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ABSTRACT 

The Brayton Cycle Demonstration Unit fills an important role in the study of 

thermodynamics at the College of Applied Science.  The demonstration unit has the 

ability to demonstrate the Brayton cycle at work and collect the necessary data to 

construct a process diagram for the air passing through a gas turbine engine.  It is 

intended for use as an instructional tool in the lecture for Thermodynamics MET-215.  

The unit will provide instructors the opportunity to run the demonstration for students 

and lecture on the process at work.  The unit has successfully demonstrated the 

compression, combustion, and exhaust processes associated with the Brayton Cycle, and 

has met with enthusiastic response from students who attended its first demonstration.  

Those students surveyed also indicated that they gained a significantly improved 

understanding of the Brayton Cycle.  Ideally, the work done on the demonstration unit 

will lead to further development into lab experiments which measure the performance 

parameters of the engine and compare them to theoretical values.
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INTRODUCTION 
 
 The College of Applied Science is accredited by the Accreditation Board for 

Engineering and Technology (ABET).  Accreditation assures that the mechanical 

engineering technology program has met defined educational standards or criteria.  

Graduation from an accredited program is necessary to obtain certification required to 

begin professional practice.  ABET not only evaluates what is taught but how it is taught 

as well.  According to ABET’s program criteria for mechanical engineering technology, 

“Technical science courses must be applications-oriented with a majority having an 

accompanying laboratory to reinforce understanding of principles and applications. The 

laboratories should emphasize measurement, data collection and analysis documentation, 

written/oral report preparation/presentation.”[1]  One particular topic in the MET 

curriculum lacks any reinforcing lab experience of the type encouraged by ABET criteria.  

Due to the high cost associated with gas turbine engines, they are not represented in the 

college’s laboratory experience. 

Gas turbine engines have found applications in nearly every industry in countries 

all over the world.  They supply power for large oceangoing vessels, operate large 

industrial generators, and are found in their most common application, aircraft jet 

engines.[2] 

    Various principles of turbines and gas turbine engines are discussed in 6 of the 55 

classes offered by the mechanical engineering technology department.[3]  Gas Turbine 

engines are first discussed in depth during the second year of the curriculum in 

Thermodynamics MET-215.  It is in this class that students are first introduced to the 

thermodynamic process at work in gas turbine engines, the Brayton cycle. 
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1.1 Basics of the Brayton Cycle 
 

All engines operate on thermodynamic cycles, in which energy is transferred to a 

working medium like air or steam, and used to do work.  In a true cycle, the medium then 

returns to its original state.  Four cycle gasoline engines operate on the Otto cycle, diesel 

engines work on the Diesel cycle, and gas turbine engines operate on the Brayton cycle.  

In the Brayton cycle, a compressor draws air at atmospheric temperature and pressure 

combustion chamber, fuel is injected and ignited.  The heat added to the air by the 

burning fuel causes the air to expand, forcing it out the exhaust of the engine.  As th

leaves the engine, it expands through a turbine, the turbine drives the compressor via a 

shaft, drawing in more air to continue combustion, thereby sustaining the process.  

Ideally, the air leaving the engine then loses heat until it returns to atmospheric 

temperature and pressure, completing the cycle. 

All of the power generation cycles operat

into the engine, and compresses it into a combustion chamber (see Figure 1.1).  In the 

e air 

e on the air-standard assumptions.  The 

air-standard assumptions are a collection of approximations used to reduce the analysis of 

the working fluid to a manageable level.  The assumptions are listed below: 

Figure 1.1: Jet Engine Cutaway View 
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1 The working fluid is air that continuously circulates in a closed 

loop and always behaves as an ideal gas. 

2 All the processes that make up the cycle are internally reversible. 

3 The combustion process is replaced by a heat addition process 

from an external source. 

4 The exhaust process is replaced by a heat rejection process that 

restores the working fluid to its initial state.[2] 

n, it is also often assumed that the In additio air has a constant specific heat equal to its 

specific h

 T rking fluid to be determined at 

 

ich chart temperature on the vertical axis and entropy 

llege of Applied Science.  Dr. Al-Ubaidi acts as the instructor for 

mo  at the college.  As a specialist in thermodynamics and full 

lum.  

s 

eat at room temperature. 

hese assumptions permit the properties of the wo

various points in the cycle.  A useful tool in this analysis is a process diagram.  Process

diagrams include T-s diagrams, wh

on the horizontal axis, and P-v diagrams, which chart absolute pressure on the vertical 

axis and specific volume on the horizontal.  P-v diagrams can be constructed from data 

collected from an engine while in operation and used to describe the engine’s 

performance.  They are therefore very important in the construction of a Brayton cycle 

demonstration unit. 

1.2 Customer Research 

Muthar Al-Ubaidi is the interim department head of the Mechanical Engineering 

Department at the Co

st thermodynamics classes

time professor, he determines what lab experiments will be included in the curricu

Dr. Al-Ubaidi has directed construction of most of the equipment in the thermodynamic
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laboratory.  In a series of interviews with Dr. Al-Ubaidi, and another thermodynamics 

instructor, Scott Dawson, the needs of the department were established [4,5].  Dr. Al-

Ubaidi addressed specific applications for a gas turbine engine.  In the MET curriculum, 

turbines are first discussed in length in Thermodynamics 32 MET 215.  It was decided 

that this is where the machine would best fit to demonstrate the principles of turbine 

engines.  It was Dr. Al-Ubaidi who determined that in order to be effective, a turbine 

demonstration would need to provide data to construct a process diagram showing that 

the engine was operating on the Brayton cycle.  The apparatus would measure 

temperature and pressure in strategic locations to create a P-v diagram for the process.

In order to be a suitable laboratory demonstration, the equipment also had to 

conform to some practical limitations.  In an interview with OCAS lab coordina

Rife[6], constraints were established regarding size and weight of the apparatus.  The 

   

tor Doug 

overall

 

 parts.  

veys 

a Brayton cycle 

emons ration, 

 size of the unit is governed by the limited facilities available, as well as 

availability of maintenance and service.  The unit must also conform to requirements of 

classroom learning.  For that reason safety became a concern.  The gas turbine presents

not only a burn hazard, but also presents a risk of injury associated with rotating

The final product will need to account for these health hazards by possessing the 

necessary heat shielding and guards on rotating machinery. 

 In addition to interview data, surveys of the current Thermodynamics 215 

students were conducted regarding the use of a Brayton cycle demonstration.  Sur

provided information on whether or not students considered 

d tration worthwhile, what they would like to see in a Brayton cycle demonst
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as well as information on their own understanding of the Brayton cycle.  The 

results can be found in Appendix A-1. 

1.3 Product Objectives 

Input from College of Applied Science 

survey and 

staff and students was analyzed to produce 

obj cle demonstration unit.  All customer needs fell into two 

e 

uired to 

f a list 

cle 

yton 

ys 

•  perform a complete demonstration 

hes for storage 

g noise that would make the demonstration 

ectives for the Brayton cy

categories.  The first category contained requirements for the capabilities of the 

apparatus—principles the unit could demonstrate, and properties it could measure.  Th

second category contained practical considerations for the equipment—space req

store the unit, difficulty of running the demonstration, and safety to operate.  The 

collected input was used to construct a quality function deployment (QFD) house of 

quality (see Appendix A-2).  The house of quality analysis permitted the creation o

of objectives for the demonstration unit: 

• Demonstrate the compression, combustion, and exhaust processes 

associated with the Brayton cy

• Produce at least a 10% increase in student understanding of the Bra

cycle, as measured in student surve

• Require a setup time of no more than 20 minutes. 

Require no more than thirty minutes to

• Require a space of no more than 83 x 44 x 126 inc

• Weigh less than 850 lbs 

• Feature adequate guards for burn hazards and rotating parts 

• Operate without producin

unpractical 
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DESIGN ALTERNATIVES 

To suit the objectives listed above, three alternative designs were created.  The first 

utilized a cutaway model of the components in a gas turbine engine similar to what is 

shown in Figure 2.1.  This design acts a visual aid for professors to show students the 

equipment required to operate an engine on the Brayton 

cycle.  The second alternative involved creation of a gas 

turbine engine mock-up using similar components as the 

unit just described, but injecting compressed air into the 

combustion chamber to simulate the action of fuel burning.  

The design would allow observation of the engine in use, 

but would not permit collection of any data.  The last 

option was to create a fully functional gas turbine engine, allow

the engine and run it under its own power, burning a suitable f

to collect data on the air passing through the engine.  All three

using the weighted objective method and the input collected fr

(see Appendix B-1). 

The selected option was the fully functional gas turbin

factor in the selection of this alternative was the overwhelming

students who said they would prefer to see a real gas turbine e

simulation.  This and other user input was reflected in selectio

weighted objective method.   
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Figure 2.1: Turbocharger Cutaway
View
ing the professor to start 

uel, and allowing the user 

 options were evaluated 

om the students and faculty 

e engine.  A significant 

 majority (94%) of 

ngine in operation than a 

n of the design by the 



 

DEM GN 

 the 

n 

ONSTRATION UNIT DESI

Gas turbine design centers on the bladed wheels used for the compressor and

turbine.  An example of one of these compressor wheels is shown in Figure 3.1.  Desig

and construction of these wheels is very difficult, time consuming and expensive.  The

wheels must move large volumes of air, and must be able

withstand the high revolutions necessary to do so.  In add

these demands, turbine wheels are also subject to extreme

temperatures.  In order for construction of the Brayton Cy

Demonstration unit to begin, the design was centered on usin

existing components from an automotive turbocharger.  In

automobile turbochargers, exhaust gases spin a turbine

leave the engine.  This turbine drives the compressor via a shaft, 

which feeds the engine with additional oxygen, increasing 

horsepower and improving efficiency.  The compressor and turbine w

devices are very similar in

 

 to 

itio

ly h

cle 

 

 as they 

function to the ones used i

homemade jet engines.  Th

online communities like ya

yourself gas turbine engine page, or Larry’s Home made gas turbine je

 

n to 

igh 

g 

 

turbine engines.  Typical t

compressor and turbine wh

Figure 3.2.  A group of wo

has begun converting these
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Compressor 
Figure 3.1:  Centrifugal
heels used in thes

 material and 

e 

n commercial gas 

ured in 

 

 into 

ey can be found in 

urbocharger 

eels are pict

rldwide hobbyists

 turbochargers
Figure 3.2: Turbocharger Compressor and
Turbine Wheels 
hoo’s do-it-

t engines page.  



 

Commonly, the conv wheel and housing 

(like th  

ion of availability.  Due 

sed turbochargers are 

are suitable for adaptation 

Turbochargers with minor wear can be repaired, 

but a turbo that has been damaged due to a loss of 

oil pressure can no longer be used to construct a 

gas turbine.  The second concern is whether or not 

the compressor and turbine of the turbocharger 

are well “matched.”  When used as a gas turbine engine, turbocharger turbines are fed air 

by their compressors.  If a compressor supplies more air than the turbine can consume, 

the compressor induces “compressor stall” that is, the compressor builds pressure so high 

in the combustion chamber that air can no longer flow in the intake.  If flow stops, the 

engine is in danger of sending combustion gases out both ends of the turbo, stalling the 

e ed compressor will feed the turbine with air at a rate it can adequately 

flow through the turbine.  A matched compressor and turbine can be identified by a 

ersion involves utilizing an existing compressor 

e one in Figure 3.3), channeling air into a custom-made combustion chamber, and

directing the combustion gases into the turbine to spin the engine.  The design begins 

with selection of a suitable turbocharger. 

3.1 Turbocharger Selection 

 Selection of a suitable turbocharger began with considerat

to the limited budget of the project, cost was a primary concern.  U

commonly available for about $200, but not all turbochargers 

to gas turbine engines.  When selecting a turbo, 

there are three criteria the turbo must meet.  First 

of all, is the turbo damaged beyond repair?  

Compressor Housing 
Figure 3.3: Compressor and 

ngine.  A match
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compressor and turbine of approximately the same diameter.  Lastly, it is important to 

consider if the inlets and outlets of the compressor and turbine easily adaptable to the 

needs of a gas turbine engines.  If a combustion chamber can’t be adequately fitted to t

turbo, then it is impossible to use it as a ga

he 

s turbine engine. 

 available to the project by Schneider’s auto salvage at no 

otors in 1980 and 1981[9] (see Figure 

r the turbo, showing the operational 

ow rate for the turbo.  An exploded view of 

endix C-2. 

n chamber design began.  The 

ss  chamber 

e air 

Two turbos were made

charge.  Both appeared to be in rebuildable condition and both had workable inlets and 

outlets, but one had a better matched turbine and compressor.  The selected turbo is a 

Garrett AirResearch TB0 305 turbocharger.  The unit was originally installed in Pontiac 

Trans Am automobiles constructed by General M

3.4).  Appendix C-1 shows the compressor map fo

pressure, revolutions per minute, and mass fl

the turbocharger and a parts list are shown in App

3.2 Combustion Chamber 

 With turbo selection complete, combustio

combustor has air channeled into it from the compre

which is mixed with the air and ignited.  The combustor 

then directs the products of combustion into the turbine. 

The combustor must be constructed in such a way that 

the intense heat of combustion does not come into 

contact with the chamber walls.  A thin film of cool air 

from the compressor is maintained on all surfaces of 

the combustor. All combustors consist of an external 

casing to contain the pressure of combustion and an internal flame tube to distribut

Figure 3.4: 1981 Pontiac Trans Am 

or, fuel is injected into the
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into the fuel.  Combustor designs range from highly complex and efficient annular 

designs to concentric flow cylindrical combustors, to less-than-efficient tangential a

flow cylindrical combustors.  The tangential flow combustor was selected for this p

because of its ease of construction.  The sele

xial 

roject 

cted material for the combustion chamber 

was sch

hannels air from the compressor 

mbustion

 t

]  The

m

edule 40 threaded iron pipe, also known as “black iron” 

pipe commonly available at most hardware stores.  Black iron 

can withstand pressures of 125 psi and is also able to tolerate 

the heat generated in the combustion chamber.  Use of threaded 

coupling also allowed easy modification to the design and 

permitted easier construction.  Two-inch inside diameter black 

iron was chosen to reduce flow resistance by matching the 

inside diameters of the compressor outlet and turbine inlet.  

The compressor outlet pipe c

into a cylindrical combustion chamber via a tee.  (see Figure 

3.5).  A flexible coupling of Kevlar-reinforced silicone hose in the

misalignment resulting from unequal expansion as the co

the compressor outlet pipe remains cool.  The coupling is

connect turbos in automotive applications, and designed

pressures and temperatures up to 350 degrees F.[10

chamber also integrates fuel injection, ignition, and a fla

following sections. 

 of the ty

o withsta

 design o

e tube a
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Figure 3.5: 
Combustion Chamber
 chamber heats up and 

 line compensates for 

pe ordinarily used to 

nd associated high 

f the combustion 

s described in the 



 

3.3 Flame Tube 

 The flame tube separates the burning fuel from the walls of the combustion 

chamber.  It consists of a shell inside the combustion chamber.  Air flowing into the 

chamber from the compressor surrounds the flame tube and enters the flame tube throug

holes along its length.  Gas turbine engines typically use only on

passes through them for combustion.[11]  The remainder of the

internal parts of the engine.  The flame tube is then designed to

length of the flame tube is divided into three “dilution z

passes to dilute the products of combustion.  The zone nearest th

large number of small holes to provide the air necessary for co

rate.  The next zone consists of fewer holes slightly larger in s

rate to cool more effectively.  The last zone, nearest to the turbin

larger holes in smaller numbers, allowing the remaining cool a

combustion gases lowering the turbine inlet temperature preve

from melting.  

3.4 Fuel System 

 Incorporated into the combustion chamber is a fitting to inject fuel into the 

combustion chamber.  Propane was selected to fuel the engine because the pressure ins

a propane tank is capable of delivering fuel into the engine without the need of a fue

pump.  The fuel is stored in a propane tank of the type ordinarily used for barbecue g

The fuel leaves the t

h 

e sixth of the air that 

 a

 a

ones” 

m

ize

ir 

nting e blades 

ide 

l 

rills.  

ank and passes through a needle valve used to control the fuel flow 

rate.  The fuel is then directed into the combustion chamber through a pipe brazed into 

the top of the combustor.  Inside the combustion chamber the fuel enters through a nozzle 

 the turbin

ir is used to cool the 

chieve this goal.  The 

through which cool air 

e fuel injector features a 

bustion at a low flow 

, allowing a greater flow 

e inlet, features still 

to mix with the 
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constructed of a brass pipe cap with a single #60 hole drilled in it.  The needle valve 

 

he 

 an 

 

e 

park via a Darlington TIP 127 transistor.  A schematic of the system 

ix C-3.  The timer circuit is powered by the same 12 Volt DC power 

ered 

 

h 

allows precise setting of the fuel flow rate for engine startup and accurate control of

engine speed for safe operation. 

3.5 Ignition System 

 Incorporated into the combustor is a fitting for an ignitor to ignite the fuel/air 

mixture inside the combustion chamber.  The engine will be started by forcing air 

through it from an external source.  Once a flow of air through the engine has been 

established, the ignitor will be turned on and fuel will be admitted into the chamber.  T

fuel should ignite promptly.  Once ignited, the ignition can be switched off and the flame 

inside the combustor will self-sustain as long as it is fed with fuel.  The ignitor itself is

automobile spark plug threaded into an insert brazed into the combustor shell.  The spark 

plug is fired by an automotive coil just as it would be in an automobile, with one 

exception.  In this application, the spark plug is fired by a circuit that charges and

discharges the coil about 40 times per second. A timer 555 integrated circuit controls th

delivery of the s

appears in Append

supply that charges the ignition coil.  The end result is a nearly constant spark deliv

to the combustion chamber when switched on by the user of the test stand. 

3.6 Lubrication System 

 Due to the high revolutions per minute associated with gas turbine engines, it is 

necessary to provide a constant source of lubricant to the engine bearings.  In automotive

applications, turbos are lubricated by the oil pump incorporated into the engine on whic

the turbo is mounted.  Without a parent engine, a stand-alone oil pump had to be devised.  
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The pump was required to deliver oil at pressures of up to 60 psi at low flow rates (le

than 1 gallon per minute).  The pump also had to withstand the corrosive effects of oi

and the high temperatures associa

ss 

l 

ted with lubricating an internal combustion engine.  The 

hurflo model 8000-643-236 (Appendix C-4).  The pump is a 

e 

 

e 

sary 

ct a P-v diagram for the engine, it is necessary to collect some 

mper

selected pump was a S

diaphragm pump featuring a Geolast diaphragm and Buna valves to resist the corrosiv

effects of the oil.  It is capable of delivering fluid at up to 60 psi and 1.22 GPM.  It

requires 12 V DC to operate and draws 6.8 Amps at its maximum pressure.  It will b

powered by the same power supply as the ignition.  The pump will deliver oil to the turbo 

via a bypass regulator and pressure gauge allowing the user to adjust oil pressure to 

correlate with engine speed.  The pump also features a cut-out switch automatically 

shutting down the pump above 60 psi to prevent damage to the pump or oil lines. 

3.7 Test Stand 

 The complete assembly was fitted to a test stand in the College of Applied 

Science machining laboratory.  The stand will provide a base for the engine as well as 

accommodate the fuel, ignition, and lubrication systems.  Also fitted will be the neces

instrumentation to meet the project objectives.  The instrumentation is described in 

greater detail below. 

3.8 Instrumentation 

 In order to constru

te ature and pressure data.  First of all, pressure must be measured at some point 

between the compressor outlet and the turbine inlet.  The pressure is theoretically the 

same at any point along this path, so the data will be collected at the most convenient 

point, which is from an existing fitting at the outlet of the compressor.  Temperature 
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readings are also required at the compressor outlet, the turbine inlet, and the turbine 

outlet.  All of these temperatures will be collected by thermocouples threaded into pipe

fittings brazed into the engine casing.  The thermocouples are capable of measuring 

temperatures up to 2500 degrees F.  Each of the thermocouples is connected to a 

switching station which displays the temperature of each thermocouple one at a time on 

digital display mounted on the test stand’s instrument panel. 

 

a 
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PROJECT MANAGEMENT 

 Construction of the demonstration unit took place in the machining laboratory in

the North Lab facility at the College of Applied Science.  Components sourced from all 

over the United States were fitted together on an existing test stand which had bee

previously used for a two-cycle engine experiment.  Components not purchased from 

outside sources were fabricated on site, including the oil catch

 

n 

 tank and the complex 

angle-iron bracket used to mount the turbocharger to the test stand. 

 Construction progressed in three distinct stages.  The first stage saw the creation 

of the most critical components.  During this stage, the combustion chamber was 

assembled from pipe fittings and fitted to the selected turbocharger, and the flame tube 

was completed and installed.  These few small tasks took several weeks, as these 

components made up the heart of the demonstration unit, and all other components would 

be fitted to them. 

 In the second stage of construction, the existing test stand was adapted for use 

with the demonstration unit, and the engine components were fitted to it.  This step in 

construction took only a few days, but all further construction depended on its 

completion. 

 With the engine in place on the test stand, all of the systems necessary to support 

the engine could be fitted as they themselves were completed.  In this stage, the ignition 

circuit was completed and installed, the fuel system components were completed and 

installed, as were the oil pump, catch tank and all associated lines and fittings. 

 Construction began in earnest with the opening of the machining lab on Saturday, 

March 30, 2002, and continued until May 16, 2002.  In that span of time, approximately 

 15



 

150 hours were spent in th n addition to shop time, 

ll 

in 

final cost of the 

nated 

 

e machine shop assembling the unit.  I

countless hours were spent outside the shop completing tasks that did not require the use 

of machine tools.  Components such as the ignition system were primarily constructed 

outside the shop.  A great deal of time was also spent collecting parts from sources a

over the city. 

 A budget for construction was created when the project began.  It can be seen 

Appendix D-1.  The initial budget for the project was $942.50.  The 

project was $1,054.83, representing an acceptable cost overrun of $112.33 or 11.9%.  

Cost for the turbocharger itself was lower than predicted, as a turbocharger was do

to the project, but costs for other components were considerably higher than expected, 

accounting for the difference.  The bill of materials for the project can be found in

Appendix D-2. 
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PRODUCT TESTING 

 Testing of the Brayton Cycle Demonstration Unit consisted of performing a mock 

demonstration with the current Thermodynamics 215 students.  The test procedure 

confirmed not only that the unit could be successfully set up and demonstrate the Brayt

cycle, but also

on 

 allow an evaluation of student response.  To gauge student reactions, an 

 

The 

he 

t 

 

exit survey was created that all students filled out after observing the demonstration.  The

survey instrument and results can be found in Appendices E-1 and E-2 respectively.  

results of these surveys were then compared to survey data previously collected from t

same students. 

 In addition, measurements of the test stand were taken to ensure that the unit me

size and weight restrictions.  Results of the testing are discussed in the Conclusion.
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CONCLUSION 

 During testing, the demonstration unit performed very well.  Setup was 

successfully completed, including moving the test stand outdoors from its storage 

location and plugging the unit into a wall socket.  Setup was completed in under five 

minutes, surpassing the objective of 20 minutes.  The demonstration was successfully 

completed in under 10 minutes.  The P-v diagram constructed from the data collected is 

shown in Appendix F-1.  The diagram shows an uncharacteristic increase in the specific 

volume of the air as it is compressed.  Ordinarily, the air should show a decrease in 

specific volume.  There are two possible explanations for the discrepancy.  First, heat 

rom th

is 

that thermocouple error gave a higher temperature than the air really is, creating error in 

specific volume calculations.  Regardless of the cause, the graph does demonstrate the 

compression combustion and exhaust processes associated with the Brayton cycle as 

outlined in the product objectives. 

 Before the demonstration, students were asked to evaluate their own 

understanding of the Brayton cycle on a scale of 1 to 10 (10 representing a complete 

understanding of the cycle).  The average score was a 6.79.  After the Demonstration, 

students were again asked to rate their understanding, and the average response was 8.52.  

The change represents a 25.6% increase in student understanding, surpassing the 

objective of a 10% increase.  Graphs of the results can be seen in Appendix F-2.  Survey 

results also showed that none of the students believed that the noise of the engine was 

loud enough to justify abandoning the demonstration. 

f e turbine may have bled over into the compressor, heating the air as it was 

compressed, accounting for the increase in specific volume.  The second possibility 
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 Measurement of the comple ns indicated that the unit 

es tall.  

ct 

f 

 

 

to 

ted unit’s specificatio

weighed 362 pounds, and measured 30 inches wide, 36 inches deep and 68 inch

These dimensions are within the limits outline in the product objectives.  The produ

objectives also outlined adequate guards to protect against injury.  Intake and exhaust 

nozzles successfully kept users away from rotating parts, and a scatter shield in front o

the engine protected against the unlikely event that the turbine would throw a blade.  At 

the same time, the shield discouraged user contact with hot surfaces, lessening the chance

of burns. 

The Brayton cycle demonstration unit will make an invaluable addition to the 

College of Applied Science’s facilities.  It is the excellence of practical experience

available at this college that sets it apart from other engineering schools.  When added 

the curriculum, the Brayton cycle demonstration will play an important role in 

maintaining that standard of excellence 
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RECOMMENDATIONS 

 The nature of the Brayton cycle demonstration unit lends itself to further 

development.  As a demonstration unit, it is an excellent candidate for adaptation to a 

laboratory experiment.  As an experiment, some aspect of the engine’s performance mu

be measured and compared to a calculated value.  The two potential experiments 

described below are likely candidates. 

 The first adaptation is an experiment to determine the efficiency of the engine.  In 

order to ca

st 

lculate fuel efficiency, it is necessary to measure the work done by the engine.  

Shaft w

an be 

 period of 

lated, providing the efficiency of the engine. 

 possible experiment measures thrust produced by the engine and 

compares it to the calculated thrust theoretically possible.  Thrust can be calculated from 

the mass flow rate through the engine, velocity of the air at the inlet, and velocity of the 

air at the outlet.  By fitting the engine with venturi flowmeters on the inlet and exhaust, 

all of these values can be measured.  The calculated thrust from these values can then be 

compared to the thrust actually produced by the engine.  The actual thrust can be 

measured by constructing a cart on which the engine can roll freely.  A spring scale on 

the cart would then be used to measure thrust produced. 

ork could be measured by coupling a generator to the shaft of the engine.  By 

placing a load on the generator and measuring the voltage produced, power output c

calculated.  Actual power output is compared to energy available in the fuel consumed to 

determine efficiency.  By measuring the flow rate of fuel into the engine over a

time, total energy in the fuel can be calcu

 Another
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Appendix A-1 
5/20/02 

 
Turbine Engine Laboratory Survey 

 
 
Are you a student or a faculty member? 
 
 a. student  b.  faculty 
 
Have you taken Thermodynamics 215? 
 
 a.  Yes  b. No  c.  I am currently taking it 
 
Do you think a demonstration of the Brayton cycle would be a useful addition to class? 
 
 a.  Yes  b.  No 
 
Would you prefer to see a simulation of the Brayton cycle, or an actual demonstration of 
a jet engine in operation? 
 
 a.  Simulation  b.  The real thing 
 
Please rate your understanding of the Brayton cycle on a scale of 1 to 10: 
 

1  2  3  4  5  6  7  8  9  10 
 
 
Rate the following questions on a scale of 1 to 10 (10 being most important) 
 
How important is safety? 

1  2  3  4  5  6  7  8  9  10 
 
How important is it for the lab to be reliable?  (i.e. the startup procedure is consistently 
successful) 

1  2  3  4  5  6  7  8  9  10 
 
Rate the importance of fuel efficiency in the engine. 

1  2  3  4  5  6  7  8  9  10 
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5/20/02 

Turbine Engine Laboratory Survey Results—19 Respondents 

 
re you a student or a faculty member? 

a. student  b.  faculty 

ave you taken Thermodynamics 215? 
             16 

a.  Yes  b. No  c.  I am currently taking it 

o you think a demonstration of the Brayton cycle would be a useful addition to class? 

a.  Yes  b.  No 

ould you prefer to see a simulation of the Brayton cycle, or an actual demonstration of 

   18 
a.  Simulation  b.  The real thing 

lease rate your understanding of the Brayton cycle on a scale of 1 to 10: 

1  2  3  4  5  6  7  8  9  10 
 

ate the following questions on a scale of 1 to 10 (10 being most important)

 

 

A
        19           0 
 
 
H
        3       0       
 
 
D
       19       0 
 
 
W
a jet engine in operation? 
  1  
 
 
P
 

 1  2  6  8  2  1   1 
 
R  

ow important is safety? 
10 

      1          1  1  1  2  1  1   12 
ow important is it for the lab to be reliable?  (i.e. the startup procedure is consistently 

  5  6  7  8  9  10 
     

ate the importance of fuel efficiency in the engine. 

     

 
H

1  2  3  4  5  6  7  8  9  

H
successful) 

1  2  3  4
 1              1      3  5  2   7 

R
1  2  3  4  5  6  7  8  9  10 
 2  1  1  2      1  1  3  2   6 
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Appendix A-2 
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Appendix B-1 
 

 

Weighted Objective Selection Process 
                

Design Criteria Weight Cutaway Engine Simulation 
  W S U S U S U 
Cost 8 4 0.32 4 0.32 4 0.32 
Complexity 8 4 0.32 4 0.32 4 0.32 
Safety 8 4 0.32 4 0.32 4 0.32 
Fuel Efficiency 2 5 0.1 3 0.06 4 0.08 
Modifiable 8 1 0.08 5 0.4 4 0.32 
Low Maintenance 8 4 0.32 4 0.32 4 0.32 
Data Yielding 40 1 0.4 5 2 1 0.4 
Noise 8 4 0.32 2 0.16 2 0.16 
Reliability 8 4 0.32 3 0.24 3 0.24 
Overall Utility:   2.5  4.14  2.48 
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Appendix C-1 
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Appendix C-2 
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Appendix C-3 
 
 
 
 

Ignition Timing Circuit 
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Appendix C-4 
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Appendix D-1 

 
 
 

 

Projected Budget 
Items Quantity   Itemized Cost ($) Total Cost ($) 

    Estimated Actual Estimated Actual 
Specialized Tools 
   0 0
   0 0
Materials 
steel stock 1 100  100 0
miscellaneous hardware 1 100  100 0
   0 0
Parts 
turbocharger 1 200  200 0
oil pump 1 40  40 0
sensors 1 45  45 0
rev counter 1 200  200 0
flow meter 1 40  40 0
   0 0
Contracted Fabrication 
   0 0
Other 
   0 0
Subtotal   725 0
Unexpected Costs 
Add 30%    217.5 0
Total       $942.50 $0.00 
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Appendix D-2 
 
 

Bill of Materials 
   custom   

qty. Des
      

1   Garrett T03 t r a   urbocharge ssembly X X X 
2   

  
  Electronics         
1   555 Timer IC   X   
1   B 59 PNP transisto   X C5 r   

  
1   220 mF capacitor   X   
1   2.2 mF capacitor   X   
1   0.01  mF capacitor   X   
3   Re tors, 22k-Ohm   X sis   

  
1   

  
1 

  
1   12V ignition coil       
            
  Combustion chambe     r     

cription order ordered arrived
  Turbocharger   

0.005” oversize replacement bearings X     
          

1   2N3055 power transistor   X 

1   8.2 Ohm resistors   X 
5.6k Ohm resistor     X 

1   100 Ohm resistor   X 
  1N4004 Diode     X 

1   12V 2Amp power supply     

1   2” Tee     X 
2   2” 90 degree elbows     X 
1   2” cap     X 
1   2” connector     X 
3   2” close fitting     X 
1   2” fitting 6” long     X 
2   2” fittings 5” long     X 
1   2.25” ID reinforced silicone hose X X   
2   2.25” hose clamps       
1   1.25” conduit 14” long     X 
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Lubrication 
System         

1   
Shurflo 8000-243-836 diaphragm 
pump X X   

1   Pressur X e regulator X   

1   oil sum     p   

  
Instrumentatio

      n   
1   low tem e (200 deg F) X   p thermocoupl   
2   high tem  deg F) X   p thermocouples (1500   
1   three-w X   ay switch   
1   digital r X   eadout   
1   pressur X   e gauge 0-30 psi   
            
  Fuel System         
    ropan     P e tank   
    egula     R tor   
    hrottle     T  valve   
    ’ fuel     6 line   
            
  Starter         
    110VAC blower       
    6’ hose        

1   
6’ high pressure, high temperature 
hose       
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Appendix E-1 
 
 

5/20/02 
Gas Turbine Engine Exit Survey 

 
 
D  consider the 
 
 a.  Yes  
 
Please rate your understanding of the Brayton cycle after observing the demonstration: 
 

 1  2  3
 
Do you consider the noise of the engine to be enough of a problem to justify not using the 
equipment? 
 
 a.  Yes  
 
Would you be interes  to see other experiments built around this same engine? 
 
 a.  Yes  c.  Don’t Care 
 
 
List any additional co ow: 

o you demonstration to be worthwhile? 

b.  No 

  4  5  6  7  8  9  10 

b.  No 

ted

b.  No  

mments bel

 38



 

Appendix E-2 
 

5/20/02 
Gas Turbine Engine Exit Survey Results – 19 Respondents 

 

o you consider the demonstration to be worthwhile? 

a.  Yes  b.  No 

lease rate your understanding of the Brayton cycle after observing the demonstration: 

 1  2  3  4  5  6  7  8  9  10 
 

o you consider the noise of the engine to be enough of a problem to justify not using the 

      19 
a.  Yes  b.  No 

ould you be interested to see other experiments built around this same engine? 

a.  Yes  b.  No  c.  Don’t Care 

ist any additional comments below: 

 
 

 
D
     19       0 
 
 
P
       1      2  5  7   4 

D
equipment? 
        0
 
 
W
      18      1   0 
 
 
 
L
  various responses 
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Appendix F-1 
 
 

Brayton Cycle (As Tested)

13

14

15

17

18

19

0 5 10 15 2 25 30 35 40 45

Specific olume (v) cu.ft./lb.

20

16

A
bs

ol
ut

e 
Pr

es
su

re
 (P

) p
si

a

12
0

 V

 
 

 40



 

    -2       Appendix F
 

Student Understanding of Brayton Cycle
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