Re-filling series cell systems
Re-fill is the biggest challenge of the series cell electrolyzer!  
Over the years I had many different ideas but rejected them all, for various reasons.  
(As had some other experimenters, they didn't get it right either!)
I know some actually gave up on the series cell design altogether, mainly because they didn’t understand their operating principle, couldn’t make them properly and the refill presented an 'engineering problem’ they could not solve!


I think my latest idea should solve the re-fill ‘problem’.  

I will try to describe it but please refer also to the simple ‘end view’ drawing of the set-up.  It may help you to understand the concept.


The idea is to use TWO containers.  
The electrolyzer is made almost the same as before but without a lid.  Open.


This is placed inside another, larger container, which is sealed with a lid & gasket. 
(The gas output and filling ports are on this lid.)

This larger container is also filled with electrolyte to a HIGHER level than desired in the electrolyzer itself.
 

During normal operation, the whole assembly is under the SAME pressure.  
 
Filling is done in two (2) stages.
Stage ONE is filling the electrolyzer itself from the main tank.

Stage TWO is filling the main tank from the “fuel tank” (water).

First stage of filling:

A narrow, relatively thin (3mm) strip of plastic (Acrylic) is clamped to the bottom plate of the electrolyzer (for the purpose of drilling them together) and small holes (say, 1.5mm diam.) are drilled under each and every cell, in the middle of the 3mm gaps.
(If faster fill is needed, more than one row of holes can be drilled.)
Since the two pieces are drilled together, perfect line up of all holes are assured.  

This strip is mounted on a spring loaded slide arrangement under the cell and off-set enough (about 1.5 mm) to cover ALL holes.

When the electrolyzer needs filling, the strip is moved the same distance as the diameter of the holes (1.5mm) to line them up!
If a piece of resin coated mild steel (or magnet) is attached to this strip, it can be operated by an electro-magnet (solenoid) from the outside of the container!
This solenoid is then turned on/off as required with electronic control. 
The working principle of the set-up is based on a simple law of physics. 
It states that in a sealed pressure vessel, pressure is exactly the same at every point, in all directions. 

Electrolyte will thus be forced through all the holes with EQUAL pressure and since all  holes have the same diameter, the volume of electrolyte flowing through them is also the same.  
(IF these “filling holes” remained OPEN long enough, the filling process would continue until EQUILIBRIUM is reached – when the electrolyte level in every cell is EXACTLY the same as in the main container.)
But filling can be terminated at any point, without significant electrolyte level differences between the cells, due to equal hole sizes and pressures, as explained above.

A unique feature of all my series cell designs (which are based on Dr. William Rhodes’ 1967 Patent  3,310,483) is that:
The two sides and the bottom edge of the plates are NOT sealed!

Note that the grooves are 5 mm deep, 0.6 mm wide and the plates are 0.5 mm thick. 

That leaves a total ‘gap’ of only 0.1 mm between the plates and the walls of the grooves!

Further, another important point to note:  

a 10:1 RATIO between the DEPT of the grooves and the THICKNESS of the plates!
That small but very LONG gap (along the edges of the two sides and the bottom of each plate) allows the electrolyte level to SLOWLY equalize in all the cells.

Yet, there are practically NO current ‘leaks’ around these plate edges!

While Dr. William Rhodes pointed this out in his patent, he did not offer a technical explanation for it.
In case anyone is interested to know WHY there are virtually NO current ‘leaks’ around the plate edges, despite those gaps, the following explanation may help:

It is all a matter of conductivity and surface areas.  
Since the conductivity of the electrolyte is constant, the only ‘variable’ is the surface areas.

Consider a series cell design with end plates size of 100x100 mm – 10000 mm².

Now consider the surface area of the ‘gap’, 0.1x300 mm – 30 mm².

It is only 0.3% of the plate’s surface area.

[For larger designs, that ratio is HIGHER.  (less ‘error’)]
In practical terms:  an electrolyzer running at 10A, “leakage” current would be in the order of 0.03A.  (30mA)  

A 0.3% error – beyond the accuracy of most meters.
Now to the filling levels in the electrolyzer and the main container:
It is important to understand that the current flow through this type of electrolyzer is limited by the surface area of the end plates ONLY. (where power is connected) 
Thus, electrolyte levels ABOVE the top edge of the end plates does NOT increase the current! 

This is another great feature which I utilize!

Here is how:

I fill the electrolyte to, say, 20mm ABOVE the top edge of the end plates.

The electrolyzer works at FULL capacity!

IT REMAINS AT FULL CAPACITY all the way down to the level of the top edge of the end plates.

(If, however, the electrolyte level is allowed to drop BELOW that level, gas production starts to decrease.)
So, in the above example, an electrolyzer with 120 cells, (100mm wide with a 3mm gap between all the plates) filled 20mm ABOVE the top edge of the end plates, we have a water volume of  3x20x100mm (6cm³) x 120 = 720cm³ (0.72 litre) to split into HHO.  

In practical terms it means that re-filling is NOT required before 0.72 liters of water have been used.  

Since most multi-cell electrolyzers are HIGH voltage, non-contact type level sensors are required.  (the galvanic probes type level sensor cannot be used here.)

I use 4 pulsed IR beams to detect MINIMUM and MAXIMUM levels. 

(2 in the electrolyzer and 2 in the main tank)
The circuits for the electrolyzer and main tank level sensors and drivers are IDENTICAL.
The only difference is that the circuit for the electrolyzer filling (first stage) drives a SOLENOID, while the main tank filling (second stage) circuit drives a WATER PUMP! 

‘First stage’ filling STARTS when the MINIMUM beam detects that the level has dropped to the top edge of the end plates. 
It activates the solenoid to move the strip (described above) to the OPEN position.

While filling, the level is monitored by the MAXIMUM beam and when it reaches the desired level (say 20 mm above the minimum setting), it turns the solenoid OFF.

This makes the strip to return to its normal position where ALL holes are CLOSED.
This completes the “first stage” of filling.

Second stage of filling:

To get the whole assembly to work properly, the main tank’s MINIMUM electrolyte level needs to be the same or HIGHER than the MAXIMUM level in the electrolyzer itself.

MAXIMUM can be set at any desired (or practical) level.

When the level drops below the MINIMUM sensing beam limit, the WATER PUMP is turned ON.  Once the MAXIMUM level is reached, it is turned OFF.
When the electrolyzer/main tank assembly is filled for the first time (it should be done manually) and ALL the control electronics is turned OFF, the following process is used:

HOLD the filling leaver under the electrolyzer OPEN, either manually or with a magnet.  
Start pouring the pre-mixed electrolyte SLOWLY into the main tank ONLY.

Because all the holes are OPEN, electrolyte will flow into all the cells of the electrolyzer.

Watch the level rising in the electrolyzer.

When it reaches the pre-determent level, (say 20 mm above the top edge of the end plates) CLOSE the leaver!  

Continue pouring the electrolyte (make sure it goes into the MAIN tank ONLY!) until you reach the pre-determined MAXIMUM level.
Done!

There is a circuit description for the re-fill control which I will release in due course. 


Les Banki

(Electronic Design Engineer)

Water Fuel & LBE Technologies
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