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	Cyclone Engine Technology - First invented in 2004, it has been under continuous development since then. Many patents have been issued, with more in process. The technology is new, unique and revolutionary but relies on underlying well proven and established technologies, such as those used in gas turbines, diesel engines, and steam engines. It has  superior characteristics in a number of domains 

- Multi-Fuel - Will burn any combustible fuel including biomass and municipal waste
- Clean burning – Provides complete combustion and a very clean exhaust
- Efficiencies comparable to diesels, when all required subsystems are included
- High horsepower to weight ratios – about a 2.5 to 1 advantage over full diesel systems.
- Low noise, Low vibration, and low infrared signatures.
- Large range of sizes possible – from 1 KW up to over 1 Megawatt.
- Facilitates conversion to a range of synthetic fuels, including biomass.
- Provides an ideal power source for hybrid and conventional vehicles.
- Does not require a radiator, water pump, oil pump, complex fuel injection, or catalytic converter, reducing cost, weight, space and increasing reliability. 


 BACKGROUND
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	Applications for the Cyclone technology are nearly unlimited, and fall in two main categories – motive power and electric power generation. Advent Power Systems, Inc. (“APS’), is a licensee of the Cyclone Technologies, and was formed for the purpose of developing, manufacturing, and selling power systems employing the Cyclone Technologies. APS is a partially owned subsidiary of Advent International Management Company of Florida, Inc., whose corporate predecessors date back to 1982. 

APS was founded and is led by President and CEO – Dr. Phillip F. Myers. He is a highly experienced corporate executive and entrepreneur. He has a five year Industrial and Systems Engineering Degree, plus an M.B.A., from Ohio State. His doctorate is from the Harvard Business School, specializing in the management of advanced technology companies. He has assembled and is adding to the company’s team of highly competent executives, advisers, and service providers. APS plans to be a multi billion dollar highly profitable technology leader within 10 years.


 
	
	MARKET
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	Engines embodying the Cyclone technologies will have broad markets for motive power and power generation. Early effort is being given to developing the U.S. military market, in parallel with civilian applications. APS has the exclusive license for all military applications in the U.S. – a very important long-term market, and for which development contracts are pending. It also has a non-exclusive license in the U.S., Canada, and the Caribbean for large generator sets powered by Cyclone engines using biomass as a fuel. APS also has the license for the U.S. Postal service, which is expected to replace its fleet of 140,000 small mail trucks starting within a few years. APS has an option on a license extension for generator sets and auxiliary power units under 20 kilowatts in the U.S. – a huge and very near term market. Various applications can run from as low as 1 kilowatt, up to 1 megawatt. The above listed advantages can have a dramatic beneficial result in military as well as civilian applications. At fixed base applications, garbage or any locally available biomass fuel source can be burned cleanly, drastically reducing the cost of power generation, while getting rid of bothersome waste. Biomass fueled power generation is expected to be rapidly growing, and eventually huge in size, with the Federal Government pushing hard for growth in this area. Unlike the expensive and capital intensive requirements to produce high grade liquid fuels that will run in internal combustion engines and diesels, the APS power generators can burn any fuel that is combustible. That includes wood, cornstalks, grass, farm waste, animal waste, garbage, etc. The cost of these fuels should be a small fraction of that necessary for the highly refined derivatives from them, or from conventional fuels.
  

 


	Development Plans
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	APS is now executing its second strategic growth plan, covering the years 2008 to 2017. It is working on market development with several different very large customers. An already highly competent staff is being expanded, and funds raised from a variety of sources. While the basic Cyclone engines have already been developed and are running, with limited test results, production engines must go through the normal development and testing cycle. That process is currently underway, and will be expanded in 2008 and beyond. 

The U.S. Army through its Tank Automotive Command is sponsoring APS in several important development areas. APS expects to receive major backing, development, and production contracts from the U.S. military, where APS has an exclusive license. Representatives of the U.S. Postal Service have expressed strong interest in new or retrofitted postal delivery vehicles, which could result in $300 million of Cyclone Engines which APS would supply. APS has received two certifications as a qualified Defense Contractor.

A major portion of APS’s Strategic Plan deals with the details and intricacies of corporate development and rapid growth to profitable sales in excess of $3 billion per year within 10 years.


 
		Military Advantages
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	The advantages of the Cyclone Engine for military applications include:
· They will burn any liquid fuel available – solving a major problem in the field 

· Those fuels can be mixed in the same tank 

· There is no external radiator for the engine, completely eliminating that special vulnerability in most military vehicles. 

· The engine can be placed anywhere in the vehicle when used as an electric power generator, giving much greater design flexibility, and enhanced flexibility when used as a drive motor. 

· Efficiencies are comparable to diesels, but with somewhat higher “well to wheel” efficiency. 

· Has a 2.5/1 horsepower to weight ratio when compared to a diesel with all its ancillary equipment. 

· Has only 10% to 20% of the part count compared to a full diesel system. 

· Extremely clean burning, with near 100% combustion of fuel within the engine. 

· Should have a much higher in the field reliability, since all of the following components or subsystems are missing: 

· External radiator 

· Anti-freeze or cooling fluids 

· Water pump 

· Oil pump and oil – since it is self-lubricating internally in a closed system. 

· Starting motor 

· Fuel injection systems (a simple spray nozzle is used) 

· Transmission (when used as a drive motor) 

· Catalytic combustor 

· In volume production, Cyclone Engines should be substantially cheaper because so many components and sub-systems are missing, and because of the greatly reduced part count. 

· Has a better IR signature since exhaust gases emit at only 350 degrees F. 

· Has a better noise signature since there are no internal explosions, allowing for quieter, stealthier operations. 

· Very high starting torque, making it ideal for most military vehicles. 

These major advantages should give our war fighters distinct military superiority over our adversaries when deployed. The President of APS is a former Air Force Engineering Officer, and heavily committed still to the defense of the United States.

Specific military applications fall in three general areas:
1. Primary drive motors – for smaller vehicles like Humvee replacements, armored vehicles (like the Stryker), fighting vehicles (like the Bradleys), tanks, self-propelled artillery, trucks, etc. Cyclone Engines would also be excellent replacements for engines on smaller naval vessels, up to perhaps 100 feet in length. They would be ideal as the primary engine on prop powered UAVs, UCAVs, and helicopters. (They are not competitive with most airborne gas turbine applications for fighters, bombers, tankers, and cargo aircraft.) 

2. The power source for gensets and APUs – from small one kilowatt man portable APUs to megawatt sized power plants for in-field use. 

3. Fixed base generation of power, burning municipal/base garbage or locally available biomass. 



	

	

	

	 


	
	Attributes - High Efficiency
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	· High Efficiency 

· Multi Fuel Capacity 

· No External Cooling 

· Compact Size 

· No Transmission 

· No Vibration / No Exhaust Noise 
· Heat Regeneration 

· Super Critical Pressure 

The basic Rankin Cycle Steam Engine used to date has changed little since James Watt invented it over 150 years ago. Efficiency increases gained by raising temperatures and pressures peaked in the 1930’s. The present philosophy is to pipe super-heated steam to the engine and then to a condenser. Single tubes that carried sufficient surface area limited the pressures and temperatures achievable. These lower pressures and temperatures dictated a regime in which the water medium changed state between a liquid and a gas, making for a complicated control system. Though bulky and inefficient, these systems tended to be environmentally clean.

The design objective for the Cyclone Engine is to develop an environmentally friendly, mixed multi-fueled, highly efficient, compact engine.

1. Heat Regeneration – Design innovations in the Cyclone Engine significantly reduce the heat losses. For example, cool air being taken into the engine chills the condenser while being reciprocally pre-warmed before it reaches the combustion chamber. Vapor exiting the piston exhaust ports is used to heat the water that is enroute to the main heat exchanger. Combustion exhaust gases are passed through a heat exchanger that further heats the combustion intake air, etc. In the manner of a business management model where profitability can be increased by trimming costs, the efficiency of the Cyclone Engine is cumulatively increased by actively addressing sources of heat losses through innovative design improvements
 
2. Super-Critical Fluid - Pressures in the range of 3200 psi with temperatures of about 1200°F cause super-critical vapor to act as a fluid. Maintaining the super-critical pressure, in the centrifuge process, eliminates the turbulence, backpressure events, and heat spikes that can occur during other less efficient types of super-critical processes. At these higher temperatures and pressures, the super-critical 'fluid' carries more heat energy to the motor it powers. The Cyclone Engine is a piston engine with a special valve mechanism allowing it to operate at fluid pressures, thereby gaining multi- advantages; greater simplicity, reliability and enhanced power - all supercritical fluid is contained within the system of the engine combustion chamber, which adds to the safety of the engine.

3. High compression – A diesel engine, although similar is an internal combustion/internal expansion engine – The Cyclone Engine is an external combustion/internal expansion engine, using variable timing, variable compression ratios and multiple heat exchangers, attributes to increases in engine efficiency. A reheat stage is included at lower compression ratios. 

 


The Internal Combustion Engine has powered our equipment for a hundred years and has served us well. For half of that time we have learned of its dire consequences. Tetra-ether lead was added early on in the gasoline engine as an octane booster as raising the compression ratio increased the efficiency and performance. Lead was later removed when the harmful effects to humans was found.

The higher the compression the higher the efficiency on gas or diesel engines as it reduced the clearance volume, which is the fill space between the piston and the head.

This higher compression also comes with higher combustion temperatures creating large levels of Nitrous Oxide, Benzopyrine, Carbon Monoxide and other poisonous gasses as well as unburned fuels and particles.

Recent Supreme Court decisions have declared Carbon Dioxide as a Greenhouse Gas to be regulated by the E.P.A. Any thing burned with Oxygen will produce Carbon Dioxide. However if it comes from a growing plant source it is a trade off as the plant absorbs Carbon Dioxide and omits Oxygen. In the burning process the CO2 admitted is equal to the CO2 absorbed by the growing plant, making it – in theory – CO2 neutral. As for the so-called Fossil Fuels, they have been encapsulated in the earth for millennia. Burning this fuel is a one-way street. There is no carbon exchange.

New biofuels offer a new answer to CO2 emissions, as they are liquid fuels derived from plant growth. They are divided into two categories, ethanol for gas fueled cars and biodiesel for diesel vehicles. Ethanol extraction is a costly process and has a lower power output than gasoline -- approximately 12,000 BTU/Lb for the former versus approximately 19,500 BTU/Lb for the latter fuel. Using alcohol in a car, therefore, results in less mileage than the same tank with gasoline.

Ethyl alcohol is made from distilling fermented grains like corn or sugar cane. Methyl alcohol is made from the destructive distillation of wood or other cellulose plant material, or is made synthetically. Ethyl alcohol, or grain alcohol, is C2 H5 OH, and methyl alcohol is C H3 OH. Grain alcohol is used for beverages, and methyl alcohol is poisonous. Ethyl alcohol for fuel use often has dangerous additives mixed into it to prevent human consumption, such as formaldehyde. Methyl alcohol is corrosive to a number of metals, particularly the fuel systems in older automobiles. Both fuels are hydroscopic and absorb water, which enhances the corrosion problem over time.

While the burning of biofuels are theoretically carbon neutral, the use of any alcohol or E85 in an IC engine does not reduce the CO2 pollution from the exhaust pipe. Special E85 engines are now being built to help this situation. The burning of alcohol based fuels do not appear economically feasible as the extra refining and competition with food supply will drive up prices. The gasoline engine will not run on biofuel as it must run in a higher compression engine. The best fuel for a gasoline engine is still gasoline. 
Of course a large supply of gas and diesel comes from unfriendly sources and is still an environmentally dirty fuel.

Mercedes-Benz does not recommend the use of pure bio-fuels in their automobiles, or at least no more than 5% be added to the regular Diesel fuel. The concern is for the steel injector pump pistons and cylinders in older cars, and the components in the injection nozzles. Bio-fuels for Diesel engines need further processing to remove the glycerin that can cause piston ring damage. Manufacturers are complaining because the added exhaust equipment is going to significantly increase the price of the Diesel engines and require added maintenance.

Of course the low sulpher fuels have driven diesel prices over gasoline prices. Diesel engines cannot run on gasoline or Ethanol, and the automobile and truck manufacturers are complaining that they will not be able to meet future air quality laws. Which is true, especially after working on improvement in this area for almost fifty years, thousands of engineers and billions of dollars spent with some, but limited progress.

Perhaps when considering the now greatly added costs to the gasoline and Diesel engines of adding so much computer controlled fuel systems and pollution control additions, one must again look most carefully at the external combustion engine. The external combustion engine is not fuel sensitive and can cleanly burn any light liquid fuel that is pumped to the burner with NO added pollution control equipment.

The external combustion Cyclone engine burns its fuel at very low pressures -- inches of water and not pounds per square inch -- and the long residence time of any fuel particle in the burner means complete and clean combustion. It does not produce any unburned hydrocarbons or CO, and when using pure bio-fuel, there is minimum CO2 produced. 

The Cyclone engine creates almost no CO or NoX as it burns at temperatures below 2300 degrees Ferinheight at atmospheric pressure. The internal combustion engine will burn incompletely at 3000 degrees under extremely high pressures; during which time the toxic fumes are created. 

The Cyclone burner uses additional secondary air to effect lower flame temperatures, below the point where NOX is produced. The Cyclone engine is a closed loop system using dionized water as the working fluid and the lubricant. Therefore, neither oil changes nor oil filter changes are required keeping maintance costs to a minimum and keeping the vehicle on the road not in the shop.

The cyclone engine has far fewer parts than an internal combustion engine: it needs no radiator, transmission, muffler, catalytic converter, carbon filters, urea tanks, nor other components that complicate and add cost to the IC engine system. 

The Cyclone engine is a complete and total package, only 12 volts DC and the fuel line need to be connected. Everything else is contained in a neat and most compact package, which will make an easy installation in yachts and boats, automobiles, trucks, and small generators for RVs and marine use. It is also smaller and lighter than the IC engine it replaces. It is also silent and vibration free.

The Cyclone engine is a step towards the true goal of energy independence and is the answer to environmental concerns. When all the facts are weighed, the Cyclone Engine is the only answer.
Trucks and cars internal combustion engines require a separate system for cooling. Though the engine appears small, it has to have its peripheral equipment to operate. The radiator cooling system, through the transfer of heat from the engine water to the air, is inefficient since the heat escapes. 

· Cyclone Engines have no hoses or hose clamps, which is a major benefit for using the Cyclone Engine.

· The Cyclone Engine uses outside ambient air to cool and condense the piston exhaust in a centrifuge cooler. Repeatedly spinning the exhaust vapor through a series of thin, air-cooled discs in the centrifugal condenser is far more efficient than directing the vapor on a one time pass through a normal static radiator. 

· Rather than releasing the heat captured from cooling the exhaust vapor, the intake air, that gains this vapor heat, is ducted to the combustion chamber where it contributes to the total heat that produces the super-critical fluid to operate the Cyclone Engine.
Traditional Rankin Cycle Engines develop about half the horsepower and twice the size of a normal gas engine. The generator, being a large separate unit, will occupy a space larger than a normal internal combustion engine of the same horsepower. The radiator capacity must also be three times larger.

· Other types of engines generally occupy a larger space of comparable horsepower. 

· The Cyclone Engine is a one-piece unit. High pressures allow the cubic capacity of the motor to be small in relation to the horsepower developed. Gas internal combustion engines generally develop one horsepower per 1.5 cubic inches of displacement, whereas the Cyclone can develop 2.5 horsepower per cubic inch. The Cyclone requires no separate radiator, transmission or muffler. Today’s Cyclone Engine occupies approximately the same size as the Internal Combustion Gas or Diesel Engine. However, by eliminating the peripherals such as the transmission, radiator and muffler leaves the Cyclone as a compact power plant. 

	A 350/lb Cyclone engine of 38-cu/inch displacement, develops over 700 ft/lbs of starting torque (which is more than necessary to eliminate the transmission) Transpose the decimal to 380 cu/inches and you will appreciate the implications of this technology when a manufacturer scales the Mark V Cyclone to a size suitable for heavy road transport. The starting torque of the Cyclone Engine is higher than an electric motor of comparable size, but similar in respect that neither requires a transmission, just a simple forward neutral and reverse lever is required.


 

Internal combustion engines have an explosion that emits supersonic sound waves out the exhaust valves to the atmosphere. It is necessary to install a muffler system ‘downstream’ of the exhaust manifold to contain some of this noise. A four-stroke engine is not inherently vibration free. The explosion between the piston and the head are balanced every other time of fire. A heavy flywheel and harmonic dampener is required to reduce these vibrations.

· The Cyclone Engine does not exhaust its vapor explosions into the atmosphere. It exhausts into the Cyclone condenser and is totally contained, requiring no exhaust system muffler. Moreover, the lack of exhaust pollutants requires no catalytic converter. 

· Vibration is controlled because the crankshaft is counter weighted and the pulsations are balanced by equal offsetting pressures, thus requiring no harmonic dampener. No flywheel is required to be turned by a starter because the Cyclone Engine is self-starting. 

· The weight of the flywheel, which creates the momentum to keep an internal combustion engine revolving at idle rpm, is unnecessary in the Cyclone Engine.

· Heat Regenerative. Equally unique is the “heat-regenerative” character of the Cyclone technology; that is, heat the Cyclone Engine generates is ‘harvested”, conserved, and recycled within the engine, greatly lessening the heat expelled to the ambient environment, thus greatly reducing its contribution to urban “heat islands” and global warming in general.

	Super-Critical Fluid - Pressures in the range of 3200 psi with temperatures of about 1200°F cause super-critical vapor to act as a fluid. Maintaining the super-critical pressure, in the centrifuge process, eliminates the turbulence, backpressure events, and heat spikes that can occur during other less efficient types of super-critical processes. At these higher temperatures and pressures, the super-critical 'fluid' carries more heat energy to the motor it powers. The Cyclone Engine is a piston engine with a special valve mechanism allowing it to operate at fluid pressures, thereby gaining multi- advantages; greater simplicity, reliability and enhanced power.


·  

	
	Cyclone's Green Revolution Engine
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	Cyclone’s Green Revolution Engine represents true “thinking outside the box.” This is because it is not a new variation of the internal combustion engine, but rather, a highly advanced External Combustion Engine. 

Unlike IC engines, the Cyclone engine uses an external combustion chamber to heat a separate working fluid, de-ionized water, which expands to create mechanical energy by moving pistons or a turbine. 

Since the combustion is external to the mechanism, the Cyclone engine can run on any fuel… liquid or gaseous. Ethanol, diesel, gasoline, biomass … anything from municipal trash and agricultural waste to traditional fossil fuels can power the Green Revolution Engine – individually, or in combination. Initial tests of the engine used fuels derived from orange peels, palm oil, cottonseed oil, and chicken fat … none of which are impacted by cartels, hostile governments or dwindling reserves.

Whereas almost anything can go into a Green Revolution Engine, almost nothing comes out. It is exceptionally environment-friendly because the combustion is continuous and more easily regulated for temperature, oxidizers and fuel amount. Lower combustion temperatures and pressures create less toxic and exotic exhaust gases.

The engine’s uniquely configured combustion chamber creates a rotating flow that facilitates complete air and fuel mixing, and complete combustion, so there are virtually no emissions. Less heat is also released. Exhausted gases run through a heat exchanger before leaving the engine, lowering the temperature at release to about 350 degrees … hundreds of degrees lower than internal-combustion exhaust.

Versatile and clean, the Green Revolution Engine also travels without an “entourage” of costly, complicated components. It needs no catalytic converter … no radiator … no transmission … no oil pump (and no oil … the engine is water-lubricated). Eliminating these subsystems reduces cost… engine size and weight… and energy loss. And it increases efficiency and reliability.

Small wonder “revolution” is part of its name 



ENVIRONMENTAL  ADVANTAGES OF CYCLONE ENGINE
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	Environmental concerns have prompted costly, complex technological responses to current emissions. Fuel cell technology is one example. The benefit of running on clean burning hydrogen is more than offset by the expense and bulk of the technology as well as the cost of creating, storing, and delivering fuel grade hydrogen. (Air admitted hydrogen has proven to be a GREEN HOUSE GAS, forming ice crystals in the upper atmosphere). Clean running electric vehicles are limited to very short ranges, and still must be recharged by electricity from a coal, diesel or nuclear-fueled power plant. Gas turbines are clean, but are constant speed engines. In small sizes they are costly to build, run and overhaul. Diesel and gas internal combustion engines are efficient, light, and cheap to manufacture, but they are dirty and hazardous to one’s health. Diesel, once thought to be clean, as been proven to be one of the most toxic compounds known (New Science, Oct. 25, 1997).
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“Diesel smoke is around 40 times as carcinogenic as cigarette smoke” and “Research has indicated that life expectancy in large cities is reduced by around 15% by the inhalation of particulates...” Paper by Gong and Waring, SAE Australia, May/June 1998

These large diesel powered trucks are still needed for our livelihood. Gas powered cars have “catalytic converters that have so far failed to clean up the air . . . .converters only work efficiently when a car’s engine has warmed up... Lots of stopping and starting – catalysts never get hot enough.” New Scientist 1995 – September 1996.

1. The Cyclone engine utilizes a external combustion where the fuel is burned in a controlled environment, similar to home heating furnaces or electric power plants. As in the Cyclone Engine, the fuel and preheated air are centrifugally spun in a circle around the engine. The heavier, unburned particles are thrown to the outside, while the lighter, cleaner gases escape through a central tube-bundle to the exhaust.

2. The internal lubricant in the Cyclone engine is the same as the working fluid, which is deionized water. This is accomplished by using non-corrosive materials and high temperature composite bearings – both only recently available. Oil changes are not necessary. Only water may be added.

3. The Cyclone Engine using the innovative external combustion technology and because it does not need oil lubrication to operate, is an overall environmentally cleaner engine to run.


	Manufacturing Costs
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	· Four-stroke engines are complicated in their cylinder head valves – having a minimum of two valves, or up to five valves per cylinder. These engines take up more space than a Cyclone Engine. The gas engine, in order to operate, needs more peripheral equipment. 

· The Cyclone Engine is smaller, with fewer parts. However, the materials handling the high operating temperatures and pressures are slightly more expensive. For example, aluminum block costs a bit more but is much lighter than traditional engine blocks. A typical 4 cylinder block weighs approximately 200 lbs where a Cyclone aluminum block will weigh about 35 lbs with no cores. 

· The cost of manufacturing the Cyclone Engine should be no more expensive to produce at similar economies of scale than conventional gasoline engines of comparable power output with the advantages of being able to use the least expensive fuel available. 

“NO TRANSMISSIONS – NO OIL PUMPS – NO CATALYTIC CONVERTERS – NO RADIATORS” 
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