HydrOxy – generator ‘closed loop’ set-up!
First, let’s look at the electrolyzer.

My favorite is the high voltage series cell.

(By the way: the ANTON cell is also a series cell.  Period.)
To the best of my knowledge, the principle of the series cell was first discovered by 

Dr. William Rhodes around 1965 and patented Mar. 21, 1967  (US Patent 3,310,483) 

I discovered this patent around 1994.  
Of all the conventional, “brute force” electrolyzers, series cells are the most efficient!

But perhaps unbeknown to most, the efficiency of these units actually INCREASES as the cell numbers increase!  (within practical limits, of coarse)

Further, it is a LOT easier to deal with HIGH voltage and LOW current.

To illustrate this point:

Suppose you want a 2.4kW (2400W) electrolyzer.

With a supply voltage of 12V, you need 200A!!
If you only want 1kW (1000W) with a 12V supply, you still need 83.33A!!
Those who have worked with currents of this magnitude know what this means!

(For the benefit of those who never tried: THICK cables, unwanted voltage drops, HEAVY duty terminals/contacts, HEAVY duty switches and relays, etc., all of it fairly expensive!)

Compare the above example with a 120 cell electrolyzer running on rectified 
(but un-filtered!) 240V AC.  

The current for a 2.4kW unit is 10A!

For a 1kW unit, 4.16A!
(All generators sold here in Australia have a rated output voltage of 240V. 

Actually, that standard was ‘officially’ changed to 230V back in year 2000.

Anyway, close enough.  Some parts of Australia still have up to 250V mains supply!)

This means that we can run 120 cell, 240V electrolyzers DIRECTLY from the output of these generators with only low losses in the bridge rectifier diodes!
Please pay close attention to the following points also:

Just like most other types of cells, series cell electrolyzers also create gas pressure.

Their physical dimensions are such that there is enough space for a certain volume of the pressurized gas above the plates. 

That ‘space’ does not need to be large since it is strictly a “HydrOxy-on-demand” system!

(For safety reasons it should NOT be larger than absolutely necessary!)

Perhaps some practical figures will illustrate this better:

Suppose you have 2 dm³ (2 litre) volume space for the gas.

Enter Boyle’s Law:
Equation
The mathematical equation for Boyle's law is:

pV=k

where:

p denotes the pressure of the system.

V denotes the volume of the gas.

k is a constant value representative of the pressure and volume of the system.

So long as temperature remains constant the same amount of energy given to the system persists throughout its operation and therefore, theoretically, the value of k will remain constant.

(http://en.wikipedia.org/wiki/Boyle%27s_law)

OK.

The injection solenoid I have (I intend using this brand in production) is a Gas injector type JET 21, made by POLYAUTO in Italy.

It is the largest of their range and has an output orifice diameter of just under 6 mm! 

Its typical working pressure is rated at 70 kPa rel. , maximum is 120 kPa rel.

As an example: suppose we are going to settle for a pressure of 100 kPa (14.5 Psi).

Using the Boyle’s Law equation, how many litres of gas do we have in that 2 dm³ (2 litre) space when the pressure is 100 kPa (g)?

Since the Freescale MPX5500DP pressure sensor I am using measures relative (gauge) pressure, a 100 kPa (g) reading means there is now 4 litres of gas in that 2 dm³ space.

When we make a closer analysis, we find that at the time we start the electrolyzer for the first time, there is already 2 litres of AIR in that “empty” space above the plates!

So, when the production of HHO starts, by the time we reach the set pressure of 100 kPa [14.5 Psi (g)], we have added only 2 litres of HydrOxy to that volume of 2 litres of AIR  which was already there at atmospheric pressure!

In other words, the first few litres of HydrOxy produced is diluted with air.

After that is used up, it will be ‘pure’ HydrOxy.  

(with water vapor and residue of the catalyst, KOH)

The water based flash-back arrestor(s) (bubblers) will remove all that.

Now to the start-up power supply issue:

As long as we have mains power still connected, we use THAT.  

With just a bridge rectifier AND the power control modules (all built into the ECU), 
the 120 cell electrolyzer is connected to the mains voltage of 240V!

Switching from mains power to the generator’s output is done by a change-over power relay AUTOMATICALLY.

(The relay board is also built into the ECU.)

After power-up, the relay is NOT energized. 

Its N.C. (Normally Closed) contacts connect the mains power to the ECU.

(See circuit diagram of power supply.)
There are NO interfacing problems since the output voltage AND frequency from the mains supply and from the generator are the same.

The change-over relay is controlled by frequency switch IC1 (LM2917-N8).
When the input frequency reaches 50 Hz, its output goes LOW and it LATCHES.

(A certain amount of Hysteresis is used to make sure it remains LATCHED within the narrow frequency band where the feedback operates.)

The LATCHED LOW output of IC1 is inverted by a transistor to HIGH.

This HIGH is applied to the relay driver transistor.

Thus, the relay is now ENERGIZED and its N.O. contacts are closed. 

Power to the ECU (AND the electrolyzer) is now supplied by the generator!

This condition is maintained as long as the engine is running.

If the engine stops or its RPM drops too low, frequency switch IC1 will UN-LATCH

(its output snaps HIGH) and the relay DE-ENERGIZES, once again connecting the ECU to the start-up supply.

When mains supply is no longer available (disconnected), a 12VDC–to–240VAC Inverter and a BATTERY will be used as a start-up supply.
Keep in mind that even if the generator’s capacity is several kWs, neither the Inverter, nor the battery needs to be very large.

The reasons are as follows:

From the moment the engine starts till it reaches its correct RPM will take no more than 10 - 15 seconds, maximum.

This means that initially the electrolyzer needs to produce only enough HydrOxy to run the engine for about 15 seconds.

This low volume of HydrOxy (whatever figure it will turn out to be in practice), can be generated over a lot longer time period than 15 seconds!
Suppose you need to run a certain size Inverter for 2 minutes to generate enough HydrOxy to start & run the engine for 15 seconds before the generator takes over and supplies its own power!!

In practical terms it means that the BATTERY needs to be large enough to comfortably supply the required current to the Inverter for 2 minutes AND still have enough power left to crank the engine!  (electric start generator)

(Note that the battery will be connected AT ALL TIMES to the AUTOMATIC charger in the ECU.)

Important: 
For the fuel injection to work properly, gas pressure MUST be kept steady!

This implies that the engine should NOT be started before the required (set) pressure has been reached.

With the rotary switch set to PR (see picture of prototype) we can watch the pressure building up on the ECU control panel’s LCD display.

There is also an indicator LED which comes ON when the set pressure is reached.

(Generators with electric start can also be made to start AUTOMATICALLY when the set pressure has been reached!  
See ‘autstart.sch’ circuit diagram/pcb and “Generator auto start circuit” description.)

To sum it up:

The generator/ECU/electrolyzer ‘loop’ set-up I described above is very neat.

There are two (2) standard, 240V 10A power cords connected to the ECU.

One from the mains supply (or start-up Inverter), the other is from the generator’s output.

Switching between them is done with a c/o power relay inside the ECU.
Since the ECU is ALWAYS fully operational (first with the start-up supply and then with the power from the generator), there is NO change in parameters like ignition/injection timing, pressure, etc.
Naturally, there are several other connections to and from the ECU as well:

1.  Power to the electrolyzer – (2 wires)

    [HIGH voltage to a 120 cell unit OR LOW voltage HIGH current like the Hasebe 

     cell, (2.8V – 30A - PWM) for example]    

2.  Hall switch – (3 wires)

3.  Ignition coil – (2 wires)

4.  Injection solenoid – (2 wires)

5.  Battery (automatic charging) – (2 wires)

6.  Pump supply/speed control PWM (to be used with the Hasebe cell) – (2 wires)

7.  Water level sensor/pump driver (to refill electrolyzer) – (6 wires)
8.                “                    “              2 (to refill flash-back arrestor) – (6 wires)

9.  Gas hose (from the electrolyzer to the pressure sensor on the regulator module)

Complex?

Maybe.

It depends on your point of view.

Contrary to the opinions of some, engine management is NOT simple with ANY fuel, even for those who may have COMPLETE understanding of it. 

If we expect smooth, trouble free operation from an ICE, we cannot take short cuts or make compromises.

Perhaps it is NOT common knowledge that using HydrOxy ONLY is actually MUCH less complicated than using hydrocarbon fuels since we need to deal with ONLY two parameters: ignition and injection timing!  Period.
To illustrate this point once more, here is a quote from my thesis 
“Ignition system for small engines”:
“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!!”
Les Banki

(Electronic Design Engineer)

Water Fuel & LBE Technologies
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