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                       DESIGNING A BG GENERATOR 

      This book presents a simple Generator design that can be built quickly, with inexpensive, readily available materials, using standard workshop tools and abilities.

      This Do-it-Yourself version is not only more efficient than the commercial units, but will teach you all you need to know about your generator: its design; assembly and operating parameters. So you,ll be able to fix it yourself if anything goes wrong.

       The particular BG generator design outlined in this book is designed to be applied using ordinary oxy./act. Welding tips and/or cutting torch.

                                    SERIES-CELL

        In the series-cell design, (electricity flowing negative to positive)each plate actually produces both hydrogen and oxygen ( on opposite sides of the same plate) because each of the inner plates shares its sides with two cells.

        Starting on the negative side of the series-cell ;in the first cell, the first plate (fastened to the generator end plate)just makes hydrogen. The second plate gives off oxygen on the side facing the negative, and hydrogen on the side facing the positive end of the generator.

        Thus oxygen and hydrogen are generated from every plate in the series-cell. Oxygen produced on one side and hydrogen on the other. The electrons travel through each plate-electrolyte-plate-electrolyte-etc. from one end to the other.

        The advantages of a series-cell generator design are immense and well worth doing the little extra to get it right. Series-cell makes an extremely compact, efficient, low cost, quiet operating light weight, and simple Brown’s gas generator.

        At two square inch per amp(actual submerged plate surface area), our 1,200 watt series-cell generator is about 6” in diameter. This design will make a 500 liters/hour BG machine. Make it 8” in diameter for a 1,000 liter/h generator.
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                            TRANSFORMER-LESS DESIGN

       The series-cell design allows elimination of the transformer, with its associated noise, heat, weight, size and additional expense (including the elimination of the fan, to cool the transformer, and the energy it took to run). The heat and noise of the transformer are symptoms of lost electricity (inefficient electrical coupling and induction). That electricity can now be used to directly produce Brown’s gas .

       The series-cell design turns nearly all the electricity taken from the wall into gas production, silently and with very little heat wasted. Series-cell design allow simple, inexpensive, compact size that is light-weight.

                               SIMPLE POWER SUPPLY

         This efficient, simple power supply design allows our watt-hours per litter of gas produced to be less than commercial generators that use a transformer and safer actually. 

         No complicated (or expensive)power simply is needed for the series-cell design. In fact the power is fed in through high voltage wires that are much less expensive (smaller diameter) and simpler to wire than the huge cables needed for the traditional transformer design.

         If electronic controls are desired(such as electronic relay instead of mechanical relay), high voltage electronics are less expensive and easier to install than high amperage electronics.

        The diodes of a full-wave bridge rectifier are much less expensive when you only need a low amperage rating.

        Oversize the diodes by at least twice, because the amperage surges are greater than the average amperage. For a 5 amp. Generator, you need ten amp. Diodes. For a traditional 400 amp. Generator you need 800 amp. Diodes (very expensive).

         Also, the diodes of any full-wave bridge rectifier are much more efficient switching higher voltages at lower amperages. Rectifiers (diodes) each have a voltage drop across them of about 0,6 volt(a little more than ½ volt). When you multiply this voltage by the amperage going through the diode, you get the wattage wasted in the diode. This wasted wattage shows up as heat. I explain below.

         With a 1200 watt generator at 2 volts across the generator, we would have 1,2 volts (the voltage required for the electricity to go through two diodes ) times 375 amps equals 450 watts heat in the rectifiers. More than 1/3 of the electricity going through the conventional generator is wasted as wattage ( heat ) in the rectifiers. 

         Further, this heat must be removed from the diodes (rectifiers ) or they will try. A huge heat sink (large, heavy and expensive ) and a fan are usually needed for generators using this  much amperage. This is in addition to the fan required by the transformer.

        However, a 1200 watt series-cell generator at 240 volts only needs to draw 5 amps. 1,2 volts times 5 amps. Equals 6 watts heating the diodes. Only a small heat sink is needed to cool these diodes- no fan!

        It should be remembered  that AMPERAGE makes Brown’s Gas, not voltage. And we’ve eliminated the transformer which  allowed us to have 375 amps. to make BG.

        Again, the series-cell proves superior. It turns out that the amount of gas made by the generator is the product of the number of cells multiplied by the amperage flowing through all the cells in series. So 120 cells  times 5 amps gives us 600 amps worth of gas! We have nearly twice the gas with the series-cell than when we’d used the transformer with the traditional short cell.

        POWER SUPPLY OPTION

        We strongly recommend that you actually take advantage of the 240 VAC that is available in most any home or shop. Examples of appliances already using 240 VAC include; electric range; water heater; clothes dryer; and electric baseboard heaters. In the shop a lot of electric motors are240, arc welders are 240, etc.

        With an eight inch generator at ten amps- 240 volts you can actually make 1,000 liters per hour. The choice you make affects other design parameters such as how many cells you need and the final efficiency you want out of the generator.

       These are the three options that meet the basic requirements to make. Brown’s gas , (all three use a full wave bridge rectifier );

1. Capacitive Limiting

2. Voltage Doubler

3. Voltage doubler with capacitive limiting.

       Explore your power supply options in the Power supply 

Designs chapter. Then apply your option of choice to the chapter on Sizing Your BG Generator. Remember; to make a quantity of gas you will need a large quantity of electricity. Lucky for you, you will need less electricity with this design than if you’d bought a commercial unit.

                              ELECTROLYTE

        Electrolyte is absolutely required to produce Brown’s gas in this generator design. The electrolyte is a chemical that acts as a catalyst which means it assists the water splitting apart (by vastly speeding up the process) without being “consumed” or changed in the process.

        Having the electrolyte in the generator allows the electricity to efficiently split the water using only a fraction of the power that would be needed if the electrolyte wasn’t there The electrolyte (catalyst ) does NOT get consumed as the generator makes gas. As the water is split into hydrogen and oxygen, the electrolyte stays behind. The electrolyte is put in with the first fill of water and no more should ever be needed for the life of the generator. As the solution level gets low, just add water!

       There are many electrolyte solutions. Some are better than others for reasons of compatibility with various materials, caustic properties, purchase price, availability, etc. We have been experimenting almost exclusively with Sodium Hydroxide (lye or caustic soda ) because of it’s efficiency, low cost and availability, mixture of four parts water to one part Lye ( by weight ) works well.

       WARNING: The electrolyte ( lye ) mixture is extremely caustic. Animal fibers ( wool, silk… ) are readily dissolved. Vegetable fibers ( cotton, hemp… ) are not attacked.

       Hydroxides are formed when metallic oxides are combined with water –CaO+H2O=Ca(HO)2 
                         SEALING BETWEEN CELLS
       Extremely important note: The electrolyte in each cell must be electrically isolated from the electrolyte in every other cell .This forces the amperage (electrons) to travel in series through each plate and electrolyte in turn, from negative to positive. If the electrolyte is common, the electricity will by pass all the cells except the two end plate and the series-cell will only be a common 2 volt cell.

       A good example of this effect is an ordinary vehicle battery. The electrolyte, in each 2 volt cell, is isolated from the other 5 cells. In series, the six 2-volt cells make 12 volts. If the electrolyte in an ordinary automotive battery was common to all the cells, you’d simply have a 2 volt battery.

       The slight electrolyte leakage between cells is acceptable. The cell spacers don’t  have to be glued to seal well enough. A simple press-fit, as described, works great. Some people may want to put a tiny (1/16”) hole in each plate to guarantee even liquid levels in all cells. This is not recommended. The plate effectiveness is reduced when a small hole is added. You’d fill the generator perhaps once a day if you used it continuously at high volumes.

                             PLATE MASKING

       We have tested masking the top of each plate. It seems NOT to be needed. Testing many different masking techniques produced no measurable advantage over not masking the plates. Originally, we figured that masking the tops of the plates was needed to avoid the bare surface of the plates touching the gas. We suspected that voltage and electron potential on the plates would cause the gas to go di-atomic. This seems NOT to be the case.

                            PLATE DEGREASING

       Extremely important: if you do not remove the oil (degrease) from the plates before installing them in the generator, you will lose a huge amount of efficiency. The oil seriously inhibits the electrolysis process that makes Brown’s gas.

                             PLATE MATERIAL

       There seems to be no advantage to going to exotic materials. We’ve tested things like iridium and platinum. Simple 316 stainless steel (ss) seems to be fine. Just remember to degrease the plates.

                              PLATE THICKNESS

       Plate thickness need only be enough to support it,s weight without bending, while holding the plate by it’s edge in a horizontal position. In most cases you don’t need thicker than 0,015 inches. For smaller diameters 0.010 inches is enough. Be very careful the keep the plate flat. It is very easy to bend this thin sheeting.

                              PLATE SPACING

       Plate spacing an extremely  vital parameter. Generally, wider plate spacing is better than narrow. Believe me this surprised us too. In fact, if the plates are spaced closer together, the voltage between the plates goes down. We thought the voltage efficiency wuold be increased. It was but the total generator efficiency. Decreased. “ By generator efficiency” we mean the watt/hr’s per litter of gas produced. With 3/32” (+/-2 mm) plate spacing, we used over 5 watt/hr’s per liter of gas and got NO BG (+/- 77% efficiency).

        With 3/8” plate spacing, we used less than 3 watt/hr’s per lter (+/- 162% efficiency). Actually, we noticed a decrease in efficiency at plate spacings wider than 3/8”. The wider plate spacing (3/8”) allows atomic gasses to escape from the fluid as the ions travel through the fluid. Before the ions reach the plates. May be the pulses of electricity help “chock” the fluid (between the plates) enough to allow the oxygen & hydrogen atoms to break off, before the atoms reach the plates. The flame ( we’ve produced so far ) tends to be a bit oxidizing. Perhaps the atomic oxygen separates before (or easier than ) the atomic hydrogen does. Wider plate spacing also helps by storing more water in the generator, making it longer periods between reffils. Note: you only refill with WATER. The generator stays in the container as the water is split into oxygen and hydrogen and leaves.

                             NUMBER OF CELLS

       The number of cells depends on the exact voltage that is available to you; the electrolyte you choose; the  concentration of electrolyte; the cell spacing and the power supply design you choose. As you red more about the above parameters. You’ll get a better idea of how many cells you want in your generator Generally speaking, try to reduce your options to givens. Then you can figure how many cells you need.

        Example: ”Givens”:

· 240 VAC available from wall

· plate spacing 3/8 inch.

· Sodium Hydroxide electrolyte

· 4:1 (four parts water to one part NaOH by weight)

· Voltage Doubler power supply.

       These “Givens” allow you to figure cells at 1,75 volts per cell (see voltage doubler, in designing power supply). 240 VAC RMS/1,75 gives 138 cells. It does not matter how big a diameter the generator is for this calculation. The diameter is more a factor of how much gas you need. Therefore, how much amperage you will be putting through the generator.

        Pure  water.

        It is vital to add only pure water to your generator. If there are any impurities in the water, they will plate out on the stainless steel plates, or create sludge or foam in the cells. Some impurities will cause poisonous gasses to form. If you use pure water for operation refilling, it may be years before cleaning is needed. If you don’t have access to deionized water, use distilled water.

                          FAIL-SAFE FEATURES

         The generator design described in this book is fairly safe. The pressure switch allows easy, automatic operation. The bubbler reliably arrests backfires. The pressure relief valve ( vented to outside your building, covered and placed high, to prevent garbage, insects & water from getting in ) prevents the generator bursting in case the pressure switch fails. DO NOT operate any generator without AT LEAST a PROPER pressure switch, pressure gauge and a bubbler. This can’t be stressed often or hard enough. This is the minimum operating equipment. Further, it pays to buy or build high quality equipment. DON’T use cheap or substandard or incompatible materials for these items. Your life depends on it.

         Personal use of this home-built experimental generator requires proper respect. Check the fluid levels often enough ( particularly bubbler ) to prevent a dangerous situation. Keeping an eye on the pressure gauge and listening to be generator cycling on and off works OK to prevent bursting due to over-pressure, if the pressure switch fails. You should notice if the cycling stops. I did. I was using a pressure switch that had an aluminium piston and cylinder. The hydroxide caused corrosion which prevented the piston from moving. A generator producing high efficiency gas on an intermittent basis does not over-heat.

         Remember, you are building your own generator. You are used to buying equipment that meets government safety and design standards. 

                              BUBBLER TANK

         The bubbler tank prevents backfire going to the generator, by separating the gas flow into very small bubbler that are each completely surrounded by water. The gas may explode (and implode ) but the explosion will not travel through the water. The bubbler is needed. It is only thing we’ve discovered, so far, that will operate on a continuous basis, absolutely trouble free, and reliably stop a backfire ( explosion ).Design it properly and maintain a certain water level in it ( about six inches above the diffuser ). If you don’t design it properly, it will explode ( killing you or worse ). If you don’t maintain a proper bubbler liquid level, your generator will explode ( killing you and blowing your shop into the surrounding area ). The bubbler is made of thick stainless steel that can contain a backfire. You will get many backfires, so design a tank to be very strong. The bubbler in this book is already designed to be twice as strong. You do not need to make the bubbler of thicker steel than specified.

        Use a reliable welding shop to weld your bubbler tank together. DO NOT accept shoddy work. Your life depends on it.

                        LIQUID-VAPOR SEPARATOR

        То prevent liquid from being drawn from the generator, take the gas from the highest point possible. This requires a hole in the shell, not the end-plate. In some cases a liquid-vapor separator (l-v-s ) arrangement is still needed. (You use one as a matter of course ), because liquid can be carried by the gas coming from the generator.

        The l-v-s is simply a wide spot in the hose going from the generator to the bubbler. We make it out of ordinary schedule 40 clear PVC pipe and caps, 2” diameter X a foot high. Lokate the l-v-s above the generator so that any liquid it contains can drain back to the generator . Use at least a ½ inch inside diameter hose from the generator to the l-v-s to allow for easy draining. Don’t allow any dips in this hose, or the liquid puddle that forms in the dip will prevent the liquid-vapor separator from draining.

         The hose from the top of the liquid-vapor separator to the bubbler can be 3/8”. Check-valve and valve #2 can be 3/8. We like to use gate valves. Ball valves are unreliable for this service. Get a high quality check-valve.

         Note: You must keep your check-valve clear or it will get debris stuck in the seal and will leak. If your check-valve leaks, it’ll drain your bubbler into your generator. This will over-fill your generator and cause dangerously low water levels in your bubbler. The valve #2 is in-line coming out of the liquid-vapor separator (fig 1) This deliberate arrangement tends to keep contamination from the bubbler tank, getting stuck in the check-valve. Contamination tends to drop straight dawn onto the gate valve. If any gets over to the check-valve, the gas flow tends to blow it back over to settle on the gate valve. When you open the gate valve to put water into the generator, the contamination (bits of dirt and metal from the bubbler tank ) gets drained to the generator, where it might contaminate the generator but won’t likely hurt anything.

                       SIZING A BG GENERATOR

          Gas volume needed

          You need to decide how much gas volume you need for application.

          For jewelers-work and electronics, you only need a very small flame. This is the size of torch that the BN 200 was designed to operate. We think the BN 200 was a bit small. A generator with less than a 500 liter per hour capability is not recommended.

          The series-cell design will operate efficiently at any volume up to its total capacity. If you need only 400 liters per hour you could use a 2400 l/h generator, but you’ll be paying more money than you have to, to build the generator. In addition, you’d need a 60 amp breaker.

         The operating expense would be the same if you take 400l/h from a 500l/h generator or a 2400 l/h generator. The 2400 l/h generator would cost more to build and require a greater amount of amperage from your power supply during the shorter times it is operating ( it would switch on for only very brief moments ).

         Note: It is not efficient to operate any generator at low amperage. Operating below a certain amperage causes less mon-atomic gas to be formed. It is best to have the generator operate at it's rated amperage, then shut off when it’s pressure is reached. Turn it back on again when the pressure drops a bit.

         Note: For those people  who think of just using a pressure-relief valve to control the pressure in the generator (instead of a pressure switch and relay ), consider these points :

         1 Your pressure relief valve is likely to fall because of hydroxide film buildup, which prevents the seal from sealing.

         2 You spent money in electricity to make the gas that you are throwing away.

         3 Generators that operate full-on, all the time, quickly overheat and melt down.

         4 It is not hard to wire in a switch and relay. Further, the switch-relay combination allows many more automatic controls to be added easily.

         5 The pressure relief is strictly a final safety precaution to prevent bursting, due to over-pressure. ( Actually, it should never open. )

         The slight amount of moisture that accompanies the gas present some trouble for small torch tips (<#000 ). The moisture tends to condense in the torch hose, puddle and flow along to the torch tip. The “slugs” of liquid plug a small orifice, for an instant, as they go through it. This effect causes your flame to go out. If could also cause a backfire.

         If your application involves very small flames, use a bubbler that is extra high (+/- three feet ) with multiple layers of coarse SS screen in the top 16”, to help condense the water moisture. Don’t make the screen holes too fine ( not less than ¼” gaps between wires ) or the condensed liquid won’t drain back against the gas flow. Don’t use too fine a material for the screen ( less than 1/16” SS wire ) or the back fires will burn it up .For most  applications ( including cutting 1 “ thick steel ) a #0 torch tip or a #0-3 cutting tip is adequate. A 1,000 L/h generator will support these applications. 1,000 L/h requires 16 amps @ 240 VAC. 

A 2400 L/h generator will support up to a #6 torch tip. This requires 48 amps at 240 VAC or 11,5KW/h of power. You can do some serious melting of various materials with this size of tip, but you are virtually assured of a backfire when you shut it off. It is very hard to shut off the flame quickly enough. Note: to idle a small four cylinder engine ( 140 cubic inch ) you need in excess of 3000 L/h.

         The following chart shows minimum acceptable flame volumes in L/h, and maximum possible volume ( the volume at which the flame goes out due to excessive gas velocity ) The “Amps” part of the chart shows the DC amperage requirements of a 126 cell generator, at 240 VAC, to get the MINIMUM gas volume (L/h) required for the “Torch tip” . You can figure the max. amperage ( requires more amperage ) in direct ratio to the liters Max. L/h produced.

         Tip:                Min.:                Max.:             Minimum       

                               L/h                   L/h                Amps

         000………………..250…………………. 300………………….4,55

         00…………………..500…………………1100………………….9.55

         0……………………..550…………………1200……………… 10.00

         1……………………..600…………………2000……………….10.70

         2……………………..650…………………2400……………….11.80

         Remember that as you clean a torch tip ( with little round files ) the orifice size gradually increases. This makes it into a larger torch tip and it will require greater gas flow to prevent backfire.

                            AVAILABLE POWER

         You need to decide how much and what kinds of power you have available to operate a generator, before you decide how many cells you will put into your generator. As you can see from the previous data, a 1,000 L/h generator will require 16 amps at 240 VAC. Our actual efficiency is better than 4 watt-hours per liter but for figuring out your needed power it is better to deliberately figure on the less efficient side. A 20 amp 240 breaker would just hold this application. Just make sure your breaker is rated for about 30% more amperage than you will be running. It is unreasonable to expect a breaker to continuously hold an amperage near it’s rated capacity. Every time a breaker is tripped, it doesn’t hold as well the next time. This is how they “wear out”. To figure your needed power requirements for any given generator, figure it’s MAXIMUM amperage capability. That’s what it will do whenever it is on. This is another reason not to over-size your generator. You may not be able to power it. If you do have an over-sized generator, there are some tricks to make it use less power ( of course it will make less gas too ). If you are using only 200 L/h from a 1000 L/h generator, then you will use ( at 240 VAC ) 16 amps for one minute in every five minutes. The generator power requirement math goes like this: Multiply the liters per hour times 4 watt-hours ( this equals the total watt-hours required ) and then divide the total watt-hours by the voltage to be applied to the generator; you how have the amps required. Eg: 1000 L/h*4 wh/L=4000 wh  4000 wh/240 VAC=16,6 amps. Eg: 1000 L/h*4 Wh/L=4000 Wh  4000 Wh/120 VAC=33,3 amps.

        There is great advantage to going to the higher voltage. Higher amperage parts are very expensive. Higher voltage parts are smaller and less expensive. 240 VAC is available most everywhere. Measure your wall voltage before designing your generator.

GENERATOR DIAMETER

          Extra plate diameter allows higher amperage efficiently. Gas flows assume 240 VAC wall voltage, 126 cells, 3/8 inch plate spacing 4:1 NaOH and voltage doubler power supply. 

          Note: it is more efficient to run higher amperage ( within the ratings ) for shorter times.

          Note: That the amperages below are for DC voltage across the generator; you will be drawing more AC amperage from the wall than you note as DC across the generator. Example: our 30 DC amp. Ten inch generator draws 48 AC amps from the wall. This is an effect of the voltage doubler.

           Diam.                       Min. DC                         Max Dc 

                                           Amps                            amps

           6”                             4 amps                         7 amps

                                          (355 L/h)                      (673 L/h)

           8”                             9 amps                         16 amps

                                          (799 L/h)                     (1639 L/h)

           10”                           18 amps                       30 amps

                                         (1598 L/h)                     (2886 L/h)

           12”                            25 amps                       42 amps

                                         (2220 L/h)                     (4040 L/h)

         The diameters mentioned are “ nominal” sizes of CPVC schedule 80, which I  recommend as the generator “shell”. The actual inner and outer diameters of the CPVC pipe are different than the “nominal” size. You can get the actual inside-outside diameters, out of round tolerance and the wall thickness ( with min-max. tolerances) specifications from the manufacturer who sells you the pipe. Volts are not mentioned as a consideration for generator diameter. That is because the only factor that matters here is amperage per inch of plate surface. Rule of thumb: +/- 0,5 amps per square inch of plate surface. Pressure is a consideration here. Larger diameter pipes generally operate with less pressure. Twelve inch schedule 80 CPVC is still well within acceptable pressure limits, as long as no backfire EVER goes through the bubbler and reaches the generator. The generator will pop (burst) like a balloon if it’s pressure rating is exceded, spreading plastic and electrolyte everywhere in your shop. It’s not nice.

                                PLATE SPACING
         All calculations in this book are based on 3/8 “ recommended plate spacing. We’ve done a huge amount of testing on various plate spacing, 3/8 “ is the best we’ve found. The plate spacing affects the number of cells, and thus the length of the machine. In a practical sense, this means that the AMPERAGE will increase given a certain number of cells, a set wall voltage and making the plates closer together. Of course, the opposite is true too. Given a fixed number of cells and fixed voltage input; AMPERAGE will decrease by making the plates farther apart. As a rule of thumb, don’t go closer than ¼ “ plate spacing per cell for any reason. Closer than this causes a severe problem with the foam crawling up the plates, making a need to keep extra low liquid levels in the generator. If the plates are too close together , it is more difficult to properly fill the generator. Air tends to get trapped between the plates. There is no reason to go wider than ½ “ between the plates. In fact, 3/8 “shows up as more efficient than ½ “. Further, and actually most importantly, both generator efficiency and the wattage efficiency go down with the plate spacing too close. Too close is closer than ¼ “.

                               KIND OF ELECTROLYTE

         Sodium hydroxide-nothing better than SODIUM HYDROXIDE.

                        ELECTROLYTE CONCENTRATION

         Unless otherwise specified, use a 4:1 mixture (by weight) of sodium hydroxide. This is four parts water to one part hydroxide, or a 20% solution. This is not something to take for granted, but it isn’t really caustic either. If spills are cleaned up immediately very little burn will result. We have done extensive testing with various solutions and discovered the best results with the stronger solutions. Mostly, the strong solutions help reduce the foaming problem and allow a lower voltage resistance per cell. It is a great advantage to be able to use leaner mixtures, because of reduced initial electrolyte cost, and reduced chance of harm during filling, draining, leaks and (God forbid ) explosions. Leaner mixtures ( as lean as 72:1) work fine in the generator, but lean mixtures reduce your natural amperage flow. To get your amperage flow back, just add a lot more capacitance on the voltage doubler ( this makes the enclosure larger and more expensive).

                        POWER SUPPLY OPTION

         The power supply is VITAL to making Brown’s gas. Straight DC voltage will not produce Brown’s gas. The electricity MUST be pulsed.

                       BULDING A BG GENERATOR

                                  SAFETY TIPS

         Protective clothing should be worn at all times. Coveralls should be vegetable fiber, such as cotton. Ordinary shop work can be done with leather gloves. Use disposable latex gloves to handle sodium hydroxide. It helps to have a full rubber apron while handing sodium hydroxide as any caustic solution. Boots should be compatible with sodium hydroxide (lye) solution. Eye protection should be worn at all times in any shop environment. Keep a spray bottle of vinegar on hand to spray on any lye spill, particularly spills on human skin (lemon juice works well too ). This helps neutralize the caustic action til you can wash it with ordinary water. An eye flush station should be installed in your shop, along with stored fresh water, because in the case of a major accident your electric power ought to be shut off. Hence, you’ll have no running water.

                      GENERATOR LIST OF MATERIALS

         This list of materials is for assembling a general generator; no sizes or quantities are given, except where all the generators are the same. This list is for the generator. It does not include the control box, Bubbler or any connecting hoses or wires. For specific specifications and sizes of the generator parts, see the appropriate sections in this book.

WARNING; DO NOT USE ALUMINUM ANY WHERE IN THIS GENERATOR DESIGN!

Aluminum reacts violently with sodium hydroxide in the presence of water. Aluminum hides in strange places, like wetted parts of most pressure switches and pressure gauges. When purchasing parts, verify compatibility in writing, so you can send the parts back if incompatible. If purchasing “surplus” you can get great prices, but “Buyer Beware”. You get NO guarantees.

· One shell, schedule 80 plastic pipe.

· Two plastic end-plates, ¾ “ thick (height and width depend on shell diameter ). Best to use CPVC plastic for shell and end-plates ( CPVC can take up to 160oF before it has problems with these pressures, PVC can only take 120oF)

· Steel end-plates, (all other specifications dependent on shell diameter, found elsewhere).

· Spacer rings, 3/8 “ wide, cut from schedule 40 PVC (all other specifications dependent on shell diameter, found elsewhere).

· Through-bolts, nuts, flat washers, ( all other specifications dependent on shell diameter, found elsewhere ).

· End-gaskets two sheets of 1/8 inch thick EPDM rubber, about 60 to 90 hardness (all other specifications dependent on shell diameter, found elsewhere ).

· Stainless steel power-bolts, washers, nuts, (all other specifications dependent on shell diameter, found elsewhere).

· 1/8 “ EPDM O-rings for sealing power-bolts (all other specifications dependent on power-bolt diameter, found elsewhere ).

· Plastic spacers for around power-bolts and liquid level tubes, cut out of triangle left by cutting corner off the plastic end-plates.

· Sodium Hydroxide, amount determined elsewhere.

NOTE: Copper pipe fittings are OK with sodium hydroxide. Brass is slightly incompatible ( surface turns black ), which means you can use it in non-critical areas (everywhere except inside the pressure switch and gauge ).

· 3/8 “ MNPT to ½ harbed fitting for gas out hose, with one #6 hose clamp.

· 2 of 1/8 “ pipe nipples for liquid level sight tube.

· 2 of 1/8 “ Tee, with male on run; for Tee off liquidlevel sight tube and valve 3 and 4 on run.

· 2 of 1/8 “ Brass needle valves ( or gate valves preferred ) for valves 3 and 4. Be sure to install so the valve stem packing is on the outside, not in contact with the pressurized electrolyte.

· 2 of 1/8 “ MNPT to ¼ “ barbed, for the sight tube.

· One length of ¼ “ ID clear, braided PVC hose, with 2 of #4 hose clamps.

· One small HDPE plastic ball, to float inside the sight tube.

NOTE: There will also be additional holes in the generator ( shell or end-plates ) for various temperature and pressure sensors, depending on the type of gauges and controls you choose

         The following list of components and fittings is for the special 8 “ generator.

         This list ( based on our Erxxxx) are included to assist you in making a checklist for your own generator. The list for the power supply and bubblers are in the appropriate sections of this book.

COMPONENT                                               QUANTITY

· 2 ½’x8” clear PVC Shell………………………………………………2x

· 2 ½’x 7/16” Bolts………………………………………………………20x

· Box of 7/16” Nuts……………………………………………………… 1x

· Box of 7/16 “ Lock -washers……………………………………   1x

· 10 “x10 “ CPVC Endplate …………………………………………  4x

· 10 “x10 “1/4 Iron plate……………………………………………… 4x

· 1/8 “ thick Rubber Gasket……………………………………………4x

· 5/16 “SS Bolt, washers, nuts……………………………………….2x

· 5/16 “ Plastic Bushings…………………………………………………2x

· 7,8 “S.S. Plates (disks )……………………………………………132x

· 8 “ PVC Rings…………………………………………………………….130x

· 2 ft. ¼ “ PVC Tubing………………………………………………………1x

· 8’ of ½ “ Tubing……………………………………………………………..1x

· 8’ of ¼ “ Tubing………………………………………………………………1x

· 2’ of 3/8 “ Tubing……………………………………………………………1x

FITTINGS                                                       QUANTITY  

· ¼ “ Panel Mount Valve……………………………………………………2x

· 3/8 “ Check Valve……………………………………………………………2x

· ½ “ Barb-3/8 “ MPT………………………………………………………..6x

· Tee, 3/8 “ FPT all ends……………………………………………………2x

· ¼ “ Barb-3/8 “ MPT…………………………………………………………5x

· 3/8 “ Street Tee, MPT on run………………………………………….1x

· 3/8 “ Street Elbow……………………………………………………………1x

· Tee, ¼ “ FPT all ends……………………………………………………….5x

· ¼ “ Close Nipple……………………………………………………………….4x

· ¼ “ Barb-1/4 “ MPT………………………………………………………  16x

· ¼ “ Barb-1/8 “ MPT…………………………………………………………. 1x

· ½ “ Close Nipple………………………………………………………………  2x

· ½ “ Cap………………………………………………………………………………2x

· ¼ “ Barb-1/4 “ FPT…………………………………………………………….1x

· 3/8 “-1/4 “ Bushing……………………………………………………………1x

· ¼ “ Bulkhead……………………………………………………………………  1x

· 1/8 “x1-1/2 “ Long Nipple………………………………………………….4x

· 1/8 “ Barb-1/8 “ MPT………………………………………………………….6x

· 1/8 “ Street Elbow………………………………………………………………4x

· ¼ “ Barb-1/4 “ F. Flare Swivel……………………………………………4x

· 1/8 “ MPT-Flare Needle Valve…………………………………………….4x

· ¼ “ Hex Cored Plug…………………………………………………………….1x

· ¼ “x1-1/2 Long Nipple……………………………………………………….1x

· ¼ “ Street Elbow…………………………………………………………………1x

· ¼ “ FPT-MPT Needle Valve…………………………………………………1x

· ¼ “ MPT-Acet. ……………………………………………………………………1x

                          CUT RINGS FROM TUBE

          Note: No spacers, to separate the plates in the generator design, are depicted (Fig. 1). They are there, just not shown. We used PVC plastic ring spacers, shaped to hold the metal plates apart all around the outer edges. PVC for the rings because it is less expensive than CPVC and doesn’t have to hold pressure. We like using schedule 40 PVC pipe as ring-spacers, getting the same nominal size as the schedule 80 CPVC chosen for the outer shell. The schedule 40 has a thinner wall. This works perfectly as spacers. So schedule 80 for the shell, and schedule 40 for the rings. The thickness of the spacer should be enough to cover (by at least 1/8”) the edge of the plate and any gap. That’s why we use schedule 40 pipe. The rings are cut from pipe that is the same nominal size as the shell. This makes it slightly too large to fit inside the generator. Then a small section is cut from the ring so that the ring will now squeeze to a smaller diameter, fitting inside the shell with a spring loaded tension. The method to cut rings would be to use a large band saw of the type used to cut steel pipe. Local metal wholesalers would have such saws. Abrasive “cut-off “ saws work quite well. The problem would be finding one large enough. This method worked extremely well for our tiny 2” series-cell test generators.

                                 
SIZE RINGS

         After you’ve cut the rings from the pipe, you need to cut a small section out of the ring to allow the ring to (squeeze together enough to fit inside the shell. Determine the amount to cut out by test cutting one til it fits. Insert the rings in a clamp-jig and cut several at a time with a saber-saw. It doesn’t matter if there is a slight gap (f1/8”0) when the ring is inserted into the shell. Ordinary pipe-style wood clamps will work to hold the rings in place while you make the two cuts that remove the section out of all the clamped rings. 

                                MARK OUT PLATES

         Contact a laser-cutting or abrasive water cutting service, to have your plates made for you. Most cutting companies will do small runs at very reasonable prices. 

         It is possible to have the plates stamped out too, but you’ll have to pay an “up-front” fee (at least $ 1,500) for the stamp made to your specifications, and then about $1,31 in quantities of 1,000. 

        An alternative is to find someone who can stamp plates in round circles and then you just cut off the flat edge. One such company ( for six inch disks ) is Bokers Inc. They have a “standard” stamp that will cut 0.015” thick of 316 stainless steel at 5,603 inches in diameter +/- 0.010”. They will charge about $2.40 per plate for quantities as low as 250. You just choose the pipe diameter that fits your plates.

        But assuming you want to do it yourself, like we did, here’s how we did it. First you make a “Master Plate” (out of steel); which is a plate that is exactly the way you want every other plate to be. You will measure your pipe and make the plates so they fit inside easily.

         Plate height (from flat top to bottom of plate) is important, we want as high as possible without impeding gas flow. And we want to be low enough for easy liquid filling. 

          Rule of thumb would be:

          Six inch generator, 5,6” diameter circle, cut off at 4,85”

          Eight inch generator, 7,5” diameter circle, cut off at 6,5”

          Ten inch generator, 9,4” diameter circle, cut off at 8,15”

          Twelve inch generator, 11,2” diameter circle, cut off at 9,7”

For example: The six inch diameter schedule 80 CPVC pipe has an inner diameter of about 5,657 and so we make the 5,6 inches in diameter, with the flat side 4,85 inches.

           Note the shape of the plates in figures two and three in the first chapter of this book. Note: The pipe (shell) WILL NOT be perfectly round, careful measuring (with calipers) will show you an oval shape. I think  this is from storage stacking or some such reason. In any case, your plates will have to fit on the inside of the thinnest diameter.

           Also note: that the pipe has a “tolerance” of a few fractions of an inch, so it may be wider or narrower than the nominal specifications. Further note: different manufacturers of the same pipe WILL have slightly different diameters. So it is best to get your pipe before cutting your master plate. 

          Prevent pushing the oil back into the plate. You lay your stainless steel sheet out on a large table, then (using a carbide tipped scribe and a long straight edge) you scribe a line across the steel sheet. This line is the height of the plates. In this case we scribe a line 4,85 inches (which is the height of the plates) from the sheet edge.

           Once we’ve scribed the line, we take our “master” plate (make one perfect plate first) set it against the line and scribe out the plate outline for all the plates on that strip, defined by the original scribe line and the edge of the sheet. If you have extra room leave as much space between the plates as possible to help with the rough cut.

                                 CUT  PLATES

           We cut off the original scribed strip from the sheet with the electric sheers. Cutting one way will leave the metal straighter than cutting the other. Try both for yourself and use the best. Don’t use hand sheers, they make a mess of the steel and it is hard work.

          Once the strip is cut off, rough cut all the plates out of the strip (make squares). Then cut them out exactly. This is the method that we’ve found to home-make the flattest plates.

                         STRAIGHTEN  PLATES

           An advantage of having the plates professionally cut is that you won’t have any wrinkled plates. But if you can your own, you may have to flatten bends or wrinkles in your plates. Try to do so without hitting them with a hammer (straighten by hand). A hammer blow causes the metal to stretch at the point of impact, causing a tendency to bulge that is very hard to remove from the steel.

           Lightly hammering on some edge wrinkles should be OK. When finished, every plate should be flat enough that the entire plate disappears behind its edge when viewed edge-on.

           If a plate is too badly bent, working on it more will not straighten it past a certain point. You will have to decide if that point is straight enough or you discard the plate. Remember that the plate is held in plate around its entire edge (except top) and this holding will hold a slightly bent plate straight.

                           DEGREASE  PLATES

           There are several good degreasing solutions. All of them are dangerous. Take extreme care handling these solutions. Containers containing solutions plates are very heavy. Keep solutions in warm but well ventilated area, the gasses that come off these mixtures are toxic (smell had too)

           At this time we just use sulfuric acid of 1,26 specific gravity (buy in local automotive supply store, for use in filling lead acid, batteries). We soaked the freshly cut out plates overnight in the sulfuric acid, periodically separating the plates with a plastic comb to assure acid wash everywhere.

           When the reaction stopped (makes bubbles and the solution turns dark) we’d take the plates out of the acid (wearing disposable latex gloves) and wash them in fresh water, using a brush to wipe off the oily residue.

           It is important to handle the plates only by their edges or you’ll push the oil right back into the surface of the plate; also brush the oil off the plate surface using a sideways motion, again to prevent pushing the oil into the plate. Bushing the plates while under running water is a good idea.

          Note: we are still experimenting with various degreasing techniques.

           Recommended de-grease procedures by Master Bond.

1. Sand blast or sand with machine sander to remove surface deposits and to break surface tension. Then preliminary degrease with trichorethylene, then immerse for ten minutes at 70-85oC (160-185oF) in a solution of;

Sodium metasilicate…………………………………………………………….2kg. (2 lb.)

Tetrasodium pyrophosphate……………………………………………..  1kg. (1 lb.)

Sodium hydroxide………………………………………………………………..1kg. (1 lb.)

Nansa S 40/s powder……………………………………………….300 grams (5 oz.)

Water……………………………………………………………………… 100 liters (10 gal.)

Wash with clean cold water, followed by clean hot water, dry with hot air.

2. Sand blast or sand with machine sander to remove surface deposits and to break surface tension. Then preliminary degrease with trichorethylene, then immerse for ten minutes at 85-90oC (185-195oF) in a solution of;

Oxalic acid………………………………………………………………… 9,25 kg.(18,5 lb.)

Sulfuric acid (S.G. 1,82)……………………………………………….5 liters (1 gal.)

Water…………………………………………………………………………75 liters (15 gal.)

Wash with clean cold water, brush off black deposit, followed by clean hot water, dry with hot air.

3 Sand blast or sand with machine sander to remove surface deposits and to break surface tension. Then preliminary degrease with trichorethylene, then immerse for fifteen minutes at 50oC (120oF) in a solution of;

Sodium bichromate (sat. sol.)……………………………0,35 liters (0.35 gal.)

Sulfuric acid (S.G. 1.82)…………………………………………..10 liters (10 gal.)

Wash with clean cold running water, brush off black deposit, dry with hot air.

Note: Preparation of saturated solution of Sodium bichromate: Heat the appropriate quantity of distilled water to 50oC (120oF). Add with stirring, powdered sodium bichromate until it ceases to dissolve. Allow to cool to room temperature and then stand for one hour before pouring off saturated solution.

Mixing procedure: Add the sulfuric acid to the saturated sodium bichromate solution in a slow steady stream while continuously stirring. The precipitate formed will mostly dissolve as the acidis added. 

                              HOLES IN PLATES
Fluid equalization holes in the plates are not recommended. Our experimentation has shown several problems that make this a bad idea. We achieve fluid equalization by tipping the generator. We would put fluid equalization holes in the plates of very large generators that will also have automatic pressurized water filling. But in small portable generators, it is NOT a good idea. Some of the many reasons include and are not limited to; 1) the loss in efficiency as electrolyte shorts through the plate, 2) the loss of efficiency as a significant area around the hole doesn’t produce gas, 3) the possibility of one end of the generator becoming flooded if the generator is not perfectly level, 4) and the other end of the generator having too little solution for the same reason.

                                     END  PLATES

The pressure inside a generator pushes outward by the force in pounds per square inch times the square inches of end plate exposed to the gas.

        All plastic end plates are ¾ inch CPVC plastic.

        Below is a chart of the total force of the end plates pushing against the through-bolts at an operating pressure of 70 psi:

          Generator                                   Force on through-bolts

          6”………………………………………………………..3,690 pounds force

          8”…………………………………………………………6,390 pounds force

        10”…………………………………………………………9,890 pounds force

        12”……………………………………………………….14,225 pounds force

        This is why we use iron re- enforcing plates over the plastic end plates. The flat plastic could not hold these pressures by itself. And the steel allows a safety range. The round shell has no trouble at these pressures; but you can see that a sudden pressure increase would burst a generator of this design. We have designed the generator so that there will be no sudden increases in pressure in the generator, even under backfire if you your Bubbler tank is designed properly and used properly. These pressures are also why we use progressively larger through-bolts to hold the end plates onto the generator. Check out under “Through-bolts’. The thickness of the iron end plates varies with the diameter of the generator;

             Diameter                                  Thickness of plate

             6 inch…………………………………………………………..1/8 inch

             8 inch……………………………………………………………1/4 inch

           10 inch……………………………………………………………3/8 inch

           12 inch……………………………………………………………1/2 inch

Nominal     CPVC pipe    Estimated     Estimated    Number      Center

   Pipe         Outside    Through-bolt  Through-bolt    of        to center

Dimeter     Diameter   Circumference    Radius         bolts      of bolts

 6”……………….6,625……………22,100………….3,518”………….8…………2,782”

 8…………………8,625……………28,574………….4,550………….10…………2,857

10………………10,750……………35,639………….5,675………….14………..2,545

12………………12,750……………42,115………….6,706………….16…………2,632

         To discover the measurements needed for your endplate dimensions and for hole placement, see below:

          You will measure the outer diameter of your plastic shell, add the diameter of one of your through-bolts, add a 1/16” (for 1/32” clearance between shell and bolts, mostly to allow for the oval shape of the pipe) and this will be the centerline diameter of your through-bolt holes (check with size of through-bolts later in this chapter).

Then you add 2,5 inches (for flange width) to get the square outside dimensions of the end plates (remember you need two iron and two plastic of this size). After you’ve cut out the four squares (two iron and two plastic), take one of the iron plates, scribe and center-punch the appropriate spots to drill your holes. It helps to use machinists bluing or masking tape where you are marking. You find the center   of a square by scribing from corner to opposite comer (45o angle), center-punch this spot to hold one end of your compass. Set your compass with the radius (1/2 the centerline diameter) of your through-bolts (it helps to make a bit of a line first and measure it with a ruler to make sure your compass it set right). You want a through-bolt to go through about every 2,5 inches on your through-bolt circumference. We put several bolts around the circumference to have an even pressure on the gasket (helps to seal!) and to spread the end plate pressure to several points (helps prevent warping). The “cage’ of bolts also breaks up the plastic pieces if you happen to burst your generator, thus only smaller pieces of plastic fly. They still hurt when they hit you. You do NOT want a through-bolt to go through dead center of the top (12:o’clock position) because this is where your gas-out tube will go (in about the middle of the shell, not the end plate). So space your bolts so that you have a space at the 12 o'clock position.

       Below find a typical chart of CPVC pipe specifications:

Select the number of bolts you want to use and divide your through-bolt circumference (found by multiplyng the through-bolt diameter times 3,14) by that number of bolts (as per the above chart). Set your compass for that exact measurement (center to center of bolts). The above chart is an estimate only, your pipe may be slightly larger or smaller than the diameter indicated. So be sure to do your own measuring and figuring as per these instructions. Proceed to mark intervals around your through-bolt circumference with your compass, where you want your through-bolts to be. Remember NOT to put a bolt through at the top, space your bolts so 12:o’clock position is in the middle of a space. Center punch the intervals. Assembly Typ: It helps to clamp both your steel end plates and your plastic end plates in a sandwich (two plastic plates between the iron ones) before you start to drill the holes; then you only have to mark one plate and drill only one set of holes (and all the holes will line up perfectly). I advise to use a drill-press whenever possible. Remember to wear gloves and goggles. Always clamp your work to the press before drilling. Make sure the grill bit won’t drill info your press-table. Set the press to the appropriate speed for the bit you are using. Assembly Tip: Pre-drill all your holes with a smaller drill bit that is about the size of the web on the tip of your larger drill bits. Holes up to ¼ inch don’t require pre-drilling. Drill the center hole for your power-bolt size. Drill the through-bolt holes. Note: I recommend two 3/8” power-bolts through each ENDPLATE FOR ANY AMPERAGE GREATER THAN 30 AMP. Or the bolt will get too hot and melt your plastic. Be sure to silver-solder both power-bolts to the SS endplate. In any case it is a good idea to use more than one bolt whenever you expect to have higher amperage. Remember that the power-bolts don’t have to be in the center; you can have them anywhere it is convenient for you. Pre-drill the holes for the  sight tube; don’t go all the way through the first plastic (don’t drill into the second plastic plate with these holes) unless you want to have sight tubes on both ends of the generator. Note that the sight tube holes are off set so that you have room for a curve in the hose, or (in the larger endplates) so the clear sight tube will miss the center bolt. Center power-bolts for six inch are ¼ inch in diameter, eight inch generators are 5/16 inch in diameter. Ten inch generators should have 3/8” power-bolts. Twelve inch generators should have two 3/8 power-bolts (or more of smaller bolts). 

          I repeat Note: I recommend two 3/8” power-bolts through the endplate for any amperage greater than 30 amps. Or the bolt will get too hot and melt your plastic. Be sure to silver-solder both power-bolts to the SS endplate. The O-ring around the center bolts can be compressed to 1/3 of their diameter. Use about 50 hardness EPDM material for the O-ring. Drill the appropriate sized counter-sink in both sides of the plastic endplates. The O-ring will make an oval, about 1/3 wider than it’s original diameter; so you need to make the counter-sink a bit deeper than that; NO MORE! The washer on one side and the plastic spacer on the other will hold the O-ring in place. To give an example of the countersink hole size: Assuming a 5/16 SS bolt that we are sealing with 1/8” O-ring. The O-ring is normally a fraction less than 5/16” ID (0,309”). 1/8” (0,130) less 30% equals 0,09. 0,309+0.09+0.09=0,48 inches. Find a drill bit extremely close to 0,48 inches. Drill to a depth of 0,18 inches (0,13+0,04+0,01).

          Assembly tip: Use a drill press when drilling a shallow hole in plastic so you can control the exact depth of the hole (set the depth stop). Fasten the plastic securely to the press table so that the drill won’t suck it up. Assembly Tip: Take extra care to mark all your plates for their direction and orientation before un-clamping them after drilling. There are several very important reasons for this. Your holes will not be exact and this will assure that they always line up. Also it is VITAL to make sure the endplate “tip” angles are cut correctly. 

                                Cut  tip  angles 

          These are the flat spots that assure you’ve tipped over to 45o for generator filling. You will cut one bottom corner of the iron plates off. Which bottom corner is important you may have some preference as to which way your generator will tip in your shop. Cut the corners off the steel plates with a cutting torch. I cut so that the distance from the shell to the floor would be the same when the generator was rolled 45o . With heavier generators (19 aand 12 inch) it helps to SLIGHTLY round the resulting corner to assist the rolling.                                                                                

Fig 4
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                                     Fig 5
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         Take Care to get the angles cut into the appropriate corners of the steel (and plastic). If you accidentally flip the plates, your through-bolt holes won’t line up anymore. As you cut the steel, think how much easier it’ll be with the Brown’s Gas. I do not use oxy./acet, to cut with any more. BG cuts iron so fast and clean. Now, you’ll drill out the IRON (not plastic) end plates to allow room for the insulating spacer around the power-input bolts (Drill so that you have about ¼ clearance around the center-bolt) Example: 6” generator has ¼” power-bolt which requires a ¾” hole in the IRON end plate for the insulating spacer.

          Different sized generators should have different sized  power-bolts . Power-bolts are stainless steel (SS) and you’ll use SS washers and nuts too. The size of the power bolts has to do with the amount of power required to flow through the bolts without heating them up. Six inch generators can use a ¼” bolt, 2-1/8” long. Eight inch generator should have 5/16” bolt, 2-1/4” long. Ten inch generators use 3/8 bolts 2-3/8” long. Twelve  inch generators use two 3/8” bolts,2-1/2” long.

                                       Bolt                                    Bolt

          Generator              size                                  length

           6”……………………………1/4”…………………………………….2-1/8”

           8”………………………….5/16”…………………………………….2-1/4”

          10”…………………………….3/8”…………………………………….2-3/8”

          12”……………………… 2x3/8”…………………………………….2-1/2”

          Now drill the appropriate holes in the appropriate iron and plastic end plates for the sight tube assembly. You previously pre-drilled these holes. The plastic end plate (for the liquid level tubes) will be threaded to 1/8” NPT; so use an R drill. The iron end plate will be drilled (or cut) out to allow at least ¼ inch space around the 1/8” pipe stem (about 1 inch total); to allow an insulating spacer to be inserted (the fittings will be in contact with electrolyte and will carry a charge).

                                Liquid level tube

           Notice that the liquid level tube is off-set meaning that the two holes going into the generator end-plate are not on the center line . This is to accommodate the length of the copper fittings and still allow the liquid level to be visible. We fasten Tees (1/8” FNPT to FNPT to MNPT on run) on the copper tubes (1/8” NPT) coming through the generator end-plate. Then we put barbed fittings (1/8” MNPT to ¼” barbed) on the Tee’s  to install the level tube. We put 1/8” valves sticking straight out on the “run” of the Tee. These valves assist filling and draining of the generator. This arrangement allows us to position the clear hose in a “C” (or reverse C) around the center bolt. Allowing us a clear reading of the electrolyte level in the smaller generators. Otherwise the barbed hose fitting would be covering the spot where the liquid level should be.

          Note that I use clear braided PVC hose for the sight tube. I choose this because it is compatible with the sodium hydroxide and has a reasonable pressure rating. The hose does need to be replaced every so often, you’ll know when. We have found it extremely helpful to put a small dark plastic floating ball inside the PVC sight tubes (generator and bubbler). We make our own ball by heating a bit of dark HDPE (hot air gun) and rolling it into a ball. The ball must be big enough to not go through the copper fittings but small enough to travel easily through the hose. In the larger generators (then and twelve), you can just run the sight tube straight down. This is helpful to the  floating ball, because there won’t be a bend (kink or flattened spot) that tends to catch the ball.

                                 End gaskets

          Note: if you are not clean about building and filling the generator and/or if you use components or sealing materials that are not compatible with the sodium hydroxide, then you’ll get FOAMING. The foam is un-desirable because it “shorts out” the plates as the electricity travels on the foam instead of through the plate-pack (causing wasted electricity). And the gas flow carries the foam up into the Bubbler, through the Bubbler and out to the torch, where it contaminates the flame (causes it to turn yellow). We cut a round circle of 1/8th inch thick Neoprene or EPDM “rubber”. The circle to fit past the edges of the shell. We cut the holes for the center washer, fitting and (if we make it that wide) through-bolts with regular gasket hole punches.

                            End Plate Assembling

         Note that in this sketch I’ve shown how to get the power into and out of the series cell. I put the electrical input under the electrolyte. You can put the bolt anywhere under the electrolyte; I just find it convenient to put it in the center of the generator. The two end plates have a hole in them to accept a stainless steel bolt. We then silver solder the SS bolt to the SS plate to assure a long term sure contact. The stainless steel bolt extends through the generator end plates and the electrical wires are attached to them. Stack SS washer/s between the SS plate and the plastic end-plate; the SS washers to be the same thickness as the 1/8 thick end-gasket. This will prevent the SS plate from becoming warped as it is bolted. The two generator  end-plates are totally assembled before they are bolted onto the CPVC pipe. You can use a sight tube to monitor the liquid level in the generator. A commercial BG generator would have automatic liquid level monitor and shut down. It’s can be built on exactly the same circuit design as the automatic liquid level control for the bubbler, shown elsewhere. The SS plate on the “sight tube” end-plate assembly needs an additional hole drilled in the stainless steel plate.

                                Plastic cap on SS bolt

          The stainless steel bolt head is covered by a piece of plastic to prevent the bolt from participating in the electrolysis. The piece of plastic covering the bolt is just thick enough to just reach the next plate, which holds the plastic cover in place (the plastic cover is there to prevent the bolt from participating in the electrolysis process). Make the plastic bolt covers from CPVC scrap.

                                 Initial cut long shell

         For the generator shell; I’ve used PVC pipe and been happy with it, it’s less expensive, more readily available, comes inall the same sizes as CPVC; but it can only go to 120oF before it is too hot to handle the pressure in the generator. CPVC can go to 160oF before it is too hot. I choose schedule 80 CPVC pipe for the outer wall of the generator because I want the strength and the ability to handle a higher temperature than regular PVC pipe. Cut the pipe on the same jig you built to cut the rings. When cutting the generator pipe to length, cut it a little long at first; because your rings and plates may not measure EXACTLY as you figure and even a small error adds up when multiplied over a hundred times. Later you’ll finish trim the shell after the plates and rings are inserted into the shell. Note: Instead of cutting the shell, you can just add or subtract a ring/plate combination or two, it will make little difference to the actual result. Don’t  put in a thinner ring to make the shell the right length. I do not recommend having a thin cell because it will use up it’s liquid quicker than the others, causing problems. It’s OK to have a THICKER ring for one or two cells, just so the end cell is the proper 3/8 inch wide, so that the liquid level indicator (sight tube for sure, and electronic sensors if used) will be measuring a representative liquid level.

                    Assemble rings & plates into tube

         I’ve found that the plates and spacers do not need to be glued in place. Friction holds them in place quite well. Just be sure they are each tight as you go, because it is hard to tighten them later. In long generators I insert the plates and spacer rings into the tube from the center out, this means I only have to reach in from both sides only half way down the tube. Be sure to make a jig to fill the bottom half of the tube while you fill the top half (round wooden plate mounted on a 2x4) so that your plates and spacers remain square to the tube. Make your jig so that you can see past it on the top, so that you can shine a light in the bottom of the tube so that you can see to line up the plates exactly (all flat tops exactly lined up). In longer generators I’ve had to make a plunger jig to push the spacers down (plastic or wood disk on a rod). And wrap the end of another rod with sticky tape (regular tape turned back wards) so that I could insert it to move the plates around.

                                Final long shell cut

          For the finish trim, cut the shell so that you actually have the end most ring sticking out of the generator 1/8 to ¼ inch. The through-bolts will compress the rings into the shell and tighten everything up. Assembly tip: You will want to remove a few of the rings and plates when you make the final cut to length, so that the saw doesn’t cut any of the rings or plates. Assembly tip: Insert a round piece of cardboard into the shell after removing some of the plates/rings and before you cut the pipe, to keep the plastic dust from getting into your generator. Remember to figure so that the end cells with be just as wide as all the center cells; This will allow accurate gauging of the center cells fluid level by monitoring the end cell with the sight tube. It’s OK to have a couple of the center cells a bit wider, if needed to make the shell the right length without having to cut it.

                                    Put end caps on

          By this time you’ve made and assembled the end caps. Putting them on will seem pretty easy after all that. It takes time to manufacture something correctly, but once done you’ll be able to assemble and dis-assemble the generator quickly. To assemble, put some of the lower through-bolts in place, running through the end plates. Assembling around the generator or setting the generator in the “basket” formed by the bolts. Tighten the through-bolts evenly, taking care to see that the SS end plates actually go inside the shell. You can loosen and tighten the bolts as often as you wish.

                                    Through-bolts

          I bought my iron rods at a local iron supply dealer. The rods are bought in twenty foot lengths. They rough cut them so that they fit in my car. I still needed to do the final trim after I knew the exact length of my generator. The diameter of the through-bolts is important because of the amount of pressure these bolts are required to handle.

           They don’t have to be huge, because we use several of them around the circumference of the shell. The following is a guide to the appropriate through-bolt diameters:

           Pipe diameter                                    Bolt diameter

           Six inch…………………………………………………………….5/16 inch

           Eight inch……………………………………………………………3/8 inch

           Ten inch………………………………………………………………1/2 inch

           Twelve inch……………………………………………………….9/16 inch

           Once you know the length of your total assembly (shell and endplates), you can cut your through-bolt rods to length. Give yourself at least an inch on both ends past the total length of the generator. This will allow easy assembly and allow the addition of “carrying” brackets if you want them. Tighten the through-bolts fairly lightly and evenly. You don’t want to cut your gasket material or crush the generator shell. The recommended through-bolt torque specifications (based on generator design as previously discussed) are:

            Six inch…………………………………………………….about 6 ft/lbs

            Eight inch………………………………………………….about 8 ft/lbs

            Ten inch………………………………………………….about 10 ft/lbs

            Twelve…………………………………………………….about 12 ft/ lbs

          The through-bolts can exert tremendous pressure on the plate-pack and generator shell. If your plate-pack sticks out of the shell a bit, the through-bolts will compress them into the shell. If you eventually notice a leak, in the end plate shell gasket, just tighten the bolts a bit more. You may find that they were loose, which can happen if you over-heat your generator; the hot shell is soft and will compress. I’ve only had them leak for that reason, no other time; and I seriously over-heated the generator just to see what would happen. The automatic temperature controls will prevent that from happening.

                                 Drill and tap shell

           You’ll drill and tap all the holes into the shell after you assemble the rings and plates into it and you have the end-plates clamped on. You will get some plastic in the generator, but it is harmless if you have a liquid/vapor separator. The key thing I want to mention here is that you don’t want to tap the threads too deep. Go about 2/3 the depth of the tap and then tap a little at a time til your fitting screws in hand tight to about 2/3 it’s threads (without sealing tape). Seal your fitting threads with tape type Teflon thread sealant. I have found no paste sealant  that are compatible with hydroxide in an electrolysis situation. If you want to use another kind of sealant; DON'’ just assume compatibility. TEST by putting the sealant on plates of an open (operate in well ventilated area) “short-cell” and actually running an electrolysis test, if ANY foam occurs it is incompatible. The tiniest contamination can cause the WHOLE  generator to foam because all the cells will become contaminated. Do not tighten fitting more than ½ to two turns past hand tight in plastic. If you tighten them too much you’ll break the plastic, or cause a stress that will break the plastic later.

                               Mixing electrolyte

           The initial filling of the generator involves mixing the electrolyte with water and then pouring the mixture into the generator. Mixing electrolyte correctly is EXTREMELY important. Safety is absolutely critical. It is absolutely critical to pour the electrolyte into the water, slowly while stirring the water. Mixing electrolyte and water causes heat and if mixed too fast, the electrolyte will explode. This explosion is EXACTLY  what will happen if you pour water onto an electrolyte (always pour electrolyte slowly into water). An explosion will splatter caustic solution everywhere. I assure you that this will cause you a “bit of inconvenience”, like burn your face right off your skull. Electrolyte is mixed in ratios by WEIGHT. So if you see a mixture such as 4:1; this means four parts of water to one part electrolyte, by weight. For example; four pounds water to one pound electrolyte. Or four kilograms water to one kilogram water. A 4:1 mixture is a 20% solution; because in five total parts, we have one part electrolyte. This is 20% electrolyte; actually quite lean as electrolyte mixtures go. But you can make the mixture quite a bit leaner and it will still work, you just have to spend more money on capacitors for your voltage doubler. Mix your electrolyte in containers that will allow you to easily stir the mixture and then to pour into the generator. Pour electrolyte outside or in extremely well ventilated area. Use safety equipment previously described. Do I need to say that the containers need to be compatible with your electrolyte?

                          Fill generator with electrolyte

         Once I’ve mixed the electrolyte; I usually fill the generator through the ½ inch gas out hose, by siphon gravity feed. This is for the initial fill up only, because I don’t want any electrolyte in the bubbler tank (you don’t either). It helps to have the generator on the floor and your electrolyte jug on a chair. Having the electrolyte jug too high (like on a table) will fill the generator too fast. Take care with spilled electrolyte; for example don’t use a chair that the caustic solution will dissolve and clean up any mess by first soaking it up on a cotton cloth (which you can wash in the clothes washer) and then neutralizing the rest of the spill with vinegar, then finish wiping it up. The generator should be tipped at it’s 45o filling position to fill all the cells with electrolyte. It helps to occasionally tip it further than 45o during initial fill up to assure that all the cells get equal electrolyte. You must leave valve 3 open for the air to exit the generator as the electrolyte enters. I usually put a slight vacuum on the generator on the valve 3, this starts the gravity feed solution delivery. Remember to fill slowly or you’ll get liquid coming out the valve 3. DO NOT suck on the hose with your (or anyone else’s) mouth. If you get electrolyte in your lungs or stomach, it will eat you from the inside out causing severe pain until you die. I use a hand held vacuum pump, an electric vacuum pump, the input for an air compressor, or (my favorite) the inlet for a “shop” vacuum cleaner. Tip the generator back to the operating position every so often as you fill it, to determine the liquid level. Each generator will take different amounts of electrolyte solution depending on the internal volume of the shell. Assuming that you have a shell with 138 plates spaced at 3/8”; you’ll find a general idea of the electrolyte volume (in US gallons) below:

           6”……………………………………………………………………3,5 gallons

           8”……………………………………………………………………6,5 gallons

         10”…………………………………………………………………….11 gallons

         12”…………………………………………………………………….16 gallons

         An example of the general calculation to get the volume of electrolyte: Figure each ring width, 3/8” (0,375”) times 138 rings equals  51,75 inches (forget the width of the plates in this calculation). In a twelve  inch generator, we have an inner diameter of the rings of about 10,25 inches. So we have an inner area of ((10,25/2) squared) times 3,14) 82 square inches. We subtract the area that we do not want filled (about 11 square inches) to get 71 square inches. We multiply 71 square inches by 51,75 length to get 3674 cubic inches. A U.S. gallon is 231 cubic inches. So 3674/231=15,9 gallons. Note that this calculation is even easier using the metric system, but I’m writing this book mostly for average U.S.A. readers I apologize to the rest of the world for the archaic measurements. I expect that the U.S.A. will step into the modern  world  someday. In the meantime you’ll find this book a mish-mash of both systems. Remember that as you operate the generator, you want your liquid level to be well bellow the top of the plate for two reasons:

          First, there will be some rise in the liquid level as the bubbles of hydrogen and oxygen take up some room; increasing volume and reducing density of the solution between the plates.

          Second, there will always be some foam and you don’t  want the foam to rise above the top of the plates or the foam will alow a portion of the electricity to be-pass the plates.

          It is better to have the generator fluid level a bit low than too high. The distance below the top of the plate I usually recommend for each diameter of generator:

           6”……………………………………………………………………………1/2”

           8”……………………………………………………………………………3/4”

          10”………………………………………………………………………………1”

          12”………………………………………………………………………….1 ¼”

          This is why I curve the liquid level sight tube mounted on the end plate of the smaller generators. The liquid level would otherwise be covered by the hose fittings.

               DESIGNING GENERATOR POWER SUPPLIES

                        Power supply considerations

           If we apply straight DC current to the generator, we find the oxygen and hydrogen devolving to their di-atomic state. We get NO Brown’s Gas. The electricity MUST be pulsed to a generator to produce Brown’s Gas; 120 cps is sufficient to produce Brown’s Gas, even 100 cps will work; so regular wall cycles will work. 

          The oxygen and hydrogen want to be di-atomic even though they have to give up energy (which shows up as heat) to reach that state. Unfortunately it is fairly simple to trigger the di-atomic action and there are many factors that can cause the trigger to di-atomic. So our challenge is to prevent the oxygen and hydrogen from devolving from their high energy di-atomic state. 

          We are working on various ways to prevent di- atomic formation. At this time we just use wall voltage and signals for our generators. The power supply designs just discussed are still in our future, but mentioned here for those of you that are experimenting. The power supplies outlined in this book are simple and effective (they will make commercial quality Brown’s gas).

                             Voltage measurements

          You will need to understand the meaning of RMS  voltage (no need to learn the mathematics). RMS stands for Root Mean Squared. RMS voltage is the calculated effective voltage of the sine wave of your 60 cycle wall voltage. Most AC voltmeters are automatically tuned to give you a RMS voltage reading. 

          You measure RMS voltage by putting an RMS voltmeter across your two power leads. This is the voltage that you use to figure the number of cells. You also need to understand Peak voltage. You can measure Peak voltage by putting a full wave bridge rectifier across the AC wall power, putting a capacitor across the positive and negative of the full wave bridge rectifier  and reading the DC voltage across the positive and negative  of the full wave bridge rectifier (be sure to install the capacitor).

         Peak voltage is used to size your various electrical and electronic components. For example, the diodes and capacitors in the power supplies. Peak voltage also gives you an indication of the maximum number of cells you can add in series in the series-cell generator design. There is no advantage to going to an extreme number of cells, because you’ll end up with almost no amperage.

                            Number of cells in series

         Different plate spacing will affect the number of cells in your generator. This is important because the number of cells is also affected by your power supply potion. 

         For more on actual calculations of number of plates, see appropriate power supply option, 1) Capacitor Amperage Limiting; 2) Voltage Doubler and 3) Voltage Doubler with Capacitive Limiting.

                       Frequency across the generator

         The AC voltage is rising and falling at sixty times a second. Rectification with a full wave bridge rectifier (four diodes set in a square) will produce about twice the gas of single diode rectification because we get 120 pulses per second from 60 cycle sine wave. Full wave rectification (120 pulses) can be used with the Capacitive Amperage Limiting.

        The Voltage Doubler power supply option allows 240 or more pulses per second, because the bridge rectifier doubles the original 60 cycle (to 120) and the capacitor legs double the 120 to 240 pulses per second (when the capacitance of the voltage doubler is correct). This is my power supply potion of choice at this time. 

           Note, I’ve reached as high as 500 hertz (pulses per second) using this method. The capacitance is raised or lowered til there is a resonance effect.

                                      Fig. 6
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                                 Voltage threshold

           Most of the time the AC voltage is blow the 120 volts needed    to push any current across the 60 series-cell. The brief moments that the sine wave goes above 120 volts, reaching about 170 peak volts, is the only time amperage actually goes through the 60 series-cell. The amperage that can travel in a 60 series-cell is limited by the voltage threshold potential of the cell. After that threshold is reached, the amperage more or less just shorts across the generator. With sodium hydroxide, at 1,8 volts per cell, the amperage can barely flow; at 2,4 volts per cell, a lot of amperage can flow. The voltage threshold can be raised by adding more cells in series, which would further limit amperage through the generator. Or the voltage threshold can be lowered by using fewer cells in series, which would cause more amperage to flow. Amperage is then limited by the capacitive limiting type power supplies. Generally speaking I recommend keeping the voltage threshold fairly high to most efficiently make Brown’s Gas. Then use a voltage doubler to bring the voltage (and thus the amperage) up to whatever I require.

                                 Pressure switch

        A pressure set –point switch (mechanical or electronic) on the generator will operate a relay-switch (mechanical or electronic) to turn on and off the power to the generator when needed. Assuming that your generator can make more gas than your torch needs (which must be the case), this pressure set-point switch prevents gas loss out the pressure relief valve. Gas loss out the valve is bad because of inefficiency (you paid for the electricity to make the gas and you are throwing the gas away) but also because it could cause wild pressure fluctuations in the pressure of the gas in the bubbler tank, which is likely to cause backfire from your torch.

                                 DC power supply

         It is possible to make Brown’s gas from a DC voltage source, such as a battery, but you must pulse the current from the battery. If we apply straight DC current to the generator, we find the oxygen and hydrogen always devolving to their di-atomic state. And your generator will heat up. If you are pulsating from a battery pack you would need to make a very short pulse width (for the spike) because of the square wave nature of such pulses. To find the number of cells for a generator on DC, I use the rule of thumb of:

          Volts per cell                                       Plate Spacing

           2,0………………………………………………………………………1/2 inch

           1,9………………………………………………………………………3/8 inch

           1,75…………………………………………………………………….1/4 inch

           NOTE: these “rules of thumb” are generated from extensive testing of actual generators using different numbers of cells, types of electrolyte, electrolyte concentrations, power supplies etc. These “rules of thumb” will get you into the “ball park” and give you an operational generator. I can’t guarantee any particular performance. You will notice slight differences.

           1.  Capacitor amperage limiting
           Note that this is the “basic” power supply circuit for the generator only, without all the controls that turn the main relay on and off. This is the circuit starting from the output side of the main relay. You use capacitive amperage limiting if you have too few cells to use Voltage Doubler. Capacitive Limiting is also used if you simply want to reduce the amperage through any generator at any time (even if you have a voltage doubler). For example, if you have a heating problem (and/or amperage runaway), you can limit the amperage through your generator. When a generator gets too warm, the warm electrolyte allows more amperage flow and may cause too much amperage to flow. Too much amperage could over-heat your generator and/or toss electrolyte right out of your generator and/or “pop” your fuse or breaker. You can use Capacitive Limiting with Voltage Doubler. But usually the Capacitive Limiting is simply added to a series-cell that has too few cells to qualify for any other power supply option. You can use Capacitive Limiting from one cell to as many cells as you want up to about line power VRMS. The amperage will be limited to whatever will “pass” though the capacitor at the voltage applied. For example: at 120 VAC, 25 uF (microfarad) will pass about one amp. At 240 VAC, about 7 uF will pass one amp.

2.  Voltage doubler

           Note that this is “basic” power supply circuit for the generator only, without all the controls that turn the main relay on and off. This is the circuit starting from the output side of the main relay. You use a voltage doubling circuit if you have too many cells for Straight Capacitive limiting.

           The voltage doubler circuit has several advantages that the over Capacitive limiting.

1. It uses very little additional components.

2. It increases the frequency of pulses.

3. It allows you to add extra cells that limit amperage, yet allows additional amperage capacity to be added at will.

4. It allows additional gas production by increased number of cells at the same DC amperage (AC amperage is increased, TANSTAAFL)

5. It allows a generator designed to operate on a higher voltage tooperate on a lower voltage; for example a 220 volt generator to operate on 110 VAC source.

           Voltage Doubler doesn’t actually double the voltage; (it would if there was no load), the voltage only rises a little across each cell (to the threshold voltage) and the amperage can be raised quite a bit.

                                         Fig. 7
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             Again, because this is important, you will notice that a slight additional voltage rise across each cell allows a much greater amperage current to flow. This is why the voltage doubler circuit increases amperage. The voltage doubler does an additional things, it increases the FRECUENCY of pulses. With the voltage doubler you will usually get a least 240 pulses per second. In certain cases (combinations of capacitors on the legs of the voltage doubler) it is possible to get up to 500 pulses per second using this circuit plugged into normal 60 cycle AC. When I am going to use a voltage doubler as my generator power supply, I usually figure the number of cells at the rule of 1.75 volts per cell, figured on RMS voltage. For example: operating on 240 VAC, I would have 138 cells. In this way you can actually take more advantage of something called “Peak voltage”. For any given wall AC voltage, you’ll find that the actual “peak” voltage is about 40% higher than the “RMS” voltage that most AC voltmeters read. Thus you can operate your 120 VAC generator at 220 VDC or your 220 VAC generator at 290 VDC. Also you’ll find that you can limit amperage WITHOUT capacitive amperage limiting. The high number of series-cells automatically limits your amperage, because as your generator requires more voltage to operate, NO amperage will flow ‘ til the higher voltage is reached. And the higher voltage (required by the generator) cannot be reached until the voltage doubler kicks the voltage up (twice each half cycle or 240 Hz). 

                                         Fig 8
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         With the 138 series-cell generator on straight line power, you’ll note only a limited amperage ‘ til you start adding capacitance to the “legs” of your voltage doubler. As you add capacitance on each leg of the voltage doubler (equal on each leg):

         You’ll note that the amperage will rise at the rate of one amp. Per 50 uF per leg with 120 VAC RMS. And the amperage will rise at one amp. Per 11 uF per leg with 240 VAC RMS.

          IMPORTANT NOTE: “ There ain’t no such thing as a free lunch”. When you increase the voltage using a voltage doubler, the “extra power” comes from AMPERAGE from your RMS source. When using a voltage doubler circuit, the amperage being drawn from the wall is about TWICE the amperage you see across your generator. You must be sure your wall fuse or breaker can handle the amperage you will be adding. Remember that the MAXIMUM continuous operating amperage of your breaker or fuse will be only 80% of the “rated” amperage. For example; a 20 amp breaker should hold 16 amps. Further note: When a breaker “trips”, it will not again hold as much amperage as before. After each ”trip”  the actual amperage that the breaker will hold is a bit less.

         3. Voltage Doubler with capacitive limiting

         Note that this is the “basic” power supply circuit for the generator only, without all the controls that turn the main relay on and off. This is the circuit starting from the output side of the main relay. Same as Voltage Doubler, only you have capacitive limiting in series on the input common with the center of the voltage doubler capacitors.

                              Main  Power Circuit

          We have the main power coming in on an ordinary 240 Volt cord, using properly rated receptacles, wire sizes and plugs. The “P” is power or hot; the “N” is neutral, where you wire to when you want 120 VAC. Note that our generator draws about 50 amps. so I use a main ralay rated at 90 amps. The relay is normally open, three pole, single throw. The relay has a 120 volt coil to activate it. Note the three shut-off switches wired in series, in series with the main relay coil. This is so that if any one of the switches is open (off) then the main relay has no power and is off! The Pressure switch is normally closed, open on pressure rise (could be a relay). The Electronic switch is a relay that is normally open, held closed by the electronic circuit. The Main switch is normally open, closed only when you want the generator operational (this could be a relay too). I usually just use an ordinary light switch.

                                     Fig. 9
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           The points marked “a” and “b” are where you connect the primary side of your transformer that provides the low voltage for the electronics, gauges, buzzer and relays. You’ll note that the DC ammeter is on the line going into the generator; it doesn’t matter which one, just so you get the polarity correct. Although I depict a capacitive limited, voltage doubler power supply here, the ammeter is installed in the same place on all the power supplies. You’ll note that the DC voltmeter is mounted between the lines going into the generator, you have to get the polarity correct. Although I depict a capacitive limited, voltage doubler power supply here, the voltmeter is installed in the same place on all the power supplies. There are any number of “extras” that can be applied to this circuit, like indicator lights and receptacles (120 volt and 240 volt); but I left them out of this schematic because I’m trying to keep it seriously simple. What you see will work just great! The electronics has status indicator lights and you can see when the power is on (to the generator) by looking at the volt and amp. Gauges.

                                    Fig. 10
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            LIQUID LEVEL AND TEMPERATURE CONTROLS

          I designed electronic circuits to act as sentinels, monitoring critical parameters of the generator’s performance. The generator can work quite adequately without these circuits but I don’t recommend that you do so. I have these controls on my own generator, because I often don’t pay enough attention to the operation of the generator; my attention gets concentrated on the job at hand. The two most critical things to monitor are liquid level in the bubbler tank (backfire arrester) and the temperature of the generator itself. You will have sight tube and a temperature gauge but that is not enough, you must remember to look at them. The electronics are a fail safe for those people, including me, who fait to always check the bubbler liquid level and watch the generator temperature. The electronics are designed to be two-step. First, you’ll get a warning buzzer, then if the problem gets worse, the electronics will actually shut off the generator and will not allow a restart ‘til the generator either has water added or cools down. I have designed a simple circuit that even a novice can build. Novices have already built my circuits using my instructions. Don’t be concerned if you don’t know how to do it now; you can learn how. You can buy all of the electronics at your local Radio Shack and the peripherals at local hardware and automotive stores. I sincerely recommend that you buy Getting Started in Electronics by Forrest M. Mims, iii. I and many others have self-taught ourselves electronics from this simple book. What the book will tell you is how to get in the ballpark on simple electronic circuit design and to understand the electronic language. You will learn how to put electronic components together to make circuits do what you want them to do. Next, I recommend that you get the data sheets on any electronic component (particularly the chips) that you buy, so you will understand their working parameters.

           The electronics are arranged in three groups to make it easier to understand. Power supply, electronic processing and signaled mosfets.

                                       Fig. 11
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1. The 12 VDC power supply

The low voltage, 12 VDC power supply is for the electronics, the buzzer and the relay. It could also be for 12 volt electric or electronic gauges if you use them. The low voltage could also be used across a pressure switch to power a relay instead of the pressure switch having to take the full amperage (the amperage would then go across the relay).

a) We have a transformer to step the voltage down from 120 VAC to 12,6 VAC. The transformer must be rated about 50% above the actual amperage you’ll be using. You can get a good idea of the amperage by hooking up your circuits to a 12 volts battery and measuring (with an ammeter) your amperage flow with everything turned on.

b) Then we add a full wave bridge rectifier, which is just four diodes arranged in a square (note that the band on the diode is the negative end, diodes are polarity sensitive). The full wave bridge rectifier turns the AC (alternating current) into DC (direct current) needed by the electronics.

c) Then we add an electrolytic capacitor, rated at least 35 VDC (50 VDC is better) and 1000 uF (uF is micro-Farad) for each amp. That will flow through the transformer; in this case about 1,000 uF. The capacitor allows voltage to be “stored” in the circuit, which smoothes out the pulses that would otherwise occur direct from a full wave bridge rectifier.

d) Then we add a 7812 (in a TO-220 case) voltage regulator, for those parts of the circuit that the voltage must stay very stable. You will to put a heat sink (special piece of aluminum made to radiate away excess heat) on this regulator, to keep it’s temperature stable or the circuit  will go out of calibrated adjustment. Also remember to calibrate it after it has warmed up, minimum of ½ hour.

2. Second circuit group; liquid level and temperature processing

a) We use op-amps (operational amplifiers) wired as voltage comparitors. In this case, we use two 1458 op-amp chips (two op-amps on one chip). Or you could use one 324 chip, (has four op-amps on one chip). Using one chip saves board space and slightly simplifies the circuit. I show the two 1458 chips in my schematic here because that’s the way I actually built my first circuit, so I know it will work for you My next circuit will use a 324 chip.

                                Fig 12
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              We use the op-amp    “voltage comparitors”      to provide a

              snap-action” turn on or turn off signal to our mosfets (which

 are electronic switches). The op-amps allow us to monotor a 

              voltage ,  compare   it to   a set   voltage   and      when the 

              monitored reaches a certain level  (very precise)    to send a 

              full voltage switching signal to the appropriate   mosfet. The 

              op-amps, as I have them wired here, can monitor  a voltage 

              with a very tiny amount of electric current and   can sense a 

             difference of 2 millivolts. The op-amps each have two inputs;

              called an inverting and a non-inverting input. When used as 

              a voltage comparitor, if the non-inverting input    ( indicated 

              by a “+”) is of greater voltage   than the        inverting input 

              (indicated as a “-“) then the output   of   the op-amp is high    

              to nearly full chip voltage). If the inverting input is of higher 

           voltage than the non-inverting, then the op-amp output is low 

           (off to ground state or negative). So we only need to   provide

           a reference voltage to the appropriate input and make sensors 

           that very the voltage to the other input and “Poof”; we    have 

           an electronic monitor that can “make decisions”. The op-amps 

           each have a special “balancing” circuit between the    inverting 

           and non-inverting inputs (and positive) that allows   maximum 

           reliability and sensitivity, but do make the circuit look     more 

           complicated than it really is. The op-amps circuits     also have 

          “testing” switches and circuit monitoring LED’s   (Light Emitting

           Diodes) that should be mounted on your main     control panel

        .  This will allow you to test  the circuitry for        function at any 

           time; also the LED’s give a constant status report and indicate 

           what the problem is, should an alarm go off   or the generator 

           shut down.

b) Two of the inputs for the liquid level part of the circuit are sensors located on the bubbler tank. The bubbler tank itself being grounded to the negative of the electronics and positive voltage (from the electronics) going to the sensors. When the water covers the sensor tip, the positive voltage is “grounded” (which means no voltage) and this tells the electronics that you have enough water. When the water DOES NOT cover the sensor tips, the positive voltage rises in the wire to the sensor and the electronics knows that you don’t have enough water. We use two sensors in the bubbler tank so that we can sense the liquid level at two points ( which requires two op-amps). The highest point being a warning buzzer and the lowest point being where the electronics actually shuts off the power to the generator. I made the sensors by drilling out a 1/8” brass pipe nipple ( the kind with hex flats that you can hold with a 7/18” open end wrench) and inserting a #4 bolt being held in the center of the nipple by special epoxy “JB Weld” or “Lock-tite Weld”. The #4 bolt sticking out both ends by about 3/8”. On one end I tapered the epoxy to a point over the #4 bolt and on the other end I kept the threads clear of epoxy so that I could thread on nuts to hold the electrical terminals. I made spacers to hold the #4 bolt in place ‘til the epoxy dried and then I filed the epoxy off the end that I had covered as I tapered the epoxy onto it. Finally, after tightening the sensor in place (using a bit of Teflon tape to seal it), I put a couple of plastic washers on the #4 bolt to prevent my terminal end from shorting between the #4 bolt and the brass nipple. The bubbler tank ground wire can be clamped onto the outside of the sensor. I fasten mine onto the bottom support bolt.

c) The temperature sensor is a “thermistor”; which is a fancy name for a sensor that changes it’s electrical resistance as it’s temperature changes. A quick and easy way to get a thermistor is to go to your local automotive supply store and get a temperature sensor. You will have to convince the parts person that you are NOT buying it for use in an automobile, so you don’t have a part number; and to please just bring out a selection, or allow you to look in the catalog to choose some to test. You want a sensor that is a thermistor and not a switch; so take along your ohm-meter and measure the electrical resistance of the various samples that the parts person brings out to you. If it measures open (infinite ohms) or closed (near zero ohms), then it is a  switch. If it measures over 300 ohms resistance then it is a thermistor. It is best to get a thermistor that is 1,000 or 10,000 ohms, because it is easier to make accurate temperature sensing; but even 300 ohms will work with this circuit design. 

                                Fig. 13
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The op-amps use the thermistor in a “voltage divider” arrangement, which is a very common electronic circuit. When you have a certain voltage, say 12 volts and you want less voltage at a certain point, say 2 volts, then if you arrange two resistors in series between positive and ground (negative), the first (closest to positive) being 10 K ohm, and the second (closer to the negative) being 2 K ohm. The voltage measured between the middle of the two resistors and ground will be 2 volts. It doesn’t matter how large the value of the resisters are (that just matters because you don’t want huge amp flowing). What matters is the ratio of the resistors. The op-amps are signaled by very little amperage, so you can use 10 K resistors and the op-amp will not “load” the circuit. The “comparing” voltages of the voltage dividers that the op-amps use are set and do not change. But the thermistor does change it’s resistance and thus the voltage between the two resistors (a fixed one and the thermistor) does change and the op-amp gets signaled. The sensor I got was a “TS17” at my local automotive supply store, Car Quest. It had 289 ohms at 61oF (store temperature). I tested the resistance by putting a thermometer in water with the thermistor and an ohm-meter across the termistor. I heated the water with an electric heater (I used a soldering iron) and got the following readings:

Temp. oF                         ohms                             AM time

62,1………………………………….289……………………………………….8:42

79,0………………………………….205……………………………………….8:47

84,5………………………………….189

90,0………………………………….168……………………………………….8:51

95,0………………………………….158……………………………………….8:54

100……………………………………134……………………………………….8:58

105……………………………………125……………………………………….9:00

110……………………………………109……………………………………….9:05

115……………………………………100……………………………………….9:09

120……………………………………..90……………………………………….9:16

127………………………………………78………………………………………9;26

I turned off the electricity and allowed the water to cool, getting these readings:

Temp. oF                         ohms                             AM time

121……………………………………..85………………………………………9:30

114………………………………………99………………………………………9:38

91,5……………………………………156……………………………………10:25

  80…………………………………….200……………………………………11:32

Note that there is a slight thermal lag, the temperature  inside the thermistor is not the  same as the temperature  outside   if the outside temperature changes suddenly. The reason we want to know the resistance of the thermistor as the temperature changes is so that we can figure the resistance value of the voltage divider potentiometers. In this case we use  0,500 ohms. A voltage divider potentiometer allows us to quickly and accurately set any reference voltage we wish when calibrating our circuit (more about calibration later). As I said before, the circuit actually works better if your thermistor is 10,000 ohms at room temperature, in that case you’d use a 10,000 ohm (10K) potentiometer. The reason the circuit works better is because the thermistor resistance changes a lot more ohms per degree F; making it easier to be very exact with the circuit temperature calibration settings. It is possible to buy thermistors with 1/8” NPT threads, 10,000 ohm at 75oF, and long wire leads. Note: you can use adjustable temperature switches to signal the buzzer and generator shut-down. There are a lot of suppliers of such switches. Have the (normally open, close on temperature rise, snap action, with less than 5oF temp difference off to on, adjustable range from 100oF to 160oF). Temperature switches (one for warning and one for shut-off) allow positive voltage to go directly from the full wave bridge rectifier to the appropriate mosfets, through these switches. Testing buttons are redundant but you’d still want the indicating LED’s. These temperature switches are more expensive but a bit simpler to understand for some people. If you use temperature switches, you can use just the 1458 (dual) op-amp that goes to the liquid level sensors, eliminating the 1458 op-amp and the circuitry that would have gone to the temperature sensing part of the electronics.

3) The signaled mosfets, relay and buzzer

       a)The signaled switches are mosfets, short for Metal Oxide Semiconductor Field Effect Transistor. Now that I’ve scared you; please believe me that these little babies are really easy to work with, and super efficient. You just have to know a few things not usually told to novices on the street. First, themosfet is a diode and therefore polarity sensitive, it will only allow electricity to flow through it one direction without destroying it. So pay attention to how I have the circuit wired. Think of it as a ”switch able” diode. It won’t conduct any electricity when off, and will conduct only one way when on. The mosfet is signaled by voltage, not amperage. So a source (like an op-amp) that can’t put out much amperage, but can put out a voltage signal, can turn on a mosfet to it’s full potentional and allow several amps to flow through the mosfet. The mosfet needs at least 10 volts to the gate to fully turn on, and more than 20 volts to the gate will puncture the super thin oxide layer. 

          Warning: This means that the mosfet is extremely sensitive to static electricity, ‘til it is soldered into a circuit. All the leads (gate, drain, source) of a mosfet should remain shorted (with conductive foam) ‘til just before the mosfet is inserted in the circuit. Then, before taking the mosfet out of the conductive foam, ground the circuit, the soldering iron, yourself and the mosfet to ground (by touching a ground). Then solder the mosfet in place. Mosfets should be among the last things soldered onto a board and it’s still a good idea to ground the wires leading to a mosfet (with test clips) ‘til the board is operational. Mosfets come in N channel and P channel. N channel is the type we use, in a TO-220 case. N channel mosfets must have nothing between them and ground (negative). The source or “S” pin must go directly to ground. Thus we switch on the negative or “low side” of the load; the positive voltage going first to the load, then to the mosfet and then to ground. We put a resistor on the wire leading from the gate, to drain the gate when the voltage stops. In this case, we use a resistor of the value that would allow a proper amperage flow in the indicating LED. When turned on, the M1 mosfet allows the electrical flow to the relay (which is normally off, but the electronics turns it on and holds it on ‘til there’s a problem). I call this the electronic shut –off relay; this relay allows the electrical flow to the 120 VAC coil of the generator main relay. When turned on, the M2 mosfet allows electrical flow to activate the buzzer. Both the liquid level circuits and the temperature circuits can activate the M1 and M2 mosfets.

      b) The relay is a 30 amp “auto” relay bought in Radio Shack, made by Bosch.

d) The buzzer is sold by Radio Shack, nearly any buzzer will work but I choose a loud Pizo because it doesn’t use much power.

           Assembly hints

1. I use chip sockets when I build a circuit like this, Then I can insert the chips after the entire circuit is soldered  onto the board. Also, if a chip goes bad, I can replace it quickly and easily. I’ve found I can do this for mosfets too.

2. All chips have numbered pins, the pin numbers go down one side and up the other (as you can see in my schematic). The top of the chip is indicated by a little indention, and/or pin #1 is indicated by a small dot next to it. The chip socket will also have an indication on them (usually a notch on the top edge) as to which way is up or top, so you can wire it correctly and place your chip in it correctly. Some times the only indication is a small dot by pin #1.

3. Remember that the chip pin numbers are reversed on the back side of the board. This is a common cause of failure to get a circuit working; it was wired wrong.

4. I show the TO-220 case 7812 voltage regulator and mosfets as front view in my schematic, so you can put the right wires to the rightpins.

Fig. 14
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5. Soldering can be a bit of an art. I use a 30 watt soldering iron with  a fine tip for circuit board work. You need to clean the tip (use a fine metal file) and to tin the tip with a bit of solder before using it to solder; do this as often as needed. Use thin, rosin core solder.

6. Be sure to heat both areas to be solderedand have just enough solder  flow onto each of them to make a good join. If you get too much solder , it can flow over to areas where you don’t want it, making connection with the wrong parts of the circuit. If this happens, just re-melt the solder and take it off with the soldering iron, shaking the soldering iron clean each time after sucking up some solder.

7. A cold solder join is also a common cause of circuit failure. A cold join is where the solder flowed around a pin or onto a place, but didn’t actually join with that place (it looks good but there is no connection). Solder flows too hot, so you should heat the area that you want to solder and then have the solder flow onto it.

8. You have to balance too cold with too hot. If you heat a place too hot, the solder won’t want to flow there. Also too much heat will burn out components. After soldering, I usually blow on a join to cool it quickly. You’ll quickly learn the correct technique.

                             Circuit adjustments (tuning)

         IMPORTANT: P5 and P6 are the potentiometers that you will use to set the temperatures you want the warning buzzer and the shut-off to occur. During initial wiring of potentiometers P5 and P6, you want to make sure that you wire the end pins in the correct order so that the final adjustment rotation  will match my instructions. The center or “sweep” pin goes to the chip. P5 is the shut-off adjustment; you want to wire this pot, so that when it turned all the way to the left (counter-clockwise) the pin that shows maximum ohms goes to ground. The thermistor lowers it’s resistance as it gets hotter, thus effectively lowering the voltage being sensed by the op- amps. So higher temperature is less resistance. Wiring P5 and P6 as above will cause the “reference” voltage (and ohms) to lower as you turn the pot, right (clock-wise). Lowering the reference voltage raises the temperature at which the op-amp will signal the mosfet to turn on (or off).

                            Balance the op-amps

          The potentiometers P1, P2, P3, and P4 are “balansing” potentiometers; they make the op-amps very sensitive and precise. It doesn’t matter which of the end pins go to the chip inputs. Always warm up the circuit for at least an hour before making sensitive adjustments. 

         To adjust P1; you ground the lower liquid level sensor probe (if fully installed, just add water to the  bubbler tank). , and then adjust P1 to the right and/or left ‘til the shut-off relay turns off; then carefully turn P1 ‘til the shut-off relay just turns ON. You want this circuit to be normally on when energized lowering water level will turn it off.

          To adjust P2; you ground the upper liquid level sensor probe (if fully installed, just add water to the bubbler tank) and then adjust P2 to the right and/or left ‘til the buzzer turns on; then carefully turn P2 ‘til the buzzer just turns OFF. You want this circuit to be normally off when energized; lowering water level will turn it on.

          To adjust P3; you ground the wire going to the thermistor from R6 and adjust P5 all the way to the right (clock-wise); this will bring the P5 sweep pin to reference near zero ohms to ground. Then adjust P3 to the right and/or left ‘til the shut-off relay turns off; then carefully turn P3 ‘til the shut-off relay just turns ON. You want this circuit to be normally on when energized; rising temperature will turn it off.

          To adjust P4; ground the wire going to the thermistor from R6 and adjust P6 all the way to the right (clock-wise). This will bring the P6 sweep pin to reference near zero ohms to ground. Then adjust P4 to the right and/or left ‘til the buzzer turns on; then carefully turn P4 ‘til the buzzer just turns OFF. You want this circuit to be normally off when energized. Rising temperature will turn it on.

          Remove the ground from R6 (and liquid level probe grounds if you used them). Adjust P5 and P6 all the way left (counter-clockwise).

                            Set the circuit temperature

           As pointed out before, the circuit can be adjusted to signal at any generator temperature you desire. 

           To set the Buzzer or warning circuit; have the P6 adjusted all the way left and operate  the generator ‘til it reaches the warning temperature (max. 110oF), then turn the P6 right ‘til the alarm comes on.

           To operate the generator continuously, I put my torch outside (or run a hose from the torch tip to outside);then turn on the torch valve so that  I’m demanding more gas than the generator can produce, then the pressure switch never shuts off the generator, I don’t  bother to ignite the gas.

           To set the shut-off circuit; have the P5 adjusted all the way left  and operate the generator ‘til it reaches the shut-off temperature (max. 120oF), then turn the P5 right ‘til the generator shuts off. Note that the warning buzzer will be buzzing all this time, wear ear plugs if it bothers you (it’s supposed to bother you). It is important that the buzzer be buzzing when the shut-off circuit is set because of the way the two set-points share the same thermistor.

                                   Circuit tests

           You will see I’ve included green diodes (D1 and D3) to indicate when the water level and temperature levels are acceptable; these diodes are mounted next to “momentary on” switches on the control panel (S1 and S3). When you push these test switches, the generator should shut off, and the appropriate green diode should go out. If the generator shuts down when you are using the torch, and you don’t notice the lack of gas volume, you will get a backfire when the torch drops to a low enough pressure. Backfires are nasty. You will see I’ve included yellow diodes (D2 and D4) to indicate when the water level and temperature levels are getting close to shut-off; these diodes are mounted next to momentary on switches on the control panel (S2 and S4). When you push these test switches, the generator should buzz, and the appropriate yellow diode should light up. This warning allows you to shut off the torch in a controlled manner, preventing a backfire. 

                             Circuit  component list

           Note that I include notes for those changes to use a 324 chip. If you have any questions about substitute component values, get in touch with myself or any other competent electronics engineer. A resistance variance of up to ten percent  is allowed  in these circuits, but whatever value you use, you should have all that categoryof resistors match fairly closely.

Fig. 15
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               Resistors:

               R1=33 K……………………………………………………………2 X

               R2=100 K………………………………………………………….2 x

               R3=220 K………………………………………………………..12 X

               R4=10 K…………………………………………………………….2 X

               R5=470 ohm………………………………………………………2 X

               R6=13 K……………………………………………………………..1 X

               Circuit-board-mounted

               Potentiometers…………………………………………………….6 X

          Be sure to mount so that you can adjust the pots when the circuit is in operation but once set, you don’t want people to be able to re-adjust them. P1, P2, P3, and P4 are 47K, Radio Shack #271-283 (U.S.A.) P5 and P6 are fifteen turn, 10K, Radio Shack # 271-343.

          The value of P5, P6 R4 and R6 are all dependent on the value of the thermistor. The values given here are for a thermistor that is 10 K (10,000 ohms) at 70oF. P5 and P6 should about equal or slightly exceed the value of the thermistor at 70oF; R4 should limit the amp flow but not be so large as to make it hard for the op-amp by leaving a tiny voltage drop across P5 and P6. R6 should be at least 1,3 times R4, 1,5 times is OK. My example using the 200 ohm (automotive) thermistor would use P5 and P6 of about 200 ohm, R4 of about 2,2 K and R6 of about 3 K. 2 of Yellow LED’s, T-1 ¾ size, Radio Shack # 276-021. 2 of Green LED’s, T-1 ¾ size, Radio Shack # 276-041. 1 of Pizo Buzzer, operating voltage 12 VDC, internal frequency; Radio Shack # 273-60. 4 of Mini SPST “momentary” push button switches, Radio Shack # 275-1547. 1 of thermistor, acquire as explained before. Actually it is possible to make one from a Radio Shack #271-110; just mount it in a blank 1/8” NPT plug; make sure the thermistor is contacting the actual metal and then fill in the hole with a non-conductive metal epoxy like JB weld or Lock-tite Weld.

         2 0f mosfets, TO-220 case style, IRF 510. 2 of 1458 dual op-amps, 8 pin dips, or a single 324 Quand op-amp. 2 of 8 pin chip bases (IC sockets) or one 14 pin socket for 324 chip. 2 of sensor probes for liquid level. We haven’t found a part that will work yet; build your own as per the instructions earlier in this chapter.

          1 of 7812 voltage regulator. 1 of TO-220 heat sink. 1 of 120 VAC to 12 VAC @ 1,2 amps transformer. 1 of 4 amp full wave bridge rectifier, 400 PIV. 1 of electrolytic capacitor, 1000 uF, working voltage at least 35 VDC. 1 of 30 amp “auto” relay. Breadboard, If you’re very good at circuit design, you can use a smaller board. PCB stand-offs. Three colored rolls of stranded 22 gauge wire, to use as connection wire and as wire to parts of the main circuit that don’t require much amperage flow.

                         BUILDING A CONTROL BOX

         The control box is more than just the box (which I call the enclosure). The control box houses and includes all the gauges and controls (electrical and mechanical) for the generator. The only parts of the controls outside the box will be some valves and sensors, which I will detail here too.

                    List of Components and Materials

         Be particularly careful about choosing your pressure gauge and pressure switch (and pressure relief valve). The materials inside the gauge and switch may not be compatible with your electrolyte. Check with your manufacturer. In general, it is best to get stainless steel. If there are rubber seals, get ones that are more to the natural rubber. Of particular importance is that aluminum is not compatible with any of the electrolyte solutions that I’ve researched, including sodium hydroxide. 

           Below find a component list for the power supply of a 1000 L/h, 8 inch generator that has a Capacitive Limited power supply. The generator is  split into two 65 series-cells that are operated in parallel from a 50 amp. 240 volt wall receptacle. We’ve found this type of generator design to be the most consistently efficient (for several reasons) and it is inherently prevented from run-away by the capacitors.

             Component                                        Quantity

· Diodes, 80 amp/ 500 VDC…………………………….4x

· Heat Sinks………………………………………………………4x

· Pressure Switch………………………………………………1x

· Pressure Gauge………………………………………………1x

· 110 VAC on/off switch……………………………………1x

· Indicator Light………………………………………………..2x

· 90 amp Main relay………………………………………….1x

· 50mf/330 VAC Capacitors…………………………….20x

· 50 amp Range Cord………………………………………..1x

· Short Terminal Strip………………………………………..2x

· Long Terminal Strip………………………………………….1x

· Box of Spades…………………………………………………..1x

· Spool of 14 gauge wire…………………………………….1x

· Box of 10/32-1/2” bolts……………………………………1x

· Box ¼” ring terminals………………………………………1x

· 50ft. 8 Gauge wire……………………………………………1x

· Box of ¼” bolts…………………………………………………1x

· Plywood for power box…………………………………….1x

· Volt Gauge………………………………………………………..1x

· Amp Gauge……………………………………………………….1x

· Casters………………………………………………………………4x

                              Pressure Relief Valve

           The pressure relief valve needs to be compatible with sodium hydroxide; can be stainless steel, copper or brass. Seals can be natural rubber or Teflon. The seals must positively seal against 200 psig (don’t buy components that will be used at their maximum ratings). Set valve to relieve at 90 psig. Put in hoses that route any released pressure out of your shop. Hydrogen dissipates in air very quickly.

                                 Pressure Switch

           The pressure switch should switch on and off with a maximum of 5 psi pressure difference (a switch set to turn off at 70 psig will turn on again at 65 psig). You want the switch to be normally closed (on) and to turn off (open) as the pressure rises. You want the switch to be able to handle at least five amps (inductive) at 120 VAC. It helps if the switch is rated to handle explosions (I’ve found some that are) but this shouldn’t be too much of a problem as you take your pressure reading on the generator side of the bubbler.

            Note: You could use the main pressure switch to signal a 12 volt relay (30 amp lighting relay bought in Radio Shack) the relay then being the switch that actually cuts off the power to the main relay coil. This arrangement would allow your pressure switch contacts to last a very long time, because they’d only have to handle the amperage of the relay coil. And when the relay wears out, it’s easy and inexpensive to replace (much easier than replacing the main pressure switch, and less expensive too).

           Further Note: a simple electronic switching circuit can make your main pressure switch contacts last for many decades. Simply use the switch contacts to signal a mosfet that would allow current to flow to the relay coil, which would turn on the power to the main power relay coil. In this case your switch contacts only have to handle a couple milli-amps at very low voltage. Electronic switching using transducers is an option I don’t cover here. Personally I’m not yet satisfied that there is a transducer that will work in long term with sodium hydroxide. I found that the sodium hydroxide packs into the tiny orifice and the transducer starts giving a false reading.

   Automatic Electronic Liquid Level and Temperature Controls

         Build according to the instructions in this book. It is also possible to purchase such controls but you’ll likely pay a lot for them. I show you how to build the sensors you’ll need to signal the liquid level circuit. And I tell you how to select and test a thermistor to signal the temperature controls. Note: It is a good idea to have the electronic circuit indicator lights (and test switches) mounted so that they are visible on the control panel, along with the appropriate test switches. You’ll note that I show how to wire it this way in the schematics.

          Low voltage power supply; 120 to 12 volt transformer/full wave bridge recifier/capacitor (all set up as low voltage power supply). Needed if you run any low voltage devices, like the Automatic Electronic controls, various relays and/or 12 VDC temperature and pressure switches. Test all your low voltage devices on a 12 VDC battery (measure the amperage with them all on at the same time) and build your low voltage power supply from Radio Shack parts. Get a transformer rated just above your amperage requirements; size the full wave bridge rectifier to handle at least twice the amperage of your transformer and size the capacitor (can be electrolytic) for 1,000 micro-farads per amp, working voltage rated to at least 35 Volts.

                                  Install gauges

           The Pressure Gauge should read about 100 psig, not too much less because you don’t want it to burst if you get a slight over-pressure; not too much more because you want to be able to read it easily. Pressure gauge must be compatible with sodium hydroxide, hydrogen and oxygen. Several good ones can be found in the Cole-Parmer catalog. You’ll note that I mounted the pressure switch and gauge hose connections above the liquid -vapor separator. This is to help prevent liquid from reaching the actual working components of the pressure switch and gauge. It is also a good idea to mount these components so that if any liquid does get in them, that it will drain out. The problem is that all liquid in this system becomes contaminated  with sodium hydroxide and eventually the sodium hydroxide can form deposits that may interfere with the switch operation.  These are pressure “isolator” systems that you can install, to prevent switches from becoming contaminated  but I don’t think this is really needed in most applications the components (if compatible and installed correctly) will give decades of trouble free service. Be sure to mount the pressure gauge in such a way that the fittings are easily reached for assembly, dis-assembly and testing.

           Temperature gauge: optional but recommended. Should read from 0oF to 212oF, although a range from 70oF to 140oF is all that is needed for most use. A good electronic one can be found in the JC Whitney catalog. Also there are various electrical and mechanical temperature gauges that you can use. Whatever style you choose, make sure the sending unit is compatible with sodium hydroxide and can be effectively sealed against the pressure in the generator.

           DC amp meter: recommended but optional and handy to see exactly how much amperage is actually going across your generator. If you’re going to put one in, get a good one, either electronic (expensive) or analog (not too bad). If analog, get one that reads a wide sweep (so you can see detail), full sweep just over your maximum amperage. I have one on my generator. 

           AC  Amp meter: optional, to see how much amperage you are actually drawing from the wall. I don’t use one on my generator.

           DC Voltmeter: optional and handy to see how much voltage you are using across your generator. Gives diagnostic capabilities, high voltage would indicate plates that are coated with gunk or perhaps low electrolyte level or cold generator, etc. Again, digital is nice (and expensive) but analog works great. I have one on my generator.

            AC Voltmeter: optional, to see how much volts you are actually drawing from the wall. I don’t use one on my generator. For power tests I have a special watt-meter into which I plug my generator. I just use portable (clip or clamp on) amp and voltmeters. Mostly, for actual operation, I’m concerned with the amperage and voltage across the generator itself.

                                  On/off switch

            I just use a standard 120 volt light switch. You also need to get the electrical box that it goes into. Another option is to use a low voltage switch that signals a relay; this option allows you to have your entire control panel wired all low voltage, all the switches would look similar.

                                    Indicator light

             Two indicator lights; 120 volt, can be different colors. Allows operating status confirmation of main switch on and main relay on, at a glance. Optional but recommended. Also I recommend that you have indicator lights for status of the electronic liquid level and temperature controls mounted right on the control   panel where they are easy to see (It’s a good idea to place the test buttons there too, beside the appropriate lights). Another option is to use diodes for the indicator lights, simply add another high PIV diode and the appropriate resister in series.

                             Full-wave bridge rectifier

           Four heavy duty diodes; (rectifiers) rated at twice the voltage and about twice the amperage that your generator requires. Get heat sinks appropriate to the size of your diodes and the wattage they will have to dissipate. For example- 30 amps at 0,5 voltage drop is 15 watts, your diode only has to dissipate about the same heat as a 15 watt light bulb. Rectifiers and heat sinks are an area where you can save money buying from surplus sources. The surplus sources list all the parameters you need to know and you don’t have to worry about things like compatibility with sodium hydroxide. You’ll be wiring these four diodes into a ‘full- wave bridge rectifier” as per the schematics shown elsewhere. Arrange the heat sinks so that cooling air can flow freely through them.

                                        Main relay

           Get a mechanical one rated for a higher amperage than you’ll be using. This’ll help make it last longer. It is nice to get a three pole single throw ( but a two pole single throw will work). Coil operated by 120 VAC (even though the main contacts to the high voltage generator power supply). I like to use mechanical rather than electronic because I like to hear when the generator is operating (you’ll hear the contacts turn on and off and you’ll hear the slight buzz of the main relay coil when it is activated). Also, mechanical relays are rugged, dependable and it’s less likely that one of you will mess it up. My experience with electronic relays shows they can be sensitive under certain conditions. NOTE: some mechanical relay coils are excessively loud, mostly because they are loose and vibrate at the 60 cycle frequency. I just used a “hot glue” gun and glued my coil down; it worked great!

                                   Terminal strips

           I just made my own, using strips of copper 1/16 inch thick and ¾ inch wide. I screwed the copper onto a strip of Teflon plastic (could use PVC or HDPE as well) ¾ inch wide and ½ inch deep. Then I drilled and tapped (10/24 thread) holes every ½ inch. I use these terminal strips to attach all the capacitors to the main power cables (they work great). Make them long enough to handle all the capacitors that’ll fit in your enclosure. You can buy terminal strips in Radio Shack. The jumper terminal strip makes all the terminals on one side of the terminal strip common (connected together) with a piece of metal thick enough to handle the high amperage. If you were to just run a 14 gauge jumper wire from one terminal to the next, the first 14 gauge jumper would have to handle all the amperage less the first capacitor and it would burn up. Again I note; it’s wise to use connectors or terminal strips for everything, so that every component can be removed independently for maintenance, testing or service.

                                Duplex receptacle

           I don’t show a duplex receptacle in the main wiring schematic. It is optional but recommended, I can’t tell you how many times it’s come in handy with my generator. It’s not a bad idea to wire in a 240 volt outlet as well. 

               Hook main power inlet cord to enclosure box

                               Power Cord and plug: 

           You’ll get a proper sized cord and plug for the amperage you will be drawing. Don’t get one too small or you’ll burn it up. Cords and plugs are amperage rated, so a hardware person will be able to help you get the right ones. On my ten inch generator (30 amps DC, 48 amps AC). I use a 50 amp power cord meant for electric ranges. You may already have a heavy duty outlet rated for the amperage you will have and you’ll just get a cord and plug for it. Remember to rate your breaker about 30% higher than your AC amps.

                                Power Receptacle:

            While this isn’t a component for inside your enclosure, you’ll need to plug in your generator, if you don’t already have a receptacle, wiring one in is straight-forward electrical work. Just wire the receptacle to code in your area. Make sure your wires from your breaker box can handle the current you expect to draw. If you use an extension cord, make sure it is rated for the amperage  and has the proper ends. I recommend Teck (armor-covered) cable.

                                    Enclosure box

            The enclosure box will look different for every home built application, because most people will use components that aren’t the same. To design your own enclosure, you first need to acquire all the components for your control box and then lay them out. By measuring the components and figuring out where you want them in relationship to each other, you will determine the size and shape of your enclosure box. Certain things are obvious, like you want your pressure gauge where you can glance at it from anywhere you are using the torch. It is no problem to add more than one pressure gauge if you want to see the pressure from different angles. As I mentioned before, it’s helpful to have the indicator lights (LED’s) and test switches for the automatic electronic liquid level and temperature switches mounted on the control panel as well. And you want your main on/off switch where it can be reached very easily. I advise you to build your unit so that you have easy access to all of your interior components, and particularly the components that need adjusting, like the pressure switch and the automatic temperature controls. I advise you to build, and particularly to wire your control box so that you can remove any component easily. Use of terminal blocks and ferrules is advised, so each component can be removed separately. It really pays to take a little extra time to plan how you’d remove each component. From the top, front, back or sides and have the appropriate doors or fasteners so that you can remove the covers easily. It may take a little longer to build it right, but you’ll be proud of the result and appreciate the effort you put in if you ever have to take it apart. In particular, you’ll notice if you didn’t design it properly.

                               Install capacitors

         Several power capacitors are needed for capacitive limiting or voltage doubler. You must rate the capacitors at above the peak voltage you’ll be drawing from the wall. You are best off with oil filled capacitors. Note, this is again a good item to look for in the surplus area. Capacitors mostly either work or they don’t. Oil filled capacitors tend to be “self healing”. Just find enough capacitance to do the job for you as per the information given previously. Note: At 4:1 electrolyte concentration you’ll need a lot less capacitance than 72:1. For example, at 4:1 my 126 cell, 10 inch generator needs only 20 uF on each leg to get 28 DC amps from 240 VAC; but using 72:1 I need 250 uF on each leg to get my 28 DC amps. Obviously the DC voltage is much higher across the generator with the thin (72:1) electrolyte.

                               Wire control box

           All wire should be stranded, because this is a mobile application. Generally speaking you’ll be buying three sizes .

1. A heavy gauge for your main high voltage/amperage  circuit (exactly how heavy gauge depends on the amperage you’ll be drawing). I’m drawing up to 50 amps AC for my ten inch generator. I’m using six gauge wire; I can get away with it because my wires are short but I really should be using four gauge (the smaller the number, the thicker the wire).

2. About 14 gauge for the main relay control circuit, this will handle from 4 to 6 amps.

3. And 22 gauge for the electronics; these wires need only handle fractions of an amp.

All wires should be color coded and the color codes noted in my book, for reference later. I do not recommend that you use only one color for everything; you’ll regret it if you do. You can buy a nice wire assortment from J.C. Whitney. Generally speaking for AC, Black is power, White is neutral, Red is usually power and Green is usually neutral. For DC, Black is negative and Red is positive, white, green, yellow etc. are used as “in between” wires, color coded to make tracing circuits easy. Use proper terminal ends for every wire, and where using ferrules, solder the ends of the wires (individually) before twisting them together. I recommend soldering the terminal ends onto the wires. You’ll determine the length of all the wires (and hoses) after you’ve brought all your control box components together, even mounted them in the enclosure. When cutting length of wires, don’t cut too short or too long, route the wires neatly and together. Remember that you want to be able to get at components to remove them. Use cable holders and wire ties to make the installation neat and to keep the wires from rubbing against anything that will cut them.

                     Wires From Enclosure to Generator

          You have to plan on how your wires will be fastened onto your generator sensors and how they will be routed into your control box. Some sensors already have a ground wire, some were meant to be grounded through their case to the metal in which they’re screwed. But since this design has a plastic shell, it does not allow grounding; for the ground on these sensors, I just clamp the ground wire onto the sensor with a screw clamp. Use proper wire ties and strain relief devices. Route your wires so that they are unlikely to be caught or snagged on anything (out of the way and neat).

            Gas pressure hose from liquid-vapor separator

          This hose will go to the pressure relief valve, pressure switch and the pressure gauge. Use the appropriate fittings, remembering that you may want to remove any one of these devices for service at some time. Route the hose so that if any liquid gets into the line, the liquid will drain back to the liquid-vapor separator. Route the hose neatly but without sharp bends and without loops that collect liquid.

                  DESIGNING AND BULDING A BUBBLER

           This list is for an ER 1000 generator, having a bubbler tank and a modifier tank. The valves and fitting are listed in the generator fitting component list.

            Component                                         Quantity

            S.S. Tank as depicted…………………………………………2x

            1 ft. ¼” PVC Tubing……………………………………………2x

            Little Plastic Ball………………………………………………….2x

            Oxy./ Act. Hoses…………………………………………………1x

            Torch with tips…………………………………………………….1x

            Note: the bubbler tank in the drawing is not to scale, pay attention to the sizes given on the drawing. This bubbler is designed for up to a 1,500 liter per hour generator. A 4,000 liter per hour bubbler would be identical height, and it would be 5,5” ID diameter, 3/16” walls, 3/8” down-tube and ½ end plates. The bubbler tank must have a sight tube to allow visual monitoring of liquid levels. The sight tube is meant to go between the 1/8” FPT hole 1 inch above the diffuser plate and the 1/8” FPT hole 1 inch below the top of the bubbler. The bubbler tank has two liquid level sensors in it. The highest to warn of low liquid level by turning on a buzzer, and the lowest to actually shut off the generator. The lowest is mounted 6” above the diffuser plate and in our shop this is known as the “Line Of Death”. The upper sensor can be anywhere from ¼” to 1” above the lower sensor. Note the sensor shroud. This can be any shape of stainless steel, welded to the side of the bubbler, just so it encloses the liquid level sensors (must be at least 3/8” away from the tip of the sensors as they stick out into the bubbler). The sensor shroud doesn’t  have to be sealed, in fact needs about (no more than) an 1/8” hole in the bottom and needs at least an 1/8” holeIn the top (the top can be completely open). The reason for the should is to provide a calm level of water around the sensors. The main bubbler area is way too agitated for the sensors to operate properly.

            Note that I have a 3/8” bolt welded onto the bottom of the bubbler. This is to solidly mount the bubbler on a frame that will not tip over, EVER. I mount my oxygen bottle right on my frame for my bubbler, because it needs to be right there and I don’t want it tipping over either. You can make up a second bubbler to mount on a cart with an oxygen bottle if you want to move around your shop. This would keep the backfire distance short. You would need only one hose coming from your main bubbler to the portable bubbler. It is my sincerest recommendation that unless you really know what you are doing, to commission a professional welding shop to make your bubbler. Don’t mess around with this item, it is your sole defense against an uncontrolled explosion. The bubbler tank must be designed to be strong enough to withstand an explosion. The problem with designing a strong container is that if it is not strong enough, then the force of explosion when the container  bursts is much greater than it would have been if the container had burst easily; so make it extra strong, your life depends on it. 
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        Note: the containers I’ve designed for you here are already extra strong, stronger than the one I use in my own shop. Making it even stronger is, in my opinion, a waste of money; and you’ll quickly see how much money that is. Generally speaking, gas enters the bubbler tank through the 3/8” hole in the bottom ( not recommended, because contamination can drop down the ¼” hole). The gas then rises through the diffuser plate and goes out of the bubbler through the ¼” FPT hole is for filling the bubbler; this is where you mount valve 1, which I recommend be a brass gate valve (I recommend all the valves to be gate valves, they seal best). I’ve also designed this bubbler tank to double as a modifier tank. You can drain the modifier fluid through the ¼ FPT hole in the bottom. In this case you’ll just plug the liquid level sensor holes and depend on the sight tube. Most modifier fluids won’t conduct electricity, so the sensor wouldn’t  work.

                        OPERATING A BG GENERATOR

                               Confirm ready to start

· All hoses & wires properly connected.

· Proper concentration and level of electrolyte in generator.

· Water in bubbler to start.

· Preliminary pressure switch setting, near zero.

· Adequate size of breaker on circuit wall receptacle.

· Torch hose connected to bubbler tank, torch turned off.

· All valves turned off.

· Have soapy solution ready to test fitting. (dish soap mixed in water, to make floating soap bubbles).

· Plug in main power cord to wall receptacle.

                             Initial start

· Turn on main breaker.

· Turn on generator main power switch.

· Watch for gas or liquid leaks as gas pressure builds to the low pressure you’ve first set the pressure switch at.

                           Check for leaks

 Check for and fix leaks before proceeding. Test for leaks with soapy solution, use paint brush. The soap makes a film over anything you paint it on; thus gas leaks will make soap bubbles. If you see any bubbles, even very small ones, you have a gas leak. Note: the act of brushing the soap on, will make some bubbles. Wait to see that new ones are being made by gas before assuming that you have a leak. Do I have to tell you NOT to test for leaks with an open flame?

Tip: Unless you have a very bad leak, check all your fittings at the same time while under pressure. Then you can de-pressurize to fix all the leaks at once. You must de- pressurize before fixing leaks, be sure to vent the gas outdoors (using your torch). Be sure to re-check all your fittings after fixing any leaks. And check them at full operating pressure for a couple of days after final assembly. Periodically check your fittings as you operate the generator. A visual inspection of the pressure gauge after a prolonged shut-off is usually enough to find out if you have very small leaks (your pressure will drop).

                      Set pressure switch

Using a pressure switch allows you to set any pressure you desire and keeps the generator fairly inexpensive, easily built, simple, safe and compact. Adjust the pressure switch up a few psi at a time, ‘til you reach your operating pressure. I recommend 65-70 psi. You want a high enough pressure to help prevent backfire, yet low enough to not stress the generator.

 Set and test the liquid level and temperature circuits

Even though I list these circuits as optional, I seriously recommend them. It is possible to operate the generator safely without these circuits, but they offer that slight degree of extra safety that may save your hide. If it means anything, I have these circuits mounted on my generator.

                          Lighting the torch

In the past it has been recommended that Brown’s Gas Generator be purged of the contaminated gasses in the generator. It was thought that the contaminated BG would be explosive, and it is.

Actually, I’ve found a purge to be unneeded. I just turn the generator on and allow it to come up to pressure and then light the torch normally. I’ve found  that the gas burns fine regardless if it is mon-atomic or di-atomic. Besides, unless the gas is totally mon-atomic, it is EXPLOSIVE. As I’ve explained before, any di-atomic gas will EXPLODE before it implodes. Light the torch only with the generator pressurized. I operate between 65-70 psi. This higher pressure allows me to operate with larger torch tips. If you don’t have enough pressure, the gas will backfire to the bubbler with a loud BANG. Light the torch as you would any other torch. Turn on the BG a bit, not too little or you’ll backfire because the gas velocity out of the torch tip will be less than the velocity of the flame and the flame will travel back into your torch. Don’t open the valve too much or the torch won’t light because  the gas velocity is too high –it blows the flame out. Note: the actual operating gas pressure at the torch tip is determined by your valve setting. It doesn’t matter that you are feeding  the torch with 70 psi, if the torch valve is mostly closed, the actual gas pressure at the torch tip is much less and you can vary the tip pressure at will by adjusting the valve. Turning the torch valve on enough so that you can clearly hear the gas gently hissing it usually about right. You’ll know if it too little because you’ll have a backfire. You’ll know if it is too much, because the torch will be hard to light. Light the torch with any ordinary method, match, lighter, striker, etc. You have to hold the striker quite close to the torch tip or the torch won’t light. Note: It will be hard to light the torch with a match, because the gas velocity will tend to extinguish the mach before the lights. DO NOT turn down the gas velocity too far or you’ll back fire. You will quickly learn the things that cause a backfire and learn to avoid them. The backfire is loud and can make you jumpy; and you’ll have the chore of emptying the water out of the  hose after every backfire.

                          Extinguish torch

The usual and quickest method is to suddenly shut off the gas adjustment valve. If you shut it off too slow, you will get a backfire. Another way to extinguish torches is to quickly open the torch adjustment until the flame is extinguished by the gas velocity. Then shut off the gas flow. All generators have some gas storage, so are able to momentarily maintain a higher gas volume; but this must be done quickly or your pressure will drop too far and you’ll backfire. NOTE: this works only if your generator has enough pressure to create a gas velocity far exceeding the flame velocity. You’ll want to extinguish the flame whenever  you’re not actually using it (it re-lights easily and cleanly). Not only is this safer, but you use less electricity and water to get your job done. Further, the generators do tend to heat up as they are used; by extinguishing the flame, you give the generator a chance to cool.

                      Shut off Generator

It is my sincere recommendation that you shut off your generator whenever you are not using it. By this I mean shut off the main power switch. This will give you two advantages:

First, you’ll be able to tell if you have a gas leak because the pressure in the generator will drop overnight.

Second, you’ll still have a shop in the morning. Imagine this; your pressure switch fails and your generator builds pressure (doesn’t shut off) ‘til the generator tank bursts (say around 300 psi) releasing a huge amount of flammable gas into your shop, some are or flame in your shop ignites the mixture and the resulting explosion levels your shop and any nearby buildings.

Even with a pressure relief valve you are not completely safe, running the generator for extended periods causes it to overheat, if your temperature controls fail (or you don’t have any); then your plastic generator shell gets soft, causes leaks, puts flammable gas in your shop and it blows up. Shut off your generator when not in use. If it has no major leaks it’ll hold it’s pressure for days.

                     How to avoid backfire

Keep gas pressure up, too low of generator pressure can’t maintain gas velocity at speeds faster than the combustion of the fuel. Larger torch orifices require higher pressure to maintain the gas velocity at higher speeds than the combustion velocity. Do not allow the generator to run out of water, you’ll lose gas pressure and you’ll backfire.

Again: the generator system must be high enough pressure to keep the gas velocity at the nozzle above the combustion velocity of the flame, or the system will backfire, causing implosion or explosion, depending on the characteristics of the gas at the time (usually explosion). Larger nozzles require higher pressures to prevent backfire. This is a very good point to bring up at this time: If you had pure Brown’s Gas (200% gas) then you’d only have an implosion. If you have anything close to di-atomic gas, then you’ll have a BIG explosion, then an implosion. The end result of burning mon or di-atomic hydrogen and oxygen is always a vacuum, because the gas turns to a liquid (water). You’ll always get a vacuum in your bubbler tank, regardless if you had mon-atomic or di-atomic gas. This is because the di-atomic gas must first split into mon-atomic gas (which is Brown’s gas) and this splitting (breaking of atomic bonds) causes an explosion; then the newly split atoms recombine directly into water, going from a gas to a liquid just as Brown,s gas does (because at that point it is Brown’s Gas). Gas with mostly di-atomic explodes violently (sounds like a bang). Gas with a lot of mon-atomic explodes toobut not as hard, because you’re getting an explosion and implosion at the same time (sounds like a pot). And Gas with mostly mon-atomic mostly just implodes, (making a “ping”). So the quality of the gas is vital; at least as far as avoiding explosions.

              What to do when you get a backfire

Before you change your underwear (due to spotting fore and aft), you shut off your torch. Then you check to see if any damage occurred to any part of the generator. The shock wave will usually knock anything flying that is just laying on the bubbler. My funnel gets knocked  off. The generator should immediately start re- filling the bubbler container with gas stored in  the generator, and then building the pressure up from there. Don’t use your torch again ‘til you’ve verified no leaks and proper operation of the generator. Usually a quick visual check while it rebuilds pressure and shuts itself off. When you open the torch gas adjustment valve, you’ll find copious amounts of water in your torch hose. This is normal, due to the oxygen and hydrogen having converted to water in your hose. And perhaps some water that got sucked up from your bubbler. You must carefully drain the water from your hose. Turning on the gas flow and slowly raising the hose along it’s length will get most of it. After the main draining, small drops will still occasionally come out your tip as you operate the torch but they usually won’t cause a problem.

                Re-filling  generator with water

Note that I have arranged this system so that I can Back-fill the generator with water from the bubbler tank This is because  the water in the bubbler tank eventually becomes contaminated with sodium hydroxide carried over from the generator with the gas. Back filling allows me to put most of the sodium hydroxide back into the generator. The procedure to put water into the generator involves

1. Pressurizing the entire system with gas (doesn’t have to be high pressure), shut off the main power switch.

2. Rotate the generator  45o -to allow free electrolyte flow between all the cells through the gas space at the top  of the plates.

3. Open valve 3 crack to reduce the pressure in the generator (allow only gas to escape, no liquid). You don’t need to have total pressure loss: about a 10 psi pressure difference between the bubbler tank and the generator is plenty. I just vent this little bit of gas into my shop, but if you want to be truly safe, you should vent this gas outdoors.

4. Open valve 2 to allow water to flow into the generator from the bubbler tank. (10 psi difference) will quickly fill the generator.

5. When you think the generator has enough water; close valve 2 and rotate the generator back to it’s operating position. Check the liquid level in the generator to make sure you’ve added enough and not too much.

        If you’ve added too much (electrolyte is higher than recommended in previous text) then you turn the generator 45o again and drain electrolyte out valve 4 (generator must be tipped or you’ll only drain the end cell). Then the next time you need water, you put this electrolyte back in; but you don’t put it through the bubbler, you have to open the gas out hose at the liquid-vapor separator and pour the water containing electrolyte directly into the generator. It is never a good idea  to put electrolyte in your bubbler, this will cause contaminated flame and foaming problems. Note: During assmbly, be sure to mount the valve3 so that the generator gas output will be above the liquid level both during normal operation and during refill. If your liquid level output isn’t high enough, then mount valve 3 elsewhere . Mine is actually mounted on the shell, but we’ve put it in various places on the generators we’ve built. Valve 3 must be in a different spot than the gas outlet/water inlet.

                     Adding  fresh water to the bubbler

   A person could fill the bubbler tank   with a pressurized water supply or pump (must also have a shut-off valve and/or check valve). This would be an automatic water filling arrangement and could easily be done. I do not do this on my own generator and do not recommend automatic filling of the bubbler (or the generator) on these small generators. I want operators to occasionally look their generators over and water filling time is good for that. I am now designing generators that will put out an excess of 100,000 liters per hour (2,400,000 Liters/day). These will have automatic water feed systems. I’ve designed some nice simple and effective ones. I can easily design generators for a million liters per hour. If you need such gas production, then contact me. Personally I’ve found no problem shutting down to add water; I only have to add water once every few days. Obviously, whenever you move some water from the bubbler to the generator, you need to refill the bubbler back to it’s operating level.

Step 1 is back filling the generator as mentioned in previous text. Tip generator 45o , reduce pressure in generator by opening valve 3, open valve 2 to move water from the bubbler to the generator, close valve 3, tip generator back up-right, check water level.

Step 2 is bleeding off the entire gas pressure in the bubbler and the generator (vent torch to outside with generator main switch shut off). 

Step 3 is filling the bubbler with a funnel (fill through valve 1). Don’t fill too much (you’ll get water in your torch hose) or too little (a backfire may go back through it).

Step 4 is close valve 1 and turn on the generator again. Allow the generator to re-pressurize and you’re on!

NEVER operate the generator with less than six inches of water above the diffuser plate. Less than this and you risk a backfire going back to your generator, blowing it up and destroying your shop. We developed electronics that help prevent you from making that mistake. Visually check your liquid level often; don’t depend on the electronics to save your ass. If your check valve leaks (perhaps because of a bit of foreign matter stuck in the seal) then your bubbler fluid could drain into your generator. Then when you went to start up again you’d be operating an un-safe unit.

                    Draining the generator

You shouldn’t have to totally drain your generator very often, perhaps never. Mostly if you’ve got dirty plates from bad water, or you didn’t de-grease your plates well enough and you’re not getting the performance from your generator that you should. Before totally draining the generator, reverse the polarity of the electricity going into the generator for about ten minutes. This will knock the impurities will travel over and stick to the opposite plate. To drain the generator, I pressurize  it with compressed air through valve 4 when the generator is turned completely upside down, so that the electrolyte can drain out the gas-out   hose. I direct the gas-out hose into buckets to gather the electrolyte. Don’t put too much air pressure into the generator 2 to 5 psi is plenty. Have someone hold the hoses, because the pressurized electrolyte will come out fast. Take care not to have it splash on you; use appropriate eye and skin protection, have vinegar or lemon juice ready to neutralize spills. Note: I put the generator on blocks when I turn it over, so that the gas out fitting doesn’t get knocked off and to allow the solution to flow without the hose being kinked. Once the generator is drained, you can completely dis-assemble it if you wish, just undo the end plates and it comes right  apart (again, use safety equipment) examine the components and clean them further if needed. Re-fill the generator with fresh (deionized or distilled) water and electrolyte solution. Dispose of the contaminated solution in an environmentally friendly manner. The sodium hydroxide can be recovered.

                        Preventing foaming

If you’ve got a foaming  problem, you likely have incompatible materials in your generator that are reacting with the electrolyte. We had such problems for months. We have found very few fitting thread sealants that are compatible with sodium hydroxide. I’ve found it not helpful to phone the manufacturer. In my experience, they’ll feed you misinformation. OH we’re sure that it’s compatible. Yeah, right…

Take my recommendation and use only Teflon tape . If you feel you want to use liquid or paste sealant, you just have to test it in a small test cell built in a mason jar. If you see any foam atall, it is incompatible and will give you troubles. I’ve found even the oils in my skin to be incompatible; so I use rubber gloves after I’ve degreased the plates. EPDM end gaskets and o-rings are good to seal the end plates and power bolts. Teflon tape is good for fittings – tape, not paste.

                           Over-heating

All generators heat up because of the di-atomic gas formation. Brown’s Gas generators heat up less than normal generators but if they are not making 200% gas (pure Brown’s Gas) then they will have some heat to get rid of. There are several ways of dealing with the heating problem:

The first is to design the generator to produce as much BG as possible, thus not making the heat in the first place. We’re trying this method as much as possible.

The second way is to passively get rid of the heat, designing the generator so that it absorbs the heat from the electrolyte and radiates the heat away. Also, a goodly amount of the heat leaves the generator as water vapor (steam) along with the BG. 

The third way is to design an active  cooling system, likely using a water cooling coil or a standard refrigeration  system. I’ve designed such systems for the huge commercial applications, if you need a lot of gas on a continuous   basis, get in touch with me.

For this generator design, designed for home shop experimental use; I’ve made the BG production reasonably efficient, so not much heat is produced. Then I depend on a slight amount of radiation (plastic is a pretty good insulator) and steam (going out with the gas) to get rid of heat. If you operate the generator for hours at it’s full possible capacity, it will heat up enough to cause a problem with the plastic. As the plastic gets warmer it loses it’s ability to hold pressure. With PVC the limit is 120oF. With CPVC the limit is 160oF.This is why I recommend CPVC even though it is twice as expensive and harder to get than PVC. Still, my personal generator is PVC and I’ve only had a temperature problem when I over-drove it for hours just to see what would happen. I’ve also designed, installed and tested temperature controls that buzz if the generator is getting warm, and shut off the power if the temperature reaches 110oF. Note: when you shut down the generator, you’ll note that the temperature will rise a few more degrees before it starts to cool off. You can cool off the generator quicker by draining the pressurized gas out of it, then you take out the steam, which contains a lot of heat. For normal operation you’ll never have to worry about a heating problem. My generator has never exceeded 90oF during normal cutting-welding experimenting.

          BG GENERATOR EFFICIENCY MEASUREMENTS AND           

                             CALCULATION

           Generator Theoretical Gas Production

Amperage (not voltage) that causes electrolysis to happen.

To calculate  the theoretical maximum production of 2H2:O2 per hour, use this formula:

((A/26,8 * 16,8) * C = Liters of 2H2:O2  

A=Actual DC amps flowing through your generator.

26,8=amps per hour (one Faraday). 

16,8=molar volume  (in liters) of di-atomic hydrogen and oxygen gas produced per Faraday.

C= number of cells in your series-cell generator.

Example, if we have 10 amps flowing through a 60 cell generator. Our formula looks like this: ((10/26,8)*16,8)*60=376 Liters per hour of 2H2:O2 (ordinary di-atomic hydrogen and oxygen).

Note: Theoretical maximum production of 2H2:O2 per Faraday is about 933 liters at Standard pressure and temperature. This means if we produce more liters than that, we are doing something that needs explaining. Scientists are having trouble explaining this phenomenon.

                       Actual Gas Production

           My standard volume measurement technique is to take a plastic gallon (four liter) jug, fill the jug, measure the amount of water it holds completely full (please do all measurements in liters and grams if you can). Refill the plastic jug, with water and hold the jug  upside down in a five gallon bucket of water. Insert a hose from your generator into the gallon jug. As the gallon jug fills up with gas, water will be displaced with a stopwatch. For example; four liters (one of my jug-full) every 22 seconds (or one liter in 5,5 seconds). Be sure to hold the plastic jug so the liquid level inside and outside the jug remain about level, or your measurement will not be as accurate. If the gas has to work against water pressure, it will pressurize the gas and you won’t get as much measured volume as you actually produced at atmospheric pressure. These kind of tests must be made with the generator at constant pressure. When I test a generator under pressure; I turn it on and adjust my torch ‘til the pressure remains constant for some time (which means I’m producing as much gas as I’m allowing to escape), and then I test the volume flow. I’ve found this volume displacement method to be fast and accurate. Using gas flow meters has not worked well; the slight amount of liquid that condenses on the hoses tends to make flow meters inaccurate. Also, the gas is much lower density than air, causing the calibration of “ball” type flow meters to be inaccurate.

         Figuring BG proportion of gas: Gas Efficiency

Once a volume test has been made, a simple calculation will determine if you are making “super-efficient”. Brown’s gas and if so, what is the quality rating of your Brown’s gas.

Using the volume measuring technique described above I measured one liter every 22second using 3,5 amps at 128 volts coming out of my 60 series-cell generator (with capacitive power supply). Remember, voltage doesn’t matter to the actual electrolysis, only to the overall wattage efficiency  of the machine. I measured 3,5 amps going into my 60 series-cell. Theoretical maximum production of 2H2:O2 is: ((3,5/26,8)*16,8)*60=131,64 liters 2H2:O2 . I measured one liter every 22 seconds. There are 3600 seconds in an hour, so I’m making (3600/22) 163,63 liters per hour of gas; which is greater than 131,64 liters. 131,64/163,63 liters shows about 80% 2H2:O2 and 20% Brown’s gas.

NOTE: 26,8 amps per hour would make 33,6 liters of mon-atomic Brown’s gas This is what I call 200% “quality” gas, because it is twice the volume of the di-atomic gas. Pure Brown’s Gas would be 1866 liters per hour per liter of water. Normal H2/O2 is 933,33 liters of gas per liter of water and Brown’s Gas displaces more volume than normal.

             Wattage Efficiency per Liter of BG

This is a vital ratio to know because it determines  the amount of gas you get for the electricity  you put into the generator. I will first clarify a technical point that sometimes confuses people. It confused   me for some time. This is a vital point that not only makes this section clearer; but explains a misconception about Brown’s Gas atmospheric motor that I will explain later. 

Watts are a measurement  of power. Watts are volts times amps W=VxA. One volt times one amp is one watt. Two volts times one amp is two watts. One volt times two amps is two watts.

If you measure work per time you get POWER. Work and power are not the same, this is a common misconception. Work tells the total work done; for example- raising a one pound weight from the floor to a height of five feet would be five foot-pounds of work; it doesn’t matter how long it took (it cold take a second or a year, either way the same work gets done).

A horsepower is a measurement of power, because it is defined as raising a certain amount of weight in a certain amount of time (550ft/lbs/sec). A horsepower is equal to 745,7 joules/sec.

Power can be defined as the rate-of-doing-work. If you measure  the time it took to raise the weight mentioned above, than you are measuring power, because power is work over time. If it took one second to raise the weight  five feet then you have a power of five foot-pounds per second. If you divide 5 ft/lb/sec by 550 ft/lb/sec, you get 0,009 horsepower. If it took you five seconds to raise that one pound five feet, then you have a power of one foot-pound per second. You’ll still end up doing five foot-pounds of work, it just takes five times longer because you are using only a fifth of the power. We’ll divide 1 ft/lb/sec by 550 ft/lb/sec to get 0,0018 horse power. Just to check, 0,0018 times 5=0,009; how about that?

Now back to WATTS. A want is a measurement of power (volts times amps), because an amp is a measurement of coulombs per SECOND; so we have work over time which is power. A watt-second is a measurement of work! A “joule” is a watt-second. That means one watt for a duration of one second. So a joule is a measurement of work. I mention this how because we’ll be back to it later. Another measurement of work that we commonly hear is the Kilowatt-hour (Kwh). A Kilowatt is a “rate-of-work” of one thousand watts (volts times coulomb/seconds). An hour is 3600 seconds. So we have a power of 1,000 watts continuously for 3600 seconds, which equals total work because the seconds (time factor) canceled in the equation. By the way, you can see that a Kilowatt-hour is 3,600,000 joules, because there are 3,600,000 watt-seconds in a Kilowatt-hour. This is important for later.  We put electricity into the generator  as Kilowatt-hours (Kwh). This is the actual work that you pay for as registered by your utility’s electric meter. Now this is the confusing part. A large part of our technical society has accepted Kilowatt (power) and Kilowatt-hour (work) as one and the same; it’s even stated so in some dictionaries.

For example, a Kilowatt is power representing 1000 watts; this is a “total” power figure; representing a certain number of electrons (coulombs) flowing at a certain time (seconds). If  we use 100 amps at 10 volts, we have 1000 watts. A Kilowatt-hour is work, because we have the work of 1000 watts divided by the period of one hour, canceling the time. Example: 1000 coulombs  per second (amps) times 3600 seconds (time power applied), times 1 volt, divided by 3600 seconds (time power applied).

Now for the part that confuses people. Kilowatt power can be “accumulated” in a “power” meter like is installed on most homes. The meter is actually an accumulated work  (total Kilowatt-hour) meter. It can be used to measure the rate of work (power), which is how fast the meter wheel spins, (I use these meters for this function all the time). BUT, the meter actually records total accumulated  work in Kilowatt-hours (not Kilowatts). The power meter mounted on most homes is actually used as an accumulated  work meter; thus the meter is misnamed and causes confusion. To make the situation a touch clearer; Imagine a home using a power of 5000 watts per hour (5Kwh) for four hour. The meter wheel has been spinning madly, indicating a power (rate of work) of 5 Kw, but because the household used 5 Kw for four hours the accumulated work done was 20 Kilowatts and that is what is recorded on those cute little dials. Note: if the house had used 20 Kilowatts for one hour, we still would have seen 20 Kwh recorded on the accumulated work meter, but the meter  wheel would have been spinning much faster, indicating a power of 20 Kw. Let’s further assume that everyone went to bed and the house  is now using only 500 watts per hour (0,5 Kwh). In ten hours the meter would have accumulated the work of 5 Kwh (5000watts), registered on it’s little dials. Now to clear up a final point. The accumulated work recorded by the meter is BASED on an hourly rate (because the gears are sized so that a certain number of turns of the wheel will record one Kilowatt-hour. How fast the meter turns indicates  the power or “rate-of-work”. 

Now on to generator efficiency:

As we apply certain amount of electricity (watts) into the generator for one hour; in one hour we would get a total of gas volume, which could be measured as liters per second (or cubic feet per second). If we are using in 48 amps DC at 220 volts DC then we are using 10,560 watts or 10,56 Kilowatts. If we keep the generator turned on at that work rate for one hour, then we’ve used 10, 56 Kilowatts-hours. Now if we are producing 0,83 liter of gas per second, then we are making 3,000 liters per hour. If we divide 10,560 (total watts for one hour) by 3,000 (total liters for one hour) we get 3,52 watt-hours per liter (Wh/l). Our example shows a total WATTAGE EFFICIENCY of 3,52 watt-hours per liter. Note that this is a measurement of work; because we are including TIME as a factor in the answer. To be meaningful, both factors (watt and liters) needed to have a common time. Watts/hour and Liter/hour. This need to measure different factors against  a common time to get meaningful  data is why the joule was defined. Any measurement of work can be converted into joules. For example (you already know watt-seconds) 1,980,000 foot-pound—seconds or 1 horsepower-hour is converted as 2,684,000 joules. As a matter of interest, the wattage efficiency of our first ten inch  generator Faraday gas efficiency  depends on the actual amperage  flowing through the generator; which (126 cells and voltage doubler power supply) is28 DC amps at 270 volts DC. ((28/26,8)*16,8)*126=2211,58 liters/hour total theoretical generator gas volume 2H2:O2. Actual measured gas volume was 3,000 Liters/hour, thus 3000/2211,58=136% efficient. ((28 amps*170 VDC)/3000 L/hr). It’s wattage efficiency is 2,52 Wh/L. Not bad; it heats the BN 1000E by 16% in gas quality. The BN 1000E got only 120% while making 1837,35 liters/hour when we bypassed the controls. Note: With the controls in place the BN 1000E would only produce 900 liters/hour at about 112% quality and wattage efficiency of 4,9 Wh/L.

      OUR EXPERIMENTAL USE OF BROWN’SGAS

We haven’t actually done much experimenting with the gas. And no experimentation  using a modifier tank. Our main purpose to date has been to design and build a simple and efficient BG generator. But we have performed a few basic experiments. Note: unless specifically specified otherwise, all the experiments mentioned in this chapter are using the Brown’s Gas in it’s pure form (about 130%) and with no modifier.

                           Modifier tank

I’ll mention that it is fairly common practice when using oxy/hydrogen to use what’s called a “modifier”. A modifier tank is another bubbler tank shaped like the first but having a combustible liquid (like benzene all types of alcohol, gasoline, diesel, acetone, or any other flammable fluid) inside instead of water. Note: Adding a modifier will change the characteristics of the flame. The first thing you’ll notice is the clear (transparent) center cone of the pure Brown’s Gas flame will turn white, like a normal oxy./acet. Flame. With most modifiers you’ll also have to add additional oxygen (from a bottle) to get them to burn properly. The modifier tank is identical to the bubbler tank, expect you’ll have to take care to use components (like the clear PVC tubing) that are compatible with the whatever modifier fluid you choose. The modifier tank mounts in series after the water bubbler and before the torch. You’ll want to have a check valve and shutoff valve mounted in series (not parallel) going into the modifier tank because you’ll have to fill the modifier tank occasionally (with the modifier fluid) and remove the excess water that eventually builds up in the modifier tank (from liquid carry- over and water formed by backfires) that displaces the modifier fluid. Note that I have a ¼” hole in the bottom of the “bubbler” tank, to be used as a drain if you wish to change modifier fluids. You will also want a valve arrangement so you can bypass the modifier tank anytime, allowing you to  use the pure Brown’s Gas. The pure BG will certainly have different properties than the modified gas and it will be an advantage to readily switch from one to the other. You might even want more modifier tanks, each with a different fluid so that you can switch between them at will, changing the flame characteristics as required. It’s also possible to use modifier tanks in series, thus putting the gas through two or more modifiers, this could further modify the flame. Note: the level of the fluid in the modifier tank does make a difference to how much the gas is modified. It’s also easy to put plain water in the modifier tank/s, simply to act as additional backfire arresting bubblers. 

MYTH, a backfire will blow up a modifier tank that has gasoline (or some other modifier fluid) in it.

FACT, a backfire to a modifier tank is extremely unlikely, because most flammable vapors have a very narrow range of flammability, mixed with oxygen, and the vapor mixtures in the modifier tank are far too rich to burn.

FACT, in the unlikely event that a backfire does go to a modifier tank; (a hydrogen explosion is 16 times more powerful than a gasoline explosion) a tank designed to contain a hydrogen explosion will easily contain the explosion of any flammable fluid that you are likely to find. OK, not nitro, but anyone fooling around with that kind of fluid won’t be around to tell me I was  wrong. 

Water burns at 5972oF (3300oC)

Water burns at 6000oC

Alcohol makes a green flame, burns around 3000oF (1650oC); results in oxide free precious metal soldering. Methanol makes a blue flame which will oxidize soldered work unless the work is fluxed in the conventional manner prior to fluxing. Methyl alcohol burns at 3992oF (2200oF) A flux (borate) can be added to modifier fluids to help prevent oxidation of  material being welded. 

                           Welding glass

BG works great to weld glass and fuse it around various materials. If the torch is directed directly upon cold glass, it shatters. I’ve found that I must heat  the glass from an edge slowly with the torch at some distance ‘til the glass heats up; then I can direct the flame around on the glass to perform whatever welding or shaping I wish. If you do glasswork, you’ll have to let the glass, cool very slowly, putting it in an oven or hot sand, or it will shatter do to the stress of cooling unevenly.

                            Welding iron

I found the flame tended to oxidize the iron, cutting it instead of welding it. It was difficult to form a “puddle” to weld with. In short, my experiments with welding iron have been un- successful to date. Note: I was able to weld iron using gasoline as a modifier fluid.

                            Cutting cast iron

Our BG cutting torch cuts cast iron clean and fast. It is my understanding that cast iron is hard to cut with an oxy./acet. Torch; though I have been able to cut cast iron with an oxy./acet. Torch.

                           Welding cast iron

A welding torch (#3 tip) was able to make a nice puddle and easily welded cast iron. I was just melting it together with no flux of any kind. In fact I didn’t even clean the parts. I would have made a nicer weld if I'’ had some cast iron welding rod to feed into the puddle. I then took the glowing cast iron that I'’ just welded and dumped in into water (room temperature). It did not break. After it had cooled down, I broke it to look at the weld; it looked perfect! I’ve also been able to weld cast iron with an oxy./acet. Torch, nearly as easily as with the hydrogen torch.

                                 Cutting iron

I hooked the BG to the red hose, normally the acetylene hose and I hooked the oxygen hose to an air compressor set at 30 psi. I was using a 1-3 cutting tip. When the iron was hot enough to cut, I depressed the lever and shot compressed air onto the metal. The metal immediately cooled, did not cut. I suspect that there is too much nitrogen in the compressed air, preventing the oxidation by cooling the iron. I hooked the BG to the red hose, normally the acetylene hose and I hooked the oxygen hose to a compressed oxygen bottle, with regulator set at 20 psi. I was using a 1-3 cutting tip. When the iron was hot enough to cut, I depressed the lever and shot oxygen onto the metal. It worked great. The hydrogen torch cut thick iron smooth and clean. Further, when I missed my cut from traveling too fast, I was able to pick up the cut right where I left off; the oxidation layer was absolutely no problem for this torch. In fact, I discovered I could start a cut faster if I started it on the oxidation layer. Remember, the flame itself is cold. The flame directed against a material causes that material to go to it’s melting temperature. Oxidized iron has a lot higher melting temperature than non-oxidized iron. I finally learned the trick of cutting steel with the hydrogen. Don’t turn the flame up too high, or it blows itself out as you cut. Only cut as fast as the puddle forms, this will assure that the metal is always ready to cut. Turn your oxygen pressure up enough to cut right through the thickness of steel you are cutting. Use about the same oxygen pressure as you’d use with oxy./acet.

Do NOT hold your cutting torch too close to the metal. If you hold your torch too close, you’ll be touching the metal with the transparent cones, which are vacuum and DO NOT heat the steel. I’ve noticed that proficient torch users have a hard time learning this; to cut steel, you must keep your torch at least ¼ inch off the steel. I cut 1 inch thick steel cleanly (using a tiny 1-3 tip) holding the torch nearly ½ inch off the steel. I mean it when  I say this flame is “laser like”. Watch to make sure the steel is cutting right through, I’ve lots of times cut a slice in the steel only part way through; this effect could be used in certain applications. Not cutting all the way through is an indication that you do not have enough oxygen pressure. Use the smallest torch tip you can get away with, it seems to actually work better and your cuts will be very thin. This splashes a lot less steel onto your boots and allows the cut to proceed faster. 

                         Welding Copper

The Brown’s Gas easily welded copper, using plain copper rod. I just used the puddle method. Copper sheds it’s heat so quickly though that you need a fairly good sized flame, or insulate the areas of the copper that you are not actually welding. The surface of the copper turns black (copper di-oxide) but otherwise seems great. I was able to weld copper with oxy./acet. Too. Also get the copper di-oxide.

                       Welding Aluminum

I have gotten good welds with aluminum, using the type of rod that has the flux inside it. I need more practice before I can describe a good technique.

                                 Brazing

I have had no troubles using brazing at any time. The Brown’s gas seems to braze as well as oxy./acet.

    Cost to operate compared to oxy./acet.

The generator is extremely economical to operate compared to oxy./acet. Torches. Here we are paying about four cent per Kilowatt Hour . Our 2500 Liter/hour generator draws about 10. So in one hour would use 10. Which is $0,40. At present, this generator uses about one liter per hour of water when producing gas at 2500 liters per hour. I buy my water at about $0,25 per Liter. Total cost per hour $0,65. I bought my own little oxygen (50 cubic feet) and acetylene (40 cubic feet) bottles years ago. The deal is; I exchange these bottles for full ones whenever I need more gas, paying for the gas but not paying rent on bottles. This arrangement has worked well. It so happens that if I use my bottles down to dangerously low pressures, I can get 2500 liters of volume out of them. So if I  use gas at 2500 L/h, I can get one  hour of use. It costs me $52 to till those bottles. So total cost per hour is $52. Thus my cost to operate the hydrogen torch is nearly 99% less. If I was paying $0,18 per; it would cost $2,05 per hour to operate (water included). This would be 96% less operating cost. 

                 BROWN’S GAS CAPABILITIES

                     Actual BG characteristics

Brown’s Gas is an exact mixture of two hydrogen and one oxygen in their atomic molecular form, written 2H:O. I often call this mon- atomic to differentiate from “normal” hydrogen and oxygen gas in their di-atomic form, written as 2H22:O2. Atomic (or mon-atomic) H and O gas is completely different from di-atomic H2 and O2. It is very important for experimenters to reslize  that Brown’s Gas has properties and operating characteristics  completely different from “ordinary” di-atomic hydrogen and oxygen mixtures. I cannot express the difference enough times, because it is a common mistake for people looking at Brown’s Gas to use ”ordinary” hydrogen formulas and logic to interpret Brown’s Gas properties and characteristics. Using “ordinary” di-atomic calculations will give the wrong answers for this mon-atomic gas. Brown’s Gas, 2H:O is completely different than 2H2:O2 mixtures. Some of the demonstrable properties and characteristics of Brown’s Gas cannot be explained with “accepted” Physics and Chemistry. Please do not use ordinary di-atomic logic for Brown’s Gas such logic could get you hurt.

The first Brown’s Gas characteristic that astonishes anyone familiar with di-atomic hydrogen and oxygen is Brown’s Gas implosive nature; when burned in it’s pure mixture, Brown’s Gas forms a VACUUM of high purity. Of course a diatomic mixture will make a vacuum too, but there’ll be an explosion and then an implosion. Brown’s Gas has only implosion. Note: Di-atomic hydrogen and oxygen will also cause an implosion, after they explode. First the break their atomic bonds (which we see as an explosion) and become atomic gas (like BG). Then they turn  into water, which we see as an implosion. So exploding normal 2H2:O2 in a sealed container will cause a vacuum to form in that container. This effect make some people think they have Brown’s Gas when in fact they do not. You do not have pure Brown’s Gas unless there is no explosion, which you would hear as a slight ping. If you hear a “poof” you have mostly Brown’s Gas and if you hear a “bang” you have little or no Brown’s Gas. With 130% gas we still hear a bang.Note: Our generators put out a mixture of di-atomic (100%) and atomic (200%).. The more atomic portion in the gas volume, the less hard the explosion, ‘til at 200% we have only implosion. Because of the implosive characteristic of the Brown’s Gas flame (even with a substantial component of 2H2:O2) The actual welding takes place in a vacuum. Anyone who was welded with  TIG or MIG  welder knows how important an inert (oxygen free) gas environment can be to a weld. Welding in a vacuum is considerably better, but previously required equipment beyond the means of the average shop. Welding in a vacuum is now possible for everyone. 

Seconds Brown’s Gas flame temperature changes when it is applied to various materials. The Brown’s gas flame is about 275oF (135oC) in open air. Without any torch adjustment applying the flame to aluminum to heat to 1295oF (702oC). Applied to brick, the temperature reaches 3,100oF (1704oC) Applied to tungsten, the temperature is over 10,200oF, the tungsten melts and then vaporizes. Note: The tungsten is not sublimating. Sublimating is conversion directly from solid to gas. The tungsten first melts (goes liquid) then boils ( turns to gas). You can verify this yourself by putting on a welding helmet and observing the effect of the BG flame on a tungsten rod, you’ll see the rod actually melting; Not turning directly from a solid to a gas. Use a welding helmet with a dark glass because the light generated is very bright. By the way, an oxy./acet. Torch will melt and boil tungsten just about as fast as the hydrogen torch. 

Third, Brown’s gas torch flame is extremely directional. The Brown’s gas flame through block of wood or a ceramic fire brick –like a laser. This should allow precision welds, but I haven’t welded anything yet. I’ve tried but my welds don’t stick. It could just be my technique. Brown’s Gas is supposed to allow (when combined with the vacuum characteristic) the two materials being welded to actually be different temperatures. Thus, The heat required to melt steel is less likely to vaporize the copper being bonded to it. I haven’t succeeded in welding dissimilar metals together, but am still exploring the possibilities. 

Fourth, Brown’s Gas can cut materials that ordinary torches couldn’t touch like iron oxide, because the Brown’s Gas flame instantly causes the material to raise it’s own temperature ‘til it is sufficient to melt or burn itself. 

Fifth, Brown’s Gas can cause changes in the molecular structure of some materials. For example: melting a chip of ordinary fire brick creates a stone with a hardness of 9,5; almost as hard as diamond ( I haven’t repeated this experiment yet). Brown’s Gas can be used to glaze surfaces (I have done this).

Brown’s Gas that is not in a perfect ratio of 2H:O becomes EXPLOSIVE! This includes pure mixtures of H and O mixtures of H and O that have a bit of contaminating gas in them (like the addition of a bit of air), and mixtures of air that have  bit of H and O in them.

                            Clean  water

If you ignore my method of imploding the BG over the contaminated water (this would cause an explosion) and use instead a separate chamber to implode the BG and then allow the already existing water vapor in the contaminated chamber to be sucked into the BG container, to be condensed; yes it will work, but again the electricity required to produce enough vacuum by this method would be much better spend driving a conventional vacuum pump, you’d get several times more water without the possibility of explosion. Let’s do some math. We’ll assume we have excluded all air from a container containing contaminated water and that container is at 20oC. Water vapor in the contaminated container would be at a pressure of 0.02kp/sm2 and would contain 0.01729 kg/m3. One liter of water turned to pure BG would occupy about 3,7m3 of volume. WE introduce the water vapor to the vacuum created by the imploded BG; which at 0.01kp/cm2 and 20oC, water vapor density is 0,0072516 kg/m3. Thus, one liter of BG (imploded) would recover a maximum of 0.037 liters of water (less because BG water already occupies volume and as gas from the contaminated tank rushes into the BG tank, BG tank pressure rises). Each liter of water takes about 10,800,000,00 joules to create 3700 liters of BG, recovering a maximum of 0,037 liters of water. Assuming temperatures remain the same. If we assume this process took one hour, then we use a constant of 3 Kwh to purify 37 grams of water per hour using this BG technique. If we use a simple vacuum pump, we move water vapor from an  environment of 0,01 kp/cm2 to1 kp/cm2 (vacuum to atmospheric pressure). Increased pressure at the same temperature causes the excess moisture to condense out. The moisture holding capacity of vapor per cubic meter is fixed by temperature not pressure. Thus pumping 3,7m3 to atmospheric pressure recovers about 0,024 liters of water. Our pump would use about 0,1 Kwh of power. If we use a simple evaporation system, working at atmospheric pressure and heating the contaminated water (with solar is best, but we’ll assume using electric) to 30oC, then we could recover 0,024 liters of water with 0,02 Kwh of power. Why purify water with BG when a simple evaporation system is simplest and least expensive to operate? The evaporation system is simple and inexpensive to build, is not dangerous and uses only a very tiny fraction of the power used by the Brown’s Gas technique. Of course, evaporation systems using solar power do require some space and are not really portable. Are you starting to get a picture here? Yes, Brown’s Gas can do a lot of things, but can it do those things in a more practical manner than other (already existing) options.

                     Energy storage system

We use electricity to create Brown’s Gas. So if you are trying to “store” energy by raising water, or if you are trying to run an atmospheric engine; you end up using huge amounts of electricity for little result. In this case I’ll do the math for you. To raise water, the working parameters are: 1gram-mole of water (18 grams of water) requires about 192,960,00 joules to turn it To BG (26,8 amps at 2 volts for 3,600 seconds=192,960,00 watt-seconds), 1 gram of water will turn into 3,73 liters of (pure atomic) BG. Dropping one liter of water 10 metters in one second generates 98 watts of power. 98 watt- seconds is 98 joules. So we spend 192,960,00 joules to store 3281,04 joules of power (1,86*18*98). Note that the head pressure of the water being raised causes the volume of BG to reduce by about half. Asyou can se, this is a very inefficient way to store excess electrical power (requires 58 joules to store one joule and this doesn’t count the inefficiency of turning the raised water back into electricity).

                  Power  Potential  of BG

Brown’s gas energy level is much greater  than 50,000 Btu/lb. 50,000 Btu/lb   is the power of normaal2H2:O2. 

           Compare BG 1000 performance

I’ll give you the data  on the generator  you can build  from this book-you’ll see how you can build a better generator.

             Actual test results  BG 1000E

Gas Production (L/h)………………………………………………………907

Operating pressure (Mpa)…………………………………………….0,06

(about 8 psi, obviously something wrong with the pressure

controls. The digital readout would go to 0,6  Mp (87 psi)

but the actual pressure measured only 8 psi; (0,06Mp)

Power supply voltage (V)  235 (VAC)

Maximum Input Power (kW)…………………………………………..4,5

Max. Water Consumption (L/h)…………………………………….0.89

(based on 112% eff.=11045 liters of gas/liter of water.  

Greater water consumed because only 907 L/h produced)

Weight (Kg)…………………………………………………………………….225

We have built (and you can too, with this book) a 1,000 L/h generator with the following specification:

Gas Production (L/h)……………………………………………………..1,000

(can go to 1600L/h)

Operating Pressure (Mpa)………………………………………………..0,45

(operate between 65 and 70 psi)

Maximum Input Power (kW)……………………………………………….3,3

Max. Water Consumption (L/h)………………………………………..0,42

(1259 liter of gas/liter of water based on 135% eff.)

Weight components (Kg)……………………………………………………..95

(about 210 lbs)

Note: we have achieved intermittent result as hight as 188% gas efficiency at less than 2 watt-hours per liter of gas. Note that this still won’t allow the “atmospheric” engine to work.

 The five various sensors on the BG 1000E are:
1. A temperature sensor (resistive?)on The fourth  electrolysis  cell from the front. Disconnecting this sensor causes the temperature readout to go to “00” and doesn’t  immediately shut down the machine. The temperature seems to be shutting of at about 35oC  the temperature  readout is in oC even though the button you press to check the temperature is labeled “f”.

2. A pressure sensor (transducer?) on the third  tower, (back left of machine), Disconnecting this sensor   doesn’t   immediately  shut down the machine, the actual pressure  reading goes  to “00”. When this sensor is disconnected the pressure continues  to rise past the computer set maximum. The pressure rises very fast and may rise enough to burst the BG 1000E even with the torch running.

3. A liquid level sensor, which is three probes put down into the solution. They seem to be simple copper rods, which form some sort of on/off switch. Examination of the LED’s on the front panel indicate that they are arranged in three group. So I expect that as each probe (three different lengths) touches the solution, the appropriate group of LED’s light up. I note that the liquid level is supposed to be about even with the hoses coming in from the cells; highest level about 2,5 inches off the bottom   of the liquid-vapor separator, lowest level about ¾ inch off the bottom of the liquid-vapor separator. Disconnecting this sensor does not immediately shut off machine, the panel of Led’s does go out.

Note that in our testing of this BG 1000E, we found one LED to be “blown” and the three probes of the liquid level probe to all be shorted to each other; thus I assume the liquid level   probes to not be working as originally designed or intended. At the moment, when the liquid level goes to below the bottom probe, all but two of the LED’s go out, and the “low water” light comes on (which is good). 

Note: we operated the machine with the liquid level 2 inches higher than the highest set point with absolutely no problem.

4. A current sensor, which seems to be a calibrated resistance on one of the Dc leads coming out of the full wave bridge rectifier. The wires to it from the electronics are yellow and blue.

5. A voltage source, which seem to be the blue wire (same one from the DC amps) and a red  wire going to the other DC side of the full wave bridge rectifier.

                           Operating notes

1. The BG 1000E makes significant   noise during operation, 

mostly from the fan; it is so loud that we can’t even hear the noise of the transformer. The problem is noise pollution, making normal conversation difficult and making stress. The noise also covers the sound of the gas hissing out of the torch tip, which I use on my generator to know if I’ve got a “just right” torch adjustment to prevent backfire during lighting the flame (my generator operates nearly silently). With the BG 1000E, lighting the torch is a guessing game, though I will admit I never had a backfire lighting the torch. Which was surprising, because the gas pressure was so low (due to the electronics problem), the torch must have been on the verge of backfiring at any time.

2.    To check the main water level, you start the BG1000E  by pushing  the green button (make sure that you’re on at least a 30 amp breaker). You can have the power turned on to the electronics and not have the power turned on to the generator. The power to the generator  is only turned on when you push the start button on the control panel. While the BG 1000E is in this stand-by mode, yyou can realise any residual gas pressure by opening your torch valve; and check your liquid level.

If all the LED’s are lit up, you may have too much water in the generator, if you drain some out (save it to put back in when you’ve used up some water) and be careful, the solution you drain out is caustic, it will burn your skin and eyes if you spill it on  you (use safety equipment to protect skin, eyes and clothes). Have vinegar and fresh water available to clean  up spills. By the way, we find the water (electrolyte solution) drain (in fact all the drains) to be inconvenient, as they are just plugs on the ends of pipes; this is messy and causes solution to get on your hands.

Note: if you look down water fill tube in the back-arresting tower, you’ll see liquid at the bottom. If you fill ‘til the water you are pouring in just touches the end of the water fill tube you’ll not have too much water in the main generator, You’ll have too much according to the electronics, but I’ve found no problem with an even higher liquid level.

Note: The water in the back-fire arrester is filled separately from the main generator. You can also use the modifier tank  as a second backfire arrester, just by putting   water in it instead of some other fluid.

3. After you have a proper level of liquid in all three places (back fire arrester, modifier (if used) and main generator) You shut off your torch valve, so you’d have no gas leaks and you set your control panel. The control panel will automatically choose it’s maximum settings if you don’t set anything and just press start  to start the gas production. I personally can see no reason why anyone would want to set the machine to less than it’s maximums, since it automatically regulates itself  to the actual gas volume you’re using any way.

If you want some other setting than the generator maximums, the control panel   has to be set every time you turn the machine on, the electronics have no memory. This a bit of inconvenience because you tend to shut the machine off instead of letting it set in “stand-by”  mode because the fan is so loud. Besides, it is just good practice to shut off generators when they are not in use.

Note: my generator design can be used  at any volume or pressure as well, much easier than setting electronics each time. There are two parameters to set on the control panel; the maximum desired operating pressure and gas production, If you just push start, the computer will assume you want the maximum  values of 1,000 liters per hour and 0,5 Mp. You push “P” to tell the computer  that you’re wanting to set the maximum operating pressure. The computer will ignore any setting above it’s maximum of 0,6 Mp (which is about 90 psi). So to set 0,5 Mp (about 75 psi) you’ll push “P”, then “0” and “5”, then “enter”  (Actual maximum at this time is 0,06 Mp). You push “GP” to tell the computer that you’re wanting to set the maximum operating gas production. The computer will ignore any setting above it’s maximum of 1,000 L/h (liter per hour). So to set 1,000 L/h you’ll push “GP” then “1”, “0”, “0”, then “enter”.

4. Then press start to actually start the gas production. Watch the pressure rise, if the pressure doesn’t rise quickly, within a few  seconds, then  shut off  the machine and check all your hose connections for a leak.

 If you want some other setting than the generator maximums, the control panel has to be set every time you turn the machine on, the electronic shave no memory. This a bit of inconvenience because you tend to shut  the machine off instead of letting  it set in “stand-by”  mode because the fan is so loud. Besides, it is just good practice   to shut off generators when  they are not in use. As the pressure is rising, you’ll see the voltage and amperage readouts fluctuating as the computer keeps the gas production within the parameters you’ve set. I think the gas production is inferred from the amperage and voltage (I see no gas metering device), so it’s possible that the actual gas production could be different  that the readout says. When the generator operating pressure is reached, you’ll note the amperage  drop off quickly and  the voltage  to drop off more slowly. This  is the electronics  cutting off the power to the main transformer, using the SCR as a switch.

5. Light the torch as you would a normal oxy/acet. Torch; except that you hold the striker very close to the torch tip or the gas won’t want to light. If you have too much gas volume, it also won’t want to  light. If you have too little gas volume, it will backfire.

                         Testing data

1.I found the flame characteristics to be identical to my generator gas.

        3.  Preliminary testing of total wattage efficiency showed close to 5 watt hours to a liter of gas. This is total machine power draw  to make a liter of gas; includes the fan and computer  power as well as the  transformer and diode losses. These kind of losses are fully explained in this book as are the reasons I choose to have a generator design that doesn’t have a transformer. We put a 100 amp watt meter (Kh=7,2) in line, to measure  the watts drawn from the wall. We first measured the “stand-by” wattage, used by the fan and electronics with no gas production. It took 145 seconds  to make one revolution of the watt-meter wheel. So (7,2*1*3600)/145=178 watts Stand-by power. Very efficient fan! The wall power available is normal 240 VAC  and the generator was pulsing about once a second, drawing up to 36AAC then settling down to a steady 30 AAC ‘til the computer shut off the SCR. This made the watt-meter move fast, then nearly stop and it was difficult (but not impossible) to get an accurate reading. To measure total machine efficiency, we used our regular technique  of filling a 4,082 liter plastic container with the gas; displacing  the water out of it. With the BG 1000E set at 1,000 Liters per hour, we filled the container with  gas in 16,2 seconds. We used 280 marks of the watt-meter wheel to do this (2,8 revolutions of the watt-meter  wheel). We did this several times and ware  very close each time.. (7,2*2,8*3600)/16,2=4480 watts. 4,082/16,=0,2519 L/sec. 0,25*3600=906,84 Liters per hour. So 4480/906,84=4,9 watt-hours per liter of gas. We are now experiencing a shut-down problem in the machine (started during testing yesterday), and it’s  getting worse. The generator will only run a few minutes (Initial  shut-off happened after about an hour of continuous use) and then it shuts itself off by turning off the main relay; which as I understand it, it isn’t supposed to do until the red shut-off button is pushed. All computer controlled shut-downs are only supposed to turn off the SCR (generator itself) leaving the computer and fan running. The shut down gets progressively worse as you continue to try to operate the machine, first shutting down after fifteen minutes of operation, then (after immediate start-up) shut down after one minute. Combine this problem with the water light coming on when you first  start up the generator and I suspect that the main computer PID chip is malfunctioning; perhaps heating up and causing the shut-down condition. To test the BG 1000E at a lesser amperage and with capacitive limiting, we  installed 40 of 4 uF @ 440 VAC capacitors in series  with the main transformer. We disconnected  the main relay fro the computer’s control and turn it on with our own switch. We left the fan in the circuit, to cool the  transformer and the diodes. This allows us to test the BG 1000E in a steady state condition; allowing more precise measurements. This test allowed 8 amps AC @ 235 VAC into the transformer, which allowed  about 52 amps DC through  the generator @ 24,2 VDC. We filled our 4,083 Liter container in 35,3 seconds. It took 14,4 seconds to make one turn of the watt-meter wheel. This works out to about 106% gas. Wattage efficiency=4,322 Wh/L. The next test to remove the capacitive amperage limiting and run the generator in a “steady state” at full power. We drew 35 AAC @ 230 VAC from the wall and had 203 ADC @ 26,4 VDC across the generator. We filled a 4,083 liter container in 8 seconds and it took  29,4 seconds to turn the watt-meter wheel ten revolutions. The generator Faraday efficiency was 120%. Wattage efficiency was 4,798 Wh/L. The generator pressure kept building as the gas production increased as the generator slowly “ran away”; using more amps as the cells heated up, and heating up the cells faster as the amperage increased. The BG 1000E uses a calibrated resistance to form a current sensing device, which causes the computer to shut down the amperage to the generator (by shutting off the SCR) if the amperage exceeds about 180 ADC..

       NOTE: The pressure on the BG 1000E read at 0,5 MP and an actual pressure gauge (we tried two) read at 8 psi. Since a MP is about 145 psi, there is a serious problem with the pressure coming out of the BG 1000E. The pressure is too low; I don’t know why it didn’t backfire as we were using the torch. Testing the torch with BG allowed us to cut and weld cast iron (with oxygen added), vaporize tungsten and weld copper; also did brazing on iron. Adding gasoline as a modifier (1/2 quart) allowed us to weld iron, but only when we added oxygen to the flame. We used the same torch tips and duplicated all the above feats with normal oxy./acet. Neither torch was able to weld stainless steel, aluminum or weld different metals together.

                                   Conclusion

My own generator designs are fully documented and we give enthusiastic technical support to anyone using a generator.

We can already run normal internal combustion engines with Brown’s Gas assist, reducing the actual cost of operation while making the engine last longer. It is absolutely valid to use  the heat generated by the IC engine to heat the home and to use the IC engine to run a generator. The electricity generated can run the Brown’s Gas generator, refrigeration systems, charge batteries  and power the home. In my opinion, purifying  water should primarily be done with direct solar power but can be done with distillation. This type of home power system (based  on an IC engine, usually diesel) has been proven many times and is very practical. The only major difference is that we are partially burning water instead of only petro- chemicals. In  addition to powering a home; we can help all automobiles this way, either as direct conversion (adding Brown’s Gas to gasoline), or by using electric autos charged by BG driven generators, or quite a few other option. I wish to freely support you in your attempt to implement BG technology, as I support anyone who is willing to try. I feel that a world-wide grass-roots development may be the way to get this technology implemented. At the very least, public distribution of practical information will make a huge difference.
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