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Historically, the drag race engine has utilized a supercharger based on the 71 series GMC blower. For 50 years, the standard 6-71 units have evolved to extended units produced entirely by the race industry. Contrary to the usual ingenuity that is the racer trademark, the improvements have been slow, amounting to an evolution not a revolution; nothing truly new in 50 years! The reason for the slow improvements is that the roots blower is inherently inappropriate for the higher discharge pressures and other changes present in more modern drag racing. 

No other race discipline has ever selected roots type supercharging. The reason for this is that it's the lowest efficiency blower available. To the professional engineer it would be the last resort. Laboratory condition testing shows roots units delivering 50% efficiency. That's at best laboratory condition; race units probably don't do that well. 

This drop in actual efficiency from ideal laboratory conditions is apparent from an examination of current top fuel engine performance.  Tuners run approximately 28% overdrive, maybe 33% maximum. When they try to go more, they slow down. This indicates that the efficiency of the blower is less than the engine.  As a good Otto Cycle engine runs at 37% adiabatic efficiency, we can conclude the blower is declining from about 45% on down to that of the engine. 

This is not a criticism of the roots blower per se.  The GMC blower was designed to run at about 4000 rpm, making approximately 7-lbs. pressure. It was not designed to pressurize the engine; just to purge it of spent gases. It displaces 411 cu. in. on a 426 cu. in. engine. Turning at twice crank speed produces only the boost created by the timing and resistance of the ports.  Used for its original application, it was a good choice. Now, stretched to 19" and turned to 10,000 rpm, it is asked to run way outside of its' design envelope. 

This inefficiency indirectly causes the manifold explosions.  I met with Keith Black a year or so before his death and discussed this problem.  KB told me that he had recorded 500-degree manifold temperatures. We can't say how much heat the fuel takes out; we can estimate the heat generated by air compression. 
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If the standard 15" rotor displaces 411 cu. in., then the 19" blower should displace 520 cu in.  A tight GMC blower may have 90% mechanical efficiency, although 85% is more likely.  Even using the higher mechanical efficiency percentage, at 7800 engine rpm and 30% overdrive, one gets a theoretical flow of 3000 CFM (while the more realistic 85% provides less)

An engine of 500 cu in turning 7800 rpm with 95% efficiency flows 1060 cfm. Therefore, a density ratio of 2.8 should be assumed.  If it was a perfect world and everything was free, we would have a manifold pressure of 22 psig. It's not a perfect world though. One rule of thumb is that 100 degrees F of temperature rise is equal to 5 psig of added pressure. If we have 400-degree temperature rise, the manifold pressure will be approximately 40 psig, a number that appears to reflect the experience of some.

From the above information, we can determine the adiabatic efficiency of the blower. The only variable is the latent heat removed by the fuel. 40 psig is a pressure ratio of 3.6.  While 100% adiabatic efficiency is unachievable perpetual motion, it is the high watermark sought to be achieved.  Pr 3.6 at 100% would have a temperature rise of 231 degrees F.   At 50%, it will be 462 degrees F.; at 40%, the rise will be 579 degrees F.   If the fuel absorbs 100 degrees and the inlet air is 70 degrees, manifold temperature would read 432 degrees F @ 50%.  Unless you want to be bored with the calculus, you'll have to trust my answers.  In any event, the estimate of temperature is close and supported by experience, although we cannot know how much latent heat is evaporated.

NOTE:  Recently I have been given information from a reliable source that manifold temperatures read around 200 f. this would indicate that the fuel absorbs 300 degrees. (I intend to find out if this is possible) It is also a wet bulb reading. If this is true then the explosion problem may be just a small area, which occasionally is passed without being mixed with fuel. Conversely, a small amount of fuel may take on to much heat. We know that full homogenization of any inlet mixture has been a challenge for engine builders since the start of time. All of these things must be investigated if the problem is to be solved. Continuing to strike off in the dark is totally unprofessional. 
Drag engines are operating with a plenum full of atomized fuel, compressed to 35-40 psi and the temperature is approaching the flash point. This is a hand grenade. What pulls the pin are the variables. Obviously, they reach the critical point often. There is an old myth that an intake valve hangs up and lights off the manifold. With the springs they run, a valve would rather give up its tip than stick in a guide. The problem is not a valve, it's chemistry. 

Drag engines are working without any safety factor. The difference between a winning round and a blower explosion is a minute amount of fuel mixture and/or temperature. What is needed is lower temperature. Significant improvement in this variable can be achieved.

I have done the preliminary engineering for an axial flow supercharger to replace the roots unit.  Units I have created for different applications have demonstrated in bench tests an adiabatic efficiency of 85%, far superior to the 50% or less demonstrated by the roots blower. Textbooks normally quote attainable axial flow efficiencies in the 85% plus range, but sophisticated high end uses such as jet engines are achieving 95% plus today. The superior efficiency of the axial flow supercharger has also been demonstrated in independent test results as well as by mathematical theory.

 Actual performance superiority of a supercharger I developed for automobile uses can be seen in the enclosed graph from AirFlow Research done for Car Craft magazine.   In this test, my axial flow supercharger was compared with three roots blowers from different manufacturers.  All competitors were required to adjust drive ratios so as not to exceed 7-psi manifold pressure. As can be seen in the attached graph, the axial flow supercharger doubled the amount of  horsepower increase of the closest competitor. This was done by flowing more mass with the specified pressure. Since there was less heat rise, it flowed more mass.  Additionally less power was used to drive the compressor. These benefits are even more dramatic as the pressure ratio goes up. 

Suppose drag racing utilized a compressor with an 85% adiabatic efficiency. Engines would have a 245-degree temp rise. Fully 200 degrees less than seen by the roots blower. There is your safety factor.  Engines would not need to use 35-40 psig, because the axial flow supercharger delivers the same mass with 23-27 psi. as shown in the following equations: 

CFM x man press abs x amb temp R x .072

    29.92 x man temp R

= Lbs. air per minute  

1060 CFM x 104 x 530 x .072

       29.92 x 962

=157 lbs./min

1060 x 82 x 530 x .072

      29.92 x 705

=156 lbs./min

With the presupposed temperature reduction, 26-psi at 705 R has the same mass as 38 psi does at 962 R (R=degrees renkin AKA absolute).

 In addition, creating the extra heat costs horsepower.  The improved supercharger takes 250 less horsepower to drive. That power now comes out the flywheel.

Lbs. per sec x delta temp x .3395= hp to compress air

3.0x 502 x .3395 = 511 hp

3.0x 245 x .3395= 250 hp

If I give everything 100% efficiency, it still looks like this:

3.5 x 502 x .3395= 596

3.5 x 245 x .3395= 291

Of course the flow cannot be 100% and if it was I would probably need to adjust the Pr and the temp rise. I only put these numbers in because someone will give me an argument..
Add the extra gears, bearings, heavier rotors and heavier belt drive required for the roots blowers to the above.

If this sounds like a lot of power to drive one of these blowers then I have news. There is no way I can make textbook math show the power drain that has been proven in the field. More than one person has tried to perform bench tests on these units. In every case the numbers are in excess of 900 hp. One racer tried to drive an 8-71 with a 454 high performance engine only to find it would not do the job. He then built a 488 full on race type engine and it bogged down after 18 psi. This was probably a 625-hp engine. 

So how much does a 14-71 at 40-psi take? As I said 900 plus. Reliable race engine builders have told me 1000 or more. How inefficient are these blowers can only be speculated. However, I think you could blame 150 hp to the drive.

Currently I am building a supercharger for Ryan Falconer to use on his 600 cu in V-12. This is installed in a .75 scale P-51 mustang airplane, which is scheduled to race at Reno in September. This compressor is designed to produce 18-psi flowing 1800 cfm. Having a nominal diameter of six inches and 19 inches long with its internal overdrive, it weighs 25 lbs. Rotor speed at peak is 37,000 rpm, or .9 mach. It is unique in that it has rear inlet, mounts under the engine and reverse rotates.

 Pressure has no limit. There are jet engines being built today using axial flow compressors that produce 300 to 400 psi. The B-1 bomber uses the GE F- 101 engine. The F- 101 has an axial flow compressor that produces 390 psi. The details of this engine are still classified. These deliver efficiency on the order of 96%.  Drag racing cannot afford the sophistication of these applications nor is such sophistication necessary. Drag racing also encounters certain problems aircraft engines do not. 

I propose a new envelope for the instant project.  It would weigh approximately 45 lbs. having a rotor about 15 inches long with overall length of 21 inches.

I anticipate being able to run a 2.5-inch belt. The proposed supercharger contains an internal overdrive, the ratio of which will be designed so the overdrive required of the belt falls into the range currently utilized. This will keep belt speed the same and the mindset of the tuner in check. The drive will basically be the same as now.

Conversely, the manifolding will have to change completely since the roots blowers take air in the top and discharge at the bottom. Axial flow compression, as its name implies flows front to rear.  All new throttle bodies and manifolds will be required. 

With this change of manifolding comes the bonus safety factor. The axial flow supercharger is not sealed to the intake by bolting both plenums together. In the case of axial flow with rear discharge, many optional ducting configurations are available to the designer.

 Enclosed drawings show the proposed twin plenum, duct feed system. Within this design are progressive failure features for backfire protection. First, the sacrificial top plates will open up in their thin section. This should happen on one side first, maybe only.  As a secondary failure point, the hose connections are designed to release the u-bends. Lastly, if the explosion has too much speed for the prior, the plenums will fail. In no instance is it possible for a manifold explosion to launch the compressor.

 In all these instances, only lightweight components are available for flight. Obviously, the lighter the part the less energy can be carried. They cannot fly as far, nor do as much damage. If nothing else, this design will answer many questions. If explosions are caused by the hanging valve theory, an individual port will fail, or at least show point of origin. Should it be some sort of flow transfer an individual plenum will explode. If the mixture ignites due to flash point temperature, both plenums will fail together. 

Next bonus is for the parts budget. Every degree of temperature ingested is carried through the entire cycle. If the inlet is 100 degrees less, then the chamber temperature and exhaust will be 100 degrees less. (SEE ATTACHED TECH PAPER, " ANALYSIS OF ENGINE MASS FLOW ") I believe we will be 200 less. If we can do this, you may be under the thermal limit of your components. This may be enough to keep the pistons intact for the entire run!  4.5 whole seconds!!

There will be a weight reduction of about 50 lbs. In the case of funny cars, the entire set up will be under the bodywork. Dragsters will have less aerodynamic drag as well. Dragsters may be able to lower the wing and have the same downforce with less drag.

Due to the extremely complex engineering and manufacturing process of axial flow compressors, initial costs are higher. In this case, there is a trade off. Since this is a total adiabatic compressor, only the blades are working. There is no deterioration of performance. The racer should be able to run a supercharger indefinitely, baring physical damage from outside sources. Jet engines are not rebuilt after each flight. They run for thousands of hours without performance loss. In aircraft operation, performance is monitored constantly. Should there be such a loss it will ground the plane. Obviously this is unacceptable; engines must be built to maintain 100%+  performance. 

ANALYSIS OF ENGINE MASS FLOW        Theory by Richard A. Paul

11/30/00

I have long taken objection to the term "volumetric efficiency". However, it has been used so often that it is now the standard. I would suggest that the proper label be "mass flow efficiency".

This is so because an Otto cycle engine of given displacement will always flow the exact volume of its physical displacement. Our example engine for this paper will be 350 cu in., as a four cycle it will take two rotations for full displacement. This will always be 350 cu in. If the efficiency is above or below 100% it still moves 350 cu in. It may flow more or less mass by virtue of efficiency but the swept volume does not change.  

If you had a short block on the stand and rotated it 360 degrees it would pump it's exact displacement. In this case 350 cu in, no more no less. Efficiency, is not an input. 

There also exits an unswept volume. This defines the compression ratio. The unswept volume divided into the swept plus the unswept gives us this number.

swept+unswept

     unswept            =  compression ratio

Our example will use 8 to 1 or an unswept volume of 42 cu in

Since the object of my research is supercharged engines, I will turn towards that topic. In the normally aspirated engine, the unswept volume is not active. Changing the unswept volume does not change the displacement. An argument can be made for this volume when considering efficiency improvements by virtue of overlap kinetic energy. For this discussion, we are limiting ourselves to the textbook engine. Personally I have many years of race engine experience where this is the normal objective.

In all my experience, I have not seen a mathematical means of showing this without physical evidence. There exist computer programs to predict performance but they rely on input of information previously acquired by physical testing.

In the supercharged engine, the unswept volume becomes active. This is due to the effective delta pressure now created by the supercharged inlet. Note that this is not the case with the turbosupercharged engine. There, added back pressure negates the effect.

It would be easy to say that if we had a pressure ratio of 2pr  we will fill the engine with 112% more air. This is an oversimplification. For one thing, 6.5% was already there; it just was nominally inactive. Therefore, without the following equation one would add 106% more mass to the original mass.

The mass has another facet, heat. Also there exists some residual pressure in the cylinder from exhausting burnt mixture. These two inputs are components of the following calculation. My previous caveat of engine particulars are also eliminated from this example. A more efficient engine will still show its superior performance in a linear form.

A clinical analysis of mass flow could be written as follows; "choking" or "throttling" by valve and port is eliminated from the following for clarity. These are topics that relate to the previously mentioned efficiency phenomena. By considering these things constant, we eliminate the variable from our equation. Charge mass depends on the following variables:  

1. RPM                                                     N

2. Induction (manifold) temperature         Tci  K  ABS

3. Manifold pressure, in abs                     Pc      ABS

4. Back pressure                                       Pe     ABS

We will work on a single cylinder of our eight-cylinder engine. In addition, we use the textbook definition of intake and exhaust strokes. Reference Fig. 6.

Assume:

A. residual pressure in clearance space at end of exhaust stroke to be equal to back pressure Pe.

          B.  The pressure of the charge mixed with the residual EX at the bottom of   

               The intake stroke is equivalent to manifold Pc.

Start of intake stroke weight of residual EX gas in cylinder is:

                                          Pe S

                                          G Te

S= clearance volume

G= gas constant

Te= exhaust temperature  ABS

Similar equation for bottom of intake stroke:

         S                   Cr  Pc

         G                     Tx

Therefore, weight of fresh charge can be described as the delta of the above two, viz.:

                      ( S              r Pc )         -  Pe
                      G                   Tx               Te

If:  heat lost by gas = heat gained by charge we could eliminate Tx from the equation.  

                Pc S         (Te - Tx)  =  S    (  r Pc    -   Pc  )     x   (Tx - Te)   
                G Te                             G      Tx            T         

THUS:        Wc  =  rS         ( Pc-1   Pc)

                             G Tc         r

We = weight of final charge.

To show a 4-cycle engine where:   S = liters

Av  N = RPM

Wc per minute is:

       Wc =  1             r       NS     ( Pc-  1     Pe)    Lbs. Min.

               37.8 r -1            Tc                r     

Pressures are in Lbs./cu. in. ABS

Analysis of this assumption brings the realization that heat added to any inlet reduces mass flow and follows the charge through the cycle. Heat expansion and higher backpressure can compound this. That in turn gives more dilution as well as continuing the heat cycle.
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