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The Quasiturbine rotary engine has the capability to operate on pressurized gas or as an internal or external combustion engine in stationary or in mobile operation. It can operate in a railway locomotive as a closed-cycle Rankin (phase-change) engine using such working fluids as ammonia, sulphur dioxide or Freon replacements from Genetron. The “fuel” would be heat stored in a eutectic phase-change material (PCM) contained in onboard “fuel” tanks. This energy concept could be developed for use on locomotives used in short-haul railway freight operations in cold northern climatic regions such as Alaska, Iceland, parts of Northern Canada, Northern Russia, Sweden, Norway and Finland. 





The heat required to re-energize thermal-storage locomotives operating in arctic climates may come from high-grade geothermal energy, recaptured waste industrial heat, or heat from stationary plants that processing low-cost biofuels or incinerating garbage. If the locomotive is to operate under mainly sub-freezing weather conditions, the insulated onboard thermal storage technology will need to be maintained at temperatures above 100-degrees F (38-degrees C). This Quasiturbine engine would operate in a similar manner to OTEC technology adapted to geothermal energy conversion (see webpage http://www.quasiturbine.com/QTGeothermalValentin0412.doc ). To raise engine efficiency, the Quasiturbine can be built with adjustable inlet cut-off ratios. 





Due to space constraints, a high level of power output would need to be available from a compact, hermetically sealed engine package that would include a sealed oil-cooled alternator and a sealed sliding-vane pump. The sealing would reduce risk of loss of working fluid. What makes a low-temperature thermal rechargeable railway locomotive possible, are ongoing developments of phase-change materials intended for use in the buildings (http://freespace.virgin.net/m.eckert/pcm_solar_energy_storage.htm  ). One notable development from C.K. Jotshi and D.Y. Goswami involved mixing ammonium nitrate [NH4(NO3)] with hydrated ammonium alum [NH4Al(SO4)2:12H2O)] and a small amount of 5% attapulgite clay to stabilize the compound. The mixture was measured to have a latent heat of fusion at 2185-Kj/Kg (941-BTU/lb) between 48-degrees C and 53-degrees C (118-F and 127-deg F), with an heat capacity of 187.9-KJ/Kg (81-BTU/lb) between 38-degrees C and 67-degrees C).
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When used in buildings, this phase-change material (PCM) is encapsulated in 1-inch diameter HPDE plastic balls. For mobile service, it may be possible to store this material in sealed tubes submerged in a tank of water. A water pump would recirculate heat from the PCM storage system to the fluid heater for the Rankin-cycle Quasiturbine engine. In locomotive operation, 50,000-Kgs or 110,000-lbs of the mixture would hold 1053-BTU/lb x 110,000-lb, or some 45,000-Hp-hr of potential power. Given a 6% to 8%-efficiency during cold northern winter operation, the locomotive could deliver up to 2,500-Hp-hr to the rail, sufficient for short line railway operations in cold northern climates.





The research of Jotshi and Goswami involving a sulphate-nitrate-hydrate may be a precedent that may be applied to other hydrated sulphate / nitrate mixtures. These other eutectic phase-change-materials could process very larger quantities of heat to change from solid to liquid phase (latent heat of fusion) at temperatures over 100-degrees. A partial list of possible hydrated sulphate-nitrate (or carbonate) salt combinations (plus metal oxides in select cases) may include:





-Nickel nitrate [Ni(NO3)2] and Nickel sulphate (NiSO4) plus H2O; 


-Magnesium nitrate hexahydrate [Mg(NO3)2.6HO] and Magnesium Sulphate [Mg(SO4)]:


-Manganese nitrate [Mn(NO3)2] and Manganese sulphate [MnSO4] plus H2O;


-Copper sulphate pentahydrate [CuSO4.5H2O] and Copper nitrate [Cu(NO3)2];


-Potassium: K2SO4 and KNO3  plus H2O; (or K2SO4 and K2CO3); 


-Sodium:  Na2SO4 and NaNO3 plus H2O; (or Na2SO4 and Na2CO3); 


-Lithium:  Li2SO4 and LiNO3 plus H2O; (or Li2SO4 and Li2CO3);


-Aluminum nitrate gigahydrate [Al(NO3).9H2O] plus bauxite (Al2O3.2H2O);


-Beryllium sulphate hydrate [BeSO4.2H2O] plus Beryllium oxide [BeO];





Most of the above mixtures would require that an additive to either stabilize the thermal storage material or prevent precipitates from forming as the material cools and transforms into a solid. During an earlier time period (1920's to 1950's), experiments were undertaken that involved using sodium hydroxide (NaOH) as a phase-change material in fireless steam locomotives used in Denmark and in the UK. Modern PCM research is now addressing and resolving the problems that involved using phase-change material for thermal energy storage. Ongoing PCM research underway in Sweden, Finland and Australia is aimed mainly at the building and construction industry. However, eutectic PCM materials as well as a range of hydrated salts that undergo phase changes at higher temperatures (89-degrees C), are becoming available (see http://www.teappcm.com ). 
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The higher temperature eutectic PCM's can raise locomotive efficiency to over 10% during winter operation and even allow for year-round operation in regions having cooler summers. Such PCM's can offer longer life expectancies as well as high energy storage density levels than lead-acid batteries. Locomotive efficiency levels of 10% to 12% would actually be energy-competitive against fuel-cell vehicles that obtain hydrogen generated from electricity produced at thermal power stations. These stations generate power at an efficiency level below 39%, while electrolysis typically operates at 67% efficiency (0.39 x 0.67 = 26%). The fuel cell operates at 50% peak efficiency, while cooling and compressing the hydrogen may consume an extra 10% of energy (26% x 50% x 90% = 11.7%). In terms of cost and energy efficiency, a thermal rechargeable Quasiturbine railway locomotive would be energy-competitive and cost-competitive against hydrogen fuel-cell locomotives in regions where electricity comes from thermal sources.





The long-term reliable operation of the Quasiturbine engine will be ensured by new refrigerants that include synthetic lubrication, compounds currently being developed by companies such as the Genetron division of Honeywell. These refrigerants would allow an engine to generate power from small differences in temperature. The thermal source may either be PCM material or a heat-capacity thermal storage material such as saturated water. It will release 300-BTU/lb or 696-KJ/Kg of heat energy as it is cooled from 218-degrees C (425-deg F at 325 psia) to 125-deg F at atmospheric pressure, . 





Saturated water (425-deg F) contained in insulated accumulators (2500-cu.ft) could be recirculated through a heat exchanger by a computer-regulated variable volume pump. This is to keep the refrigerant that supplies the Quasiturbine engine at a constant 125-degrees F, while operating under cool and cold (sub-freezing) weather in northern climates. A locomotive using this technology could pull short trains for up to 50-miles (80-Kms) at a moderate speed (35-mi/hr) before a rapid (30-minute) thermal recharge would be needed. The combination of new thermal energy storage technology, new refrigerants and compact Quasiturbine engine technology could offer short-haul railway companies a low-cost alternative in locomotive choices. Locomotives using PCM technology may be able to pull short trains for over 200-Kms at moderate speed, prior to needing a recharge.
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