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For the Newcomer to Stirling engines, there is always the problem of knowing where to start, because there are so many configurations and options and every enthusiast you may ask has their own special ideas on what works best.

To guide you through this minefield,  Keith Strong and I have drawn up a set of plans for a simple 90 degrees Gamma type engine which can be easily built from standard parts and uses ready made deep drawn stainless steel hot caps.

The overall size has been chosen to be practical to the model engineer and use reasonably inexpensive materials. The size of the engine has been dictated by the deep drawn stainless steel hotcaps. These are available in the UK from Julian Wood at Sterling Stirling for £15 per pair. Call 01291 421095, and in the US through Andy Ross. 

This article presents the basic scale drawing and some initial constructional guidelines, for those who might like to have a go at building it.  It is anticipated that the comprehensive plans pack will be produced in the next couple of  months with detailed dimensions and  a documented construction guide. A kit of materials or special parts will follow if demand warrants it.

The kit would include pre-cut materials for the crankcase, cylinders, displacer, hotcaps, flywheel, ballraces and con-rod clevis parts.

Modular Design.
The engine has been designed to be built in stages. The beginner can start with an air-cooled atmospheric engine, and add to it at a later date to make a more powerful engine.

This would involve pressurisation of the engine, addition of water cooling and upgrading the plain hotcap to include a tubular heater and a well proportioned regenerator and cooler.

The engine can be mounted with burner uppermost, burner below or power cylinder on top.  The burner can be propane, methylated spirits or possibly even concentrated solar, using an appropriately sized parabolic reflector.

The size of the displacer length to diameter is approximately 3:1which is the original “optimum” size suggested by Rev. Robert Stirling.   The displacer piston sweeps a volume of  1.33 times that of the power piston, again a favourable design rule.

The following specifications are given as an approximate guide making this engine a suitable candidate for a class 1 or 2 Competition Engine- see page 7.

Basic Specification.
Power Piston Bore 
25mm
1”

Power Stroke
22mm
0.875”

Displacer bore
33mm
1.3”

Displacer Stroke
22mm
0.875”

Hot Cap bore
34.3mm
1.35”

Annular gap
0.65mm
25 thou

Conrods centres
32mm
1.25”

Crankcase 
63.5mm
2.5” cube

Flywheel

100mm
4” dia.

Cooler Diameter
50mm
2”

Power Cyl. OD
38mm
1.5”

Disp.cylinder OD
38mm
1.5”

Cylinders.
The  power cylinder and displacer cylinder are turned from leaded bronze cored tube. This is available with  an OD of 38mm (1.5”) and a bore of 25mm (1”)  with  a machining allowance.  The ample cylinder wall thickness will allow cooling fins to be cut into the cylinder wall and allow the cylinders to be attached to the crankcase by means of long M4 (4BA) through bolts.  Experienced constructors may wish to thread the crankcase to accept the two cylinders. The use of the leaded bronze for the cylinders is merely a suggestion and aluminium, cast iron, brass or steel  pipe (from old shock absorbers) could equally well be used.  The cylinder bores are  25mm (power) and  34.3mm (displacer) but these are only first suggestions. A 32mm (1.25”) power cylinder would increase the swept volume to 17.7cc.

Pistons.

The pistons are turned from aluminium and should take the form of a simple shell with a 3mm (1/8”) wall thickness.  Some experimenters may wish to make the power piston a leather washer type, which will reduce its weight and improve the sealing.  Cast iron or brass  shell type pistons or even graphite are further possibilities.

Crankcase.
The Crankcase is a 63.5mm cube of aluminium bored to accept the cylinders and the crankshaft bearing and seal.  A rectangular section crankshaft could be used to give an integral bearing housing  and water jacket mounting.  

Conrods.

These are made from 4mm (5/16”) aluminium sheet, cut drilled and filed to the usual “bone” shape. The ends are drilled to accept standard ball races 4mm x 11mm x 4mm, which can be pressed in or held in with Loctite. The engine uses miniature clevis joints in 3 places to form the power piston gudgeon pin, the displacer cross head and the crank pin joint. The are available from a number of sources notably RS Components in the UK and Europe for about £2-25 each. Three bearings and 3 clevis joints, at £1-60 each are used in total.

Flywheel and Crankshaft.
The flywheel is approximately 100mm (4”) in diameter and 10mm thick (3/8”). It is bored to take an 8mm  (5/8”) crankshaft.  The Crankshaft is fabricated from a length of 8mm diameter (5/8”) silver steel, a crank disc 40mm in diameter and 5mm thick and a crank pin - a 4mm hardened dowel pin.  The crankshaft is reduced to a 4mm (5/16”) diameter for 20mm (3/4”) of its length to allow the power test brake to be attached.

Crankcase Backplate.
This is turned from 6mm aluminium to make a 60mm  (2.35”) diameter disc. It is drilled with 8 or 12 fixing holes on a 50mm (2”) PCD.  The back plate should be sealed with a gasket or O-ring and can incorporate fittings for a pressure gauge and inflation valve.  A buffer volume could be included into the crankcase back plate. See below.

 Water Jacket.

The water jacket is made from a simple sleeve of 50mm (2”) OD Stainless (or other) tube.  If tube can be found with a 16 gauge wall thickness, then this is ideal. A 60mm (2.25”) length will be required. The tube is slipped over a boss of suitable locating diameter on the crankcase and sealed with a paper gasket.  The upper open end of the jacket is sealed by the hot cap flange a 50mm (2”) brass annulus which is silver soldered to the open end of the hot cap.  This flange is drilled for through bolts on a 43mm PCD and these hold the assembly together. 
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Left: 1:1 Scale Drawing of Gamma Type Engine.

Extensions to the Basic Design.
If the engine is to be pressurised it may be necessary to provide additional heater surface area, and make use of a regenerator. 3mm diameter (1/8”) stainless steel heater tubes could be added to the existing hot cap.  16 or so could be arranged in a symmetrical radial pattern around the hot cap.  An additional regenerator section could be included on top of the water jacket, using a length of 50mm (2”) tube as the regenerator housing. The regenerator would consist of several turns of crimped stainless steel foil (Sterling Stirling), stainless steel wool or the knitted steel wire found in kettle de-scalers.  If the tubular heater route was chosen, then the displacer piston base would have to be fitted with an appropriate seal (perhaps a leather

piston  cup washer), so that the displacer pumps the air through the heater and regenerator to the cooler, instead of the air leaking past the piston as in the simple gamma configuration.

The engine may well run better if the internal crankcase volume is increased, using a suitable container as a buffer volume.  This could be a simple hollow, aluminium “Top-Hat” which is fitted in place of  the plain crankcase back plate. A miniature pressure gauge could be fitted, or a port in the form of a threaded adaptor for a Schraeder valve for pumping the engine up or measuring the internal pressure using an electronic pressure gauge. Ideally this should be fitted to the internal gas circuit so that the cylinder pressures may be measured. 

With a bit of ingenuity a small electric motor could be built into an extended crankcase, and the crankcase sealed hermetically. Starting the engine would be done by supplying current to the motor, and then when started, the engine would generate power using the motor as a permanent magnet generator, the power leads passing through the crankcase via a suitably sealed gland.

This type of gamma engine could be made to self pressurise, by means of a small reciprocating pump in the base of the crankcase. The pump would have a capacity of only 1 or 2 ccs and be driven by another conrod on the crankpin.  

Parts List and Suppliers.

Hot caps and displacers from Sterling Stirling £15 / pair see advert on page 3.

3 off 4 mm miniature clevises 

RS Components part no 689-243 available in pairs for £3.21 pair

Miniature 4mm x 11mm x4mm bearings

RS part 747-737  £4-52 per pair

Leaded Gunmetal 1.5” dia x1” bore

RS part 210-3599 £14-14 for 13” length

RS Components are on 01536 201 201 and will accept private credit card orders.

A kit of parts and materials will be available if demand warrants it. Contact Ken Boak for an update.

A Simple Gamma Type Stirling Engine. 








