Abstract
In this case study, a complete thermodynamic analysis will be performed on three different locomotive technologies. They will be compared in regards to the conversion of heat input to mechanical work used for self-propulsion given a known output of 2500 kW in each case. The three locomotive technologies will be chosen from within a period of the last 200 years, ranging from coal-fired steam engines to modern electric-diesel engines. There will be many things considered in this case study, which will consist of cost, materials and fuel available in that time, and a background of each time period including leading innovations in thermodynamics of that time. There will be a brief history of thermodynamics in locomotives and history of each time period in general. For each case, the type of cycle used as well as technological strengths and issues, and natural resources of that time will be considered. An explanation of the methods used to analyze each cycle and determine each cycles efficiency will be addressed. Each case study will include two analyses; one that uses energy analysis to quantify the work and heat terms in the type of cycle and another the quantifies efficiency. The case study will conclude with a review of the thermodynamic findings about each type of cycle in their specific time period which will include results about heat input needed to achieve a mechanical work output of 2500 kW and the efficiency of each case.



Introduction
The goal of this case study 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.


































Background Information
The first public railway built in the United States finished construction in the 1830s. This track was merely ~15 miles long and held what was the first American-built steam locomotive. Since then, large advancements in the technological capabilities of locomotives have resulted in more efficient types of engines. Some of these are coal-fired steam, diesel-mechanical, diesel-electric, gas, fully electric, gas turbine-electric, and even hybrid engines. This case study will be considering diesel-electric, coal-fired steam, and gas turbine-electric engines.

Coal-Fired Steam Locomotive
Originally, wood was the dominant fuel source for locomotives until it was replaced by coal. While using wood as a fuel source, locomotives would have to stop at stations along the track around every 30 miles to load up on more “fuel”. It was then discovered that a coal-fired engine could travel up to and sometimes more than 3 times further than a wood-fired engine. Similar to wood, the type of coal used produced different effects. Anthracite coal is much harder than other forms of coal such as bituminous and is nearly entirely made up of carbon and thus provides more energy when used making it the preferred fuel. Although coal was much more efficient, it weighed more than twice as much as wood; this caused problems for steamboats, as they could only carry a limited amount of weight but eventually, the transition was made. This transition for trains started in the late 1850s when coal was finally accepted as the more efficient fuel source, but it wasn’t until 1880 that 90 percent of the railway fuel became coal. During this transition, the price of a metric ton of anthracite coal dropped from $11  in 1830 to ~$5.50 in 1860 which is roughly worth ~$100 dollars now. Along with this, coal-fired steam locomotives use around 9-13 tons of coal an hour.

Gas Turbine-Electric Locomotive
Soon after coal-fired engines came gas turbine-electric engines being introduced in 1920 but didn’t reach its peak until the 1950s/1960s. Compared to piston engines, a turbine has much less moving parts thus decreasing the need for lubrication and maintenance costs. Another advantage over a piston engine is that turbine engines are physically smaller and lighter while providing the same amount of power. Although at first turbine engines seemed promising, they quickly became a rarity due to multiple complications and disadvantages. The first of which being both power output and efficiency both dramatically drop with rotational speed while piston engines retain a flat rate. Another disadvantage is the amount of noise turbine engines produce resulting their operation being banned in Los Angeles. Because of these disadvantages and the oil crisis in the 1970s which resulted in the cost increase of fuel, it became uneconomical to operate gas turbine-electric engines.

Diesel-Electric Locomotive
In 1893, Dr. Rudolf Diesel attempted to create a combustion engine to be used in early refrigerators but after little success, pushed his idea towards locomotives, eventually resulting in what is today’s primary locomotive type. The diesel-electric locomotive debuted in 1925 as small 600 horsepower engines and since then, has continuously grown to today’s output of ~3000 horsepower. As they became more popular, manufacturing and operating costs dropped and it eventually became cheaper to own and operate than a steam locomotive. Additionally, there were many fewer varieties of diesel engines than steam, allowing a much better mass production of diesel parts. One of the largest advantages diesel engines hold over steam is the act of operating. Diesel locomotives can be safely operated by only one person making them ideal for switching shifts. The environment of operating a diesel engine is also much more forgiving than a steam engine. While operating, it is much quieter, fully weatherproof, and the high amount of heat and dirt that comes with a steam engine is gone. Regardless of weather and temperature, diesel engines can be nearly instantly started or stopped, meaning it will produce no fuel cost while not in use. Oppositely, a steam engine requires intensive maintenance while in and out of use; in cold conditions, preparing a steam engine for use can take a couple hours.





Case 3 - Diesel-Electric Locomotive


>3 locomotive technologies
-Coal-fired steam, Gas turbine-electric, Nuclear/Diesel-electric
-Output of 2500kW
-2 Analyses, Energy and Efficiency


>1st step is to determine the cycle type for each locomotive
>http://cs.trains.com/trn/f/740/t/210160.aspx
>https://www.explainthatstuff.com/steamengines.html
>https://en.wikipedia.org/wiki/Gas_turbine_locomotive#/media/File:Alco-GE_Union_Pacific_Gas_turbine_locomotive_diagram.JPGu
>http://labman.phys.utk.edu/phys136core/modules/m3/engines.html
>
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Team Project — Guidelines and Suggestions

Perform a case study that compares 3 locomotive technologies (conversion of heat input to mechanical
work used for self-propoulsion) with an output rating of 2500kW. At a minimum, each case study
should include two analyses: One that uses an energy analysis to quantify the work and heat terms in
the type of cycle utilized, and another that quantifies efficiency.

Your group can pick any 3 architectures to compare over the course of the past 200 years, from wood-
fired steam engines to modern clean diesel engines. Be sure to consider the background of each time
period and state of the art when explaining usage of the cycle and mechanisms. Material, fuel, and cost
are examples of what might be scrutinized.

Suggested formatting: Single column, single space- AIAA format for titles, paragraphs, references,
tables, etc.

Page count and point assessment:

Section Approx. Description Points
Page Count
Abstract <1 Summary description of the entire technical paper 5
Introduction 2-3 Explanation of the case study, conditions, major 5
considerations for the compared technologies
Background 1-2 Historical background and technical considerations for | 5
each case
Case 1 1 Case 1 cycle type, technical considerations, conditions 5
Case 2 1 Case 2 cycle type, technical considerations, conditions 5
Case 3 1 Case 3 cycle type, technical considerations, conditions 5
Analyses 1-2 Explain the methodologies utilized for cycle and 15
efficiency analyses
Case 1 4 Case 1 cycle and efficiency analyses 15
Case 2 4 Case 2 cycle and efficiency analyses 15
Case 3 4 Case 3 cycle and efficiency analyses 15
Conclusions 2 Comparison of results, general conclusions 10
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