Cox .049 SureStart Diesel 
Organisation of the Document : 
These interested only in starting the engine up can only read chapters 3 ( Start Up ) and 7 ( Conclusions ). For these, interested only in a quick start up guide, go to chapter 8 ( Quick Start Up Guide ). 
This document has been written with full disassembly of the engine and resetting of the piston. 

The document contains information in regards to Cox .049 SureStart Diesel Engine as well as discussions on engines with internal combustion in general. The information in regards to Cox .049 SureStart Diesel Engine is in normal print while the general discussions on engines with internal combustion are in fine print and can be skipped by those not interested. 
All pictures are by Cox International. All markings and text on the picture with all line pointers to where the text points to ( refers to ) are done by the author. All drawings are done by the author. 

1. The Project 
Portable DC 12V Generator ( 0 to 24VDC ) with Cox .049 SureStart Diesel. One of the design goals is to use as much standard fuel and oil as possible. Another goal is to ensure the most long term reliable performance of the engine which can be accomplished by running the engine at as low RPM as possible with as low compression as possible and as rich fuel to air mixture as possible. 
2. Engine Equipment and Around 
Engine : Cox .049 SureStart Diesel 

Propeller : Cox 3.5 inch triple blade plastic propeller. Hole enlarged to fit loose the standard Cox stainless steel long Allan Key propeller screw. Cox Texaco 8 inch propeller and plastic washers also available. 
Starter Spring : Cox 

Muffler : Cox 

Fuel Tank : Cox 30mL. Middle screw removed for air pressure release. Brass pipes used only. One brass pipe goes to the bubble which is on top of the fuel tank. Silicon fuel pipe is attached to this brass pipe to load the tank with the fuel. After load : the silicon supply line stays open for even more tank air pressure release. The other brass pipe touches the bottom of the tank to suck fuel. Can be lifted to avoid sucking oil precipitations at start up. 
Fuel Line : Cox Diesel Fuel Line 

Fuel Line to the Tank : Canadian Tire Silicon Fuel Line. CSA approved for gasoline and other fuels. 
Ether : John Deere 80% Ether Starter Fluid 

Kerosene : Canadian Tire 

Diesel : Petro Canada Diesel 

Vegetable Oil : Standard 

Diesel Improver ( Cetane Booster ) : Canadian Tire MotoMaster Formula 1 

Oils : Cox Castor Oil, Canadian Tire MotoMaster Double Stroke Diesel Oil, Shell Nautilus 2 Cycle Fully Synthetic Oil ( the higher the number before W, the thicker the oil ; the thicker the oil the higher the temperature of burning but the more difficult for the fuel to be sucked up into the engine by the engine suction ). 

Liquid Measurement and Load Up : Glass can with a scale, Canadian Tire Metalic Oil can with a pump, Aluminium Pipe for John Deere Starter Fluid to be sprayed in a glass jar through the pipe. Plastic syringe : metallic or glass syringe is unavailable. The goal is to avoid any exposure of ether to plastic when mixing because ether reacts with plastic and this reaction may affect the startability. Not believed to be significant. Plastic may be used yet better avoided. Plastic syringe supposed to be resistant to ether as this syringe type is used for medical purposes. Unproven. Best to be avoided by using the metallic oil can with a pump whenever possible. 

Pictures 1 and 2 depict a view of the engine ( without a muffler ) and the controls. 
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Figure 1 : Cox .049 SureStart Diesel Engine 
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Figure 2 : Cox .049 SureStart Diesel Engine Side View 

( Shows the hooked starter spring and nut ) 
3. Start Up 
The engine has been started up reliably with a mixture of approximately 37% John Deere Ether ( 80 ) Starter Fluid, 44% Kerosene, 12% Castor Oil and 7% Cetane Booster. The John Deere Starter Fluid to Kerosene ratio is thus 46% John Deere Starter Fluid and 54% Kerosene. This is an experimental initial start up mixture only. The engine has run in a stable way for a few minutes until the fuel has been burned. Such low percentage of Castor Oil is NOT recommended by the manufacturer nor by any other source. Some sources state racers use 13% Castor Oil only to boost RPM and overall power performance. The successful start has been carried out by starting the engine with the corresponding Cox starter spring and nut. No other way has been found possible to start the engine. 
The engine has preliminarily been broken in by running on 70% pure John Deere Starter Fluid and 30% Castor Oil for a few seconds. Then, the engine has been externally rotated with an electric ( mains powered ) drill with various mixtures. The engine has not run but has fired up while being rotated by the electric drill which adds to the breaking in procedure. Externally rotating the engine has not been found to be possible to start the engine with various fuel mixtures including the one with which the engine has been successfully started with the Cox starter spring and nut. 
Because I did not have synthetic oil, I have attempted to run the engine on biodiesel and Castor Oil. I have decided to add a lot of cetane booster in order to make the diesel ignite more easily. Initially I have added 10% cetane booster to 35% diesel, 35% vegetable oil and 20% Castor Oil. The problem with this mixture is the fuel has become very thick. The internet claims castor oil is difficult to dissolve and only ether out of all fuel elements can dissolve Castor Oil. I have found freezing ether ( which comes from John Deer 80% Ether Starter Fluid after squeezing ) cannot dissolve Castor Oil very well. Hopefully, warm ether can. This is also why best is to turn the John Deere can upside down and squeeze all propellants out then to open the can from the bottom with a can opener and store the contents in a glass or metallic jar or bottle ( certainly not in plastic because ether reacts with plastic ) for future use, after getting warmed up to the room temperature. The other reason is obvious : the more freezing the fuel ( of any sort ) the more difficult to start the engine because diesel does not get ignited from compression but from temperature as all diesel fuels have low authoignition temperature. Compression is used only to increase the upper cylinder temperature and nothing else as far as ignition is concerned. 
The vegetable oil is also very thick. Add Castor Oil to this and the fuel becomes so thick as the fuel is impossible to be sucked by the engine’s crankcase and crankshaft with the air valve open. Thus, I have to close the air valve gradually, while running tests and fully open the fuel needle valve. Diesel engines, however, like the air valve as open as possible in order for air to come in, get compressed and generate temperature due to the compression. 

In order to thin the fuel, I had to gradually increase the diesel and cetane booster content at the expense of the vegetable oil and Castor Oil. 

Of course, I have failed to start and run the engine but I have succeeded to ignite the fuel for all this counts. The engine ignited the fuel and run for a few spins and then was unable to sustain. Apart from the thickness of the fuel, I put too much cetane booster to make the fuel easier to start but too much cetane booster would also advance the ignition. I may have advanced the ignition very much which produced the described effect of starting only for a turn or a few turns. The same effect has been produced by putting too much ether in the standard kerosene, Castor Oil mixture as well as a lot of cetane booster in the same. When I increased the amount of kerosene, the engine started and performed extremely well, more than well, I would say because the still slightly higher cetane booster added to the effect to generate a huge power output. For this, the low amount of Castor Oil also contributed but this is not recommended so, I doubtfully would go much lower than the recommended 25% Castor Oil for future runs. 
The first successful start was with fuel with a lot of Kerosene and not as much Ether. This meant the ignition of such fuel will be more retarded as compared with fuels richer in Ether. This is why the engine started at full air valve opened and at maximal compression with fuel needle valve positioned three turns open. The fully open air valve and the three turn open fuel needle valve meant the mixture of fuel to air was lean which means the opening of the valves would introduce advancement in the ignition to counter the retarding introduced by the poor in Ether fluid. The full compression also introduced advancement to counter the retarding introduced by the poor in Ether fluid. Thus, these settings were good for starting ignition retarded fuel ( rich in Kerosene, poor in Ether ). Poor in Ether fuel would save some money for the expensive Ether BUT would burn at higher temperature because of the lack of too much low autoignition ignitor such as Ether. 
In contrast, another successful start has been carried out with fuel rich in Ether and poor and Kerosene ( the percentages are very approximate ) : 38% Kerosene, 23% Kerosene, 6.4% Cetane Booster, 32% Castor Oil. The fuel was thin despite of the high percentage of Castor Oil because of the high percentage of Ether which dissolved the Castor Oil. 
The high percentage of Cetone Booster added to the effect of Ether for advancement of the ignition performed by the fuel as well as for an easy ignition of Kerosene and lowering the temperature of burning even more. However, the engine must counter the advanced ignition of the fuel in order to get the ignition at a certain position of the piston in order to be able to start and sustain the work continuously. 
The test was carried out with Cox 8 inch two blade propeller which is made of a different type of plastic than the Cox 3.5” three blade propeller and is heavier thus the spring rotates the engine slower at start up which is good to be avoided. 

Ask the engine what settings to use. The engine may or may not answer. In case the settings are such so the ignition is too advanced BUT NOT as much, the engine would start very quietly and without much of power and spin for a few spins then stop. This means the ignition of the whole system is too advanced and must be delayed either by adjusting the settings or by adding Kerosene ( and Castor Oil ) into the fuel. 
To delay ignition by settings : adjust the fuel needle valve in such a way, so the crankcase pump can pump fuel in the worse for the crankcase pump scenario : low compression and air valve fully opened. For thin fuel, three and a quarter turns of the fuel needle valve from fully closed towards open are OK. Then, lower the compression just as much ( one eight of a turn from fully closed ) as to ensure the propeller spins somewhat freely ( adds a spin to the number of spins made by the starter spring when the starter spring is fully energised and quickly released ). Attempt to start ( apply 8 starts with the starter spring ). Close the air valve to around one quarter closed and three quarters open. Attempt to start ( apply 8 starts with the starter spring ). Then close again the air valve with less than one quarter more closed ( say one eight ). Attempt to start ( apply 8 starts with the starter spring ). Keep closing the air valve until the engine starts. When the engine starts quietly and just makes a few powerless spins, this means the air valve has to be closed just slightly more ( one eight more ) to retard the ignition just as much and the engine would start. In case the engine starts and works for a few seconds, slightly more closing of the air valve is needed. Close and start again. The engine would start immediately ( because the engine is hot ) and will sustain. Run the engine for 30 seconds or, better, a minute and then do as you wish with the settings : the engine will be very difficult to shut down because the engine is hot. In case the engine starts to miss while adjusting the settings, return the last change towards the previously working value. 
In case the air valve gets fully closed and the engine still needs more retarding, open the fuel valve a quarter of a turn more and or reduce the compression. Beware, compression can be lowered just as much or the engine would not start at all and the compression screw is sensitive at start up when the engine is not hot. Best, adjust the other two settings when the compression is already reduced to the amount to add an extra spin or two when the engine is started with the starter spring. In case the fuel is very rich in ether and very poor in gasoline ( fuel which makes very advanced burning ), the compression may be lowered more. 
Also, remember, Ether may be added in higher amounts to the fuel not only because the engine would run at lower temperature and because the start up may be easier at the correct settings the start up of fuel poorer in Ether at the correct settings for this second fuel BUT because Ether evapourates. Thus, in case you mix the fuel at a temperature higher than 25ºC, do not wait as much for the freezing fuel ( because of the freezing freshly squeezed Ether from the John Deere Starter Fluid can ) to reach ambient temperature because, then, ether will start to evaporate quickly. Just mix, shake, wait for a while for the fuel not to be freezing at touch ( of the fuel or container ), shake again and poor the fuel into the tank which has tiny holes only and makes evaporation of Ether more difficult. Avoid making the fuel stay in a wide open jar without a lid when the ambient temperature is higher than 25ºC. 
In case one uses hot water to put the container with fuel in in order to heat up the freezing freshly squeezed Ether, ensure the fuel is in a hermetically ( air tight ) closed container and ensure the container stays only for a few seconds in the hot water, good enough to warm the Ether up slightly and not to make the Ether evaporate. 
I would attempt biodiesel again. I would try to start on Ether Kerosene, ( Cetane Booster ) and Castor Oil to heat up the engine, then I would attempt to put biodiesel ( and synthetic oil ) and continue on biodiesel only. I have purchased Shell Nautilus 2 Cycle Fully Synthetic oil for the purpose. The manufacturers usually claim synthetic oils mix well with gasoline which, I guess, would mean the synthetic oils would mix and be dissolved well by diesel which manufacturers do not say because they do not expect anyone to run a double cycle diesel of any sort. Most, except, Klotz, would not even know what RC diesel engines are and may have never heard of. 
A successful attempt has been carried out with the exactly specified by Cox fuel : 40% Ether, 35% Kerosene and 25% Castor Oil without any Cetane Booster. The engine started easily and well and sustained pretty well. The settings are : Fuel Needle Valve : 3 to three and a quarter open; Air Valve : almost fully closed ( one eighth open ); Compression : low : around one eighth unscrewed compression screw : the first setting which adds an extra spin when engines spring started when going from the highest compression to the lowest : another way to recognise this setting is to monitor the rotating propeller when spring started : the propeller seems to rotate easily and quickly without being obstructed by the high compression which has been lowered. 
Pretty much the same algorithm was used as with 30% Ether, 34% Kerosene, 24% Castor Oil and 3% Cetane Booster. Cetane Booster does not seem to affect the ignition angle ( timing ) directly very much ( does not make the fuel more advanced ) but, instead, improves the ignition ( ignition by the preliminarily ignited Ether ) and consequent burning of the main fuel Kerosene. Thus, with Cetane Booster, the engine starts the same or better but continues to work more easily and more stable and more insensitive to the settings of the controls. Thus, there is no much of a reason to save less than a penny per gas tank and Cetane Booster is advisable. 
So is priming. The engine has been primed with a drop of Ether whether or not this has helped the overall starting procedure. 

And the perfectly working start up algorithm ( procedure ) I have found out is : 

Fully open the air valve, open the fuel needle valve 5 turns, decrease the compression to one eighth of a turn compression screw unscrewed. This first set of control settings aims at delivering fuel from, the tank to the line and engine. The engine may or may not start for a few spins only and may or may not sustain. Do 4 spring starts. 
Decrease the fuel needle valve to 4 turns open and do another 4 spring start up. This is to ensure the engine is not slightly flooded ( at 4 turns open fuel needle valve the engine may blow some excess ) yet delivering a lesser amount of fuel from the fuel tank through the fuel line and into the engine. 
Decrease the fuel needle valve to 3 to three and a quarter turns open. May wish to use three and a quarter turns open. Do 4 spring starts. Decrease the air valve by one eighth ( seven eighth open ). Do 4 spring starts. Continue to decrease the air valve with one eighth and do 4 spring starts after each decrease. In case the engine starts but stops after a few spins, you are near the start up setting of the air valve you want to have to start the engine : continue to decrease by one eighth the opening of the air valve. Most likely, after just one decrease after the start and spin, your engine will start perfectly well. Usually, this start up setting is around one eighth open air valve ( almost closed, seven eighth closed ). The engine will start and sustain. Wait for 1 minute or 30 seconds and gently open the air valve slightly to provide slightly less rich fuel and air mixture. Adjust the compression screw to give the fastest RPM for this rich mixture. Unlikely to be very fast, but, just in cases, stop adjusting the compression screw when the engine is stable although you may get more RPM at higher compression. No need for such now. Wait for another minute or 30 seconds. The engine is hot. Now do whatever you want. In case the engine stops, go to the previous working settings ( the compression best be decreased at start after run ), start the engine again and wait for, say 8 seconds to reach a stable run. Then do whatever you want. In case the engine stops, restart again. Hot engines are easy to restart. 
WHATEVER YOU DO : NEVER INCREASE THE COMPRESSION TO THE MAXIMUM BY TIGHTENING THE COMPRESSION SCREW. THE COMPRESSION SCREW MUST ALWAYS BE LOOSE. OTHERWISE, THE COUNTER PISTON WOULD PUSH THE TEFLON GASKET TOO MUCH DOWN AND MAY TOUCH THE PISTON. THIS IS EVEN EASIER TO HAPPEN AT START UP WHEN THERE MAY BE A DELAYED IGNITION AND A NON RESET PISTON MAY JUMP TO HIGH ONE THE WAY UP. IN CASE THE PISTON HAS BEEN HEATED BY PREVIOUS IGNITIONS, THE PISTON WOULD MELT THE TEFLON GASKET SLIGHTLY TO WEAKEN THE TEFLON GASKET AND MAY EVEN PUNCH THE GASKET. 
ACCEPT THE MAXIMUM COMPRESSION IS THE ONE WHERE THE COMPRESSION SCREW CAN BE ROTATED WITHOUT ANY RESISTANCE BY SLIDING ONE FINGER ONLY AT THE SIDE OF THE COMPRESSION SCREW WITHOUT OVERCOMING RESISTANCE. MUST BE AS LOOSE AS A SPINNING SPHERE ON A FLAT MARBLE FLOOR. 
Along with the successful attempts, another unsuccessful attempt has been carried out with 75% pure pump diesel and 25% Shell Neptune Marine Two Cycle FULLY Synthetic Oil. The initial idea was to start the engine with a standard fuel and, after running until the fuel is present, just before burning all of the standard fuel, to load the tank with the pure diesel and synthetic oil taking into account how advanced this fuel is and being prepared to either increase the opening of the fuel needle valve or to decrease the opening of the air valve or the two thereof and to lower the compression of the HOT engine which is supposed to get to burn the diesel which typically autoignites at 210ºC. However, the sensitivity of the controls is expected to be very high, yet, the already hot engine may tolerate a higher range of settings. 
I have not been successful also because I do not have a proper stand nor the conditions to carry this simple experiment out. Thus, I failed to load the tank when the engine was running as well as I failed to load the engine quickly after burning all of the standard fuel and took a while to do so and the engine temperature decreased significantly to almost room temperature. 
I have also thought of doing the same experiment with biodiesel and synthetic oil which is : 37.5% pure pump diesel, 37.5% VEGETABLE ( and not sunflower nor olive ) oil, 25% Shell Neptune Marine Two Cycle FULLY Synthetic Oil. I gave up for the same reasons. 
The Internet reports this to be possible and claims pure diesel and synthetic oil to be impossible. I agree with the possibility to run the hot engine with biodiesel and synthetic oil but I seem to be inclined towards thinking pure pump diesel and synthetic oil must also do as the engine compression is far higher than the compression of the other ( standard ) engines and, despite the tiny size, the engine must be able to perform just like a normal diesel engine yet a two cycle diesel engine. 
I shall abandon these experiments to more financially able people who are also willing to experiment. 

3.1 Break in 

A very good idea may be to fully disassemble the engine and wash all parts with tap water ( tap water is under the force of gravity ) to ensure there is no microscopic metallic dust in the crankcase and the rest of the engine caused by the friction between the piston and the cylinder, as well as the friction in all other parts ) during the break in period. 
Also, because of the same reason but mainly because of the environment, washing the air filter ( the mesh screen ) once in a while is always a good idea mainly when the engine has run in a dusty environment. 

The first attempt to start the engine was with the manufacturer suggested percentages of fuel BUT with starter spring and nut detached and manual or electric drill ( mains and battery powered ) rotation of the propeller. The muffler was installed. Many attempts have been unsuccessful. The reason for this is the external ( manual or drill ) rotation which cannot generate speed and necessary suction to start the engine and then to sustain the engine run. 
Pure John Deere 80% Ether Starter Fluid has also been tested. The engine has started twice on pure John Deere Starter Fluid running cool at low RPM. This run has been achieved twice only out of many attempts and has not been reproduced, although tried. 

When flooded, the engine has been de flooded by totally unscrewing the compression screw, fully opening the air intake and fully closing the fuel needle valve. An interesting observation is the engine has started with these settings and run until burning the fuel off of the flooded engine. The tiny compression of the Teflon gasket pushed by the negligible gravitational force of the counter piston has been enough to start the pure John Deere Ether Starter Fluid surplus in the flooded engine. This has been found to be interesting. 

Because of the difficulties with manual start up, a special fork has been constructed with two 5 inch machine screws and corresponding nuts and washers. Another screw is placed in the centre of an 2mm thick aluminium plate with a size of approximately 5cm, 2.5cm. On the two sides, in an opposite to the centre screw direction, the 5 inch screws are positioned. These are sleeved by two sleeves made of silicon line hose to protect the propeller. With this fork, a standard drill can rotate the engine continuously. 
The problem with drill rotated engine as well as manually rotated propeller is the drill and the manual rotation cannot achieve the necessary starter speed which has to be able to suck fuel without flooding as well as to compress the fuel. Unless there are 4000 or more RPM drills, which I do not have, the starting task may be difficult or impossible to accomplish. 

A large 20cm, 2.5cm propeller has been constructed out of 2mm thick aluminium. This propeller can well be rotated by hand as well as by the drill. Two screws and nuts with a lot of washers and lock washers ware positioned to the two sides of the propeller to add to the inertia in a flywheel fashion. Neither Cox spring and nut nor drill nor manual start up with this propeller as well as drill start up with this propeller have not been accomplished although heavily tried. 

An attempt has been made to start the engine with 90% pure Petro Canada diesel and 10% Canadian Tire MotoMaster Diesel Double Stroke Oil ( non synthetic ). The engine has been rotated by a mains powered drill as well as by lower RPM battery powered drill. When rotated with the mains powered drill the engine has sustainably fired up but unable to sustain when the drill is removed. The engine has not been rotated for very long when firing, only for a few seconds to attempt to make the engine run. The attempt has failed. 
3.2 The First Sustainable Start and Run 

After many attempts and YouTube videos, a decision has been made the engine can start with the standard Cox starter spring and nut. This is because the engine needs the high RPM when the spring throws. The high spring induced RPM bring initial fuel suction as well as compression. An attempt has been made to use the large aluminium propeller, however, the spring has not been able to provide enough throwing tension to rotate the heavy propeller at high RPM. Thus, the heavy propeller has been replaced by the standard Cox 3.5 inch triple blade light plastic propeller. 
Initially, a heavy John Deere Ether Starter Fluid dominated mixture has been used with low amounts of Kerosene : 56% John Deere Ether Starter Fluid, 20% Kerosene, 20% Castor Oil, 4% Cetane Booster. The engine fired up and run for 0.5s to 2s at these settings : Maximal compression, Fully opened air intake, 2.5 to 3 turns opened fuel intake needle valve. The engine has not been able to sustain because of the ignition angle ( ignition timing ) which is very advanced because of the heavily dominated John Deere Ether Starter Fluid fuel. With this fuel, spring RPM, the engine starts but, after a few cycles, after a few combustions ( higher temperature ), despite RPM are increasing after start, the engine has not been able to continue because of the high ignition advancement. Theoretically, the engine can be tuned by increasing the richness of the air to fuel mixture as well as decreasing compression to retard the ignition but the engine needs one set of parameters to start and another to continue and there is no way to readjust the three controls ( air, fuel and compression ) for less than a second. However, the firing settings to ignite this fuel of these controls have been found. 
To provide lower advancement, extra Kerosene and Castor oil have been added to make fuel with approximately 37% John Deere, 44% Kerosene, 12% Castor Oil and 7% Cetone booster. The air intake valve is fully opened. The fuel intake needle valve is 3 turns open and the compression is at maximum. The engine starts well after around four spring starts. The engine performs extremely well and allows wide range of control of the compression and air valves. The problem is the control of the fuel intake needle valve which has been designed to be extremely sensitive. Thus, a twist on the valve after start may stop the engine. However, after the engine has run for a few seconds, best for a minute, the needle valve allows some control because the engine runs in a more stable way. 

Theoretically, in order to control a system by variation of parameters, range, sensitivity and reaction period are needed. Reaction period is the period within which the controller ( human or machine ) has to readjust parameters. The best is to eliminate this factor, i. e. to design the system to run for infinite or very large period with the initial setup. This applies best for human controlled systems. Range is the range of the control parameters from their minimum to their maximum : does the range allow for a certain type of control or out of range values are necessary which the control cannot provide? Sensitivity is the change of the output ( the engine work ) caused by a change in the input ( of a given control ). 

With this fuel, the reaction period is infinite, the range of all three parameters ( air, fuel and compression ) is OK as well as the sensitivity of air and compression which is low, i. e. one can freely turn many degrees the compression screws and the air valve lever with the engine responding smoothly changing just a tiny amount to a larger change of the opening of the air valve and a larger change of the turns of the compression screw. The problem is with the sensitive design of the fuel needle valve which controls the amount of fuel intake to the engine. 

A possible way to overcome this highly sensitive valve is to put an external needle valve on the fuel line. Thus, the standard needle valve would only perform rough adjustments with the external needle valve performing fine adjustments. Of course, the external needle valve must not be sensitive : many degrees of turn must be necessary to slightly change the flow. 
External valve may not be necessary for most or all applications. The standard valve has been found to stay stable under the vibrations of the engine kept by the standard needle valve spring and the thread as well as to allow fuel intake changes when the engine runs under normal work temperature. 
The reason for the designers to design the needle valve in such a way is because the model airplane enthusiasts are not happy to have more than one engine control. Thus, they adjust the compression and the fuel while on the ground and have only the air to adjust on the fly. However, the newer generations of model airplane enthusiasts may require more control and may be capable of multiple parameter control on the fly. Possible is to use two pilots per fly : one captain and one flight engineer who deals with some or all engine control parameters. 
One way or another, after initial heat up for a minute or around, the standard needle valve gives a good response and fuel intake can be controlled well. 

4. Dependencies 

There are a few dependencies which are good to discuss. 
In order for an engine to start and work, three things are necessary : fuel, air and ignition angle ( ignition timing ). These amounts depend on temperature, compression and RPM as well as are interdependent ( depend on each other ). These are also different at start up, initial work ( when engine not hot ) and normal work ( when engine hot ). Temperature compression and RPM are also interdependent, i. e. the parameters on which the three main parameters depend also depend on each other as well as on the main parameters. 

Ignition angle ( ignition timing ) on gasoline engines is externally adjustable by adjusting the distributer as well as the mechanical system for changing the angle as per suction which mechanical depends on RPM and load ( now mostly done electronically by computer ). With standard diesel engines, either mechanics or electronics and a computer define when the diesel fuel compression pump delivers fuel into a given cylinder. With this engine, the only way to change the ignition angle is by changing the fuel as well as the fuel to air mixture. 

Diesel engines ignite the fuel and air mixture by using the temperature generated by the piston compression and previous combustions. The higher the compression the higher the temperature. The higher the temperature, the easier and faster to ignite. The initial temperature depends on the ambient temperature and the temperature of the fuel which, in most cases, is initially at ambient temperature. 

The dependence on the temperature of the fuel is very important in this case. John Deere 80% Ether Starter Fluid is sold in pressurised cans. When the nipple of the can is pressed, propeller pressurised gasses inside the cans escape and bring with them the starter fluid. As the pressure is released the released agents ( ether including ) become freezing. This is why, even when John Deere Ether Starter Fluid cans are kept in room temperature, when the nipple of a can is squeezed and the fluid is collected, the temperature of the fluid is freezing. When mixed with warm Kerosene, Castor Oil and Cetane Booster, all kept at room temperature, the overall temperature is higher than this of the fluid collected from a can of John Deere Ether Starter Fluid but yet lower than the room temperature of the other fluids. In order to start the engine easier, best is to wait for a while until the overall fuel temperature reaches the ambient temperature. To avoid this wait, many people do not squeeze the John Deere Ether Starter Fluid just before use but, instead, turn the can down and press the nipple to release all propellants while the ether fluid stays in the can and then open the can with a can opener to drain the fluid out. Then they store the fluid in a non plastic container ( best metallic or, in case of a lack thereof, a glass jar ) at room temperature. The container must be very well closed because Ether is hygroscopic which means Ether evaporates easily. Many sources say the propellants prevent the engine from starting and wait for a short while after getting the starter fluid out for the remained propellants to evaporate. The propellants evaporate very quickly, within seconds, a minute or two and ether cannot evaporate so quickly. In case the starter fluid is freshly squeezed and mixed, shake well for a while for the overall temperature to increase due to the higher ambient temperature. 
Shaking is ALWAYS necessary for another purpose : as marvelous as Castor Oil as well as other oils are, Castor Oil is incredibly difficult to dissolve and may precipitate in the tank. Because the tank pipe which delivers fuel to the engine is positioned with an opening at the bottom of the tank, the engine would suck a liquid which is saturated in oil and not in fuel. In reverse, when the precipitation is sucked out, less oil will remain for the run of the engine. 

The fuel contains of four ingredients as per their work : ignitor fluid, main fuel, cetone booster and oil. Since oil is not supposed to be fuel, the real fuel which powers the engine contains of ignitor fluid, main fuel and cetone booster. The cetone booster improves the autoignition temperature of the main fuel as well as prevents gunk. The ignitor has a very low temperature of autoignition while the main fuel has a high temperature of autoignition. Assuming there is no chemical reaction between the ignitor and the main fuel, the ignitor will first ignite, in turn, ignite the main fuel. The ignitor cannot provide sufficient power to counter the movement of the piston created by previous combustion and inertia ( momentum ) or by the starter spring ( in case the previous rotation was carried out by the starter spring at start up ). 
Ether and Methanol are not supposed to react with each other. Methanol is an alcohol alike fluid while ether is a refined petrol fluid, just as diesel and gasoline are petrol fluids yet ether is more refined. Ether and Kerosene, however are much more alike as Kerosene is also a refined petrol. Looks like, however, the reaction between those is week and they can be said to continue to stay as separate components of the same mixture. Methanol, however, is preferable than Kerosene. 
Ether has a temperature of autoignition of 160ºC. Diesel has an autoignition temperature of 210ºC. Methanol has a temperature of autoignition of 470ºC. Kerosene has a temperature of autoignition of 295ºC. Vegetable cooking oil has a temperature of autoignition around 400 ºC to 435ºC. 

For more accurate ignition angle ( ignition timing ), as low as possible autoignition temperature ignitor is to be combined with as high as possible autoignition temperature main fuel. Thus, the main fuel will surely not autoignite near the ignitor temperature and surely the ignitor must first ignite in order to ignite the main fuel. This is when the engine is cold. When the engine is hot, the ignitor will ignite almost immediately when reaches the cylinder. Hence, the main fuel has to have a high autoignition temperature to wait for the ether to burn until ether reaches this main fuel autoignition temperature, I . e. to delay the ignition of the main fuel. Also, the main fuel must burn slowly for the same reason. This tempts the amount of the ignitor in the fuel must not to be very high but then the engine may not start. Hence, in standard diesel engines, ignitor is used only at start up when the engine is cold. In RC engines, most convenient is the ignitor to be a part of the fluid. Hence, these run in high RPM and achieve their maximal power output at high RPM. The ignitor would not have the possibility to counter the piston or impede the piston at autoignition because of lack of power, i. e. the ignitor mostly flames but does not combust ( explode ) as much and does not give a lot of power after combustion. 
Standard diesel engines use standard diesel fuel and standard diesel fuel in general has a very low octane number, the combustion ( explosion ) happens immediately. This puts a lot of stress on the piston, the piston rod, the crankshaft and all physical and logical bearings. In comparison, high octane gasoline burns slowly throughout the whole working move of the piston. This is why, with gasoline engines, when in high RPM and with a lot of fuel ( and with rich mixture ), not all of the gasoline and air mixture burns and some is expelled through the exhaust and this is why cars spit fuel when the gas pedal is pressed. When the exhaust is hot, this fuel burns in the exhaust to make the car spit fire. The slower the burn the safer the fuel for the engine and the more the power in general ( except in high RPM when the efficiency is low because the fuel does not combust entirely ). However, gasoline burns at higher temperature ( 246ºC to 280ºC as depends on the octane number of the gasoline ) than standard diesel. Hence, as far as temperature goes, standard diesel is safer to the engine but as far as immediate stress is concerned, gasoline is safer to the engine. The design engineers can cope with immediate stress by using bigger parts and better metals ( titanium alloys ) but they do not seem to be able to cope with high temperature very well although better metals ( titanium alloys ) do also help as far as high temperature is concerned. Because of this and because better metals are slightly more expensive, the automotive engineers prefer to make bigger parts of less expensive metals and put them on standard diesels as opposed to using more expensive metals to ensure reliability at high temperatures. Hence, in all, standard diesel engines are more reliable than gasoline ones. Engines can be turbocharged and supercharged. Turbocharging and supercharging means putting a turbine driven either by the fast moving exhaust gases ( turbo ) or the engine ( super ) which turbines supply the engine with huge amount of pressurised air. The more air is available, the more fuel can be put into the cylinders to achieve a given mixture. The more the fuel and air into the cylinder the more the combustion ( explosion ) thus the higher the temperature. Because standard diesel ignites at lower temperature than gasoline, turbocharging and supercharging standard diesel engines is easier than turbocharging and supercharging gasoline engines. Because of the greater amount of fuel and air into the cylinder, turbocharged and supercharged engines are much more powerful and much faster. And also much less reliable because of the higher the temperature. This is why US automotive industry prefers to stick to large cylinder engines with many cylinders and without any turbochargers or super chargers while the European and Japanese automotive industries prefer to use tiny cylinders and turbochargers ( usually ) or superchargers ( unlikely ) or turbochargers and superchargers ( unlikely ). They also use multiple turbines ( two or four ). They thus must use very expensive metals. Because the European and Japanese cylinders are tinier and fewer, when performance is not necessary ( normal use ) they are more efficient ( burn less fuel for a given job ). They can also increase the efficiency by burning lean mixture ( more air, less fuel ) at the expense of the increased temperature which they can cope with because of the more expensive metals. 
The biggest US cylinder is 0.83L and, usually, 8 cylinders are used with the pleasant exception of Dodge Viper which uses 10 as opposed to the biggest cylinders of the Europeans and the Japanese which are no bigger than 0.55L ( when turbocharged and or supercharged ) and 0.5L ( when not). The Europeans use 12 of these, though, with the pleasant exception of Bugatti which uses 16 in the Veyron. Bigger cylinders allow for a bigger dual leverage of the piston rod and crankshaft because of more room to wiggle in the big diameter cylinder hence more power at the expense of longer travel of the piston ( lower RPM ). However, this is not much used in the US automotive because a bigger dual leverage means a lot of stress on the levers and mainly on the crank lever of the crankshaft and this means expensive metals which the US automotive is not happy to use. Hence the crank levers are tiny and no advantage of the possibility of a large dual leverage is taken. The only advantage the US automotive takes from the bigger volume cylinder is the amount of mixture they are able to squeeze inside without any chargers which would put extra stress on the parts, yet not as much as turbochargers and superchargers would. The Europeans use tiny crank levers too because there is no room for the piston rod to wiggle in the tiny diameter 0.55L cylinders. Because they are unable to squeeze mixture in the tiny 0.55L cylinder, they use turbo ( mainly ) and super ( almost never ) and super turbo ( never ) chargers. The limitations of a dual lever system such as the cylinder system ( crankshaft lever and piston rod lever ) is to be discussed more. For now, figure 3 basically depicts these limitations. 
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Figure 3 : Crankshaft Lever Length Limitations 

Standard diesel cylinders can go to 1L in volume and the crank and piston levers ( dual levers ) can be huge. This is because diesel engines aim at torque which can in turn be converted to speed by the transmission. In the US, standard diesel engines are usually used for equipment which had better have torque. In Europe, diesels are also used for cars. This is because diesel, being the garbage of the petroleum refining, has cost half of the price of the gasoline and because diesels are more reliable because of the lower temperature of burning as well as safer than gasoline as far as the exhaust goes. Diesels are also more efficient ( consume less for the same job ) in terms they require less fuel to achieve a given power. This is mainly because of the longer crankshaft lever and the utilisation of the standard diesel fuel which also allows for easier turbocharging and supercharging because of the lower temperature of burning as well as standard diesels allow for a leaner fuel to air mixture because of the same reason. And Europe is usually warmer although many diesel manufacturers use glow plugs and some even revert to a tiny gasoline engine which is used to warm up the main engine before a start up. Such an engine is called a start up warmer. 
In real diesels, there is no ignitor in the fluid and the ignition angle ( ignition timing ) is usually achieved by an external device much like the spark generation in the gasoline engines. Instead of spark, however, external devices called fuel pressure pumps, spits diesel directly into the cylinder at exactly defined point of the movement of the cylinder just like the gasoline engine gets a spark at exactly defined point of the movement of the cylinder. 
Why are these things written here? Because Cox diesel as well as other RC diesels do not have any pumps nor any external devices. As described, the fuel mixture is not only to power the engine but to provide ignition angle ( ignition timing ). As described, the fuel mixture is not only to power the engine but to start the engine when cold. Also, because the engine may never reach the necessary compression to ignite the main fuel but the engine compression can ignite the ignitor, the ignitor ignites the main fuel. The overall temperature of the engine would be approximately equal to the ignition temperature of the main fuel, thus, the maintenance of sufficient temperature to always reliably ignite the main fuel cannot be trusted. Thus, an ignitor is necessary to reliably and continuously ignite the main fuel. 
Because the fuel is used to also provide the ignition angle ( ignition timing ) tougher range of the fuel is necessary. Not exact but not very loose. Once the engine is up and running, more tuning of the ignition angle ( ignition timing ) can be carried out by adjustment of the compression with the compression screw as well as the fuel to air mixture with the air valve and the fuel needle valve. Because of these three controls, the fourth control, the fuel, is not necessary to be extremely exact but cannot be very loose either. 
An interesting question is why ether, with the early ignition, does not counter the movement of the piston upwards. First of all, when the engine is cold, ether ignition is even less powerful and also can be somewhat controlled by compression and mixture. When the engine is cold, ether would ignite with a delayed ignition and this will add to the start up effort but would delay the ignition of the ether. Second, and most important, cold or warm, ether does not have the necessary power to counter the movement of the piston significantly and does so insignificantly only. The engine has the momentum because of the inertia of the previous working cycle ( or the spring throw at start up ). During the compression of the new cycle, ether ignites and this ignition may be very advanced. However, ether ignition does not have sufficient power to counter the compression half cycle and more like flames than combusts. The flaming ether ignites the kerosene but this ignition takes a while. With correct mixture and compression settings for a given cylinder temperature and at a given RPM, the ignition of the kerosene or methanol can be controlled not to be too advanced. The sensitivity of the ignition and combustion of kerosene or methanol is low as opposed to the high sensitivity of ether ignition and thus can be well controlled. In other words, ether plays the role of a spark plug and or a glow plug : just ignition of the main fuel kerosene or methanol. This double stage ignition also provides the high octane gasoline effect : takes a while for the kerosene to burn and kerosene burns somewhat slowly throughout the working half cycle as opposed to an immediate combustion. 
Here are the parameters of ignition : type of fuel, temperature, RPM, compression, air intake and fuel intake. Some of these are interrelated : the higher the RPM, the less the compression leakage thus the higher the compression. The higher the compression the higher the RPM at certain mixture settings ( the power the compression gives to the combustion is higher than the resistance of the compression to upward movement of the piston ). The higher the temperature the easier to ignite the higher the RPM hence the higher the compression. However, the higher the temperature the more the cylinder widens as compared to the lower enlargement of the piston at this temperature thus the higher the gap between the cylinder wall and the piston, thus the lower the compression. At high temperature, the enlargement of the gap between the cylinder wall and the piston takes precedence ( this depends on the metals and alloys used ) and thus some compression is lost. However the friction between the cylinder wall and the piston is lower thus the RPM increase, thus the compression increases. Yet, the decrease of the compression due to the higher gap between the piston and the cylinder wall takes precedence thus the compression decreases at high RPM ( the gap, however, depends on the metals the cylinder wall and the piston are made of and thus this dependence does not apply for all engines ). This is why some RC engine manufacturers recommend to break in the engine at very high temperature in order to ensure less friction. Of course, oil must not burn at this break in temperature and must retain viscosity to ensure smooth break in and smoothening of the cylinder wall as well as the piston contact area with the cylinder wall through the film of oil deposited on the cylinder wall. Regardless, some manufacturers suggest the gap between the cylinder wall and the piston contact area takes precedence over the oil viscosity and possibility to burn. Thus, with some engines, contrary of what most standard engine manufacturers suggest, the higher the break in temperature the better the break in of the engine. Of course the break in temperature must be higher than a given minimum, otherwise the cylinder wall will not open sufficiently and the opposite effect will be achieved : rough and bad break in with a lot of scratches on the cylinder wall as well as the piston contact area. 
Cox do not suggest high temperature break in. 

Various sources cite different percentages of the fuel ingredients. Cox suggests : “ A good diesel mix would have 25% castor oil, 40% ether and 35% kerosene. “ McQueen suggests Kerosene 45% to 60%, Lubricant 20% to 30%, Cetone booster ( diesel improver ) 1% to 2.5%, Ether 20-25%. Other sources suggest 40% to 45% Ether, 40% to 45% Kerosene, 3% Cetone Booster, 13 to 20% lubricant. 
When run on Methanol ( preferable ), Cox suggests 30% Ether, 70% Methanol to make the fuel and then 70% fuel and 30% Castor Oil. This is 21% Ether, 49% Methanol and 30% Castor Oil. 
Methanol is difficult to obtain. Castor Oil is available from Cox yet extremely expensive. Castor Oil is also available from most pharmacies also very expensively ( the label must say 100% Castor Oil ). Castor Oil is used as a laxative. Kerosene is available at Canadian Tire and the camping sections of most stores. Cetane Booster is available at Canadian Tire and most automotive shops and gas stations. Pure Ether is difficult to obtain. John Deere starter fluid guarantees 80% Ether. Walmart starter fluid guarantees the amount of Ether would not be higher than 60% but does not say anything else. Some sources cite starter fluids containing 30% Ether. John Deere 80% Ether Starter Fluid is available from John Deere authorised dealerships which are usually positioned in difficult locations outside of the cities or in remote suburbs. 
Cox suggests to use John Deere 80% Ether Starter Fluid with the same percentage as in case this would be a 100% Ether and they are right. Most likely, John Deere puts other fluids with low autoignition temperature to make up for the other 20% OR the other 20% is propellants. Some sources suggest John Deere put upper cylinder lubricants ( ideal replacement for Castor Oil ) for the other 20% but I do not think this is right. I think the other 20% are propellants, thus, I think, the obtained fluid from the John Deere can is 100% Ether. This is what Cox imply too. 
Thus, for Kerosene users, the Cox sentence : “ 25% castor oil, 40% ether and 35% kerosene “ should be read : 25% castor oil, 40% John Deere 80 Ether Starter Fluid derived fluid and 35% kerosene. I suggest the same but to put 1% to 5% Cetane Booster at the expense of the Castor Oil. Cox are adamant in the high percentage of Castor Oil though. Thus Cetane Booster can be applied at the expense of the ignitor and the main fuel. Or at the expense of all three because of the tiny amount of Cetane booster which does not decrease the amount of Castor Oil significantly. 
However, Cox also suggest a possible use of Synthetic Motor Oil. SOME BUT NOT ALL Synthetic motor oils have an authoignition temperature of 400ºC to 700ºC although such oils are exotic and difficult to find. Standard Synthetic motor oils would have an authoignition temperature of 280 ºC. Whatever the autoignition temperature most any synthetic oil would have a higher autoignition temperature than any standard oil thus synthetic is to be used. Synthetic motor oils are very expensive, though yet not impossible. The higher the viscosity of a synthetic oil the higher the autoignition temperature. Canadian Tire sells Mobil 1 synthetic oil 15W50. This means the viscosity is 15 and the oil does not freeze to minus 30 degrees Celsius. This ( 15 ) is the highest viscosity pure synthetic oil Canadian Tire sells. However, the higher the viscosity the thicker the oil thus the thicker the fuel and the more difficult to be sucked into the engine. 
15W may be too thick for the already thick biodiesel. Thus, 5W and 0W may be preferable. 

I have purchased Shell Fully Synthetic Nautilus Marine oil. This oil is designed for 2 cycle watercraft engines. As such, one may be afraid the oil would not withstand high temperatures because watercraft have a constant and very good cooling system : they just take water which is abundant around them and have a good flow water pump which circles water from the environment, through the engine and back to the environment. Thus, the water pump uses only fresh cold water. However, watercraft are generally strongly abused because water transportation is very slow because of the water resistance. Thus, because of this and also because the oil is synthetic, this oil may as well have a high temperature of autoignition. 
Another problem is : 2 cycle oil is designed to burn in the upper cylinder and not burn below the ring, so the working cycle is well oiled yet the 2 cycle oil burns into the cylinder. In comparison, 4 cycle oil is designed not to burn at engine temperatures yet 4 cycle oil is not exposed to burning fuel at the upper cylinder. Still, I think, standard fully synthetic 4 cycle car oil may be preferable. 
The main problem with the burning 2 cycle oil is this : the piston does not have a ring and there is clearance between the cylinder and the cylinder wall. This clearance is necessary for the run of the engine. Also, at high temperatures, the cylinder and the piston expand with the cylinder expanding more than the tiny, strong and, partially, monolithic piston. The clearance becomes even bigger. Thus, the combustion ( explosion ) would burn the fuel and the oil mixed with the fuel at the upper cylinder but, also, may burn the oil between the piston and the cylinder wall : the most important place for the oil to be present. Burning of this oil can be partial ( only the very upper layer ) or can be in full. Thus, the piston may scratch the cylinder oil and, thus, increase the temperature. Oil is used for the purpose of preventing these. 
BEWARE OF A POSSIBLE MISLEADING LABEL : THERE IS PURE SYNTHETIC OIL, 100% SYNTHETIC, LABELED AS “ SYNTHETIC “. THERE ARE OTHER, NON SYNTHETIC OILS WHICH ARE LABELED : SYNTHETIC BLEND “ OR “ WITH SYNTHETIC TECHNOLOGY “ OR SOMETHING ALIKE. THESE ARE NOT SYNTHETIC OILS. THESE ARE MIXTURES OF STANDARD AND SYNTHETIC. DO NOT USE THESE. USE THE ONES WHICH ARE PURE SYNTHETIC. THEY ARE LABELED SIMPLY AS “ SYNTHETIC “. NO OTHER WORDS. 
I have initially made a mistake with John Deere Ether concentration in the fuel : I recalculated the necessary amount considering John Deere is only 80% ether and not 100%. For example, when the manufacturer says 40% ether ( pure 100% ) I recalculated 40% pure ether is equal to 50% John Deere. I thought the other 20% of John Deere are burnables and lowered the amount of kerosene by 10% to compensate for. Also, because Cox correctly asks for more Castor oil at break in, I decreased the amount of kerosene even more, another 10% to increase the amount of Castor oil. Thus, I barely put any kerosene at all. As a consequence, the engine was unable to sustain because of the high advancement. I could have adjusted the mixture and compression but, I guess, I did not do a good job. I lowered the compression and adjusted the mixture but, looks like, the mixture adjustment may not have been very good. MOST IMPORTANTLY, I did not use the Cox starter spring and nut. 
The significance of the starter spring and nut is tremendous. This is because the engine crankcase ( which, with the crankshaft, works as a pump ), the reed valve, the diameter of the fuel and air intakes, the fuel lines have been calculated in such a way as to require a quick burst of the propeller to be able to suck just as much fuel and air mixture as to start the engine without flooding. The second requirement is more important : because humans cannot react to readjust the air, fuel and compression within milliseconds, the said calculations of the engine have been carried out not only to provide sufficient amount of fuel and air to start but also to sustain the work of the engine for a very long period or for ever. Thus, one, two, three or four rotation of the engine at a huge speed by the spring would bring enough fuel and air to start the engine at given air and fuel intake settings and enough fuel and air to continue to run. Because the spring rotates the engine for just a few turns ( Cox suggests 1 turn only which I have found insufficient, maximal amount of turns the spring can give ( three to four or around ) is OK ) the engine would suck a good amount of fuel and air to start up at fully open air intake and 3 turns open fuel intake AND these few turns will not provide such a large amount of fuel as to flood the engine. AND, MOST IMPORTANTLY, once the engine starts, the air and fuel intake settings are good to allow a stable and reliable continuous engine work without flooding and without missing after the start. 
As mentioned, the propeller is not only a flying device nor only a fan blades device. The most important feature of the propeller is this of a start up device : the propeller must be light enough not to counter the spring. The spring may have been calculated to work with the Cox propellers or alike. Although the sensitivity of the spring to a light, plastic propeller may not be so huge, the best is to use COX PROPELLERS ONLY as recommended for a given engine. Cox recommends a 7 inch dual blade plastic propeller for Cox .049 SureStart Diesel. I think Cox have mentioned their 5 inch and 8 inch propellers will also work. I use Cox 3.5 inch triple blade propeller. The diameter is 3.5 inch but there are three blades. The triple blade propeller has 1.5 more blades than a dual blade propeller. In case of a linear dependence of the air flow and air resistance, as well as weight, a 3.5 inch triple blade propeller is equivalent of a dual propeller with a diameter of 3.5 multiplied by 1.5 which equals to 5.25 inches. 
AGAIN : The starter spring and the propeller are of immense importance for the engine start up. The intake hole and the fuel line hose have a very tiny inner diameter of 2mm or less. Despite the engine must suck just a right amount fuel, THE SAME AMOUNT AS IN SUSTAINABLE RUN because there is no automatic system to re regulate the air, fuel and compression controls. For this, the engine has to be rotated at huge RPM before getting started. Only a spring with a light plastic propeller can do so when energised and then QUICKLY released. The important word here is QUICKLY. Why? This would be soon explained. Of course, the suction also depends on the compression : the higher the compression the more the suction. But also the higher the pressure against the fuel intake. The reed valve may counter this pressure and may not allow a return but cannot ensure fuel delivery too as the pressure of the exhaust gases is higher than the pressure of fuel delivery to the upper cylinder as well as to the engine through the reed valve. And, depending on the position of the tank and the fuel line, gravity also counters the fuel delivery and distribution. Please, note : reed valve would soon be explained but, for now, a reed valve is a unidirectional valve similar to the chimney valve which opens when pushed by the hot air from the fire place which, because hot, is lighter than the ambient air and escapes upwards, but, this same chimney valve ( a plate ) gets closed when the fire place is not running to prevent water to go through as well as freezing air : thus, the reed valve ( also a plate ) allows for fuel to go from the tank into the engine and, as much as possible, prevents fuel from escaping from the engine when the exhaust gasses push the fuel in the opposite direction, back to the tank. The crankcase and crankshaft pump suck fuel from the tank and push the sucked fuel from the crankcase to the upper cylinder ( higher than the piston ). 
I have not been able to start the engine with a drill because of the low RPM of the drill. Because of the low RPM of the drill, the engine would either fire but not start ( not sustain ) or flood. DESPITE the low RPM, in order to generate suction sufficient for ignition, the fuel needle valve must be more CLOSED because of the continuous action of the drill : with a spring, the engine has to get all the fuel to start in 2 to 4 cycles, whereas, when continuously run at low RPM, the engine does not have enough compression BECAUSE OF THE LOW RPM and has to be rotated longer. Longer rotation at open fuel needle valve at the same position which is necessary for a spring start means flooding. Closing the fuel needle valve means ignition but inability to sustain the ignition because of the low fuel. Thus the engine puffs ignitions and cannot continue when the drill is removed. 
The more closed the air intake the stronger the engine fuel suction. Thus, to an extent, the air valve can be used to control the suction too. However, diesel engines seem to be said to need more air which they initially and after compress to generate temperature. Thus, closed air intake may prevent start and start is rather sensitive because the cylinder is at ambient temperature. Once the engine is hot, the air intake can be varied from almost fully closed to fully open. 
Obviously, the more the fuel needle valve is open, the more the suction. 

Thus, all four parameters : air, fuel, compression and RPM define the start up. Compression does depend on RPM as well as on the air to fuel ratio : the more fuel, the thicker the media in the upper cylinder, the less media goes away through the gap between the piston and the cylinder as well as the compression screw, the higher the compression. As well as the quality of the fuel. Thankfully, Cox have figured this all out and they have calculated the crankshaft and the crankcase ( called, in the case of suction generation, a crankcase pump ), the air and fuel intake holes, the spring with the light propeller, the long period compression ( compression decreases with the work of the engine because of friction between the piston ( piston ring where available, not in Cox engines ) and the cylinder all ) very well for the engine to start almost immediately. Only 2 to 4 spring starts are needed, each making two to four spins, all in all 2 to 16 spins to start the engine. This is an amazing start up performance. 
Now, to get back to the word QUICKLY. In order for the spring to turn the engine faster, the spring has to be released in such a way as to not disrupt the movement of the spring, not to add extra resistance. The fingers have to be removed immediately when the spring is released. To achieve this, one of the ways to QUICKLY release the spring is to hold the energised spring with one or two fingers and to slightly pull in a direction away from the engine, supporting the propeller with a very tiny area of the finger. Then, when one is to release the spring, one “ slung shots “ the slightly pulled propeller . The slung shot effect releases the spring immediately and the spring moves towards the engine as well as rotates. The slung shot effect is negligible because the propeller has not been pulled strongly, only a millimeter or so. The intention of pulling is to retain and immediate release the propeller in order for the spring to move the propeller with a maximal possible speed, unobstructed by the person. 
There are some dependencies in the fuel mixture too. The problem with Castor Oil as far as start of the engine is concerned is Castor Oil is very thick and very difficult to dissolve. Apart from many other problems which this presents, the undissolved Castor Oil is heavier than the rest of the fuel and precipitates to the bottom of the tank. Because the fuel line nipple pipe of the tank ( or the tank’s flexible hose with a nozzle ) must be positioned at the bottom of the tank, the engine is unable to suck fuel but sucks or attempts to suck Castor Oil mainly. The effect of the thick and difficult to dissolve Castor Oil can be overcome by shaking well after putting ether and the rest of the fuel elements. Freezing ether does not dissolve Castor Oil well, thus shaking must also be done after the ether reaches ambient temperature. Again : the temperature of the ether MUST BE the same as the ambient temperature in order to dissolve the Castor Oil and in order to start the engine. DO NOT ARTIFICIALLY HET UP THE ETHER WITH FIRE, HEATH GUN, DRYER, ETCETERA. ETHER IS EXTREMELY FLAMMABLE. Just leave the fuel at room temperature for half an hour in a metal or glass ( not in plastic with which ether reacts and the of the fuel may as well ), fully sealed. Some suggest to leave the ether before mixing in an OPEN container for 30 seconds or a minute or two in order for the propellants to evaporate. Do not keep the ether open for a long while because ether evaporates rather quickly too. 
Do not use Castor Oil with biodiesel because the fuel becomes very thick and impossible to be sucked into the engine. 

CASTOR OIL IS AVAILABLE IN ALMOST ANY LOCAL PHARMACY. The Latin name of Castor is “ Ricinus communis “. In case the pharmacist does not understand “ Castor Oil “, ask for Ricinus Communis Oil or just Ricinus Oil. 
In case Castor Oil is not available, use thick ( not for biodiesel, though ) two cycle or four cycle SYNTHETIC OIL. Must be synthetic. The trick is to get synthetic oil which has much higher temperature of authoignition. 15W or higher number is preferable for fuels which do not contain vegetable oil. The higher the number before the W, the thicker the oil. For biodiesel, one may wish to experiment with thin synthetic oil such as 0W. Do NOT use standard motor oil which burns at low temperature ( gasoline burns at around 283ºC ). In contrast, SOME and not all synthetic oils can withstand 400ºC to 700ºC. These are impossible to find. One may try to find special, high temperature synthetic oils designed for supercars, such as Bugatti Veyron, Lamborghini, Ferrari, etcetera at these dealerships but these oils may be insanely expensive. Do NOT use synthetic blended oils. These are a blend between synthetic and standard motor oils. Use pure synthetic only. 
THE PROBLEM WITH NON TWO CYCLE SYNTHETIC OILS, HOWEVER, IS THEY MAY NOT DISSOLVE WELL IN ETHER, KEROSENE, DIESEL ETCETERA. Inspect visually before use. 
Cold fuel ( mainly because of squeezed ether ) will not dissolve the oil well. Wait for the fuel to reach room temperature and shake well. 

Of course, in case one is able to run the engine on pure pump diesel, one may use most any oil, standard two cycle oil is welcome. Standard 2 cycle oil is very thin and highly concentrated as well as made to dissolve in gasoline which probably means would dissolve in diesel. 
Ether, also, is the most difficult component to obtain. This is because ether is used by drug users to get high. Pure ether is an anaesthetic and has been used as such for a very long while. There are other, preferable and more modern anaesthetics now. Thus ether is no longer sold in pharmacies. The closest off the shelf product to ether is John Deere 80% Ether Starter Fluid. ALTHOUGH THE CONTENT OF THE ETHER ARE 80% AND NOT 100%, TREAT JOHN DEERE 80% ETHER STARTER FLUID AS 100% ETHER. This means, in case the manual says to use 40% ether, one must use 40% John Deere 80% Ether Starter Fluid and not less and not more. Most likely, John Deere 80% Ether Starter Fluid contains other starter and ether and diesel improvers in the other 20% or these other 20% are propellants which evaporate and only 100% ether remains after spraying. 
When sprayed out of the John Deere can, the ether is freezing and may contain propellants. Wait for a minute or two for the propellants to evaporate. Then close the glass or metallic jar or bottle hermetically. Do not use plastic as ether and the other fuel components react with plastics. Wait for the fuel and oil to reach ambient temperature. Shake well and load the fuel and oil mixture into the tank. When mixing, put the oil first in the jar or bottle. Then put the rest of the fuel components. This way, one gets more dissolving. 
REMEMBER TO SHAKE WELL WHEN FUEL IS WARM JUST BEFORE PUTTING INTO THE TANK. 

Methanol is preferable than Kerosene not only because of the burning properties and power but because Methanol, being similar to Ethanol ( alcohol ) dissolves Castor Oil well. Methanol must be 100% or close to. Some pharmacies sell methanol as rubbing fluid. Some paint shops sell methanol as paint thinner. Methanol is made of garbage or wood and must be available always and everywhere but is not because of the danger when swallowed and the danger to mistake Methanol for Alcohol. Methanol may smell like Alcohol and people may mistakenly drink methanol. 
Kerosene is available for lamps, heathers, camping, fire starter. Kerosene is sold in the camping sections of most shops. 
An important component to the fuel is cetane booster. These are sold in almost any automotive shop. The fuel requires 1% to 3% of cetane booster, so the main component ( methanol or kerosene ) can ignite better. This gives good start up and does not advance the ignition a lot. Whatever advancement cetane booster may cause can be offset by adjusting the fuel to air mixture to be richer : more fuel and less air. The controls can cope with the range. 
The price of kerosene is around $9 per litre. The price of John Deere 80% Ether Starter Fluid is around $6 for 200mL. The price of Castor Oil is around $5 for 100mL. The price of Cetane Booster is around $8 for 350mL. Thus, in case anyone wants to make 1L fuel of 39% ether ( John Deere 80% Ether Starter Fluid ); 34% Kerosene, 24% Castor Oil and 3% Octane Booster, one needs 390mL John Deere Starter Fluid; 340mL Kerosene; 240mL Castor Oil and 30mL Cetane Booster. This approximately gives : $12 for the John Deere product; $6 for Kerosene; $12.50 for Castor Oil and $0.80 for Cetane Booster, $31.30 per litre in all. As clearly seen, the price of ether and Castor Oil add the most to the price. This is why many people try to replace ether with pump diesel, Castor Oil with also expensive but not as much synthetic oil and kerosene or methanol with vegetable oil. 
Synthetic Oil costs around $2 per 100mL. Thus, for 1L fuel, the synthetic oil necessary would cost around $5 which is much less than the price of Castor Oil of $12.50. The price of diesel is around $0.80 per litre, thus $0.35 is necessary instead of $12 for ether. The price of vegetable oil is around $3.50 per litre. Thus, around $1 is necessary instead of $6 for kerosene. Thus, a litre of biodiesel costs around $7 instead of $31.30 for a litre of RC diesel. The price of the synthetic oil contributes the most but, in the future, synthetic oil would become more and more expensive because synthetic oil will be used only. The price is high now because of what the manufacturers want to get as profit and not because of the components of the synthetic oils. 
The engine burns fuel at an approximate rate of 30mL per 15 minutes or 2mL per minute. Thus, with 1L of fuel, the engine would run continuously for 500 minutes which is 6 hours and 20 minutes. 
When rich mixture is burned, the engine may as well consume 3mL per minute. Thus, a litre of fuel would allow the engine to work for 333 minutes which is 5 hours and a half. 

These periods are more than sufficient for most applications. Yet, the price of around $30 for 6 hours work of the engine is very steep. 

People have attempted to run RC Nitro engines on gasoline and simple oil ( two cycle, probably ) with continuously applying power to the glow plug. I have attempted to run the engine on pure pump diesel and standard, non synthetic, two cycle motor oil. I have failed, yet I think there may be something into the diesel. People have reported successful run of the engine on biodiesel. This means the engine has enough compression to ignite diesel. Diesel, however, would bring a more advanced angle of ignition ( timing ) than biodiesel. This can probably be countered with closing the air intake to provide a richer mixture which will retard the ignition. The sensitivity of the air intake valve is somewhat OK. However, the range may be insufficient. This is because the air valve cannot fully close. However, the air valve can be replaced by an external needle valve which can fully close, open and stay anywhere in between. The problem is the engine requires air at start because the cylinder has to compress this air to increase the temperature. The engine may start with not so much air but this would be more difficult. Another problem is the autoignition temperature of diesel of 210C as opposed to the lower autoignition temperature of ether of 160C. This means the engine would start with even a greater difficulty. 
Beware of the immediate combustion of diesel. Diesel explodes and completes the explosion for almost 0 period. Although, theoretically, the ignition can be retarded to happen when the cylinder moves downwards by providing richer mixture, which richer mixture would increase the period of explosion of the diesel, still a very quick combustion would put a higher stress on the engine components, mainly, piston rod and crankshaft. This is dangerous although Cox engines are extremely strong and reliable. 
In general, a good diesel fuel for the engine is one which has four separate parts : ignitor, main fuel, main fuel improver and oil and, most importantly, these parts do not react with each other and the oil has high viscosity and high metal bonding and these oil properties are maintained in the temperature range from lowest ambient temperature possible to the highest cylinder inner temperature possible which highest cylinder inner temperature is supposed to be the temperature of burning of the fuel and air mixture. The leaner ( more air and less fuel ) the mixture the higher the temperature. Ideally, oil must not burn but to be spitted out through the exhaust. In case oil gets to burn, then oil must not leave carbon residue ( bur ) nor gunk. Castor Oil meets all these requirements except carbon residue ( and gunk ). Castor oil, being thick and being capable of sticking to metal, also creates drag which slightly impedes the movement of the piston and this drag has to be overcome by the engine at the expense of high RPM and high power performance. However, the drag is negligible and better with Castor Oil than without. 
Kerosene has a lower autoignition temperature than Methanol and will provide more advanced ignition and thus higher minimal RPM yet the advancement of kerosene is controllable by using richer mixture and lower compression. 
Safety : Cetane Booster is dangerous and so are methanol ( mainly, but not only, when swallowed ) and kerosene yet methanol is not as dangerous and kerosene is even less dangerous. People have kerosene lamps and heaters which they use indoor in their garages or tents. Ether is safe and has been used for anaesthetic. Castor Oil is the safest as this is a common laxative medication and can even be drunk. BEST USE THE ENGINE OUTDOORS OR AT HUGE LEVELS OF VENTILATION SUCH AS OPEN GARAGE DOORS, OPEN WINDOWS, ETCETERA. 
Please, note : 2 CYCLE MAY NOT WORK WELL AT EXTREMELY LOW RPM. This is because the ignition may not be possible to be delayed as much as well as the crankcase and crankshaft pump may not be able to suck fuel well at low RPM. Also, the engine may not be able to build up the necessary compression ( not likely ). To run the engine on low RPM, the mixture of air and fuel has to be adjusted to as rich as possible ( less air and more fuel ) and the compression has to be adjusted to as low as possible. Low compression would allow the crankcase and crankshaft pump to deliver fuel more easily. Low compression would also counter the slowly moving piston up ( suction and compression cycle ) more easily. Low compression would also retard the ignition. 
5. Engine Description 
5.1 Cylinder Head 
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Figure 4 : Cylinder Head. The notches on the top are for the wrench with which the head is tightened onto the cylinder. 
On the top is the cylinder head. Because diesel engines do not have a glow plug or a spark plug, a cylinder head is not necessary. However, the cylinder head plays two different roles : compression regulation and protection. 
5.1.1 Compression Regulation 

The cylinder head is nothing but a tiny cylindrical shape which can be screwed onto the cylinder. Other engines have a gasket between the cylinder and the cylinder head, this one also does. The gasket is a circular Teflon gasket and will be explained soon. Prevention from compression leakage is performed by a multi turn thread of the cylinder head and the cylinder with a possibility to be tightened up well. To tighten the cylinder head onto the cylinder is the most important consideration for prevention of compression leakage. Finger tightening only may not work well. The cylinder head has two half holes on top for a special wrench to be used. Special wrenches are available from Cox and two are necessary for most jobs. These are combination wrenches and have many shapes on one wrench in order to be able to perform many functions. Extremely advisable is to purchase two special wrenches from Cox. They are inexpensive and made of good quality steel. In case this special wrench is not available, thin and sharp nozzle pliers can be used with the nozzles going into the half holes. Another pair of standard pliers can be used to turn the nozzle pliers. Nozzle pliers with sharp nozzles are usually used for electronics and are largely available. 
DO NOT OVERTIGHTEN. TIGHTEN JUST AS MUCH, SLIGHTLY MORE THAN FINGER TIGHTENING. 

On the top of the cylinder head is a compression screw with a holding spring. Unscrewing the compression screw makes compression leak through the screw and the cylinder head threads as well as between the threads of the cylinder head and cylinder. Screwing the screw fully in prevents compression leakage almost in full and this is the maximal compression setting. Unscrewing the compression screw fully ( removing ) provides the minimal compression the engine can provide. 
5.1.2 Protection. 
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Figure 5 : Teflon Gasket. Positioned on the top of the cylinder and pressed down by a disk called counter piston which, in turn, is pressed by the compression screw. 
Under the head are two protection parts : a Teflon gasket and a metallic disk called a counter piston disk ( or contra piston disk ). 

The Teflon gasket is not flat but, instead, one of the sides is slightly domed. I would prefer and advise the Teflon gasket to be positioned dome up in the head of the cylinder. This is because the counter piston would exert some pressure on the Teflon gasket and may bend the Teflon gasket so much as the piston may touch the Teflon gasket and either damage or weaken the Teflon gasket or even get stuck to the Teflon gasket. This is also why, one of the most important consideration with the settings of the controls is the compression screw must NEVER be tightened up and must always be loose to only touch the counter piston ( which presses on the Teflon gasket ) and never to push the Teflon gasket strongly. 
Positioning the Teflon gasket dome up means there will be more room between the more upper position of the piston and the Teflon gasket thus more fuel and air will be compressed there and thus more power will be derived from the combustion. 

The Teflon gasket is position on the top of the cylinder and the bottom of the cylinder head. On the top of the Teflon gasket is the counter piston disk. 
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Figure 6 : Counter Piston 
The counter piston disk is between the Teflon gasket and the compression screw and can be pressed down by the compression screw. When pressed down, the counter piston presses the Teflon gasket firmly on the top of the cylinder. The firmer the counter piston presses the Teflon gasket the lower the compression leak, thus, the higher the compression. The counter piston disk spreads the force of the compression screw evenly throughout the area of the Teflon gasket. 
The Teflon gasket does perform a better compression regulation at high compressions by better sealing the top of the cylinder. However, the main purpose of the Teflon gasket is protection : when the compression is too high, which, usually happens at over revving, the Teflon gasket shatters and the huge compression starts to leak through the compression screw which, even when fully screwed in, would leak some compression. This lowers the compression of the engine and the engine stops ( more likely ) or significantly lowers the RPM ( unlikely ) as well as the compression. Thus, the engine is safe and does not break. The inexpensive Teflon gasket breaks instead. 
THE TEFLON GASKET IS WHITE IN COLOUR AND SQUARE IN SHAPE WITH A SIDE OF THE SQUARE, APPROXIMATELY 0.5CM. THE GASKET LOOKS LIKE MADE OF PLASTIC BUT IS NOT : THE GASKET IS MADE OF WHITE COLOUR TEFLON. 

When the compression gasket breaks the counter piston is not expected to go into the cylinder and meet the piston. Because of the low compression and the engine shut down, even in case the counter piston dropped into the cylinder, the inertia of the engine ( and the engine may or may not continue to turn after a shattered Teflon gasket but, even when does, the turns would be driven mainly by the inertia ( momentum ) is not supposed to be significant to damage the engine ) is insufficient to create any damage. 
The possibility of the counter disk to create a damage in case of a drop into the cylinder, however, increases in case an external flywheel or an external device which creates the flywheel inertia ( momentum ) effect is used. 

The engine does have a flywheel and a good flywheel effect ( inertia, momentum ) because the crankcase is built as a rounded triangle with the crankshaft to piston attachment of the tip of the triangle and the flywheel is the bottom base of the triangle. The engine parts as well as the commonly used plastic propellers are light. However, low RPM performance as well as start up can be slightly improved by a flywheel device as long as the flywheel device is not heavy enough to affect the starter spring performance. 
The standard heavy eccentric flywheels ( like the one in cars ) may put extra stress and wear on the crankshaft to crankcase attachments. However, inertia and momentum can be preserved to an extend by creating a symmetrical flywheel effect : the easiest way to do so is by screwing two screws and nuts and washers at all tips of the propeller. HOWEVER, this start up improvement would also lead to a start up difficulty because the spring needs as low mass of the propeller as possible for a fast and multiple turn. Thus, on one hand a flywheel may help on the other hand may impede the start up. Which of these would prevail depends on the mass of the weights. 
Flywheel effect also ensures a smoother performance of the engine even in case of misses. 

5.2 Cylinder 
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Figure 7 : Cylinder. The exhaust hole and the fuel hole as well as the connection between the crankcase pump and the cylinder are shown on this picture. There are two identical fuel holes on each side of the cylinder as well as two identical exhaust set of holes ( lines ) of each side of the cylinder. 
The cylinder is, well, a simple cylinder which is, well, cylindrical. The cylinder is where the piston moves up and down in linear repetitive motion called reciprocal motion. 
Physically, There are four fuel half pipes ( called flutes ) and holes on each side of the cylinder as well as two identical exhaust set of holes ( lines ) of each side of the cylinder. The fuel half pipes ( flute ) are designed in a very clever way. There are two flutes on each side of the bottom of the cylinder ( the cylinder skirt ) as mentioned. As well, there are two identical exhaust lines one immediately on top of the other as mentioned. Now here is the trick : going from the bottom of the cylinder up, the first thing one sees are the bottom exhaust lines, identical on each side. Then, BEFORE THE UPPER EXHAUST LINES, there is the conclusion ( the holes ) of the FIRST TWO FLUTES ( each on each side of the cylinder immediately next to the exhaust lines ). Then there is another set of exhaust lines ( one on each side ). Then there is the conclusion ( the holes ) of the SECOND TWO FLUTES ( each on each side of the cylinder immediately next to the exhaust lines ). Thus, physically, there is a fuel hole immediately higher than the corresponding exhaust hole. This would allow for more fuel to enter the cylinder on the way up. As far as the upper cylinder is concerned, On the way down, the pressurised exhaust gases will hit the reed valve but very quickly, just for micro or nano seconds through the second flute, and then escape through the second set of exhaust lines, then another, not as big hit may be caused by the not fully escaped exhaust gases to the reed valve through the first flute, also quickly, for micro or nano seconds, then continue to escape through the first set of exhaust lines. As far as the lower cylinder is concerned, on the way up, the cylinder will syringe suck fuel and air from the crankcase and then meet the first set of exhaust lines and start sucking air and close by exhaust gases ( in case of a muffler, even escaped fuel and oil ) with some fuel and air escaping through these first lines because the syringe suction is not perfect, then, very quickly, the piston will uncover the first set of flutes which will cause no significant effect as they are supposed to be at the same pressure as the crankcase which is much wider and with a lower fluid resistance thus fuel will continued to be syringe sucked from the crankcase, then the second set of exhaust lines will be uncovered with the same effect as the first and then the first second flutes will be uncovered with the same effect as the first. 
All fuel holes are referred to in this document as one logical fuel hole. All exhaust holes are referred to in this document as one logical exhaust hole. The logical fuel hole is logically positioned at the same level as the logical exhaust hole and just so slightly higher so this higher position is negligibly higher only and thus the fuel and the exhaust hole can be thought of as being positioned at the same level. 
The cylinder is secured onto the crankcase engine block. In other engines there is a gasket between the cylinder and the crankcase engine block. In this engine there is not. Instead a fine thread threads the cylinder and the crankcase engine block and the cylinder is screwed onto the crankcase engine block. On the cylinder, there is a dual narrowing which makes a convenient nut to be held by a standard wrench. Advisable is to tighten the cylinder onto the crankcase engine block with a special or standard wrench BUT DO NOT OVERTIGHTEN. TIGHTEN JUST AS MUCH, SLIGHTLY MORE THAN FINGER TIGHTENING. Special wrenches are sold by Cox and to purchase two of them ( two are necessary to hold and tighten ) is strongly advisable. They are made of good quality steel and are combination wrenches with many shapes cut into them : one only does all the jobs with the engine. They are very inexpensive too. 
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Figure 8 : Cylinder and Piston. The narrowing on the top of the cylinder ( looks like a nut but with two sides and not six as usual nuts have ) is where the wrench goes. The cylinder thread is clearly visible at the very bottom of the cylinder. 
Because the engine is a two cycle engine which does not have valves, holes are strategically positioned throughout the cylinder instead. 
The fuel is ignited when the compression is high to generate the necessary temperature, thus the piston is around the top of the cylinder during combustion ( explosion ). As the piston is pushed down by the combustion ( explosion ) of fuel, the piston travels throughout the cylinder from top to bottom. This is known as the working move of the piston. As the piston approaches the bottom of cylinder, the force, created by the combustion ( explosion ) weakens. The force is good enough, however, to be able to blow the combustion gasses off in case there was an opening through which to do so. And this opening is a simple hole, in this case shaped as many parallel lines positioned at the bottom of the cylinder. This is where the burned gasses are blown off through. 
Yes, but, how did the fuel got inside the cylinder on the first place? The cylinder has another hole with something like a half pipe which connects the cylinder to the crankcase. The crankshaft and the crankcase are also a pump ( called here a crankcase pump ) which, by spinning of the crankshaft, does always create pressure in the direction from the fuel and air intakes towards the cylinder ( like a turbine pump ). This pump sucks fuel and air from the fuel and air intakes which, in turn, are connected to the fuel tank and the atmosphere ( the ambient ). When the cylinder is higher than this hole, the fuel cannot go higher than the piston and stays below the piston lubricating the cylinder with PART of the fuel escaping through the exhaust. When the cylinder is lower than this hole, the fuel goes higher than the piston and into the cylinder between the piston and the cylinder head with PART of the fuel escaping through the exhaust waiting for the piston to get to go up in order for this fuel to be compressed. When the tall piston covers any or all two holes, no fluid goes through these holes ( theoretically, practically, there is some leakage between the piston wall and the cylinder wall ). 
Thus, when the piston goes from the bottom of the cylinder to the top of the cylinder, this first half cycle ( known as the first cycle ) performs fuel and air taking and, consequently, fuel compression. This first ( half ) cycle is known as suction ( of fuel and air ) and combustion cycle. Then, when the piston is around the top of the cylinder the fuel combusts ( explodes ) to make the piston go down ( known as the second ( half ) cycle ) and when the piston is around the bottom of the cylinder, the pressurised by the combustion ( explosion ) gasses get blown through the exhaust hole with some trying to escape from the fuel hole into the crankcase undoing the pumping action of the crankcase and crankshaft pump. This second half cycle ( known as the second cycle ) perform work ( being pushed by the combustion driven gasses under pressure ) as well as exhaust gas blowing. This second ( half ) cycle is known as the work and exhaust cycle. During any of the cycles, whenever the piston is higher the exhaust hole and the exhaust hole is uncovered by the piston wall, SOME but not all fuel and air escapes through the exhaust hole into the atmosphere. 
Ops, problem. We have two different holes which have a fluid ( fluids are gasses AND OR liquids ) go in two different direction : the fuel hole has fuel going from the outside of the cylinder into the cylinder while the exhaust hole has burned gases go from the inside of the cylinder to the outside. Thus, in some positioning of the holes, the sucked into the cylinder fuel would simply go out through the exhaust hole and will not stay to be compressed and burned. Also, the exhaust gases would go out through the fuel hole pushing the fuel out. Problem. The problem cannot be logically overcome but can be overcome physically by examining the amounts : the amount of the force of the crankcase pump as well as the amount of the force of the burned gasses. 
While the standard four cycle engines are DIGITAL devices which, through valves, ensure there is no contradiction in the principle of work, the two cycle engines are ANALOGUE devices. They depend on amounts. They depend on : “ yes, but, this force is not as high and would not push this a lot and this not so much while the other force may be higher but still not as high as to do this “, etcetera. 
The exhaust and the fuel holes can only be positioned in one of three configurations : exhaust hole higher than fuel hole, exhaust hole at the same level as fuel hole and exhaust hole below the fuel hole. 

What happens in case of each of these configurations : 

Scenario 1 : Exhaust Hole Higher Than Fuel Hole : As the piston goes down after combustion, the piston would first meet the exhaust hole and, when the piston is below the exhaust hole, the pressurised gasses would just escape through the exhaust hole without affecting anything else. The combustion force is huge around the top of the cylinder and progressively decreases towards the bottom of the cylinder, yet, good enough to be able to blow gases off through the exhaust hole. So far so good. Then, because of the inertia, the piston would continue to travel down. On the way down, the piston would meet the fuel hole. When the piston is below the fuel hole, the crankcase pump ( the always spinning crankshaft which sucks and pushes fuel and air like a turbine water pump or and air pump, i. e. a fluid pump where the crankshaft is the blade of the pump ), which is always on, pushes fluid through the fuel hole. NOW WE HAVE A PROBLEM. We got fuel into the cylinder, which is OK BUT can we keep this fuel in? Logically, not BECAUSE THE EXHAUST HOLE IS ALSO OPEN. Thus the fuel would escape through the open exhaust hole. Physically, however, things are OK. This is because only SOME AND NOT VERY HIGH AMOUNT of fuel would escape through the exhaust hole. This is because ever since the piston went below the exhaust hole, there has been almost no pressure inside or a very tiny one. This tiny pressure cannot prevent the stronger pressure of the fuel pump to load fuel into the cylinder. When this happens, the stronger pressure of the fuel pump will, indeed, blow fuel into the cylinder and SOME BUT NOT ALL OF THE FUEL will be blown out through the exhaust hole because the piston is down and has not travelled up enough to create a compression which compression would, otherwise, drive the fuel and air out through the exhaust hole. 
The piston continues to move down with the same effect being observed. Then the piston moves up. NOW WE HAVE A PROBLEM. The piston is moving up and the two holes are above the piston. Will the piston blow fuel back into the tank through the fuel hole? Will the piston blow the whole cylinder remaining fuel out through the exhaust hole? What happens? As the piston gets to move up and is still around the bottom, there is almost no compression, i. e. there is some very tiny compression which cannot overcome the stronger force of the crankcase pump which continues to pump fuel and air from the outside into the cylinder. SOME BUT NOT ALL of this fuel and air escape through the exhaust hole. As the piston goes higher than the fuel hole, then no more fuel is delivered by the crankcase pump into the cylinder but the crankcase and crankshaft pump continue to pump fuel and air through the crankcase to cylinder opening and this fuel is stopped by the piston, i. e. the fuel and air are delivered into the cylinder and below the piston. Because fuel contains oil, the fuel spread on the cylinder wall will be necessary for oiling the piston when the piston goes down next. NOW WE HAVE A PROBLEM. Will the piston push all of the fuel out through the exhaust hole? The piston is going up BUT IS STILL AROUND THE BOTTOM OF THE CYLINDER. The compression is still very tiny. Thus SOME BUT NOT ALL FUEL AND AIR would escape through the exhaust hole. As the piston continues to go up, more and more fuel and air escape through the exhaust BUT THERE IS PLENTY MORE IN THE CYLINDER. Once the piston goes higher than the exhaust hole, there is no more logical escape of fuel and air from the upper portion of the cylinder and we do not have a problem with the amount of fuel and air trapped between the piston and the cylinder head which is the to be burned. However, as the piston goes up and uncovers the fuel hole, nothing happens because the fuel is at the same pressure in the crankcase as well as after the fuel hole. This is because the BIG opening between the cylinder and the crankcase connects the two sides of the half pipe which delivers fuel and air from the crankcase and through the fuel hole and the pressure on the two sides is almost the same because the opening between the cylinder and crankcase is BIG and the half pipe is tiny. This is like connecting two same outputs of a pump together. Nothing happens. Once the piston, however, goes higher than the exhaust hole and uncovers the exhaust hole, the crankcase and crankshaft pump will blow fuel and air through the exhaust hole and into the atmosphere. 
The piston continues to go up and up and the compression continues to rise and then combustion happens and then the piston starts to travel down and then up and down and everything repeats. HOWEVER, the crankshaft and crankcase pump pumps fuel and air CONTINUOUSLY. This fuel is pumped from the intakes into either the crankcase or the cylinder through the fuel hole. Once the piston goes higher than the exhaust hole, fuel and air mixture will continue to be pumped in through the crankcase and the fuel hole. NOW WE HAVE A PROBLEM. Part of the fuel will escape through the exhaust hole. To remedy this problem, a very tall piston is needed to cover the exhaust hole for as long as possible. With the fuel hole under the exhaust hole, the fuel hole will be covered before the exhaust hole. As the piston rises, fuel and air will escape through the exhaust hole. Once the piston covers the exhaust hole, no more fuel and air will escape. Then, when the piston uncovers the exhaust hole, more fuel and air would escape from the crankcase through the exhaust hole. The taller the piston the longer the exhaust hole is closed. 
Physically, there is always a compression leakage through the clearance between the piston and the cylinder wall but this is negligible when the engine is new or still OK to work because this clearance is very tiny. 
Scenario 2 : Exhaust Hole Lower than the Fuel Hole. After combustion ( explosion ) the piston would start to travel down being pushed by the force of the expanded burned and burning gasses. This force decreases as the piston goes down. Towards the bottom, the piston would first meet the fuel hole. Once under the hole, the force of the gases ( the pressure ) would meet the pressure of the crankcase fuel and air pump which tries to pump fuel and air into the cylinder but may be countered by a superior force of the gases. Which force would prevail depends on the strength of the gases as well as the strength of the pump. The gases are stronger. The gasses would attempt to push fuel and air back to the tank and the air valve and escape. No fuel and air would be delivered to the cylinder higher than the piston. However, because exhaust gasses push stronger than the crankcase pump through the fuel hole, part of this pushing pressure will go into the crankcase and will push air and fuel even stronger ( along with the crankcase pump ) through the exhaust and in the atmosphere first going via the crankcase and crankshaft opening. 
The cylinder continues to travel down and meets the exhaust hole. Once the cylinder is lower than the exhaust hole, the gases would escape and no fuel and air would escape as fuel and air have yet not been loaded into the cylinder because of the strong pressure of the exhaust gases, stronger than the crankcase pump. Once the gases escape and their force inside of the cylinder weakens, the crankcase pump would start to deliver fuel into the cylinder. NOW WE HAVE A PROBLEM. The crankcase pumps fuel and air in under pressure and the exhaust hole is open. Thus, fuel escapes through the exhaust hole with SOME AMOUNT OF FUEL AND AIR REMAINING INTO THE CYLINDER. 
As the piston starts to move up but is still at the bottom, the level of compression the piston makes is very tiny and almost negligible. Very slightly more fuel and air would escape through the exhaust hole. Then, the piston continues to go up. When the piston is higher than the exhaust hole the exhaust hole is covered and no fuel can escape through the exhaust hole. HOWEVER, WE STILL HAVE A PROBLEM. The problem is : the compression tries to counter the crankcase pump and prevent fuel from coming in. However, when the cylinder is still around the bottom, yet higher than the exhaust hole, the compression is very tiny and would not be able to stop the crankcase pump from pumping fuel and air into the cylinder but, instead, would slightly decrease the fluid flow of the crankcase pump thus slightly decreasing the amount of fuel and air from coming in. But extremely slightly. As the piston continues to go up, the fuel and air flow into the cylinder decreases. Once the piston goes higher than the fuel hole, WE DO NOT HAVE A PROBLEM with the fuel and air mixture prepared to combust. Compression increases without any logical leakage and then, when the piston is around the top, combustion ( explosion ) happens. However, when the piston is higher than the exhaust hole and the exhaust hole is uncovered by the piston wall, the crankcase pump will pump fuel and air through the crankcase and cylinder opening and through the exhaust hole into the atmosphere and this is still as has always been a PROBLEM. 
Because the crankshaft pumps air and fuel from the intakes into either the cylinder or the crankcase or the two thereof continuously, fuel and air will escape from the crankcase through the exhaust hole when the piston is higher than the exhaust hole. NOW WE HAVE A PROBLEM. Again, the taller the piston the longer the exhaust hole is closed the less fuel and air escape. 
In any case, there is no way to prevent fuel and air to escape through the exhaust hole. Not unless valves are used. But there is a way to remedy this. Some engines have an exhaust pipe which goes into a much larger diameter pipe which goes into another pipe of the same diameter as the first one. Thus, when gases go through the first pipe and into the large pipe, they decrease speed but continue to go towards the third pipe. As they reach the third pipe, because the third pipe is with a narrower diameter than the large second pipe, the gases bounce back towards the first pipe. Thus, with a good calculation of the three pipes, the bounced back exhaust gases would also push the escaping fuel and air back through the exhaust hole and into the engine. Of course, unless dynamic reconfiguration of the pipes takes place, the speed and force of the bounced back gases depend on the level of combustion ( exhaust gases pressure ), and the RPM. Thus, a system alike is calculated for a very general case and works to a lower degree in other cases. 
Important : The Role of the Lower Cylinder Piston on the Fuel and Air Suction : 

In any scenario, one must always consider the behaviour of the lower cylinder as far as the crankcase pump is concerned. Lower cylinder is everything below the piston at any moment. As far as the pumping action is concerned, when the cylinder goes down after combustion ( the work and exhaust cycle ), the piston acts as a squeezed syringe to everything below the piston ( in the lower cylinder ). Thus, the piston attempts to “ compress “ the fuel and air in the lower cylinder. When the cylinder is higher than the exhaust hole, then the piston blows fuel and air off from the crankcase and the lower cylinder through the exhaust. However, when the piston covers the exhaust hole, the piston will try to squeeze the fuel and air in the crankcase. Whenever the fuel hole is uncovered and the exhaust hole is covert, the squeezed fuel will try to escape through the half pipe which is between the fuel hole of the cylinder and the crankcase INTO the upper cylinder. This is OK. This is the action expected to be performed by the engine as far as fuel and air suction from the ambient, through the crankcase and into the upper cylinder. 
So, the lower cylinder piston helps the pump when the exhaust hole is covered and the fuel hole is open, counters the pump when the two are closed and blows fuel and air, previously pumped into the crankcase, through the exhaust when the exhaust hole is open. When the two holes are open, the lower cylinder piston resists fuel from being pumped into the crankcase and blows the previously pumped into the crankcase fuel out through the exhaust. Because the exhaust hole is open, the resistance of the syringe pressure of the moving down piston in the lower cylinder is not expected to cancel the fuel pumped into the crankcase but, mainly, to blow PART BUT NOT ALL of the available fuel in the crankcase through the exhaust hole. 
When the piston goes up, the piston performs the opposite action of the squeezed syringe : a pulled syringe : the piston sucks whatever below when the piston goes up ( suction and compression cycle ). When the two holes are closed, the piston helps suck fuel and air from the ambient and into the crankcase. When the exhaust holes are uncovered, the lower cylinder piston sucks air ( or air and remaining exhaust ) through the exhaust hole. Thus, in all, the moving up lower cylinder piston always help suck fuel from the outside into the crankcase. The problem is the lower cylinder piston sucks some exhaust gasses too. Thus, a muffler would allow even more exhaust gasses to be sucked in as these are more difficult to disperse. Also, the upward movement lower cylinder suction pulls the ball joint piston rod to piston assembly, which is bad, HOWEVER, this pull is of negligibly low force because the lower cylinder piston’s upward movement either sucks fuel and air from the intakes ( hopefully the two of these are not shut for a long while, otherwise the engine cannot run ) OR sucks air and exhaust gases through the exhaust hole. 
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Figure 9 : Muffler. Surrounds the exhaust linear cut outs ( the exhaust hole ). Sits on the crankcase and thus fluids cannot escape from the bottom. The gasket goes around the cylinder and on the top of the muffler, thus, fluids cannot escape from the top. The muffler side hole is the only place fluids can escape from. 
This Cox engine does not have such a bouncing three pipe chamber system but the Cox muffle may as well act in a similar way to some extend at some high RPM ( high, because the Cox muffler is very tiny in size and not long like the conventional bouncing back chambers which may as well be bigger than the engine ). The muffler consist of a wide opening which sits on the crankcase at the bottom of the cylinder and surrounds the exhaust holes, a top gasket to close the muffler from the top and then a tiny hole on the side where the exhaust gasses to exit through and the exhaust gasses can exit ONLY through this muffler hole. This gives the described exhaust bouncing back gases’ wave. The muffler will be described more soon. 
Cox engines as well as most two cycle engines have a valve on the fuel and air intakes which valve allows flow to travel in one direction only : from the tank and the air intake pipe, through the reed valve and into the engine ( crankcase ). The valve gets closed when fluids attempt to travel the other way around. Thus, the read valve does not allow exhaust gases to penetrate from the cylinder into the air and fuel intakes. Of course, this pressure will stop fuel and air from going into the engine BUT will not push them after the reed valve. This effect can be observed when the engine is not started by slowly manually rotated. The engine suck fuel ( at a given control settings ( air, fuel and compression ) and then stops ( when the compression fluids push the reed valve from inside the engine out which pushing closes the reed valve ) and then continues and stops and so on and so forth. 
Another way to improve the performance of a two cycle engine is by introduction of valves, something which designers prefer to keep reserved for four cycles engines only. This is because one of the main advantages of the two cycle engine is the lack of digital valves controlled by the engine in a open close ( digital ) way which four cycles engines do have. 
The lack of such valves makes two cycle engines extremely reliable. The main principle of reliability is : IN 99% OF THE CASES, THE LESS COMPONENTS THE HIGHER THE RELIABILITY. 
I can, however, propose a solution to the escaping fuel and air problem which may or may not work. In case this may work, there would be a lot of tweaking involved. The solution is this : instead of having two holes on the cylinder, one hole only may as well work too. This is because the exhaust and the suction happen in two totally different cycles, away from each other. This is also because the direction of the fuel and exhaust is in two opposite directions : exhaust is to go out of the cylinder, fuel, in. Thus, instead of having a fluid diode valve ( reed valve ) which allows flow in one direction only a digital fluid transistor type of valve may be used. This valve may not be run by the engine ( as the valves of a four stroke engine are ) but, instead, can also be fluid flow run just the same as the reed valve is. 
Thus, after combustion, the burned or burning gasses expand and push the piston down ( work ). The piston travels down and reaches the hole. Because the pressure of the exhaust gasses is higher than this of the crankcase pump, the valve switches an exhaust pipe to the hole and exhaust gasses escape from there and cannot go towards the fuel. When, because of the continuously working crankcase pump, the pressure of the fuel and air is higher than this of the exhaust gases, the valve switches the fuel line to the hole and fuel and air can go from the intakes to the cylinder and cannot escape through the exhaust. As the cylinder goes up, the compression gradually builds up. However, the hole is away from the top of the cylinder, this compression pressure is insufficient to make the valve switch the hole to the exhaust pipe. When the piston is higher than the hole, the hole is switched to the fuel line and is now connected to the crankcase and nothing happens. 
The problem with this proposal is the exhaust gasses cannot escape fully. Some of them would stay after the pressure of the exhaust gases becomes equal to the pressure of the fuel and air and less. 
To minimise the effect of this problem, a closer to the transistor approach can be examined. A transistor is nothing but an application based analogue or digital flow control. Transistors do not need to be electrical. Mechanical and pneumatic transistors are also available. A transistor would have a low energy input. A tiny amount of energy of some sort, applied to this input makes the transistor open or close a high energy gate. Thus, with some tiny amount of energy applied to this low energy transistor input, huge amount of energy can go through the gate and, most importantly, the gate can control the flow of this energy in two ways : either the amount of flow can be controlled ( analogue way ) or the flow can either be shut down with the high energy gate closed OR the gate can fully be opened to allow the maximal amount of high energy flow to flow through ( digital way ). 
Thus, in case of a simple pneumatic switch with a control lever connected to two pipes, one from the crankcase pump through a valve and another, from the pressure inside the cylinder ( through another tiny hole ) through a valve, one can tweak the two valves ( more open or more close ) to adjust when the pneumatic switch switches the gate one way or the other. 
Easier to explain, the same effect can be achieved with the existing two hole and a reed valve system by putting an extra valve on the exhaust. This valve can be controlled by the two pressures : the scaled pressure of the exhaust gases in the cylinder and the scaled pressure from the crankcase pump. Scaling can be done by pipes coming from the exhaust cases and the crankcase pump meeting at the control of the valve and acting to this control in two opposite directions : when the scaled pressure of the fuel is higher than the scaled pressure of the exhaust, the valve is closed, otherwise, open. The difference between this arrangement and the non control valve arrangement is : the control pressures can be scaled down by a different factor. This means : higher pressure difference between the two pressures is necessary to close the valve. This means more exhaust gases, even at low pressure would escape through the exhaust. In case standard valves are put on the two scaled ways, one can tweak the valves to adjust when the exhaust is open. In a sense, the proposed exhaust valve is a CONTROLLED reed valve put on the exhaust hole. 
Even easier to explain, the same effect can be achieved with the existing two hole and a reed valve system by putting an extra valve on the exhaust. This valve can be spring controlled with a spring which tries to always keep the valve closed. The exhaust hole position and the spring tension can be adjusted so ONLY OR MAINLY the pressure of the exhaust gases can overcome the spring tension and open the exhaust valve and not the crankcase pump. Again, either some exhaust gases would not be able to escape or all exhaust gases would be able to escape with SOME fuel also. This some fuel will be able to push almost all the exhaust gases out. The idea is, this way, the amount of the escaping fuel would be reduced. 
In all of these proposal, as much as possible, at various points of piston position, in the explained two different ways of fuel and air which escape through the exhaust hole ( from the fuel hole or from the crankcase through the crankcase cylinder opening ) the fuel trying to escape through exhaust hole should not be able to open the proposed exhaust valve. 
This scenario 2 seems to give longer then scenario 1 period of fuel and air being pumped into the cylinder and, also, gives a period when fuel is pumped in WITHOUT A POSSIBILITY TO ESCAPE from the upper ( higher than the piston ) cylinder. During this period, the tiny compression attempts to prevent the pump from pumping fuel and air in BUT NEGLIGIBLY SLIGHTLY. So far, everything sounds rosy. EXCEPT : THE GASES DO STRONGLY PREVENT THE CRANKCASE PUMP FROM PUMPING FUEL AND AIR INTO THE CYLINDER YET NOT THROUGHOUT THE WHOLE PUMPING FUEL AND AIR IN PERIOD AND, ALSO, THE COMPRESSION OF THE RISING CYLINDER DO COUNTER THE CRANKCASE PUMP ALTHOUGH NOT AS MUCH. So everything is rosy, except, for certain periods only, when fuel and air are back pushed. Of course, there is always fuel and air escaping from the crankcase through the crankcase and cylinder opening through the lower ( than the piston ) cylinder through the exhaust hole when the exhaust hole is open or uncovered when looking from the bottom of the cylinder. 
Can the situation become rosier? Yes. By using a standard fuel and air intake reed valve which comes built into the engine and has been mentioned but is to be explained. The reed valve prevent or greatly decrease the back push of fuel and air. This cannot happen inside the cylinder but can happen outside. Because the only way fuel and air are delivered to the cylinder is through the crankcase pump from the tank ( fuel ) and the ambient ( air ) via pipes ( fuel intake lines ) the fuel and air can only be pushed out the same way where they have come from. The crankcase pump is UNIDIRECTIONAL : TAKES FUEL AND AIR FROM OUTSIDE AND BRINGS FUEL AND AIR INTO THE CYLINDER AND NOT BACKWARDS. Thus, in case we put something to allow the flow in one direction but disallow the flow in the other direction, things would become rosier, even close to red. What do people do in electronics when they want to allow the current to flow in one direction and not in the other? They put a diode. So, we have to put a pneumatic diode valve on the flow of the fuel and air. Such a valve is the most simple valve in fluid dynamics, regardless, people have decided to name this simple valve with the scientifically advanced name A REED VALVE. The reed valve is situated outside of the cylinder and the crankcase in the backplate of the engine. A good example of a reed valve is the chimney pipe. People need to have chimneys where the hot gasses of the fireplace would escape and they would only go in upwards direction because hot gasses are lighter than the air and go upwards and not sideways nor downwards. Thus they put a chimney and, problem solved. Yes, but what happens when water start to come from the sky. The water goes through the chimney and into the fire place and, consequently, inside the house. Thus, people put a reed valve ( a door which can only open one way ) on their chimneys : the flow of the escaping hot gases is strong enough to open the reed valve and thus the dangerous gases escape freely. When the fire is out, water cannot penetrate through because the reed valve is closed in the other direction. When there is a fire and the hot gases escape and there is water, than some amounts of water penetrate through but they are evaporated by the hot gases at the expense of the hot gases loosing temperature and thus slightly decreasing the air flow. The water also bangs on the reed valve in attempts to close this and this creates even stronger resistance to the flow of the hot gases. The stronger the water the more difficult for the hot gases to escape. Winds in a certain direction may cause the reed valve to close too. And this is the problem with the chimneys with read valves : in water and winds as well as in hail, they may close and the force of the escaping hot gases may not be enough to sufficiently open the reed valve thus a substantial amount of hot gases remain in the house which means CO remains in the house and thus CO poisoning can easily happen mainly when people are asleep near the fire place. Some people put a chimney roof on a higher place than the reed valve which can prevent water from going into the chimney and over the reed valve ( in case of a lack of a wind ) but winds can still easily close the reed valve. This is why, in some countries, chimneys with reed valves seem to be disallowed. Water can be prevented by closing the chimney when there is no fire and relying on the strength of the burning fire to evaporate coming water when the fire place is lit. 
ALTHOUGH THE REED VALVE CLOSES THE BACKPATH OF FUEL AND AIR AND THESE CANNOT GO BACK DURING THE PERIOD OF PRESSURE OF THE EXHAUSTED GASES ONTO THE FUEL HOLE, NO FUEL AND AIR ARE PUMPED INTO THE CYLINDER BECAUSE THE HOT GASSES MAY NOT BE ABLE TO ESCAPE BUT ARE STRONG ENOUGH TO KEEP THE REED VALVE SHUT. Thus, during the working and exhaust cycle, fuel cannot be pumped into the cylinder which is OK as there would be plenty of possibility for this to happen after the exhaust gases escape through the exhaust hole. 
Because the fuel and air escape through the exhaust hole in the same direction as the exhaust gases, this fuel and air escape cannot be prevented by valves. The amount of fuel and air escaping FROM THE UPPER CYLINDER ( HIGHER THAN THE PISTON ) is tiny because the pump can only pump fuel and air in when the exhaust gases are almost fully escaped and their pressure in the cylinder is low. However, when the piston is up and the exhaust hole is uncovered by the piston, then fuel and air escapes through the exhaust hole FROM THE CRANKCASE THROUGH THE OPENING BETWEEN THE CRANKCASE AND THE CYLINDER AND THROUGH THE LOWER CYLINDER ( BELOW THE PISTON ). The taller the piston the longer the exhaust will be covered by the piston but the higher the friction between the piston and the cylinder wall hence the strong requirement for a high performance oil such as Castor Oil. 

A resistance on the path of the exhaust would limit the escaped fuel and air but would also limit the amount of the escaped burned gases. Such a resistance is provided by a muffler. A muffler may reduce the fuel and air ( mainly the thick oil in the fuel ) from escaping but also reduces the exhaust gases from escaping. Thus, the purpose of a muffler is not to decrease fuel and air amounts from escaping but to muffle the engine noise. The effect of not allowing the exhaust gases from escaping freely is worse than the effect of preventing fuel and air from escaping, thus the muffler must provide a good flow through. The higher the flow the higher the engine performance because more exhaust gases can escape leaving room in the cylinder for more fuel and air BUT the higher the noise. 
Scenario 3 : Exhaust Hole at the Same Level as the Fuel Hole. What happens? The same as before with a lower escape of fuel and air from the upper cylinder ( hence the better performance ) and the higher escape of fuel and air from the lower cylinder and crankcase, hence the higher the fuel consumption and thus the lower the efficiency and also the lower the lubrication which calls even strongly for a top quality oil such as Castor Oil. 
This Cox engine has the fuel and exhaust hole at the same level, positioned at the bottom of the cylinder and has a built in reed valve. 
Cox mufflers are available from Cox with one hole on the side of the muffler and this hole can be enlarged as well as new holes can be drilled to ensure better exhaust at the expense of the noise. 

Nipples can be welded or soldered on the muffler and copper serpentine pipes can be put to even more reduce the noise. The copper pipes can be sealed with holes drilled around the seal to allow exhaust gas to escape through the many tiny holes in order to sustain a better exhaust flow with reduced noise. 

5.3 Muffler 
Cox diesel engines make a lot of noise when run on kerosene as a main fuel and not as much when run on methanol as the main fuel, yet the strength of the noise is substantial. 

Thus, Cox provides a muffler which limits the noise significantly at the expense of the performance. 

In order to fit the muffler, the cylinder has to be unscrewed from the crankcase engine block and the muffler installed around the bottom of the cylinder. The cylinder is then screwed back to the crankcase and tightened up with wrenches. 
The muffler looks like a cup with a hole in the bottom and another tiny hole on the side. The cylinder goes through this hole. When screwed back, the cup is over the exhaust apertures. In order to prevent the exhaust gases from escaping the muffler going upwards a gasket is positioned on the top of the muffler cup before the muffler installation and in the same way as the muffler installation. This gasket also has a big hole through which the cylinder goes in. Once assembled, the exhaust gases cannot go out through anywhere else but the side hole of the cup. 
Thus, the muffler consists of a cup with a big hole at the bottom, a gasket which is a lid with a big hole ( the gasket ( the lid ) looks like a washer ). 
To fully assemble the muffler : 

Unscrew and remove the cylinder from the crankcase block. 

Take the muffler ( the cup ) and put the gasket ( the lid ) on the muffler ( the cup ). 
Try to insert the cylinder through the big hole on the gasket ( the lid ) and the big hole at the bottom of the muffler ( the cup ). Rotating the muffler is OK. 
The cylinder would go just as much and then the cooling lines which surround the cylinder ( in a heat sink or radiator way ) will prevent the cylinder to go more in through the gasket hole ( the hole on the lid ). 
Start to rotate ( screw ) the muffler and the gasket over the cylinder cooling lines. 
When the cylinder is fully through the muffler, the muffler is installed. 
Do not push the cylinder down through the muffler and the gasket nor the muffler and the gasket up. GENTLY ROTATE. 

Gently attempt to screw the cylinder back to the crankcase engine block. Neither the muffler nor the gasket must show any resistance when screwing the cylinder to the crankcase engine block. 
When you think you are almost done, you will see the muffler cannot sit well on the crankcase engine block and good sitting is prevented by the backplate. 
The muffler cup has something which looks like a hexagonal nut at the bottom ( the stand of the cup ). This is NOT a hexagonal nut because ONLY two of the sides of this nut are filed to be more towards the center of the cup and less out. One of these sides must go near the backplate. No other than any of these two sides should be positioned to be near the backplate because the other sides of the nut will not fit and the muffler will sit over the backplate and not over the crankcase. When one of these two sides of what looks like a hexagonal nut are oriented towards the backplate, the muffler must fully sit on the metallic crankcase and must not touch the plastic backplate. Two possible sides are provided so the user can choose which out of two ways the exhaust can go. I, personally, prefer to have the hot exhaust gases blown as far away as possible from the plastic backplate. 
Because this arrangement allows for only two orientation of the side hole of the muffler, in case anyone needs another orientation, they must file the corresponding side of the stand nut of the Aluminium muffler with a metal file. 
Even when one of the Cox defined side is used to be towards the backplate, because the backplate is made of plastic, more filing of the nut side as well as on the muffler cup is welcome ( but not necessary ) to provide a higher clearance between the backplate and the muffler to reduce the heat transfer from the hot muffler into the plastic backplate. 
The muffler also creates an exhaust gases bouncing back effect with SOME amount of the exhaust gases bouncing back from the muffler walls to disallow or reduce the amount of escaping fuel and air. Again, because the muffler is very tiny in size, this effect may either be observed at huge RPM or not at all. 
5.4 The Piston 
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Figure 10 : Piston and Cylinder Disassembled 
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Figure 11 : Cylinder and Piston Assembled 
The taller the piston the longer the exhaust hole is closed. Cox pistons are tall. 
The piston is made of good and strong materials and so is the cylinder. The piston and the cylinder take the biggest abuse in an engine. 

Pistons of standard engines have one or more piston rings between them and the cylinder. The idea of having a piston ring is to have an inexpensive wearable part, to be able to replace the rings with slightly different sizes and to create a tiny contact area between the piston and the cylinder sleeve. 
Instead of having a ring built in the piston, the piston rings are removable and exchangeable. This is because, after they wear off, they can be easily and inexpensively replaced by new ones instead of replacing the whole piston and or the cylinder sleeve which are rather expensive when built with good quality metals. 
The ring also is very thin and provides a tiny contact area between the ring and the cylinder sleeve to reduce friction yet to provide a good compression isolation and not allow significant amount of compression to leak between the cylinder and the piston. 
In case the cylinder gets worn off after a long use and one or a few ring replacements, a slightly larger in diameter ring can be positioned to continue to provide a good compression without changing the expensive piston and cylinder sleeve. 

However, the interchangeable rings have a great disadvantage : they have a gap : they are not shaped like O because they cannot be removed and installed unless the piston is disassembleable which disassembleability of the piston will reduce the piston long term reliability. The rings are rather shaped like C with a very tiny opening. Because of their opening, although tiny, usually, two or more rings are installed per piston and the openings are positioned diametrically opposite. Regardless, compression still leaks. 
The Cox engine does not have rings, instead, the piston and the cylinder are made with a micrometer precision and accuracy to leave only a tiny gap in between. Thus, the compression of Cox engines is tremendous. 
Because the piston and the cylinder are so tiny, they are extremely inexpensive. 

Because of lack of rings the tall piston can cover the fuel and exhaust hole of the cylinder with the whole piston wall and because the piston is tall, the period of covering is longer. However, because of the lack of rings the possible contact area between the cylinder and the piston is greater. Thus, the requirement for a high quality oil is even higher. This is why Cox suggests the use only of Castor Oil too. 
The piston is shaped like a real cylindrical cup without handles, positioned upside down in regards to the standing up cylinder. In goes the piston rod. 
5.5 The Piston Rod 
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Figure 12 : Piston and Joint 
Remember, the taller the piston the longer the exhaust hole is closed. 

However, the taller the piston ( the cup ), the lower the room for a piston rod swing, the lower the crankshaft leverage. To counter this limitation a long rod and cylinder are used. The longer the rod the bigger the swing at the bottom of the piston rod, i. e. at the attachment of the piston rod to the crankshaft. 

The longer the cylinder the more the action of the work and exhaust cycle after the combustion and before exhaust. This also gives a possibility for a greater distance between the fuel hole and the exhaust hole of the cylinder ( when, in other engines, these are not at the same level ). The greater the distance the more travel down and the lower the gas pressure just before the exhaust hole. This means the fuel and air crankcase pump would be able to more easily counter the pressure of the exhaust gasses. After exhaust, on the way up, the piston will travel for a longer distance too when the two holes a far apart. This means more fuel and air will be pumped in. 
However, the longer the cylinder the more the travel of the piston the more the friction. Yet another good reason for tough specifications on the oil. 

The main reason for the piston to be tall is to cover the exhaust valve for as long as possible. 

The piston is very tall for another reason : the piston rod to piston attachment. 

In standard engines, this is done by putting an axel across the pistons diameter under the piston’s top. The axel is usually positioned on two holes on the two sides of the piston and does not have any bearings. The axel and the piston are oiled by the oil pump and the crankshaft action and are believed to perform reliably over the long term. Some may not put an axel but, instead built the axel into the piston and hang the rod there. In any case the rod has an O shaped top which goes into the axis. In case of a built in axis, the rod top must be disasembleable to fit the rod to the piston. Otherwise, the rod top is not disassembleable and the axel is just pushed through the rod’s O shaped top. There are no bearings between the rod and the axel too. Believed is the oil pump and the crankshaft will oil this attachment well too. 
The Cox engine has nothing alike. Instead, the piston rod is attached to the piston in a very clever way : there is a sphere on top of the rod. This sphere is covered by a cover with an empty spherical receptacle ( which accommodates the sphere ). This is banged in with a mallet and a tool to firmly go into the piston ( into the cup ). The friction between the housing and the piston ( cup ) holds the sphere to the top of the piston, touching the top ( into the cup and touching the bottom of the cup ). Because the combustion is on the top of the piston and higher than the piston, the highest pressure on the piston ( immediately after the combustion ) drives the piston downwards and the load of the engine resists this downwards motion of the piston. Thus, the piston is always pressed to the sphere and the sphere always stays up into the piston and touching the top and there is not any significant force to want to drive the housing down. So, what happens when the piston is moving up? The same, the gradually building compression also pushes the piston down and towards the sphere with the engine resisting this because of the inertia ( momentum ) of the previous work and exhaust cycle. 
NOW WE HAVE A PROBLEM. What happens at the bottom, after the exhaust hole. There is nothing to push the piston down towards the sphere and the momentum pulls the rod down with nothing pushing on the piston. Yes. This is a problem. However, this problem is mitigated by the fact this period is very tiny as compared to the other periods and, also, most importantly, the piston is almost at the very bottom and the exhaust and fuel valves are uncovered, so, nothing tries to suck the piston up when going down and around the bottom nor when going up and still at the bottom, so, there is no much of a pull and not much travel without pressure on the top for the piston. An extra ease comes from the tough specifications on the oil to be thick and to cling well to the metals creating a film and decreasing the metal to metal contact friction. However, all these marvelous requirements on the oil work also slightly against now. The thicker the oil the more difficult to pull the piston, the greater the chance to pull the sphere down. However, the greater the viscosity, the lower the friction the lower the pull. Looks like the oil is still winning. True, except one thing : because Castor Oil is organic, Castor Oil, when burning ( or burning to an extend ) leaves Carbon deposits, a. k. a. bur. Castor Oil does not cling to bur well, only to metal. Hence the higher friction between the piston and the cylinder. Bur also decreases the diameter of the cylinder and increases the diameter of the piston, hence even higher friction hence even higher pull. However, after the tiny pull, there comes compression and combustion again which means significantly huger pushes as compared to the tiny pull. 
The higher the RPM the lower the period for a pull but the bigger the pull because of the bigger inertia ( momentum ). Yet lower RPM may be preferable. 
Better yet, when the engine is ensured not to overheat, the bur deposited by the amount of the burned out Castor Oil is almost zero. Thus, never overheat the engine. 

Even better yet : because Castor Oil clings to metal, the burning of the main fuel and ignitor and fuel improvers cannot deposit bur on the cylinder nor on the piston nor anywhere. 

However, although Castor Oil is not supposed to burn, when engine is overheated, Castor Oil does burn and because Castor Oil is organic and not synthetic, the burned Castor Oil does leave bur and then Castor Oil cannot cling onto the bur and create a protection film because Castor Oil clings to metal and not to bur. Synthetic oils, on the other hand, do not leave as much bur when they burn. They do not create a clinging to the metal film, though. Thus, they do not create a drag which, at pull, is unwelcome but they do not protect the engine very well and they allow for more friction which is also unwelcome at pull. 
There are synthetic oils which are supposed to withstand 700ºC but these are impossible to find and are not sold anywhere. The common synthetics have an autoignition temperature of around 280ºC to 300ºC because they are used predominantly with gasoline engines and gasoline autoignites at 283ºC. 
BEWARE : STANDARD TWO CYCLE OILS ARE DESIGNED TO BURN WITH GASOLINE AND MAY NOT BE APPROPRIATE WITH COX ENGINES WHERE THE OIL MUST NOT BURN. 
Cox says Castor Oil is better. Just do not overheat the engine. 
In case the engine gets bur, the engine can easily be de burred. Use a special tool and or chemicals. Chemical treatment is always better because the cylinder and the piston are not scratched out. In case of a lack thereof and the lack of special tools, I would be afraid to suggest sand paper with the highest grid possible or a few of the highest grids used in a progression from the not so fine to the finest. Then, start the engine and run the engine at very low RPM and without a load burning rich at the lowest compression possible for the engine to break in. Stop the engine after a minute work. Wait to coll. Start again. Stop again. Wait. Etcetera. Several consequent occurrences. 
Cox claims the piston rod sphere which they call a ball as they call the whole attachment a ball joint gets pulled once in a blue moon and needs to be pushed back in. The pushing back in they call “ resetting the piston “ or “ resetting the piston ball joint “ or alike. 
This joint can be easily moved in any three dimensional direction, except up and down which allows for the piston rod to swing left or right which is what a piston rod in an engine is supposed to do because of the dual leverage system of crank lever and piston rod ( also a lever ). 
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Figure 13 : Piston Reset Tool and Seat. Notice the canal shaped cut out throughout the tool. 
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Figure 14 : Correct use of the reset tool. Notice how the piston is seated into the reset tool cup and how the rod sticks out through the cut ( the canal ) of the reset tool and this makes possible for the reset tool to be seated onto the cover ( housing ) of the joint. When hammered on by a mallet, the tool does not hit the rod but only the joint cover and evenly across the joint peripheral area and thus, the tool pushes the joint cover ( housing ) towards the inner upper wall of the piston. 
WARNING : DO NOT USE RUBBER MALLETS TO REST THE PISTON. USE A TINY HAMMER INSTEAD. DO NOT HAMMER. SLIGHTLY AND GENTLY KNOCK AND TOUCH THE PISTON RESET TOOL WITH THE HAMMER. ROTATE THE POSITION OF THE RESET TOOL INSIDE OF THE PISTON TO PUSH ALL OF THE SIDES OF THE BALL JOINT. DO THE RESET GRADUALLY : SLIGHTLY KNOCK AND ROTATE. ONCE ONE ROTATION IS COMPLETED : EXAMINE THE PISTON ROD BY STEADILY HOLDING THE PISTON AND PUSHING AND PULLING THE PISTON ROD. THERE MUST NOT BE ANY CLEARANCE. 

Warning : Do not bang. Banging may incorrectly just tighten the ball joint without pushing and the piston may appear to be set but is not : the assembly will soon get loosened up. Also, the piston rod reaches longer in such a wrong resetting. 
Warning : In case you have pushed the joint too much and the piston rod cannot swing freely from one touch of the piston rod and piston to all other ( cannot freely 3D swing ) then best purchase a new piston from Cox. Try to gently pull with two sets of pliers to loosen the joint up. Warning : too much pulling will break the rod. Pull straight up and not to the side. Mount the piston to a vice. 
Warning : Too much and strong banging may enlarge the piston making the piston wider and thus the piston would get caught by the cylinder. In case this happens, purchase a new piston from Cox. May try to also put the piston on a flat and strong surface ( on the floor ) and slightly tap with a hammer ( while rotating ) on the piston walls ( mainly at the upper point where the walls join the piston top plate ) to try to make the piston cup narrower. In case this does not help, either grind or file the piston slightly and evenly and than smoothen up with a fine grid ( > = 1000 ) sand paper ( may do this gradually going from rough to finest sand paper ). May be able to achieve narrowing of the piston by tumbling the piston in a rock tumbler. Once the piston goes nicely and easily up and down the cylinder, put some castor oil and rotate with an electric drill to break in the rough piston walls. Then perform the standard engine break in, in order for the piston and the cylinder to file themselves off at a good and smooth work level. 
Warning : The reset tool has a notch in the middle of the reset tool cup ( where the piston is housed ). Too much and or too strong banging would make this notch push the middle of the cylinder from out to in thus enlarging the piston rod. This means the rod may become too long and make the piston bang the upper cylinder ring on which the Teflon gasket is positioned, i. e. the piston may start to bang on the limitation for how high the piston can go. This limitation is a ring on the top of the cylinder. This ring prevents the piston to go higher and touch the Teflon ring as well as ensures a CHAMBER where the compressed fuel and air will be pushed as they ignite around the piston’s highest point. The notch is put there intentionally, probably, to support the piston in the middle where the sphere of the joint is supposed to touch and to compensate for a possible over resetting which will make the piston and piston rod combined length slightly lower, hence the notch would counter this and increase the length by pushing the middle of the piston slightly down. 
IN CONCLUSION OF THE WARNINGS : DO NOT BANG. DO NOT HAMMER. USE THE TINIEST HAMMER POSSIBLE. DO NOT USE RUBBER MALLET. JUST SLIGHTLY KNOCK WITH THE HAMMER SIMILAR TO KNOCKING ON A DOOR JUST WITH MUCH LESS STRENGTH. JUST PET THE TOOL WITH THE HAMMER. 

Before going into resetting the piston, a foreword of how to recognise a piston which needs a reset is worth saying. 

To recognise the need to reset : 

The easiest way to find out whether the piston needs to be reset is to unscrew the cylinder from the crankcase and move the piston to most upper position. Then, hold the piston rod with one hand and the piston with the other. Try to move the piston up and down with reference to the piston rod. In case of a “ play “ or a move which can be detected by a human the piston needs to be reset. This is because the tolerance of the piston movement away and towards the piston rod are so tight, so a human cannot recognise these and accepts the piston does not move towards and away from the rod at all. Cox specifies a tolerance of this movement between 0.001 of an inch and 0.003 of an inch. This is between 0.0254mm and 0.0762mm which is, roughly between 25µm and 75µm. This is impossible to be measured not detected even by most of the accurate machines. Thus, practically, there must not be any move between the piston and the piston rod in vertical direction. Yet the piston must move freely in the rest of the 3D space around the rod. ALWAYS WORK OUT THE PISTON AROUND THE PISTON ROD AFTER A RESET. 
To find out whether the piston does need a reset or not without unscrewing the cylinder from the crankcase is very difficult. This is because, at normal work, the piston is pushed down on the way up as well as on the way down by the compression and the exhaust gasses. The only period when the piston is not pushed down and is run by the crankshaft ( the flywheel ) is after exhaust and before compression. However, in case of a distance between the piston and the rod, the rod will wiggle inside the piston and this may affect the angle of ignition ( timing ) as well as the whole work of the engine in reference to the angle of ignition ( the whole timing of the engine ). Not big tolerances of the piston to piston rod vertical movement are not supposed to be easily detected, however, at bigger differences, the engine may lose power, mainly at high RPM. 
A metallic noise may also appear although this may be difficult to hear in the overall noise as well as may be due to too advanced timing when the piston rod would bang on the piston rod to crankshaft attachment. 
The biggest contributor to unsetting the piston to piston rod assembly is the start up of the engine where there is no ignition and the crankshaft, driven by the spring will run the piston and not the other way around. Compression would counter the unsetting at start up but not as much as ignition, thus, there would be plenty of possibility for the crankshaft to pull the rod down. Combine this with stiff movement of the piston towards the cylinder with brand new engines ( or reconditioned ) and the pull is even stronger. 
THUS, DO NOT EXPERIENCE WITH OTHER FUEL, WHEN THE ENGINE IS NEW, because alternative fuels may require more starts to start. Also DO NOT USE AN ELECTRIC DRILLS OR SCREW DRIVERS or any other means but a spring start and try to do a start up with as fewer spring starts as possible by knowing the start up settings of the three controls ( air valve, fuel needle valve and compression ), mainly with new engines. Using alternative ways for initial load of fuel from the tank through the fuel line and into the crankcase, such as full closure of the air valve, may reduce the number of start up pulls but may also lead to flooding which means more pulls to de flood the engine unless de flooding is done by disassembly or any other way but rotation of the engine to blow off the excess fuel in the engine. 
Once the engine is broken in, less pull force will be applied to the piston rod in reference to the piston and the need to reset will be lower as well as may happen in large intervals or may not happen at all. 

Another interesting consideration is the reset of the piston must not but may lead to a slight enlargement of the piston, thus, for old engines, this will reduce the gap between the piston and the cylinder walls and the engine will be reconditioned. This, however, is very dangerous, because the piston may not get enlarged symmetrically which may damage and even wear the cylinder walls more as the piston is free to rotate around the piston rod ( like a bullet in a riffle barrel ). BETTER DO NOT DO THIS AND TRY TO AVOID. For those interested to try, use a pipe instead of the Cox reset tool where the piston rod goes inside the pipe and bang the pipe into the piston NICELY and slowly. The diameter of the pipe must be just as much as to enlarge the piston slightly, so the piston becomes slightly thicker yet possible to freely move inside the cylinder. 
Of course, this reconditioning is done by stretching the piston metal out and will bring a lower reliability. Most importantly, an uneven ( manually and not machine done ) enlargement may lead to a destruction of the piston and or the cylinder walls. BEST PAY COX $10 FOR A NEW PISTON, PISTON ROD AND CYLINDER then reconditioning. Remember, this is not a car where you just replace a couple of piston rings. 
I cannot help but wonder as to why Cox have decided to use this way of joint assembly which can be unset. I would think there may be a way to use stronger metals or to weld or put a lot of solder around the joint to make pulling off the joint more difficult and virtually impossible. However, some of these methods may require expensive manufacturing as well as Cox seem to be adamant on decreasing the weight of the piston for high RPM model airplanes. I do not think, however, high RPM are more important than reliability. 
Anyway, to reset the piston is very easy. Take the piston and the piston rod out. Move the piston rod in any direction until the piston rod touches the piston ( the edge of the cup, like a tea spoon which stays leaned onto the edge of a cup ). The idea is one to somehow bang on the sphere housing and not on the rod because one may bend or break the thin yet strong rod. Use the special Cox tool ( or make one alike from a STRONG ripe with a given diameter : do not forget to cut through the pipe ) which looks cylindrical with a cut out along the height of the cylinder on one of the sides. This cut out goes over the piston rod. Thus, the piston rod is loosely housed inside this cut out and the tool does not touch the piston rod. On the other hand, the tip of the tool must NOT touch the rod ( hence the rod is swung away from the tool to touch the piston ). Once this positioning is done, gently bang the tool with a rubber mallet. Bang until the sphere touches the upper of the piston. How do we know where this is? By looking at the sphere and evaluating and remembering the diameter then transposing this diameter from the point where the rod touches the sphere upwards. In case the joint moved slightly, then is easy. Bang gently until the joint stops moving. This is supposed to be where the upper of the sphere touches the upper of the piston, unless the banged on sphere met a higher resistance of the piston inner walls, say, because of bur or manufacturing tolerances. Thus, always visually examine. 
The greatest disadvantage of this kind of joint between the rod and the piston is not the need to reset the joint which may or may never happen. The greatest disadvantage is the need of a tall piston ( tall cup ) to house the ball joint. The taller the piston the less the swing the greater the need for a longer rod in order to achieve a higher lower swing at the crank attachment. The longer the rod the lower the reliability and the stronger the need for super strong materials which Cox does use anyway. But this is not the biggest problem. The biggest problem is the taller the cylinder the higher the contact area between the cylinder wall and the piston ( wall ) and thus the higher the friction which means the higher the temperature which means the higher the need for a huge viscosity oil which does not burn, which means Castor Oil which is expensive. 
Tall pistons do have an advantage. When they contact the cylinder wall they glide and scratch as opposed a razor blade scratch without gliding of a piston ring. However, the disadvantages outweigh this advantage. 
BUT, the disadvantages do not outweigh another advantage : the taller the piston the longer the piston covers the cylinder exhaust and fuel holes, the less fuel escapes through the exhaust hole and the less the exhaust gasses attempt to blow the fuel and air back through the fuel hole, thus, the lower the pressure on the reed valve. 
Could Cox have avoided the tall piston as well as piston ring? Yes. They could have made a tiny height piston with an O shaped axel hole at the bottom. The piston could have been molded with this O shaped axel hole which could have been a part of the piston. Then the piston rod would have had two axel holes and an axel could have been inserted through all three axel holes. Better yet, the opposite arrangement could have been done with the piston having had two axel O holes and the rod one. 
Once the axel is inserted, the axel is spot welded on the two O attachments wherever these may have been positioned. Thus the rod can swing left or right. The problem is when the piston is twisted like in a rifle of a gun : this twist would twist the axel too. Yet the probability for this to happen and the probability for rifle scratches to have been created by the normal or abnormal work is supposed to be very low. The piston usually scratches the cylinder wall from up to down. 
However, the rifling possibility of the piston does bring an advantage : instead of scratching the cylinder wall, turn around like a screw. Still scratching but in a combined : horizontal while vertical ( spiral ) way. 
The main reason, however, for having tall pistons is to keep the exhaust hole closed for as long as possible when the engine is away from the exhaust period of the work exhaust cycle and, thus, to prevent fuel and air from escaping through the exhaust hole of the cylinder. 
The best, the proposal I have made can be improved by securing the rod to the piston with tiny STANDARD ball, cylinder or barrel bearings. 
A STANDARD BEARING IS THE ONE WHICH HAS TWO CONCENTRIC RINGS OR, BETTER SAID, CYLINDERS AND BALLS OR CYLINDRICAL OBJECTS OR BARREL SHAPED OBJECTS IN BETWEEN. The theoretical friction of a standard bearing is zero and the practical : negligible. Because the concentric rings of the standard bearings can be high, the theoretical and practical strength thereof against twist is huge. 
THE GENERAL RULE OF THE MICRO ENGINES WITH OR WITHOUT INTERNAL COMBUSTION I PROPOSE IS SIMPLE : PUT STANDARD BEARINGS EVERYWHERE WHERE THERE IS ROTATING METAL OR PART. This may or may not apply for standard engines too. Standard engines do not use standard bearings neither at the piston to rod attachment nor at the rod to crank attachment nor at the crankshaft to engine block attachment, hell, not even at the camshaft ( s ) attachments to increase reliability as well as to prevent leakage ( which may as well be less when standard bearings are used ). 
However, as far as reliability goes, extremely strong titanium alloys are presently available The constant oiling by the oil pump ( of four cycle engines ) or the crankcase and crankshaft pump ( along with the fuel : for two cycle engines ) increases the reliability of the expensive strong alloys too. Because the bearings are not as big, the price of the expensive metal or alloy bearings will be negligible compared to the overall price of the engine and these are fully recyclable at replacement. 
The good news with the Cox joint between the cylinder and the rod is the theoretical friction between the sphere and the inner piston walls is also zero and the practical, negligible. The oiling is very good too. 
5.6 The Crankshaft 
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Figure 15 : The Crankshaft and the Crankshaft Axel ( Front View from the Propeller ) 
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Figure 16 : The Crankshaft and the Crankshaft Axel ( Back View from the Crankcase ) 
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Figure 17 : Crankcase with Crankshaft, Drive Axel and Propeller Nut. 
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Figure 18 : Crankcase with Drive Axel and Propeller Nut and Propeller Thread : Front 
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Figure 19 : Crankcase, Front 
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Figure 20 : Crankcase, Back 
THE MOST IMPORTANT FEATURE OF THE CRANKSHAFT IN A DOUBLE STROKE ENGINE INCLUDING THE COX ENGINE IS : THE CRANKCASE IS ALSO A FUEL AND AIR MIXTURE PUMP AND THE CRANKSHAFT IS THE PROPELLER OF THIS PUMP. THIS PUMP, TO WHICH I REFER TO AS A “ CRANKCASE PUMP “ SUCKS FUEL AND AIR FROM THE FUEL TANK AND THE AMBIENT THROUGH THE FUEL INTAKE AND THE AIR INTAKE AND ALWAYS TRIES TO PUMP FUEL AND AIR MIXTURE THROUGH TWO WAYS : TO THE CYLINDER THROUGH THE FUEL HOLE AS WELL AS TOWARD THE BOTTOM OF THE PISTON AS THE PISTON MOVES. AS THE PISTON MOVES, FUEL IS DELIVERED ALSO TO THE WALLS OF THE CYLINDER. OF COURSE, THE FUEL DELIVERED HIGHER THAN THE PISTON THROUGH THE FUEL HOLE ALSO MEETS THE WALLS OF THE CYLINDER. BECAUSE FUEL ALSO CONTAINS OIL, OIL IS DELIVERED TO THE WALLS OF THE CYLINDER BY THE CRANKCASE PUMP. THUS, THE CRANKCASE PUMP DELIVERS FUEL AND AIR FOR COMBUSTION AS WELL AS OIL FOR OILING THE CYLINDER AS WELL AS THE PISTON AND ROD JOINT. OBVIOUSLY, THE WHOLE CRANKCASE, CRANKSHAFT AND, MOST IMPORTANTLY, THE CRANKSHAFT AND PISTON ROD ATTACHMENT ARE VERY WELL OILED AS THEY ARE INSIDE THE PUMP. THE CRANKCASE ALSO PERFORMS A MIXING ACTION ON THE FUEL AND THE AIR. THE COMPRESSION DOES EVEN MORE MIXING OF THE MIXED FUEL AND AIR MIXTURE IN THE CYLINDER. THE FUEL AND AIR HAVE ALSO BEEN PREMIXED AFTER THE INTAKES BECAUSE OF THE SUCTION GENERATED BY THE CRANKCASE PUMP. THUS, THE CRANKCASE PUMP PERFORMS CARBURATION TO THE FUEL AND AIR ON VARIOUS STAGES : INSIDE THE INTAKES AND BEFORE THE CRANKCASE AS WELL AS INSIDE THE CRANKCASE. Any mixing of fuel and air is called carburation and carburetors are nothing but mixers of fuel and air. Usually, carburetors have a possibility of adjusting the amount of fuel and air independently. In Cox engines, there is no single device called a carburetor. Instead, carburation is performed immediately after the air and fuel intakes, which are independent of each other, meet. The air valve and the fuel needle valve allow independent adjustment of the air flow as well as the fuel flow. Thus, the whole engine is also a carburetor. 
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Figure 21 : A Dual Lever System. Principle of Work of an Engine. 

Wheel is nothing but a lever. When there is a wheel and a handle on the outer circle, this is the same as a lever without a wheel from the same axel to the same point of the handle. 

Standard engines have levers ( cranks ) where the bottom of the piston rod is. The number of all of the crankshaft levers and they are all identical with the same size and shape levers, is, usually, equal to the number of piston rods, i. e. the number of cylinders. There are two levers per piston rod with an axel connecting them, logically, they are one lever. A piston rods is attached to these axels. The piston rod bottom side is circular and the circle is disassembleable in two almost halves which are attached to each other by screws and nuts. There are no real bearings between the piston rod circle and the crank levers’ axel. Instead, bial bearings are used and these are two half rings made of a strong metal attached to the piston to crankshaft attachment ( the two almost half circles screwed by crews and nut ). The axel rotates in between these bial bearing, heavily dependant on the oil of the oil pen for lubrication. 
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Figure 22 : Cox Crankshaft ( Rounded Triangle ) with Flywheel Effect ( Front and Side View ) 
The Cox crankshaft is a simple rounded triangle with a handle just the same as some bus drivers use : some bus drivers would put a handle on the steering wheel to be able to turn the wheel more easily, faster and, most importantly, with one hand. 
The piston rod has a monolithic hole which is tucked over the handle of the crankshaft triangle, i. e. the crank. There are no any bearings in between. 
The crankshaft has been made to be a triangle with a slightly bend tip because the crankshaft is also a propeller of the crankcase pump and has propeller like shapes on the side. This is probably why there are two half pipes on the crankcase behind the triangle : for a stronger pump effect as well as for delivering fuel ( which contains oil ) into the crankshaft extension axel which leads to the propeller screw and the propeller for the purpose of oiling the axel. Looks like a monolithic type of a Mississippi side wheel of the Mississippi steam ships. 
The crankshaft triangle is attached to the crankcase by an axel also without any bearings. The crankshaft triangle is connected to the crankshaft extension around the axel which crankshaft extension is extended to provide the crankshaft thread where the propeller screw is screwed in. The role of the whole engine is to rotate the crankshaft which, in turn, rotates the propeller. The extensions of the crankshaft triangle goes through holes in the crankcase and is held by these holes without any bearings. 
The crankshaft imaginary lever from the axel of the crankshaft and the handle is the first lever of the engine. The piston rod, attached to rotate around this handle is the second lever of the engine. Hence the dual lever model of the engine. The piston performs reciprocal ( LINEAR ) movement up and down repeatedly in the cylinder. The piston rod takes this reciprocal ( LINEAR ) movement and, because the rod can swing at the piston attachment as well as the rod can swing around the handle of the crankshaft, the reciprocal ( LINEAR ) piston and the swinging rod can make the first lever rotate, i. e. can make the crankshaft wheel to rotate. Thus, the role of the dual lever system is to convert reciprocal ( LINEAR ) movement into circular and to transfer the reciprocally ( LINEARLY ) moving energy into a circular moving energy. The circular moving energy is related to the momentum of the circular motion, i. e. the momentum of the crankshaft as well as the torque ( power ) and speed. 
The conversion of energy from reciprocal ( LINEAR ) to circular is the most important consideration of an engine. Thus, the dual lever system and the motion of each of the levers is the most important consideration of an engine. 
The bigger the diameter of the crank wheel, the longer the first lever. The longer the first lever the bigger the swing of the bottom of the piston rod, i. e. of the bottom of the second lever. The bigger the swing of the bottom of the second lever, the bigger the swing of the top of the second lever ( the top of the piston rod ). The bigger the swing of the top of the piston rod, the wider and the shorter the piston must be. The longer the piston rod the lower the angle of the swing of the top, thus, the lower the swing of the top. Thus, in case one wants to achieve a big first lever, the piston must be as wide as possible ( which means the cylinder must be as wide as possible ) and the piston height must be as low as possible and the piston rod ( the distance of the piston from the crankshaft ) must be as long as possible and the width of the cylinder ( related to the width of the piston ) must be as big as possible. Yes, but the longer the first lever, the greater the longer the second lever because the second lever must be able to “ go over “ the big diameter rotation of the first lever. Also the longer the first lever ( the bigger the diameter of the circular motion ) the longer the travel of the piston ( the bigger the reciprocal ( LINEAR ) travel line of the piston ), thus the taller the cylinder. But the taller the cylinder the more obstruction of the lower cylinder circle to the swing of the piston rod. Thus, the cylinder must be tall and wide to prevent obstruction. 
THEREFORE, IN ORDER TO HAVE A LONG FIRST ROD ( LONG CRANK, LARGE DIAMETER OF THE CIRCULAR MOTION ), LONG AND WIDE CYLINDER, LONG SECOND ROD ( PISTON ROD ), TINY IN HEIGHT PISTON ( MUST NOT OBSTRUCT THE SWING ) AND WIDE PISTON ARE NECESSARY. This is the most important in every engine. 

Yes, but, for two cycle engines, long piston is necessary to cover the exhaust hole for as long as possible in the linear reciprocal movement of the piston. In order for the dual lever system to compensate for the limitation of the upper swing of the second lever, i. e. the piston rod, A VERY LONG SECOND ROD ( PISTON ROD ) IS NECESSARY AND THE RECIPROCAL ( LINEAR ) MOVEMENT OF THE PISTON ( THE ACTION OF THE PISTON ) MUST BE MORE FAR AWAY FROM THE CRANKSHAFT AXEL OR VERY WIDE AND LONG CYLINDER IS NECESSARY. Theoretically, there is no problem for the second rod to be infinitely high with the piston work ( the action ) taking place far away from the crankshaft. Thus, the piston rod is not only a second lever but a transmission from the place where the piston moves linearly and reciprocally to the place where the motion is converted into circular ( the crankshaft ). There are many engines ( usually in marine ) where the piston rod is also used as a long distance transmission of motion. These are engines with enormous piston rods and piston and cylinder action far away from the crankshaft. 
There is no much of a limitation how big the second lever is. One of the limitations is the more far away the piston and cylinder action is from the crankshaft, the bigger the angle of swing at the bottom of the cylinder. Thus, the enormous rod engines would have the crankshaft far away from the cylinder which is not attached to the crankcase but is separate instead. The limitation is to be bigger than the diameter of the circular action because the attachment of the first and the second lever travels around the imaginary wheel of the circular motion and in case the second lever is not bigger than this diameter the top of the second lever will travel inside the diameter of the circular motion and, because the top of the second lever must always travel inside the cylinder, the cylinder must extend below the circle of rotation, this means the cylinder will be hit by the crankshaft which is impossible. 
In normal engines, the cylinder is not detached from the crankcase. 
Is a large diameter of circular motion necessary? “ Give us nothing but a long lever and a pivoting point and we can move the Earth “ said Archimedes. When there is a rusted bolt, one needs a very long wrench. Why? Because lever is nothing but a distance and force compromiser. When force is applied to the part of a lever which is not connected to the turning axel a tiny force applied to the long lever can perform the task of a huge force applied to the tiny lever. However, the tiny force applied to the huge lever has to be applied for a longer distance of travel of the point where this force is applied as opposed to the huge force applied to a tiny lever which has to be applied for a tiny distance of travel. Because distance is equal to the product of speed and period, when these points of the two levers travel with the same speed, the distance is translated into a length of a period. Thus, in case the same amount of force is applied to a tiny lever and to a huge lever, this force has to be applied for a longer period to the longer lever than to the tiny lever. And energy can never be made. Can only be transformed from one type to another. Energy is also equal to power over a period ( the integral of power over the applied period ). Thus, a huge force over a tiny period is equal to a tiny force over a huge period as fat as the energy is concerned. Hence, a lever does not make energy but just compromises the amount of power over the period when the power is applied. 
The crankshaft levers cannot create energy. They can only convert from reciprocal ( linear ) to circular. THE TRICK IS TO DO SO WITH MAXIMAL EFFICIENCY, I. E. WITH MINIMAL LOSS. Although theoretically short and long lever are energy the same, practically, everything depends on how the energy is generated. Generation of energy means converting energy from one type to another. Thus, combustion converts the inner energy of the materials ( fuel ) into heat which causes expansion of gasses by burning which, in turn, drives the piston. 
Back to the long lever. In gasoline engines, the longer the first lever ( the crank length ) the better BECAUSE HUGE ENERGY CAN BE APPLIED OVER A LONGER PERIOD BY THE COMBUSTING FUEL. THE POWER AND PERIOD OF BURNING GASOLINE IS DEFINED BY THE CHEMICAL PROPERTIES OF GASOLINE AND CANNOT BE CHANGED. INSTEAD, THE ENGINE HAS TO ADJUST TO THESE CHAMICAL PROPERTIES OF GASOLINE AND SQUEEZE AS MUCH ENERGY AS POSSIBLE WITH AS TINY LOSS AS POSSIBLE TO ENSURE THE HIGHEST EFFICIENCY OF THE BURNING GASOLINE POSSIBLE. Gasoline burns over a period and this period cannot be and is not zero. Thus, as gasoline combusts, this combustion continues for a while. In case the crank is not long enough, only part of this energy of the expansion of gasses due to slow burning of a fuel ( in this case gasoline ) will be captured with the rest released into the exhaust during the exhaust cycle. This is why the crank must be long enough to be able to capture this energy at all RPM and loads. Even better : fuel can be designed to burn at maximal energy over even longer period and all be captured by the long length crank at maximal RPM. This type of gasoline is called high octane gasoline. Think of this type of gasoline as a low octane gasoline with MULTIPLE EQUAL COMBUSTIONS over a period. Thus, low octane gasoline would combust only once per working cycle whereas high octane gasoline would look like “ combusting “ on multiple occasions throughout the same working cycle. 
The only drawback of long levers is this : in dual lever systems, the second lever does not push the first with the same weight throughout the spin because the force is not vectored only in one direction and, depends on the point, force may be divided into parts and some or many parts may be directed towards pushing the axel or pulling to the side and not only towards the direction of rotation. To reduce this effect, good calculation of the leghts of the levers and good timing adjustment are necessary.
Although the previously discussed was based on only the assumption of multiple combustions per work cycle in order to compare high and low octane types of gasoline, I have always had the idea of real multi combustion engines. Multi combustion is when more than one combustion during the working cycle of an engine. In modern cars with computer controlled fuel injection, when the fuel injecting pump is very powerful ( similar to the fuel pumps in diesel engines ) this is very easy. 
Multiple combustion can be achieved in this simple way. After the standard combustion of a gasoline engine, the piston is pushed down by the enlargement of the gases because of the high temperature generated by the combustion. Most of the oxygen, delivered by the fuel injection system along with the fuel is burned during the combustion. As the piston travels down, there is a period of traveling, during which high octane gasoline continues to burn ( to combust ) and create hot gases which continue to push the piston. This effect has a very high efficiency during lower RPM. A multi combustion system would use this continuous burning and inject air and fuel as the piston travels down to create one or more combustions after the main combustion. True, there will not be compression but compression does not make combustion : either a spark or temperature do. Compression just reduces the size of the fuel and air mixture to create a more gasoline and air per volume hence more mixed with each other and thus a bigger explosion ( combustion ) as opposed to slow burning. Slow burning can be seen when gasoline is poured over a barbecue and lit up. 
Because the piston travels down, obviously, there will not be a combustion ( explosion ) as powerful as the first one and not as immediate because the fuel and air molecules are all over the place and not tightly placed and well mixed as with compression. However, because the temperature is incredibly high after the first combustion, the fuel and air mixture of the second injection of fuel and air and every one thereafter will definitely ignite and combust. To what extend depends on the amounts and the fuel quality. Low octane fuel would combust more spontaneously than high octane fuel. Thus, the engine can run well on a standard single combustion of high octane and more air and low octane fuel can be injected while the piston travels down which will definitely ignite by the high temperature. Multiple sparks can also be provided just in case. Multiple sparks would improve the burning of a single combustion as well, hence the preference in multi spark arrangements. Multiple sparks can be used in multi combustion as well as in single combustion arrangements. The more sparks the better the burning of gasoline and the less the unburned gasoline. In single combustion, every other spark in the working cycle must be larger than the previous to continue ignition. However, multi sparking can only be achieved in case energy for this is available, in this case, incredibly high voltage stored in high amounts. Thus, multi coil arrangements can be used or huge coils to be able to discharge more than once. The first is preferable because a coil prefers to discharge once and in full : the bigger the coil the bigger the single spark. 
The energy derived from the secondary and other ignitions of the newly delivered fuel and air will not be as much as the first because of the lack of compression unless large amounts of fuel and air are delivered, thus, the efficiency of the subsequent ignitions will not be so high, yet the engine work during the working cycle will well increase. 
The problem is the fuel pump which delivers the secondary amounts of fuel and air must be extremely powerful to overcome the pressure of the driving gases which drive the piston down. 
Can such a pump be made. I think yes because fuel pumps in diesel engines are so powerful they create more pressure than the compression of the diesel engines which is very high. Obviously, the pressure of the driving gases is higher. After all, this pressure drives the engine. 
In case such a pump cannot be made to overcome the pressure at high RPM or load, such can be used at low RPM and low load increasing the performance of the engine per cycle thus lowering the necessary RPM for a given load even more. 
Will such a system allow to save fuel. Probably not. On one hand, the lower efficiency of the work of the secondary ignitions means a higher amount of fuel consumption, on the other hand less cycles are necessary ( lower RPM ) for a given work. Yet, the higher amount of fuel needed per cycle will prevail. 
As far as engine reliability is concerned, lowering the RPM does definitely mean a greater engine reliability but the increased temperature during the work cycle because of multiple ignitions does not. In all, the reliability would be decreased because of the higher temperature. 
The only advantage is the increased power output of a given engine. 

Regardless, the main principle of an engine with internal combustion is : the longer the crank, the better. This is why the North American engines with 0.83L per cylinder are better off than the rest of the North American engines WHEN RUN ON HIGH OCTANE GASOLINE ONLY AND WHEN THEIR CRANKS ARE LONG AND WHEN THE DIAMETER AND LENGTH OF THE CYLINDER ARE CORRECTLY CALCULATED. Volume of cylinder is : 

V = π r2 h 

Where : r is the radius and h is the height of the cylinder 
In an engine r and h have to be calculated for an optimal performance. The bigger the volume the bigger r and h can be when calculated for an optimum, thus the wider the piston ( thus the wider the upper and lower swings of the piston rod ) and the longer the linear ( reciprocal ) travel of the piston thus the longer the travel of the lower part of the piston rod and because the lower part of the piston rod is forced to travel in a circle by the crank lever to which the lower part of the piston rod is attached, the bigger the diameter of circular motion thus the longer the crank lever and, therefore, huge force can be applied to the piston ( by a high octane gasoline ) for a longer period to convert this huge force into a huge circular force ( related to the momentum ) which can be converted to either huge speed or huge torque by the transmission of the car. 
The Europeans compensate the lack of long crank lever with a greater number of cylinders, each with a tinier crank lever but there are many more tiny crank levers per engine as compared with the North American engines. 

Ideally, there would be a North American engine with 12 or, best, 16 cylinders, each 0.83L in volume and very long crank levers. Such a 16 cylinder 13.3L North American engine is available : 
Only in auto shows and never made to work. 

The Cox engine has a high volume, wide and long cylinder and huge crank imaginary wheel diameter which means a huge crank lever as well as very long piston rod to compensate for the long piston. And the recommended fuel for the Cox engine is a huge octane fuel. And high RPM can be achieved too. 
There has been some warnings on the internet in regards to Cox engines which have initially been designed by Cox to work with a glow plug and Nitrio fuel and then have been converted by their owners to work with diesel using non Cox diesel heads. The Internet warns these non diesel designed engines may break crankshafts and bend piston rods when used with diesel because of the high torque diesel fuel generates and the momentary ( low period ) combustion ( explosion ). AGAIN : THESE ARE COX NON DIESEL ENGINES AND COX HAS DESIGNED THEM TO WORK WITH NON DIESEL FUEL. THUS, THIS WARNING DOES NOT APPLY TO COX DIESEL ENGINES WHICH HAVE ORIGINALLY BEEN DESIGNED TO BE RUN ON DIESEL. 
To reduce the torque of these, one must run them on as low compression as possible and as rich mixture as possible. One can start them accordingly as cold diesel fuel engines are not expected to have huge torque before heated up. Once started, decrease the compression as much as possible. Try to close the air valve as much as possible to ensure rich mixture. Adjust the needle valve as per the necessary RPM or power output. Do not attempt to run the engine at high RPM and or with high loads. Use the minimal RPM needed for the job. May wish to consider to reduce the size of the propeller to reduce the load but, then, higher RPM are necessary and the aeratiob is lower hence the temperature is higher. I would rather have low RPM. 
In case higher performance is necessary, purchase a new crankshaft and piston rod from Cox. Try to avoid other companies as much as possible as well as try to avoid heads by other companies as much as possible. Purchase a diesel conversion head from Cox as well as a diesel crankshaft from Cox. 

Please, note : Cox diesel engines are not only extremely well designed logically but also physically : the metals and materials Cos have used are of incredible strength and quality. Starts perfectly, runs perfectly, stops and restarts perfectly and runs forever perfectly! 
The lack of some standard engine parts, for example, the bial rod crank bearings is also because such may not be necessary as the piston rod and the crankshaft handle and triangle are of extremely strong and hard metals and thus serve also the role of bearings. And because they are so inexpensive, there is no point of bial bearings which are to be replaced when worn because the rod and the crankshaft triangle are inexpensive and they themselves can be replaced should this be necessary which would, probably, never be. 

Most importantly, Cox have extremely well used the basic principle of reliability : In 99% of the cases, the fewer components the higher the reliability. Thus, Cox have covered only the minimum necessary parts and nothing more in order to increase reliability. 

5.7 The Backplate and Components Around the Backplate 
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Figure 23 : Crankcase to Backplate Gasket 
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Figure 24 : Backplate. View from the Carnkcase ( Front View ). The filter is on the other side just after the air pipe nipple and the fuel nipple meet each other. The reed valve is shown inside the pipe. In modern engines, the reed valve is rectangular and not circular. Cox sells reed valves made of a number of materials, Teflon being preferable. 
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Figure 25 : Backplate. View from the Back. 
There are two types of gaskets available from Cox : ones made of paper ( classic old school ) and ones made of more modern materials. Either ones are good. I would suggest to use these of modern materials. They would be stronger yet the paper ones may have a better closing effect. 

The best way to position the gasket for installation of the backplate to the crankcase is to insert all four screws to the disassembled backplate and have them protrude around 5mm. Then, attach the gasket to the protruding screws. Then line up the protruding screws to the holes of the crankcase. Ensure none of the screws go back in in order to be sure the gasket has been kept by the protruding screws where the gasket needs to be and will not be pinched. 

The backplate is made out of plastic and serves the purpose of connecting the engine to the fuel tank and the ambient air, two of the three necessities for combustion ( explosion ). The third is temperature created by compression. 
The reed valve is made of a number of materials, and different reed valves are sold by Cox, however Cox seems to prefer Teflon as the best material for the reed valve. 

The big thick pipe where the reed valve resides has a very important role. This is positioned very near the piston to crankshaft assembly which circles exactly on the periphery of the pipe thus the pipe prevents any possible way out of the piston rod from the crankshaft pin. 
The air goes through the hole of the Air Valve, then through an air pipe ( an air intake pipe ), then through a mesh filter called a screen and then the air meets the fuel nipple which is connected to the tank via a fuel line. Ever since air and fuel meet UNTIL THEY COMBUST, there happens a mixing of fuel and air. Mixing of fuel and air, including into the cylinder, is called carburation and is a must for any engine. Cox engines do not have a carburetor per se but carburation starts when fuel and air meet and continues also into the cylinder, until they get to combust. 
All other components around the backplate are made of metal. 
The engine is not supposed to reach temperatures to harm the plastics. However, because the backplate is made of plastics, as well as the Cox standard fuel tank, ( a metallic 5cc fuel tank built into the backplate is also available from Cox and strongly recommended as a secondary tank with another tank recommended to be used as a primary ) and the fuel line ( use only Cox diesel fuel line ) any external methods of pre heating the engine as with a blow torch or heat gun are strongly discouraged or must be carried out with extreme precision and accuracy. 
In case preheating is necessary, the best way is to be carried through a mediator. Take a piece of Aluminium and heat this piece with a heat gun, blow torch or just fire. When this external piece of Aluminium is heated ( do not overheat to red or almost melting ) use this external piece to touch the upper portion of the cylinder on the propeller side and away from the plastic, the tank and the fuel line in order to transfer the heat. Do NOT overheat. One must always be able to touch the cylinder without burning to make sure the cylinder is not overheated. 
Another reason to keep hot objects away from the plate and not to overheat the engine is because there is a gasket between the backplate and the engine. The gasket prevents fuel and air to escape through backplate to engine assembly. 
Another way to preheat the engine is to manually insert and ignite fuel inside. The problems with gaskets and plastic objects and the plastic of the pipes is the same. The problem exacerbates in case fuel spills all over onto the plastics. 
Some suggest to inject fuel through the exhaust. In case the piston is higher than the exhaust hole, then the fuel will go into the crankcase and is more difficult to spill. This is OK. The fuel will burn into the crankcase warming up the whole engine. The problem is the burning fuel may heat the backplate, the read valve and the gasket as well as the fuel line nipple which may melt the fuel line. 

In case the piston is below the exhaust openings, then the fuel may get spilled. 
Similar effects are achieved when, instead of manually delivering fuel, a rotation of the engine at open fuel needle pump and closed air pump is carried out. This way, fuel is sucked into the crankcase and can be externally ignited. 
Best, a manual heating up by fire can be done by unscrewing the head and removing the head and the counter piston and the Teflon casket and positioning the piston higher than the exhaust and fuel valve. Fuel can be poured over the piston and quickly ignited. Quickly is an important word here because the fuel should not go through the piston and cylinder wall clearance so no burning is done around the plastics. The burning fuel will heat up the piston and the cylinder walls mainly and the rest of the engine except the unscrewed head. Additionally fuel can be poured into the head like into a cup. The compression screw best be tightened so no fuel is spilled. Then the fuel can be ignited to heat up the head. Pure diesel or Kerosene can be used for this. Stay away from gasoline. When gasoline is used, ensure there is no spill around and lighting up is quick before vapour is formed because gasoline vapour ignites easily. 
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Figure 26 : Reed Valve 
The original reed valve is made out of metal ( just a metal plate ). Cox also sells Teflon reed valves which I prefer because I think the softer, yet temperature resistant Teflon, will close the valve better. This is a personal opinion. Best, use the Cox original metallic reed valve although either one is OK and of high quality. 
The reed valve is a plate which can go one way and not the other to allow fuel and air mixture in and not exhaust nor anything else out. The best way to explain the reed valve is to assume the backplate thick pipe which goes into the crankcase is an entrance to a cave, the backplate being this cave. Inside the cave are people. Outside the cave, in the crankcase are animals. The reed valve is the stone ( the big rock ) which covers the cave entrance in such a way, so the animals cannot push the stone into the cave because the stone is much bigger than the entrance hole of the cave. However, people from inside the cave can push the stone away from the entrance hole in order to be able to exit whenever they wish. In order to prevent the stone from rolling out and far away from the entrance when people push the stone to open the cave there are stoppers, say, logs of wood which will prevent the stone to roll more than where these logs are. Thus, people can push the stone just as much as to exit around the stone and not more. Animals cannot go through this tiny gap where people can go out from. Thus, the animals have no choice but to push the stone which, however, cannot be pushed into the entrance hole because the stone is bigger, yet, the animals do not know this. Thus, the animals can do nothing but to close the cave entrance and to lock themselves out. The notches seen on the backplate pipe are these logs which prevent the reed valve to go more than a few millimetres away. The fuel and air are the people who can freely push the stone ( driven by the suction of the crankcase pump ) out just as much as to exit the cave whenever they wish. The animals are the exhaust gases. They can only push the reed valve to close the path towards the fuel and air intakes. Thus, fuel and air can get into the crankcase through the fuel and air intake pipes but exhaust gases cannot go through the reed valve and into the intakes. Because the exhaust gases are stronger than the suction of the engine, they can only close the reed valve and prevent the fuel and air intake into the crankcase.. This only in case they are stronger. However, when the exhaust holes are uncovered, they became weaker because they escape along with their pressure through the exhaust holes. 
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Figure 27 : Filter ( Mesh Screen ) 
There is an air filter made of mesh screen which is immediately after the air intake and before air meets fuel. This filter had better be looked into once in a while to ensure the filter is not clogged with dirt, aerosols and other contaminants. 

Washing the air filter ( the mesh screen ) once in a while is always a good idea mainly when the engine has run in a dusty environment. 

There is a needle valve which can fully stop fuel from entering the engine. 

There is an air valve which consist of a rotating axel over a pipe entrance. The axel has a hole as wide as the pipe. When the axel is rotated to a spot where the hole of the axel matches the hole of the air valve ( the air intake ), the air valve is fully opened. Otherwise, when the axel hole and the air intake hole fully mismatch, the air valve is fully closed. The axel hole can be positioned anywhere in between to provide any opening of the air valve in an analogue way. 
There is a slight problem : the fully closed air valve is not 100% hermetic while the fuel needle valve is. Thus, air supply to the engine cannot fully be shut off but can be decreased to amounts very close to being fully shut off. In most or all applications, more fully shutting is not necessary. Stick a finger on the top of the air intake hole to fully close the air in case you so desire ( as in some start up applications ). 
The air valve is supplied with a control lever with a tiny hole where linkage can be inserted. There is no built in linkage to control the valve lever and an external one has to be installed. For test stand application, a guitar tuning machine and a fishing cord with a fishing hook can be used. The guitar machine can rotate winding the cord and thus shortening the cord. The tiny fishing hook is hooked to the tiny hole of the air valve control lever. This improvised linkage system can move the lever one way but what would move the lever the other way? Either put some fishing wait to the fishing hook to have the gravity do so, or attach a tiny spring to the control lever either from a pen or from Home Depot or whatever. Walmart does sell tiny fishing hooks already attached to around 15cm cord with a hook to conveniently install to the guitar tuning machine. The problem with this improvised system is the guitar tuning machine would rotate from the vibrations of the running engine. Some guitar tuning machines allow for a screw on the axel of the gear wheel to be tightened and this would ensure no rotations caused by vibrations. Can also be held or secured with, say, duct tape. Also, other ways for increasing the resistance of the tuning machine shaft, such as sticking something between the shaft and the housing can be used. 
Some people use commercially available props to run the air valve. 

Some people call the air valve a “ throttle “. 

An interesting observation is this : everything after the fuel and air mix also performs the role of carburation with the main portion carried out by the cylinder. Again : carburation is nothing but mixing air and fuel and carburetors are nothing but hydraulic and pneumatic mixers. 

A drawback is the mentioned oversensitivity of the fuel needle valve. This has been made so because the modellers are not expected to dynamically tune the fuel supply : they adjust the fuel amount ( and the compression ) once and they control the engine by only controlling the air supply. However, the availability of three independent controls : air fuel and compression is one of the most important features of the engine. I cannot explain the irresponsibility of the modellers to overlook the great possibility to control all three parameters dynamically, on the fly at their fingertips. 
May tell the modellers many World War II airplanes ( F104, Spitfire ) had these controls available to the pilots, mainly fuel and air. Spitfires also had a water prop : pilots can blow water into the cylinders to cool them and thus increase the amount of fuel and air. I have not heard of an airplane to also provide a compression control but I would not be surprised to hear. 
I think, with some attention paid, when the engine is hot, the oversensitivity of the needle valve can be overcome : PULL AND ROTATE AND DO NOT PUSH NOR PUSH AND ROTATE. 
Do NOT flood the engine mainly with thick fuel such a biodiesel. One may blow or damage the backplate gasket and or the Teflon gasket. Some people say one may even damage the piston rod and even the crankshaft. This is because when the engine is flooded and at great compression, the thick fuel cannot be compressed and reacts to the turn of the engine and the engine may not be able to turn at all. Immediately release the compression fully ( best fully remove the compression screw ), fully open the air valve and fully close the fuel needle valve and slowly turn a few turns. Then turn quickly to blow the fuel off of the flooded engine. 
Manually rotate until the engine spits fuel out through the exhaust. Then spring turn the engine a few tries until the engine blows more fuel through the exhaust. Once the engine turns well, one may use an electric screwdriver or drill ( best at low speed ) to continue to turn the engine and continue to spit fuel. Once spitting of fuel through the exhaust stops, the engine has been de flooded. Start again, best at lower setting of fuel and compression and fully opened air valve at the beginning for a few attempts. Then, back to normal start up procedures. 
Beware of the fact the engine can only be flooded when cold and almost never when hot. Even in case a hot engine does not sustain, the hot engine will burn with or without any combustion ( explosion ) the fuel ( the engine misses ) and release the gases to the atmosphere through the exhaust. 

Always check whether the backplate screws have been tightened at the factory before use. DO NOT USE FORCE. USE TINY PRECISION SCREW DRIVERS ONLY. 
One of the inconveniences of the backplate is the difficulty to attach the engine through the backplate holes onto a stand. This is because the holes are very tiny and because the upper two of them are positioned in a half pipe arrangements where the head of the screws, which, of course, have to be larger than the hole, cannot go through. In case of an attachment with standoffs and two nuts per standoff, the nuts cannot get through either. 
An easy way to overcome this inconvenience is by using four European standard M4, 5cm ( or 4cm ) screws, M4 nuts and washers. In order for the heads of the two upper screws to go through and sit on the backplate around the upper holes, the heads have to be slightly grinded or filed off. Then they fit OK. 
Aftermarket fuel pumps and carburetors are available but not necessary. Aftermarket standard external needle valves are available and may be a good idea should anyone wishes a fine tuning of the fuel intake. 

I am not aware of aftermarket superchargers but an aftermarket fuel pump may be possible to be used for air pumping in case the pump is powerful enough. 
A supercharger is not necessary because the suction of air and fuel by the crankshaft and crankcase is good enough. However, those who want can make an electrical supercharger. A battery or a DC generator or an alternator with a bridge are necessary to run the electrical blower. 
12VDC to 24VDC electrical blowers are largely available for less than $2 a piece from AliExpress or eBay with a free shipping option. These may be used to make a supercharger in case their air flow is sufficient. Originally, these blowers have been made to be put atop of electronic components with a heat sink, usually, a power transistor. They look like a snail with a wide opening to blow air from. A plate with a wide enough nipple can be glued on the opening of the blower. Then, another nipple can be glued or soldered on the air valve. The nipple of the blower can be connected to the nipple of the air valve and here is the supercharger. 
Pan cake DC generators are aftermarket available to be driven by the engine at the expense of some power which the supercharger is to pay for. 

Superchargers can provide good air intake for burning lean mixture with a lot of fuel hence providing for a higher power output. HOWEVER, the leaner the mixture the more advanced the ignition the lower the reliability of the engine. This can be compensated by adjusting the fuel and air mixture and the compression. The same as with any engine, however, super and turbo chargers do lower the reliability of the engine yet providing more power and a higher efficiency, i. e. more power per fuel volume. 
Lean mixtures also burn at higher temperature which lowers the reliability. 

6. Engine Work 

The principles of work of the engine have been described throughout the document and a summary would be provided here. 
The most important to remember is : the crankshaft and the crankcase, along with the lower cylinder and piston, are also a fuel and air pump. The crankshaft spins just the same as a pump fan would and is designed as a fan blade and, when the crankshaft spins inside the crankcase, the crankshaft generates a suction which sucks air and fuel from the outside and into the crankcase. Then, this fuel and air is delivered to the upper cylinder ( higher than the piston ) through the fuel hole of the cylinder at a given period of the cylinder motion as well as to the lower cylinder ( below the cylinder ) through the opening between the crankcase and the cylinder base which opening is necessary for the piston rod to swing. 
When the engine works, the crankshaft is rotated by the combustion ( explosion ) which provides high temperature which expands the gases which, when expanding, push the piston down which pushes the piston rod down which rotates the crankshaft. 
However, when the engine does not work, there is nothing to move the crankshaft. This is why the engine needs something to be done in order to start and, once started, to continue to run automatically. This something is an external start of the engine. 

External start is carried out by a manual starter which consists of a starter spring and a starter nut. The starter spring has a hook. The starter nut has a hook too. The starter spring hook hooks to the starter nut hook. These remain hooked when the propeller is rotated in the opposite of the normal rotation of the engine which normal rotation is observed when the engine works normally : automatically and continuously. When the spring is released, the spring rotates the engine in a normal direction ( just like the rope of a chain saw engine ). When the spring gets fully unwound ( de energised ), the engine can continue to rotate in the normal working directions because the starter spring and the starter nut get unhooked and cannot hook when the engine rotates in a normal direction but can only hook when the engine is ( manually ) rotated in the opposite direction. To do this, the nut is hard attached to the crankshaft extension axel ( the propeller screw axel ) and the other side of the spring is hard attached to the engine. Thus, the nut does always rotate with the crankshaft and the spring does never rotate with the engine unless the engine is ( manually ) rotated in the opposite of normal direction, in which case, the spring still does not rotate but gets wound up ( energised ). 

Thus, when the spring is engaged ( when the propeller is manually rotated in the opposite to normal working direction ), the cylinder attached side of the spring does not move in respect to the cylinder and the starter nut ( propeller screw ) side of the spring rotates with the rotations of the propeller screw as long as this side of the spring remains hooked to the starter nut which, as mentioned, is hard connected to the propeller screw, which, in turn, is hard connected to the crankshaft. Once hooked, the propeller can be manually rotated in the opposite direction of the normal engine run until the spring is fully energised and cannot move more. In this case, there is no more possibility for manual rotation and the person who starts the engine can only keep the spring engaged or release the spring. 
The spring has to be released by an immediate action of the hand of the person who starts the engine. Once released, the spring starts to rotate the engine in the direction of a normal engine run for a few turns which are sufficient to start the engine. Usually, around 2 to 4 spring starts are required for the engine to start. An immediate release action is required by the person who starts the engine in order for the spring to be released at and to retain the highest RPM possible after a release. Thus, one of the best way to release the spring is to energise the spring then to hold the energised spring by performing a slung shot pull on the propeller ( VERY SLIGHTLY pulling the propeller away from the engine ) without releasing the propeller, then the SLIGHT slung shot action can be performed by releasing the propeller which will rotate in the normal working direction. Any delay due to a slow human reaction of propeller release would delay the slung shot reaction of the propeller towards the engine and not the rotation of the engine caused by the de energising starter spring. 
The spring rotates the crankshaft which starts to pump fuel and air from the outside ( air valve and fuel tank ) into the crankcase the then into the cylinder ( in the lower cylinder ( below the piston ) and the upper cylinder ( higher than the piston ). The crankshaft, in turn, moves the piston up and down and generates compression when the piston moves up. 
An important thing to remember is the engine has been designed to work in one direction only. When rotated in the opposite direction, the crankshaft may not be able to generate the suction because of the fan like design of the crankshaft and fans can only move fluid in one direction which depends on the twist of their blades. 

Cox sells engines designed to work in either direction. This is because there are right handed people as well as left handed and each of these types of people have a greater ease of starting the engine when the engine rotates in a certain direction. 
“ Right handed engines “ are more popular than “ left handed engines “ because there are more right handed people than left handed people. 
When looked from the back of the engine, i. e. from an imaginary “ pilot’s seat “, when running automatically ( normal work of the engine ) the right handed engines rotate clockwise and the start up starter spring energising must be done in a counter clockwise direction. 
The propeller screw has been correctly designed to always TIGHTEN UP when the engine rotates during the normal run. This is because the rotating propeller sees the air resistance as the propeller tries to push air from front to back. This air resistance creates a rotational counter force which attempts to resist the propeller and acts in an opposite direction of the propeller rotation. The attempt fails because the engine is stronger than the resistance force which the engine has created but the resistance force puts a strain on the propeller screw in the direction where the resistance force attempts to rotate the engine. The rule is : The screw thread must be such as to be screwed in by the resistance force in order not to get unscrewed and fall while in flight. 
The slight problem is the aforementioned means the screw would be rotated in unscrewing ( untightening ) direction when engaging the starter spring. This is usually OK because there is no any significant force other than the compression to counter the rotation of the propeller and, thus, the probability to untighten the screw is not high. However, when the engine is flooded, the fuel in the cylinder during compression ( mainly ) and the crankcase ( not as much ) create a force which prevents the engine of turning because of the thicker than air fuel ( with Castor Oil ). Thus, in case the compression is not lowered to the minimum and the air valve is not opened to the maximum and the fuel needle valve is not shut off, the propeller screw may get unscrewed while energising the starter spring. This may also be thought of as a precaution against putting too much force on the piston rod and crankshaft when energising the spring with heavily flooded engine. 
When engine flooded, perform de flooding of the engine in the described way : compression screw fully out ( so there is no compression to resist engine rotation ), air valve fully opened ( air can come from there to push the fuel out ) and fuel needle valve fully closed ( not to allow more fuel to enter the already flooded engine ). Rotate slowly to energise the spring. The slower the rotation the less the compression because fuel and air leak between the piston and the cylinder wall as well as through the Teflon gasket ( by lifting the gasket and going around ) and around the counter piston and through the fully unscrewed compression screw hole. Then perform the same procedures as when the engine is to start normally : Energise and release the spring for a few starts in order to make the piston blow the fuel out ( spit the fuel ) through the exhaust hole of the cylinder. 
After de flooding and in general before start, In order for the crankshaft to be able to pump fuel and air in, the setting of the three controls have to be adjusted accordingly in such a way, so the engine NOT ONLY starts but SUSTAINS automatic work thereafter. 
The air valve has to be adjusted to allow some air for : 1. A fuel mixture ( not so important because fuel would burn even without air ( a tiny amount ) when the engine is not hot and 2. Initial air which will be compressed by the piston in order to create a higher temperature of the compressed air under the low of expansion of gases. The low of expansion of gasses says : the higher the pressure, the higher the temperature and the higher the temperature the higher the pressure. 
Most claim the air valve must be FULLY open initially. A fully open air valve, however, makes the crankshaft and crankcase pump pump air which is a very thin fluid as compared to the fuel and unable to pump enough fuel although some fuel is sucked by the passing air because of another low of fluid mechanics. Thus, the fuel needle valve must be well open to create no resistance to the suction so sufficient amount of fuel is sucked with the air. How much the fuel needle valve should be opened depends mainly on the thickness and the quality ( how well the fuel starts to burn ) of the fuel. The thicker the fuel the more the needle valve must be opened to allow even thick fuel to flow through without much of a resistance. The easier the autoignition of the fuel, the more advanced the autoignition would be. For fuel which contains 39% Ether, 34% Kerosene, 24% Castor Oil and 3% Cetane Booster, the fuel needle valve must be opened around three turns or more for the engine not only to start but to sustain. The position also depends on the ambient temperature as more fuel may be needed for low temperatures. 
The higher the compression the more advanced the ignition will be. Also, the higher the compression, the less and the slower the starter spring turns when released. Also, the higher, the compression the more the fuel return through the reed valve : As the piston gets to travel down after a strong compression which also puts a stronger resistance to the move of the piston, the more fluid would escape through the uncovered fuel and exhaust holes of the cylinder which means the piston would counter the fuel pump to decrease and or to prevent fuel and air to be pumped in and also, the high compression will blow fuel out through the exhaust hole when the exhaust hole is uncovered. 
Thus, most specialists advise the compression not to be put to the highest setting possible during the start up process but, instead, to be decreased to a level where the engine spins freely. The compression as well as all other parameters can always be readjusted after a few unsuccessful attempts. 
Another reason for the requirement of lower compression at start up is because the fuel has a great deal of Ether ( 40% or around ) the thus the fuel will ignite sooner. To delay the ignition, a lower compression will not allow even the advanced ignition fuel to ignite and, thus, will delay the ignition. Thus, in general, fuels with advanced ignition ( a lot of components with a lower autoignition temperature such as Ether ) require lower compression to delay the advanced autoignition of the fuel. 
Another way to delay the advanced autoignition of the fuel is to open the fuel needle valve more so more fuel and less air come in. Too much opening of the fuel needle valve, however, may flood the engine during unsuccessful attempts. Thus, one may wish to close the air valve to an extent instead of opening the fuel needle valve. 
In one of the successful attempts I have made with Ether rich fuel, I opened the compression very slightly, probably, around one eight of a turn of the compression screw. Better do not use measures but open the compression screw to the extend when one would not detect BIG resistance due to compression when manually turns a non flooded engine. With the compression set up somehow, I unscrewed the fuel needle valve three and quarter turns, approximately. Then, with the air valve fully open, I have performed a few unsuccessful attempts to start the engine with the starter spring. Then I closed the air valve around a quarter. The another few unsuccessful attempts. Then I closed half of the air valve. The engine started and run quietly for a few spins. This is an indication of too advanced fuel mixture. Then I closed the air valve three quarters with only one quarter ( or even less ) open. I started the engine and the engine started and sustained. After the engine became hot, I started to play with the controls. 
Once the engine is started, carefully decrease the compression while still ensuring reliable engine work. Wait for a few seconds for the engine to heat up and carefully slightly move the air valve towards less open position. Wait for a minute for the engine to heat up more. Then, slightly decrease the fuel needle valve yet ensuring the reliable work of the engine. Because the fuel needle valve is very sensitive, do not push and turn but pull and turn. Wait for a few seconds for the engine to warm up even more as well as to examine how reliable the engine work is. Then close the air valve more in order to ensure richer mixture. Note, the fuel needle valve may need to be opened for a richer mixture to be achieved and not closed as the air valve may not be able to close enough to provide rich mixture at some settings of the fuel needle valve. In case the engine works reliably at very rich mixture, the compression can be decreased even more. Once these settings have been done, wait for a while for the engine to fully heat up and start to perform at the highest level for these settings ( does not increase the performance for, say, 30 seconds ). Once heated up, anyone can do whatever they want with the engine and set the settings as they wish as long as they are within the limits of the manufacturer which are not very well defined. The maximal RPM are defined by the manufacturer as 10 000 to 12 000 RPM. Best, do not go over 10 000 RPM. 
RPM can be measured with a special tachometer like measurement device available from the hobby shops. In case of lack thereof, sound and vision may guide the user. The user, for example, can go to highest RPM for a few milliseconds than to turn the controls back ( not recommended ). Another way to measure the RPM may be to use a guitar tuner which measures the frequency of sound. 10 000 RPM is equal to 167 cycles pre seconds, i. e. 167Hz. The audible range is 20Hz to 20KHz, thus, 167Hz is within the audible range, thus a guitar tuner should be able to measure this. 
Another way to measure the RPM is to use a high frame per second camera. Some can rich 1000 frames per second but these are very expensive. 
Do NOT over RPM the engine because over RPM’ing means over compression ( higher than a given limit compression as compression depends on the RPM because, the faster the piston cycles the lower the possibility to leak compression through the piston cylinder wall gap and or through the compression screw and head and cylinder assembly thread. Over RPM’ing will shatter the over RPM protection which is a Teflon gasket positioned between the head and the top of the cylinder held well pressed by a counter piston. Once the gasket shatters, the compression will decrease tremendously and the engine will stop. 
As the engine is being started, as well as after the engine is started and runs automatically, the two cycle engine works in two ( half ) cycles in order to maintain work. The first ( half ) cycle is called “ Suction and Compression “. The second ( half ) cycle is called “ Work and Exhaust. 
The Suction and Compression cycle can be called more accurately “ Loading and Compression “. The piston is at the very bottom of the reciprocal ( linear ) motion possible to be carried out by the piston. The piston will start to ascend into the cylinder because of the inertia ( momentum ) of the previously rotated and still rotating crankshaft. The engine does have a flywheel with a flywheel effect ( inertia ) is achieved by the rotating crankshaft as well as propeller. To increase the flywheel effect ( mainly for low RPM performance ) one may introduce a stronger flywheel effect by putting the same weights at the same place of each of the blade of the propeller. Beware of the problem : the heavier the weights, the stronger the flywheel effect, i. e. the bigger the inertia but the more difficult to start the engine as the weights would slow down the initial spring action engine rotation at start up. Also, the stronger the flywheel effect, the more wear on the crankshaft to crankcase assembly. Best, do not put any weights and do not introduce a stronger flywheel effect. 
The piston is still at the very bottom. Everything below the piston is oiled very well by the oil which comes with the fuel and is spread all over the place by the previous rotation of the crankshaft. 
The crankshaft and the crankcase ( and the lower cylinder piston) are not only a pump which pumps fuel and air mixture from the outside into the crankcase but the crankshaft and the crankcase ( and the lower cylinder piston ) are also a pump which pumps fuel and air from the crankcase into the cylinder through the a fuel hole, drilled in the cylinder wall and connected to the crankcase through internal pipes. This pumping of fuel into the cylinder only happens when the piston is below the fuel hole and does not obstruct the hole. When the upper plate of the piston surface is higher than the fuel hole and the piston obstructs the hole, fuel and air is not pumped in the upper cylinder through the obstructed hole but fuel and air are pumped through the crankcase and cylinder opening and into the lower cylinder ( below the piston ) to oil well for a future movement action of the piston through these areas. The lower cylinder piston sucks the fuel and air mixture when going up just like a syringe when pulled. The bad news is the lower cylinder piston also sucks air and exhaust gases from the previous exhaust cycles which are still around the holes. This effect worsens when a muffler is used because the job of the muffler is to delay ( resist ) the exhaust gasses from being blown away from the cylinder. 
The piston is still at the very bottom just starting to ascend. There are no exhaust gases from previous burnings into the cylinder as these have escaped during the exhaust part of the previous cycle. Because of the fuel and air pressure in the crankcase, created from, previous spins of the crankshaft which, as mentioned, is also a fan for the crankcase and crankshaft fuel pump, fuel and air go from the crankcase through an internal half pipe which goes to the fuel hole in the cylinder wall, through the fuel hole and into the upper cylinder. However, as the piston is at the very bottom, the exhaust hole of the cylinder is also uncovered and PART OF THE FUEL AND AIR and not all escape through the exhaust hole. 
As far as the lower cylinder is concerned, the moving up piston always attempts to suck whatever available from wherever available into the lower cylinder just like a pulled syringe. When the exhaust valve is NOT in the lower cylinder, than the piston sucks fuel and air from the crankcase up and oils the cylinder oils as well as the piston and piston rod joint and the piston to crankshaft attachment and the crankshaft to crankcase attachment : everywhere were metal moves on or close to metal ( for engines with exhaust hole higher than fuel hole, the cylinder will also suck fuel and air from the tank and ambient into the crankcase helping the crankcase pump ). Ones the piston is higher than the exhaust hole, the piston will attempt to such air and some exhaust gases which are still around the exhaust hole ( mainly when there is a muffler. However, in case the crankcase fuel and air pump is powerful enough, the suction pressure of the piston in the lower cylinder will mainly such fuel and air from the crankcase into the cylinder. This way, a muffler even helps achieve this because the tiny hole of the muffler which creates resistance on the path of the exhaust gases also creates a resistance on the piston suction of air ( and near the hole previously expelled exhaust gases ), thus, the up moving piston mainly syringes ( sucks ) fuel and air from the crankcase and from the intakes ( into the crankcase ) into the lower cylinder. 
Whenever during the upward movement the exhaust hole is uncovered AND the crankcase pump can pump more air and fuel than the piston can syringe into the lower cylinder, the pressure of the crankcase and lower cylinder ( they are open connected ) blows SOME OF THE FUEL AND AIR but not all through the exhaust hole 

and into the atmosphere. 
Whenever the moving up piston the piston gets positioned over the two holes and no more fuel and air can enter nor escape from the upper cylinder as well as from the lower cylinder logically ( physically, some escape through the piston cylinder clearance and the compression screw ). 
The piston continues to move up and compresses the fuel and air there just the same as a finger closed pushed syringe compresses the fluid inside ( say, air ) when the syringe piston is squeezed down. The compressed fuel and air increase their temperature as per the gas low. When the temperature is higher than 160ºC, the ether autoignites. The autoignition of the ether ignites the kerosene. Kerosene starts to ignite slowly and gets almost fully or very well ignited in a while. Once well ignited and BECAUSE THERE IS MORE AIR ( OXYGEN ) IN THE UPPER CYLINDER, the kerosene explodes. Explosion, which happens inside of something, whatever this something is, and not in the open air is called combustion. However, explosion is a better term than combustion as there is no difference where the explosion takes place. This explosion heats up the gases in the upper cylinder tremendously, thus increasing their pressure as per the gas low. As well, the explosion also converts any liquid ( except oil, assuming the oil is ideal and does not burn ) into gases too. More gases, more pressure. 
Once the explosion happens, this is the logical completion of the first cycle. Once the piston is at the highest position in respect to the cylinder, this is the physical completion of the first cycle.
The pressure of the gases pushes the piston down. As the piston goes down, the crankshaft and crankcase pump continues to pump fuel and air from the outside into the crankcase and from the crankcase in the lower cylinder, under the piston through the crankcase to cylinder opening as well as ( a very negligible amount ) through the thinner inner pipe and fuel hole. The going down piston into the LOWER cylinder adds more pressure ( again, similar to a PUSHED syringe ). The crankcase pump and the lower cylinder pressure created by the moving down piston blow SOME OF THE FUEL AND AIR but not all form the crankcase and lower cylinder through the exhaust hole and into the atmosphere. As the piston goes down, the piston covers the exhaust hole and no more fuel and air leak through the exhaust hole. 
The moving down piston into the lower cylinder also counters the action of the crankcase and crankshaft pump. 

As the piston goes down, the piston goes below the fuel and the exhaust holes. As far as the lower cylinder is concerned, the moving down piston now presses on the crankcase and counters the action of the crankcase fuel and air pump. Hopefully, not as much. As far as the upper cylinder is concerned, the still remaining pressure of the exhaust gases makes the exhaust gases go in two directions : mostly to the atmosphere through the exhaust hole and towards the fuel tank and the atmosphere through the air valve ALTHOUGH THE REED VALVE DISALLOWS THIS. Because the exhaust gasses are highly pressurised, they initially stop the pumping action of the crankcase pump for a short while until they escape through the exhaust valve and into the atmosphere. 
Ever since the explosion ( combustion ) along with exhaust gases, there has been a pulverised Castor Oil spreading all over the place and SOME but not much escaping through the atmosphere through the exhaust hole. The remaining pulverised Castor Oil cling to the metal to create a very thin protective layer. A very thin layer of high viscosity material is called a “ film “. This film is to protect all metallic parts from wear during the next cycle ( s ). 
Once the exhaust gases are pushed out through the exhaust, this is the logical completion of the second cycle and as soon as the piston hits the very bottom possible position the second cycle is physically completed. 

When MOST of the exhaust gases escape, the cylinder is empty for the next cycle to commence. 

Please note : During the first cycle, the engine performed suction ( loading ) of fuel and air INTO THE UPPER CYLINDER and then a compression of the loaded fuel and air. This is why the first ( half ) cycle is called : “ Suction and Compression “. Then the piston completed combustion and enlarging of the gasses thus making gas pressure into the upper cylinder which pushes the piston down overcoming the resistance of the load. The overcoming of the resistance of the load by an ACTIVE event ( something is generating energy by converting the energy from one type into another, in this case : chemical to pneumatic ( expansion of gasses ) to make an action ) is called “ Work “ of the engine. Then, exhaust gases were released to the atmosphere through the exhaust hole. This is why this, second, ( half ) cycle is called “ Work and Exhaust “. 
A muffler is a resistance to the exhaust and decreases the amount of the burned gases into the atmosphere. Some amount of burned gases remain and occupies room which could have been used by more fuel and air. Thus, any barrier on the way of the exhaust gases, such as muffler, decreases the power of the combustion hence the power of the whole engine. 
Yet, a muffler also makes the exhaust gases to ricochet back towards the cylinder. Although the muffler has not been designed to allow for an exact timing of the returning wave of the gases, the escaping of fuel and air through the exhaust hole ( THE BIGGEST PROBLEM OF ALL TWO CYCLE ENGINES ) can probably be somewhat decreased. 
Also, a muffler creates not only increased resistance on the way of the escaping exhaust gases but also a resistance on the way of the escaping air, fuel and oil. 

Regardless, the disadvantages of a muffler for the work of the engine outweigh the advantages significantly. The only advantage of a muffler which cannot be outweighed is the decreased level of noise and this decrease is so significant as to attract many users. 
The engine is very sensitives to amounts. The sensitivity during starting of the engine is kind of high too. The air valve must be fully open ( and consequently closed in turns after unsuccessful attempts to start until a successful one ) with the fuel valve opened around three turns for thin fuel and five times or more for thick fuel ( biodiesel ) and the compression must be either at the maximum or slightly lower. THESE SETTINGS, HOWEVER, MAY HAVE SOME EFFECT ONLY WHEN THE ENGINE IS STARTED BY THE STARTER SPRING AND THE STARTER SPRING IS IMMEDIATELY RELEASED BY THE PERSON WHO STARTS THE ENGINE. Under other circumstances, the engine would either require other settings or would not start at all. 
The engine is ridiculously sensitive to the percentages of the fuel components. Thus, to increase the accuracy of the amounts of these components, those who have a lot of money had better mix large amounts of fuel and keep the fuel in airtight containers in a freezer ( to prevent evaporation of ether ( mainly ) and kerosene ( does not evaporate as much ) until before use, when they would take only what necessary to heat up at room temperature. The larger the amount of the overall fuel the lower the weight of an error in mixing. Here is an example. In case one is to mix 10mL of fuel and wants to put 35% of kerosene ( 3.5mL ) one may not be able to measure 3.5mL exactly and an error of 0.5mL is 5%. In case one is to make 1L of fuel with 35% kerosene, one needs 350mL. Even in case one is to make a mistake of 5mL, this mistake is only 0.5%. And one can easily measure 350mL with +-1mL absolute error then 3.5mL with 0m5mL absolute error. The relative error when 1L fuel is mixed is negligible and the relative error when 10mL fuel is mixed is significant. On the top of this, ether evaporates at high room temperature, say 27ºC and higher. Hence, in case one mixes only 10mL and measured all the components separately and then mixed them up to shake well to dissolve the Castor Oil AND then realises 1mL is missing of the mixture, this 1mL is supposed to be ether but has evaporated. Just put another fresh mL of ether. 
Do not be confused by Nitro engines. One can start a Nitro engine just by blowing at the propeller. Starting diesels under the exact specifications of the manufacturer AND THE APPROPRIATE FOR THE FUEL CONTROL SETTINGS or very close to is also easy BUT not as easy as Nitro engines. Thus, no one has ever cared on how to start a Nitro as long as one applies power to the glow plug but this is not exactly the case with diesel engines. 
This engine has been reported to work with biodiesel : 34% conventional, car and truck Diesel Fuel ( from the pump ), 34% Vegetable Cooking Oil, 29% FULLY SYNTHETIC OIL and 3% Cetane Booster ( or much more ). 
Biodiesel is very thick because the main ingredient ( Vegetable Cooking Oil ) is very thick. This is why biodiesel cannot work with Castor Oil which is even thicker and makes the overall fuel so thick, impossible to be sucked by the engine. Thin fully synthetic oil with the highest autoignition temperature ( certainly 500ºC and more, in case available, in case not : standard FULLY SYNTHETIC Oil and whatever burns, burns, whatever does not burn, does not burn ) is welcome. 
Biodiesel is expected to start not as easy as standard for the engine fuel. Some may still wish to add ether or prime with ether by pouring just a drop of ether before every spring energising. The use of ether, however, defies the purpose. Well, a few drops at start up are possible to cope with. Ether, in any way of usage, must not be freezing. Because of the compressed propellant gas cans of starter fluids, ether comes out freezing. Must be stored in a tight non plastic container and then used accordingly. 
Another way, which makes the start up of biodiesel easier, is to prepare 10mL of standard for the engine fuel ( Kerosene or Methanol based ) and to start the engine and keep the engine running for as long as there is fuel or around. Then, while the engine is still working, to load biodiesel into the almost empty tank and change the controls accordingly. Switching between two tanks is possible. 
This way, the engine would heat up well to be able to sustain to work with biodiesel. Most likely, just before pouring the biodiesel or switching to the tank with biodiesel on and the tank with conventional for the engine fuel off, the air valve should be opened ( most likely fully or around ), the fuel needle valve should be fully or a lot opened and the compression should be at maximum. In case the engine cannot suck the biodiesel well, the air valve should be more closed, so the crankcase pump can pump more fuel and less air and the suction of the pump does not go into sucking the atmosphere only. Hopefully, this will not retard the ignition significantly. To counter a possible retarding with advancement, turn the compression screw to full compression. 
The engine must not be shut down upon completion of usage but, instead, all the fuel after the fuel shut off valve or fuel line shutoff pinch ( in case there is any ) must be burned and nothing must stay for the next start up because ether mainly, as well as methanol, kerosene, diesel and cetane booster is highly hygroscopic, which means these evaporate in the atmosphere easily and will not be available during the next start of the engine. 
In case the engine has to be shut off before full burn, the rest of the fuel has to be taken out manually and disposed off or stored in an air tight, non plastic container. 
In case there is fuel from a previous start of the engine which is not immediately before this start of the engine and this fuel is difficult to take out manually, a few spring starts at fully closed air valve, fully opened fuel needle valve and fully removed compression screw have to be carried out or the propeller has to be rotated manually or by an electric drill or screwdriver so the engine sucks all of the old fuel from the tank and the lines and gets purposely flooded then de flooded by blowing all of the old fuel through the exhaust. Be carefull not to damage the engine when de flooding because of the increased pressure on the piston rod and crankshaft : To safely de flood : open the air valve fully. Close the fuel needle valve fully. Unscrew and remove the compression screw. Rotate until the engine stops to spit fuel. 
Use fresh components in the freshly mixed fuel only. 

Which is the best oil for the engine. The answer is : for any thin fuel : Castor Oil. The advantages of the Castor Oil ( excellent protection of moving metallic parts ) are far greater than the disadvantages of creating bur and resistance to the moving piston ( drag ). For biodiesel, since Castor Oil cannot be used ( although can be mixed with other oils ), the best is to use oil which has the highest temperatures of autoignition and flaming and retains viscosity at high temperatures as well as when burns, does not leave bur ( carbon deposits ) and is very thin. Such oil, in general, is the fully synthetic oil. There are many fully synthetic oils made of different materials and with different specs. Which one of all? This which is thin, concentrated, has temperature of flaming and autoignition higher than the temperature of autoignition of the highest temperature of autoignition component in the biodiesel ( the vegetable cooking oil ) or as high as possible and retains viscosity the most at the highest temperature of autoignition of the biodiesel components or as close to this temperature as possible. 
The problem, however, is the manufacturers of oils do not provide this information. 
However, Klotz makes synthetic oil for RC engines ( most likely Nitro fueled ones with a glow plug ) which may be the best for diesel engines too. The problem is Klotz oils are not available in the general purpose stores and may be extremely expensive. 

Klotz also makes Castor Oil which is supposed to be less expensive than purchasing Castor Oil from Cox or the pharmacies but, because no one carries this, those who, by exception, do, may sell this oil for a huge price. 
Because European cars have tiny engines which work at high RPM and thus temperature, synthetic oils made in or for Europe may as well be of a higher quality than those made in or for North America. Thus, European synthetic oils may be preferable. 
One way or another, synthetic oils are still very expensive but will probably become less expensive in the near future. Still, biodiesel with expensive synthetic oil is much less expensive than the ether and methanol or kerosene based fuel. 
Ether and the rest should not touch other plastic than the Cox tank and the Cox fuel lines or other plastic must be avoided as much as possible because all fuel components except Castor Oil react with plastic and mainly the most important component : ether. 
Because the sensitivity to the motion of crankshaft caused by the motion of the propeller spring is high, use ONLY COX PROPELLERS OR ALIKE. The propeller must be as light as possible and the air resistance ( displacement ( flow ) of air when turning ) must be equivalent to these of Cox propellers. However, I am not very happy with Cox 8 inch propeller which is rather heavy for the size and is made of other, lower quality, plastic than the 3.5 inch one. Probably because Cox wanted to make their bigger propellers stronger. Yet, the air resistance is not supposed to damage an 8 inch propeller made of ther same material as the 3.5 inch one and neither will this propeller be damaged at spring start up. Yet, most likely, Cox made the 8 inch garbage just to protect themselves from possible complaints and returns which were not to happen but Cox seemed to have had a paranoid mentality as most do. Where is their paranoia when the exact fuel mixture with various components and, most importantly, the exact control settings with a given, exactly specified fuel are concerned? 
A very important consideration for the engine to start and work is the POSITION OF THE FUEL TANK. This is because gravity affects the fuel delivery. In case the tank is very high, then gravity would add to the suction and may flood the engine. Some reduction of the gravity effect may be carried out by adjusting the fuel needle valve and an external fuel valve in case such is available. However, fuel consumption changes with the load which changes with the use and, when the amount of fuel in the tank is lower than initially, then the fuel needle valve should be readjusted ( and the external fuel valve in case available ). 

THE CORRECT POSITION OF THE FUEL TANK IS : THE FUEL TANK MUST BE POSITIONED HORIZONTALLY AND THE MIDDLE OF THE FUEL TANK MUST BE AT THE LEVEL OF THE CRANKSHAFT ( THE PROPELLER SCREW ). THE DISTANCE BETWEEN THE TANK AND THE ENGINE MUST BE 10cm OR LESS. THE FUEL LINE MUST NOT BE PINCHED AND BETTER BE AS STRAIGHT AS POSSIBLE. The fuel line must be special for diesel and no other fuel lines must be used. Use only Cox fuel lines. 
For systems with two tanks, the second tank can be positioned in the same way as the first. The distance of the second tank to the engine would be longer and the suction of the engine may not be able to deliver fuel from the second tank to the first. Thus, the output nipple of the second tank can be slightly above the highest point of the input nipple ( pipe ) of the first tank. Cox tanks have a bubble on top and the input nipple pipe is usually twisted inside the tank to go to this bubble. This is done in order to provide an opening for the air to go into the tank when fuel is drawn from the tank. Thus, the second tank should be slightly above the bubble. 
For non airplane applications, an external fuel needle valve is welcome. Even better : two external fuel needle valves are welcome. One is positioned between the second and the first tank, the other between the first fuel tank and the engine. These valves allow for a total fuel shut off and accurate fuel intake adjustments. Also, the valve between the second and the first fuel tanks can compensate for the gravity effect. 
However, the last tank must have a hole to connect the tank to the atmosphere. This will also allow evaporation. Thus, never store fuel in the tanks. Drain the fuel into an air tight non plastic container instead. 

Regardless of how many tanks there are, the last tank must always have an opening which connects the atmosphere to the fuel. There will be a slight possibility for evaporation but this cannot be avoided. The opening is necessary because, as the fuel is sucked out of the tank, the suction creates a negative pressure into the tank, i. e. the suction wants to squeeze the tank. In case of a lack of an opening, this negative pressure would increase so much as to disallow the fuel to be sucked out of the tank. Thus, a tiny hole on the top of the tank allows for the air to go into the tank and to take the place of the sucked out fuel. In other words, there is no way for the suction to squeeze the tank because the suction would suck air into the tank through the opening. To explain this effect better : take a plastic bottle, say, from a drink. Squeeze the bottle. Close the cap. The bottle remains squeezed because of the negative pressure inside created by the squeezing of the bottle before closing the cap and then releasing the bottle after closing the cap. The bottle has memory and tries to recover but the pressure inside does not allow. Now, with a needle or a knife, punch a hole in the cap. Air comes in because of the negative pressure inside. The coming air reduces and neutralises the pressure and allows for the walls of the bottle to recover. 
Cox offers an option for an Aluminium 5CC tank built into the backplate. This option is preferable. One can have this tank as well as the standard external 30CC tank. The double tank system would reduce the effect of gravity as each tank reduces the pressure introduced by the gravity. Also, the double tank system would act as a capacitor to overcome glitches. When the second tank cannot deliver fuel well ( upside down, for example ) the first tank, being built into the backplate and next to the engine may continue to do so. Also, the built in tank eliminates the fuel flow resistance of the thin fuel line. For non airplane applications, a third bigger tank can be used or the second tank can be replaced by a big tank. 
7. Conclusions 

Cox engines are incredibly reliable because they have been calculated and designed extremely well, high quality strong metals have been used and no extra parts have been used except the very minimum. The only addition to the very basic engine is a ( unidirectional ) reed valve on the fuel and air intake which should not be avoided because of the increased fuel and air delivery at the negligible expense of adding an incredibly simple valve. 
Cox .049 SureStart Diesel allows for an independent adjustment of the three possible controls of an engine : air intake, fuel intake and compression. Thus, Cox allow for ignition timing adjustment by varying the richness of the fuel to air mixture. 
The part of the name of the engine called “ SureStart “ is true and not a commercial gimmick. SureStart engines do start easily and surely. However, this is only true when the user uses the recommended by Cox strict but SIMPLE starting procedures. 
Start Up Procedure : 

1. Mix the specified by Cox fuel and no other. Avoid plastic containers as much as possible. Ether best does not touch plastic as much as possible. The specified by Cox fuels are : 
A. Methanol Based Diesel Fuel : 21% Ether, 49% Methanol and 30% Castor Oil. 
Cox does not mention anything as far as Cetane booster is concerned. Cetane Booster may help the main fuel ( Methanol ) ignite. Thus, use 20% Ether, 48% Methanol and 29% Castor Oil and 3% Cetane Booster. 

B. Kerosene Based Diesel Fuel : 40% Ether, 35% Kerosene, 25% Castor Oil. 
Cox does not mention anything as far as Cetane booster is concerned. Cetane Booster helps the main fuel ( Kerosene ) ignite. Thus, use 39% Ether, 34% Kerosene, 24% Castor Oil and 3% Cetane Booster. 
TREAT THE FLUID SQUEEZED OUT OF A JOHN DEERE 80% ETHER STARTER FLUID CAN AS 100% ETHER AND NOT 80%. Although the other 20% are unknown, some sources claim these 20% are propellants only which escape when the 100% ether is taken out of the can. Others say these are upper cylinder oils. ASSUME THE ACQUIRED FLUID FROM THE CAN IS 100% ETHER. 
The best way to obtain the fluid out of the can is to turn the can upside down and squeeze the nipple until all the propellants are out ( until there is fuss ) and then open the bottom of the can with a regular can opener, or, in case of a rotary can opener which cannot penetrate deep enough to cut the strong can, just punch the bottom of the can near the edge with a knife or a nail and pour the fluid into a hermetically closable metallic or jar container. Wait for the ether to reach ambient temperature. Do not heat up the ether TOO MUCH. One way to heat up the ether is to place a container where the squeezed ether has been stored into a container full of hot water. Do this very quickly, regardless of whether the ether has reached a room temperature or not. Better wait for a while. Otherwise, there is a risk of the ether to evaporate. 
Make sure the can is punched near the edge of the bottom because the bottom of the can is arched ( for strength ) and a lot of ether will remain when punched at the middle or around where the 3D arch ( sphere ) is high. 

WHATEVER THE FUEL, AFTER THE FUEL REACHES AMBIENT TEMPERATURE, ALWAYS SHAKE WELL AND FOR A LONG WHILE BEFORE LOADING THE FUEL INTO THE GAS TANK. Make sure the ether does not evaporate, though. A few seconds to a minute of shaking may be OK. 
Be aware of ether evaporation. Add the evaporated amount. Here is an example : One has mixed 4mL Ether, 3.5mL Kerosene and 2.5mL Castor Oil. Then one has put the mixture in a jar and shaken well for a while until the mixture heats up to room temperature. One has even put the jar into another, bigger jar full of hot water. Then, just before loading the fuel into the tank, one realizes the total amount of fuel is 9mL and not the initial 10mL. The missing 1mL is probably evaporated ether. Thus add another 1mL of ether. The temperature of the fuel after the addition of this 1mL of ether is not to be affected significantly because the amount of the newly added ether is just 10% of the whole fuel.
2. Ensure the fuel is room temperature warm. Beware : In case Ether has been sprayed out of a can, this ether will be freezing and will not ignite in the engine. 
3. Keep the fuel in non plastic and tightly closed containers. Metallic bottles OK. 

4. Use only a Cox tank. 

5. Position the tank horizontally. 

6. Ensure the middle of the tank is at the same level with the propeller screw. 

7. Use only Cox fuel lines ( hoses ). 

8. Ensure the fuel line is no longer than 10cm. 

9. Ensure the tank has an air pipe which connects the atmosphere to the upper of the tank ( the bubble ). 

10. With a fully closed fuel needle valve, add the fuel into the tank and ensure the amount of fuel is large enough to cover the fuel pipe ( the one connected to the fuel nipple of the engine through a fuel line ) and not large enough to cover the air pipe. These two pipes are inside of the tank. The fuel pipe can be connected to a flexible hose with a heavy nozzle. These are INSIDE the tank. This is done to ensure the heavy nozzle, unobstructed by the flexible hose ( hence the hose is flexible ) would always stay at the bottom of the tank where the fuel is, so the engine can suck fuel always. When the airplane is upside down, the fuel goes to the new bottom which is the top. The nozzle also goes there and fuel continues to be available. For non airplane applications, when the fuel will not move from the bottom of the tank, the flexible hose and the nozzle can be skipped and, instead, the fuel pipe, to which the fuel line is attached to connect the fuel pipe to the engine fuel nipple, can be position to reach the bottom of the tank directly. This will give access to fuel to the engine until the fuel is almost fully depleted as opposed to the wide nozzle which will leave some fuel in the tank. 
11. Use only Cox starter spring and nut and a Cox propeller ONLY and no other. 

12. Position the air valve to fully open, compression screw to fully closed or very close to and the fuel needle valve to 3 turns open. 
13. Start the engine ONLY WITH THE STARTER SPRING AND NO OTHER WAY. Ensure the spring is hooked to the nut. Rotate the propeller in the direction opposite of the working rotations of the engine. Hold while rotating. Do not over energise the spring. When the spring is fully energised, continue to hold the propeller SLIGHTLY pulling the propeller away from the engine. To release the propeller simultaneously, do a “ slung shot “ release by simultaneously releasing the slightly pulled propeller. 
PLEASE, NOTE : IN CASE ONE WANTS TO START THE ENGINE WITH AN AIR VALVE FULLY OPEN, THE EXACT POSITION OF THE FUEL NEEDLE VALVE DEPENDS ON THE FUEL : WHEN THE FUEL IS NOT ADVANCED ( NOT SO EASY TO AUTOIGNITE, NOT SO MUCH ETHER ), A FUEL VALVE 3 TURNS OPEN MAY BE OK. HOWEVER, WHEN THE FUEL IS MORE ADVANCED, THE FUEL AND AIR MIXTURE MUST COMPENSATE FOR THIS AND PROVIDE LESS ADVANCED FUEL TO AIR MIXTURE : MORE FUEL LESS AIR ( RICHER FUEL AND AIR MIXTUTE ). THUS, FOR ADVANCED FUELS AND FOR THESE WHO WANT TO START THE ENGINE WITH AN AIR VALVE FULLY OPEN, MORE TURNS OF THE FUEL NEEDLE VALVE TOWARDS OPEN ARE NECESSARY. HOWEVER, A FUEL VALVE TOO MUCH OPEN MAY LEAD TO FLOODING. THIS IS WHY SOURCES ADVISE TO OPEN THE FUEL NEEDLE VALVE TO THREE TURNS AND THEN INCREASE THE OPENING OF THE VALVE AFTER TRYING TO START THE ENGINE AT EACH INCREASE. USE QUARTER TURNS TO INCREMENT THROUGH THE ATTEMPTS. 
WITH FULLY OPEN AIR VALVE, THE ENGINE IS CITED TO START WITH A FUEL VALVE OPEN BETWEEN 3 AND 5 TURNS. BE CAREFUL IN CASE THE FUEL NEEDLE VALVE SHOULD BE OPEN MORE THAN 5 TURNS : THIS MAY FLOOD THE ENGINE. 

ANOTHER WAY TO COUNTER THE ADVANCED FUEL BY PROVIDING RICHER MIXTURE IS TO OPEN THE FUEL NEEDLE VALVE VALVE AT 3 TURNS OPEN AND THEN CLOSE THE AIR VALVE IN ONE EIGHTS INCREMENTS AND ATTEMPT TO START AFTER EACH INCREMENT. IN CASE THE ENGINE CANNOT BE STARTED EVEN WITH FULLY CLOSED AIR VALVE ( WHICH CANNOT BE CLOSED 100% BECAUSE THE AIR VALVE IS NOT HERMETIC ( AIR TIGHT ) WHEN FULLY CLOSED ), THEN INCREASE THE OPENING OF THE FUEL NEEDLE VALVE WITH A HALF TURN AND TRY AGAIN CLOSING THE AIR VALVE IN INCREMENTS. THIS WILL ALSO LOWER THE SENSITIVITY OF THE FUEL VALVE AS FAR AS MIXTURE ADJUSTMENT IS CONCERNED AND WILL INCREASE THE RANGE OF RICHNESS OF THE FUEL AND AIR MIXTURE, I. E. THE FUEL AND AIR MIXTURE CAN BE MADE MUCH RICHER WITH MORE OPEN FUEL NEEDLE VALVE. 
Please, note : whatever the advancement of the fuel, thicker fluids require the fuel valve to be more open and this will not flood the engine as sucking thick fuel is more difficult and bring less fuel at given settings than thin fuel at the same settings. 
To prime the engine may be a good idea. 

To prime the engine, open the air valve fully and drop just one drop ( 0.1 mL ) of ether into the air valve. Then, reposition the air valve wherever you want and attempt a spring start or a sequence of spring starts until the engine starts or until you decide to change the settings for another spring start attempt at different settings. Do not put more than a drop and only once in a while, so you do not flood the engine. 

Priming with pure ether would make the engine ignite the tiny ether primer easily and this may either lead to ignition of the ether of the fuel or make the engine run for a spin or two and, thus, get to such more fluid in or will heat up the cylinder slightly to facilitate future ignition and, thus, an easier start. 

14. Repeat the previous point until the engine starts. Usually, the first spring start would only deliver fuel into the engine and get some compression. The first compression would also heat up the engine. The second spring start must be done as immediate as possible after the first. As well : Every consecutive spring start must be done as immediate as possible after the previous. The engine builds up compression faster as well as uses the increased temperature from previous compressions as well as possible previous ignitions. The engine will start. In case the engine does not start, readjust the fuel needle valve to be more open ( in case an open air valve start is attempted ) or the air valve more close ( in case a consecutively closing air valve start is attempted ) . Gradually open the fuel needle valve in quarter turns OR close the air valve in quarter or one eight stages. Thick fuel ( fuel with more Castor Oil ) requires the fuel needle valve to be more open. 
15. The fuel needle valve is made of Brass and is very sharp and, thus, soft. Can be twisted easily. Be careful when the fingers are near the fuel needle valve. Pay attention not to touch the fuel needle valve so the valve is not twisted by mistake. 
16.  Once the engine is up and running, almost immediately reduce the compression to a level which still gives a reliable work of the engine. Do this by slowly moving the compression screw. Do not shut the engine off. Run the engine on low compression for around a minute to ensure the engine heats up. After the compression screw is set up for reliable work, begin to slowly close the air valve as much as possible to sustain the reliable work. The engine now works at low compression and with rich mixture and heats up. Check how hot the engine is by touching. The engine must never go hotter than possible to be touched but will be hot to the touch yet possible to be touched for a long while when works normally. 
17. Once the engine is hot, adjust the fuel, air and compression as you wish. Do not be afraid in case the engine shuts down. Hot engine is easy to restart. 
18.  To restart the engine, either the last working settings can be used ( best ), or the already outlined here initial start up settings. When the last working settings have included a decreased compression, compression may be increased just to start again and then decreased again. The same applies for the other two settings ( fuel and air ). 
8. Quick Start Up Guide 

Prerequisite : Under NO circumstances do close the compression screw fully. Before everything, unscrew the compression screw a few turns and then turn the compression screw to close WITH ONE FINGER without pressure just like petting a pet. This is the maximal compression position and the position screw must NEVER be more closed than this regardless whether the engine is just sitting and collecting dust or is to be started or is running. Open around one eighth of a turn more open from this maximal position. This is the normal start up position of the compression screw for normal ( Cox suggested or close to ) fuel. Just in cases, never touch the compression screw with more than one finger. 
The same applies for the fuel needle valve, just use 2 fingers but never tighten up. When the engine sits and waits, the fuel needle valve may be closed fully BUT NOT TIGHTLY. 
The start up algorithm : 

1. Load the tank with either 40% Ether, 35% Kerosene, 25% Castor Oil or 39% Ether, 34% Kerosene, 24% Castor Oil, 3% Cetane Booster. 

2. Set Air Valve to fully open, Compression Screw to one eighth open ( ensure free propeller rotation with many turns ) and Fuel Needle valve to three turns open from not very tightly closed position which is three and quarter turns open from tightly closed position ( which must never be used ). Do 4 spring starts. This will allow you to ensure the propeller rotates freely at these settings. In case not, untighten the compression screw more. One must not hear any compression puffs which is also an indication of freely rotating engine. 
3. Set the fuel needle valve to 4 turns open. Do 4 spring starts. 

4. Set the fuel needle valve to 5 turns open. Do 4 spring starts. This will ensure fuel and air are pumped from the tank into the fuel line and the crankcase. Should not flood the engine yet be careful. The engine may start and spin for a few spins and then stop. Good sign. Pumps fuel in and does not flood. Should not flood even without starting. Settings are too high to sustain. 
5. Set the fuel needle valve to 4 turns open. Do 4 spring starts. 

6. Set the fuel needle valve to 3 turns open ( three and a quarter turns open from tightly closed ). Do 4 spring starts. 

7. Start to gradually close the Air Valve with one eighths one after another. Do 4 spring starts. Whenever the engine starts and spins for a while and stops is the first sign of getting closer to full start. Next one eighth of the air valve more closed should start the engine and sustain the engine work. Usually, the starting point is Air valve one eighth open ( almost closed ). 
Once the engine is started, run the engine with these settings for 30 seconds or a minute. Please, note : the Cox standard 40% Ether, 35% Kerosene, 25% Castor Oil fuel may need the air valve to be slightly more open and the compression slightly increased a few seconds after work. Once the engine is hot, however, one may easily restart the engine with the last good settings. 
These points must start the engine and maintain the work of the engine in a very stable way for a long while during which settings can be readjusted. Once the engine is started, wait for 30 seconds or a minute and very slowly readjust the settings. The air valve needs to be slightly more open and the compression slightly increased. 
The best, after the engine has been working for 30 seconds, slightly open the air valve. Ensure the engine runs in a very stable way. Then, increase the compression slightly. In case the RPM do not increase, then decrease the compression until they do. This ensures the correct compression for the air and fuel settings at a given temperature. DO NEVER TIGHTEN THE COMPRESSION SCREW REGARDLESS OF RMP AND ADJUSTMENTS. THE MOST CLOSED POSITION OF THE COMPRESSION SCREW MUST ONLY BE ACHIEVED WITH ONE FINGER TURNING WITHOUT PRESSURE, ALMOST WITHOUT TOUCHING, ALMOST LIKE PLAYING AIR GUITAR. JUST LIKE PETTING A PET. 
This algorithm may look long but this is not true. All said takes just a few seconds, less than 30 seconds when gotten used to. 

Ensure the consecutive turns ( the 4 turns ) at each settings are carried out very quickly one after another. Not a problem when they are not. The engine will still start. 
To avoid blood sweat and ether : ALWAYS WEAR A GLOVE TO START THE ENGINE! 
An even faster start up algorithm : 

1. Load the tank with either 40% Ether, 35% Kerosene, 25% Castor Oil or 39% Ether, 34% Kerosene, 24% Castor Oil, 3% Cetane Booster. 

2. Set Air Valve to fully open, Compression Screw to one eighth open ( ensure free propeller rotation with many turns ) and Fuel Needle valve to around 5 turns open. Do 4 spring starts. This will ensure fuel and air are pumped from the tank into the fuel line and the crankcase. Should not flood the engine yet be careful. The engine may start and spin for a few spins and then stop. Good sign. Pumps fuel in and does not flood. Should not flood even without starting. Settings are too high to sustain. 

3. Set the fuel needle valve to 3 turns open ( three and a quarter turns open from tightly closed ). Set the Air Valve to one eighth open. Do 4 spring starts. The engine must start. In case the engine does not start, tweak the Air Valve to more open or more close. Best open the Air Valve to half open and go towards closing in one eighth points until the engine starts. This should not be necessary because the engine must start with Air Valve positioned between fully closed and one quarter open. 
This algorithm can be completed in less than 15 seconds. 

Corrections and Additions to the Document 
Corrections of the mistakes I have made while writing this document will be noted here and then corrected inside the document. 

Direction of Turning of the Engine 

I may have written the engine is unidirectional. This was because I did not fully disassemble the engine at the beginning of writing and I did so thereafter. Thus, when I was looking at the not fully disassembled engine, the crankshaft looked like a circle with a propeller on the circle which was not symmetrical and would pump fuel when rotated one way only. This is not true. The crankshaft is a rounded triangle and is fully symmetrical as well as the rest of the engine. Thus, the crankshaft would pump fuel the same way when rotated in either direction. The whole engine will work the same way when rotated in either direction and is fully bidirectional. The only unidirectional part is the spring start system with the spring and the starter nut. They are unidirectional and Cox sells these for right handed start as well as left handed. I thank to the readers who noticed this mistake and helped to be corrected. 
Castor Oil 

There is a very good piese of information coming from Cox Engine Forum : 
In order for Castor Oil to minimise any Carbon deposits, during the manufacturing process, Castor Oil must be FIRST PRESSED. Some shops, mainly and, most likely only, in the UK sell Castor Oil with a clear label indicating the Castor Oil has been manufactured by “ First Pressing “ as the label shows. This removes any other organic material and purifies the oil. This is the best oil for this and any other engine. 
I continue to say, however, regardless whether first pressed or not, every organic material will leave Carbon deposits when burned hence Castor Oil better not to be burned (I think this cannot be overcome ), i. e. the engine must not be overheated. I thank you for the information first pressed Castor Oil leaves much less Carbon deposits. 
In general, here are the advantages and disadvantages of Castor Oil : 

Advantages : High Temperature of burning, clinging to metal in a form of thin film, high viscosity and density. 

Disadvantages : in occasions when the engine runs very hot with extremely lean mixture in huge amounts and high RPM and load, Castor Oil may. When organic materials ( such as Castor Oil ) burn, they deposit Carbon ( varnish, burr ). Castor Oil clings and films over metal but not over Carbon. Carbon deposits, even in huge amounts ) cannot protect rotating parts because they get easily filed off of there. The linear movement of the piston may not file the Carbon off. Thus, Carbon deposits AT HUGE AMOUNTS will get the piston stuck and will increase friction and temperature of the cylinder. Hopefully, such amounts will not happen. This problem is well known with cars, even though and because and with or without, they have rings ( rings to some extent help debur the carbon to another some extent get stuck more easily in scratches ). In engines without rings, the huge area of the piston walls will get easily stuck in a cylinder with huge amounts of Carbon deposits which deposit faster than they can be filed off. Thus, the engine must not be run at high temperatures. 

As with any other engine : the thicker the oil the safer to the engine and the lower the performance at huge RPM, load and power. This is why you and some modellers do not like Castor Oil. Because you want huge RPM, huge power at these huge RPM. I do not. 

Castor Oil does not dissolve very well EVEN in Ether at low temperatures. How do I know this : I put Castor Oil in a glass and squeeze freezing Ether out of a John Deere can to the walls of the glass. I look at the glass near a light bulb. At the beginning, when the temperature is low, I see flakes ( of Castor Oil ) and layers of Castor Oil floating around. With the increase of the Ether and Castor Oil mixture temperature towards the ambient ( room ) temperature, flakes and layers start to disappear. Shaking helps a lot. 

Internet says Castor Oil does nor dissolve well in anything except Ether. I think, kerosene, diesel and methanol are such strong dissolvers so I had the skin of the hands falling when I was washing trucks with diesel to make them shine. These also do dissolve car paint, hence washing has to be done with tiny amounts only, almost dry cloths. Diesel will also dissolve thick and strong winter boots leather this is why dry shoe shine must be disposed off or melted with temperature and never dissolved with diesel. This is why I think Kerosene can dissolve Castor Oil AFTER A LONG WHILE AND AFTER A LOT OF SHAKING. 

Fuel : 
Alternative Fuel ( Biodiesel ) : 

The only response I have had on biodiesel or other alternative fuels is : There was a response backed by a YouTube video where the engine worked with : 
77% Sunflower Oil, 11% Kerosene, 11% Naphta ( Camp Stove Fuel ), 1% Amsoil Cetane Booster 
I am not sure whether the engine started with this fuel or started and heated up with a standard fuel and then switched to this fuel. Yet, this information is the only information I have got on biodiesel. The settings are unknown. The engine worked perfectly. Kerosene and Naphta ( Camp Stove Fuel ) can be purchased at most stores which sell camping equipment. Amsoil Cetane Booster or a chemical equivalent may be available at most automotive shops. Sunflower Oil is available in any grocery shop. 
I have never run nor tried this formula. I have never tried anything with naphta. 

I am concerned with the lack of synthetic oil and the thickness of the fuel. Most likely, what looks like the main fuel, the Sunflower Oil, does not fully burn and also works as a lubricant, mainly, at this high percentage. Looks like Naphta ( autoignition temperature of 225ºC ) is used as an ignitor and not diesel ( autoignition temperature of 210ºC ) because, I can speculate, naphta does not react with kerosene and diesel may as well do. I do not know and I am not sure. Naphta ignites the secondary ignitor, Kerosene, which ignites the main fuel Sunflower Oil. 
The engine, again, worked perfectly fine with an exhaust and spitted black liquid through the exhaust as well as exhaust gases which is a proof not all of the fuel burnt and hence the lubrication. The engine was not very big. 

Information on biodiesel and alternative fuels is extremely difficult to obtain, so this is considered a great deal of information. 

Commercial Standard Diesel Fuel for Micro Engines : 

A lot of people ( from the US ) like a company called Davis Diesel which sells premixed diesel fuel. However, Canada and some other countries do not allow any flammable material to be sent by mail regardless of what packaging they have. Besides, Davis Diesel is very expensive and the shipping too. 
Wherever available, I, after so many positive words for Davis Diesel, would recommend people to get Davis Diesel to start their engines and make sure they work. Then, they can mix their own fuel in case this is less expensive. 
Cetone Booster : 

Cetone Booster helpr the ignition of the main fuel ( Kerosene or Methanol ). One of the symptoms when Cetane Booster may help is when the engine starts and runs for a while during which the compression screw has to be slightly tightened for the engine to sustain the work. With Cetane Booster, no tightening of the compression screw is necessary and the engine would run nicely and smoothly at the setting the engine has been started with as well as would allow for a wider range of any of the setting as well as lower sensitivity to any of the settings. 
Most modern Cetone Boosters are made of EthylExyl Nitrate. The one I use and am happy with the results thereof is 2 EthylExyl Nitrate & Xylene. 
For micro engines, the best Cetane boosters are these made of Amil Nitrate. In case these are not available, the second best are these made of Isopropyl Nitrate. 
Just for information : I have seen rubbing fluids product in a pharmacy where I have been to ask for Methanol rubbing fluid and has not bee available. These rubbyng fluids are either pure Ethanol ( 100% alcohol, 100% spirits ) or Isopropyl Alcohol. I think these may or may not be a good main fuel and a good replacements for Methanol. 

Important Clarification : 

“ 
More advanced fuel means the fuel would ignite and combust ( combust on overall ) sooner and does not mean the fuel will combust faster. Thus, Ether would ignite pretty much the same but how slow the main fuel is depends on the main fuel. As a gross generalisation, fuels which autoignite faster also combust faster but this is not always mainly with these engine's fuel which has an igniter and main fuel built in the overall fuel. Thus I, on occasion, make the mistake to call slower fuels more retarded fuels but this is not true always. 

Slow combusting fuels ( for example high octane gasoline ) with a prolonged combustion are better for low RPM and get more power there. Fast combusting fuels are better for high RPM. 

In case I was to have a choice I would use a slow combusting fuel regardless ( to an extend ) where the ignition is. I think Methanol combusts more slowly than Kerosene but I AM NOT SURE. In case anyone knows, you are welcome to inform. ( For a car, I would prefer a high octane gasoline as this combusts more slowly ). 
“

In some countries ( The UK ), a special, extremely clean Kerosene, transparent in colour is available for medicinal purposes, called Medicinal Kerosene. This has been reported to be better for these engines. These who can get this are lucky. 

Ether autoignites at 160ºC. Then, the authoignited ether flame ignites PART of the main fuel. Another part of the main fuel may autoignite from the compression at high temperature of the cylinder. This is why Cox likes ether which ignites at only 160ºC raised by the compression and then Cox likes main fuel which has a huge autoignition temperature yet a very low flame ignition temperature. Such main fuel is Methanol which flame ignites at 11ºC and autoignites at 470ºC. In comparison, kerosene flame ignites at 65ºC and autoignites at 295ºC which makes kerosene a less desirable fuel. Thus, with methanol, the engine is supposed to run at lower temperatures, around 160C. 

In general, RC diesel engines are not diesel engines but spark engines, just like gasoline engines. This is because the same way as a spark from an electric spark plug ignites the gasoline and air mixture in a car, a “ spark “ from the low power ether ignites the high power main fluid ( methanol ). 

With kerosene, because of the low autoignition temperature, some part of kerosene may diesel ignite because of the compression and thus increase the engine temperature. 

Biodiesel is a combination of diesel and spark engine : diesel autoignites at 210ºC from compression and then flame ignites vegetable oil. Diesel does provide not only spark but some power as diesel is much more powerful than ether. Vegetable oil provides more power. Because Castor Oil does not dissolve in diesel very well ( must wait and shake for a long while ) and because Castor Oil is thick as well as vegetable oil, putting Castor Oil in biodiesel would make the fuel so thick so the fuel cannot get through the 1.8mm diameter fuel line and the tiny intake holes and intake pipes not even through the tiny tank nipple. This is why, I am afraid very much, the biodieselers MAY ( hopefuly they do not ) modify their engines ( holes, intakes, nipples ) and put a wide fuel line as well as a fuel pump along with tank high up. I do NOT want to modify the engine because I do not know the amounts and do not want to destroy the engine and do not want to spend the effort for experiments in out of laboratory environment. 

Although some alternative fuels may be extremely destructive to modelers, they will not be in the case when the engine is run at much lower RPM and I do not care whether I would get as much power or not. The most important is the longevity and reliability, hence low RPM, rich retarded ignition air to fuel mixture, low compression. Hence, the best fuel in this case would be 33% Castor Oil, 40% Ether, 23% Methanol ( or 20% Methanol, 3% Cetane Booster ). Or the Cox standard methanol formula of : 21% Ether, 49% Methanol, 30% Castor Oil. 

However : 

I cannot find methanol. I can easily find kerosene. 

Ether is very expensive and available but inconvenient to get to the shop to get some. 

Castor Oil is expensive. 
Having said this, in some countries methanol is almost for free as this is considered garbage of many industries and totally useless. Castor Oil is almost for free because this is sold in pharmacies as laxative ( Latin Name : Ricinus Communis, pronounced in Latin Ritsinus Communis ). Ether is also inexpensive and sold in pharmacies as a relaxation medication for nervousness. 

I want to also share an impression : when I run the engine with standard Cox fuel for kerosene : 40% Ether, 35% Kerosene, 25% Castor Oil or 39% Ether, 34% Kerosene, 24% Castor Oil, 3% Cetane Booster, even without a muffler, I get the impression the engine runs so oily and smoothly so this looks like cutting butter with a hot knife. I have not been able to run the engine with another fuel. 

This is why, I am happy the project would be OK to run on Cox recommended fuel in these countries but not in North America. Even, I have had a reply on this forum from the UK where the price of standard fuel is a fraction of the price in North America. In other countries is even less expensive. 

A specific problem in Canada but not in the USA is the government seem to silently and not so silently count ether as a street drug. Ether has been used as an anaesthetic before. I think the government of Canada miscalculates amounts because, I think, only huge amounts of ether can cause the “ getting high “ effect, also, ether may have other reflections on human health being a petrol derived product AFTER A LONG USE AND HUGE AMOUNT ABUSE FOR A LONG WHILE. This is why I think normal people should not suffer just because of miscalculations and not taking amounts into consideration when proclaiming what can and cannot be used as a street drug. 

In addition, people who use drugs report on the internet sniffing ether and acetone ( glue ) does not get them high as they are probably “ immune “ to these because they use much more powerful drugs as marijuana, crystal cocaine, cocaine, etcetera. 

I want to ask another question, though : how come anyone can purchase 100% Acetone and glue at most any shop around and cannot purchase Ether? I have heard of many people all over the world and in countries where acetone AND ether are freely available to claim they sniff acetone and I have never heard of any drug user to have ever claimed of drinking or sniffing ether. 

In addition, there was a post on the internet where a person said, when a student, this person damped a towel in ether and covered the nose and mouth with this ether damped towel in an attempt to get high and : NOTHING HAPPENED, the person did not get high, not even slightly. 

I suspected biodiesel will require a standard fuel start and heating up the engine and thank you for clarifying your experience. Thus, a good idea is to have two Cox tanks and one big tank : one only for start up the other, for secondary run and biodiesel and the big tank for biodiesel storage. The big tank would have a needle valve to stop the fuel and will be connected to the second Cox tank. Initially, the two Cox tanks would be filled with standard fuel and the valve between the big tank and the second tank will be closed. The engine would start with Cox fuel and, after burning will switch to the second tank and continue to run with standard fuel. Nearly after burning, the valve will be opened and biodiesel will flow from the big tank to the second tank for the engine to continue on biodiesel. The trick is : the first tank is always nice and clean. In case the engine stops, can be restarted again on the first tank and switched to whatever there is in the second. 

Dissolving Castor Oil ( in Ether ) 
The liquid which comes from the John Deere container ( the Ether ) is very cold. I continue to claim I have observed extremely difficult dissolving of Castor Oil into this freezing Ether. I continue to claim the freezing Ether cannot dissolve Castor Oil well and has to be waited to reach near room temperatures and shaken well. I will be happy to be wrong. 

Flooding and Deflooding 

I have been abusing the engine on electric drill and even making pure diesel combustions while spinning. The engine seems to be strong enough for the purpose of the generator mainly when taken into account the engine will be run on low RPM. 

When the engine gets flooded, remove fully the compression screw, fully close the fuel needle valve and fully open the air valve ( throttle ). Then do around 32 spring starts. All the fuel ( which contains oil and is thicker ) will be blown off through the exhaust as well as through the open hole of the compression screw. Then the engine is better than new because is oiled! 
Starting the Engine 

I have not been able to start the engine with anything else but a spring start. Not electric drill, not hand rotation of the propeller. This is because the engine requires extremely high RPM, although for a short while which the spring does give and neither a hand nor a drill can. I will not recommend any other start than a spring start to anyone. I have suffered enough for all. 

Extremely Brief Chat on the Electrical and Electronics Parts of the Project 
The project is simple but may have a simple yet good electronics with main IC : MAX4210 : a power monitoring IC based on multiplication by using the logarithmic VI function of the diode which is a very inaccurate method but Maxim have been able to trim the IC to 1 to 1.5% accuracy. They also use the current mirror method which is claimed to be more accurate. There will be independent current protection ( easy current sensing and a transistor to be switched on and off ), over voltage protection and may have a simple analogue voltage stabiliser by an open collector transistor which will have the disadvantage of losing power when the voltage is higher than whatever desired but will give much cleaner output as compared to a switching supply. Can be switched on and off. The electronics will be separate and can be plugged into the generator or not as per the desire. This electronics will lose voltage, i. e. one has to go to 13 to 15V to get 12V regulated output. 

Without the electronics, because a simple dynamo is used, no voltage drop is lost. The dynamo is with brushes because the inexpensive dynamos are this way. The brushes cannot be replaced : once the brushes are worn, the whole dynamo must be replaced. I, usually, never use such solutions. I want everything to be built to last forever as in the 50’s and before although I was not born then. Thus, I am older school than old school. However, I use this dynamo because the dynamo is very inexpensive, just $7. Consider this a price of replacement brushes. I always prefer a brushless dynamo or, best, alternator. These are expensive even the ones made in China. YAF 54 alternator seems to be the best Chinese alternator considering the price, yet extremely expensive. I chose YAF 54 despite the 1.4V voltage loss I was to incur. When I realised the price did not include free shipping I started to sing a different tune. Anyway, YAF 54 is available from the manufacturer for $70 including shipping to Canada or USA. The price of YAF 54 is around $30 to $35 and the shipping cost to USA and Canada is also around $30 to $35. Compare this with $7 shipping included! 
Germanium Diodes have a lower drop yet not so much lower. 

The electronics is the second stage of the project and not related to the engine. The generator will be made without electronics to provide unregulated voltage. The electronics can be made as a separate unit to only provide power protection, voltage protection and current protection as well as to regulate the voltage output ( s ). A 12VDC regulated output and one or a few 5VDC USB outputs can be made available. 
The generator is intended to fit in a backpack and be very light even as a prototype. Future developments may greatly reduce the project. One of the main space consuming parts is the 1L tank which can be replaced with a lower volume tank. 

Diesel engines consume 30mL per 15 minutes when adjusted properly and without any other load than the air resistance generated by the air and an 8 inch dual blade propeller. However, The consumption may be decreased at lower RPM. Also, however, to increase reliability, burning rich mixture at low compression may be preferred by the user which would increase the consumption of fuel even at lower RPM. 

On the prototype, the air valve ( the throttle ) is controlled by a guitar tuning machine, a standard fishing cord, a tiny fishing hook and a spring. The spring tries to pull the throttle ( air valve ) lever down while the guitar tuning machine can pull the lever up to any desired position between fully closed and fully open continuously. Of course, there are standard linkages and even props which can be used. 

The DC generator ( dynamo ) can generate a given power at given load at given RPM. 

In case the load is constant, the higher the RPM the higher the voltage and power generated by the generator. The higher the power the higher the load which the generator puts on whatever rotates the generator. 

In case the RPM are constant, then the generator can provide a given voltage at zero load. With the increase of the load to the generator, the voltage will decrease and the load which the generator puts on whatever rotates the generator will increase. 

When nothing is constant, then with a given load at given RPM the generator will generate a given voltage and power. When the load to the generator increase, the voltage and power of the generator will decrease and the load to the engine will increase and the engine RPM will decrease. The RPM of the engine can be increased manually. Thus, the voltage of the generator will increase as well as the power. 

The prototype will not have any manual or automatic gear shifting nor any electronic system to maintain a given voltage by adjusting the controls of the engine. Such can be done in the future but can only be done in an appropriate environment. 

The pulley system can be calculated to reflect the most usual cases. 

One way to calculate the pulley gears is to start from the bottom up : The minimal engine RPM for stable work can be measured. The RPM of the generator necessary to display the minimal voltage at zero load can also be measured. Thus, the pulley system can be calculated to provide the minimal voltage at the minimal engine RPM. Load to the generator will bring a load to the engine which will bring a decrease in the RPM. The RPM will be increased manually to be able to provide the necessary RPM to the generator to generate the desired voltage for the load which will hopefully be possible otherwise the pulley ratio has to be changed. The problem for the bottom up approach is the pulley ratio is not calculated to reflect the most usual cases ( the nominal work of the system ). 

The top down approach is very similar : The pulley system is calculated to provide the maximal RPM for the generator to generate the maximal possible voltage at zero load at the maximal RPM of the engine. Then, the engine RPM can be decreased to provide the desired voltage for a given load. The disadvantage of the top down approach is the same as the disadvantage of the bottom up approach. 

Another way to calculate the pulley system is for the most general case, the nominal case. Then there is a range around to teak for different voltages and loads. The RPM to power function of the engine is best to be known or can be approximately measured. The RPM to voltage to load function of the generator is best to be known or can be approximately measured. 

Here is an example : The engine can provide 50W at high RPM. The nominal voltage of the generator is desired to be 12V to cover most of the cases and 12VDC is used by many convertors which are plugged in cars. Thus, the pulley system can be calculated for the engine to provide the necessary RPM for the generator to generate 12V at zero load in such a way, so the engine works at low RPM but not at the lowest ( so the engine can provide other popular volatges at most popular loads, such as 5V, 10 to 15W ). When more load is added to the generator, the RPM of the engine must be increased ( but not to the highest and not very close because other popular voltages such as 15V, 16V and even 24V can also be provided at a variety of loads ), so the generator continues to maintain 12V for very large loads. 

The characteristics of the engine as well as the generator are not known. The engine must be able to supply 24W even at low RPM because the maximal power of the engine is 50W. True, every engine can generate different power at different RPM at different load. 

The power maximum of the generator is unknown but is supposed to be higher than 24W, probably less than 50W. 

I am pretty much sure I would be able to get more than 24W, 12V and range the voltage between 5V and 24V with power output at the extremes 10W to 15W. 

The blowers are mainly used to reduce the heat on electronics components and have a wide flow output which is not very powerful yet may be of assistance to the engine. These consume 0.72W at 12V each. 

The computer chassis fan consumes 1.8W at 12V. The problem with the PC fans is they are very large : 12cm square but may be OK. 

The output of the generator is adjustable manually by adjusting the air valve ( throttle ), the fuel needle valve and the compression. To adjust these to display a given voltage for a given load, an ampermeter and a voltmeter are provided at the output and therefore a wattmeter too as power is the product of voltage and current. 

Attention must be paid the controls not to became too sensitive. 

I think a 25W consuming laptop battery can be charged with this generator even with a battery charging control system designed to only charge at 12V and not less. Without such a restriction, the generator can start to charge the battery at lower voltages and then adjusted to be not more than 12V. 

As the battery gets charged, the power consumption may decrease although the battery voltage increases because the current through the battery is supposed to decrease more. 

Power monitoring and protection electronics may be done as a next stage of the project but are not necessary as a non regulated power output is sufficient for most or all applications. 

USB ports are not a problem as most devices for these are designed in accordance with the USB spec which postulates the maximal power consumed from the USB port is 5V, 0.5A, 2.5W. 

Also, the power output at lower RPM of the engine depends on the fuel too. 

The DC generator which I use is RS555. This can be easily replaced by another one. I would like to use this for the prototype and, may be, for the rest because these are the most popular and available everywhere. 
There may be a second switch to turn the power on to the load only. This way, the engine can be started up with the two switches off and no load. Then, the first switch ( the main power switch ) can be turned on with the second switch ( the load switch ) off. Thus, the generator will provide power to the capacitor, LED, ampermeter, voltmeter  and all internal components but no power will be provided to the load. This way, the loads can be removed or rearranged without switching the main circuit off. When the load switch is on, the capacitor will cover for any initial power surge possible and will not overload the generator. In addition, in case of any fans or blowers which would prevent the engine from reaching high temperature, these can be on without any power provided to the load when the main switch is on and the load switch is off. In other words, the load switch can be switched off and the load can be rearranged without stopping the blowers or inserting a load into an active socket. 
The Future 

The correct way to make this project more commercial is to design a microcontroller based electronic control system which, through tiny electric motors ( step motors ) will control all three engine control parameters : air ( the air valve ), fuel ( the fuel needle valve ) and compression ( the compression screw ). Thus, after the engine is started and electric power is available, the microcontroller based control system will take over to adjust the engine to the necessary RPM and power to run the generator to ensure the necessary voltage at a given load. The voltage regulation of such a system is not very accurate, thus, the secondary electronics ( as explained before ) can also be used for a better voltage regulation as well as, most importantly, for protection which will protect the generator from high loads as well as the engine. Some protection functions can also roughly be done by the control system. 
In addition, carburetors for these engines are available from third parties for an easier control. 

These Engines 

THE WHOLE POINT IS THE ENGINE TO BE AS TINY AS POSSIBLE. Otherwise I may as well use a grass trimmer engine which may as well be the next project. 

I have been saying this on many occasions : people here have been using these engines for 20 years and I : for less than a couple of months. Probably because of this, I think, I am the only person in the whole world ( I will be happy to have more ) who considers these engines INGENIOUS DEVICES and the greatest achievement of the 20th century! I have always only known these devices exist and I have always been dreaming of applications thereof. I am so happy I can now touch what I have been dreaming of and have the possibility to work with them. 

The bad news for you all is I see many applications of these engines and none of them is model airplanes. Sorry. I thank God, however, there are people like you all because, without you all, these engines would probably not have been developed. 

I call these engines Micro Engines with Internal Combustion. I call the standard spark and gasoline engines of the grass trimmers Mini Engines with Internal Combustion. 

I have developed a “ scientific “ name of the diesel engines : Micro Engines with Internal Combustion with Diesel Way of Spark Generation for Spark Generated Internal Combustion. This is : Spark engines but the spark is not generated by a plug but, instead by diesel ( compression ) autoignition of an ignitor fluid ( Ether ). 

I am very unhappy these engines are not thought in any University nor College. Mini engines are. 

The potential of these engines is enourmous : from a fan forced hand and general purpose warmers through generators to airplanes ( like yours ), batteryless drones to even RC car alike transportation of light objects and robotics. 

The main advantage of these ingenious engines is they do not use batteries and are extremely powerful for their size as well as do not consume huge amounts of fuel. 

Successful Start with a Muffler : 

Started the engine with a Muffler. Very difficult. 

Fuel : Began with standard Cox fuel of 39% Ether, 34% Kerosene, 24% Castor Oil, 3% Cetane Booster. Added more Cesare Booster thereafter to sustain the starts. As I experimented, I changed the fuel. I don't remember but I think I have started the engine with an increased Ether to Kerosene ratio : 49% Ether, 28% Kerosene, 20% Castor Oil, 3% Cetane Booster. 
I have then again started the engine ( not from hot, but from near room temperature ) with 35%, Ether, 26% Kerosene, 26% Castor Oil, 13% Cetone Booster. 
The standard fuel did not work at the beginning but may work. More tests are needed. The amount of Cetane Booster may be increased to 6%. Lower percentage may be OK but may require a faster reaction on the controls after start up to allow the engine to continue. 
I, therefore, suggest to anyone who wants to start the engine with the standard Cox muffler to FIRST try this fuel ( and then do whatever one wants ) : 25% Castor Oil, 10% Cetane Booster, 25% Kerosene, 40% Ether. 
Settings : 

Compression : almost maximum BUT NEVER maximum. Just slightly before the maximum. Started also with the compression screw one sixteenth to one eighth turns open but had to increase slightly to sustain. Full compression does not start well but may and does not sustain well but may. Not very sure yet. 

Air Valve ( Throttle ) and Fuel Needle Valve : Adjust Air Valve to fully open and Fuel Needle Valve to 5 OR Air Valve to half and Fuel Needle Valve to 4. Do 4 spring starts to get fuel in the lines. Then Air Valve to three quarters open, Fuel Needle Valve to three and three quarters turns open. Do 4 Spring Starts. Then Air Valve to half open and Fuel Needle Valve to three and a half turns open. Do 4 spring starts. May start but may not sustain. Keep Air Valve to half open. Adjust the Fuel Needle Valve to three and a quarter. Do 4 spring starts or more. Must start. Try also Fuel Needle Valve to three and three eighth turns open. Increase the compression just a touch, almost impossible to see. RPM must INCREASE. In case they increase and decrease, the compression screw has been tighten too much. 

Therefore, with a Muffler, the settings are pretty much similar to these without. JUST A TOUCH HIGHER because of impeded fluid movement as expected. Thus : Air Valve : HALF OPEN ; Fuel Needle Valve THREE AND A QUARTER TO THREE AND A HALF TURNS OPEN ; COMPRESSION : AROUND ONE SIXTEENTH TURNS FROM FULL ( ONE EIGHTH TO FULL ) ; PREPAREDNESS : TO REACT ON THE COMPRESSION SCREW TOWARDS MORE CLOSED IN ORDER TO SUSTAIN ( JUST A SLIGHT TOUCH MORE CLOSED ). 

Fuel can be initially pumped in by fully closing of the Air Valve ( finger on top without touching the Fuel Needle Valve ) and one or two spring starts. Do not flood. Priming always OK. 
An important consideration is one needs to be able to open the Air Valve ( throttle ) fairly quickly, after around 10 seconds after start. In the case of the stand which I have, I can easily do so by manually pushing the fishing chord which is connected between the guitar tuning machine ( which controls the air valve ( throttle ) control lever ) and the air valve ( throttle ) control lever to counter the tension of the string which always attempts to pull the air valve ( throttle ) control lever and keep the air valve ( throttle ) closed. Pushing on this cord is like pushing the gas pedal of a car. 
Performance : extremely quiet. Quieter than a fly near the ear. Lower RPM increase as expected. Power, obviously, must decrease. The muffler hole can be enlarged for power noise compromise. 
Messy : Yes. Spits Castor Oil through the muffler hole and then the aeration from the propeller blows the exhaust fluids backwards. Can be fixed simply : enlarge the muffler hole to what one wants as a power and noise compromise ( slightly larger for the nipple with the desired radius to be inserted ). Weld or solder a nipple with the desired radius to the hole. Connect a Copper pipe to the nipple and best solder. Connect a conical funnel like component to the pipe. Attach a circular plate to the conical shape in a way as to close the pipe BUT use a spacers to position this circular plate far from the conical pipe. From a kitchen sponge, cut a circular shape sponge with the same radius as the circular plate. Screw this to the circular plate. Ensure plenty of room between the conical exhaust and the sponge unless you want to muffle ( be aware you may burn the sponge in case too close ). The sponge will catch the exhaust Castor Oil. 
I have also modified the standard Cox muffler slightly : I have filed one of the sides off and positioned the muffler not per the Cox requirements but in such a way as to have the hole of the muffler to be symmetrical in respect to the two sets of exhaust lines, two lines per set and each set on the opposite side of the cylinder. 

This way, the hole of the Cox muffler is between the two sets of exhaust lines and the fluids escaping from each set meets the same resistance.  
Cox prefer to put the muffler hole straight against one of the sets of exhaust lines, thus, exhaust fluids mostly escape through this set. Maybe, they achieve less overall resistance this way and get more power and release more noise. 
In conclusion, with or without a muffler, this is an amazing engine! 

Belt Tension and Crankcase Axel Housing ( where the propeller screw thread is ) Wear : 

To avoid the wear of the crankcase axel housing, people line up their generators with their engines to provide a straight connection from the crankshaft to the rotor. I prefer to allow users to change pulley gear ratio as they please with just changing one or two pulleys. 

I have an idea of how to decrease the wear of the crankcase axel housing : I do not know whether I can do but a company can easily manufacture a wheel with a rubber tire. The " tire " goes inside the pulley canal ( just like the belt ) where there is no belt. This wheel is " empty " and does not rotate anything. The only thing this wheel does is counters the pull of the belt which pulls the spinning crankshaft axel in the direction towards the dynamo. The empty wheel position and counter tension can be made adjustable by moving the wheel towards the engine pulley or away before securing the wheel with a screw or nut, just like a car alternator. Also, the wheel tension can be defined by a spring which moves the wheel towards the engine pulley. The strength of the string can be selected. The wheel can be mount on a movable arm, controlled by the spring. 

For now, I will not do so. 
Pulleys, Gears and Straight Coupling : 
In case the engine and the generator match in their RPM, power and voltage characteristics, then straight connecting the two axels looks to be the best to do. And is. This gives a logical gear ratio of 1 to 1 and the generator can be positioned in front of the engine. 

Otherwise gear wheels ( with or without stabilizers ) either coupled to each other or connected with a chain is the best solution. 

Pulleys and a belt look to be the worst solution but have these advantages : 

1. Supposed to be the easiest to do ( unless the generator has a flat axel and pulleys with screws and axel extension are not available ) and the most inexpensive. 

2. Allow the belt to be removed, the engine started and heated up, then stopped, then the belt re installed and, then the engine started again. 

3. Allow easy recalculation of gears and quick re installment ( under normal circumstances ) of different pulleys for a different job. 

4. Protect the engine : in case of a problem, the belt will just slide over and not load the engine as much. Also, allow for the belt tension can be adjusted as per the desire of the user. This can be done either by moving the generator ( like in some cars ) or by an empty spring ( and or re adjustable ) pulley. 

5. Easy to replace ( under normal circumstances ). 

Straight coupling can perform 2 in case designed for an easy decoupling. Gears can perform 2 and 3 in case designed for an easy decoupling and replacement. Specially designed soft connection and or soft gears can introduce 4 to straight coupling and gear wheels too. 
The advantage of gears and straight coupling is there will not be a loss of energy due to a belt slip, yet, this is also the disadvantage as far as protection is concerned. 

The advantage of straight coupling is there will not be as much wear on the crankshaft axel housing of the crankcase as straight coupling do neither pull ( as in pulleys ) nor push ( as in gears ) the axel. However, with an addition of an empty counter gear wheel and an empty counter pulley to act on the crankshaft axel in an opposite direction ( i. e. to disallow the crankshaft axel to be pulled and pushed as much as to touch the housing ) this problem can be tackled. Yet accuracy is required. 
Another way is to make one or two axel supporters where the axel will rotate in with tougher tollerances than the crankcase housing and, hopefully, with ball or cylinder or barrel bearings which, regardless of the load, will not allow any movement of the axel except rotational. 
The same effect will be achieved by having the gears or pulleys inside the generator : the crankcase housing will not be affected but the generator’s rotor housing may. However, the generator is supposed to be much more inexpensive than the engine, thus, the important thing is to protect the engine and to use the generator as expendable. 
Correction with the Purposely Built Engine : 

The engine has initially been built as a Cox .049 SureStart Engine for Nitro fuel. However, Cox have converted the engine for diesel changing the crankshaft with a stronger one ( also initially used in a Nitro engine ) and the head. Thus, the engine can be thought of as a semi purposely built one. 
RPM’s : 

This is to theoretically examine one and the same engine at two different circumstances. 
An engine can be calculated by calculation, most importantly and primarily, the length of a crank of the crankshaft and then the length of the cylinder ( based on the length of the move of the piston inside as well as the size of the chamber ) and the width of the piston ( to allow a swing of the piston rod ) and, thus, the width of the cylinder and this calculation is based only of one thing : energy : the energy and the period of the combustion and the energy derived from all combustions for a given period ( the integral ( sum of all ) energy ). 
There are two important parameter of each type of fuel ( mixture ) : The energy per unit volume when combusting and the energy density, better said, fuel density or compressibility. In case a fuel mixture has a higher level of energy per combustion but has a higher density and, thus, a lower amount of mixture can be compressed then, regardless of carrying more energy the one which carries less may derive more at a combustion. These two parameters define a very important parameter : energy per single combustion after compression. This parameter is the most important one to define the size of the chamber and the desired compression of the engine ( when new ). The more the engine works the larger the gap between the piston ( or rings ) and the cylinder thus the lower the compression. This is also included at the overall reliability of an engine : the graph of compression and length of engine work. 
Reliability aside, another important parameter in overall engine calculation is the period of combustion and how the energy is spread over this period. 

So far, the two important parameters of every fuel mixture have been mentioned : the energy per combustion and the period of combustion ( including the energy spread over this period ). 

There is another nasty parameter which is not logical but extremely physical : the overall temperature of many consequent combustions, thus the overall engine temperature at certain circumstances ( highest energy performance ). 
The only important thing the designers would look at is : how much integral energy they can get over a long period of work. 
There are two ways to increase the overall energy of an engine : either to take the full amount of energy made at any combustion or to take a lower amount per combustion BUT introduce MORE  combustions per period. The only way to introduce more combustions per period is to increase the frequency of combustions, i. e. the frequency of the crankshaft, i. e. the RPM. The first approach is the low RPM high energy derivation per combustion ( a low RPM design ), the second is high RPM lower energy per combustion design ( a high RPM design ). 
Obviously, the best is to have full energy of combustion derivation at infinitely high RPM. However, this is impossible. Impossible is because of a feature of all fuel ( mixtures ) : an engine which derives the full amount per combustion at X RPM will continue to work and Y RPM, where Y > X and derive a lower amount per combustion yet making more combustions for any given period UNLESS there is a control system to disallow the engine to perform at any RPM higher than X. This is usually a computer control system or a mechanical governor system. Such a computer control system which prevents the engine to work at higher RPM is available at Bugatti Veyron and most any super car. This is done for two purposes : to protect the engine or other parts of the car and to protect the driver and passengers or the two thereof. 
Bugatti Veyron is capable of achieving speeds higher than 500 km / h ( higher than half the speed of sound or 0.5 Mach ) but is computer control system restricted to be unable to reach speeds higher than 400 km / h. One of the reasons is : the tires start to melt at speeds near 500 km / h and is extremely dangerous. 
Thus, all engines would perform at maximal energy at a given RPM which is definitely not the maximal RPM of the engine but far away. Cars would usually have their maximal energy performance in the middle between their lowest ( idle ) and highest RPM. They would have their maximal energy derivation from the fuel ( usually the fuel would all burn without unburned fuel being blown off through the exhaust ) at lower RPM which correspond with car speed at overdrive transmission position ( the one used at highway driving ) at around 90 km / h and this is considered their most economical speed. This speed has probably been chosen because this speed is between the allowed highway speed of 80 km / h and the allowed divided highway speed of around 120 km / h but closer to the highway speed. Obviously, this speed depends on the transmission and fuel. 
Anyway, the low RPM design usually takes into consideration how slow the used slow burning fuel burns. High octane fuel is a slow burning fuel which delivers energy over a large period. This is why a low RPM design would use a huge crank lever, so this energy is taken over the period and delivered without any loss to the consumers after the engine. In a good RPM design, the force which acts on the lever to push the crank down and inward ( the force which is vectored on the circle of rotation to drive the crank in circular motion ) will be calculated and the force which attempts to pull the lever outward and is not useful for the circular power ( rotational power ) will also be calculated. A good low RPM design would have such a long crank as to allow the energy of the burning to be fully consumed before the piston ( and thus the crank to piston rod assembly ) is not too much down so the rotating force to be fully used and the outward pulling force to be ignored. Of course, taken into account is the outward force cannot be fully separated from the decreasing rotational force when the piston is down and will be made used of to some extend. This is why a good design would have such a large crank so the combustion power is taken fully when the crank to piston rod assembly is somewhere around three quarters down. Also, attention would be paid to the specificity of the burning : huge power is released at the beginning and then the power decreases in a non linear way. Thus, ignition will not happen when the crank to piston rod assembly is to the very top but something like a quarter turn after. 
A high RPM design would not care of any of these and would usually use fast burning fuel and would have a tiny crank and only part of the combustion power would be utilised regardless of the fast burning fuel. Some may pay attention to the limitation of the chamber : only so much fuel can be squeezed there. Thus, they would try to get some of the combustion energy which is released at the beginning and would allow for the rest to be lost in order to provide more cycles, i. e. more combustions per period, neither of them utilising all of the energy but, because there are more, energy will be won by many less effective combustions over a period instead of fewer but much more powerful. 
As far as reliability goes, fewer combustions are better than many, however, the more powerful the combustion is and the more energy ( or full ) is taken from this combustion, the worse for reliability also because the temperature per combustion is higher but so is the overall temperature when there are many combustions. Yet, since there is only so much fuel to squeeze in the chamber, per unity fuel, the low RPM design is more reliable because of slowly taking all of the combustion energy and lower immediate stress as well as lower temperature because of fewer combustions. 
The important consideration is : an engine must always be examined from energy point of view ( energy domain ) as energy is the primary parameter in physics and all others such as power ( power is the energy at a given point only and not over a period, i. e. over a zero period only ), torque and speed are secondary. 
Torque is more closely related on how powerful a single combustion is : the more powerful the single combustion the higher the toque. Torque is the maximal load an engine can turn at given RPM or at any RPM ( maximal torque ). Obviously, torque does depend on RPM. 
Speed is the maximum speed the engine can rotate at zero load at any RPM. 
Torque and speed are not only secondary because of their direct dependence on the energy of the engine but because torque can be converted into speed and speed into torque after the engine by transmission gears based on the low of the lever. 
Another parameter, power is also used which is also a secondary parameter based on the energy. Power is related to the energy an engine can provide at a given load. 
Torque is equal to the product of applied force to a lever and the distance of the point of the lever where the force is applied to the pivoting point, i. e. torque is the force, multiplied by the radius. The force is derived from the energy of a combustion. Thus, for a given combustion ( which depends on fuel, compression, air and fuel mixture, angle of ignition ), the higher the radius the higher the torque in general. 
A power of an engine is the same a power of everything : this is the energy at a given point or the work at a given point. Thus, over a period, power is work over the period. 
All these are unnecessary : what people call power and measure in horse power ( BHP ) or Watts is nothing but the amount of energy for the whole period, averaged to find what is the average energy at any given point over this period. In other words, in case anyone is to measure the energy of an engine every seconds over an hour and adds all measurements and divides them by their number ( 3600 ) this is the average power of the engine at the testing conditions. 
In case anyone is to measure the energy of a single combustion, i. e. the maximal load a single combustion is able to overcome, this is the torque. Because this is an output measurement, the same as power, no one cares how this energy of a single combustion is derived, whether the crank is long or the combustion energy making the rotational force is high. Only the output is measured. 
Thus, instead of adding parameters, one can simply examine only one parameter, the energy, in two different cases : energy derived from a single combustion and overall energy over a given period. In case this period is long enough and can be considered to provide the same results as an infinity period, i. e. the results will not change, the overall energy over a given period can be approximated well to a simple energy which is power over an infinite period. 
At given conditions, engines can have low energy per combustion ( torque ) and high overall energy ( a. k. a. average power per period ) because of many combustions over this period which add their combustion energy one to the other in accumulative way or one can have high single combustion energy ( torque ) and low overall energy ( a. k. a. average power per period ) because of fewer combustions over this period. 
These all are after the assumption one combustion does not affect the other. In case of combustion interaction, more analysis is necessary and, mainly, the taking into account of how one combustion affects the other and then a correction in the combustion independent dependencies and analysis. 
An important thing is to examine one and the same engine used with different fuels, mainly, the same engine used with Nitro and Diesel. This is because Cox .049 Surestart has two versions : Nitro and Diesel. 

The only well know fact is the diesel version can generate more energy ( 50W power ) at lower RPM whereas the Nitro version has a maximal energy ( 35W power ) at higher RPM. 
This means, for this engine, diesel can provide more energy ( power ) than the Nitro and at lower RPM. Another fact is the combustion energy ( torque ) of this same engine is higher with diesel than with Nitro. These mean diesel fuel can provide more energy for this engine. 

As said, every engine can work at higher RPM than the RPM at which the engine reaches maximal energy output. 
With diesel, the maximal RPM which the engine can reach for sure is 10000 RPM and another 3RPM ( up to 13000 RPM ) which the engine may or may not reach as depends on the conditions such as the type of diesel fuel and the temperature. 
With Nitro, the engine can reach 18000 RPM for sure and another 2000 to 3000 RPM ( up to 21000 RPM ) which the engine may or may not reach as depends on the conditions such as the type of diesel fuel and the temperature. 
The engine also has a long crankshaft lever ( radius ). This means the power per combustion at lower RPM where the power of a single combustion can be utilised without too much of a loss will be higher than the Nitro engine, i. e. the engine will have more torque and the dependence of the energy per combustion and RPM will remain flatter at lower RPM than the RPM where the maximal energy is found to be. 

The chamber is the same. The suction of the engine may be very similar depending of the thickness of the diesel fuel as compared to the thickness of the Nitro fuel. The amount of fuel and air compressed in the chamber also depends on the thickness of the fuel and may be comparable with comparable thicknesses. However, the force generated on the crankshaft lever ( wheel ) will be greater with the Diesel than with Nitro, i. e. the torque will be greater with diesel. 
To improve the energy output at low RPM, more powerful diesel fuel is necessary with comparable thickness or not much higher than standard diesel and Nitro. Thus, with similar suction, i. e. amount of fuel in the chamber and similar compression, more energy per single compression will be achieved. Also, when the fuel is slow burning, more energy will be derived between, say one quarter turn of the crankshaft lever from the top and three quarter turn, i. e. where most of the energy is converted into rotational force. This will not only derive less stress to the crankshaft per single combustion which means even more fuel and air mixture can be delivered to the chamber in case the suction can do this. 
The problem is the suction can greatly be reduced at low RPM but this can be compensated with more opening of the fuel needle valve and air valve as log as an optimal or desired ratio can be kept. Also, the mixture can be made more lean which may increase the energy per combustion, again, as long as the suction can provide this greater amount but leaner mixture which should not be a problem as leaner mixture is easy to suck in because air is easier to suck in than fuel. 
Put a greater compression in this equation at leaner mixture and even more energy can be achieved except the suction reduces with compression due to the partial compression reaction against the fuel derivation into the upper cylinder. 
Of course, leaner mixture means higher temperature and higher compression means more advanced ignition where the crankshaft lever is close to the top ( close to 12 o’clock position ). 

The question is whether these will compensate for the lower amount of combustions per period as far as reliability is concerned. 

Another question is whether a propeller ( tiny propeller of 3.5 inches and triple blade ) will be able to provide sufficient aeration and heat reduction at lower RPM as this does not seem to be a linear dependence although long propeller consume more energy from the engine, looks like they pay for this with even higher aeration. Yet, they are impractical. 
One way or another, better is to pay with some energy and run the engine with low temperature, high Ether content fuel which speeds up the combustion and creates more advanced combustion but, these two can be compensated with poor mixture of more fuel than air. Although the air valve ( throttle ) does not close air tight, hopefully, the air valve ( throttle ) would close well enough to provide the rich mixture and has been found to do so pretty well by experiments. 
In the sense of reliability, Nitro engines are also supposed to be run at low RPM with rich mixture and slow burning fuel also paying a lot with energy. Thus, at a given reliability level, diesel engines provide more energy. However, with their easy start which approximates a turn of a button or just a touch on the propeller or a half turn on the starter spring, Nitro engines have the advantage of customer friendliness and the required battery can be replaced by a rechargeable battery in this case. After all this is a generator. The loss of energy for charging the battery is not supposed to be very huge. 
However, a diesel engine is the right engine for this project also because this does not require a battery. As well as the other dependencies. 

Video : Cox 1 

www.youtube.com/watch?v=Y7FfparKL78 
Cox .049 Surestart Diesel Engine : Break In

Engine : Cox .049 SureStart Diesel Engine 

Muffler : Not Installed for this video 

Fuel : 38% Ether ( John Deere 80 Starter Fluid ), 33% Kerosene ( Clear ), 23% Castor Oil, 3% Cetone Booster ( 2 EthylExyl Nitrate & Xylene ) 
Amount of Fuel : 10mL 
Start Up Settings : 

Air Valve ( Throttle ) : one quarter open 

Fuel Needle Valve : three and a quarter turns open 

Compression : one eighth turn open 
Total Run : 8 minutes 
ALL NUMBERS APPROXIMATE. 

Comments : 

Engine initially primed with 0.5mL fuel. 

Preparation for start : Air Valve ( Throttle ) fully open. Compression : one eighth turn open. Fuel Needle Valve : 5 turns open. A few spring starts to bring fuel in. Then Fuel Needle Valve : 4 turns open. A few spring starts. Then wait for 30 seconds for the fuel to settle in the crankcase. Then Fuel Needle Valve : three and a quarter turns open. A few spring starts. Then Air Valve : three quarters open. A few spring starts. Then Air Valve : half open. A few spring starts. Then Air Valve : one quarter open. A few spring starts. 

The engine should start with Fuel Needle Valve three and quarter turns open, Compression Screw one eighth open and Air Valve ( Throttle ) one quarter through half open. 

Reason for engine stop after running ( last minutes of the video ) : Not enough fuel in the tank. Only a tiny amount. Even when the Air Valve ( Throttle ) was fully closed with a finger and at low compression, the engine would not suck in fuel but only air ( from the fuel tank ) because of the lack of sufficient amount of fuel in the fuel tank. 

Hammer : A standard hammer is lifted to nearly 90 degrees while self supported on the floor and released on a wooden plank ( approximately half an inch thick ) to make a reference noise for evaluation of the engine noise. 

Video and Audio : Picture not synchronised with sound but very close. 

Once the engine is running, rapid tweaking of the controls must not be done to allow the temperature to settle and thus to find out what the real performance at given settings is. I mixed only 10mL of fuel and wanted to run many scenarios to achieve low RPM. I think, the most reliable results were with Fuel Needle Valve to normal ( between 2.75 and 3.75 turns open ) and then I used the Air Valve ( throttle ) and Compression controls to leash the power of the engine. 
I have found this out : During start up, STOP AND WAIT for 30 seconds AFTER the fuel is loaded in the crankcase to make the fuel settle down in the crankcase and then do a spring start so the fuel is shot up into the upper cylinder. 

Ensure the amount of fuel is not as much as to flood the engine. 

Better Starts with Not Fully Engaged Starter Spring 
Started the engine with not fully engaged spring for spring starts. Works much better than fully engaged. Here are the settings : 

Air Valve ( Throttle ) : 0.75% Open 
Fuel Needle Valve : 3.5 Turns Open 
Compression : Close to the maximal. Compression screw gently positioned near the maximum by gently turning with one finger until stops. Can be tightened more with two fingers but must not. 
Spring : The spring is engaged to go through one, one and a half or two compressions only. 
Propeller : 3.5 Inch, Triple Blade, Cox 

Fuel : 38% Ether, 33% Kerosene, 23% Castor Oil, 6% Cetane Booster 

The engine starts after two to four spring starts with not fully engaged spring as per the settings. 

Filed Attempt to Start the Engine with the Dynamo 

Attempted to start the engine with the dynamo. FAILED. Started the engine first to heat up. Then tried many settings. Managed to start for a few turns only, for less than a second. 

The generator pulley is uneven and wobbly as expected. Many belts broken and falling. Managed to find an elastic band which will stay. Unable to start. Broke another spring for so many consecutive attempts one after another. 

As mentioned, the dynamo is not broken in. Puts huge load to the engine. The engine cannot sustain. 

I give up for now. Looks like starting up with a generator without a clutch is close to impossible. May attempt to rotate the generator with an electric screw driver to become more easily rotatable at 0 load, i. e. to break in. 

Have an idea for a clutch which is still difficult to do in out of a company environment but may try in case unable to start the engine with a generator attached. An empty pulley with a spring or a screw can be used to pull the belt. The engine can be started without belt tension and with the belt slipping over the pulleys. Deep pulleys needed. Then the empty pulley can gently and slowly engage to pull or push the belt to increase the tension gradually. 

Attempted to do this by hand. Unsuccessful. Very difficult. 

Must get the dynamo to work smoothly with zero load and not to mechanically load the engine because of friction when not broken in. So sorry I did not do this before I attached the pulley and the fan to the dynamo. 

Although I have finally figured out whatever Cox says in the manuals is true and am able to easily start the engine, I am so sorry I have not used Nitro just because of a stupid battery. Regardless of the decreased power, a Nitro engine would start very easily even with a load. Choosing diesel was the biggest mistake I did with this project. 

Will try to fight more but am immensely discouraged from what I have seen to be total inability for the engine to start even with a tiny load even after started to heat up. 

I have expected this but not to such a huge extent. 

One thing for sure : regardless whether I am successful or not with this project, I will never ever use a diesel micro engine any more for anything. 

Nitro would run at low RPM OK and will provide sufficient energy. The maximal energy in either of the engines would never be used to increase the reliability. An evidence for this is the Nitro cars which perform immensely powerfully at low RPM. 
Successful Start with the Dynamo 

Pulleys’ Gear Ratio : 2 to 1. The engine pulley is twice as big as the dynamo pulley. The engine pulley has a 3cm outer diameter, 2.4cm effective diameter, 3mm rim to pulley seat height, 5mm rim to rim width, around 4mm effective width. The dynamo pulley is self made out of wood with approximate outer diameter of 1.6cm, approximate effective diameter 1.2 cm, approximate rim to seating height of 3mm, approximate rim to rim inner width of 4mm. 

Fuel and Engine Temperature : Room. Fuel heated to reach room temperature because of the freezing Ether from a John Deere Starter Fluid can. 

Load to the Generator : 0 

Load to the Engine : the friction of the 0 loaded dynamo. Hence the belt tension is of extreme importance. Also, the load of a Cox 8 inch, dual blade, Texaco propeller. 

Belt : various belts from elastic bands tried. Very thin and low tension ones as well as a thicker and a higher but not very high tension one. The thin elastic tape worked OK but broke after a successful run as expected. 

Fuel : three fuels tried. Percentages approximate. Fuel 1 : 33% Ether, 27% Kerosene, 20% Castor Oil, 20% Cetone Booster. Fuel 2 : 35% Ether, 28% Kerosene, 23% Castor Oil 14% Cetone Booster. Fuel 3 : 38% Ether, 33% Kerosene, 24% Castor Oil, 5% Cetane Booster ( Standard ). 

When started with the dynamo, the starter spring has fully been engaged. Unable to start with only one or two turns as without a load to the engine. 

With Fuel 1, the important thing is the engine without load has done the same as the engine with the dynamo : worked for around 10 seconds and stopped. This is because of the high amount of Cetone Booster. Settings with the dynamo : Air Valve ( Throttle ) 75% open, Fuel Needle Valve 3.5 turns open, Compression close to the maximal. 

With Fuel 2 and very thin and low tension belt ( elastic band ) and dynamo, the engine started at the same settings and run for a long while and was to continue to run but the belt got broken as expected. 

In the case of Fuel 1 and Fuel 2, standard two cycle non synthetic oil was used to oil the pulleys and the belt so the belt slips for a while during start. With Fuel 2, Castor oil was also used for the same purpose. The belt would barely slip for a few turns and then engages regardless of the oil. GREASE is needed for a better slip. 

With Fuel 2 and Fuel 3 ( Standard ) and a higher tension belt which did not slip when oiled, the engine started at these setting ( manual correct ) : Air Valve ( Throttle ) : fully open, Fuel Needle Valve : 4 turns open, COMPRESSION : AROUND ONE QUARTER OPEN. CANNOT START AT HIGHER RATES. Must counter the advanced ignition fuel by retardation. Then, after start and run for a few seconds, higher and higher compression was applied to reach close to the highest. 

When started at the high settings to bring more fuel and air to overcome the load, the engine controls were very sensitive. Enrichment of the mixture by higher settings of the Fuel Needle Valve did not work as expected. May work at lower compression. Forgot to lean the mixture by reducing the Fuel Needle Valve opening. 

At high settings, the engine works hard just to overcome the load of the unloaded dynamo. Does not reach stable run but increases and decreases the RPM slightly like a siren. Need more tests. I hope decreasing the Fuel Needle Valve setting to provide leaner mixture will help. 

To Do : 

~> New propeller pulley the same or very close to the dynamo pulley to make a 1 to 1 pulleys gear ratio. Although I may try to find pulleys from AliExpress and or eBay, I have managed to make one which I consider to be good from wood. I draw a circle on one inch thick wood and cut approximately. Then I use a grinder and files to make a cylinder. Then I use files to smoothen the cylinder up and shape better. Then I use a knife and a triangular file to make the canal of the pulley. On the dynamo pulley the excess part of the cylinder allows for a better grip as the contact area between the pulley and the rotor axel is bigger as well as allows for a tiny fan to be screwed on the pulley. The fan will blow air into the dynamo to reduce the heat. 

~> Washers on the Propeller Screw to prevent from going into the pulley hole. 

~> Reduced tension belt. 

~> Using the generator as a starting engine. I am not sure whether the dynamo would be able to turn the engine, though. I do have a transformerless 18VDC, 1A power supply which I may use to try to start the engine. A cigarette lighter socket input with a diode from the socket to the dynamo and a starter button will be made on the generator power to allow for a car or motorbike battery to be connected directly to the dynamo to allow a battery start using the dynamo as an electric starter motor. The diode will not allow power to be returned to the source ( the battery ) from the dynamo. Because the load will have a separate switch, power from the starting battery will not be available to the output. The panel voltmeter will be able to measure the battery voltage with a diode drop of 0.65V to 1V ( 1.3V ) deducted. 

~> I may grease up the pulleys with GREASE. I would sure try to start the engine. Because the belt and the pulleys are greased up, I expect the pulleys to slip and not engage the belt. Thus, I would be able to start the engine normally without any load. Running the dynamo on external power supply will also help. After spinning for a while the grease would go elsewhere and the belt would slowly start to engage. During the free spin of the belt, the engine RPM and energy can be adjusted with the settings. To do this, a good 30 second free spin is necessary which may be difficult to achieve with grease as the belt, even the low tension ones, seem to grip very well. 

~> A clutch is an excellent idea but may be difficult to achieve in home environment as good lining up and precision as well as a good adjustability are a must. 

~> The Real Dynamo : Theoretically, dynamos do not exert any force ( torque ) resisting the mechanical rotation at zero electrical load. Practically, there are two forces which impede the zero electrical load motion of a dynamo : electrical and friction. The electrical force is because of the dynamo’s internal impedance. The dynamo, being not ideal ( does not have an infinite parallel internal impedance ), through the internal impedance, creates an electromagnetic load with the internal impedance working as a load. Hopefully, in good dynamos, this electromagnetic force is very low. The friction force is because of the friction between the rotor axel and the seatings thereof. The heavier the rotor the bigger the force. The RS555 rotor seem to be very heavy. The lack of bearings makes the friction higher. Thus, with this dynamo, at high gear ratios, the engine will only be able to overcome the practical mechanical and electromecanical resistance ( torque ) of the dynamo which, theoretically, must be zero and is practically very low with dynamos with bearings and light ( ferrite ( a. k. a. ceramic ) rotors as well as very low self load. 

~> Clutch : 

A CLUTCH IS EXTREMELY HELPFUL AND ESSENTIAL. With a clutch, I can start the engine without load like a breeze and then have a full and easy ( not very sensitive ) control. When I want and as I want I can release the now imaginary clutch, then press when I want and release again and press and release and so on until running stable. Regardless whether I get to start the engine like a breeze without a clutch I DO WANT AND MUST MAKE A CLUTCH as clutch is extremely important for customer friendliness and a better and safer use. The idling pulley clutch design is welcome although attention must be paid not to jump the loose belt out. An idling double pulley where one is used to touch and slip on the dynamo pulley may work too as long as the travelling distance is not longer than a few mm so the belt does not get tensioned nor loose when the clutch is pressed and released. Alternatively, an engine can rotate an empty ( idling ) pair of pulleys with the dynamo assembly moved in and out like a car alternator toward and away from the idling pulleys. The gear ratio can be accomplished at the idling pulleys and thus changed easily at the idling pulleys and not at the engine nor at the dynamo. 

When made such so the belt does not jump out ( by using belt guiders, for example ) a clutch accomplished by a moving idling pulley with a lever ( spring action OK as long as the clutch can be fixed in a clutch open position to have the two hands available for start up and control of the engine ) is an excellent idea. 

Can also work without a spring : the idling pulley control lever can attached in such a way as to be able to release any tension from the belt. Then, when engaged, the lever will rotate over a pivot point to be able to fully clutch the belt in and continue to travel slightly more and then more travel in the same direction will be restricted. Because the belt moves in one direction only ( for unidirectional rotation devices such as this one ), the belt will push the pulley in this direction as well as up or down and will not allow the pulley to go back. In other words, the belt becomes a clutch spring too. 

This way, the belt will be released when the clutch pulley is released. When the clutch pulley goes in the direction of the engagement, this engagement will become slowly with slow movement of the clutch pulley by the user. Then the pulley will reach a maximal belt tension and will continue to move towards releasing this maximal belt tension and then will reach the stop with the belt engaged at working tension. The difference between the maximal belt tension and the working belt tension will be a tiny one because the belt needs to move just slightly more after the maximal belt tension to be able to stay in this position not allowed to return by the moving belt. 

In order to return the clutch pulley to belt disengaged position, the user has to move the pulley lever to overcome the belt holding action. 

The Engine Performance with a Load : 

This is an extremely powerful and capable engine able to start with loads and displaying huge power when driving these. 

With a load, the engine may not be able to reach as high RPM as without a load and would have a power and torque pick at lower RPM. 

Using a tiny propeller will reduce the energy consumption of the big propeller yet reducing the inertia provided by the big propeller. Although the dynamo is supposed to provide inertia to the system the lack of bearings and thus the increased friction may prevent this. Hopefully, the friction decreases with the length of work. 

The heavier the rotor the more the possible inertia yet the higher the rotational ( torque ) resistance and the higher the load. 

Using pulleys with a gear ratio closer to 1 to 1 or even a bigger pulley to the dynamo would reduce the rotational ( torque ) resistance of the dynamo to the engine and would allow for an easier start and a better control. The price to pay is the increased RPM per a given energy output of the whole system. 

None of these problems would have occurred with a dynamo with bearings and a lighter rotor. 

After the dynamo has been oiled and worked out with an electric drill, the dynamo has been found to be able to reach the targeted 12VDC at zero load at around 2500 RPM and lower. Hopefully, this means 4000 RPM to 6000 RPM will be needed to maintain 12VDC at higher loads. The engine should be able to reach this. 

After all, this is an excellent and very powerful engine. 

Pictures of the Engine, The Dynamo and the Stand : 

http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine,%20the%20Dynamo%20and%20the%20Stand.doc 
The Links : 

Thesis : http://www.steven-stanley-bayes.com/Cox%20.049%20SureStart%20Diesel.doc 

Pictures of the Engine and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine%20and%20the%20Stand.doc 
Pictures of the Engine, the Dynamo and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine,%20the%20Dynamo%20and%20the%20Stand.doc 
Edited Video of the System Start and Work with the Dynamo : www.youtube.com/watch?v=P6sSJIbKgk4 

Edited Video of the Engine Start and Work without the Dynamo : www.youtube.com/watch?v=KTbZ11njcn0 

Video of the System Start and Work with the Dynamo : www.youtube.com/watch?v=vA0HQJMAUSo 

Video of the Engine Start and Work without the Dynamo : www.youtube.com/watch?v=Y7FfparKL78 
Electrical Schematics : 
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Electrical current can fly through the circuit and the load either from the generator or from the starter battery as depends on the position of the switches and the push button. 
The starter battery circuit is based around the spring ejected push button SW1, the fast fuse F2 the fast diode U2 the Resistor R3 and the Light Emmiting Diode LED3. The rest of the components are the components of the main generator circuit. 
The generator is connected to the circuit via two cables connected to Dynamo + and Dinamo – inputs. The starter battery is connected via a car cigarette lighter socket connected to Starter Battery + and Starter Battery – inputs. The load is connected via another car cigarette lighter socket connected to Out + and Out -. 
U1 is a fast > = 5A diode which does not allow current from the circuit and the load to go back through the generator. 
F1 is a fast fuse with a value to be determined which does not allow higher current than the fuse rated current to fly through the load and the circuit thereafter. 
S1 is the main switch which allows or disallows current to fly through the circuit and towards the load. 

In a presence of voltage either from the generator or the starter battery and when the main switch S1 is on, the main Light Emitting Diode LED1 is on to indicate this voltage presence as well as to indicate the switch S1 is on. The resistor R2 limits the current through the light emitting diode to the allowed currents, typically 10mA to 20mA or around. 
C1 and C2 are filtering capacitors rated at 35V or higher and filter the switching noise from the brushes of the dynamo as well as have the capabilities to smoothen the initial transient current through the load. C1 is an electrolytic capacitor with a relatively large value and C2 is a ceramic capacitor which filters very sharp sparks to complement C1 which may typically have a higher internal resistance and may not be able to filter very sharp spikes. In contrast C2 has a lower value but also a very low internal resistance. 
C1 and C2 will be charged immediately after the switch S1 is on. The value of C1 best be as high as possible. In case of a high value, another 10µF electrolytic capacitor ( with a lower internal resistance ) can be used in parallel for a better filtering. The value of C1 is not only limited by size and price but attention must be paid a huge value may lead to a fast charge drawing high current from the generator and thus, although temporarily, loading the generator and thus the engine with a stress load which may lead to burning the generator or the fuse F1. The internal serial resistance of the generator is not zero and may prevent such a stress load. 
Because of the lack of switches between the capacitors C1 and C2 as well as the resistor R2 and the Light Emitting Diode LED1 as well as the ampermeter A and the voltmeter V, there is always a discharge path to the capacitors and their discharge will be indicated not only by the main Light Emitting Diode LED1 but by the ampermeter A and the voltmeter V. 

A is an ampermeter 0 to 5ADC, 2.5% accuracy to measure the current through the load with some tiny current lost through the voltmeter and, when the switch S2 is on, through the Light Emitting Diode LED2. 
The voltmeter V is a 0 to 30VDC voltmeter with 2.5% accuracy and measures the voltage applied to the load when the load switch S2 is on. When the load switch S2 is off, the voltmeter V measures the voltage to be applied to the load. 
S2 id the load switch which allows ( when on ) and disallows ( when off ) voltage to be applied to the load. 

The Light Emitting Diode LED2 indicates the presence of voltage to the load. 
The Resistor R1 is a current limiting resistor for the Light Emitting Diode LED2 which limits the current to typical values of 10mA to 20mA or around. 
The Push Button SW1 is a spring counter action push button which allows a starter battery to be connected to the dynamo in order to run the dynamo as an electrical motor which is supposed to be able to rotate the engine in order for the engine to be started. The user must press this button and keep the button pressed to keep the switch on. When the user releases the Push Button SW1 the starter battery is disconnected from the system. 
The fuse F2 is a fast fuse which does not allow a higher than the allowed maximal current to go through from the battery to the generator and, depending on the position of the switches S1 and S2, through the rest of the circuit. 
The Light Emitting Diode LED3 is an indicator of a presence of battery voltage to the system. This will not be present in case the fuse F2 is blown or there is no battery connected or the battery is fully discharged. 

The Resistor R3 is a current limiting resistor for the Light Emitting Diode LED2 which limits the current to typical values of 10mA to 20mA or around. 

R1 and R2 are calculated not to allow currents higher than the maximal currents which the light emitting diodes can take at the maximal voltage the generator can provide. Hopefully, the range of the dynamo voltage would allow so for R1 and R2. Stabilizing transistors and zeners can be put otherwise but this will complicate the mounting of the components. The battery will allow so for R3 for sure. 

The Diode U2 does not allow current to fly from the generator, load or capacitors through the battery. 

The battery can be recharged when plugged to the output car cigarette lighter socket which can be externally split into many with a standard off the shelf splitter. 

The voltage applied by the battery to the dynamo can be measured to some extend when S2 is off, S1 is on and SW1 is on. The voltmeter V will measure the voltage applied to the dynamo, reduced by the diode U1 voltage drop, typically between 0.65V and 1.3V, can be higher as depends on the current through the diode U1. At the described positions of the switches, this current will be very low and the user can just add 0.7V to the reading of the voltmeter V and find what voltage is applied to the dynamo. 
To measure the voltage of the battery, the user can add the diode drop of U2 as well. At the described position of the switches, high current is supposed to fly from the battery to the dynamo, thus U2 may reduce the voltage by 2V. As a gross generalisation, instead of the maximal 2.7V, a good idea is to add something between 2V and 2.5V to the reading of the voltmeter V in order to find the approximate battery voltage out. 
Diode U3 protects the device from currents coming from the load at the expence of another diode drop of voltage lost. This way, the device can drive reactive loads and no current will enter from the load. Also, the device can be paralleled with other power sources. 

Here are the typical configurations of the switches : 

~> Spring ( Manual ) Start : S1, S2 and SW1 must all be off. Thus, no current will fly from the dynamo to exert any load thereto. In case the user wants to monitor the dynamo’s voltage ( minus the diode drop of U1 ), S1 can be on and S2 and SW1 off. This is not recommended because the capacitors will load the dynamo and make the start more difficult. The leakage current through the voltmeter V is supposed to be negligible and is not supposed to load the dynamo but best is to save this too. In case the user wants to combine a spring start with a battery assisted start, S1 and S2 must be off and SW1 can be pushed on when the starter spring is released. This is not recommended because a mistake can happen and SW1 can be pushed on before the spring is released which will allow current to fly from the starter battery through the stalled dynamo and may burn the dynamo or discharge the battery. In case grease is applied to the pulleys to make the belt slip, this danger is not so strongly present and the rotating dynamo will help the engine start because grease is probably not a guarantee for 100% slip. In case the user wants to measure the voltage at the generator, S1 can be on and  the diode U1 drop can be added to the reading of the voltmeter V. The same problems with loading the dynamo by the capacitors will not be as acute because the battery will charge the capacitors to an extent. 
~> Starter Battery Start : 

S1 and S2 must be off. SW1 must be pushed on in order to start the engine. Greesing the pulleys will help the dynamo ( now an electric motor ) to reach high speeds and slowly engage the engine. The same combination of switches applies as with a spring start. 
Although a load may not be present, in order to reduce human mistake with forgotten loads connected to the output, S2 must always be off during any start. 

In order to reduce sparks and damage, the load must first be connected to the output with S2 positioned to off. Then, after the load plug and the output socket are well connected, S2 can be switched on to possibly apply voltage to the load. 
Here are the typical positions of the switches after start : 

Assuming the engine is started and the position of all the switches has been off since the start, the user may wish to wait for a minute or two in order for the engine to reach normal run without any load. Then, SW1 and S2 must continue to be off and S1 can be switched on only. The generator will charge the capacitors and a stable voltage will be achieved. The user can adjust the engine settings to achieve a desired voltage reading by the voltmeter V. As depends on the load, the voltage must be adjusted to a higher value than the desired working voltage. For example, with big loads, one may wish to run the engine in a stable way to provide, say, 20VDC, so, when the load is connected by switching S2 to on, the votltmeter V measured output voltage will drop to around 12VDC which is the desired voltage by the user. When the load is unknown, the user may wish to adjust the output to around 12VDC and then switch S2 and monitor the output after the initial capacitors discharge. In case the voltage starts to drop or the engine starts to struggle, S2 must be switched off and the engine settings reconfigured to provide much higher voltage at zero load and then the switch S2 can be switched on. The high voltage quick discharge of the capacitor over the load is not supposed to be able to damage the load as this will stabilise in just micro or mili seconds which depends on the values of the capacitors and the load. 
Although huge capacitors seem to be attractive, these best be avoided to prevent any load damage as well as initial load to the dynamo although the internal serial resistance of the dynamo is supposed to prevent fast stress loads even in case of bigger capacitors. To be safe, the capacitors best be used only for spike filtering and not for initial load discharge ( which helps the generator avoid a fast load stress ) through the load. 

Also, to play safe, always position all switches to off. In case a starter battery is used, obviously, ONLY SW1 can be pushed to on ONLY during the starter process with the rest of the switches off. Best, do not use the device to measure the battery voltage. 
Any other positioning of the switches and the components of the circuit is possible. For example, the ampermeter A can be positioned before the capacitors to measure the transient peak of these being loaded although the time constant of the ampermeter A and the capacitors C1 and C2 combined in a circuit may be large enough to prevent such a measurement. 
I intend to avoid printed circuit boards and to air mount the components. I will probably assemble only the main circuit at the beginning and will try to ensure there is room to mount the battery starter circuit. One of the main reason to avoid glow engines was the necessity of a battery, although a powerful, rechargeable 3V battery or two 1.5V in sequence with a diode thereafter is possible. The diode will have a drop of 1.5V to 2V at high currents and the rest will be for the glow plug. However, any battery cannot perform in freezing weather and may discharge when not in use for a huge period and the user may forget to recharge after such a huge period of inactivity. 
A Possibility for a Glow Plug with a Diesel Engine ( Hybrid ) 

An investigation of the theoretical possibility to put a glow plug on a diesel engine has been carried out. 
Glow Plugs are made of platinum and can be heated up in order to “ glow “. When they glow, they improve the combustion in terms of igniting and combusting. 
There are two ways to make a glow plug glow : in case of a lack of methanol or alcohol component in the fuel the glow plugs can only glow in case of approximately lower than 6W of electrical power is applied to them. This is 3A to 4A maximum at 1.5V. 
In case of a Methanol or other alcohol component in the fuel, electrical power needs to be applied only at start up and then removed. The chemical properties of the Methanol ( or other alcohol ) combined with the physicochemical properties of Platinum will ensure the glow plug glows continuously without any electrical power applied. 

Cox SureStart .049 Diesel can be easily equipped with a glow plug head which will increase the combustion chamber and, thus, provide more combustion energy and is not expected to decrease compression regardless of the lack of Teflon gasket and a counter piston. 
In case of a Methanol based fuel, the engine can be started without any electrical power applied to the glow plug, just as a standard diesel engine. Then, after and, maybe, during start up, the glow plug will start to glow because of the availability of combustion and Methanol. This will increase the energy of every combustion as well as ensure fuller burning which does the same. So does the increased combustion chamber. 
The most recommended fuel by Cox for these engines is : 23% Ether, 54% Methanol and 23% Castor Oil. This, most recommended and cherished fuel by Cox will provide a significant possibility for the glow plug to glow without any constant electrical power. 
The only problem with this scenario is Methanol has a lower amount of combustion energy per volume than Kerosene as well as Methanol burns faster. These will reduce the energy per combustion as well as the energy of the engine ( per the whole period of work ). 
Not known for sure is the fact which one will take precedence : 

the increased energy because of the increased chamber and the glow plug with Methanol 

or 

the higher energy derived from Kerosene. 
Sources on the Internet claim the second will take precedence, i. e., using Kerosene derives more energy than Methanol for any fuel mixture possible. 

Of course, one of the best option for this project is to pay with 6W and ensure electrical power applied to the glow plug continuously. This will not only allow an easier start ( with external electrical power source applied only during start up ) but much more energy during the work of the engine which will, along with the increased combustion chamber which allow more fuel and air to combust, hopefully, pay for the used 6W to keep the glow plug glow. 
Hopefully, the engine will withstand the higher, work long stress from the more powerful combustions. This will hopefully be the case when the lower RPM used for derivation of a given amount of energy is taken into consideration. 
A glow plug will also allow for a great reduction of the amount of Ether, the most expensive component of the fuel. This can be done at start up where the fuel with a lower amount of Ether will ignite more easily when electrical power is applied to the glow plug. There is also another possibility : the engine can only be started up with a high concentration of Ether fuel even without a glow plug. Then, the engine can continue to work with fuel with a decreased concentration of without Ether or, maybe, without Ether at all. 
More : this will also allow for an alternative fuel as long as there is either Methanol or another alcohol based fluid ( such as, for example, Ethanol ( pure spirits ) or Isopropyl Ethanol etcetera ). 
In conclusion, the advantages of using a glow plug with diesel engines is significant. Another advantage, not aforementioned, is a much easier start and initial run at extremely low ambient temperatures. 
Second Successful Start of the System ( Dynamo Attached to the Engine ) and First Video of the System 
PLEASE, NOTE, THE LAST SECONDS OF THE VIDEO ARE THE MOST IMPORTANT 

Video Link : www.youtube.com/watch?v=vA0HQJMAUSo 
Video Link of the Edited Video : www.youtube.com/watch?v=P6sSJIbKgk4 
Preliminary Information : This has been the second start with the dynamo attached to the engine and the first start with this propeller and these pulleys. This was why the beginning was slow. Took a while to find out the best settings to start the system. Consequent starts would be much faster with a possibility to reach just a few seconds to start the whole system. Also, because a correct belt had not been preliminarily established, a few belts were used and one of them broke while the system was working. This was expected as this belt was incredibly thin. Other belts wrapped over themselves or the propeller. Although a low tension belt was desirable, the propeller was very close to the belt and loose ( low tension ) belts moved towards the propeller and away and got caught by the propeller. Extra room is necessary between the propeller and the pulley which is supposed to be an easy fix. Also, this propeller is bent slightly and worn from misuse during previous tests. A brand new propeller of the same type is available. Also, initial “ empty “ spring starts were used at Fuel Needle Valve 5 turns open and Air Valve ( Throttle ) fully open as well as Fuel Needle Valve 4 turns open and Air Valve ( Throttle ) fully open just to bring fuel into the engine which was then achieved by closing the Air Valve ( Throttle ) and, with the Fuel Needle Valve at 3.5 turns open, performing a few spring starts at low compression just to bring fuel in. The video shows the components of the fuel used as well as a sound reference : a hammer positioned up at 90 angle and released to hit a pine plank. 

Engine : Cox .049 SureStart Diesel 

Muffler : Not Installed 

Pulleys : Engine Pulley : 1.5cm, Dynamo Pulley : 1.5cm 

Pulley Ratio : 1 

Dynamo : RS555, Brushed DC Generator ( Dynamo ) and a 12 VDC Electrical Motor 

Fuel : 38% Ether ( John Deere 80 Starter Fluid ), Kerosene : 34%, Castor Oil : 23%, Cetone Booster ( 2 Isopropyl Nitrate & Xelone ) 5% 

Amount of Fuel : 20mL 

Preliminary Start without the Dynamo Attached : Yes, at the same settings. Reason : to heat up the engine for the start with the dynamo attached. 

Propeller : 3.125 Inches Diameter, 2.5 Inches Pitch, 3 Blades 

Belt : Elastic Band. Various used in the test. The thin ones got broken as expected. The loose, low tension propellers had a tendency to get wrapped around the propeller. More room is necessary between the propeller and the pulley to ensure free movement of the belt. 

Dynamo Fan : Installed 

Electrical Load : 0 

Spring Starter : Yes 

Other Means to Start the Engine : Not Used 

Level of Spring Start Engagement during Successful Starts : Different levels used. Most successful starts have been achieved with the spring engaged to ensure two compressions only. Not fully engaged. 

Settings : Air Valve : 75% Open ; Fuel Needle Valve : 3.5 turns Open ; Compression : Close to Maximal but Not Maximal ( the compression screw was screwed gently until some resistance shown ). 

Engine Control : The engine exhibited a very good ability to be controlled by all controls : Air, Fuel and Compression. 

Voltage Achieved : Unless the voltmeter is wrong, voltages between 30VDC and 100VDC have been achieved at various RPM. The engine has not been run at maximal RPM and not on minimal too. During the previous test, voltages double of these have been achieved with higher than 200VDC maximal voltage. In case the voltmeter is right, even lower pulley gear ratio can be used. However, these tests are at 0 electrical load and how the voltage would react to a load is unknown as no test has been carried out with any electrical load yet. 

Greasing the Pulleys Before Start : No. 

Temperature of the Engine and the System : Room ( 20ºC to 25ºC ) 

Temperature of the Fuel : Room ( 20ºC to 25ºC ). Because Ether had been derived from a John Deere 80 Starter Fluid can with compressed Ether and propellants, the Ether was freezing when squeezed out. Thus, the fuel had to be warmed up. The fuel was put in a measuring glass where the fuel was mixed. Then the measuring glass was dipped into a jar with hot water and kept for a few seconds. Then the fuel was shaken to mix up even more at the new, high ( room ) temperature. 

Noise : Yes. The engine is powerful and noisy. Some reduction may be possible with the muffler. Not as much so the power is not reduced. 

Messy : Yes. Exhaust fluids have not been canalised. Can be canalised through a pipe attached to the exhaust ( best modified with a bigger hole ) with a nipple attached to the exhaust to allow attachment of the exhaust pipe. 

Other Problems : Because Windows 8.1 Enterprise Evaluation Version has been used, the computer has 1 hour before shutting down. The video was shot in .avi mode which occupies a huge amount of room, around 15GB for 50 minutes recording. The software ( Veedub64 ) provides a possibility for a decrease of the amount of room but these have not been used. Thus, the computer shut down before the video and the test were completed and I do not know when as yet. The last minutes of the test are the most important. The test completed when the fuel was used. 

Seconds Missed : I have watched the video and have established just a few seconds are missing. These were important because they showed the engine controlled to achieve higher and lower RPM. The fuel burned just, probably 4 to 8 seconds after the video recording stopped. I am happy, however, the performance of the system with the thick and higher tension blue belt which worked very well at high as well as low RPM to provide the system with a reliable and consistent work. 

Conclusion : This video shows the most important point of the generator development process : a reliable, consistent start and work with the dynamo attached to the engine. I am incredibly happy with the result and can now continue with assembling the whole system to complete the prototype development. Extra improvements may be consequently carried out. 

Videos 

Along with the raw videos of the engine with and without dynamo, edited, around 12 minute videos have been made for convenience. 

Here are all of the links again which include the links of the edited and raw videos : 

Thesis : http://www.steven-stanley-bayes.com/Cox%20.049%20SureStart%20Diesel.doc 

Edited Video of the System Start and Work with the Dynamo : http://www.youtube.com/watch?v=P6sSJIbKgk4 

Edited Video of the Engine Start and Work without the Dynamo : http://www.youtube.com/watch?v=KTbZ11njcn0 

Video of the System Start and Work with the Dynamo : http://www.youtube.com/watch?v=vA0HQJMAUSo 
Video of the Engine Start and Work without the Dynamo : http://www.youtube.com/watch?v=Y7FfparKL78 

Pictures of the Engine, the Dynamo and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine,%20the%20Dynamo%20and%20the%20Stand.doc 

Pictures of the Engine and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine%20and%20the%20Stand.doc 

Electrical Schematics : http://www.steven-stanley-bayes.com/12VDC%20Micro%20Generator%20with%20Micro%20Engine%20with%20Internal%20Combustion.123 

Belts 

Can be seen on the video the soft rubber and loose belts get tensioned and stretched on the top and very loose at the bottom which is logical. 

Because the belt is near the propeller, the loose bottom moves and vibrates and easily gets caught by the propeller. This is why the strong and hard tension blue belt works OK. 

There will be room between the pulley and the propeller. However, a good belt is a strong one which does not stretch much and can be low tension without too much movement. 

O rings make good Belts but are more difficult to find, although there are some on AliExpress. 

Although I may use different sizes of pulleys, I prefer to first find out what sizes some of the most preferable pulleys would be and then I may get some from AliExpress or eBay. 

Assuming the belt goes around half of the circumference of each pulley and then from the center of the pulley to the center of the other pulley twice, the formula for calculating the circumference of a belt is : 

Cb = ( C1 / 2 ) + ( C2 / 2 ) + 2L 
where 

Cb is the circumference of the belt, 
C1 is the circumference of the first pulley, 

C2 is the circumference of the second pulley, 

L is the distance between the centers of the two pulleys. 

The formula for circumference of a circle is : 

C = 2 π R = π d 
where 

C is circumference, 

R is radius, 

D is diameter 

Thus, 

Cb = ( C1 / 2 ) + ( C2 / 2 ) + 2L = π R1 + π R2 + 2L 

where 

R1 is the circumference of the first pulley, 
R2 is the circumference of the second pulley 

Once the circumference of the belt is known, when the belt is lined up like a strait double line ( without breaking but with folding at two diametrically opposite points ), the length of the double line l is half of the circumference of the belt ( in case the belt was to be cut and lined up in a straight line, the whole length would be equal to the circumference of the belt ) 
l = Cb / 2 = ( π R1 + π R2 + 2L ) / 2 = L + π ( R1 + R2 ) / 2 
Once l is calculated, a belt with slightly lower l than the calculated one can be used to drive the pulley with the difference making the tension. The desired tension depends on the material of the belt and the size, i. e., the strength of the belt : the stronger the belt ( lower elasticity ) the lower the tension. Low tension is important to reduce the friction between the axels and their housings. 
Provided a belt is to be purchased ( say, an O ring is to be purchased ) the sellers usually state the inner diameter, or the outer diameter and the thickness. The inner diameter is the outer diameter minus two thicknesses. Thus, the inner diameter is necessary to be known. 
The inner diameter Db can be derived from the calculated circumference of the belt Cb 

Db = Cb / π 
Thus, the outer diameter Do is 

Do = Db + 2 a 
where 

a is the thickness of the belt given by the seller. 

Thus, a belt with lower than the calculated Do can be purchased and the difference makes the tension with the same consideration on the tension of the belt as previously stated. 
Pictures of the Back Panel 

The pictures of the back panel are at : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Back%20Panel.doc 
Here are all of the links with updated schematics and schematics in .jpeg as well as in .123 formats : 
Thesis : http://www.steven-stanley-bayes.com/Cox%20.049%20SureStart%20Diesel.doc 
Edited Video of the System Start and Work with the Dynamo : http://www.youtube.com/watch?v=P6sSJIbKgk4 
Edited Video of the Engine Start and Work without the Dynamo : http://www.youtube.com/watch?v=KTbZ11njcn0 
Video of the System Start and Work with the Dynamo : http://www.youtube.com/watch?v=vA0HQJMAUSo 
Video of the Engine Start and Work without the Dynamo : http://www.youtube.com/watch?v=Y7FfparKL78 
Pictures of the Back Panel : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Back%20Panel.doc 
Pictures of the Engine, the Dynamo and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine,%20the%20Dynamo%20and%20the%20Stand.doc 
Pictures of the Engine and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine%20and%20the%20Stand.doc 
Electrical Schematics in .jpg Format : http://www.steven-stanley-bayes.com/12VDC%20Micro%20Generator%20with%20Micro%20Engine%20with%20Internal%20Combustion.jpg 
Electrical Schematics in .123 Format : http://www.steven-stanley-bayes.com/12VDC%20Micro%20Generator%20with%20Micro%20Engine%20with%20Internal%20Combustion.123 
Third Successful Start of the System : With a Load. No Tank, no Muffler. 

Video Link : http://www.youtube.com/watch?v=fPuUY2SubGY 
Video Link of the Edited Video : No editing needed. 

Preliminary Information : This has been the third start on video with the whole generator assembled and with load. No tank and no muffler yet. Started immediately as expected. Noticed the engine was unable to reach high RPM even without a belt and dynamo. Attempted with more opened fuel needle valve. Unable to perform many adjustment due to video period of recording limitation. Lower tension belt used. Performed OK. Dynamo unable to be rotated faster as faster speed of the engine was not achieved as mentioned. Initial fuel loading was carried out by closing the Air Valve ( Throttle ), reducing the compression and performing 4 to 8 “ empty “ spring starts. All spring starts, including the “ empty “ fuel loading spring starts are in the same position as specified thereafter. Here are the specifications : 
Engine : Cox .049 SureStart Diesel 

Muffler : Not Installed 

Pulleys : Engine Pulley : 0.7cm, Dynamo Pulley : 1.5cm 

Pulley Ratio : ~ 0.5 

Dynamo : RS555, Brushed DC Generator ( Dynamo ) and a 12 VDC Electrical Motor 

Fuel : 8mL Ether ( John Deere 80 Starter Fluid ), Kerosene : 7mL, Castor Oil : 5mL, Cetone Booster ( 2 Isopropyl Nitrate & Xelone ) 1mL. This is : 38% Ether ( John Deere 80 Starter Fluid ), Kerosene : 33%, Castor Oil : 24%, Cetone Booster ( 2 Isopropyl Nitrate & Xelone ) 5% 

Amount of Fuel : 20mL 

Preliminary Start without the Dynamo Attached : Yes, at the same settings. Reason : to heat up the engine for the start with the dynamo attached. 

Propeller : 3.125 Inches Diameter, 2.5 Inches Pitch, 3 Blades 

Belt : Elastic Band. Low tension. 

Dynamo Fan : Installed 

Electrical Load : Two loads used. The fuel burned before being able to install the third one. Load 1 : 10Ω, 10W, 5%. Load 2 : 7.5Ω, 20W, ~5%. Load 3 ( not used but available ) : 5Ω, 30W, ~5%. 

Fuse : 3A 

Spring Starter : Yes 

Other Means to Start the Engine : Not Used 

Level of Spring Start Engagement during Successful Starts : Not fully engaged. Around 2 compression only. 
Settings : Air Valve : 75% Open ; Fuel Needle Valve : 3.5 turns Open ; Compression : Close to Maximal but Not Maximal ( the compression screw was screwed gently until some resistance shown ). Increased after the start to be almost the maximal. 
Engine Control : The engine exhibited a very good ability to be controlled by all controls : Air, Fuel and Compression. Unable to achieve high RPM neither with nor without the dynamo attached. Limited by the video to attempt to adjust the engine to higher RPM. 
Voltage and Current Achieved : Voltage without load : 12VDC. Voltage with load ( Load 1 and Load 2 ) : 4 to 6VDC. Current : 0.5A with Load 1 and Load 2. This is very strange. Power achieved : 3W at these low RPM. 
Greasing the Pulleys Before Start : No. 

Temperature of the Engine and the System : Room ( 20ºC to 25ºC ) 

Temperature of the Fuel : Room ( 20ºC to 25ºC ). Because Ether had been derived from a John Deere 80 Starter Fluid can with compressed Ether and propellants, the Ether was freezing when squeezed out. Thus, the fuel had to be warmed up. The fuel was put in a measuring glass where the fuel was mixed. Then the measuring glass was dipped into a jar with hot water and kept for a few seconds. Then the fuel was shaken to mix up even more at the new, high ( room ) temperature. 

Noise : Yes but not as much as before because of the low RPM. Generally, the engine is powerful and noisy. Some reduction may be possible with the muffler. Not as much so the power is not reduced. 

Messy : Yes but kept away by the yellow plastic protection installed around the dynamo. Exhaust fluids have not been canalised. Can be canalised through a pipe attached to the exhaust ( best modified with a bigger hole ) with a nipple attached to the exhaust to allow attachment of the exhaust pipe. 

Conclusion : This video shows the almost fully assembled generator just without a tank and a muffler. This is the first video with a load. In all, I consider this video a great success. I have to investigate why the engine refused to achieve higher RPM and why the readings of the gauges were such. Because Load 1 is 10, the current must be equal to the voltage divided by 10 which was observed : around 5V and 0.5A. However, with Load 2 of 7.5, the voltage is 6V and must give 0.8A current. The voltmeter has been offset by - 0.8V to compensate for the output diode. The ampermeter is before the voltmeter but the current through the voltmeter has been found to be negligible. Assuming the voltmeter has displayed the correct voltage, the maximal power reached at these low RPM in this test run is 4.8W, around 5W which is OK at low RPM and with these pulleys which make the RPM of the dynamo twice as lo as the RPM of the engine. An important observation is the engine did not even blink to display 5W. The engine worked exactly the same without the dynamo attached, with the dynamo attached and 0 load and with the dynamo attached and 5W load. Hence, the engine must be able to reach much higher power. The decrease of the voltage of the dynamo from 12V without a load to 6V with 2.5W and 5W load is as expected. 
Fourth Successful Start of the System : With a Load. No Tank, no Muffler. 

Video Link : http://www.youtube.com/watch?v=ouW2OST5vn4 
Video Link of the Edited Video : To be done. 

Preliminary Information : This has been the fourth start on video. The whole generator was assembled without a tank and a Muffler. Three loads : 10Ω, 10W, 5% ; 7.5 Ω, 20W, 5% ; 5 Ω, 15W, 5% have been used. Started well after fuel loading as expected. Initial fuel loading has been carried out by reducing the compression a lot ( more than a turn ) and closing the Air Valve ( Throttle ). Engine run well and was controllable. Air Valve and intake ducts have been cleaned with Ether prior to start. Problems with the belts and the pulleys adjustments to be in a straight line. Many belts used and many of them got broken as expected. There was no much of a distance between the pulley and the propeller and the propeller was able to catch the belt on occasion. Very difficult test. As mentioned, initial fuel loading was carried out by closing the Air Valve ( Throttle ), reducing the compression and performing 2 to 4 “ empty “ spring starts. All spring starts, including the “ empty “ fuel loading spring starts are in the same settings ( except for the fully closed Air Valve ( Throttle ) specified thereafter. Here are the specifications : 

Engine : Cox .049 SureStart Diesel 

Muffler : Not Installed 

Pulleys : Engine Pulley : 1.5cm, Dynamo Pulley : 1.5cm 

Pulley Ratio : ~ 1  

Dynamo : RS555, Brushed DC Generator ( Dynamo ) and a 12 VDC Electrical Motor 

Fuel : 8mL Ether ( John Deere 80 Starter Fluid ), Kerosene : 7mL, Castor Oil : 5mL, Cetone Booster ( 2 Isopropyl Nitrate & Xelone ) 1mL. This is : 38% Ether ( John Deere 80 Starter Fluid ), Kerosene : 33%, Castor Oil : 24%, Cetone Booster ( 2 Isopropyl Nitrate & Xelone ) 5% 

Amount of Fuel : 20mL 

Preliminary Start without the Dynamo Attached : Yes, at the same settings. Reason : to heat up the engine for the start with the dynamo attached. 

Propeller : 3.125 Inches Diameter, 2.5 Inches Pitch, 3 Blades 

Belt : Elastic Band. Low tension. Higher tension also tried. Unable to find strong belt which is not flat but either square or rounded. 
Dynamo Fan : Installed 

Electrical Load : Two loads used. The fuel burned before being able to install the third one. Load 1 : 10Ω, 10W, 5%. Load 2 : 7.5Ω, 20W, ~5%. Load 3 ( not used but available ) : 5Ω, 30W, ~5%. 

Fuse : 3A 

Spring Starter : Yes 

Other Means to Start the Engine : Not Used 

Level of Spring Start Engagement during Successful Starts : Not fully engaged. Around 2 compression only. 

Settings : Air Valve : 75% Open ; Fuel Needle Valve : 3.5 turns Open ; Compression : Close to Maximal but Not Maximal ( the compression screw was screwed gently until some resistance shown and backed until no resistance and a tiny more ). Increased after the start to be almost the maximal. When the engine was hot, the compression was adjusted to close to maximal ( until some compression screw resistance was found ) and the Air Valve ( Throttle ) was nearly fully open. 
Engine Control : The engine exhibited a very good ability to be controlled by all controls : Air, Fuel and Compression. When load applied, the engine self increased the RPM. When load applied the dynamo resistance increases, the load to the engine increases trying to decrease the RPM and the engine sucks more fuel and air and increases the RPM. Engine self feedback. 
Voltage and Current Achieved : Voltage without load : 24 to 30VDC. Voltage with load ( Load 1 and Load 2 ) : 3 to 4 VDC. Current : 0.5A or lower with all loads. Load 2 established : 4.025VDC and Load 3 : 3.2VDC, thus, 2W power. This is very strange. Looks like the dynamo cannot perform very well or requires huge RPM to do so. With 1 : 1 pulley ratio, the power achieved is lower than with 0.5 ( engine ) to 1 ( dynamo ) ratio although the dynamo RPM were higher with 1 to 1 pulley ratio. 
Greasing the Pulleys Before Start : No. 

Temperature of the Engine and the System : Room ( 20ºC to 25ºC ) 

Temperature of the Fuel : Room ( 20ºC to 25ºC ). Because Ether had been derived from a John Deere 80 Starter Fluid can with compressed Ether and propellants, the Ether was freezing when squeezed out. Thus, the fuel had to be warmed up. The fuel was put in a measuring glass where the fuel was mixed. Then the measuring glass was dipped into a jar with hot water and kept for a few seconds. Then the fuel was shaken to mix up even more at the new, high ( room ) temperature. 

Noise : Yes but not as much as before because of the low RPM. Generally, the engine is powerful and noisy. Some reduction may be possible with the muffler. Not as much so the power is not reduced. 

Messy : Yes but kept away by the yellow plastic protection installed around the dynamo. Exhaust fluids have not been canalised. Can be canalised through a pipe attached to the exhaust ( best modified with a bigger hole ) with a nipple attached to the exhaust to allow attachment of the exhaust pipe. 

Conclusions : 
Only 2W achieved. The dynamo seem to be incredibly stubborn and works at around 3 to 5V and around 0.5A regardless of the RPM. Looks like huge RPM may be needed to make the dynamo perform to some extent. Poor dynamo performance was expected but not so poor. 
The video is long and there are a lot of problems in the duration of the video and not so much of a generator run. The video also shows a good run of the engine with or without a load at very low RPM which I have displayed for a while shutting the engine off for various reasons. 

This has been a very difficult video due to lack of proper elastic bands for belts as well as wide pulleys and a good pulley arrangement which has been achieved in the duration of the video. 

Regardless the pulley ratio was such as to make the dynamo spin faster ( with the speed of the engine ), the dynamo has stubbornly been giving 2W power output only. Looks like a lot of RPM are needed to make the dynamo give more power which means I need better pulleys and elastic bands. The next start would be with a 2 ( engine ) to 1 ( dynamo ) pulley ratio and, hopefully, the pulleys as well as the belt would be good enough to provide the dynamo with high RPM. 

When large load is used ( 5 Ohms ), the engine when the load is switched on immediately as expected. I have continued the experiments after the video. When the engine RPM are reduced and then the 5 Ohm load is switched on and then the RPM are increased, things seem to be OK. 

A wide elastic band can be cut to make a narrower one when the original one is strong and would work even when cut. 

Links to the Project : 

Thesis : http://www.steven-stanley-bayes.com/Cox%20.049%20SureStart%20Diesel.doc 

Edited Video of the Assembled Micro Generator, No Tank, No Muffler, Pulley Ratio : 1 to 1 : http://www.youtube.com/watch?v=nAMso-6gPfE 

Video of the Assembled Micro Generator, No Tank, No Muffler, Pulley Ratio : 1 to 1 : http://www.youtube.com/watch?v=ouW2OST5vn4 

Video of the Assembled Micro Generator, No Tank, No Muffler : http://www.youtube.com/watch?v=fPuUY2SubGY 

Edited Video of the System Start and Work with the Dynamo : http://www.youtube.com/watch?v=P6sSJIbKgk4 

Edited Video of the Engine Start and Work without the Dynamo : http://www.youtube.com/watch?v=KTbZ11njcn0 

Video of the System Start and Work with the Dynamo : http://www.youtube.com/watch?v=vA0HQJMAUSo 

Video of the Engine Start and Work without the Dynamo : http://www.youtube.com/watch?v=Y7FfparKL78 

Pictures of the Back Panel : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Back%20Panel.doc 

Pictures of the Engine, the Dynamo and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine,%20the%20Dynamo%20and%20the%20Stand.doc 

Pictures of the Engine and the Stand : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Engine%20and%20the%20Stand.doc 

Pictures of the Assembled Generator, No Tank, No Muffler : http://www.steven-stanley-bayes.com/Pictures%20of%20the%20Assembled%20Generator,%20No%20Tank,%20No%20Muffler.doc 

Electrical Schematics in .jpg Format : http://www.steven-stanley-bayes.com/12VDC%20Micro%20Generator%20with%20Micro%20Engine%20with%20Internal%20Combustion.jpg 

Electrical Schematics in .123 Format : http://www.steven-stanley-bayes.com/12VDC%20Micro%20Generator%20with%20Micro%20Engine%20with%20Internal%20Combustion.123 

Glow Plug Voltage from a 12VDC Source : http://www.steven-stanley-bayes.com/Glow%20Plug%20Voltage%20from%20a%2012VDC%20Source.doc 

