solar Engines, of Phoenix, Arizona. A good introduction to all things Stirling, history, development by Phillips, modern developments. Two versions were published and reflect what were the key Stirling developments at the time.

"Making Stirling Engines", also by Andy Ross, 1993, published by Ross Experimental of Columbus Ohio. This is an excellent mine of information documenting Andy's quest for an affordable, powerful

Stirling engine, to be used in everyday life.

"An Introduction to Stirling engines" by James R. Senft. 1993. Published by Moriya press. A good beginners guide with some information not covered in "Stirling Cycle Engines".

"The Stirling Engine Manual", by James G. Rizzo, 1995, published by Camden. This is a hardbound bible for anyone wishing to have a go at their first Stirling, there are descriptions of 12 unique models to build. Equally for anyone wanting to widen their knowledge of model Stirlings, this book has pages of reference information. Excellent Value at around  £20, following the first printing, there must be 3000 lucky disciples out there!

More technical Information is available, particularly from Sterling Stirling, who can source reprints of technical articles plus recent conference papers, from around the world. The specialist publication "Stirling Machine World" is available from this source.       

Brainstorm Corner. Part 1.

This is a new section devoted to discussing new ideas. Brainstorming is the process in which several half-baked ideas are chucked into the ring in the hope that some of them will be good ones. The idea is to get as many different variations on a theme no matter how radical and then sift through them on the ground of cost, manufacturability etc. For example, in a recent session with Allan Miller and Geoff Ford, we invented at least three new forms of heater systems involving things like scrap catalytic converters, old electric fire elements and thermos flasks! So, no matter how wacky your idea, why not chuck it at our panel of experts (that's you lot, the readership). If you have any brainwaves, with regards to any aspect of Stirling technology, then why not communicate them to all, by way of this column. All ideas are most welcome and I would hope that we could soon get some lively discussion going. There are so many aspects of Stirling Technology that can be opened up to discussion. So remember no matter how simple your ideas may be please share them with us all.

I will start the ball rolling with a discussion on heat exchangers, in particular the hot-end as these need to be the most durable and at the moment there is really only one material which is of practical use and that is stainless steel. Heaters have to run at continuous red heat and in some cases withstand high internal pressures, say 150 psi (10 bar) or so. In all cases what we wish to achieve with a heater is the best coupling of heat energy from the burner with the gas contained within the engine. This means a large surface area. At the same time we wish to minimise the dead volume associated with the heater. So any heater is a compromise between surface area and dead volume.

Lets look first at the simplest heater of all, the plain hot cap, with an annular gap. This is easiest to make, and in small model engines is reasonably good. However as we increase the size of the engine the ratio of external surface area (SA) to internal volume decreases as the radius of the hot cap increases. We can prove this as follows. Let's take two hot caps one 25mm in diameter and 75mm long (1" by 3") and another 50mm diameter and 150mm long. In each case the wall thickness is typically 0.5mm or 20 thou.

First the surface areas:

PI x diameter x length

plus PI x radius squared.

Cap 1.3.14159 x 2.5 x 7.5  =58.9 cm2

+ 3.14159 x 1.25 x1.25  =4.9cm2

Total SA                 =63.8cm2

Similarly for cap 2235.6 + 19.6             =255.25 cm2

We have doubled the linear dimensions and so therefore multiplied the SA by 4.

Now the volumes       PI x radius squared x length

Cap 1               PI  x 1.25 x 1.25 x 7.5       =36.81 cm3 Cap 2               PI x 2.5 x 2.5 x 15           =294.52 cm3 Again a doubling of linear dimensions gives 8 times the volume. So now if we look at the ratio of SA to internal volume in each case, in other words home much SA (or heated area) does each cm3 of internal gas have access to:

Cap 1:  63.8 cm2 / 36.81 cm3 =1.733

Cap 2 :225.25 cm2 / 294.52cm3=0.764

So the smaller of the hot caps presents more than twice (actually 2.27 x) the surface area per unit volume than the larger one. 

This is why small animals have difficulty keeping warm in winter because the ratio of their surface area to their internal volume is much greater than that of larger animals, and rate of heat loss is consequently greater.

So having looked at the plain heater cap, lets look at the next step in heater design, namely tubes. Using heater tubes allows the internal gas to have closer coupling with the burner flame, as the tube (consider it as a small cylinder) has a greater SA to volume ratio than the plain heater cap. Consequently the use of several small diameter tubes would be preferable to fewer larger tubes. Let's now give the symbol N to the SA to volume ratio and work out how it varies with tube size. Assume minimal wall thickness.

SA   = PI x radius x 2 x length L

Volume = PI x radius x radius x length

So or ratio N = PI x r x 2 x L

PI x r x r x L 

Canceling: N=  2/r

So the best we can do for a round tube is 2/r. So the smaller r the better the tube, however we are starting to present quite a restriction to the flow of gas around the engine, so many tubes will be needed.

For a 5mm diameter tube N=2/.25    =8

For a 3mmm tube     N=2/.15        =13.33

For a 2.5 mm tube   N=2/.125       =16 

However we can do so much better than a round tube, after all a circle has minimum peripheral length for a given area. We would be better going for rectangular tubes, and maximize the width to height ratio.

For the equivalent CS area of a 5mm tube (0.2 cm2) we could go for a fin-like tube 10mm x 2 mm and increase N from 8 to

2.4 / .2 =12 already a 50% improvement

 or better still a 20mm * 1mm 

4.2/.2    =24 a threefold improvement on the round tube.

The limit of what may be practical might be a 40mm wide "tube" with a 0.5mm gap down the centre. Here N is a massive  40.5. However if these "tubes" are to be used at high internal pressures they may have the tendency to revert to their round cousins! I think this is an example of a theory "going a bit pear-shaped"

So much for these tubes or are they fins? How could they be made simply and incorporated into an engine design. What if the complete heater head, could be fabricated in such a way as to incorporate several dozen of these heat exchange spaces? Well I have a few ideas on the subject including concertinas and corrugation, but let's open out the challenge to the readership and see what ideas come up. Any viable designs including sketches will be featured in a future issue. A corrugated form of heat​exchanger may well be applicable in other areas including regenerator and cooler sections.

Brainstorm Corner. Part 2

Last time in Brainstorm Corner I mentioned why small animals have greater problems keeping warm in winter compared to larger mammals an this was all down to the square/cubed law that applies frequently to thermal processes including Stirling Engine heat exchangers. I suggested also that the round tube is possibly not the best shape for heat transfer, compared to a planar tube, but it is an easy shape to work with, you can drill round holes to locate round tubes etc, and round tube is readily available.

Heat-exchangers are by their very nature, difficult to make. Either you need to form a lot of tubes, or cut a lot of fins or make investment castings of intricate structures in stainless steel or aluminium bronze. Consequently, many amateur-built engines often have only plain heater heads, and the addition of a few tubes or some internal/external fins or threading ( a 60 degree thread form theoretically doubles the surface area and also reduces the average wall thickness) will produce an improvement in the engine performance. Once the heater has been improved, the cooler should also be addressed, as any Stirling has to lose heat as well as take heat in. Inadequate cooling is often a cause of poor performance after the heater has been sorted.

Moving on from heat exchangers, at least for the moment, I wish to present the idea of the Stirling Energy Module, or SEM. In its simplest form, the SEM is the fewest number of parts, assembled in such a way that it executes the Stirling cycle, produces output work and only requires to be heated at one end, and cooled at the other. The reason for my interest in the SEM, is that it is fundamental to all Stirling engines, and the simpler the SEM can be made, the simpler the overall engine. If the thermodynamic processes within the simplest of SEMs can be understood, and a basic model described, then it will be possible to build onto this model, at a later stage, separate descriptions of the processes occurring within the heater, the cooler and the regenerator. In this way the Stirling can be conceptually reduced to its component parts, in order to understand the key aspects of Stirling design.

If Stirling engines are to be applied world wide, then it is important that the SEM can be made using the most readily available tools, materials and technology, for example in developing countries. A Stirling engine that can be made from a length of steel water pipe, some modified tin cans or oil drums and parts salvaged from old vehicles could find many an application around the world. Low-tech Stirling engines from the Victorian era, recreated in modern materials, using steel plate fabrication, could be a fraction of the weight of the Victorian originals, and with an improved power output. Imagine the classic Rider engine built from two sections of large bore water-pipe, with a light weight displacer beaten from steel sheet, and crank con-rods, pistons, liners and flywheel taken from an old truck engine for example. Components which have long since past their usefulness in IC engines still have life in the Stirling world.

The SEM is essentially the working part of the Stirling engine, where work is done on a piston by cyclic variations in internal pressure. These pressure variations are produced by the shuttling of a volume of gas from a heated area to a cooler area via a regenerator. Frequently this shuttling is performed by a displacer. 

                                      Heat Input


                                   Heat Rejected



Work

                         Fig 1. Basic SEM

Let the SEM be considered as the fundamental working part of the engine, which, when combined with heat exchangers,  regenerator an linkage forms the complete machine. The  linkage has two functions, firstly to translate the work done into a useful, usually rotary motion, and secondly to act as a timing or phasing device to move the displacer in the right phase relationship to the working piston.  I read once of an engineer called Swan who in the late 1800's had effectively invented what is now the two​-stroke engine, with only 3 moving parts, namely the piston the con-rod and the crankshaft. Applying this same minimalist philosophy to the Stirling Engine, I believe the moving parts count increases to 5, with the addition of the displacer and part of a linkage to give a cross-head effect. Purists may wish to argue that the free-piston engine can have as few as 2 moving parts, and perhaps for this reason it is in essence an SEM. With careful linkage design, such as the Ross Yoke, the Stirling engine with as few as 4 moving parts becomes possible. There is of course the Ringbom engine which requires no drive to the displacer.

Linkages and the Like.

Moving on with the SEM concept, one could say that any Stirling (or Rider or Ringbom) engine is the Basic SEM with some sort of a linkage to get the work out. The Beale Free-Piston engine is the raw SEM with no linkage, and relying on some fancy gas-spring tricks to make the displacer drive itself. A multi-cylinder Stirling machine is several SEMs coupled by a more elaborate linkage mechanism, which extracts the work from each SEM in turn and coordinates the combined drive of the displacers. In multi-​cylinder Rider style engines, the number of pistons, and hence moving mass is reduced by having an expansion (hot) space at the top end of the piston, and the compression (cold) space of a

neighbouring cylinder at the bottom end. This makes a very compact layout, as first suggested by Siemens in about 1870, and more recently exploited by Rolf Meijer firstly at Phillips then Stirling Thermal Machines, in the States. The clever part is the choice of linkage used to couple the SEM cylinders, and swash plate and wobble plates have been tried with success. A recent development by Don Clucas and his team in Canterbury New Zealand have come up with a new linkage, called the wobble drive. It consists of effectively 2 see-saws, at right angles to one another, coupled with no fewer than 12 sealed ball race units. the novel part is that the bearings a single axis units, whereas most related linkages use spherical joints.   

Heat Exchangers Again.

We have looked at two of the main elements in Stirling design, namely the system of pistons that affect cyclic gas flow between the hot and cold space, the working piston and the linkage which couples the working piston to the drive. Lastly in any working Stirling engine are the heat exchangers (HEs). Sometimes even the most basic SEM has the HEs incorporated into its structure. An SEM consisting of nothing more than a tube, sealed at one end, the hot end, containing a loose fitting displacer and a slip fit piston effectively sealing the other end has the HEs incorporated into its structure. Additionally there will be some regenerative effect along the length of the displacer. This simple device will execute the Stirling cycle as long as there is sufficient temperature difference between the ends of the tube. However, as we all know, the cold end will heat up as heat is conducted along the length of the tube, both by conduction and heat conveyed in the working gas.
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Osnabruck Stirling Conference.

This was held over the first weekend of March, and was well attended. As the language of the conference was German, I am waiting for a full report from my German Correspondent. This should make next issue.
8th International Stirling Engine Conference and Exhibition.

May 27- 30 1997

Faculty of Engineering, University of 

Ancona, Italy.

Yes folks we’re off to Italy. First announcement and call for papers just released. Ancona is described as the area in which you will find sun, sea, landscape, history and art. Possibly a few Stirling’s too!

Dr. Graham Walker will be presenting short courses on Cryocoolers and Engines and power systems on May 26th, 27th.

A full exhibition of materials relating to Stirling engines plus demonstrations of working engines will be held concurrently alongside the Conference.

More details of the Conference as they become available, or write to:

Prof. C.M. Bartolini,

Dipartimento di Energetica,

Universita di Ancona,

Via Brecce Bianche, 

60100, ANCONA ITALY

Tel. (+39) 71 2204772

FAX. (+39) 71 2804239

Brighton Model Engineering Show

This is a popular show held in mid-February at the Brighton Centre. This year the weather was bright and sunny on the Saturday morning and consequently attendance was good.
There appeared to be a large crowd constantly surrounding  the stand of the Worthing Model Engineering Society, where Roy Darlington, Julian Wood and John Wilkinson put on a most impressive display of their model Stirling  engines. 

Roy had a fine collection of his unusual marble engines, and Julian showed me the beginnings of an engine based on the Rob McConaghy aero engine recently featured in “Model Engineer”
This engine has now been run and I know Julian is keen to give more details at a later date.

Also on show were Roy and Julians low temperature difference engines. A clever demonstration where Julians 6” engine ran happily using some of the waste heat from Roy’s bowl-top engine.

John Wilkinson had his Stirling Gramaphone and his large Stirling driven fan, plus a collection of pop-pop boats which although not Stirlings are interesting flash steam engines.

The Millerford Challenge.

Win £1000
The Millerford Challenge - open to all hot air engine enthusiasts interested in adding a new dimension to the technology.

The Challenge is to design, build and present an external combustion, closed cycle gas engine of sufficient power to sustain its own weight against gravity. To achieve this a minimum power to weight ratio of 0.05 watts/gram is required - not easy, but certainly possible.

This Challenge is intended as something more than just a competition.

The purpose is more seriously directed at lifting the state of the art and establishing a new dimension in heat engine technology.

Technology tends to establish itself around conceptions of what is the “norm”; like 1 Watt per cc of displacement for a Stirling engine. The “norms” have to be nudged forward all the time, otherwise, if no progress is made, the technology stagnates and investment dries up.

The basis of this challenge centres on a power to weight relationship. This is very deliberate and is intended to focus thinking towards those aspects of design which most matter and which have hitherto tended to receive least attention, probably because they encompass areas of craft and skill above the levels of general model making.

It is well known that the perfect Stirling machine would follow the Carnot Cycle which is the ideal, however, it is also well known that the practical Stirling Cycle is an abstraction, the ideal virtues of which cannot fully be realised in  practice, but we can get much nearer.

Typically we work at temperature differentials of 600 º C between source and sink temperatures but seldom achieve temperature differentials in the working fluid better than 150 º C. When we do manage better, it is usually at the expense of the volume ratio so the benefit of one advantage is usually partly negated by the penalty it itself imposes. Unlike the internal combustion engine, which is almost at its extreme limit of improvement, the external combustion engine has a vast distance to cover before it reaches its ultimate in performance.

Precise details of the Challenge are the following:-

Type of Engine 
External combustion 

closed  cycle.

Working Fluid 
Air

Fuel 

Propane/butane

Size

Between 10 & 30cc


displacement.

Award winning Performance
0.05 watts per gram weight of engine plus fuel sufficient for 30 minute test run.

Engine must sustain its target performance for duration of test.

Entrants must make their own provision for power measurement for performance assessment by the challenge judge. The device used must be continuously operational for the test period of 30 minutes and inferential measurement by electrical conversion would require verification of accuracy.

The first person to present an engine which satisfies the above specification, will receive a prize of £1000.

The Challenge closes on December 31st 1997.

This Challenge has been sponsored by Allan Miller and Geoffrey Ford.

Editor’s Note.

UK Stirling News has offered to act as a central coordinator for entries and further information.

Interested parties should contact Ken Boak at the address bellow. Please mark  the back of the envelope containing any correspondence  “Millerford Challenge”

Ken Boak,

50 Monson Road,

Redhill ,

Surrey,

RH1 2EZ.

Tel/FAX 01737 771834.

Lecture to Midlands Group of Institution of Agricultural Engineers.

Norris Bomford and Julian Wood recently gave a talk to the above organisation at Salford Priors near Evesham. The lecture was  well attended, with an audience of more than 40 of which only one person had previously heard of Stirling engines. What should have been a 45 minute talk went on for 3 1/2 hours and well past 11.00pm!Julian wrote to me saying that such talks are great fun in spreading the Stirling knowledge and he would be prepared to present future lectures to interested parties. 

MERSTHAM MODEL SHOW.

Antiques and Monsters.

This is a popular show held at St. Nicolas’ Secondary School in Merstham, near Redhill in Surrey.

St. Nicolas’  have their own, very active, live steam group, and there is a permanent track layout around the sports field and an outdoor swimming pool for model boat activities.

I accompanied Roy Darlington and John Wilkinson, who presented their joint collection of Stirling engines on the SMEE stand. The weather on Saturday 18th May was most unpleasant, and the SMEE stand was placed in a very draughty entrance foyer, causing some problems with the meths burning spirit lamps that Roy and John were using as heat sources.

In order to warm up, I went walkabout to see the other exhibits and made the acquaintance of Grahame Davies, who runs a business called “Toyshop Steam”. Grahame is also a hot-air enthusiast and had brought some antique engines with him, similar in style to Heinricci’s.  The largest of these was some 2” bore and was  most impressive. Grahame mentioned a colleague who had a particular talent in “sniffing out” antique engines and had picked up a very rare engine for £125,  on an antiques stall.

I didn’t get many details of the various engines in Grahame’s collection, but I hope to provide a photo report in a later issue.

The other chance meeting was with Prof. John Sharpe, who expressed great interest in one of Roy’s marble engines and made a quick sketch  so that he could experiment with the design later. I asked Prof. Sharpe his particular area of interest and he said that he was part of a team looking at the feasibility of very large engines: 6MW  (8000hp).  I hope that Prof Sharpe will be able to report to UKSN when details of his work are able to be disclosed.

Video Review:

An Introduction to Hot-Air Engines (Vol 1) by Robert Bailey.

Produced by Bailey Craftsman Supply 

Converted for UK PAL Viewing and available in the UK from Camden Miniature Steam Services.

Anyone interested in Stirling and other Hot-Air engines should consider this excellent video. Bob Bailey is a genuine enthusiast and his style of presentation reflects this enthusiasm and he comes across in a pleasing, friendly manner. The video is almost in two parts firstly operating principles and a look at some historical hot-air engines. The second part visits enthusiasts around North America and looks at some modern developments. At 82 minutes duration it is a good evening’s viewing. It offers an interesting North American perspective of the Hot Air engine, where pumping engines were commonplace on ranches at the turn of the Century, but omits much of the early Robert Stirling history, and the major developments by Philips and their Licensees in the Sixties.

Bob begins by explaining the principles behind hot-air engines, using a "test-tube", marble engine and a Moriya fan. His explanation is clear and concise and it is well illustrated by computer originated graphics, showing the various parts of the Stirling Cycle. There is no new information but for the newcomer it offers an easy to understand explanation.

The first part of the video looks at the wealth of examples of pumping engines, now restored or replicated, that are common in North America. We also see the work of Ole Berg who has produced several examples of replicas or original designs based on the style of early pumping engines. There is a fair amount of detail on other engines, not strictly Stirling Cycle. There is an explanation of the Ericcson cycle and a look at a replica of an 1853 Ericcson engine running.

Bob reviews some of the commonly available books and sources of Stirling Information, most of which can easily be obtained in the UK via Camden or Sterling Stirling.

The second half of the video visits Andy Ross's workshop, and for some this will be a most rewarding section. It shows the Ross D90 engine running at atmospheric pressure, whilst being held in one hand by Andy Ross. Although Andy provides a fair amount of commentary, he does not make a full appearance to camera, which personally I found slightly disappointing.

Bob Bailey goes on to explain pressurisation and with the aid of a visit to Ron Steele's workshop, there follows a demonstration of the effect of pressurisation and a full presentation of Ron's 4 cylinder Alpha engine, including a "strip-down" showing construction. Ron Steele shows his 40W engine running a cylinder lawn mower, and he hints that 375W and 1000W version will appear, hopefully in 1996.

There is a demonstration of the Beale free piston engine using their popular meths fired demonstration model. Bob does not attempt to explain the operation of the free-piston but comments on the simplicity of the few moving parts.

Next to Northern California to see Alphonse Vassallo, to see his sun-powered Beta engine. Also an elegant reversible 2 cylinder engine intended for the model marine enthusiast. Last is Vassallo's rotary valve directed closed-cycle engine. Not strictly a Stirling engine but nevertheless the clips of it running are of interest. Bob gives a clear description of its operation, and it may a variant of the cycle worth experimenting with.

Another featured engine which is close to commercialisation is that by Tamin Industries. It is a  rhombic drive beta type of some 121 cc capacity  (7.4 cu in) 121 cc. The displacer is thin walled titanium, which is durable at elevated temperatures and has a low thermal conductivity thus reducing thermal shorting between the hot and cold ends. Engines up to 10hp are planned  and the company is considering plans and kits. 

Next is a look at a modern "Kyko" style fan, still in production in Pakistan, and imported into the US by Appropriate Systems Inc. Running on paraffin the sturdy Gamma style engine with a 2" bore. The blade diameter is 22". Capacity was estimated at 6 cu in. (98cc).

Next is a look at Ringngbom engines and in particular the work of James R Senft. Bob Bailey describes some of Senft's work with ringboms and describes the overdriven mode of operation showing the period of dwell giving rise to the stable operation.Low Delta T Engines are covered with a look at Senft’s P19 model and the Low  Delta-T model of the New Machine Company.

Bob goes on to look at a couple of US shows that focus on hot air activities. First is a look around the NAMES show. This is the US equivalent of Olympia, run by the North American Model Engineering Society and features a wide range of beautifully crafted models.

The Lake Itasca Show, Minnesota is the main event for the big stuff. Traditionally it has been a “Pioneers”, show including items of agricultural heritage and the like. Now, it appears to have become a Mecca for the restored and replicated turn of the Century hot-air engines. There are also several home-built engines, many of which have been built from scrap automotive parts, loosely based on the Riders and Ericssons of 100 years ago. 

A Stirling Model Aero-Engine.

by Julian Wood.

The aero-engine mentioned in the 2nd issue of UK Stirling News is mostly complete and runs well. It still remains to be pressurised and some work is needed before this can be done. It is not likely to accept much pressure due to the relatively small heat exchange area for the size of engine.

The design is based on a simple return crank mechanism mounted on a 30 tooth bevel gear which runs on needle bearings on a shaft attached to the side of the circular crankcase. The output shaft bevel gear has only 15 teeth hence the propeller runs at twice engine speed. This bevel gear also limits the displacer stroke ; the return crank must be small enough to avoid it. The crank pin is attached to a small plate screwed to the large gear. This is necessary to prevent it rotating in the plastic gear and affecting the displacer stroke and timing. The cylinder is a thinned down phosphor bronze bush 38.1 mm (1.5") inside diameter which screws into the crankcase, and the piston is 1/16" walled cast iron; no seal is used, it is well lapped in. It contains a screwed in brass centre guide for the displacer rod. The hot cap has a screw cut brass ring silver soldered to its open end which screws into the cylinder jacket. This is finned aluminium and locktited onto the cylinder. The finning although not radial, is effective in cooling the engine due to the propeller thrust. The propeller blades are largely ornamental and do give a thrust but are not of good aerodynamic design. The output shaft bearing plate is screwed into the other end of the crankcase and all screwed joints have 'O' rings fitted as will eventually the crankshaft seal so that the engine can be made air-tight. The meshing of the gears is quite critical as the propeller and spinner are the 'flywheel' and backlash in the gearing causes severe knocking.

This engine is far too heavy to power a plane but could be lightened in several ways. The piston could be made of anodised aluminium with a rulon seal, the brass piston centre could be aluminium and the spinner dispensed with. Several other parts could probably be thinned. Hopefully these jobs will be attempted when time allows.

Power piston bore        
40mm

Power piston stroke      
12.5mm

Power piston swept vol.  
15.7cc

Power piston material   
 cast iron

Displacer Stroke        
12.5mm

Displacer bore           
37mm

Displacer swept volume
15.1cc Displacer material       Stainless steel Displacer rod  dia          4.76mm (3/16") Hot Cap ID              

38mm

Hot cap wall thickness   0.25 mm (10 thou)

Overall length           

241.3mm 



(9.5")

Heater                  
5 rows holes 1.6mm 


diameter.

Bearings - large bevel gear needle roller bearing. All others are ball races. 

A Novelty Stirling Helicopter.

By Julian Wood.

I have built a novelty engine in the form of a helicopter; the idea is from a German design. The layout can be seen from the photo. The displacer drive is by Scotch yoke. Engine performance is immediately and dramatically improved if a drop of oil is applied to the displacer rod where it enters the guide bush. I am not sure if this is due to reduced friction or improved sealing; it needs repeating if the engine slows.

Bevel gears deliver the power piston torque to the rotor shaft on which is also a small brass flywheel  and the scotch-yoke crankpin disk. This shaft runs in ball races as does also the 

power piston crankshaft. The power piston is cast iron in a brass cylinder with aluminium cooling fins. The displacer is aluminium as is the cold end cylinder whilst the hot cap is stainless steel. A bevel gear drive is taken to the tail rotor where the final drive is a pair of diminutive bevel gears from an old electricity meter.

The heater is a tiny gas burner with a  (0.1778mm) 0.007" jet. The engine will not run well on meths.

It runs fast, up to 1000rpm and looks impressive. There is no twist on the rotor blades so no work is being performed. Considerable heat is required to run the engine without hoping to deliver any power.

It was great fun to build but initial running problems were solved by increasing the power piston stroke. I would advise a larger engine for more reliable results with a fairly long stroke to give more torque. As in all Stirling engines, good results are only possible if virtually all friction and tight spots in the motion are eliminated.

Specification.

Power piston bore        12.7 mm (1/2")

power piston stroke      
5/8"

power piston swept vol.  
1.6cc

displacer OD             
5/8"

displacer stroke        
3/8"

Displacer Swept vol     
 2cc

Rotor Diameter           177.8mm (7") Overall Height             127.0mm   (5") 

See page 6 for Photograph.   

Sterling Stirling

  For all your UK stirling requirements!

model stirling engines

Hot Cap sets, heater tubes

Stainless tubing, literature,

and friendly advice


Julian wood


sterling stirling



15 the pill, caldicot


newport, gwent.


np6 4jh


tel.   01291 421095

pLEASE ENCLOSE 50P IN STAMPS FOR LATEST CATALOGUE

The Brian Thomas Collection

During his life, Brian Thomas was a prolific Stirling engine builder and enthusiast. Over the years he produced a large collection of most interesting model engines, many of which incorporated novel design features. Recently, Brian's widow had asked their close family friend, Norris Bomford to become curator of the Brian Thomas engine collection and preserve his engines in  working condition. 

On the last Saturday in March, I had the opportunity to visit Norris and to see the engines running. Also present were Allan Miller and Geoff Ford both from Hereford, who were keen to these unique engines running.

Geoff had brought his 11cc Beta engine as featured in the last UKSN, now with an enlarged air-cooled cylinder barrel, an attractive tripod stand incorporating a propane bottle and swinging a triple blade propeller. To start the mornings proceeding, Geoff ran this new engine and we quickly had it purring at 1500rpm. Turning the gas up was met by an almost instantaneous increase in speed to 2200rpm. The engine ran without problem for the next 2 hours stopping only when the gas ran out. Peak power was recorded previously at 8.31W at 1550 rpm. This was truly a spectacular demonstration engine showing just what can be achieved with good design and without pressurisation.

First to be run of the Brian Thomas engines was a self pressurising rhombic drive engine of 11.15cc piston swept volume. The engine ran well between 1900rpm and 2200rpm producing good torque at the crankshaft. The optimum performance was obtained with a crankcase pressure of 20 psi.

Bore.     1.290"    3.28cm

Stroke.   0.520"    1.32cm.

The second engine was a 4.713 cc pressurised Stirling engine.

Bore      0.852"    2.164cm

Stroke    0.522"    1.326cm

Hot End   Incoloy 800H

External Piston     Cast Iron

Crankcase and rhombic drive inpired by Andy Ross Compressor     1/8" bore by 0.522" stroke 

Butane gas fired and lubricated with silicon oil.

Peak rpm  2200 achieved at about 35 psi, dropping to 2100rpm at 40 psi.

Next was the superb swinging beam engine. This was a most interesting engine incorporating a novel linkage, twin horizontal external type power pistons and concentric displacers meeting at a central vertical burner. Each half of the engine was basically a beta type but the external pistons were a novel touch. The linkages appeared to dominate the engine, especially the two big bell-cranks. These were however made in light alloy, with small overall cross-section and additional triangular bracing. The engraved plate on the engine base (a common feature of all of Brian's exhibition engines) gave the following information: 

Bore.          0.989"    2.53cm

Stroke         0.590"    1.5cm

Piston Swept volume      15cc

Mass           3lb3oz    1.446kg.

On firing up, the engine ran smoothly with fascinating motion from the swinging linkage. The rpm peaked at 1160rpm and settled to a near constant 1100rpm. 

The last engine to run was we believe one of Brian's first engines, a 2" bore scale model of the Rider-Ericsson. This was built from castings obtained from the USA and included a cooling water pump. An interesting feature was the use of "Sparklet" bulbs as the reservoirs used on such pumps. The engine ran smoothly at an estimated 200rpm, which is typical of this type of engine.

As well as these 4 main engines there were some others including a dainty external piston Beta which used an old flat-iron as the base. This ran well but required its water cooling to be plumbed-up if it were to be run for long.

There was a small, electrically heated swing beam engine which used a simplified linkage. This was obviously a prototype for the larger model. The linkage had certain joints fixed, and so required that the cylinder body was free to float on the pistons. Finally there was a very simple Rider style engine based on a fairly chunky aluminium casting, once commercially available. This, I was told had started life as a Gamma type or displacer engine, but Brian had made up another piston and just stuck the displacer cap on top to make an elongated expansion piston. 

This was truly a fascinating opportunity to see these important model engines running, and being maintained in full working order by a fellow enthusiast. Thanks must go to Norris and his wife and family for making us most welcome in their home. 

Correspondence.

The 'Brainstorming' article on hot-end heat exchangers was most interesting, I will and try and add my bit.

I am certain that tubes are the ideal answer to increasing heat exchanger area and flattened tubes are probably better still, but the combinations of tube length, diameter and number needs some thought. My own experience revolves mainly  around making heat resistant and air-tight joints, especially at the hot-end. Silver soldering is relatively easy but far too easily melted in use, and brazing using oxy-acetylene is prone to either blowing holes or causing burning and leaks. Once a bad joint is made it can never be sealed, it seems the stainless steel is somehow damaged and braze will never run on it. The damage is invariably completely inaccessible, usually within the tube nest and cannot be cleaned up. One hears of furnace brazing where presumably the temperature is controlled and perhaps a reducing atmosphere is used but I do not know where this service is available. Also one would need to design one's hot cap suitably for such treatment. High melting point silver solder is a possible compromise but actually neither resists heat sufficiently or flows very easily.

However, excellent results can be obtained without tubes and their problems, witness Andy Ross. An annular gap heat exchanger with the hot cap screw cut inside and out, as mentioned by Geoff Ford may well allow the use of slightly elevated pressure and is quite simple to produce. Even without internal fins very considerable power levels have been obtained by Andy Ross with quite large engines around 100 cc. To a considerable extent these power levels are the result of speed, 4-5000 rpm free speed; far more than I have ever obtained. These speeds obviously reflect excellent heat exchanger design as well as good mechanics. They must also reflect excellent piston seals and this is another problem area. The conflicting requirements of perfect sealing and no friction appear to be more severe in small engines where the slightest leak destroys compression and the slightest friction stops the engine. Larger engines have much greater volume to leakage path ratios and can at least theoretically withstand some friction. In fact imperfections in these areas in larger engines result in disappointing speeds and power output levels. there is also the problem of balance. Overall weight reduction of moving parts must help here. If one has an engine which does not perform well it is often difficult to decide where the fault lies. With larger engines much time, effort and money can be expended with little result unless some clue as to the cause is discerned. 

Perhaps speed should not be pursued too hotly, good torque should be the aim (as in the Viebach ST05G) and gear it up if speed is required. Slow speed has several advantages; low wear rate, reduced balance problems and more time for good heat exchanging.

Thoughts on these lines may lead to useful conclusions but without more data are largely unproductive I think. If the design is good, how important is excellent engineering construction? At another Stirling Engine Weekend we could do well to study these problems.  

Julian Wood.

Correspondence.

Letters for publication are welcomed by UKSN, although  may be abridged if space is tight.
“ I have been making experimental Stirling engine for about 10 years now, time permitting and I think the last count was thirteen. Not all have been completely successful but I hope to have learned a fair deal through mistakes and successes.

One aspect on which I have spent a considerable time was Diaphragm engines of which I have made several from 2cc up to about 20cc all of which worked very well. One of the early engines was the subject of an article in ME.  As my drawing skills are limited, I called upon the talents of a graphic designer  neighbour  to do some sketches to help illustrate the article. To make this easier for her I made a replica engine in Perspex. Not wishing to waste the perspex effort, I attached a motor and temperature sensors and converted it to a Stirling demonstrator come heat pump.

My only other claim to fame is the swirling displacer, which by a mechanism just as simple as a normal crank, makes the displacer do a part rotation plus reciprocating motion. I must confess to being a little obsessed with this idea and try to incorporate it in all my engines. I feel it must improve regeneration due to the relatively longer travel of the inner and outer displacer surfaces plus turbulent air flow. So far I have not been able  to prove this as with the smaller engines, small differences are hard to prove.

As a matter of interest regarding diaphragm engines,  the conclusion I have drawn is that for small engines of a few cc, there is little to choose between piston and diaphragm, but for larger engines, diaphragms lose out due to wasteful flexing of the edges.

My latest project is a 50cc concentric piston type which started out as an idea in James Risso’s latest excellent book. The idea being two inclined Scotch yokes driven from a single crank pin. The unit was built that way and worked but mechanically I did not like it. I think Scotch yokes are inherent rattlers and two of them, apart from the rattle, need guidance on both the piston and displacer to avoid or alleviate binding.

I modified it to a return crank for piston plus what I call an overhung return swivel pin to achieve my favourite swirling displacer action.  This worked well with good torque and reasonable speed (limited by poor balance). This time I did not like the absence of bottom end support for the displacer rod so it was modified again. This time it has a Scotch yoke for the displacer with a guide which is slightly inclined to give a slight rotation effect.  This runs well  but in truth, I don’t think quite so well as mod. 1.  Could this be the proof I am seeking concerning the swirling displacer?  A massive flywheel is needed to turn this engine over  as compression is very high.

A couple of things which I find awkward and would appreciate any guidance through the Newsletter are balancing: how much power is lost this way, and burner design. My attempts at the latter  fall short of a design that will burn efficiently close in , i.e. the burner holes have to be an inch or so away from the hot cap to get out of the gas cones. I am presently using a ceramic burner from Bruce Engineering which is great, but a ring burner would be better as you need to heat at least a third of the hot cap.
Finally in the magazine, mention was made of stainless sugar bowls as displacer hot caps, how about stainless dog bowls. I keep looking at my dogs bowl and intending to buy a couple more as I am sure a large engine could be based around them.”

Geoff Bartlett,

Selly Oak,

Birmingham.
Ed’s note.
There are various stainless steel items of cookware on the market which I am sure would be suitable for incorporation into Stirling engines. One to look out for is an “Asparagus Steamer” which is 140mm diameter and 225mm long with  1mm thick parallel walls  in 18/8 stainless steel. Could this form the hot cap of some larger engine?  At about £15 it may be worth a look.

Also available in 316 stainless steel are sections of chimney flue. The internal bore of these start at 5”  (127mm) and increase in approximate inch sizes up to a massive 24”. These sections may be insulated with a mineral material or double skinned. the latter cold be used to make effective air pre-heaters for larger engines. Several makes are available, it may be worth a trip to your local woodstove dealer to see what is on offer. Speaking of woodstoves, they must be the ideal starting point for larger solid fuel burning engines.   Andy Ross has built a 300W engine into the top of a suitable stove. 

Workshop Jottings.

By Ken Boak

In the last issue,  I mentioned the square/cubed law that applies frequently to thermal processes including Stirling Engine heat exchangers. I suggested also that the round tube is possibly not the best shape for heat transfer, compared to a planar tube, but it is an easy shape to work with, you can drill round holes to locate round tubes etc, and round tube is readily available.

Heat-exchangers are by their very nature, difficult to make. Either you need to form a lot of tubes, or cut a lot of fins or make investment castings of intricate structures in stainless steel or aluminium bronze. Consequently, many amateur-built engines often have only plain heater heads, and the addition of a few tubes or some internal/external fins or threading ( a 60 degree thread form theoretically doubles the surface area and also reduces the average wall thickness) will produce an improvement in the engine performance. Once the heater has been improved, the cooler should also be addressed, as any Stirling has to lose heat as well as take heat in. Inadequate cooling is often a cause of poor performance after the heater has been sorted. 

In the last couple of evenings I have been pottering around in the workshop with the “Chunky” engine described last issue.

The description text was written about a year ago and the engine was last run in October.  I had obtained some hot ends from Bill Parris which I decided to try with my working piston and cylinder.

The first was a tubular heater head with 20 brazed in tubes about 5mm (3/16”) diameter. The bore of the hot cap was such  that it would allow one of Julian’s 1.35” deep drawn cups to slide easily inside,  which was the size of the expansion piston on my “Chunky” engine.  Ideal I thought, at first until it transpired that much effort was required shuttling the air through the tubes and down the rather tight annular gap. This heater head was put to one side awaiting further ideas on how best to use it, I think some serious lathe work will be needed on either the expansion piston, the hot-cap or both.

The second heater head was more promising, and in essence half a Stirling engine in its own right. It was based on the 85mm diameter sugar-bowls that are common at car boot sales, that had a flange attached and a water cooled bottom half. Inside was a neat, squat displacer fabricated from brass shim with a diameter of 82.5mm (3.25”) and a stroke of 25 mm (1” ). 

I quickly resealed the unit and connected it to my power piston/cylinder assembly, with a length of silicone tubing. Upon application of a little heat, the power piston made a violent lurch each time the displacer rod was moved in and out.  Here I thought is a usable combination.

A displacer rod linkage was speedily fashioned from some telescoping brass tubing and coupled to the gears on the “Chunky engine”  Two G-clamps held the new unit to the cylinder block of the engine. A quick change of phasing brought about a very lively performance plus an engine which was almost self-starting.

Maximum speed is approximately 500 rpm, which is not particularly high, but there is considerable torque measured at the 8mm diameter crankshaft.

HotCap

 
              Displacer
 50mm




                                                     Cooler

“Sugar-Bowl Displacer Unit”

Bore              80mm

Stroke           25mm

Swept vol      127.6cc

Power Piston

Bore             32mm

Stroke          22mm

Swept Vol    20 cc

The displacer obviously has a much greater swept volume than the power cylinder thus giving a high compression ratio. This did not have any detrimental effect on the running of the engine.

The displacer unit appears to be the heart of any Stirling engine. From Low Delta T to high temperature engine , the displacer is fundamental to the operation of the engine.  The size and shape of the displacer can be optimised to the type of engine but as the above experiment showed, the short squat displacer appeared to work well. When operated by hand,  with one finger over the air connecting tube, there was a definite rush of air as the displacer was moved.   A simple water manometer could be used to test the magnitude of this pressure change, but don’t get water into the hot displacer cylinder or you will find yourself experimenting with flash steam!

Following this theme, I wish to present the idea of the Stirling Energy Module, or SEM. In its simplest form, the SEM is the fewest number of parts, assembled in such a way that it executes the Stirling cycle, produces output work and only requires to be heated at one end, and cooled at the other. The reason for my interest in the SEM, is that it is fundamental to all Stirling engines, and the simpler the SEM can be made, the simpler the overall engine. If the thermodynamic processes within the simplest of SEMs can be understood, and a basic model described, then it will be possible to build onto this model, at a later stage, separate descriptions of the processes occurring within the heater, the cooler and the regenerator. In this way  the Stirling can be conceptually reduced to its component parts, in order to understand the key aspects of Stirling design.

If Stirling engines are to be applied world wide, then it is important that the SEM can be made using the most readily available tools, materials and technology, for example in developing countries. A Stirling engine that can be made from a length of steel waterpipe, some modified tin cans or oil drums and parts salvaged from old vehicles could find many an application around the world.

Low-tech Stirling engines from the Victorian era, recreated in modern materials, using steel plate fabrication, could be a fraction of the weight of the Victorian originals, and with an improved power output.

Imagine the classic Rider engine built from two sections of large bore water-pipe, with a light weight displacer beaten from steel sheet, and crank, con-rods, pistons, liners and flywheel taken from an old truck engine for example. Components which have long since past their usefulness in IC engines still have life in the Stirling  world.

The SEM is essentially the working part of the Stirling engine, where work is done on a piston by cyclic variations in internal pressure. These pressure variations are produced by the shuttling of a volume of gas from a heated area to a cooler area via a regenerator. Frequently this shuttling is performed by a displacer. 

                                      Heat Input
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Work

                         Fig 1. Basic SEM

Let the SEM be considered as the fundamental working part of the engine, which, when combined with heat exchangers,  regenerator an linkage forms the complete machine. The  linkage has two functions, firstly to translate the work done into a useful, usually rotary motion, and secondly to act as a timing or phasing device to move the displacer in the right phase relationship to the working piston.  I read once of an engineer called Swan who in the late 1800's had effectively invented what is now the two stroke engine, with only 3 moving parts, namely the piston the con-rod and the crankshaft. Applying this same minimalist philosophy to the Stirling Engine, I believe the moving parts count increases to 5, with the addition of the displacer and part of a linkage to give a cross-head effect. Purists may wish to argue that the free-piston engine can have as few as 2 moving parts, and perhaps for this reason it is in essence an SEM. With careful linkage design, such as the Ross Yoke, the Stirling engine with as few as 4 moving parts becomes possible. There is of course the Ringbom engine which requires no drive to the displacer.  Moving on with the SEM concept, one could say that any Stirling (or Rider or Ringbom) engine is the Basic SEM with some sort of a linkage to get the work out. The Beale Free-Piston engine is the raw SEM with no linkage, and relying on some fancy gas-spring tricks to make the displacer drive itself. A multi-cylinder Stirling machine is several SEMs coupled by a more elaborate linkage mechanism, which extracts the work from each SEM in turn and co-ordinates the combined drive of the displacers. In multi-cylinder Rider style engines, the number of pistons, and hence moving mass is reduced by having an expansion (hot) space at the top end of the piston, and the compression (cold) space of a neighbouring cylinder at the bottom end. This makes a very compact layout, as first suggested by Siemens in about 1870, and more recently exploited by Rolf Meijer firstly at Phillips then Stirling Thermal Machines, in the States. The clever part is the choice of linkage used to couple the SEM cylinders, and swash plate and wobble plates have been tried with success. A recent development by Don Clucas and his team in Canterbury New Zealand have come up with a new linkage, called the wobble drive. It consists of effectively 2 see-saws, at right angles to one another, coupled with no fewer than 12 sealed ball race units. the novel part is that the bearings a single axis units, whereas most related linkages use spherical joints.   

Another interesting engine using this “square 4” layout is that by Ron Steele in the USA. Featured in Bob Bailey’s video, this engine has a simple drive coupling by means of 4 bevel gears, each with a con-rod, cross head and double acting piston attached.

We have looked at two of the main elements in Stirling design, namely the system of pistons that affect cyclic gas flow between the hot and cold space, the working piston and the linkage which couples the working piston to the drive. Lastly in any working Stirling engine are the heat exchangers (HEs). Sometimes even the most basic SEM has the HEs incorporated into its structure. An SEM consisting of nothing more than a tube, sealed at one end, the hot end, containing a loose fitting displacer and a slip fit piston effectively sealing the other end has the HEs incorporated into its structure. Additionally there will be some regenerative effect along the length of the displacer. This simple device will execute the Stirling cycle as long as there is sufficient temperature difference between the ends of the tube. However, as we all know, the cold end will heat up as heat is conducted along the length of the tube, both by conduction and heat conveyed in the working gas. 

Second UK Stirling Engine Forum.

October  5th - 6th 1996.

Following the success and popularity of last year’s Stirling Engine Forum held last October and the Stirling Engine Symposium at Olympia at the New Year, there will be repeat of the October event this year. 

The forum will take place over the weekend of October 5th and 6th, commencing on the Saturday morning at 10 am. The aim of the forum is to discuss recent Stirling developments, and to encourage further development of Stirling machine applications. 

The theme of this year’s meeting will be the design and application of larger power producing Stirling engines that could find immediate application in a number of roles currently filled by small internal combustion engines in the 50W to 5kW range. Applications such as lawn mowers, boats, generators, pumps, bicycles etc.  Already there are amateur built engines appearing capable of 50 to 500W output.

The programme will consist of a number of  talks on aspects of Stirling engine design including heat exchangers,  linkages, pressurisation and sealing.

The second day of the meeting will be an opportunity for Stirling enthusiasts to run and demonstrate their engines.

The conference will be held  at the home of Norris Bomford, in Salford Priors near Evesham, Worcestershire.  Luncheon and refreshments will be provided on both days. 

Overnight accommodation will be provided by several local Guest Houses.

Places at the conference will be limited to forty and so those wishing to attend  should in the first instance contact Mr Bomford  to reserve a place. 

There will be a  charge of £15 per  head per day  to cover catering and administration costs.  This  should be paid  by cheque in advance to Mr. Bomford.

All enquiries should be directed to Mr. Norris Bomford at the following address:

 “Orchard House”,

Salford Priors,

Near Evesham,

Worcestershire.

WR11 5UU.

Tel.  01789 490259

A  list of local B&B accommodation is included later in this issue.
Directions:

Salford Priors is well served by the new A435 dual carriageway that continues  the Evesham bypass northwards. From the  the South (Oxford) take A44 to Evesham bypass rounabout on A435. Turn right and follow bypass to 3rd roundabout. Follow A435 for 5 miles to Salford Priors junction . Take first exit and follow into the centre of Salford Priors. Pass church on left and continue 100yds. A rough drive on the right leads to Orchard House. 

Local Accommodation  List.

Fosbroke House,

4, High Street,

Bidford on Avon.

01789 772327

Single from £17-50

Huit Barn,

Tower Croft,

Tower Hill,

Bidford on Avon.

01789-778516

Single from £16.

Orchard House,

Salford Priors.

01789-773476

Salford Hall Hotel,

Abbots Salford,

01386 8711300

Single £75 approx

Brook Leys B&B,

Honeybourne Rd,

Bidford on Avon.

01789-772785

Upper Cranhill Farm,

Stratford Road,

Nr Bidford on Avon,

Alcester.

01789-778 860

Church House,

Greenhill Park Road,

Evesham,

01386 40498.

Directions:

From the North.  M6 / M42

The A435 meets the M42 at junction 3.  It is likely to be signposted Redditch, Alcester  and Evesham.  Follow A435 south from junction 3, skirting around the east of Redditch, towards Alcester and Evevsham. Salford Priors is approximately 5 miles south of Alcester.

From the M40 junction 15.

Take A46 Stratford , bypassing Stratford to the North. Continue along A46 towards Alcester & Evesham.  Follow A435 south from Alcester for 5 miles.

Trains:

It may be possible to meet trains at Evesham on Saturday morning provided that prior notice has been given.

The “Snell Hot Air Motor”

 -Will it Work?

by Len Snell.

Ed’s Note:

It was with great sadness that I learnt of the death of Leonard Snell, in July 1998. He had been an enthusiastic engineer right up to the end both with his professional and amateur interests.

Len was involved with the Rolls Royce Olympus engines which were developed to power the Concorde.  It is fitting that Len took an interest in novel forms of heat engine as well as tried and tested designs. 

The Stirling Engine Society offers its sympathies to his wife and family.

The figures are reproduced later in this issue. Unfortunately the quality of copy may make some of the detail hard to make out. Interested parties may contact me for a larger copy.  
Over the years I have become fascinated by the variations of hot air engines made, with great expertise by model engineers. One thing was obvious, pistons of one sort or another were always involved.

I wondered if a fully rotary model hot air engine could be designed though I’d seen no historical record of this form of prime mover ever being achieved.  My cognitations lead to a blower type arrangement as shown in Fig. 1.

Unlike the Rootes blower single sided lobes are used so that the “cold air” could be transferred back to the hot side internally via the sealing meshing point(s), albeit with a pressure change. The central backbone carrying the bearings is a tight fit with the rotors all round to seal between the hot and cold sections which themselves have ample clearance. The curved casing joints are used, on this four vaned version to give increased heat transfer surfaces.

If as in Fig. 2, six vanes are used instead of four per rotor, a straight joint can be used to the same effect though rotor assembly into the central casing would demand that this casing should then be split transversely. Use of four vanes allows the rotors to concertina over each other  to allow accurate assembly. However the six vane version with water or air cooling seems amore practical proposition. Phasing gears set to a minimum backlash, keep the rotor vanes just about touching each other.

These vanes have a cycloidal profile, unfortunately difficult to make really accurately on their addendum but, by using a rolling circle of half the P.C.D. in diameter the dedendum is purely radial. This is shown in Fig 3. Along line AOB a contact ratio of 1:1 is achieved with the four vaned rotor, increasing to about 1.5:1 with the six vaned rotor to provide intersection sealing. The trapped volume of a 1.5:1 contact ratio could present a problem.

Intersection leakage could be relatively large but unlike usual hot air engines with a leaking power piston the working fluid would not escape to atmosphere. On the motor described the small glands on the shaft outputs are the only nominal external leakage points. Testing may show that a “snifter” valve  is nevertheless required.

Output torque from any pressure difference achieved should be virtually constant as the phasing gears should cyclically transmit torque difference from one rotor to the other.  Therefore a flywheel may not be required though one might be handy for spin starting. 

Internal leakage may significantly reduce pressure difference between hot and cold sections but the effective ‘piston’ area, amounting to about half the vane height, could give a respectable output torque.

This motor may not work but if it provides any power at all it would be a novelty.

I’m anxious to find out if the concept is viable but with my present commitments  my progress in making a representative model is painfully slow. So, if any model maker wishes to have a go at making a “Snell  Hot Air Motor” or any derivative of it, I’d  like to hear of the result.

Review of the 7th International Conference on Stirling Engines 

ISC 95 in Tokyo Japan.

By Ian Larque.

The conference was held at Waseda University Tokyo. This University is one of several Japanese Universities carrying out research into Stirling  cycle machines including engines and coolers. The conference was attended by approximately 200 delegates of mixed nationality from all over the World. About 50% of the attendees were of Japanese origin, which was to be expected. The conference was spread over 4 days,  three of which were for the presentation of papers. There were also lectures being held concurrently on subjects including  design and manufacture, submarine applications, refrigerant/cryogenic coolers and technical/thermodynamic analysis.

I was attending the conference to present my paper on the design, manufacture and testing of my small, Ross-drive unit. Whilst there I was asked to chair one of the many sessions, as the official language of the conference was English.

One of the main focus points, and the subject of several papers,  was the feasibility and design of a Stirling cooler, which could replace the conventional domestic unit, with comparable power consumption and life expectancy.  The general consensus on this subject was a free piston design with gas springs, annular gap regenerator and finned heat exchangers with secondary liquid refrigerant circuit into the refrigerator. On show was a working prototype from Sun Power in the USA. It had a closed loop control system which kept the cold end at a constant temperature of approximately -15 ºC. The temperature was varied by fluctuating the speed of the linear motor contained inside the unit.

There was also a very interesting paper from Los Alomos National Laboratory on the subject of the relationship between the thermoacoustic refrigerant cycle and the Stirling cycle. Due to the similarities of both these cycles and the possibility for a combined thermoacoustic/Stirling refrigerator, this might possibly dictate the way in which the Stirling cooler will enter the mass commercial market, by combining the best of both technologies.

There were numerous Stirling engines on display at the conference, mostly of Japanese origin. Of particular interest to the model engineers, was the  display  of model Stirling engines designed and constructed by students of several Japanese Universities. Every conceivable type of drive was used in every Stirling form of Alpha/Beta/Gamma. the range of improvisation in the use of materials by the students was very commendable. The engines were constructed from anything from a simple cardboard engine with coke-can pistons, through to full-blown stainless steel, slightly pressurised engines powering model boats. One of the most ingenious designs was one that used glass syringes as pistons and cylinders with plastic pipe pushed over the needle end to act as transfer ports.

On the industrial display stands, was a very ingenious self-energising non-split piston ring. They are similar in shape to a piece of corrugated cardboard as viewed from the end, but formed into a continuous ring. These rings are designed  to work in conjunction with two or more identical rings, oriented at the relevant angle so as to cover the gaps in the previous ring. They are then pinned so as not to move in service.  The prototypes on show  were cut from sheet material by a water jet, but for mass production they would be injection moulded.

Apart for the technical and theoretical papers being presented, there was a considerable number on the subject of combined heat and power and low cost electrical generation in rural  and developing countries. These ranged from the Chinese proposal for a multi-fuelled agricultural drum incinerator through to the related subject of Vuilleumier heat pumps for domestic use. 

There seems to be increased interest in this subject in particular with the Stirling engine and multifuel system hermetically sealed for a service life of approximately one year. there was also talk of spreading the initial cost of purchasing these units away from the consumer and onto the supplier, with the consumer just paying for the  units of power produced. This may be the only way of getting the Stirling engine  into mass commercial use as the consumer  doesn’t have the expensive risk of system failure and the servicing would be carried out  at regular intervals by the leasing company.

At the end of the conference there was a post conference tour for delegates. The tour spent one day at Nihon University in the northern part of Japan’s main island. This was very inspirational, as the university had a whole department dedicated to the subject of Stirling cycle machines. The students here learn about the theoretical side of the subject, then they go on to design and manufacture working models of their designs.

They demonstrated one of their pressurised single cylinder machines producing 3 kW  of electrical power. It was helium pressurised and heated by gas. It had a James Watt linkage crank mechanism which produces true vertical movement of the pistons. the engine ran incredibly quietly with much praise being given by all he delegates.  They also demonstrated a non-pressurised engine which used a rubber diaphragm as a power piston. This was heated by two improvised gas brazing torches directed onto the head. The engine ran well producing a shaft speed of approximately 500-700 rpm and a power of about 100 watts.

We were then taken to their solar Stirling area where they attempted to demonstrate their TNT-3 engine but with very limited success as the day was overcast  and raining on and off. It did manage to turn about 5 revolutions in one of the cloud breaks. This engine is of single cylinder design with a glass head and heatpipes around the head. It uses the James Watt crank linkage and was designed to be rated at 1000 watts . It had achieved 430 watts on a more favourable day. The sun was concentrated onto the glass head by means of a 3 -4 metre solar disc made up of individual polished aluminium parabolas each of which could be focused separately. This technique is a vastly cheaper option than a full parabolic dish and can compensate for manufacturing  discrepancies. The concentrated beam produced by this mirror is very strong and has instantly fried birds that have strayed into its path.

Nihon University is also interested in IC engine development. We were shown their workshops where they are experimenting with a regenerative engine using ceramic balls and also the conventional wire mesh as in Stirling engines. They had on display a rhombic drive engine with a tungsten carbide regenerative matrix, but they said the greatest problem was with oil choking the matrix, a difficulty which they are trying to overcome. The day was finished off with a delicious Japanese meal in the University campus.

The second day of the tour was spent at the World famous Nikko shrine with its beautiful carved and painted wooden temples.

On the Saturday after the conference, I was invited to Kawasaki Heavy Industries factory in Kobe by one of the managers I had met at the conference. This was  to see their classified research work on the United Stirling 4-95 engine which they are researching for Zedia and the Japanese Navy for use in their submarine fleet for charging the propulsion batteries. The engine was very impressive with its accompanying alternator.

In total it was about as long and as high as a Mini car, but only half the width. It is pressurised to 200 bar of helium with tubular heater and compression tubes and a wire mesh regenerator. the four pistons are double acting with gas paths connecting each cylinder to its neighbour. The crankshaft uses conventional pressure lubricated shell bearings with two counter rotating balancing shafts by the sides of the crank.

The engine is designed to produce in the region of 90 kilowatts of electrical power. The engine is fuelled on compressed pure oxygen and kerosene. The reason for this is that when in operation the submarine can recharge its batteries underwater unlike conventional diesel submarines. As the Stirling engine uses pressurised external combustion, the exhaust gases can be expelled straight into the water without the need to surface. Unlike Britain, Japan is prevented from operating nuclear submarines by International protocol.  This is one way of extending the time their submarines can spend submerged.

Whilst at  Kawasaki in Kobe, I was shown around the site and the city. It is incredible how quickly the Japanese can recover from major disasters. They had virtually rebuilt every road and bridge since the earthquake in January 1995, but you could still see evidence of the quake with pavements with steps of 6 inches to several feet in places and sideways shears of approximately 12 inches.

The rest of my holiday was spent on non-Stirling subjects. I returned to Britain via ship to Shanghai then ten days touring China followed by a week on the Trans-Siberian railway to Moscow via Mongolia and Siberia in December- very cold.  Four days were spent in Moscow finally flying to Helsinki and then back to London just in time for Christmas. All in all I had a very interesting six weeks and learnt much about Stirling technology in the process.

Editorial.

The next event on the Stirling Calendar is the October Conference, held once again at Norris Bomford’s house near Evesham. Planning for this meeting is well underway and we hope to make the event bigger and better than last year’s conference.

This year we hope to attract many more Stirling engine enthusiasts and to focus on the practicalities of designing and building larger engines.

Last weekend, a few of us got together to discuss the event and exactly what  the aims and direction of the Conference should be.

One suggestion, was that every attendee should come away  with enough information and understanding of larger Stirling machines, to give them enough confidence to design and possibly construct a power producing engine. 

Although still two months away, this time of the year seems to pass very quickly what with Summer vacations and the like. We (the event planning team), are currently contacting speakers and arranging a timetable for the Weekend. 

The Saturday will be devoted to a series of technical talks and we hope to address as many aspects of practical Stirling machine design as possible.  It is likely that Saturday evening will be spent discussing Stirling topics over a meal at a local pub. This will give delegates an opportunity to get to know one another.

Sunday will be the engine demonstration day,  and there is ample room to run  many engines during the course of the day. Delegates are invited to bring there latest Stirling creations, even if they are not yet running. If any special reqirements are needed, possibly for larger engines, such as water cooling,  please let Norris know in advance.

Back issues of UKSN will be available at the Conference, and it is hoped to publish a Special  Conference Issue by  late October, covering all the weekend’s proceedings (with better photographs) for those readers who were unable to attend in person.
Next year is the 60th anniversary of the start of work at Phillips in Eindhoven, on Stirling Machines.

It is also the 180th anniversary of the Rev. Stirling’s patent, which I believe was filed early in 1817.

Recently whilst reading C.M. Hargreave’s excellent account of the Phillip’s Stirling Engine, it became clear what a huge leap in Stirling technology was achieved even in the first year of research (1937).

The first prototype, the Type 1 as it was known, had a bore of 30mm and a stroke of 25mm, giving a power swept volume of 17.67cc.  This early engine achieved 16W of output power at 1000rpm and off-load would run at 1500rpm.

Even this very first attempt at a modern Stirling engine was capable of  nearly 1W per cc at atmospheric pressure.  Not bad for a first attempt.

Over the next 15 years or so,  6 of which disrupted by war, this early prototype was developed to appear as the 102C generator set, with 250W mechanical output and 60cc swept volume.  One has to ask when we  will see an engine of this performance commercially available in mass production?   

The story of the early Phillips work is truly fascinating  and C.M. Hargreaves book is well worth a look.
UK Stirling news is published approximately every two months.  Back issues are available upon request, priced £1-00 per issue.  Articles and correspondence relating to Stirling Machines are always glady received at the address below.   Word processed documents can be taken on 3.5” disk in Microsoft Word or ascii text format.

Write to UK Stirling News

Ken Boak,

50 Monson Road,

Redhill ,

Surrey,

RH1 2EZ.

Tel/FAX 01737 771834.

A "Tiny" Stirling Engine. 

By Julian Wood.

This Tiny engine of about 0.8cc runs at up to 2000rpm from the heat of a cigarette lighter and demonstrates Stirling engine principles instantaneously to doubters when produced from a pocket.

It is not difficult to build but the parts are mainly small and reasonable care is needed. I have so far made 8-10 of them with no failures. There are no dimensions given for ball race diameter as these depend on what can be obtained. The big end races 3/16" OD x 0.055" ID can be bought from J.A. Crew and Co, Watery Gate Farm, Dovers Hilll, Chipping Camden, Glos. GL55 6QU. as can  many other sizes. Prices are around £2.00 each.

Before fitting any parts permanently ensure the ball races will slide on their respective shafts/pins by polishing them with fine emery.

Make the crankcase first from 1" (25mm) square aluminium, making the shaft ball race bore an easy slide fit. The dimensions can be scaled from the drawing. The thread is approximately 32 TPI but it is not critical. Its diameter should be such that the cylinder can be screw-cut to fit. the cylinder OD is about 5/8" (16mm). Cut a thread also for the perspex back plate. Two holes should be drilled and tapped in the side and bottom of the crankcase. These could be used for mounting and at least one hole is necessary to relieve crankcase pressure for fast running when the perspex back is screwed in. 

Make the crankshaft and ensure that the crankpin is perfectly square to the crank disc and parallel to the shaft. Take some trouble over this requirement.

Make the cylinder; drill and ream 7/16" (11mm). Turn the crankcase end and screw-cut to fit. Bore and taper in the end of the bore to clear the con-rod. Turn round in the chuck and check for true running. Bore and screw-cut the other end for the hot cap. Turn the fins (more or less can be used and the shape can be as desired) with a parting tool, supporting the crankcase end with a centre. Polish out the bore with a lap to remove the reaming marks.

Turn up the piston and mount on a threaded rod end for polishing and lapping. Check the piston for parallelism and compare diameters at either end of the cylinder. The piston should be a nearly air tight fit, no tight spots, and the engine performance will depend very much on this. It should drop through the cylinder when dry.

Turn the piston centre and Loctite or press in the gudgeon pin. Make the piston conrod  and bevel the edges to allow swing in piston and cylinder. Press in or Loctite the big end ball race and assemble the engine so far. Find the crankshaft position so that the movement is very free and can be spun with no tight spots. Dismantle and finish the crankcase, i.e. clean up and or polish, remove all swarf etc and rebuild using small amounts of Loctite on the main ball races and shaft. Ensure motion is very free. It may be necessary to make a locking ring to go on the cylinder depending on how far it screws into the crankcase.

Make the return crank and fit the con rod big end pin: ensure it is square. The grub screw needs to be very short to clear the bend in the con rod, it can be ground away on an Allen key, beware it gets hot.

Make up the displacer con rod, pivot block and displacer rod. The pivot block is tiny and should be made on the end of some 1/8" square brass rod and sawn off and drilled. The pivot can be a 10 BA screw and nut with the head turned very thin to clear the piston con rod.

The displacer rod will need the lower threaded end smoothing with a fine file to allow it to pass through the piston centre. Assemble the return crank onto the crank pin to obtain the angle shown on the drawing, this is not critical. Fit the con-rod and pivot block and screw in the rod through the piston centre. Fit the cylinder and with luck all will go round. Usually some adjustments are needed; it must all spin freely as before.

Make the displacer and base but leave the last 0.025" ( 0.635mm)on the displacer fitting diameter on the base until later. Mount the base on its rod and hold the rod in the chuck to skim off the last few thou to fit the displacer so that the displacer runs true to its rod. Fit the displacer with Loctite and check for true running. Reverse in the chuck and taper off the base.

Assemble the engine and measure the length required for the hot cap. Make the hotcap shell either from solid or use tube and braze or silver solder on a cap. Turn up the brass ring and silver solder onto the open end. Leave 0.030" (0.76mm) on its diameter to be turned off after soldering. Support the walls of the cap on a mandrel and turn to size and screw cut the brass ring to fit the cylinder . Fit an "O" ring and also assemble the piston and centre with a card washer or thread tape - essential to avoid compression loss. The engine should now have a little compression. If a flywheel is fitted it should run. If the compression is poor check for leaks - displacer -no bubbles when dipped in hot water. the hot cap etc  can be checked with soapy water. If carrying around in a pocket, keep wrapped in a cloth, even very fine dust can cause jamming.

 Second Stirling Forum.

The second Stirling engine forum was held over the weekend of October 5th and 6th, at the home of Norris Bomford, in Salford Priors near Evesham.

Attendance was good on both days, with 13 on Saturday and 17 on Sunday. A count up of the engines displayed totalled 72, exactly half of which were the combined contributions of Julian Wood and Roy Darlington!

Every conceivable variant of Stirling engine was represented from the minute “Tiny Engine”, by Julian Wood to the massive 430 cc beta engine of Norris Bomford.  The Tiny engine would run quite happily on the gas lighter that was used to light the very impressive  6kW (estimated)  ring burner used on Norris’s engine.

Although not strictly Stirling, Tim and Bill Oakley, returned with their unique style of vacuum engines. The demonic V2  which we saw last year was overshadowed by the mighty triple cylinder radial aeroengine complete with three bladed propeller (photo 4). The engine had novel overhead crankshafts, with the pistons meeting together in the middle of the engine. Tim, when asked, modestly replied that he had put it together in a few months. He confessed that it really was about time he bought a decent lathe, as his current one was of unknown origin and far from accurate. Nevertheless, he is to be congratulated on his efforts, and hopefully we will see a multi-cylinder Stirling next year. 

Solar Stirling Activity.
Saturday was a particularly fine, bright day with ample sunshine for running the various low delta-T  engines that were present, (photo 1). Julian Wood presented a Beta design with an 18” diameter spun-aluminium reflector. Julian hopes to produce reflectors in fibreglass. Of particular interest was the twin flat plate, diaphragm engine by Dick Guntrip of Helston in Cornwall. 

The engine, (photo 8) consisted of two gas-tight wedge shaped boxes with glass fronts angled to receive maximum solar radiation mounted onto a flat base. Between the solar receivers, a rubber diaphragm style piston was mounted horizontally, with the crank linkage driving a linkage to move the internal displacer and the impressive fly-weights which acted as a  flywheel. 

Each solar collector consisted of a 5mm aluminium absorber plate, with enough thermal inertia to allow the engine to run for up to 10 minutes, with the sun obscured by cloud. Inside each solar collector was a wedge shaped displacer made from expanded polystyrene, pivoted close to its top edge. The dead space in the displacer box, was reduced by means of a lining of perforated aluminium, which acted as a regenerator. The cold end heat-exchanger was made from offcuts of finned aluminium extrusions, used for vehicle body manufacture.

Dick Guntrip had gone to considerable effort to fit thermometers on both the hot collector and cold radiator surfaces, but more importantly, within the hot and cold gas spaces.  In this way he could more accurately measure the actual delta-T, for various speeds of operation. A pressure gauge calibrated in inches of water, showed the internal pressure swing to be a healthy 9” variation in the bright October sunshine. The engine was configured such that only one of the solar collectors was driving the power diaphragm. The other displacer unit was a “slave” being mechanically driven by the engine section.  The resulting pressure variation from the second displacer unit were used to pneumatically drive a remote piston load, which would ultimately be used for pumping water.

The advantage of this configuration, is that stalling the load would have no effect on the running of the engine section. Dick, suggested over lunch, that a scaled up solar engine of this type could be used to power workshop machinery in developing countries. Individual machines would be driven by remote pneumatic power from a large central engine mounted on the workshop roof. This is an interesting and important area of Stirling technology, and it is one area where engines can only benefit, from being scaled to larger sizes, unlike the classic hot-air engine.  The efficiency of the engine to convert solar radiation into work can be summarised by the fact that this engine continued to run all day, until 6pm when the sun set down behind the trees.  I hope to bring constructional details for such an engine in a later issue.

Specification of Solar Pumping Engine.

Diaphragm  
4.9 sq in


31.61 sq cm

Stroke

0.49 in


12.44 mm

Swept Volume 
2.4 cubic inches

39.32 cc

Pressure Swing
9”  Water


0.3251 psi   

2.2418 kN/m2

Each collector 
112 sq in


722.58 sq cm

Projected Area
107 sq in


690.32 sq cm

Total Internal
176 sq in


Surface Area
1135.48 sq cm

External Cold plate
140 sq in


903.22 sq cm

Internal Area
115 sq in


741.9 sq cm

Each Chamber Vol
180 cubic inches

2950 cc
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pLEASE ENCLOSE 2 First Class  STAMPS FOR LATEST CATALOGUE 
A Tin Can Engine.
David Lawrence demonstrated his own unique type of Stirling, (Photo 5), one which used a steel drinks can for the hot cap, and a specially modified steel or aluminium can for the displacer. David showed his “can-reducing” tool, which accepts a conventional drink can, and by means of an internal mandrel and external die, reduces the diameter of the can such that it can be used as a displacer, within a standard sized can. The reduced can was surprisingly uniform and benefited from having greater surface area than a plain cylinder of equal diameter.

In addition to the novel use of drinks cans, David’s engine used a simple and lightweight nutating drive, with a very long displacer stroke and a short power stroke that suited his diaphragm power section.

David has offered to produce, and make available, a video recording of the Second Stirling Conference.

Silent Stirlings.
For some time Geoff Ford has been producing his own style of highly efficient and beautifully presented Stirling engines. Geoff’s latest model is a beta type with a 34mm bore, (photo 2). The configuration of the model is reminiscent of the Rider-Ericsson, but the drive linkage is Geoff’s own design, and is very free running. The engine is gas fired and water cooled, and runs very smoothly and quietly with the smallest gas flame. Geoff has designed the engine such that it can be offered as a very comprehensive kit, and many of the components are intended to be  laser cut from sheet material.  Geoff has offered to present more details of this attractive engine in a later edition.

The other engine on show, was Geoff’s 11 cc  beta style fan, (photo 3), which featured a write-up in Issue 1.2.  This engine, because of its unobtrusive nature, got little attention, many people not realising that it was actually running. Almost silent in operation, it swung its propeller at a steady 2500 rpm, and continued to do so until out of gas.

Malcolm Rowney’s Rider Engines.
Malcolm Rowney of Norwich has been enthusiastically been building Rider or alpha type engines for about 10 years.

Malcolm’s “Roadshow” display consists of 3 engines from his fast and furious 7cc V2 Rider, which manages in excess of 4000 rpm with no-load, and a near constant 3000rpm under load. The estimated power of this little engine is 2 to 3 watts, but this is yet to be confirmed by brake measurement.  The engine has an 18mm bore and an 18mm stroke and uses a dimpled foil displacer/regenerator.

Somewhat larger,  was Malcolm’s  double Ross yoke Rider, of a 70cc total swept volume. It uses cast iron pistons and bores and drives a bicycle hub generator.  However it was the 73mm (2.874”) bore,   29mm stroke, 121cc, inverted Rider which was most impressive, managing about 50 W of output, and 1100 rpm under load.  Off load speed is 1350 to 1400 rpm.  The engine used rulon seals and had to be heated for at least 10 minutes before full compression was achieved. The engine uses a cooler made from coiled microbore copper tubing and the burner is a modified camping gas burner. Such was the thermal mass of the engine that it would run for nearly 5 minutes, once the  gas burner had been turned off. Malcolm said that he had used this engine this summer to propel a boat on the Norfolk broads.  The engine had been improved upon since last year, and included waterpump and  home built gearbox, using parts from a Honda moped.

James Rizzo, came over from Malta for the conference this year and brought his 2” bore pressurised engine (photo 10). This is the engine that James had spoken about at his lecture at Olympia, last New Year, and features a cast crankcase. The engine is of a size which can be tackled confidently on a  7” Myford, and still produce reasonable power. In a multicylinder configuration this could be an ideal power producing engine.  James showed the engine running, but had had some interesting metallurgical problems which had meant that the engine was not running at peak performance. 

The main problem was the internally finned insert in the hot-cap. This was originally made from cast bronze, but after a period of running, the engine became sluggish and on internal examination revealed that the inset had slowly been eroded away as a result of oxidation and the scrubbing action of the passing air currents. What had been a series of parallel fins had been reduced to tapering points and an engine full of black powdery oxide.

James explained how he went on to try a brass insert , but this failed too, this time by meltdown!  The brass had actually got so hot that a  large section of it had begun to flow. This was most peculiar as this insert was protected from the direct heat of the burner by the stainless hot cap. James suggested that the insert must have been made from sub-standard brass of Italian origin. We hope that the problem will be resolved by using a grade of aluminium bronze, which is not only a good conductor of heat but resists oxidisation. This is the material which Philips used for their hot-caps on their early engines. 

Geoff Bartlett brought 5 of his engines along (photo 9), including some interesting diaphragm engines and his latest 50cc beta engine. This was very compact and had good compression. Geoff reckoned that it needed a better burner and then would try some pressurisation. The engine ran smoothly and was very quiet.

Roy Darlington brought along his collection of 12 engines, including his low delta-T solar or hot water engine, a nicely polished Dolly II in brass and bronze. Also was his small generating set with its illuminated “STIRLING ENGINES” sign made from no less than 96 high efficiency red LEDS. (Photo 7).

Julian Wood, had on display a collection of at least 24  working engines, from his diminutive Tiny Engine, to his impressive 100W engine. Also present were his recently featured Aeroengine and novelty helicopter plus his radio controlled Stirling powered Daimler-Benz car. This featured a horizontally mounted engine, with a simple but effective reverse gear operated by a servo.  The drive to the axle was through a friction wheel which could be moved so that it contacted either one side or other of the flywheel, thereby reversing the drive. Also present were at least two low delta-T engines, several Ringboms and beam engines. Not present were the 43  “EN-2” type engines that Julian has already sold to customers over the last 3 years. This was an impressive display of engines, and we congratulate Julian on the effort and thousands of hours of work which he has put into furthering the cause of the Stirling Engine.  

On the Sunday afternoon,  Norris Bomford gave a demonstration of his large engine (photo 6), this time sporting its brand new propane burner. This was the engine that we saw last year powering a portable television using a dog-bowl of glowing charcoal. The new  burner was immensely powerful and quickly heated up a  6” length of  hot cap, enabling the engine to light a 21W car bulb, using a wind generator to generate the current. I expect the voltage was somewhat high for the bulb so that the shaft power might easily be in the order of 100W.  Norris also had on display components for his even larger engine, which uses an 130 mm  (5.25”) bore piston.  

Cyril Dennis brought along 8 engines, (photo 11), including his Philips generating set, which he has restored to full working condition. Cyril has lately been working on a new engine design featuring a rhombic drive, 40 heater tubes and a corrugated foil regenerator. The engine has a 2 “ bore  and is expected to be compact and powerful.

Cyril also had on display his low temperature engine which runs for hours on a flask of hot water, and a very elegant free piston engine which runs from a single nightlight and powers some bright LEDS.  He also has two very compact  engines of about  5W output power, built into small generating sets. Cyril has used surplus tape-spooling motors from old video recorders as his generators. These have the advantage of being flat pancake in shape and about 3.5 to 4” in diameter, which allows them to replace the flywheel in small engine designs.

As mentioned in Issue 1.3, Norris has become the custodian of the engine collection by the late Brian Thomas.  Four of these were on display including the fascinating swinging arm linkage engine, (photo 12)  with the twin displacers, which meet at a central burner and the twin external pistons. This engine continues to run extremely well in a manner which defies belief,  producing 1500 rpm and “finger-burning” torque on its 5/32” output shaft.

Photos on pages 7&8. Courtesy of Julian Wood and Roy Darlington

1. A collection of solar engines

2. A New Design by Geoff Ford.

3. Geoff Fords Silent Fan

4. Tim Oakley’s Flame Licker Radial

5. Dave Lawrence’s Tin Can Stirling 

6. Norris Bomford’s 3.4” bore Beta.
7. Roy Darlington’s “Illuminations”

8. Dick Guntrip’s Solar pumping Engine 

9.  Five Engines by Geoff Bartlett

10. James Rizzo’s Pressurised Engine

11. Six engines by Cyril Dennis

12. Brian Thomas’ Swinging Arm Engine

New  Materials.
The corrugated foil used by Cyril Dennis was one of several new materials, which came to light at the conference.

The foil is made of  316 stainless steel, 2 thousandths of an inch thick, and is run between spur gears to produce a uniform corrugation, thereby increasing the surface area per unit length by a factor of  2.  When a strip of this foil is wound with a strip of plain foil into an annulus, the result makes an ideal regenerator with high surface area and uniform axial air passages.

The foil can be obtained from IMI Amal, of Birmingham. Norris Bomford has offered to make enquiries about its availability and cost, and see if the small amounts needed for engine development can be obtained. If this is the case, then it is hoped that Julian will hold a central stock. In this way, the manufacturer will not be deluged by enquiries for small quantities.

Also in stainless steel is the knitted wire mesh, offered by Knitmesh Ltd. This is the raw material used in kettle scale collectors, and is used for chemical filtration equipment. The knitted material can be compressed under high pressure into compact high density elements which may well be suitable for regenerators.

Again in stainless steel are various grades of fine mesh which have been used in regenerators with good results. Below are two suppliers contact details.

Norris has contacted a company which specialises in seals for air compressors, Compressor Products International. They make a range of dry running, graphite loaded piston rings and cylinder seals. 

Thanks to the following attendees for bringing their engines and expertise and making a most worthwhile weekend. 

We hope that the event will be repeated in 1997.

Geoff Bartlett
Adam Harris

Tony Bray

Bill Oakley

Ken Boak

Tim Oakley

Norris Bomford
Allan Organ

Roy Darlington
James Rizzo

Cyril Dennis
Malcolm Rowney

Geoff Ford
Bob Sier

Dick Guntrip
David Lawrence

Julian Wood

Thanks must go to Norris’s family, who put up with the disruption caused by the conference, and in particular to Mrs Bomford and her assistants, who went to great lengths to provide superb catering and refreshments throughout the weekend. 

Editorial : A Stirling Society?

Firstly, I should like to apologise for the late appearance of  this Issue of  UK Stirling News.  The Second Stirling Forum was a major event in the Stirling calendar, and it was decided to hold back this issue to give full coverage of the proceedings.  Similarly, Issue 1.6 will probably appear after the Olympia Model Engineering Show so that a show  report can be included.

There are now over 60 names and addresses on the mailing list and new subscriptions are arriving every month, thanks to the promotional efforts of Adam Harris, at Camden Miniature Steam Services.  Adam has given UKSN a plug in his Winter 1996 Book List, and I know that several readers have heard of UKSN via Camden.

Subscriptions for 1997 will be due, following the publication of Issue 1.6 in the New Year. The subscription will remain at  £6-00 for UK readers and £10-00 for European readers. If any readers have missed out on any of the first year’s issues please get in touch soon (01306 741027), as some of these are in short supply and it is not anticipated to reprint or hold stock  of Volume 1.

Suggestions for improvements will always be gratefully received, as will any material for publication. Those of you present at the Sunday lunch, will have heard my appeal for articles, engine descriptions and correspondence. 

One suggestion arising from the Forum,  was the creation of a Stirling Society, a body to promote Stirling machines, and to give credibility to the activities of the existing group of amateur enthusiasts and model engineers.  Such a Society could be formed from the readership of UKSN, and UKSN could become the newsletter of the “UK Stirling Society”.   The benefits of belonging to a society, would include increased recognition and publicity at shows and events,  discounts when dealing with suppliers of materials and the ability to negotiate a reduced rate for enthusiasts at International Stirling Engine Conferences.  Membership would be encouraged from interested enthusiasts to those working professionally in Industry.

I would be interested to hear any views on the founding of such a society, and if there is sufficient support, then this could be  initiated in 1997.

Write to UKSN at:

Ken Boak,

50 Monson Road,

Redhill ,

Surrey,

RH1 2EZ.

Tel/FAX 01737 771834.

 “Beta-Max”  Towards a 1 hp Engine.

Following the Second Stirling Forum, I returned home with thoughts  on building a large Stirling engine, using some of the ideas, materials and components discussed at the Forum. 

The Viebach engine seemed a good  starting point for the design, and it is hoped that some of the castings can be used. The Viebach has the disadvantage of being a Gamma type engine, with its less than compact arrangement and so I decided that a Beta machine would be better.  How big an engine could be built using a Viebach crankcase?  Thus the search for the “Betamax” engine began. 

The  Viebach engine can produce at best about 350 Watts at the crankshaft, a figure which for some applications is just too little.  I believe that the design can be improved upon so as to give an engine with a shaft output of around  750 Watts or one horsepower.  The thermo-mechanical efficiency of the engine as it stands is around 10%.  Could this figure be improved upon to say 15% to 20%?

Norris Bomford’s work on large engines seemed a good starting point, and I was impressed by his 130mm liner used in DAF trucks.  This could form the basis of an engine with a swept volume of 1000cc to 1700cc depending on the stroke. The liner was of a size which could easily be incorporated into the Viebach crankcase.  The next task was to consider the design of the heat-exchangers.  Get these right and the rest of the engine would stand a good chance of working.

One of the reasons why small hot-air engines work at all is the favourable ratio of hot cap surface area to swept volume.  This useful  feature does not scale when you make the engine larger and so fins or tubes have to be employed to increase the surface area of the heater and cooler.  Additionally either mesh or foil has to be used in the regenerator to increase the surface area to obtain effective regeneration.

Are there some “Golden  Numbers”  which can be applied to the design of  heater, cooler and regenerator which will ensure that a large engine will perform well?  If we  express the areas of the heat-exchangers to the swept volume of the engine as a ratio,  are there certain minimum values which need to be exceeded before the engine stands a chance of running properly?  

In the text-box opposite, we compare the values calculated for a small hot air engine with those for the proposed  “Betamax” engine. As we scale up the linear dimensions by an amount X, the surface area to swept volume ratios  are  divided by  the same factor X.


A comparison between a  small model hot-air engine and the proposed “Beta-Max” engine in terms of the ratio of surface area to swept volume.

Consider a small engine of 19mm bore and 12.7mm stroke giving a swept volume of  3.6cc. Assume that the hot cap is a stainless steel tube of 20mm diameter and 0.5 mm wall thickness giving a 19mm internal bore. The displacer is a plain aluminium  tube, length 60mm and diameter 18mm.

If we arrange a ring-burner in such a manner that the top 20mm of the hot cap and the end plate are a good red heat then the heated surface area is equal to:

Total area
=15.7 sq cm.

The ratio of the heated surface area to the swept volume is 15.7/ 3.6  =  4.36.

Then if we consider the surface area of the displacer  60 mm long and 18 mm in diameter plus the internal surface of the hot cap acting as regenerator we get 

Surface Area=  71  sq cm 

The ratio of the regenerator surface area to the swept volume is  approximately 19.7. 

The cooler consists generally of the plain section of tube with some external fins into which the displacer moves as it approaches bottom dead centre. If we think of the cold end as being an annulus of tube 12.7mm long and 19mm diameter then this is nearly 10.7sq cm of cold surface area including the cylinder end cap Added to this is the equal surface contained in the power cylinder,  giving a total  cold surface of  21.4 sq cm.

The ratio of cold area to swept volume  is  21.4/3.6  =  5.95.

Summing up:   Swept volume 3.6 cc


Hot cap area
15.7

A/Vhot

4.36

Cold area

21.4

A/Vcold

5.95

“Regererator” area
71

A/Vregen

19.7


If  we now conceptually scale up this engine  to 130mm bore and 87 mm stroke (linear dimensions scaled by 6.84 times).  Scaling up the various sizes we get:

Swept volume
  1155cc

Hot cap area 
690

A/Vhot

0.597

Cold area

974

A/Vcold

0.843

“Regererator” area
3321

A/Vregen

2.875


It becomes immedialtely obvious that our area to volume ratios are diminished by an amount equal to our scaling-up factor and so the heat transfer processes that rely on large surface areas of heat-exchanger, allowing efficient  heating or cooling of the working gas will operate at a fraction of their former efficiency.  With such small effective areas, it is unlikely that the large engine will run at all.  Remember we  need almost a 7 fold increase to give the large engine the performance of the small  hot-air  engine.

Tubes and Fins to the Rescue.

In order to restore the balance, it is essential to adopt high surface area heat-exchangers, and this means tubes and fins.

Exactly how much surface area is needed for the various exchangers can be conveniently predicted using the computer programme “Scalit”. This is a shareware programme of unrevealed authorship (1), but it gives a good indication of the various gas circuit parameters required for effective Stirling design. This programme will calculate the necessary sizes of tubes and fins required for an engine of a given size at a given pressure and rpm and estimate the output power in watts.

In my experience of the Viebach ST05G engine,  Betamax was going to be a fairly slow- revving engine.  I assumed a maximum speed of 375 rpm and a pressure of 10 bar or 150 psi. The 130mm bore was dictated by the size of the liner and a stroke of 90mm was choses as one that appeared to fit.

This gave a power swept volume of  1195 cc and so these details were entered into “Scalit” .

Typical results obtained from “Scalit”  are reproduced  overpage, but some general points are worth  mentioning.

The design parameters are very dependent on the speed of the engine.  The faster the engine, the more tubes are needed but shorter and of smaller bore.

Similarly with the regenerator and cooler, shorter for high speed running.

**********************************************

     *                                            


*

     *     Gas circuit design program SCALIT     
*

     *                                            *

     ****** Copyright 1993 mRT/Allan J Organ ******

     *                                            


*

     **********************************************

          Set working fluid:

          After the prompt (>) type

          1 for air,

          2 for helium

          3 for hydrogen

 >

          The main design parameters are:

            ***** Power (W) PER GAS CIRCUIT

            ***** Reference pressure, Pref (bar)

            ***** Angular speed, rpm (rev./min.)

            ***** Net swept volume, Vref (cubic cm) PER GAS CIRCUIT

          The designer may choose THREE ONLY out of

          the FOUR parameters

          Input a numerical value 

          (the program will take care of conversion to SI)

          after the prompt (>) OR A <RETURN> if you are

          not setting a value for the parameter in

          question:

     >

     Power per gas circuit, W? (or <return>) >

     Reference pressure, bar? (or <return>) >

     Angular speed, rpm? (or <return>) >

     NET swept vol PER GAS CIRCUIT, cubic cm?              (or <return>)  >

  Reference pressure:  10.00bar/atm

  Rev/min:                   375rpm

  Swept vol./gas cct:    1195.00cubic cm

  Scaled power/gas circuit:       1.120 KW

                    

Expansion       

Regenerator     

Compression

 Lengths mm              

466.48           

70.19          

163.52

 Free-flow area mm sq   
 .70704E+03      

.97898E+04      

.94273E+03

 Hydraulic radii  mm     
1.688            

.088            

.648

 Tube int. dia.   mm     

6.752                           




2.592

 No. indiv. cyl. tubes    
 20                             




179

 Regen. wire dia. mm                   



 .150

 Regen mesh 1/mm (1/in)                


2.540    64

 Gauzes in stack                         



233

 Volumetric porosity                      



.70

 X-sect area housing(s)                  



 .13986E+05 mm.sq.

 Regenerator pressure drop scales satisfactorily

 Fourier modulus, NF,  

 Therm cap ratio, NTCR 

 Regen. matrix specific thermal short power is: 

    2.75-times correlation mean of  .03219

 ALTERNATIVE EXCHANGER GEOMETRY -  rectangular slots h mm deep by b mm wide

 Tubes at exp. end may be combined with slots at comp. end and vice-versa

 Lengths as per tubular exchangers.

                 Expansion exchanger             

Compression exchanger

 h/b =  2:   14 slots (h= 10.13 b= 5.06)    

 125 slots (h=  3.89 b= 1.94)

 h/b =  4:   10 slots (h= 16.88 b= 4.22)     

 90 slots (h=  6.48 b= 1.62)

 h/b =  8:    7 slots (h= 30.38 b= 3.80)      

56 slots (h= 11.66 b= 1.46)

 h/b = 16:    4 slots (h= 57.39 b= 3.59)      

32 slots (h= 22.03 b= 1.38)

 Another run? (y/n)
A Computer Programme  to Assist Beta Engine Crank Design.

When it comes to designing linkages, it is important to ensure that moving parts have sufficient clearance and do not impinge on other moving parts. The traditional method has involved the drawing board or cardboard mock-ups using drawing pins as the pivot points.

The Beta style engine, using a return crank, is perhaps one of  the more difficult to get right because of the two moving con-rods contained in the crankcase. The following short BASIC computer programme, listed opposite can assist in the design. Its graphical  output, below, shows the vertical movements of the two con-rods to see whether they overlap or not. The programme can be adapted to show the movement of the piston and displacer, allowing displacer rod lengths to be estimated. 

It calculates, and displays either graphically or numerically, the position of the centreline of the gudgeon pin, above a reference level, in this case the centle of the crankshaft, for any given crank angle. The programme requires three parameters to run;  the stroke, the length of the power piston con-rod and the length of the displacer con-rod. These are expressed in line 80. The first 7 lines are merely some comments. The crank angle is defined in line 170, and expressed in radians in line 180, where alpha is the displacer crank angle which leads the power crank by 90 degrees.

Lines  190 and 200 calculate the co-ordinates of the crank pins. RP and RD are the vertical heights of the gudgeons above the crank pin positions. Finally these are added to the crank pins heights to give the total height of the gudgeon pins above the crank shaft centre, these are YD and YP respectfully, and are in millimetres.

Finally lines 250 and 260 plot the locii of the gudgeons on the screen. Alternatively the numerical values can be plotted  out. The crank angle increments are set in line 170, and are currently set to 22.5 degrees. For graphic output the STEP should be omitted so that the plot is every degree.

Once the positions of the gudgeons are known it is relatively easy to see the position of the piston crown by adding into line 240 the height of the piston crown above the gudgeon line. Additionally by adding the length of the displacer rod into line 230 we can see whether the piston crown and the displacer have clearance. The graph shows that the displacer cross-head will remain below the power piston gudgeon, and comes closest at about 340 degrees crank angle.

Stirling Engines at Olympia December 1996.

Gnat Power Competition.

On the cold bright morning of Saturday 28th December, about 15 Stirling engine enthusiasts converged on the Model Engineering Exhibition at Olympia, West London, to present models for display and take part in the Gnat Power and power testing competitions held on the SMEE display stand. Power testing was co-ordinated by David Ayres and Mick Collins, in their capacity as judges for the Hot Air Engine model classes. Sadly, there were only three models taking part in the Gnat Power competition, those belonging to Justin Jones, last years winner, Geoff Bourne and David Hanstead.

Justin's engine was a vertical coaxial (Beta) engine with a bellcrank drive. The power cylinder was glass with a graphite piston. The swept volume was 2.24cc arising from a 15mm bore and a 12.7mm stroke. Justin had gone to a lot of trouble to keep moving parts light weight and the heat transfer surfaces thin. The Hot cap was machined down to 5 thou (0.127mm) wall thickness and the 17.4 mm diameter displacer machined to 4 thou (0.1016mm) wall thickness. Under power testing this engine gave a best run of 0.8125 oz in at 900rpm or 0.5408W. 

Geoff Bourne presented a novel engine that featured an oscillating power cylinder. The power cylinder oscillated about its vertical axis, suspended on two upright lengths of silicone tubing which conveyed the working gas from the displacer cylinder below. The displacer was very much larger than the power piston in diameter giving rise to a large volume ratio. Geoff supplied some notes with his engine and these are reproduced later on page 6. The engine managed 0.5 oz in of torque at 113 rpm giving a power output of 41.78mW. This figure was bettered on a later test run.

David Hanstead from Bristol presented an intriguing "Grasshopper" design, power cylinder set into the same milled aluminium block. The engine was intended to be run both in Gnat power mode with a nightlight, and with an optional stand with a propane gas burner. The engine block was equipped with air cooling fins and a water cooling arrangement for extended period of running with gas heating. A pressure gauge showed the internal pressure swing to be in the region of 0.25 psi. Under Gnat power this engine managed 60mW.

Power Tests.

Several engines entered the power competition notably those of Justin Jones, Julian Wood and David Hanstead. Justin returned with an engine that we had first seen last year, this time with a new  water-pump and improved cooling. The swept volume of this Ross-yoke Alpha engine was 7cc, and it was capable of being pressurised to 100psi. An intensely hot gas burner playing on its plain heater head quickly brought the engine to life, giving an impressive 4000rpm off-load speed. This engine when brake tested gave an incredible 6 oz in at 3150 rpm, thus taking first place with its 14 watts of shaft power. Unfortunately a sudden failure within the engine brought its winning performance to an abrupt end. On stripping down the engine it transpired that a seal had failed and the displacer piston had become distorted. Nevertheless Justin was victorious both in the gnat power and power tests with his own particular style of fast and furious Stirling engines.

Julian Wood produced two engines for the power competition. The first a small Beta engine intended for driving a Stirling-Benz model car. With flames licking out of the top of the burner cowling and the hot cap a bright orange heat this little engine managed 3000 rpm off load speed. When driving the brake the following results were obtained:

Torque/   
Rpm       
Power/W

oz in.              



1.25      
1125      
1.04

1.5       
1150      
1.275

1.75      
950       
1.23

2.0       
1000      
1.479

Julian attempted to pressurise the engine with a bicycle pump, but unfortunately a leak prevented any pressure being held for more than a few seconds. Previously the engine had run well at 40 psi pressure and  

approximately 3000rpm off load speed.

Julians’s second engine was a 7.5cc Beta with belt driven water pump and radiator with fan cooling, although the fan was not connected. The off load speed was 1745 rpm and the following power test readings were taken.

oz-in
rpm
Power/W

2.0       
800       
1.18

2.5            825       
1.525

2.75      
810       
1.647

3.0       
780      
1.73

3.25      
810      
1.946

3.33      
660       
1.625

David Hanstead arrived with several graphs showing the power output of his "Grasshopper" engine, and with the brake in position, the aim was to exceed his best power output so far, which was achieved as the engine proved to produce more than a watt. The following figures resulted from several test runs:

oz in.    
rpm       
Power/W

1.0       
975       
0.721

1.2       
920       
0.8165

1.4       
800       
0.8283

1.6       
697       
0.8248

1.75      
800       
1.035

2.0       
725       
1.075

2.0       
744       
1.100

Other Engines.
Richard Tracy brought along two interesting engines, one of which he had worked on until 6am that morning to prepare it for the show. First was a scratch built 1/10th scale Ericsson of about 6.4cc displacement. The power cylinder was made from a 28.5mm (1.125") tube salvaged from a shock absorber. The power stroke was 10mm and the displacer stroke was 22mm giving the necessary swept volume ratio. Richard struggled with this engine throughout the morning and finally got it to run satisfactorily by lunchtime. The engine would not quite run on a night light but worked best on "Mamod" solid fuel tablets, giving off an aroma I remembered from my mis-spent youth.

Richard's other engine was a small low delta-T engine which used a 4" diameter sweet tin for the displacer cylinder and a graphite in glass "Airpot" dashpot damper with 12.7mm (0.5") bore and 10mm stroke as the power cylinder and piston. The power swept volume was about 1.27cc. Richard explained that the engine would run for about 2 hours on a standard mug of coffee turning at 78 to 80 rpm but could be coaxed into 150 to 160 rpm if the engine hot plate was close to the hot liquid. The engine would run on a 5 to 8 degrees Centigrade temperature differential.

Edward Rose from Caversham, Reading, presented two interesting engines for display. The first was constructed entirely from tin cans and was in the style of the famous "Kyko" fans, produced in the UK for many years. Instead of a fan the engine drove a flywheel fashioned from a washing machine pulley. The power cylinder was a cut down lighter-gas canister and had a bore of approximately 2". The displacer was a larger bore and was from a corrugated soup tin. A water cooling jacket proved very effective and the engine ran for several hours on a spirit lamp. This was a simple engine which could easily be made by anyone without having to resort to much machining. I hope to present more details of this engine in a later issue.

Edward's second engine had that "marine" look about it, that suggested that it would be happiest in a boat of some sort. It took the form of a twin displacer, twin power cylinder linear

arrangement, all coupled to a common multi-web crankshaft that ran underneath the whole length of the engine. Again, water cooling was used and proved simple and effective. The displacer hot caps were fabricated from 1.5" tube and the power cylinders were from 1" brass tube. Edward had made a simple gas burner from microbore copper tube which serpentined in a half helix around the hot caps.  Again an interesting and unique approach to Stirling engineering.

Cyril Dennis arrived with his most impressive 55cc rhombic drive engine, which was just newly built and still lacked its air compressor and stand. This was the engine we saw at the October Stirling forum and was now ready to run. The engine used a tubular heater head with 40 small bore heater tubes and a regenerator made from corrugated stainless steel foil. Cyril explained that the regenerator space was only two-thirds full and that temporary air cooling had been used instead of the intended water cooling jacket which is yet to be fitted. The engine featured an effective gas burner in a fully enclosing stainless steel cowl, and burned with a near invisible flame reminiscent of Cyril's Philips 102C engine. At roughly 20 psi pressure the engine ran without noise or vibration at approximately 1000rpm, this impressive demonstration of the smoothness of the rhombic drive. Cyril intends to build the engine into a generator set so that it can be demonstrated alongside his original Philips genset for comparison.

As well as freelance designs, Cyril Dennis never fails to turn out admirable work for the judging part of the show. This year he had both his 1/4 scale Rider and his improved Rider-Ericsson scale models on display. These engines were built from scratch and were close replicas to the real engines commonplace about a century ago.

Roy Darlington arrived with his collection of engines including his low temperature difference engine and his “Stirling Engines”  show engine as seen at  the October meeting. Special thanks must go once again to Roy who has manned the hot-air engine stand at Olympia almost single-handedly for the duration of  the show, for several years in succession. The number of people who have had their first introduction to Stirling engines through Roy’s efforts must now have reached several hundred. Thanks are also due to all those enthusiasts who brought engines to Olympia, braving less than ideal weather conditions, and contributed again to an impressive display.  

The Gnat-Power competition has been running for several years now, and it was overheard at the show, whether a new variation of the competition could be presented as the challenge for next year. The emphasis should perhaps be on both power and efficiency, as were these not the Rev Stirling’s main design goals, 180 years ago?  It was noticeable in the power testing that some of the engines burners were producing outputs which could run several engines at once. Perhaps fuel efficiency could be part of next year’s challenge?

If anyone has any suggestions on how we can revamp the competition then UKSN would only be too pleased to hear them. 

Subscriptions, UKSN Quarterly.
Subscriptions for the 1997 volume of UK Stirling News are due in January and the rates are as follows:

UK


£6.00

EC and Europe

£10.00

USA and World

£12.00

The subscription will cover four quarterly issues, and cheques or banker’s drafts should be made payable to K. Boak and sent to:

Ken Boak,

50 Monson Road,

Redhill ,

Surrey,

RH1 2EZ.

Tel/FAX 01737 771834.

During 1997, I expect to introduce some changes to the format of UKSN. As stated above, editions will be quarterly but will have more content. The main reason for this is that events in the Stirling world happen quite slowly and the new scheduling will give more time for contributions to be submitted. Issues will coincide with Spring, Summer, Autumn and Winter.  

I am considering venturing into double sided page format with a larger text size to make it a little easier on the eyes.  I hope to improve the quality of plans and photographs by means of a document scanner. The double sided format will allow greater flexibility, more content and I hope will improve the appearance of “The News”.

 Back issues of UKSN.
Now that we are moving towards a new volume of UKSN, it is intended that no individual copies from the first volume will be available as back issues. However, the complete Volume 1 may be purchased for a payment of £5.00. This reflects the fact of the reduced postage cost for one larger mailshot compared to 6 individual copies.  The volume will be a photocopy taken from the master copies and will run to roughly 40 pages. There will be some reduced quality of the photographs as some of these will be second generation copies.

Brighton Modelworld ’97 Show.

This popular show is being held as usual at the Brighton Centre on the promenade. The show takes place over the weekend of  February 21st to  23rd.  Roy Darlington and Julian Wood will be presenting their usual display of Stirling and Hot-Air engines. Whilst in Brighton, why not visit “The British Engineerium”, which has a collection of 17 historical hot-air engines, see page 4 for more information. 

The London Model Engineering Gathering 24th-26th January 1997.

(see page 6 for full details)

News of a new Model Engineering show, organised by Tee Publications, the organisers of the Midland Show, was passed on to me by Bob Sier. The emphasis of the show is traditional model engineering, without the paraphanalia which has diluted other “ME” shows in recent years. The organisers have invited ME clubs in the south east of England to attend at a new show venue in North London in January. The event is to be held at the Lee Valley Leisure Centre, Picket’s Lock, Edmonton and has easy access from the North Circular and the M25.

Shortly before Christmas, a few Stirling enthusiasts discussed the possibility of presenting a display of Stirling engines at this exhibition, and after contacting the organisers have been allowed 16 feet of display area, in what appears to be a prominent position. The intention is to increase the awareness of the exhibition attendees, about Stirling cycle engines, by way of demonstrations of working engines. 

UK Stirling News, would like to invite any Stirling enthusiasts, who can make it to the exhibition, to come along and show off their machines. Roy Darlington, Julian Wood and Ken Boak, will be acting as club stewards during the course of the 3 day event, and will be happy to act as demonstrators and custodians of any engines entered for display.

Unlike Olympia, Pickett’s Lock has its own free carpark for 1300 cars and a bus service to the nearest railway station.

It is our intention to put on a display of Stirling engines for the three days of this event, and anyone wishing to attend or display their engines should contact me. It is hoped that enough “local” Stirling enthusiasts will be able to cover the event so that a daily rota can be devised so as to avoid costly overnight stop-overs. 

For full details of this show, see page 6, which is a photocopy of the A5 publicity leaflet. Could those wishing to attend please call Ken Boak on 01306 741027 to discuss further arrangements.

As a result of the short notice of this event, and the organisers registration procedure, we will be collectively known as the "Stirling Society" for the purpose of this exhibition. This leads

nicely onto the next topic for discussion:-

Important Stop Press News!
UK Stirling Society begins in 1997.
I should like to thank those readers who have given feedback on the formation of a society for Stirling engine enthusiasts. Following the talk arising from the October meeting of Stirling enthusiasts about forming a society, I can report that we are one step closer.

The decision to attend the London Model Engineers Gathering at the end of January (see above & page 6), and present a display of Stirling engines, has meant that a club name had to be found quickly for the purposes of registering with the exhibition organisers.

In the haste of the run up to Christmas, I decided that our working title would be "The Stirling Society" and this is the name that we shall be operating under for the exhibition. It is hoped that several enthusiasts will be able to attend this exhibition and we shall take the opportunity to organise the society on a more formal basis.

Inaugural Meeting of New Society.

Saturday 25th January 1997 2-30pm.

With this aim, I propose that an inaugural meeting is held during this exhibition on the afternoon of Saturday 25th January commencing at 2-30pm at the Lee Valley Leisure Centre, with the purpose of founding the Stirling Society. We have been allowed the used of the 1st floor VIP Lounge for the Saturday afternoon.

Points for the agenda will include the following:

Definition of aims of Society.

Decision on Society Name ("Stirling Society" may not be the most appropriate).

Inauguration of Society

Election of Committee members and allocation of duties.

Discussion of membership terms and rules

Discussion of future events.
Stirling News Roundup.
The British Engineerium to host a Stirling Extravaganza Weekend.

The Engineerium, based in Hove near Brighton has an impressive collection of  at least 17 different Stirling engines.  I have been in contact with Mr Jonathon Minns, the Director of the museum  and  he has expressed interest in holding a Stirling engine extravaganza at the museum sometime in 1997.  The exact date and format of the event has not yet been finalised, but it will be an opportunity to run some of the collection of historic engines including a  6” British made Rider, an 8” Rider-Ericsson and a 7.5” Robinson.  Stirling enthusiasts are invited to attend the event and bring some of their model engines for demonstration to the visiting public. The event is intended to raise the awareness amongst the public about other forms of motive power which exist as alternatives to the internal combustion engine. 

The Engineerium is based in a former water pumping station and has one of the original pumping steam beam engines on working display. The museum’s extensive collection of exhibits are from all areas of  engineering technology, tracing the history and developments  throughout the last 200 years or so.  More details of this event will be published in a later issue. 

Dynamometer & Boat Engine

Norris Bomford has recently become the custodian of an engine dynamometer, capable of testing engine up to 1.5kW or 2 horsepower. The unit was surplus to requirements at the University of Cambridge Engineering Department, and was kindly donated by Dr. Allan Organ. Norris expects to recommission the unit at his premises over the New Year, and  hopes to make it available for testing Stirling engines in 1997. The dynamometer came with an experimental rhombic drive engine which was designed to show the effect of spinning the displacer on its axis. The engine is fitted with an electric motor which can spin the displacer on its rod at up to 6000 rpm.

Also whilst visiting Norris, I was given a demonstration of his 420 cc Beta engine, which is now fitted with an effective ring-burner and a larger diameter flywheel. This engine is capable of producing considerable torque and has a maximum speed of about 600 rpm. This engine is a single-cylinder prototype of a 3 cylinder engine intended for Norris’s boat.

A Double Displacer Stirling Engine with Ross Yoke Linkage.

By Ken Boak & Roy Darlington

This article presents a design for a double Gamma engine which is compact, simple to build and well suited to powering model boats. It can be laid down flat in the hull, with the drive conveyed to the propshaft by simple bevel gears.  Ahead/astern  control can be achieved using a rubber friction drive against the 4” flywheel.  Julian Wood proved this a success in his Stirling-Benz car.

I offered this sketch design to Roy Darlington in November as a possible solution to providing an engine for his radio controlled Stirling model boat project. Roy has adapted the design shown here and suggested some worthwhile modifications to improve the original idea. The first engine is under construction and we hope to see the boat in the water before the Summer.    

Displacer Bore  
1.25"     31.75mm

Displacer Stroke 
0.875" 22.225mm

Power Bore    
1.25"     31.75mm

Power Stroke   
0.875"  2.225mm

Swept Volume           
35.2 cc  (17.6 cc per cylinder)

Distance between

2.0" Cylinder Centres                    50.8mm

This engine has the novel feature of using only two con-rods and a slightly adapted Ross linkage to couple two Gamma type engines. This reduces the moving linkage components by a factor of two. The engine is built in a way which uses off the shelf parts and simple machining techniques. As shown the engine uses the 1.3”/1.25" Hot-cap/displacer sets available from Sterling Stirling but could be adapted to suit available materials.

Refer to the diagram  on page 5 for a description of operation.

The engine consists of two displacers D1 and D2, and two power pistons P1 and P2. The displacer D1 leads the power piston P1 by the usual 90 degrees and so forms a conventional gamma engine. The working gas is conveyed through pipe 1.  This engine will run normally if heat is applied only to displacer cylinder 1.

Displacer D2 is driven by an extension of the piston rod of piston P1. This rod passes through a bush in the middle bulkhead of the engine. This bush should be a good fit to prevent gas leakage between the two separate engines.

If the engine is heated only on hotcap H1, it will drive displacer D2, such that it is 90 degrees behind displacer D1. If hot cap H2 is then heated, displacer D2 will produce fluctuating gas pressure cycles, which can be used to drive a second power piston P2, through connecting pipe 2. This power piston P2 needs to be 90 degrees behind D2, making it a total of 180 degrees behind D1. For this reason the lower face of piston P2 is used. The unused faces of the power pistons should normally be vented to the atmosphere, but there could be some means in which they might be employed for pumping cooling water or pressurising the engine. 

There are several ways of building the engine block, it may be machined from solid to accept water-cooled liners, or fabricated as a series of bulkhead plates as described here. 

The sketch shows the engine in its simplest form, consisting of 3 bulkheads, B1, B2 and B3.  B1 retains the hot caps and should be in stainless steel or Brass/bronze (for marine use). The hotcaps can be silver soldered to this plate. Bulkheads B2 and B3 are identical and should be drilled as a pair to get the hole alignment correct. They assist with the air-cooling of the cylinders and can be in aluminium. They can be enlarged, to assist with cold end heat removal or bolted to a larger aluminium engine baseplate.

Cylinders C1 and C2 are the cold-ends of the displacers and can be water cooled. They can be simple liners in stainless steel or phosphor bronze, or can be incorporated into a water-cooled aluminium block which is an extension of bulkhead B2 upwards towards plate B1.

Power cylinders E1 and E2 are in leaded gunmetal and are sandwiched between bulkhead B2 and B3. The length of these cylinders is dictated by the stroke and the piston length. "Thin" leather cup-washer pistons can be used to reduce the cylinder length. If this is the case, then note that the leather cups will be fitted in opposite senses for each cylinder. O-rings can be fitted to the sealing faces. Air-cooling finned sleeves can be fitted over the cylinders. The gas pipes can be copper, and soldered into ports in the cylinder ends. Alternatively, "hidden" gas passages can be machined into bulkheads B2 and B3 and coupled by a straight connecting pipe. It should be noted that the bushes set into bulkhead B2 will be inaccessible when the engine is assembled, and some method of lubricating these bushes might be required. This will improve running and minimise leakage at these points.

The engine can be held together with threaded rods (not shown) which pass right through all the bulkheads. Again if this bulkhead form of construction is used, these holes can be drilled through all 3 plates together to ensure accuracy when the engine is assembled.

Roy Darlington's Variation on the Ross-linkage Connecting drive.

The Ross linkage has been chosen for its simplicity and compactness with one deviation from its usual format. The usual Ross-linkage is not 100% symmetrical in its motions, one side is more linear than the other and this is often used to drive the displacer rod.  This should be coupled to rod R1 in this application. The other side of the linkage is often fitted with a conventional con-rod with a gudgeon style little end. This can be employed for power piston P1. The guide bush for rod R2 will then be omitted and the bottom end of the cylinder E1 left open. Bulkhead B3 contains guide bushes for both rods. The one below power piston P2 needs to be gas-tight as the lower part of cylinder E2 is used as the power cylinder for the right hand displacer unit. 

Whilst laying out the linkage for his boat engine, Roy Darlington noticed that instead of a swinging radius arm restraining the bellcrank, a simpler linear rod guide could be used. The elegance of this immediately became apparent. Firstly, it removes the slight asymmetrical motion  of the Ross yoke, caused by the radius arm, and thus produces perfectly symmetrical motions on both connecting rods. Secondly, it is very simple to incorporate into this design simply by fitting another bush into bulkhead B3.

Roy suggested that instead of the radius arm link, a clevis and linear guide could be fitted to the centre point of the Ross linkage. The effect of this is to make the motion symmetrical on both sides of the linkage and to provide a third con-rod with a linear motion which could be used to drive a water pump, built into the engine block. See sketch for more details.

Key to Sketch Opposite Approx 1:1

1-1, 2-2,
Gas transfer pipes
B1,B2,B3 Bulkheads 0.25”

D1,D2
Displacers  1.25” OD

H1,H2
Hotcaps 1.3” OD

C1,C2 
Cold cylinders

E1,E2
1.25” bore power cylinders

P1,P2
Power Pistons

R1,R2
Connecting Rods

L1,L2,L3
Connecting links or clevis

Y1
Ross Yoke

LG1
Linear Guiding Link Rod
Midtectoo

by Geoff Bourne 

Freelance Medium Temperature Difference Hot Air engine.

This engine was designed to work on a medium temperature difference between the hot and cold ends of the displacer cylinder, i.e. a candle (night light) heat source and an aluminium heatsink for cooling.

The engine starts easily and runs reliably but, in view of the somewhat restricted cooling facility the engine is not suitable to be run for long periods of time.

Specification.

Power cylinder Swept Volume.

15.93cc

Displacer Cylinder swept volume.  

115.45 cc

Displacer to power volume ratio.

7.25:1

Compression ratio.



1.14:1

Phase angle.



90 degrees.

Power Cylinder   
Mild steel with lapped finish

Power piston:     
Solid PTFE with leather cup washer

Displacer Cylinder:
Steel corrugated pet food can.

Displacer:
          
Composite including polystyrene, 


aluminium & paper.

Connecting rods:
Aluminium with ball bearing big ends.

Crankshaft:
Mild steel fabricated to facilitate use of ball races. 

Viebach ST 05  StirlingEngine

Built from a set of sand castings and readily available materials.

The Viebach ST 05 G Stirling engine, is a gamma type Stirling engine with a tubular heater. It consists of a crankcase with the displacer cylinder and power cylinder arranged at right angles to one another. The engine is based on a set of  8 sand  castings The ST 05 G engine has been developed over a number of years and  has been designed to form part of an integrated home heat and power system and can provide most of the domestic heating and electrical power requirements. The engine is gas fired but can be adapted to run on a wide range of fuels, including solid fuels, oil/paraffin, biomass or combustible industrial waste such as wood chips or sawdust. Specification.

Working Gas

Air

Pressure
10 Bar  

150psi

Working piston bore
80mm
3.149”

Displacer  Diameter
96mm
3.779”

Stroke

75mm
2.952”

Rotating Speed
600 rpm 

Torque

8 Nm
5.88 lb ft

Mech. Power Output 300-500W


0.4 to 0.67 hp

Power at 10 bar
355 W
0.475hp

Gas Consumption  
225 g / hour (Propane)

at 300W power output

Heat Input (for 300W output)

2.862kW

9769 Btu/h

Thermal Mechanical Efficiency
10.47%

These consumption figures are approximate and based on the first prototype engine using a standard propane burner.  With the addition of an air pre-heater, and condensing heat exchangers the overall efficiency can be raised to an estimated 15 to 20%.

Fuel Sources.

The St 05 G will run on any source of heat that will produce a heater temperature of about 600ºC.  Prototype engines have been run on propane, natural gas, wood gas and various solid fuels.

Engine Designed and produced and © Dieter Viebach,  Spielhahnstrasse 17, 83059 Kolbermoor, Germany.

The ST 05 G engine is best suited to battery charging or pumping applications. Combined with a suitable small alternator or generator it will produce a maximum of around 425W which  is ideal for charging of batteries in solar - photovoltaic (PV) systems. In addition to the electrical output, a system based on the ST 05 G will produce hot water for central heating and domestic hot water purposes. About 2.4kW  (8200Btu/h) is available in this form.

 As well as stationary applications the Viebach ST05 G Stirling Engine may also be used for boat propulsion or small experimental vehicle drive. The engine makes an ideal project for Engineering Students at Universities and Technical Colleges.








































Why not write for UK Stirling News?





Tell us about your latest engine or workshop tips.





All Correspondence to: 





Ken Boak


50 Monson Road,


Redhill ,


Surrey,


RH1 2EZ.





Tel/FAX 01737 771834.


































































































