Benchmarks

Hi Guys,

First I’d like to welcome “the Lurker”, Bob Boyce, back.  We have all missed your comments and contributions.  Glad to see you are still around and well.  You did catch what I was getting at in my last post though and you beat me to the post with the results of adding the 2 separate currents together.  Here I will be attacking this from a bit different angle to get the same results.  

I have looked at the problem starting at the power source, that is, the alternator in your car.  This is the only renewable (charging) source to run any ICE thus this is the principal limiter in a system design.  Small cars have alternators producing about 60 amps at 15 volts + or -.  Saloon cars run with about 80 amps and trucks or luxury cars 100 amps.  This gives a total watts or power available as:

15v x   60 A  =    900  watts

15v x   80 A  = 1,200  watts
15v x 100 A  = 1,500  watts
You cannot squeeze any more power out of the alternator without burning it up and this output is based on the engine RPM’s, thus at low RPM’s you are actually draining the battery to make up for the lower power produced by the alternator.  The battery is just an equalizer in the system but does require recharging.  Technically, the car’s electrical system is designed to be operated at a much less load with everything turned on, thus you only use maybe half of the watts produced for normal operations.
Now what we are trying to do is replicate the benchmark that Sir9 tested at his plugs, that is delivering 6.6 amps and 24,000 volts.  We know that this is a combined electrical system, that is, it is a AC pulse of 110v at 6.6 amps = 726 Watts PLUS the output of the HV DC from the coil of 24,000v x 0.0005A  = 12 watts EQUALS 738 WATTS of power.  This is equivalent to almost 1 horsepower or 529 foot pounds or “force per second” that is being released as energy at each plug when it fires!
A 4-stroke ICE idling at 2000 RPM fires each plug 1000 times per minute or 16.7 times per second.  We are now INPUTTING 738 Watts or about 1HP into each cylinder with each firing or 16.7 HP per cylinder per second.  Is that enough?
Also in discussions that I have had with professional electrical design engineers and with varsity professors, we have come to the conclusion that Sir9’s design must be using 110v AC to the plugs as only AC current can carry a high frequency DC spike.  You cannot mix DC-to-DC at different voltages and frequencies as they will clash and arc violently at the point of contact.  Thus half or full rectified DC is not an alternative.  Pulsed DC which is essentially AC may be possible under certain circumstances.  

Using AC as a carrier is currently seen in cases where they are using power lines to carry telecommunications signals.  You still have to jump around transformers, but that problem has been solved.  You can also use your house wiring as a TV antenna….same basic principle.

Patrick you were partially correct in your analysis of what is happening in the cylinder.  What is happening is that water vapor is being taken in on the intake stroke, compressed and heated on the compression stroke and turned to a “fog” or a more finely vaporized gas on the first part of the power stroke just prior to getting kicked by that ONE HORSE!  

At the firing of the plug, there is very little plasma dissociation of the water and any that does is almost immediately recombined as I mentioned before.  This dissociation of water occurs at about 3,000F and the spark is 5,000F-7000F at the arc zone ONLY.  Thus what we are getting is not much plasma dissociation of water but more realistically a FLASH STEAM or “EXPLODING WATER” reaction to the flash heat being pulsed through the spark arc.  
Tero has demonstrated this with his experiments noting the flash burst when the HV DC kicks in. The flash is a result of the ionization and heating of the surrounding (moist) air near the arc.  The more power (energy) supplied, the bigger the flash and louder the bang!  Thunder and lightning!
This is a physical reaction and not a chemical one.  The plasma flash is inputting the equivalent of one horse-POWER of energy into the water vapor in the cylinder only.  As this involves a highly polarize water molecule in a strong polarized electromagnetic field you will also get a flipping of polarities to realign the molecules to the lines of force and as the force is being applied in one direction (top down) a shockwave effect should occur (driving the piston down as the water vapor expands as flash steam from the energy being applied).  

This all happens in a very brief time period with what appears to be an explosive force, but as the steam expands the piston is dropping further thus creating more space within the cylinder that causes the steam to cool AND CONTRACT as the energy that has been applied is being dissipated over a larger area.
The reason the cylinder is fired after TDC is thus to better atomize the water vapor (fog) prior to hitting it with a plasma 1HP charge AND because the water vapor being charged will tend to contract as the piston drops and more space is being created.  Limit the amount of potential contraction or hit the bottom of the power stroke while you are still expanding is the trick.  Simply as the volume increases, the available power decreases, so we need more than enough power to move the piston to the bottom of the stroke before the exhaust stroke opens.  This is also why we need bigger jets in the carburetor to allow more water into the cylinder as it expands at a different rate than other fuels when energy is applied.
Now, are we producing enough power at the alternator to do this?  Yes.  15v at 100 amps yields 1500 watts and we are only using 738 watts.  But if we turn on the wipers, A/C, lights, etc. there may be a bigger drain and thus Sir9 logically installed a second battery to compensate for driving in the rain late at night.  As the batteries are in parallel they will both recharge during normal day driving.
Now also note that you can deliver 1,500 watts DC (or less) to your firing system in several other ways:


1,500 watts     = 15V     x    100A




= 100V   x      15A




= 500V   x        3A




= 1,500V x       1A




=15,000V x     0.1A




= 30,000V x   0.05A     (A car coil uses 0.0005A = 15 watts)



= 60,000V x   0.025A

Thus you can use different sized transformers to deliver the same power, however, please note that heavy DC amps require multi-strand heavy duty cables on the one side (due to heating) and high voltage lines can arc all over the place thus require proper shielding like those used in racing or high performance cars.
The reason that it is advisable to go to AC current is that AC can carry higher amps down a smaller line without overheating.  If you switch it back to DC, the DC line to the plug should be the shortest possible to prevent overheating.  The fact that Sir9 is using household wire, is another indication that he is delivering AC to the plugs and has an AC return wire to complete the circuit..
Also note that when you invert DC to AC, as the AC volts go up the available amps go down on a normal system (110v @ 6 A = 220v @ 3 A).  Inverters also control the frequency (50-60 Hz or cycles per second for AC) and that DC through the ignition coil is coming out in KILO-Hz.  Simply you cannot mix DC and DC currents direct without drastic results, BUT you can mix DC-to-AC by piggybacking.  
Creating the plasma arc should also be possible with only AC (as Willard and Jack have done), but the HV DC spike has to ride on the AC current to the top of the plug.
Piggybacking is controlled by diodes that limit the current and voltage flow to only one direction.  These are sized based on the amount of voltage and current you are passing through them.  In Sir9’s basic circuit these are in part of the relay.  These diodes, if properly wired should prevent back flow of current in to the DC circuit (in this case to the coil and points)

Almost all AC relays have a 4 diode bridge rectifier as this is required to convert the AC to DC to drive the relay coils.   In Sir9’s drawing there are 8 diodes!  And these are not hooked up as a rectifier circuit thus as drawn the circuit will not work as there is no proper DC to AC return through and D2-D4 diodes as shown below.
                                             Bridge Rectifiters
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Diodes may be a bit confusing, but they are only a one-way valve that has the + current flowing in the direction of the ‘arrow’.  Simply positive current flows from right to left in the above diagram.  Alternating current, however, moves back and forth, thus the diodes will block current flow in one direction each way, only allowing a half-wave + to pass into the DC circuit at any one time.
Tapping into which of the 4 ‘LEGS” of a bridge rectifier will determine whether you are using one or more of its diodes.  In Sir9’s case he is obviously piggybacking on the AC, but where and how?

He cannot be tapping into the positive leg diode D1/D3 for full wave DC rectification as the HV DC does not have a protecting diode and the system would blow.
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In Sir9’s drawing the lead from the distributor comes in at the top of his relay and connects to the rectified half wave positive DC lead through the contact armature at the top of the first coil.  Technically this should not work without some other components in the circuit.
Also, EVERYONE PLEASE NOTE that Sir9’s and other replications of Sir9’s drawings of the relay circuit MAY NOT BE CORRECT and the circuit as drawn may not work.  This I have confirmed by university professors and electronic experts.  The normal circuit must follow the same basic flow pattern as shown in normal bridge rectification for the relays to function (engage) but not for the AC piggybacking to occur.  

So by attaching the HV DC to the out leg of D1/D3 and with D1 connected to D3 which both block the HV from entering the inverter, the piggyback HV DC charge would clash with the 110v/6.6a half (or full) rectified DC at the point of contact.   That is, you should be blowing out diodes in the relay real quick!   Which may be what happened, that is,  Sir’s relay diodes have been blown and thus are dysfunctional and thus allow the AC current to flow through the circuit to the plugs (but also to the coil which may have internal diodes that prevent back surges). 

In an inverted system, the DC can only travel to the plug where it arcs and is then grounded through the car body back to D2/D4 which allows the ground negative current back through D2 /D4 to complete the circuit.  The HV DC grounds to the engine block but the lead back from the plug is needed in Sir9’s circuit to complete the 110v AC link because the relay was not grounded to the car.  
Tero is correct in stating that there should be no need for the relay as a series of diodes does the job, particularly on the HV DC backflow side.
Now lets look at the coils inside the relay.  The coils in the relay are normally DC activated only through a bridge rectifier. (see circuit drawings of AC relays and note the diamond shaped symbol for a bridge rectifier).  They function as a switch to open the circuit which stays open as long as the inverter is turned on. (one Click).  If the relay is working on AC current it will buzz as the latching is switched back and forth.

In Sir9’s circuit if the wiring is correct then this means that the 110v DC is constantly being supplied to the plugs, but because this voltage and the amps that it is carrying is not enough to create an arc and because it is being looped back with the plug ground wire there is no current flow until the HV charge comes along and shorts out at the plug gap.  Only then is everything released with a big banging plasma arc of 1 HP!  The problem, however, is still that the piggybacking of DC-DC should not happen without sparks flying at the relay.
Willard and Jack’s experimental findings using AC direct required 2,500 v at about 3.8 amps or 650 watts of power to initiate an AC spark. They also found that the spark could then be sustained, even if they dropped the voltage down to 650 volts at 0.12 amps (78 watts).   Tero piggybacked the HV DC from a coil onto the AC through a capacitor and got a really big bang!  Are you getting the picture now? 
To answer Willard’s question about which is better, a single powerful discharge or a sustained spark, I would recommend a quick blast versus a sustained charge that will heat up the plugs too much and because the actual discharge time in the cylinder is very short due to engine RPM’s. 
Now the problem comes of how to deliver the 6.6 AMPS.   A 400 watt inverter at 110 volts only supplies 3.6 amps.  (400/110 = 3.6)  However, an 800 watt inverter at 110 volts yields 7.3A.  You can still suck more amps through a 400w inverter than its rated capacity, however, it will heat up and that is why Sir9 is using a separate fan and cooling system around his inverter.  See?  Smart guy, hub?  That’s what tinkerers do when they run into a problem.  Better to go with a bigger inverter next time.

Not all inverters allow for high amps to flow through them as this may be determined by internal components and their loading capacities.  Read the manual first before buying as we need the amps to power this system.  You need a heavy duty inverter that can run big power tools.  OK?  Tell them you want one that can power that 1 HP impact drill you’re holding between our legs, Macho Man.
What we are looking for is an inverter that can deliver 720 watts.  This can be done by using different AC output voltages too.

110v    x   6.6a   =  720 watts      
220v    x   3.3a 

(the Minuzo Effect may happen around 150 v)
440v    x   1.65a

880v    x   0.825a

1760v  x   0.4125a

3520v  x   0.20625a

7040v  x   0.1031 a

They all arrive at the same power output.  But do note that the higher the volts the less current (amp) drain you will be placing on your system.  That affects the drain on your battery and alternator. 

Now the coils inside the relay, what do they do?  The positive DC to the top of the first coil activates the coil around the core to create an electromagnet that opens the relay switch at the top (to allow the HV DC in) and then the current flows to the next coil which opens the switch at the bottom of the second coil.  The diode shown in between the two coils makes sure current flow is only in one direction.   The positive DC rectified activates the core to open the relay switches as indicated but the current must flow through the coils to activate the ferrite cores that control the switching.    The cores can then conduct the higher amps through to the plugs.
Now, due to the fact that Sir9 indicated that he has no “noise”, that is, high frequency arcing noise on his radio or any other disturbances caused by hf arcing, this means that the coils in the relay may be acting to attenuate the HV spikes, that is, they are acting as a choke or a suppressor and a reverse suppressor that prevents the HV spikes from arcing within the relay and thus only at the plugs.  Clever boy.  
Is this necessary? No.  The HV high frequency spikes generated by a car coil are already filtered out by the car’s onboard electronic equipment, thus any additional attenuation is unnecessary.

Now how are things actually flowing through the relay?  Since there are 8 diodes in Sir9’s AC relay drawing and the normal arrangement for an AC relay is to have a 4 diode bridge rectifier in it to control the latching of the circuit, then the wiring of the circuit should be as follows:-
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Refer to Sir9’s drawing or the replication below and you will see that there is no proper rectification as the 2 leads from the AC only have one diode each and there is no return link for the other half rectification.  Secondly, the wiring to the second coil would create a reversed polarity that would ‘open’ the S2 switch thus preventing any spark at all.  With only 2 diodes connected to the AC he could only achieve half wave rectification through the coils and they might chatter or buzz or unlatch on the missing other half wave.  This does not appear to be happening, thus the drawing is most likely incorrect. 
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In fact since there are 8 diodes shown in Sir9’s drawing, these are most likely arranged as 2 bridge rectifiers and wired to run the relay as a switch, clicking on when AC is applied to one side, then switching if AC is applied to the other side contacts with the top pin being DC OUTPUT POSITIVE that could be grounded anywhere.  Sir9 just got lucky and wired it up wrong in reverse and may only be getting a half wave rectified DC current if his AC is wired with D1 and D3 diodes only and not to any D2/D4 diodes. 
I have left out the other 4 diodes in the above drawings as these as shown in Sir9’s drawing are merely directional components that limit back DC voltage to various circuits.  This includes the fact that the 110 DC half wave flowing back from the plug is also connected to the connecting armature that the high voltage from the coil is coming in on.  This could or does cause a back flow current to the coil between sparks, but since the coil is firing so rapidly with such high volts the back 110v half wave should have little time to cause any major  effect except for probable arcing within the relay.  
Also in normal 2 coil relays the coils are mounted in a ‘U’ shape with the cores connected across the bottom mounting plate.  This configuration would allow for both S1 and S2 latching.  In Sir9’s drawing the second coil would have reverse polarity and thus would not latch properly as shown.
Now it is Sir9’s relay being used as a relay?  Yes and No.  The single ‘CLICK’ when the inverter is turned on indicates that the relay’s coils are DC activated and thus open the circuit.  It is clearly not operating as an AC circuit or ‘vibrator’ as the relay is not ‘buzzing’ and would have been burned out long ago.  But the fact that the top pin has a reverse flow potential, this relay design would not be operating in a normal mode the way that it has been wired.

Then the question again arises….do you really need a relay in this circuit?  Yes and No.  What you need is a switch to turn ‘on’ the circuit to the plug that will carry both the 110v/6.6a AC and the HV DC spike when the HV spike occurs.  You do not want the 110v/6.6a current to run continuously to the plug if you can help it.  A mechanical relay most likely will not last very long with such rapid switching, thus what we will need is an electronic switch that will allow both the AC and DC to flow to the plug and a switch that would be tripped by the normal ignition timing system.   
So the simplified circuit would be an inverter with the AC out and NOT rectified and merged with the HV DC from the coil (or other source) that would be switched by an electronic component triggered by the distributor.  Now what is the electronic switch?  I already know several ways, but let’s hear from you guys on your thoughts….
Also note that this simpler design allows for only a single AC inverter on a switching bus.  You have one switch for each plug.
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Now who can guess what components are in Kramer’s Watercar Circuit?  This is what I have designed and will be testing soon in a circuit without a coil or distributor contact points and no relays….please!
I now need some more robust plugs to handle Eugene’s “fat banging sparks”.  Any better ideas on new plug designs?  Tungsten rim firing?  Multi-Head?  Grand-Arc Blasters?  Water Jacketed Cool Plugs, PlasmaStorms?  Here we go again…..

Intelligent comments welcomed. 
Tom Kramer
