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Carnot’s Theorem is the mathematical equation describing the classically theoretical maximum efficiency of a heat engine by its highest and lowest absolute temperatures,


(c = (Thigh – Tlow) / Thigh.






(1)

Carnot’s Theorem (hereafter just referred to as Carnot) is a subset of the Second Law of Thermodynamics (hereafter called the 2LT).

The First Law of Thermodynamics is the law of the conservation of energy.

The 2LT is not as simple to describe and is much more difficult to comprehend.  In its simplest description, the 2LT is defined as,

“Heat spontaneously flows from high temperature to low temperature, but not from low temperature to high temperature.”

In a more rigorous definition, it is,

“In an isolated energy system, the entropy will remain the same or increase.”

Mathematically, this is represented as,
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where S is entropy.  Entropy is a measure of randomness, and, specifically in thermodynamics, is defined as heat divided by absolute temperature,


S = Q/T,
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where Q is the symbol for heat.  Heat, as Q, a transferred energy, is sometimes distinguished from sensible heat or heat capacity, which is thermal energy contained in a mass that is not necessarily in transition.  Heat, as typically described in thermodynamics, is thermal energy that is transferred.  

Descriptions of the state of a mass that define its state are called state variables.  The state variables are temperature, pressure, volume, enthalpy, entropy, and internal energy.  Enthalpy is one measure of heat, including the thermal effects of expansion and compression on the mass being defined by it.  Specifically, enthalpy, H, is defined as,


H = U + PV,
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where U is internal energy.  When kinetic, chemical, and potential energy are zero, U solely represents thermal energy.

Thermal energy and heat are understood by the Kinetic Theory of Heat, KTH.  This is what underlies the 2LT and Carnot.  The KTH describes heat as the random motion of the particles that compose a mass, meaning atoms or molecules.  The kinetic energy, KE, of vibrating or moving particles can be transferred from one particle to another via elastic collisions, meaning that the total KE and momentum of the particles are conserved in each collision.  The KE is conserved, meaning it is not converted into another form of energy.  KE is conserved without conserving its direction, other than determined by total momentum, which is directional.  This means two particles after a collision can have very different KEs, just so long as they add up to the same numeric value as prior to the collision and the sum of the momentums are the same as before.  Billiard ball behavior demonstrates how different speeds and directions are possible, but not any speeds and directions are possible.  Colliding microscopic particles will approach and separate with randomly different trajectories, unlike billiard balls.  Billiard balls are spherical, and the approach and contact angles determine the resulting directions.  With atoms and molecules, contact angles are not definable due to complex “surface” shapes, and thus approach angles do not correlate to separation angles, so virtually all individual directions are possible along with a great range of speeds.  

These colliding particles have a range of KEs that are governed by statistical mechanics.  The average KE of a mass of particles, when in an equilibrium state, defines its temperature,


KEavg = (3/2)kT,
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where k is the Boltzmann constant, a fundamental relationship within statistical mechanics.  Temperature is a macroscopic phenomenon.  Individual particles do not have temperature.  Heat is a perpetual form of energy; it does not necessarily degrade as time goes on, just like electrons orbit a nucleus without slowing down.

The 2LT and Carnot, as defined above, are based upon the statistically random nature of collisions described by the KTH.  

When thermodynamic processes are not governed by Boltzmann statistics, the randomness described by the KTH, the 2LT and Carnot do not apply.  This is just a direct consequence of logic, that a conclusion can only flow from its premises.  The KTH is a necessary premise of the conclusions of the 2LT and Carnot.  When a premise is limited, a conclusion dependent upon it is necessarily limited also.  The limitation of the KTH is that particle collisions transferring thermal energy must be random.

It is not a contradiction to say some thermodynamic processes are not governed by Boltzmann statistics.  Even within classical thermodynamics, some particle collisions are not random; those conditions involve a transfer of energy called work, W.  There is a net KE in one direction.  The random components of the particle motions remain Q while the directional component is separated as W.  This is how a mechanical heat engine generates work, in its most fundamental process.  A similar ordering of random thermal energy occurs in electrical engines, such as thermoelectric generators and thermionic generators by rectification.  Though W is generated from Q, and W has no entropy, and thus the conversion of Q into W is a negentropic energy transition, the overall engine operation as an isolated energy system still has a net S increase, or under reversible conditions for some cycles like the Carnot, Stirling, and Ericsson cycles (see diagrams below), (Snet = 0 for the isolated energy system (not just for the working fluid, for which S is a state variable and S must return to its starting state in a cycle).  In all three of these Carnot-limited cycles that conform to Equation 1, compression W is consumed that forces those cycles to conform to Carnot.  So far, Carnot and the 2LT are still valid, and the assumed universality of those laws remain unchallenged.  

The following pressure-volume plots for several engine cycles have temperature isoclines  drawn in, showing contours of constant temperature according to the Ideal Gas Law,


PV = nRT,
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Where n is the number of moles of gas, and R is the gas constant.
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Cycle points are shown as circles.  The solid area is the net work generated through one cycle.  The size of the area only indicates energy per cycle, which at a given displacement and speed, the area indicates relative power.  Efficiency has no correlation to the size and shape of the plots.  All engine cycle plots in this paper have the same maximum and minimum temperatures.  All isoclines have the same increment between them, so the Carnot efficiency from these high and low temperatures, according to Equation 1, is,


(c = (5 – 3) / 5 = 40%.
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For additional comparison, the Otto and Diesel cycles are shown, since they are so common.  The Otto cycle represents the spark ignition internal combustion engine so often just referred to as the gasoline engine.  The Otto and Diesel cycles operate over a much wider temperature range than shown, but what are shown compare with the other cycles over the same temperature range for a Carnot efficiency of 40%.  The Carnot efficiency for actual Otto cycles are in the range of 90%; of course, they do not even come close to this, because much heat is transferred directly to the cylinder walls at the time of combustion so peak temperatures and pressures are not at all close to the theoretical values.
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This is where conventional understanding stops and classical thermodynamics ends.  Carnot and the 2LT are not universal (applying everywhere in the Universe) and absolute (always manifesting despite circumstances).  The 2LT has never been proven to be universal, and no “law” is absolute.  Even gravity is not absolute or else everything would agglomerate and nothing would separate; obviously other laws contribute to the outcome of a particular situation, and the same is true for any other law, including the 2LT.  The historically long-standing claim of universality is not based upon any principle that establishes universality.  It is only assumed from a point of sophisticated ignorance that it has to be universal.  See the author’s referenced paper for a deeper treatment of this subject.
  Likewise, the intellectual argument that established Carnot’s Theorem is based upon imperfect logic.  An in-depth analysis of the flaws and limitations of Carnot is available.

Instead of just picking Carnot and the 2LT apart, there are very good reasons in favor of higher efficiencies and spontaneous isolated energy system entropy decreases.

When thermodynamics was a fledgling branch of physics, James Clerk Maxwell was asked to comment upon the compendium of knowledge in thermodynamics at that time.  He concurred with what was written, with one exception: he doubted the universality of the 2LT.  That exception was voiced as a thought experiment that became known as “Maxwell’s Demon.”  Maxwell saw the 2LT as non-universal and gave this hypothetical example to show a limitation of the 2LT.  A sealed chamber of gas is divided into two sub-volumes by an intervening wall with a door in it.  That door is microscopic in size and is massless and frictionless so that its operation requires no work.  It is operated by an intelligent being having super-human capabilities of presence in space and time so as to recognize fast and slow moving gas atoms or molecules and to operate the door to sort them.  Fast ones would be allowed to pass through the door from one side to the other, but slow ones would be deflected by the closed door.  On the other side, slow ones would be passed and fast ones retained.  By the KTH, this sorting would result in a hot zone and a cold zone established without the input of energy to achieve it, in essence having been established as if it were a spontaneous separation of heat.

This thought experiment has been rejected by scientists and engineers for over 100 years as being false.  Despite large-scale rejection of the concept, it has not been debunked.  The counter arguments are weak.

Wayne Proell re-analyzed the constant volume process with displacement and regeneration, such as what is used in Stirling cycle engines (See diagram, below.), and found that despite overall constant volume for the process, there are localized regions of compression and expansion, transferring pressure-volume work within the isolated energy system.  Regeneration transfers heat to and from the regenerator at a gas’ heat capacity at constant pressure, a larger value than the classically accepted heat capacity at constant volume.
  The implications of this are immense, as the non-homogeneous constant volume process creates an “uphill” heat flow without the input of energy according to Carnot, creating a macroscopic Maxwell’s Demon.  Under reversible conditions (the ability to reverse the direction of a process without any losses or characteristic differences other than process reversal), a constant volume displacement consumes no work, as displacer friction is zero and there is no differential pressure across the displacer.  Therefore, all that is left in this isolated energy system is the transfer of energy between the gas portions and the regenerator.  Just like Maxwell’s Demon, the process is not spontaneous on its own, but becomes spontaneous with a perturbation from the outside.  Gas atoms or molecules are “sorted” en-masse by the transfer of thermal energy from a cold zone to a hot zone.

The work transferred is due to the constant volume constraint.  When a gas is displaced through a regenerator from hot side to cold side, it is cooled as it goes through the regenerator.  When it cools, its volume decreases; this is compression!  Work is consumed and dissipated as heat in the regenerator.  That work must be compensated by expansion in the zones outside the regenerator, and that, too, is work.  Heat at one temperature is transferred via work to heat at another temperature, and this happens elastically according to the KTH, thus requiring no additional energy to accomplish.  This spontaneous transfer of heat via work and the heat transfer inside the regenerator at heat capacity at constant pressure in the non-homogeneous constant volume process is called the “Proell effect.”  When this occurs from low temperature to high temperature, it constitutes a macroscopic Maxwell’s Demon.  
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The Stirling cycle does not exhibit a net Proell effect in one cycle because it has two constant volume processes that are equal and opposite.  The two processes null out; the energy flows are equal and opposite.  The Stirling cycle is the only common heat engine cycle to use a constant volume process, so the classical analysis of constant volume, though incorrect, has remained because there is no experimental evidence from overall cycle performance to indicate it.

The author spoke to Wayne Proell.  Proell told the author that experimental evidence for his analysis had not been obtained.  The author decided to do the experiments to verify the new analysis, obtained positive results, and published those results.
  That article is attached for immediate reference.  

Applications of the Proell effect have been identified and a family of engine cycles have been patented, called the Superclassical cycles and the patent is also is attached, US #6,698,200 B1.
  The primary Superclassical cycle is shown below.  The result of applying the re-analyzed non-homogeneous constant volume process with displacement and regeneration to heat engine cycles is that a low-temperature, internal heat sink is created that allows some or all of the waste heat of an engine to be recycled to the highest temperature of that engine without a cost to the engine’s work output under reversible conditions.
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This is possible because the statistically random particle collisions that are the basis of Carnot and the 2LT are not random in the thermally non-homogeneous constant volume process!  Thermal energy can be transferred from one T to another via W as an intermediate form of energy.  This is what happens in the constant volume process with displacement and regeneration.  When Q is transferred through W to Q at a higher T, a low T heat sink and a high T heat source are created.  The work generated and the work absorbed in this process occur only as a result of displacing gas across a regenerator so as to change its temperature.  The only actual W input in this engine process is because of fluid drag and the friction from moving engine parts to accomplish the displacement.

The 2LT does not apply when heat can transfer elastically across greater distances between particles than allowed for single particle pair collisions according to Boltzmann statistics.  The randomness of the collisions that is behind the 2LT is not present in the non-homogeneous constant volume process with displacement and regeneration.  The transferred energy, pressure-volume work, is ordered motion.  The details of classical thermodynamics uphold this analysis and are consistent with this conclusion; those details are shown in the previously cited paper.

There is another way to exceed the limits of Carnot.  Gibbs free energy (this has nothing to do with the field of alternative energy) can be used to circumvent the 2LT.  Gibbs free energy is defined as,


(G = (H – T(S,
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where (G is the change in the Gibbs free energy, (H is the change in the enthalpy, and (S is the change in the entropy.  (G defines spontaneity.  A negative value indicates a process is spontaneous, and a positive value indicates it is non-spontaneous.  Since (H is a type of heat and T(S is heat, and both values have engineering units of energy, (G has units of energy.

There is a big distinction between (G and (H, the primary indicator of energy flows in a traditional heat engine.  Traditional engine processes controlled by (H energy flows transfer energy by statistical energy distributions, which are functions of absolute temperature.  Spontaneity in a classically operated engine is inadvertently determined by (H of the expansion process being larger than the (H of the compression process.  (As stated before, (G determines spontaneity.)  Statistical energy distributions do not apply to (G processes.  Every particle undergoing transformation in a (G process has the same energy transition; there is no statistical proportioning!  G, like H, is also a function of absolute T, but this is not as limiting as with H.  All it takes to switch a non-spontaneous process to a spontaneous one is to shift the (G from positive to negative.  Shifting (G is often just a matter of manipulating T or S slightly.  It does not matter what the magnitude of (G is; (H will be the same as (G is shifted either way across zero, and (H can be large when (G is near zero.  Likewise, (H remains the same when (G switches between positive and negative!  This creates unexpected heat flows relative to normal thinking according to the 2LT.  Heat can be moved advantageously without expending energy on the system in accordance with Carnot and the 2LT.  As before, sidestep the statistically proportioned thermal energy transfer processes.  Processes will not be cited as examples until the author’s intellectual property on this subject is protected by a patent application.  

Batteries are (G-driven.  Electroplating of metals is (G-driven; no current flows unless a minimum voltage is applied (where the number of electrons transferred corresponds to the number of atoms transferred in the process), and applying more voltage than the minimum is only used to overcome circuit resistance.  Statistical proportioning is not present, and this can be seen.  These (G processes so common in chemistry and chemical engineering can be applied to heat engine processes to convert heat into work; here is the biggest hint for seekers.

Thermoelectric generators, TEGs, do exactly that; they convert heat into work.  TEGs are only Carnot-limited because the only way it is known to make them is with reversed-biased junctions along with the forward-biased junctions, dumping heat as waste energy that once was electricity.  It is stated again for importance: the Q dumped by reversed-biased junctions in a TEG was electricity!  

Electricity is being generated at 100% conversion in the high-T, forward-biased junctions, and it is being wasted by configurational necessity, not by some universal law!  Does compressor loss in a turbine-operated Brayton cycle jet engine that is configurationally unavoidable mean turbine-operated heat engines are universally precluded from reaching Carnot efficiency?  No!  Replace gas compression with vapor condensation, and the pressurizing step becomes far less costly to the cycle’s work; the Rankine cycle outperforms the Brayton cycle for given maximum and minimum Ts for efficiency and power, making the point that unavoidable configurational limitations do not imply a universal limitation!  The Rankine cycle approaches the Carnot cycle efficiency, while the Brayton cycle falls far short of it.  Not even the argument that the Rankine cycle uses vapors for working fluids versus gases for the Brayton cycle is an explanation for the differences in efficiency, because gases are used in the Stirling and Ericsson cycles, and they achieve Carnot efficiency (Carnot-matching) under reversible conditions.  The author is just pointing out by example how scientists and engineers ex-trapolate circumstantial TEG limitations to universal limitations; this is voodoo science!
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The Rankine cycle is shown without temperature isoclines because this cycle operates far from the Ideal Gas range like the others, in the liquid and vapor regions.  It has different isoclines that the author did not take the time to calculate and draw.  The same maximum pressure and volume scales of the Carnot cycle apply, and the Rankine cycle has the same maximum and minimum temperatures as the other cycles.  Note how large the area is for one cycle; this indicates the tremendous power of the Rankine cycle, largely known as a steam engine.

By the Seebeck effect, the higher-T, forward-biased junctions have a larger voltage than the lower-T, reversed-biased junctions.  The higher voltages are offset by subtraction of the lower voltages, producing a lower net output voltage.  The Seebeck voltage of a junction is proportional to its absolute T, and combination of the forward and reversed voltages creates Carnot limitation.  

By the Peltier effect, heat is completely transformed into work and vise-versa.
  The forward junctions generate electricity from heat and the reversed junctions consume electricity and reject heat.  Those junctions are physically separate and the transduction phenomena are distinct.  Heat is being converted completely into work in the forward junctions!  Unfortunately, those junctions do not exist by themselves and must be buffered by the reversed-biased junctions as far as we know.  Nature is telling us there is a way to completely convert Q into W.  Can we unlock it from its present form that calls for wasted heat according to Carnot?  Joseph Yater thinks so.  In the aforementioned article, Yater’s concept is described where each junction, quantum well diodes as he calls them, can be used to exceed Carnot by transforming EM radiation input energy into electricity before the absorbing electrons in the quantum well diodes can be thermalized.  Thermalization only occurs in the reversed-biased, low-T diodes where Q is rejected.  Thermal processes are not used in the hot side diodes, so once again Carnot is circumvented by not playing KTH statistical distribution games.

In summation, Carnot’s Theorem and the Second Law of Thermodynamics are based upon the statistically random nature of the motion of atoms and molecules composing matter, what we call heat.  Any process that converts heat into work by a non-statistically controlled method can be used to create a device that is not limited by Carnot and the 2LT.  Perpetual motion machines of the second kind are possible.

In order to accept this conclusion, the Scientific Community must let go of the belief that the 2LT is universal in scope and absolute in manifestation, and let go of the belief that energy must degrade, that it cannot transform through various forms again and again.  Yes, these well-adhered-to concepts are only beliefs; they are not scientific facts.  Science is guilty of incorporating belief systems (philosophy) into science.  The Scientific Method was developed to keep these two areas distinct, as philosophies are supported by our human realities, which are well-known to be faulty.  There is no room for opinion in science, and a belief is only an opinion.  Physical science is based upon facts.  Let’s stick to the facts!

� Kenneth M. Rauen, “The Psychology of Science and the Second Law of Thermodynamics,” Infinite Energy, Volume 10, Issue 55, 2004, pp. 29-36


� Kenneth M. Rauen, “Carnot is not Universally True; An Argument That Higher Engine Efficiencies is Possible,” Infinite Energy, Volume 5, Issue 29, 2000, pp. 47-48.


� Wayne Proell, The Thermodynamic Theory and Engineering Design of Supercarnot Heat Engines, Cloud Hill Press, Las Vegas, NM, 1984, pp.131-142.


� Kenneth M. Rauen, “The Proell Effect: A Macroscopic Maxwell’s Demon,” Infinite Energy, Volume 9, Issue 52, pp. 20-32.


� US patent 6,698,200 B1, Kenneth M. Rauen, Inventor.


� Kenneth M. Rauen, “The Proell Effect: A Macroscopic Maxwell’s Demon,” Infinite Energy, Volume 9, Issue 52, pp. 20-32.


� Kenneth M. Rauen, “Unity Solid State Heat Engines,” Infinite Energy, Volume 5, Issue 26, 1999, pp. 17-19, 27.





