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The Quasiturbine engine is a unique design of positive-displacement rotary engine that can operate either on either the Rankin cycle, a modified Brayton cycle or as an internal combustion engine. It is a rugged, relative compact engine that can operate on either a vertical or horizontal axis of rotation. Its potential for high power output in a relatively compact package allows it to be considered as an optional engine for a variety of applications. The Quasiturbine can be offered as a modular concept where multiple engines can be coupled to duplicate the output of a very long engine of relatively small diameter.

Marine Transportation:

The propulsion systems of most large container ships involve a large diesel engine directly driving a propeller. Alternatively, the propulsion system of passenger tourist ships and many oil tankers involve diesel engines driving electric alternators that provide power for electrically driven propellers mounted to azipods. In container ships, compressed air from storage tanks is used to drive a starter motor that rotates the diesel engine and propeller. The air-powered starter disengages once combustion begins in the diesel engine.

The largest and most powerful diesel engine that is applied to container ships is the RTA96-C engine from Wartsila-Sulzer that provides an output of 109,000-Hp or 81,000kW at about 75-RPM, the rotational speed of the propeller. As long as diesel fuel and bunker oil are competitively priced, ship transport companies will continue to use those fuels. However, fuel prices may rise over the long-term future while at the same time, new developments are underway in steam power conversion.

New Steam Power Development:

Many national navy services employ small-scale nuclear power to generate steam to drive turbines and electric power systems on submarines and ships. Many commercial marine companies have examined nuclear power as a possible future option, especially in light of the development of several small-scale, mini- and micro-nuclear power technologies of 10MW to 30MW output. While many of the small-scale nuclear power plants from companies such as Toshiba, NuScale Power, Adams Nuclear and Hyperion Power Systems are intended to operate on shore, the same technology may serve in commercial marine propulsion. 

While there have been advances in small-scale nuclear fission power, there have also been advances in radiation-free boron-fusion conversion to produce heat generate steam. The attractive option for marine application is the technology from Adams Nuclear that uses air to transfer heat from a small nuclear reactor to a boiler system that will generate steam. While national navies will operate their propulsion systems using saturated steam, commercial marine operators would likely seek to employ superheated steam to drive the engines. They may likely use coal or biomass to superheat the steam prior to expansion in the steam engines.

The Quasiturbine Option:

The traditional approach would involve using the steam to energize steam turbines to drive electrical generation equipment. The appearance of the Quasiturbine engine offers the option of using a relatively compact, positive-displacement engine with the capability of generating the high output required by a large ship. While one very large Quasiturbine engine may directly drive a propeller at 75-RPM to 100RPM, there is also the option to connect several smaller versions of the engine through a gearless drive system to drive the propeller. 

The old radial-piston aeronautical engines concentrated the output of multiple cylinders on to a single-throw, counter-balanced crank. A radial or circular array of Quasiturbine engines may each drive a crank that drives a connecting rod that in turn drives a central, large single-throw counter-balanced crank that is connected to a main drive shaft that drives the propeller. Each of the Quasiturbine engines will have to be modified with adjustable ports to operate in the forward or reverse direction, as would be required by marine operators.

An alternative power transfer system would involve a looped steel cable wound in multiple loops around each of 2-pulleys in a windlass and connected between the 2-pulleys. Each engine in a staggered circular array of Quasiturbine engines would drive a pulley with a steam windlass winding, with the companion pulley driving a central drive shaft. The looped steel cable drive concept may be able to carry up to 50MW at low rotational speed at the pulleys, with a possible 2:1 ratio being possible between the driving and driven pulleys. The Quasiturbine engines may rotate at 150-RPM while the propeller rotates at 75-RPM.

Super- or Ultra-Critical Steam:

The pressure of super-critical or ultra-critical steam exceeds 3209-psia or 22Mpa with temperatures typically exceeding 800(F or 425(C. More typically, ultra-critical power plants operate steam up to 4000-psia (27.5Mpa) with temperatures up to 1200(F or 650(C. Several companies have tested ultra-critical superheated steam in small positive-displacement engines that have delivers the thermodynamic efficiency equivalent to diesel engines. 
Ultra-critical steam is rapidly injected over short duration of a fraction of a second into some designs of positive-displacement engines and in a way that duplicates the series of events that occur inside a cylinder after the combustion of fuel in an internal combustion engine. In such an engine, there is a very rapid, almost instantaneous rise of temperature and pressure while the combustion chamber is at its minimum volume. Both pressure and temperature decline as the volume in the cylinder increases.

The extreme short duration of high pressure and high temperature assures that the engine will provide many years of reliable service. To operate a Quasiturbine using ultra-critical steam, the inlet ports will be replaced by a row of high-pressure injectors that will inject steam for a very brief instant when the section of the Quasiturbine engine is at minimum volume. The rise in pressure will duplicate the pressure rise that will occur in an internal combustion version of the engine and will be limited to the same duration. Exhaust will be via the existing exhaust ports that are built into the Quasiturbine engine. A modified exhaust system will be required for a bi-directional version of the engine.

The expansion the steam will duplicate the expansion of combusted gas of a hydrogen powered Quasiturbine engine, as that gas would be mostly steam. The Quasiturbine is a very tough, rugged design of rotary engine that could be reinforced and strengthened to withstand higher-pressure levels of ultra-critical steam. Many operators of steam power plants may want to have the option of being able to use ultra-critical steam due to the higher thermal efficiency and savings in fuel costs that becomes possible. A group in Germany known as Enginion built a single-expansion, single-acting, uniflow piston engine (steam injector, exhaust ports) that delivered diesel efficiency while operating on ultra-critical steam.

It may be possible to convert several sizes of Quasiturbine engine to operate on ultra-critical steam and deliver competitive levels of thermal efficiency. The power curve of positive-displacement engines that operate on short bursts of ultra-critical steam duplicates the power curve of internal combustion engines. Due to the low-starting torque of positive-displacement engines that operate on ultra-critical, an air starter, electric starter or a starting engine powered either by superheated or by saturated steam will provide the starting torque. The engine would be used in mainly constant-RPM operation.

Land-based Applications:

There is potential to for the steam powered Quasiturbine to provide service in land-based power generation applications. Local preferences and local resources often determine the source of heat that generates the steam. At many locations, combustion of various types of biomass is the primary source of fuel. In London UK and in Kentucky USA, the effluent from poultry farms is the fuel that is burned in 2 x steam based thermal power stations of 25MW and 50MW output.
There are wood-fuel power stations of 100MW to 250MW in the UK, Western Europe and in the USA. The combustion temperature of gasified wood fuel and several forms of biomass is 1200(F (650(C) to 1400(F (760(C). It is possible to generate ultra-critical steam at 1100F (590C) at 3500-psia (24Mpa) through the combustion of biomass and provide competitive levels of thermal efficiency from appropriate engines.

The Quasiturbine may be used instead of conventional steam turbine engines in biomass power stations as well as at mini-nuclear power stations. A large number of steam-based power stations are built next to a river, lake or ocean as the outside source of water is used as a heat sink to condense exhaust steam. A fresh water lake, river or steam also provides a source of make-up water for the power station.

At locations where a thermal power station may be built right next door to a hydroelectric power station, there would be scope to drive the Kaplan design of water turbines in the reverse direction to pump water to higher elevation. There are over 100-pumped hydraulic installations around the world. The big hydraulic turbines rotate at the same speed as marine propellers. It is possible to use a clutch mechanism to directly drive a pumping turbine using one or a group of vertical-axis Quasiturbine engines during the overnight off-peak period when there is little demand for electric power.

Quasiturbine in Pumped Storage:

Direct-drive between the Quasiturbine engine(s) and the pumping turbine would save several MW of power that could be lost using an electrical transmission between the engine and the hydraulic pump. A conventional steam turbine would require the use of a deep-reduction gearbox to be able to drive a hydraulic pumping turbine at 70-RPM to 100-RPM. The cost savings in maintenance of a deep-reduction gearbox and the efficiency gains over an electrical transmission makes the Quasiturbine competitive in terms of pumping massive volumes of water into storage at higher elevation.

Future designs of pumped hydraulic installations and hydroelectric power dams that include pumped storage may include a steam-based thermal power plant. During peak demand periods for electric power, the hydraulic turbines and the steam engines would drive separate alternators to provide electric power. A Quasiturbine engine or a circular array of Quasiturbine engines that rotate on a vertical-axis to drive an alternator may be located directly above a vertical-axis hydraulic pumping turbine driving an alternator in the opposite rotational direction. During off-peak periods, both alternators would be disengaged (or taken off-line) while the vertical-axis Quasiturbine(s) directly drive the pumping turbine to pump water to higher elevation.
Conclusions:

Large variations of steam-powered Quasiturbine engine have future application in the power generation industry and possibly in the commercial marine transportation industry. There is potential to develop the Quasiturbine engine to operate on ultra-critical steam to raise thermal efficiency. The capability of the Quasiturbine engine could influence the design of future hydroelectric power stations and even influence the re-design of older hydroelectric power stations to become combined-cycle thermal hydroelectric power stations.
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