Ignition system for small engines running on Hydroxy ONLY
It should be obvious that with Hydroxy as the ONLY fuel, the use of 2 stroke engines are ruled out since they require oil to be mixed with their fuel for lubrication.
Therefore, only 4 stroke engines will be considered in this brief.

First, some engine data.

The crank shaft on a 4 stroke engine turns twice (720º) for every ‘work’ cycle.

Since most (if not all) small engine designs use a magnet on the fly wheel (which is mounted on the crankshaft) to generate the ignition sparks, 
2 sparks are delivered for every work cycle. 
The second spark (which is delivered during the exhaust stroke) is NOT needed and so it is called “waste spark”.  With hydrocarbon fuels it is harmless.

However, with Hydroxy ONLY, this “waste spark” MUST be eliminated.  
With hydrocarbon fuels, ignition usually takes place around 8º before TDC  to allow some atomization of the fuel before the actual ‘explosion’, which occurs approximately 10º after TDC.

If Hydroxy is ignited at ANY point before the piston has reached TDC, the explosion  takes place at that INSTANT.  

(There is NO delay or atomization here since it ‘burns’ about 1000 times faster than hydrocarbon fuels and it could be said that it is not ‘burning’ but exploding!) 

The force of the explosion instantly tries to push the piston DOWN when it is still trying to come to the top to complete its compression stroke!  
That is most undesirable!
When the ignition is delayed (retarded) to the point where the explosion usually occurs with hydrocarbon fuels (around 10º after TDC) then the piston’s downward movement is reinforced and useful work is gained.

Now, consider what would happen if the waste spark was NOT eliminated.  

As stated above, the crankshaft revolves twice for every ‘work’ cycle.  
(The first revolution covers the intake and compression stroke and the second one the power and exhaust stroke.)
Thus, the second spark (‘waste spark’) occurs just before (the same degree of advance as the wanted spark, about 8º) before TDC at the end of the exhaust stroke.  

But when the ignition pulse is delayed to be after TDC, the waste spark will occur at the beginning of a new ‘cycle’, where the intake valve has just started to open.  
So now, with a slightly open valve there is an open path to the fuel line (Hydroxy), and there comes a spark!  Guess what happens…  Guaranteed back fire!

And I can assure you that even the most minute opening will allow the ‘flame front’ to propagate back to the supply line.  How do I know?   Experience.  Lots of it.
Further, let me tell you that I have personally not found ANY method of stopping back fires to propagate back to the electrolyzer, EXCEPT water.  While most people call them bubblers, I prefer the name “flash-back arrestor”, since that is their true role.

If you doubt the above statements about stopping flash backs traveling back to your electrolyser and DESTROY it, by all means, ignore the advice.  
Not only will you DESTROY your electrolyser but very likely injure or even KILL yourself and/or others! 
An example of engine calculations:  
I bought a new, 118cc, one cylinder, 4 stroke petrol engine for Hydroxy experiments.

Its rated max. output is 4 horsepower (2960W) at 3600RPM.

For the ease of calculations, lets round up the capacity to 120cc (0.12L) 
This is the maximum volume of air/fuel mixture it can suck in during its intake cycle.
As stated before, the engine’s ‘work’ cycle number is half the crankshaft revolution.

Thus, at 3600RPM, the number of fuel intakes is 1800/minute.

1800 x 0.12L = 216L/minute

However, as only 1% of QUALITY Hydroxy (mixed with 99% of air) is needed to obtain the same power as petrol, this 120cc engine should require only 2.16L/minute of Hydroxy to run at 3600RPM!!
(Naturally, it would require less at lower speeds.  It remains to be seen if it will require more under full load than this calculated volume.)
Now a few notes about the necessary ignition delay and how to achieve it.

In one article it was suggested that one could use a 555 IC to delay the ignition pulse.

Yes, that could be done but it would only be correct at ONE speed.

The reason is obvious:

Ignition advance/delay is related to piston position, NOT time. 

It is expressed in ‘degrees’ but for hydrocarbon fuels it is varied slightly with engine speed. (due to its relatively slow burning) 
With Hydroxy, ignition will take place at the same ‘degree’, (same position of the piston) regardless of engine speed.

At this stage, a couple of things are clear already:  
One: on my test engine (and I dare say on most, it not all, small engines) it is not possible (meaning: NOT practical) to eliminate the ‘waste sparks’.

Two, there is NO provision for ignition timing adjustments, neither mechanical, nor electronic.  

In other words, the existing ignition systems used on small engines are USELESS for Hydroxy.

We need a NEW electronic ignition system, complete with ADJUSTABLE delay.

So how can that be done?

Again, two revolutions of the crankshaft is 720º (two circles but one ‘work cycle’).
The camshaft, (controlling the valves) however, turns only ONCE, which is 360º. 
In electronic terms, that is 100%.  

We want to delay the ignition timing from where it is now, say, from 8º before TDC to 10º after TDC.  That is a delay of 18º.  

The equation is:  360 : 100 = 18 : X   Re-arranging it:  360X = 1800,   X = 5
In other words, 18º is 5% of 360º.  

We need to delay our original ignition pulse by 5%, irrespective of frequency.

(the ‘frequency’ here is the engine’s revolution)

The above example serves to illustrate the difference between the ‘old’ and the ‘new’ settings, assuming that the degree settings relate to the camshaft revolution, 360º.
However, as I understand it, the ignition advance/retard degrees are usually expressed in  terms of crankshaft degrees (720° - two revolutions of the crankshaft)
In that case, the above percentage of 5% is halved.  

Then, 18º is 2.5% of 720º
Since we need a NEW ignition system, this ‘delay’ will no longer relate to the ‘old’ setting.  A new signal is taken from a sensor (Hall switch) mounted on the engine, detecting the intake (or exhaust) valve’s position. 
Using the signal from this sensor, the ignition spark could be made to occur anywhere but we want it approx. 10º (or more) after TDC (adjustable within a few degrees) 
Of course, our reference is still TDC.  

When we express all that in electronic signal terms, the intake stroke (piston travels from TDC to BDC) is ¼ of the engine’s work cycle, which is 25% of our wave form.  

(90º of the work cycle and 180º of crankshaft rotation) 

If we transform the delays from degrees to percentage, we get the following figures:

10º ATDC is a delay of ~1.39%
25º                “               ~3.47%

So, if we want the adjustment range of 10º - 25º, the percentage difference is 2.08%.

[We can also calculate the elapsed time this translates to, for any given speed.
For example:  at 3600RPM, the ‘frequency’ is 30Hz.  One period is 1/30 = 0.0333sec.

Thus, a 1.39% delay means that the piston has traveled (from TDC) for 463.3µs to reach the position of 10º ATDC  (relating to crankshaft revolution)]
One simple way to implement these delays is to use a PWM (Pulse Width Modulator) circuit, which is my preferred choice.

(How this is done will be described in detail in a technical “circuit description”.) 

It needs to be pointed out that the ignition system for Hydroxy ONLY (not just a booster) will be very different from ignition systems for hydrocarbon fuels.
It will be significantly simpler.

There will be NO “speed mapping”, NO “load mapping”, NO retard/advance change with engine RPM,  NO rich/lean mixture setting, NO cold start setting, NO “knock sensor”, NO fuel/air temperature sensor, NO Oxygen sensor, etc., etc., 
(“modern” engines are full of all that rubbish!)

There will be NO need for high energy sparks, multiple sparks, etc.

Further, there will be NO such thing as UNBURNED fuel remaining in the cylinders!!

In short; when we get to the larger engines (cars), the first thing we have to do is to rip out the “computer” and install our own system, incorporating electronic injection as well.
(Perhaps another option could be to completely re-program the ‘computer’, provided that one could obtain the original programming software from the manufacturer, which, I would say, is HIGHLY unlikely!)

I am in favor of electronic injection (but ONLY for Hydroxy) for two reasons:
1.  I reason that if we allow Hydroxy to flow continuously, some of it may disappear during the other ¾ of the engine’s work cycle.  (the intake stroke is only ¼ cycle)
2.  If Hydroxy is ALWAYS present in the intake manifold, we may risk a damaging back fire. 

I am aiming at a mainly analog design, using parts available everywhere and are dirt cheap!

Should a fault occur, it will be quick, easy and cheap to repair.

Les Banki

(Electronic Design Engineer)

Water Fuel & LBE Technologies
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