The Operation of the Manson Cycle Engine.

The Manson cycle is an open cycle hot-air engine cycle. It has a suction stroke and an expansion stroke. Both strokes produce power which may be coupled to a crankshaft via a con-rod and crank-pin, or the reciprocation motion of the power piston may be used directly to drive a linear alternator if electrical power output is required rather than rotary motion.  This paper introduces the Manson cycle starting with a basic engine configuration and then shows ways in which the design may be improved to raise the efficiency and the specific power output.
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Fig. 1. Simple Manson Engine

Fig. 1. Shows a simple embodiment of the Manson cycle engine. Many other variations are possible.

In this example a power piston with an inlet port aperture cut in the side wall, runs in a power cylinder. A can like displacer is attached to the crown of the power piston and this runs inside an upper cylinder which forms the expansion cylinder. This expansion cylinder is heated in its upper section and cooled at its lower end.  It may be assumed that the power piston is connected by a conventional con-rod to a  crankshaft and flywheel (not shown).

When the piston is at top dead centre TDC, the port vents the upper chamber via the hollow centre of the piston to the atmosphere.

The piston is shown at bottom dead centre and the skirt of the piston has uncovered a pipe which leads into the upper chamber.  Thus the chamber is vented to atmosphere at BDC. At all other times in the cycle the upper chamber is effectively sealed from the atmosphere.

Basic Operation.

Suction Stroke.

In the above example with the piston at BDC all the gas is contained in the hot space and has completed its expansion. The port opens and any internal pressure is vented to the atmosphere. The piston begins to rise under flywheel momentum, closing the port and the displacer transfers the heated gas back to the cold space of the engine. The gas cools and contracts as it loses heat energy and the internal pressure falls below atmospheric causing the piston to be pushed upwards by atmospheric pressure.

Expansion Stroke

When the piston reaches top dead centre, the piston port is uncovered and air rushes in to equalise the internal pressure. This air is chilled as it passes through the cooler section. The piston is carried by the flywheel past TDC and begins to descend closing the port. The chilled air is transferred via the annular gap between the displacer and the hot cap into the hot space.  All along the route the air is progressively warming by picking up heat from the hot cap. Its thermal energy rises causing it to expand and increase the internal pressure of the engine. This internal pressure exceeds atmospheric pressure and accelerates the power piston downwards causing more rapid transfer of air from cold space to hot.  At BDC the lower piston port opens and releases the expanded air, through the centre of the piston into the crankcase area.

The crankcase should be made of fairly large internal volume - say 10 times the displacement of the engine, so that it can act as a buffer space. Too small a volume will result in excessive crankcase pumping losses. The flip side of this is however is that on a linear reciprocating version of this engine the crankcase volume can be used advantageously to act as a gas spring, and store energy from the downward stroke of the engine, then release it on the upstroke.

Improving the Efficiency.

The efficiency of the Manson cycle engine may be increased by using a working fluid at higher pressure for the expansion stroke, and venting the suction stroke to a lower than atmospheric pressure. This is common practice with steam engines to use a high pressure steam input, and then exhaust to the condenser which is maintained at a partial vacuum.  External heat-exchangers may be used to generate these pressures, and they may be made as large as necessary, because they are effectively isolated from the working cylinder of the engine by the piston sleeve valve arrangement.

Improvements to the Basic design.

The Manson engine may be improved by incorporating a transferator instead of the conventional displacer. The advantage of this is the transferator can be made in the form of a lightweight open cup as it does not have to withstand a pressure differential. This also gives the advantage of packing the power piston and cooler inside the hollow transferator.
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Figure 2 Basic Transferator Configuration.




Port opens at BDC
Stanchion Tube


Port opens at TDC
























Baseplate

Piston rod (hollow)




Con-Rod

Flywheel


Fig. 3. Transferator Engine design with sleeve type” external piston”

This configuration uses a lightweight aluminium tube to form and external sleeve type piston. This results in low reciprocating mass and as the engine warms up the aluminium expands more than the steel stanchion tube and so will not bind.

The stanchion tube is sealed at the top, but does allow the hollow piston rod to pass through. The stanchion tube is stationary and could be made from a solid bored with the port passages and retain a couple of oilite bushes at either end for guiding the piston rod. A baseplate is shown which holds the lower piston rod bush, and forms a convenient bulkhead between the thermal side of the engine and the mechanical side. The fittings to accept the ends of the water cooling coil can be fitted through this bulkhead.  

Work in Progress.

A simple transferator Manson is now in construction based on the design in figure 3.  The sleeve piston is aluminium tube nominal 2.5” OD x 2.0” ID. The Stroke is 1.5”.   The heater cap is a deep drawn stainless steel container 4.25” in diameter, and the transferator is a 4” diameter stainless steel container sourced from a cookware shop.

The crankcase is made from fabricated aluminium extrusions and the flywheel is 6” in diameter keyed onto a 0.5” diameter crankshaft running in twin ball races.

The cooling coil is a double layer coil of 3/16” copper brake tubing wound on a 3” mandrel. The total length of the coil is 16.5’.

The complete engine stands approximately 20” high on an 8” x 8” footprint.

Novel Features.


The Manson engine has only one reciprocating assembly and is thus extremely simple in design.  

The Manson-Transferator assembly could be added to the top of an old 2-stroke lawnmower engine so that it can be run on firewood – as an example application.


The cup shaped transferator has no pressure differential across it and can be made lightweight.


Packaging the cooling coil within the transferator shortens the overall height of the engine.

The expansion piston is an external tube of aluminium running on a stanchion tube. As it heats up, it expands at a greater rate than the stanchion tube and therefore will not seize up or bind.

All heat-exchanger components are mounted onto a simple aluminium baseplate.  Below this plate the crankshaft components can be conventional or may be replaced with a linear reciprocating drive mounted on springs.


The engine contains very few components of high tolerance and can be constructed using a basic lathe and drilling machine using readily available materials. This makes it suitable for amateur or Developing World construction.


