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Abstract

The misson of the United States Military Academy (USMA) is*“To educate, train, and
ingpire the Corps of Cadets so that each graduate is acommissioned leader of character
committed to the values of Duty, Honor, Country; professiona growth throughout a career asan
officer in the United States Army; and alifetime of sdfless sarvice to the nation.”* In order to
accomplish thismisson, USMA puts their cadets through a 47-month program that includes
elght academic semesters. Upon graduation, the cadets receive a Bachelor of Science degree and
are commissioned as officersin the United States Army.

A very unique aspect of the academic program at USMA isthat each cadet is required to take
aminimum of five engineering classes regardless of their mgor or fidd of sudy. This means
that about 500 cadets will have taken the one-semester course in thermodynamics. The
thermodynamics course taught a USMA is different from others throughout the country. Within
every dassthereisamixture of cadetsin engineering and non-enginering mgors, i.e.
languages, history, and others.

The unique mixture of students has prompted instructors at USMA to work hard to design a
course that is very physical and hands-on. This has been achieved particularly in the area of
energy converson systems. Topics covered include vapor power cycles, internal combustion
engines, gas turbine engines, and vapor-compression refrigeration cycles. Four laboratories and
atour of a cogeneration facility supplement the thermodynamic concepts. The courseisaso
brought to life by some very unique teaching ads. These teaching aidsinclude the following:
reference cards for solving problems, turbine/compressor blades, jegp engine cutaways,
digtributor caps, cam shafts, fuel injectors, gas turbine engines (T-53, T-700, AGT-1500, and
Mars), V2 rocket (scramjet), J85 jet engine (with and without afterburner), Broadhead- Garrett
trainers, and cutaways of air-conditioners and refrigerators. Finaly, Sudents mgoring in
Mechanical Engineering (genera mechanica and aeronautical systems), Civil Engineering,
Engineering Management, or Environmental Engineering, complete adesign of a cogeneration
facility for USMA.
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Introduction

The United States Military Academy (USMA), located in West Point, N, about 50 miles
north of New Y ork City, was founded in 1802 as an academy that educated officers for the
United States Army. In 1812, upon recognizing the need for engineers, USMA changed its
curriculum to educate engineers for the Army and ayoung nation. In addition to offering a broad
vaiety of mgors, itisgill known primarily for its engineering programs. USMA dso remains
one of the ways to become a commissioned officer in the United States Army.

There are approximately 4,000 cadets at USMA. Although about 10,000 applications are
received annually, they are screened for grades, athletics, extra-curricular activities, and physicd
fitness. They must aso recelve a nomination from one of their state’'s congressmen. This
lengthy process results in about 1,300 cadets being admitted to USMA each year.?

Today USMA offers awide variety of mgors that cadets may choose. Twenty-four mgors
and seventeen fidds of study are offered in the mathemetics, science, and engineering
disciplines® Forty-four mgors and fifty-two fields of study are offered in the humanities and
public affairs disciplines. All cadets take a core curriculum that makes up the mgority of their
first two years, however.

In addition to the core curriculum, every cadet must take aminimum of five engineering
courses. Cadets choose this five course engineering sequence during their second year at
USMA, a the same time they are choosing amgjor or field of study. There are seven
engineering sequences from which they may choose. They are asfollows. Civil Engineering,
Computer Science, Electricd Engineering, Environmental Engineering, Mechanica Engineering,
Nuclear Engineering, and Systems Engineering. The twenty-Sx core courses and five
engineering courses make the academic experience a USMA avery unique one.

The Department of Civil and Mechanica Engineering is one of thirteen departments at
USMA.. Itsmissionisto “educate and inspire cadets in civil engineering, mechanica
engineering, and engineering mechanics such that each of these cadets is a commissioned leader
of character who is committed to duty, honor, country; a career in the United States Army; and a
lifetime of sarvice to the nation.* The Department accomplishes this mission while offering an
extensve engineering curriculum to add to the comprehensgive core curriculum. The Mechanicd
Engineering Divison offers adegree in Generd Mechanical Systems and one in Aeronautical
Systems.

There isaunique blend of faculty that executes this academic program. There are four
permanent military faculty, eighteen rotating military faculty, and four cvilians within the
Mechanica Engineering Divison. The academic ranks of the faculty include ingtructor, assstant
professor, associate professor, and professor. The rotating military faculty are officers, to
include one from the Navy and two from the Air Force, that have an average of thirteen years of
savicein the military. Thirteen of these officers are teaching at USMA for three years and will
then rotate back to the Army to continue serving as an officer in the Armed Forces. Three of the
rotating faculty members are a USMA for the second timein their careers,
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Energy Conversion Educetion

The fact that many cadets choose to mgor in engineering, dong with the fact that al cadets
have to take a five course engineering sequence, results in dmost 500 cadets taking EM 301-
Thermodynamics (480 cadets were enrolled in academic year 2000-2001). Of these 500 cadets,
approximately 50% are not engineering mgors. They are cadets mgoring in another discipline,
but have sdected the mechanica engineering five-course sequence. These mgjors could be
English, foreign languages, higtory, generd management, leadership, political science,
geography, chemistry, and the list goes on. Teaching a course with this type of student
population has to be thought out carefully. A lot of mathematics, equations, and derivations do
not gpped to thisgroup. Theright mix of these, dong with many demondreations, examples, and
training aids, must be put into the course in order to make it real, understandable, and relevant to
the cadets.

Another one of the challenges that thermodynamics ingructors are faced with isthat thereis
only one semester of Thermodynamics offered. The reason for thisis the number of core
curriculum credits that cadets must take, and the fact that cadets should graduate in four years.
Thisislesstimeto present the materid when compared to the two quarters or two semesters that
many mechanica engineering programs offer. Topics must be chosen carefully so that the cadet
experience is broad enough to understand the many applications of Thermodynamics, but dsoin
depth enough that our mechanica engineering maors gain the necessary experience to be
successful in subsequent courses and to be competitive engineersin the Army or after they leave
the service. Table 1 shows what topics are covered in this one semester Thermodynamics
course.

SUBJECT NUMBER OF LESSONS

Properties and Introductory Concepts

Work, Heat, and the 1% Law of Thermodynamics

Idedl Gas Law and Specific Heets

Steam Tables

Steady How Engineering Devices

Thermodynamic Cycles and the Carnot Cycle

2" Law of Thermodynamics

|sentropic Relations and Efficiencies

Rankine Cycle

Otto and Diesdl Cycle

Emissons

Gas Turbine Engines and the Brayton Cycle

Regener ative Gas Turbine Engines

Gas Turbinesfor Aircraft Propulson

Power Cycle Applications

Vapor Compression Refrigeration Cycle

NN [(NFPRIOOIFRP| BN N FRPWIN

Psychrometrics

Table 1. Subjects Taught in Thermodynamics
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Onewill notice from looking a Table 1 that energy conversion is the focus of this
Thermodynamics course (lessons shown in boldface). Using energy converson makes the
course relevant to the cadets, regardiess of what their mgjor is. They al see ared-world vapor
power gpplication when they tour a cogeneration facility on West Point. They will dl own
automobiles and be respongible for maintenance of diesd engineswhilein the Army. They will
al comein contact with gas turbine applications, whether on Army helicopters or on tanks.
Findly, everyone uses refrigeration daily. Moativating the cadets learning with these redl-world
energy conversion topics has proved to be very successful. Non-engineering sudents will not
have a passon for learning without being motivated by the fact that they will encounter these
things after they leave the classroom.

Choosing these energy conversion topics makes the course relevant, but it is not,
however, the last step in making it real and understandable for the cadets. A classthat is heavy
with theory, derivations, and equations does not gpped to many students, much less those that
mgor in the humanitiesingtead of the sciences. The Thermodynamics course taught a8 USMA
makes use of two strengths in order to appedl to dl of our diverse sudents' desire to learn.
These two strengths are our teaching aids and our laboratories. The following sections of the
paper will describe how and what teaching aids and laboratories have been incorporated into
these various energy converson topics.

Vapor Power Systems

There are five lessons covering vapor power systems. We begin first with an ided Rarkine
cycle and then discuss the differences in an actua cycle. We then move on to cyclesthat include
regeneration (open and closed feedwater heaters) and reheat. Instructors make this block of
indruction red and understandable by first introducing students to the physical components that
make up thiscycle. Pump, turbine,
compressor, and boiler sections are
passed around the class. Many students
can't visudize what is physcaly
occurring in these thermodynamic
devices until they actudly seethe
devices. Thecadetsasogainan
W appreciaion for the amount of

i engineering design that goesinto these
components. For example, seeing the
arfoil shapes of the turbine blades makes
them redlize that a great ded of
engineering design went into
manufacturing the mogt efficient turbine
possible. Some of these devices are
—— hown in Figure 1.

Figure 1. Thermodynamic Devices
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The second way that cadets gain an understanding of vapor power cyclesisin the laboratory.
Cadets complete a pre-laboratory exercise before coming to class. This assgnment helps them
understand what they will see in the laboratory, practices First and Second Law of
Thermodynamic caculations, and makes them think about what type of gages and sensors would
be needed to collect the necessary data. Cadets then conduct a two-hour [aboratory thet involves
collecting data from two different sleam turbines. One turbine powers arack of light bulbs and
students measure the current and voltage outputs. The other turbine' s shaft is connected to a
dynamometer alowing the cadets to measure torque and revolutions per minute. Temperature
and pressure data istaken at al of the state-points, and mass flow rates of steam and condenser
cooling water are measured. The cadets complete areport involving First and Second Law
cdculations. They dso discuss ways in which the cycle efficiencies can beimproved. Figures 2
and 3 show apicture of this laboratory.

Figure 3. Caling Steam Turbine

F gure 2. Westinghouse Steam Turbine

The third way ingtructors bring vapor power sysemsto lifeis by touring a cogeneration
facility located on West Point. Thisfacility producessome electnc:ty used for “ pesk-shaving”
and process hest used for building heat,
cooking, and showersin the cadet area. By
touring this facility, cadets get afeding for the
magnitude of these thermodynamic devices.

The turbines, pumps, boilers, and feedwater
heeters are certainly bigger than any device they
saw in the laboratory exercise. They dso learn
about real-world concerns such as adding make-
up water to the cycle to replace condensate loss
and the chemidtry that is required. Findly, the
tour alows them to verify assumptions they

have previoudy made. For example, whether

or not the pipes are adiabatic.

Figure 4: Insde Power Plant Boiler

One of the boilers was recently replaced in this cogeneration facility. This year Sudents dso
received the benefit of seeing the ingde of these large boilers as one of them was being
disssembled. Thisisshown in Figure 4.
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Internal Combustion Engines

The second mgjor block of energy conversion
ingtruction comes in the area of internd
combustion engines. This includes three classes
on spark-ignition and compresson-ignition
engines, one class on automotive emissons, and
two laboratories. Inthe firgt class, anin-linesix
cylinder Jeep engine cut-away is used to explain
how the enginesin the cadets carswork. The
sudents find this very rdevant to their lives.
Thereis no better way to learn how the engine
works than actudly seeing ared piston moving
up and down interacting with the vaves, fue
pump, oil pump, water pump, cam shaft, drive
shaft, distributor, and carburetor. This
particularly useful training aid is shown in Fgure
5. Indructors dso have an array of additiona
training aids such asfud injectors, distributor
caps, and smal models of 2-stroke and 4-stroke
modelsto use in their presentation of this
meaterid.

During the second lesson, instructors discuss the air-standard and cold air-standard
assumptions and mode the spark-ignition and compression-ignition engines as the Otto and
Diesd cycles. Thethird lesson is a problem solving sesson in which students work avariety of
Otto and Diesdl problems. The
automotive emissons class
includes topics such aswhere
emissons come from, what
emissons are consdered
pollutants, and what we can do to
reduce pollution. Once again
ingtructors make use of regl
caaytic converters, exhaust gas
recirculation (EGR) valves, carbon
canisters, and positive crankcase
ventilation (PCV) vavesto discuss
these topics. The automotive
emissonstraining aids are shown
in Fgure 6. Figure 6: Automotive Emissons Training Aids
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Cadets conduct two laboratories on internal combustion engines. Thefirgt isalaboratory
that compares a spark-ignition engine to a compresson-ignition engine of equal bore/diameter
and strokef/length. Cadets complete a pre-laboratory, once again preparing them for the actua
exercise. Measurements for mass flow rate of fud, shaft revolutions per minute, and shaft force

| are taken for each of the engines at

five different speedsfor agiven
moment arm. This dlows students to
compare parameters such as torque,
power, and thermal efficiency between
the two engines. In addition to this,
meass flow rate of air and emissions are
recorded for the spark-ignition engine,
alowing cadetsto plot graphs of
certain pollutants versus the air-fud
ratio. Cadets answer severd questions
pertaining to the data they collected in
awritten laboratory report. A picture
of thislaboratory is shown in Figure 7.

Figure 7: Spark Ignition-Compression Ignition Laboratory

The second laboratory is conducted utilizing the same methodology — pre-laboratory, collect
data, andyze data, and submit awritten report. Thislaboratory utilizes Cooperative Fuds
Research (CFR) engines that dlow cadets to vary compression ratio, spark-timing angle, and
type of fud. Thetorque for a given speed and compression ratio is measured at Six different
spark-timing angles using 86 octane fudl. The experiment is repeaed with aracmg fuel that has
a110 octanerating. Datafor both
fudsisthen collected a second
time, for Sx spark-timing angles
each, a adifferent compresson
ratio. Asthedatais collected, the
students make a note of what
operating conditions result in the
auto-ignition of thefud (engine
knock). Thisalowsthe cadetsto
understand the effects of fuel
octane, spark-timing angle, and
compression ratio on engine
performance. A CFR engineis
shown in Figure 8.

Flgure 8 CooperatlveFueIs Research Laboratory

Gas Turbine Engines

The third mgor block of ingtruction covers gas turbine engines. There are four lessons
covering thistopic. The first lesson introduces students to a simple gas turbine cycle using
severd different training aids. There are helicopter engines from the UH-1 “Huey” helicopter
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(T-53 Gas Turbine) and the UH-60 “Blackhawk” hdlicopter (T-700 Gas Turbine). These are two
helicopters that the cadets will encounter in the Army after they graduate. The engine housings
have been cut away so the students can see the compressor sections, the combustion chamber,
and the turbine sections. They have adso been modified so that they can be plugged into the wall
and dl of the sections turn as they would in operation, only much dower so the cadets can see it
happening. These two training aids can be seen in Figures 9 and 10.

i grg 10: T700 Gas Turbine

Figure 9. T53 Gas Trbi ne

After discussing actual gas turbine operation, the engines are modeled according to the air-
standard and cold air-standard assumptions to make Brayton cycles. Students then practice
working problems for smple Brayton cycles.

The second gas turbine lesson describes how these engines can be improved through
regeneration. Thereis another direct application of thisin the Army. The AGT- 1500 gas turbi ne
engine with regeneration is found f
in the Army’s main baitle tank, the
M-1"Abrahms’. Cadetsview a
movie describing how the AGT-
1500 works and why it was
designed theway it was. They
view an actud engine that has dso
been cut away to observe the
internal operation. This can be
seenin Figure 11. Students dso
work several problemsfor Brayton
cycles with regeneration.

Figure11: AGT 1500 Gas Turb| ne with Regeneratlon

The third gas turbine lesson covers jet propulsion. The methodology for this classisthe
same asit was for the smple gas turbine cycle. Ingtructors first begin by covering the operation
of an actud engine, then mode the engine as a Brayton cycle, and findly sudentsfinish by
working jet propulson problems with and without an after-burner. Instructors use severa
training aids for this lesson that are shown in Figures 12 through 15.
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Figure 14: J33 Jet Engine Figure 15: V2 Scram Jet

Thefind lesson in this block is alaboratory in which students collect data from the auxiliary
power unit (APU) of the UH-60 Blackhawk helicopter. Thisis another real-world, relevant
goplication for the future Army officers. The APU isaT62-40-1 gasturbine engine. After
completing a pre-laboratory exercise before coming to class, the students review the differences
between an ided Brayton cycle and the actuad gas turbine engine. They are then shown some of
the advantages of gas turbines (can operate on different fuels, smplicity, high power-to-weight
ratios) by disassembling aMars
gas turbine that was used on
Navy ships for operating fire-
fighting pumps. Cadets then
examine the experimenta sstup
of the APU, dlowing them to
verify the proper way of taking
data thet they addressed in their
pre-laboratory report. Datais
collected from the turbine and
cadets use this data to answer
questionsin alaboratory report.
The APU isshown in Figure 16.

Figure 16: Auxiliary Power Unit (APU) for the UH-60 Blackhawk
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Vapor Compression Refrigeration Cycles

Cadets complete their energy conversion topics by learning about the vapor compression
refrigeration cycle. Once again thistopic is useful in making thermodynamics red and relevant
to the cadets as dl of them are familiar with household refrigerators, ar conditioners, and, in
many cases, heat pumps. We devote two lessons to
thistopic. The first lesson describes the ided vapor
compression refrigeration cycle and teaches students
how to use a pressure-enthalpy diagram. Performance
parameters are dso discussed. These include terms
common to refrigeration applicationsin the United
States such as energy efficiency rating and tons of
refrigeration.

The second |esson teaches cadets the differences
between idedl cycles and actua cycles. Ingtructors
make use of a Broadhead-Garrett trainer to teach the
cadets about an actud cycle. Thistraining aidis
shown in Figure 17. Red ar conditioners and
refrigerators are dso available to ingructors. These
gppliances have a so been cut away so that sudents
may examine the interna operation of each.

Figure 17: Broadhead-Garrett Trainer

Energy Converson Design

Students mgoring in Mechanicd Engineering, Civil Engineering, Engineering Management,
or Environmenta Engineering take the same thermodynamics course as dl of the other cadets
magoring in other areas. In addition to these course requirements, however, the cadetsin the
above mentioned engineering maors complete a design project for an additiond haf credit-hour.
The scenario for thisdesign is that the cogeneration facility at West Point has burned down.
Cadets design anew cogeneration plant providing some dectricity for peak shaving and process
heat for showers, cooking, and building heat in the cadet area. Cadets begin by designing abasic
vapor power cycle. They caculate temperature, pressure, entha py, and entropy for each state
point in the cycle. The design is optimized so that only the minimum required eectricity and
process hedt is produced. Cost analysisisaso done for the design. Cadets then design an
improved cogeneration cycle which alows them to make comparisonsin cost and efficiency.
The most common designs are Rankine cycles with regeneration and topping cycles. The
average time spent on this project, for afour-person design team, is 80 tota man-hours, thus
judtifying the additiond haf credit that they earn. Thefind product is afull written technicd
report and an ord briefing to their indructor.
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The Future of Energy Converson Topicsat USMA

The five- course engineering sequence, mentioned at the beginning of this paper, will become
athree-course sequence beginning with the class of 2005. Engineering mgjors will continue to
take the Thermodynamics course as described in this paper. Non-engineering mgors, with a
mechanica engineering sequence, will not take the traditional Thermodynamics course anymore,
This has caused the department to take alook at what courses should be taught to these cadets
not mgoring in engineering. One of the three courses selected is going to cover the thermal
sciences® Although thereis alarge amount of materia that could be put into this course, thereis
only one semester to work with. Despite having al of our fluids, thermodynamics, and heat
transfer courses to select topics from, one topic that remains the backbone of this new thermal
science course is energy converson. The ingructors that are developing this new thermal
science course, understanding the applicability of internal combustion engines and gas turbines
to an Army officer, have left these two blocks of ingruction nearly intact. Actua spark-ignition
and compression-ignition engines, the Otto and Diesd cycles, and the CFR |aboratory will be
covered in thisnew course. Actud gas turbines will be discussed, followed by the idedlization of
the engine into the Brayton cycle. Cadetswill till learn regeneration in gas turbines and jet
propulson. The gasturbine laboratory will dso remain in thisnew course. It isdways
important, and often times challenging, to motivate sudent learning. Keegping non-engineering
sudentsinterested and motivated while taking a class like Thermodynamicsis even more
chdlenging. Due to the wide range of applicationsin today’s world, and the Army, energy
converson topics are an excdlent way of doing this.
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