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The Quasiturbine is a rotary engine which is much different than the Wankel and other similar rotary engines.  The four-blade chain-like deformable rotor provides additional degrees of freedom which permit the pressure volume (PV) function to be optimized for thermodynamic performance.  Neither piston engines nor rotary engines like the Wankel can achieve performance equal to that which can be achieved by the Quasiturbine of the equivalent size.  Many factors are involved in comparing the advantages and disadvantages of engine and designs. Since the constraints of the second law of thermodynamics apply to all heat engines, it is important to evaluate the engines in terms of the thermodynamic processes involved.   We will review the thermodynamic processes of the most popular basic cycles, Otto (Beau de Rocha) cycle and Diesel cycle.  The Carnot cycle represents the ideal heat engine cycle and will be reviewed for reference.  It should be recognized that because of physical and practical constraints, the modern Otto cycle based engines deviate significantly from the classic Otto cycle and the modern Diesel cycle based engines deviate significantly from the classic Diesel cycle.  Consequently, the efficiency achievable with the conventional engine designs are much less than would be indicated by the thermodynamic processes of the standard cycles.  The way the Quasiturbine circumvents many of the problem encountered with piston and the Wankel engines will be discussed. Also, several other advantages provided by a Quasiturbine designed for automotive applications will be addressed.

Basic Heat Engine Cycles
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Figures 1 to 4 – TS Diagrams
Carnot cycle steps:

1. An adiabatic compression from point 1 to point 2 ( - No external heat flow, but work is converted to heat energy.

2. An isothermal expansion from point 2 to point 3 - Heat added at source temperature (TS) with no change in temperature.

3. An adiabatic expansion from point 3 to point 4  ( - No external heat flow but heat energy is converted to work. 

4. An Isothermal compression from point 4 to point 1( - Heat rejected at the refrigerator temperature (TR) with no change in temperature.
Otto cycle steps:

1. An adiabatic compression from point 1 to point 2.

2. A constant volume addition of heat from point 2 to point 3 ( - Instantaneous rise in temperature.

3. An Adiabatic expansion from point 3 to point 4.

4. Constant volume heat rejection from point 4 to point 1.

Diesel cycle steps:

Same as Otto cycle except step 2 adds heat at a constant pressure. Both temperature and volume increase from point 2 to point 3.

Cycle Analysis:

PV diagrams could be drawn to illustrate the steps of the various cycles; however, the PV diagrams would offer little insight into the thermodynamic processes involved.  Temperature vs Entropy (TS) diagrams provide good insight into the thermodynamic processes and will be used to facilitate our discussion.  An adiabatic expansion or compression takes place with no heat energy added or lost.  Therefore, there is no change in entropy and the expansions/compressions are represented by vertical lines on a TS diagram.  Isothermal expansions or compressions are represented by horizontal lines on the TS diagram.  

Figures 1, 2, 3 and 4 are sketches of the various engine cycles on TS diagrams. Each of the four steps stated above are illustrated on the diagrams by the step number.  In each case, heat enters from the source during 2-3 and is rejected to the refrigerator during 4-1.  The quantity of heat added is represented by the area a23b, and that rejected by a14b.  Heat energy converted to work is represented by area 1234.  The efficiency is defined by the work divided by the heat added and is represented by ratio of area 1234 to area a23b. 

Carnot Cycle:

The efficiency of the Carnot cycle can easily be calculated by ratios of areas:

In Fig. 1, area 1234 = (T2-T1) (S3-S2); area 1a23b = T2 (S3-S3)

 

                     effC = (T2-T1) (S3-S2) / T2(S3-S2) = (T2-T1) / T2                         (1)
This is the familiar Carnot efficiency equation and represents the best efficiency that can be obtained by operating between the source temperature T1 and a refrigerator temperature T2.  All temperatures, of course, are in absolute temperature units.  For our discussions we will use Kelvin units which zero is approximately - 460 degrees F.

Otto Cycle:

Figure 2 represents the standard Otto cycle.  Points 2 and 3 are both at top dead center and occur at the same time.  As stated previously the so called Otto cycle engines in practice deviate significantly from the standard Otto cycle.  As will be illustrated, the efficiencies of the ideal Otto cycle is much better than can be achieved by the modified Otto cycles used in conventional engines. For this reason, and others such as environmental considerations, auto makers are spending considerable research money on developing engine designs that approach the efficiency of the standard Otto cycle engine.  Different auto makers have different names for their new engine design concepts for approaching the standard Otto cycle, however the improved Otto cycle engines are some form of detonation engine where the heat added takes place in the form of a faster explosion.  The detonation engine will be discussed in a latter section.  
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Figure 5 – Efficiency versus compression ratio CR
The standard Otto cycle can be calculated by: 

                                                  effO = (T2-T1) / T2                                      (2)
Equation 2 for the Otto Cycle efficiency looks the same as equation 1 for the Ideal Carnot cycle, but it’s different because the temperature limits involved are T3 and T1, not T2 and T1 as is the case for the Carnot cycle.  See Fig. 1.   As with the Carnot cycle the efficiency is represented on the TS diagram by the ratio of Area 1234 to Area a23b.   The temperature points on the TS diagram can be determined from the thermodynamics of ideal gases which is air in this case.  For air the gas constant R = 53.3; the specific heat at constant volume, Cv = 0.169 and the specific heat at constant pressure, Cp = 0.2375.  The ratio of Cp / Cv = k is used in many of the thermodynamic calculations. For air, k = 1.405.   The temperature ratios in the Otto cycle are uniquely determined by the compression ratio (CR); therefore the efficiency of the Otto cycle can be calculated for a given CR. Figure 5 is a plot of the Otto cycle efficiencies for CRs from 1-20.  CR of about 8.0 are relatively standard for engines using regular unleaded fuel.  The Otto cycle efficiency for CR = 8 is 57 percent which is much higher than can be achieved in practice for Otto cycle based engines.  The reasons of the much lower efficiency of the real engines will be discussed under the modified Otto cycle.

Diesel Cycle: 

Figure 3 represents the Diesel cycle.  For reference, the Otto cycle is shown by the dashed line.  For the example, the maximum temperature T3 for both the Diesel and Otto cycles were selected to be the same.  The efficiency of the diesel cycle is generally considered to be higher than that for the Otto cycle, but this is only true for operation between the same temperature limits.  For the same CR, the efficiency of the Otto cycle is higher than the Diesel cycle.   In practice the Diesel cycle is more efficient because higher CRs can be used.  From Fig. 3, T2 is higher for the Diesel cycle because of adiabatic compression temperature of the higher CR.  Since area a23b is greater for the diesel cycle more energy was required to raise the Diesel gas temperature T2 to T3 than would have been required for the Otto cycle.  However, all the extra energy produces work and the same amount of heat is rejected for both cycles.  Thus, the efficiency for the Diesel cycle is higher than that of the Otto cycle when operating between the same temperature limits.  If both cycles were operating at the same CR, the efficiency of the Otto cycle would be greater.  If the CRs were the same for both cycles, then, T2 would be the same, but T3 would be lower for the Diesel cycle and hence the area 1234 would be less for the Diesel.  Thus, for the same CR the efficiency of the Otto cycle would be greater than the Diesel cycle.  

Modified Otto cycle:

Several fundamental problems exist with the piston engine that prevents implementation of the standard Otto and Diesel cycles.  Therefore, modifications of these cycles are necessary for a practical engine.  Figure 4 illustrates the modified Otto cycle.  
Engine Problems: 

Problem 1: Explosion and high temperature (Points 2 - 3 Fig 2) would cause serious damage to pistons and cylinder head.
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Figure 6 - Temperature and pressure versus compression ratio CR
The familiar ping sometimes heard at high loads is a form of detonation.  Ping is a complex series of detonations in various parts of the combustion chamber and is not a single explosion as suggested by the standard Otto cycle.  However, excessive ping will eventually destroy an engine. Detonation is caused primarily by compression heating.  There are two components of compression, static and dynamic.  Static pressure is the result of the adiabatic piston compression. Dynamic pressure is caused by pressure waves which are usually the result of the first stages of combustion.  The pressure waves travel at the speed of sound which is much greater that the flame front progression. Complex standing waves of pressure are created in the combustion chamber and produces hot spots.  Any of the hot spots above the kindling temperature, Fig. 6, of the fuel-air mixture, will cause detonation. Figure 6 plots temperature vs. pressure of an adiabatic compression.  From the figure, it appears that static pressure detonation would occur at a CR of about 8:1 and would not provide any margin for dynamic compression.  However, in a practical engine, some of the compression energy is dissipated by conduction to the cooling system.  Also, because the volumetric efficiency (VE) of an engine would be less than one, the effective CR would be less than the physical CR of the piston. Thus for a VE of 0.8 and a physical CR of 8:1, the effective CR would be only 6.4.

To eliminate detonation, the CR has to be limited and also the octane rating of the fuel must be above some specified value.  Since increased octane rating slows down the flame progression significantly, ignition must take place before top dead center (BTDC) for high efficiency to be achieved.  The optimum spark advance BTDC is a function of RPM, and is very critical. The spark needs to be advanced as far as possible without causing ping.  The newer engines dynamically control the spark advance through a computer by using a ping detector that provides the information necessary for the computer to determine the correct setting for the ignition timing.

Early ignition lowers efficiency compared to the standard Otto cycle.  See Fig 4.  The adiabatic expansion 1-2 ends BTDC and a polytrophic expansion takes place from points 2 to 3 because of the heat energy added by the burning fuel.  As can be observed from Fig. 4, the area 1234 is reduced by early ignition and therefore the efficiency is reduced.  Of course in a practical engine, additional heat energy is required to supply energy lost by friction loss and heat conducted to the cooling system. This further reduces the efficiency. 

Problem 2. Valve timing constraints.

Time is required to open the valves, and the inertia of the fast moving gasses is considerable.  The movement of the gas has to be changed abruptly between the power stroke and the exhaust stroke.  Time and energy are required to reverse the gas flow direction.  To prevent excess pressure from opposing the energy of the flywheel, the exhaust valve must open BBDC during the power stroke.  This will further reduce the efficiency relative to the standard Otto efficiency as indicated by step 4, Fig. 4.  The exhaust valve must stay open after TDC of the intake stroke to allow most of the hot gas to escape.  A similar problem occurs with the intake.  The intake valve must open before TDC so that it will be fully open at TDC.  The intake valve also remains open after BDC so that the inertia of the fuel-air mixture will continue to flow into the cylinder and improve the volumetric efficiency.  Thus there is considerable overlap in the time that the intake and exhaust valves are open.  The results of the valve timing constraints of a piston engine are that efficiency is reduced and the size of the engine required for a specified HP must be greater than would be required with a standard Otto Cycle.

Problem 3.  Power stroke duration.

In a four cycle engine, there is one power stroke per cylinder every two revolutions.  Therefore, if there were no other factors, the power stroke would be available only 25 percent of the time (in 4 stroke mode).  However as indicated above the power stroke must be further limited.  The net result is that power is produced only 17 percent of the time, and there is a drag 83 percent of the time by each piston.  The small relative duration time of the power stroke causes the peak to average power to be as high as about 7:1.  Friction is also increased by the high peak to average power ratio and therefore the engine efficiency is reduced.  A given displacement engine would increase linearly with engine RPM were it not for other factors.  Friction power increases dramatically with engine speed and is a major factor limiting the speed and efficiency of a piston engine.

Problem 4.  Additional piston friction during the power stroke.

During the power stroke after TDC, there is a significant lateral component of force by the connecting rod between the crankshaft and the piston.  This lateral force can be substantial. The lateral force increases the friction significantly during the power stroke.  A similar, but of less consequence, problem occurs during the compression stroke.  The increased friction problem is minimized by limiting the stroke length. However, with a shorter stroke, the bore has to be larger for the same displacement.  A larger diameter bore increases the ring friction. Therefore, there is a trade off between the stroke length and bore diameter.  A Scotch-Yoke type engine eliminates this problem but creates other problems.  

Problem 5.  Heat energy lost to cooling system.

With improved materials and the desire to improve engine efficiency, engineers have designed the newer automobile engines to operate at higher temperatures than were used earlier.  The coolant is prevented from boiling by using pressurized radiator caps that would allow coolant temperatures to operate at 250 degrees F. or greater.  A study of the process involved will indicate why the higher temperatures improve efficiency.  If the cooling temperature could be raised to near the combustion gas temperature, the energy lost to the cooling system would be nearly zero.  Unfortunately, the high temperatures would not be practical.  

For maximum efficiency and maximum power, the temperature in the combustion chamber must reach the maximum temperature practical without detonation or other engine damage due to the high pressure and temperature involved.  Prior to TDC, the temperature of fuel-air mixture in the combustion chamber must be significantly below the kindling temperature, but when the fuel is nearly exhausted, the gas temperature can be higher. The peak temperature will usually occur around 25 degrees past TDC.  At this point the temperature may be well over 1000 degrees.  The heat loss to the cooling system is a function of both temperature difference and time.   If a temperature vs. time function were known, an integral equation could be set up for the heat loss.  If the temperature function vs. time is not known, the relative heat loss can be inferred from the geometry involved.   Any time the gas temperature is higher than that of the coolant, heat energy will flow from the gas to the coolant. Since the piston moves around TDC approximately in proportion to the Cos of the crankshaft angle from TDC, the piston is near TDC for a long period relatively of time. The combustion chamber temperature stays high considerably past the peak temperature.  The rate of change the piston position is zero at TDC.  Thus, at maximum combustion chamber pressure at 25 degrees ATDC, the Cos(25) = 0.91.  Maximum torque occurs considerably after the maximum pressure on the piston because the moment arm of the crank is several degrees from maximum and cooling due to expansion of the hot gas is relatively slow.  Thus, heat loss of a piston engine to the cooling system is significant because of the product of the temperature and time.  

Problem 6.  Pumping Loss because of throttling at low loads.

It is well known that most automobile engines produce significant braking in the lower gears when going down hill.  The important primary reason for this braking action is not well understood by many observers.  This same braking power greatly reduces the efficiency of a modified Otto cycle engine when operating below the rated power.  For non hybrid cars, an automobile engine operates most of the time at a power level much lower than the rated power.  Since the pumping power increases at the lower loads, the engine efficiency is reduced significantly.  In an Otto cycle engine, power is controlled by throttling the intake air while keeping the fuel-air ratio nearly optimized.  The manifold vacuum increases and in effect the engine operates as an air compressor operating between the low manifold pressure and atmospheric pressure.  Most of this pumping energy is not recovered during the power stroke.   This pumping loss requires a significant amount of power at low engine output power.  The problem exists to some extent at full power because the volumetric efficiency is not unity, but at rated power, the percentage of loss is small compared to that at highly throttled operation at reduced loads.  If the VE were 100 percent, and there were no cooling system or friction losses, there would be no lost pumping power at the rated power of the engine because the energy required during the adiabatic compression would all be recovered during the power stroke.  In a hybrid, a lower powered engine can operate at or nearly at the rated power without loss of vehicle performance.  This significantly improves the overall efficiency of the hybrid vehicle.

Other Problems.

There are several other problems that prevent the modified Otto cycle from realizing the efficiency of the standard Otto. Factors such as piston inertia, gas inertia, and many moving parts such as the camshaft etc. all reduce the efficiency. 

Hybrid - Toyota Prius:
The high MPG that a Prius gets is generally attributed to the efficient use of hybrid electric technology.  However, use of hybrid technology is only part of the reason that the Prius MPG is so remarkable.  The Prius MPG is generally much better than that achieved by most other hybrid vehicles of similar weight and performance.  Arguably, it could be said that the hybrid technology used in the Prius is primarily to enhance performance of the Prius’ undersized engine at high loads, and that the high MPG achieved by the Prius is largely due to very high efficiency engine.   For steady interstate highway driving, the engine supplies all the power, and none of the energy stored in the battery is used.  Yet the Prius gets good mileage at most highway speeds.  The stored electrical energy is used only used when there is a high demand for power over a short period of time.  The hybrid allows a smaller engine to be used without sacrificing performance during high demand for power.

The Prius incorporates technology in the engine design which greatly reduces the effects of problems 3 and 6 listed above for the modified Otto cycle.  The excess friction on the piston during the power stroke (problem 3) is reduced by offsetting the crankshaft slightly so that there is less lateral force of the piston against the cylinder wall during the power stroke.  Although this concept would only work for inline engines, it works well for the 4 cylinder Prius.  Problem 6 is solved or minimized by use of use a modified Atkins cycle instead of a modified Otto cycle.    Instead of throttling the intake air to reduce engine power at light loads, the Prius holds the intake valve open to limit the mass of air that is compressed.  For low power, the intake valve is held open well into what would normally be the compression stroke.  Thus, the manifold pressure in the Prius is not reduced by throttling like it would be for the Otto cycle at low loads.  While the intake valve is open, both sides of the piston have the same pressure and therefore pumping losses due to throttling are essentially eliminated.  
The effective compression ratio is, of course, reduced by holding the intake valve open. Toyota solves this CR problem by starting with a high CR of 13:1.  Since the Prius uses regular unleaded gasoline, the effective CR must be below 8:1 to prevent detonation.  However, the expansion ratio remains at 13:1, which lowers the exhaust temperature compared to that of a lower expansion CR. Therefore, efficiency is further improved.  The effect would be that of lowering point 4 in figure 4.  

The 2004 1.5 L Prius engine is rated at 76 HP at 5000 RPM.  The efficiency of the Prius engine has been measured by Argonne Labs to be 34 percent at 13.5 HP which is just 17 percent of rated power.  This efficiency at such low power is remarkable.

Modified Diesel Cycle: 

Like the modified Otto cycle, the standard Diesel cycle must also be modified considerably for practical operation.  All the problems discussed for the modified Otto cycle are applicable to the Diesel cycle except problems 1 and 6.  In the Diesel, no fuel is present during most of the compression stroke therefore problem 1 is virtually nonexistent, and therefore the CR can be much higher for the Diesel cycle engine than for the Otto cycle engine.  Most Diesels do not throttle the air intake for reduced power operation because the power is controlled by the injection cutoff.  Thus, problem number 6 goes away for most Diesels.  Some Diesels used in automobiles, control power by using both injection cutoff and throttling.  The Mercedes 190 DC is one example.  In the late 60s and early 70s, I commuted about 100 miles to work each day with a 1963 190 DC.  It was a 1.98 L engine with a CR of 19.  The throttle controlled the intake air just as in the Otto cycle engines. But the injection cutoff was controlled by a vacuum operated governor.  The injection timing was set for 20 degrees BTDC, with the engine stopped, and injection cutoff was determined by the governor.  The injection pressure was 1800 psi.  The average MPG over more than 200,000 miles was about 29.5 MPG.  The trips for commuting were 20 miles in the city and 80 miles on the interstate.  On the highway, I drove at the interstate speed limit of 70 MPH. With the early injection timing and limited air intake, the engine operated as a modified combination Otto and Diesel cycle.

As previously discussed, the efficiency of the Diesel is higher than the Otto cycle because of the higher CR.  Unfortunately, Diesel engines are dirty engines.  The liquid fuel injected into the hot gas does not diffuse instantly into the entire volume of air even if, as in some cases, the injection pressure is increased to 20,000 psi or greater. Therefore, the fuel-air mixture near the injection jet stream will be extra rich, and that at the extreme distances will be very lean.  Somewhere between the rich fuel volumes around the stream area and the lean volume, the oxygen density and fuel density are matched.  The average quantity of air in the combustion chamber is always in excess over what is necessary for combustion of all the fuel.  But the non-homogeneous combustion causes very “dirty” emissions. At high temperatures, fuel burned in the rich volume produces excessive HCs and fuel burned in the very lean volume produces excessive NOx pollutants.  Both conditions exist in the Diesel engine at the same time and generally results in very dirty emissions.  

Detonation Cycle Engine:
As discussed earlier, the standard Otto cycle engine is based on a detonation type of engine. It was also discussed that the efficiency of the ideal Otto cycle is generally much better than can be realize with a modified Otto cycle engine.  If the explosion could be controlled to detonate at the proper time with a perfectly homogenous fuel-air mixture, detonation (different from Diesel) engine efficiency equal to or better than that of the Diesel could be realized with very little pollution. Engine technology experts generally agree that a 15 to 20 percent improvement (more in mobile applications) in efficiency over the modified Otto cycle could be realized if homogeneous mixture of fuel and air could be detonated at the proper time and if the pistons could be designed to handle the pressures and temperatures involved.  Also, the exhaust of the process would be essentially free of pollutants. 

Auto makers are aware of the advantages that an optimally designed detonation engine could provide and are spending millions of research dollars investigating means for achieving a practical detonation engine. One of the most popular concepts for a detonation engine is the Homogeneous Charge Compression Ignition (HCCI) engine.  GM, Bosh, and Stanford have teamed up to develop an HCCI engine. It’s a $2.5M, three year program.  They hope to make gas engines 20 percent more efficient with near-zero emissions other than water and CO2.  European firms have similar programs called "Controlled Auto Ignition" (CAI), and the Japanese have what they call "Active Thermo Atmosphere" (ATA).  All of these concepts use controlled detonation processes.  The problems are difficult to solve.  Detonation is a very complex and unstable process.  Control is very difficult.  As discussed previously, the dynamic pressures involved create hot spots that tend to detonate before the cooler spots. These mini detonations cause additional pressure patterns that create a series of explosions which have far from optimum timing.  Also, since the explosion needs to take place at near top dead center, the high pressure on the piston produces essentially zero torque on the crankshaft for several degrees of crankshaft rotation, because of the very small moment arm projected by the crank near top dead center.  It remains to be seen if the researchers can come up with a solution to make the HCCI engine practical with a piston engine. 

The Quasiturbine engine has some unique features that solve the synchronism required to provide detonation at the proper time.  Similar features decrease sustained stress on the rotor blade from the high pressure due to detonation.  These features will be discussed in a later section. 

Wankel Rotary Engine:

The Wankel type rotary engine has been the only serious challenge to the piston engine for automobile applications.  The Wankel engine got off to a slow start because of seal problems which were quickly resolved.  However, more serious problems developed later when legislation was passed that specified clean burning engines with high gas mileage.  The Wankel engine doesn’t provide either high efficiency or low emissions.  The problems stem from the profile that the triangular shaped rotor has to conform to as it rotates on the crank of a crankshaft that rotates three times the speed of the rotor.

The efficiency problem has generally believed to be caused by the highly elongated combustion chamber.  But according to the simulations conducted by Dr. Gilles Saint-Hilaire, the inventor of the Quasiturbine, the efficiency problem of the Wankel, is more fundamental than the elongated combustion chamber.  

The PV compression and expansion functions for the Wankel are difficult to envision because part of the rotor is sweeping out positive volumes and the other part is sweeping out negative volumes as the rotor rotates in the profile.  The difference between the positive volume and negative volume is the net compression or expansion volume.  According to the simulation studies, the net expansion volume is less than the net compression volume.  The excess air during the intake cycle cannot be utilized during expansion and hence the efficiency is significantly reduced.  Another problem is that the maximum compression ratio that can be achieved for a practical Wankel is limited.

We won’t go into further details on the Wankel other than some discussion of some differences between the Wankel and the Quasiturbine.  Unfortunately for the Wankel, engineers have not yet discovered a way to make the engine as efficient as other engines.

Quasiturbine Engine

The Quasiturbine is a rotary engine that is much different than the Wankel and other similar rotary engines.  The four blade chain-like deformable rotor provides additional degrees of freedom which permit the pressure volume (PV) function to be optimized for thermodynamic performance, which cannot be obtained with a fixed rotor like the Wankel.  There are at least two different configurations of the Quasiturbine --- the simple configuration and the configuration with carriers (AC Model).  Figure 7 is an illustration of the simple Quasiturbine rotor and confinement profile. Both configurations work basically the same. The simple configuration can be more easily understood and will be mainly discussed here.





Figure 7 - Quasiturbine Cross section
As noted in fig. 7, the rotor blades form four chambers which simultaneously perform the strokes intake, compression, power and exhaust, of the typical four cycle internal combustion engine. All four strokes are performed each revolution of the rotor.  A single stage Quasiturbine has the same number of strokes per revolution as an eight cylinder piston engine. The intake stroke is indicated in blue, the compression stroke in pink, the power stroke in red and the exhaust stroke in black.  

The rotor blades are hinged together with seals located at the hinged corners. The blades rock around center bearings which support the rotor and prevent excessive force on the seals. The center of these bearings all rotate on a circle which provides many options for support and coupling to the drive shaft not shown.  The drive shaft rotates at the same speed as the rotor.  The rotor is completely balanced, so there is no need for any counter balance.  The blades can be shaped to produce any desired compression ratio.  Many different confinement profiles of the housing are possible.  However, one particular profile called the “Saint-Hilaire skating rink profile” has been optimized to produce the most nearly constant torque for the power stroke.  Other advantages of the optimized confinement profile also exist.  With the optimized profile, on the AC model for example, only ten degrees of driveshaft rotation from TDC produces 50 percent of maximum torque.  On the compression stroke, most of the compression takes place in during the last 10 degrees BTDC.  High torque is produced about 82 degrees for each of the four blades which corresponds to 328 degrees of efficient torque per revolution.  By comparison, an eight cylinder four cycle engine would produce efficient torque over only about 240 degrees of shaft rotation. Thus a one stage Quasiturbine engine would have eight power strokes per revolution just like an eight cylinder four cycle engine, but the Quasiturbine produces positive torque significantly more time than the eight cylinder engine which would produce much smoother operation.  No flywheel, other than the rotor is required.

The Quasiturbine rotor configuration allows the exhaust and intake ports to be located so that full expansion can take place with little overlap of intake and exhaust ports. This is not possible for either the piston engines or the Wankel engine. Actually, the intake port can be located forward so that the compression ratio is lower than the expansion ratio as in the Atkins cycle, for improved efficiency.

 

Figure 8 compares the compression/expansion of the Quasiturbine engine to that of a piston engine.  The compression/expansion of the piston engine approximates a sinusoidal waveform as indicated; whereas, the compression/expansion of the Quasiturbine (specially the AC model) is more of a triangular impulse. 
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Figure 8 – QT-AC Compression/expansion functions comparison 
Quasiturbine Efficiency 

The efficiencies of the various engine cycles have previously been discussed.  Efficiency of the ideal Otto cycle was shown to be a function only of the CR.  Friction losses, pumping losses, heat transfer losses to the cooling system and modification of the cycle because of practical constraints prevent the ideal efficiency of the Otto cycle from being realized.  For a given CR, the Quasiturbine improves the efficiency compared to the piston engine.  Since both types of engines have the same CR constraints, the efficiency of the Quasiturbine should be better than the piston engine.

Friction loss:  The friction losses should be significantly lower in the QT than the piston engine because of many less moving parts, such as camshaft, valves, and crankshaft.  The friction loss in the QT seals should be less than that of the piston engine because the lateral force on the piston from the connecting rod reaction during the power stroke does not exist for the QT. 

Heat Transfer Loss:  Problem 5 of the piston engine.  Heat is transferred to the cooling system when the temperature hot internal gasses are greater than that of the coolant. The actual loss is proportional to the integral of the product of the temperature difference and time.  The coolant temperature is essentially constant but the gas temperature varies with time as the engine rotates.  If no fuel were present, then the compression/expansion would be that indicated in fig. 8.  If there were no friction losses or heat conduction losses, both the compression and expansions would be adiabatic so that all the energy required for compression would be regained upon expansion of the gases.  For the same CR, both the QT and the piston engine would reach the same pressure and hence temperature as indicated in fig. 6. However, for the piston engine, the temperature would remain higher for a much longer time as indicated by fig. 8.  Therefore, if the coolant temperature and the conductivity to the cooling system were the same for both engines, the heat lost to the cooling system would be much greater for the piston engine. Then, the percentage of compression energy recovered during expansion would be significantly less for the piston engine.  Of course, when heat is added by fuel combustion, the difference in heat loss is even more dramatic for the two engines.

Engine Cycle Loss:  The thermodynamic losses in modified Otto cycle were illustrated in fig. 5.  Problem No. 2, valve timing constraints, do not exist for the QT; therefore, point 4 in fig. 4 for the QT would be the same as for the classic Otto cycle, and the efficiency would be improved over that of a piston engine.  If the Atkins cycle were used, then point 4 would be lower than the standard Otto cycle, which would further improve the efficiency.  Of course the piston engine can also employ the Atkins cycle, but the implementation is more difficult.

Problem No. 1, detonation, would be similar for the QT and the piston engine; however, there are some subtle differences which would appear to improve the relative efficiency of the QT.  Since detonation is caused by both static compression and dynamic compression, it appears that lower octane fuel could be used with less spark advance.  The sharp compression impulse would raise the temperature of all the gas by about the same amount and therefore the magnitude of the standing pressure wave pattern should not be as great as with the piston engine.  The effect on efficiency would be indicated by raising point 2 in fig. 4 toward the standard Otto cycle.

Problem No. 3, Power Stroke Duration:  This problem is essentially solved by the QT.  Torque is provided over nearly the entire power stroke and the peak to average power ratio during the stroke is only about 1.2:1 for the QT compared to 7:1 for the piston engine.

Problem No. 5, Additional Piston Friction During Power Stroke: This problem is solved by the QT.

 

Problem No. 6, Pumping Loss at Low Power Due To Throttling:  If the modified Otto cycle were used for both the QT and the piston engine, throttling of the intake air would be required to reduce the engine power at low loads.  As pointed out in our discussion of the Prius, the pumping loss problem can be solved by use of the modified dynamic Atkins cycle.  The Prius controls the power without the use of a throttle by dynamically holding the intake valve open so that only the quantity of air needed for the desired power is compressed.  In effect the engine power rating is modulated as required to provide the desired power.  This greatly improves the efficiency at low power levels.  The QT could be easily configured to eliminate the throttling requirement by addition of port well ahead of the normal intake port and adding a solenoid controlled valve on the port.  While the special valve is held open, all the air taken at the intake port is expelled without any compression loss.  The computer would control the duration of time that the valve is open to meet the requirements of the load demand.  The valve would be a simple with low inertia and could easily be operated by solenoid.  The valve would operate at relatively low temperature since it would not be in the combustion chamber.  The valve would open and close at essentially atmospheric pressure.  The QT implementation of the dynamic Atkins cycle should be simple compared to that of the Prius.  Since the QT is light weight compared to piston engines, the weight penalty of reduced power of the dynamic Atkins cycle would not be as great as that of the Prius.  Therefore, efficiency should exceed that of the Prius.

Producability

Other than the Rotor, the QT would be easier to mass produce than the Wankel.  The oval housing profile is much less complex than that of the Wankel, and there are no crankshaft or precision gears required.  The Wankel requires both a crankshaft and precision gears that support the triangular rotor.  Any ware of the gears causes the reactive load of the rotor to be carried by the seals. 

The seal problem for the QT is actually much easier than that of the Wankel.  In the Wankel, the seals at the apex of the triangular rotor seal against the profile with an angle that varies from plus 60 degrees to minus 60 degrees as the rotor rotates.  In the QT, the seals remain nearly perpendicular to the housing profile and the rotor support is by a bearing.

The QT with the simple rotor requires four hinges or bearings that connect the rotor blades together. These hinges would be similar to the wrist pins of a piston engine and no more complex.  Four additional bearings are required at the center of each blade for support and for delivering power to the drive shaft.  These bearing would also be relatively simple.  

The rotor blades have to be made from material that can stand the heat and pressure of the combustion chamber. The material requirement is no greater than that for conventional engines based on the Otto cycle.  Also, there are no unusual tolerance requirements of the rotor blades.  Since there is no crankshaft, camshaft, valves, valve lifters, or flywheel required, the QT fabrication would relatively simple compared to conventional engines.

Summary of Quasiturbine advantages

The QT engine can be very light weight (up to 10 Hp per pound in Otto, more with detonation) and adaptable to almost any type of available fuel.  The engine has the possibility of increasing the efficiency compared to most efficient internal combustion engines. Following is a summary of several of the advantages that the Quasiturbine provides:

1. The QT efficiency remains high over a wide power range without use of hybrid technology.  (Efficiency of a piston engine falls off rapidly below rated engine power.)

2. The QT engine provides power nearly 100% of the time.  (Each piston of a piston engine can provide power less than 20% of the time and creates a power drag more than 80% of the time.).

3. Peak power in a QT engine is only about 20% greater than the average power.  (Peak power in a piston engine is about 700 percent greater than the average power.   Since the engine structure must be designed to accommodate the peak power rather than the average power, and since the QT the combustion chamber is used 800 percent more of the time than does the piston engine, the weight of a QT engine for the same power could be only about 20 percent that of a piston engine with the same power).

4. The QT engine would provide generally higher thermal efficiency and produces less pollution than the piston engine.  

5. The QT’s simple construction with many less moving parts would provide greater reliability at a lower cost than a piston engine.  Also lower friction would further improve the efficiency.

6. The QT is a rotary engine, has no crankshaft, and parts do not have to reverse direction like in the piston engine; therefore, the QT engine produces has much less noise and vibration.  The engine is balanced; therefore, no counter balances are required.

Conclusions:

The Quasiturbine is a revolution engine design that appears to offer great improvements over the piston engines or other rotary engines.  Several prototype engines have been constructed that demonstrates that the basic concepts.  This discussion has compared performance possibilities of the QT relative to the more conventional engines. From the analysis provided, it appears that efficiencies could be realized which exceed that of the conventional engines.  The smaller size and lighter weight (less than one quarter that of a piston engine) for a given power provides a distinct advantage over other engine types.  The size and weight advantages provide opportunities for trade off between engine sizes vs. efficiency that is not practical with other engine types.

Our discussion has been limited to modified Otto or Atkins cycle engines because those types of engines would require much less development than other cycles such as Diesel and detonation engines. The Quasiturbine with carriers offers a good possibility for the for both Diesel cycle and detonation engines.  The impulse type compression stroke provides a means for synchronizing the combustion in HCCI detonation engines that would be difficult to match with a piston type engine.  

Because of the light weight, the QT would have significant advantages as the prime mover in a hybrid engine.  Also, since the QT can be configured as either a pneumatic or steam engine, there is the possibility of combine a QT ICE engine with a pneumatic or steam QT to harvest the energy from the high temperature exhaust gases that have been treated with the catalytic converter.  Several other options exist.

The QT will require significant investment for application to the automobile industry just as would be required for a new piston engine design.  But, the investment in development of the QT should provide a high yield on the investment dollars.  Two or more QT can be easily combined into two stages which would be much smaller than an equivalent power piston engine.  Thus, only two different size QT engine designs could provide many options.  For example, 110 hp, and 160 hp designs could be combine in different ways to provide 110, 160, 220, 260, and 320 hp automobile models. Also, the two stage engines could be easily implemented so that only one stage was active when the extra power wasn’t needed.  This concept has been used for piston engines but it was considerably more complex that two QTs would be.  

Reference: www.quasiturbine.com 

(*) Note: 
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