Introduction
Thermodynamics analysis to assess the amount of heat energy converted to mechanical work is a vital strategy in understanding the overall performance of locomotive systems. This eventually leads to the identification of the sources of energy losses in the systems processes. While this analysis may not guarantee an economical modification of a system, the relationship between the engine complexity and source of heat energy, and its fuel efficiency is imperative in choosing a locomotive technology that is appropriate to foster fuel economy and maintain a green environment.  The primary methods applied in thermodynamic analysis include equipartition principles, second law analysis, exergy analysis, and pinch analysis, which are all combined to review the energy and process systems. This review would enable an engineer to modify engines or design new ones with the primary objective of fuel efficiency as well as considerations of natural resources and the environment (Petrescu, 2017). To quantify the efficiency of an engine system in terms of energy usage, the fuel consumption, the heat supplied, heat cost and temperature of the internal combustion system are fundamental parameters that ought to be calculated.
Locomotives have been powered by gas, steam, diesel, and gasoline as well as hydraulic and electric motors across the various frontiers of technological development and industrial revolution. Each of these engines have advantages and disadvantages that has been the subject of discussion for many decades with the diesel engine winning the argument owing to its fuel efficiency and limited waste that it emits. Focus is on this engine as it has withstood the test of time with a century almost ending since its inception in the 1920s. Various automotives continue to use this engine but its basic system of operation has been improved over the years (Greene, 2008). Diesel fuel has supported the survival of this system as it highly volatile, has a low cost, and is readily available. The engine comprises of several cylinders that are linked to a common crankshaft. Fuel is ignited by applying pressure on the piston, which moves down and turns the crankshaft. The movement of the engine generates mechanical power that is used to move locomotives or do other tasks associated to the system.
The fuel efficiency of engines is measured in the relationship between the total energy that a fuel contains and the actual energy from this fuel used to produce mechanical power. Thermal engines are classified into two: internal combustion engines and external combustion engines. Internal combustion engines comprise of diesel, gasoline, and gas turbine engines while external combustion engines comprise of steam turbine, steam piston, and Stirling cycle engine. Each of these engines has an energy efficiency that is unique to it. It is the ratio of useful work done to the thermal energy provided.  Fuel efficiency is a historical goal of automotive engineering. As early as 1918, the pioneer of General Motors Charles Kettering was foreseeing the downfall of internal combustion engines in less than five years due to their inefficient use of fuel energy. However, the efficiency of these engines was enhanced from 10% to 40% in less than three decades. This was through improvement in system design, fuels, and fuel reduction. As a result, engines have become more powerful and locomotives have become faster, bigger, and heavier (Greene, 2008). This case study will be considering diesel-electric, coal-fired steam, and gas turbine-electric engines to compare the efficiency of thermal energy conversion to mechanical work that is used to drive these engines. The goal is to use thermodynamic analysis to evaluate the amount of heat input required to convert mechanical work for self-propulsion given an energy output rating of 2500 kW.
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