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Professor Duva,

This report contains the entire structure of our team’s process and execution of tasks to conduct
“Performance Analysis and Testing on Wentworth Institute of Technology’s Mini Jet Turbine” in
the thermodynamics laboratory. The report focuses on first upgrading the current instrumentation
and data acquisition (DAQ) system. The new DAQ system directly outputs data recorded by the
mini turbine into a user-friendly LabVIEW interface. Steps were taken in order to accurately
measure the five stages of pressure and temperature of the system, RPM, thrust, and fuel pressure.
These values are paralleled by an EES turbine system analysis, which will be used to calculate the
compressor, turbine, and overall efficiencies, including the overall work of the system.

The existing laboratory experiment report was modified and a new draft was created for future
students to use in their thermodynamics laboratory period. This draft will be under review by
department faculty for finalization. This system gives students the ability to further understand the
first and second laws of thermodynamics in a practical and industry-like setting. A main focus of
this project was to create a friendly user interface for future students running this machine. When
the students are conducting the experiment, the LabVIEW program will acquire run data and
display real time temperature, pressure, RPM, and thrust outputs. These values will be inputted
into the EES program to calculate the actual efficiencies of the system on that given run day.

The tasks that have been completed are as follows: various preparations for DAQ replacement,
pressure transducer and thermocouple implementation and calibration, RPM and thrust calibration,
mounting of laptop arm, laptop and second monitor, mounting of DAQ bracket and DAQs to the
bracket, rewiring of system to new DAQs, a LabVIEW DAQ and technical display program, an
EES program with interactive display, a laboratory experiment, detailed engineering notebooks,
and this final report.

We look forward to your review of the final report,
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1. ABSTRACT

This report defines the Performance Analysis and Testing of the Mini Gas Turbine that our team
completed for our mechanical engineering capstone project. The main objective of this project was
to restore the capability of the Turbine Engine located in Wentworth Institute of Technology’s
Thermodynamics Laboratory in order to provide a laboratory experiment for future students. This
objective was met through updating the existing data acquisition system, writing a new data
acquisition program in LabVIEW, installing new pressure and temperature sensors, and
performing a first and second law of thermodynamics analysis on the engine in Engineering
Equation Solver. In order to update the existing data acquisition system, new NI SCB-68 connector
blocks were implemented along with NI USB-6251 terminals. The new hardware is operated
through a LabVIEW program running on a new laptop designated and mounted to the mini jet
turbine housing.

Tasks completed in order to finalize this project include formal proposal report, various
preparation for DAQ replacement, pressure transducer and thermocouple implementation and
calibration, mounting of laptop arm, laptop and second monitor, mounting of the DAQ bracket and
DAQs to the bracket, rewiring of system to new DAQs, a LabVIEW DAQ and technical display
program, an EES program with interactive display, a laboratory experiment, detailed engineering
notebooks from each group member, and this final report.

As a result, the mini jet turbine system is now capable of producing consistent run data in order to
be used as an experimental laboratory for future thermodynamic students. Each component of the
system is calibrated including all thermocouples and pressure transducers, RPM, and thrust.
Students will now utilize run data displayed on the LabVVIEW front panel and input it into the EES
program to determine various efficiencies and work of the mini turbine system.
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2. PROBLEM DEFINITION

The Turbine Technologies Mini Gas Turbine in the Wentworth Institute of Technology
thermodynamics lab is in great need of an instrumentation overhaul. Due to the high cost of
replacing the data acquisition system completely, our team will be replacing it ourselves. The
current DAQ system is outdated and incompatible with current software on the computer it is
paired to. A new set of DAQ hardware will be paired with a new computer running a LabVIEW
program to collect the data.

Our team’s goals also include calibration of pressure transducers and thermocouples for accurate
measurement. Our team will then run a 1t and 2" law of thermodynamics on the system using
Engineering Equation Solver (EES).

The mini gas turbine in the thermodynamics lab is a fantastic resource that is going un-used. Many
students can benefit from the mini turbine’s technical sophistication. Benefits include but are not
limited to technical understanding, conceptual understanding, and practical application. With the
recent creation of the Aerospace Engineering Minor at Wentworth, this machine could open the
eyes to many young engineers and give them the ability to have a future in the aerospace industry.
Turbine propulsion is used on various aircraft, but dominates the commercial jet and military jet
industries.

The main problem of this project is to overhaul the instrumentation of the mini gas turbine and
have it ready to be run for students in the upcoming fall of 2016 semester. Instrumentation, testing,
and calibration are the three main milestones for this project. A technical lab will be produced for
thermodynamics students to run.

3. INTRODUCTION

The turbine engine discussed throughout this report is a self-contained turbojet engine that is used
as an educational tool for engineering students. This engine operates on a Brayton cycle. The
Brayton cycle depicts the air-standard model of a gas turbine power cycle. A simple gas turbine is
comprised of three main components: a compressor, a combustor, and a turbine. According to the
principle of the Brayton cycle, air is compressed in the compressor. The air is then mixed with
fuel, and burned under constant pressure conditions in the combustor. The resulting hot gas is
allowed to expand through a turbine to perform work. Most of the work produced in the turbine is
used to run the compressor and the rest is available to run auxiliary equipment and produce power.

The gas turbine is used in a wide range of applications. Common uses include stationary power
generation plants (electric utilities) and mobile power generation engines (ships and aircraft). In
power plant applications, the power output of the turbine is used to provide shaft power to drive a
generator, a helicopter rotor, etc. A jet engine powered aircraft is propelled by the reaction thrust
of the exiting gas stream. The turbine provides just enough power to drive the compressor and
produce the auxiliary power. The gas stream acquires more energy in the cycle than is needed to
drive the compressor. The remaining available energy is used to propel the aircraft forward.



Shown below in Figure 1 is a schematic of the Brayton cycle. Low-pressure air is drawn into a
compressor (state 1) where it is compressed to a higher pressure (state 2). Fuel is added to the
compressed air and the mixture is burnt in a combustion chamber. The resulting hot gases enter
the turbine (state 3) and expand to state 4.
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Figure 1. Basic Brayton Cycle

An analysis on this engine provides important performance characteristics such as thrust,
compressor performance, turbine performance (work and power, expansion ratio, turbine
efficiency), combustion/emission analysis, and overall isentropic efficiency. In order to perform
an analysis on this engine, several quantities at specific locations are needed. Sensors are
instrumented on this engine at the compressor inlet, compressor outlet, turbine inlet, turbine exit,
and exhaust to collect data on the temperature and pressure at each location. This data is then used
to perform a performance analysis on the engine. In addition, there are sensors on this engine to
monitor thrust, RPM, and fuel flow rate.



Shown below in Figure 2 is a cross section of the engine with main components labeled.

EXHAUST NOZZLE
TURBINE

INLET NOZZLE

COMBUSTOR
Figure 2. Turbine Engine Layout (Brayton Cycle)



Figure 3 below shows the location of each temperature and pressure being measured on the engine.
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Figure 3. Engine Instrumentation Locations



Shown below in Table 1 are the specifications of the engine.

Table 1. Engine Manufacturer Specifications

Manufacturer Turbine Technologies, Ltd.
Model Number 2000DX

Max. RPM 90,000

Max. Exhaust Temperature 720 C

Pressure Ratio 3.4:1

Specific Fuel Consumption 1.18 Ib./lb.-hr

4. PROJECT OBJECTIVE

The objectives of this capstone project are as follows:

Replace existing DAQ components with new NI DAQ

Rewire the DAQ components to generate temperature, pressure, RPM, and thrust outputs
Create mounting bracket for new DAQ components

Generate LabVIEW program to output data from new DAQ

Calculate first and second law of thermodynamics analysis on components and the
overall system to find overall efficiencies using Engineering Equation Solver

6. Develop a project to be conducted by future thermodynamics students

ko E

4.1. Detailed Performance Specification

By utilizing the previously attached instrumentation, the majority of the form, fit, and function of
the design has already been established. The main components that will be added are as follows:
e New LabVIEW program with user friendly interface
e New computer and computer mount
e Shelving unit to hold the NI chassis
e Measurement device to read inlet air velocity

Collectively these items will revamp and improve the preexisting DAQ system. The laptop and
stand will be placed on the right side of the unit in order for easy access to connect to the NI
chassis. Above the laptop there will be a second screen mounted for a user friendly display of the
EES program or LabVIEW front panel. The shelving unit will be mounted inside the unit to allow
the chassis to be mounted and for the instrumentation to be easily connects. A measurement device
for reading inlet air velocity will be added in for proper analysis.

In addition to the instrumentation and components for the DAQ system, an EES program using
first and second law analysis will be created. This will allow for comparison between calculated
and measured results.

The outcomes for this project will be a laboratory report for student use, our final report, and our
final poster presentation. Throughout the semester there will be formal and information
PowerPoint presentations, informing the other teams in our course section. This will improve our



presentation skills, our ability to convey technical information and to solve problem and innovate
through group discussion.

5. PROJECT PLAN

The responsible parties of this senior capstone project are Matthew Dietter, Kyle Lavoie, Jonathan
Sewell, and Kurtis Madden. Our mentors throughout the semester will be Professor Anthony Duva
and Professor Haifa EI-Sadi of the Mechanical Engineering & Technology department at
Wentworth.

Our team’s qualifications are primarily from major/minor courses along with work experience. Each
of the group members is majoring in mechanical engineering and minoring in aerospace engineering
which has given a wide range of courses that apply directly to this project. Resumes of each team
member are attached in Appendix B.

Due to the location of the mini gas turbine in the thermodynamics lab, the vast majority of our
meetings and working sessions will and have occurred there.

This project will be graded on the ability for this system to be used by students as a laboratory
experiment. This goal entails that the DAQ system is fully functional and outputting data correctly,
the turbine system is calibrated and producing repeatable data, and there is a tangible laboratory
experiment ready for student use.

The work plan process we have used has been consistent from the start of this project. Our team
created a Microsoft Project file and have been revising it consistently with respect to our current
and projected timelines. Professor Duva has been mentored us on how a realistic timeline functions
and how to estimate lead times for various tasks.

The Gantt chart for this capstone project has been an ever-changing reference, updated at nearly

every meeting to correspond with the current timeline of our capstone project. Below in Figure 4 is
our final detailed Gantt chart.

11



[P ¥

d

B HH NN NN N NN NN N N N NN A NN NN N NS

%% %% N %N

4 System
4 Evaluate & understand system and hardware
Continuation of task identification
Test all channels/write labview program
Label Everything (DAC, System)
4 Instrumentation & Labview programming
Create LabVIEW program to test
4 Implement new DAQ system
Connect pressure and temp wiring to new DAQS
Mount DAQs to Bracket
4 Formal Proposal Report
Individual portions
4 Laptop mounting arm
Mounting block print to Jason
Mount laptop arm
Secure laptop on arm
4 Bracket
Measure & Model System
Design Bracket
+ Manufacture Bracket
Raw material
Labor & mount to system
Order Hardware (to mount bracket, DAQs)
4 EES

Lay groundwork with textbook and EES Turbine model

1st & 2nd Law
4 Running, Testing & Calibration of System
Preparation to run system - Prof Duva & Lab techs
RPM
Thrust
4 Testing/Results
Mew Lab for 15t and 2nd Law
Run system to verify function
+ Deliverables
Midterm Report
Poster
Official Presentation
Lab Report
Final Report

6 days
0 days
3 days
3 days
22 days
16 days
15 days
14 days
1day

3 days
3 days
6 days
1day
1day

4 days
15 days
3 days
3 days
10 days
4 days
5days
5 days
36 days
11 days
28 days
20 days
9 days
14 days
14 days

12 days
G days
0 days
11 days
3 days
9 days
18 days
37 days

Tue 5/17/16
Thu 5/19/16
Sun 5/22/16
sun 5/22/16
Wed 5/25/16
Thu 6/2/16
Tue 6/14/16
Wed 6/15/16
Tue 6/14/16
Tue 5/31/16
Tue 5/31/16
wed 6/8/16
Wed 6/8/16
Thu 6/9/16
Fri 6/10/16
Wed 5/25/16
Wed 5/25/16
Mon 5/30/16
wed 6/1/16
Thu 6/2/16
wed 6/8/16
Thu 6/2f16
Thu &/9/16
Thu 6/9/16
Tue 6/21/16
Mon 7/4/16
Tue 7/12/16
Thu 7/7/16
Mon 7/11/16

Mon 7/25/16
Mon 7/25/16

Thu 6/9/16
Thu 7/28/16
Mon 7/25/16
Fri 7/15/16
Mon 6/20/16

Tue 5/24/16
Thu 5/19/16
Tue 5/24/16
Tue 5/24/16
Thu 6/23/16
Thu 6/23/16
Mon 7/4f/16
Mon 7/4/16
Tue 6/14/16
Thu 6/2/16
Thu 6/2/16
Wed 6/15/16
Wed 6/8/16
Thu 6/9/16
Wed 6/15/16
Tue 6/14/16
Fri 5/27/16
Wed 6/1/16
Tue 6/14f16
Tue 6/7/16
Tue 6/14/16
Wed 6/8/16
Thu 7/28/16
Thu 6/23/16
Thu 7/28/16
Fri 7/29/16
Fri 7/22/16
Tue 7/26/16
Thu 7/28/16

Tue 8/9/16
Mon 8/1/16

Thu 6/23/16
Mon 8/1/16
Thu 8/4/16
Tue 8/9/16
Tue 8/9/16

Figure 4. Project Gantt Chart
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The following is a description of the budget for this project. Purchased parts for revamping the
DAQ system will be the primary cost during this project. The LabVIEW and EES software is
provided so there will be no additional cost for software. The budget breakdown is as follows:

1 Lenovo T440p computer - $1595

1 computer stand - $55

2 National Instrument SB-68 - $341 each

2 National Instrument USB-6251 - $2,053 each
e 1127 x 24 steel sheet metal - $30

e Miscellaneous, i.e. wiring, adhesives... - $100

According to the items listed above, the total budget for this project is $6718. Labor will be
performed by all group members and Wentworth faculty, therefore there will not be any additional
cost for work done. Consultation with Professor Duva and Professor El-Sadi will also not incur
any additional cost. Altogether, the budget will be fully funded by the Mechanical Department of
Wentworth Institute of Technology.

The future of this project’s successful completion includes the use of the fully functional turbine
engine as a thermodynamics laboratory experiment for mechanical engineering students. Future
students will be able to run the engine and collect data in order to calculate the efficiency of the
engine. In addition, the EES program will provide students a secondary tool to perform an analysis
on the engine. A goal of this project is to be able to obtain consistent results.



6. RESULTS

This section outlines system updates including a new computer system, new hardware mounting
system, new instrumentation, data acquisition hardware, instrumentation calibration, LabVIEW
software, engine testing overview and experimental data, and Engineering Equation Solver (EES)
analysis.

6.1. System Updates

System updates include a new computer system, new hardware mounting system, select new
instrumentation.

6.1.1. Computer System

One of the first updates was mounting the new laptop and monitor securely to the system. It was
important that they were mounted rigidly and looked professional since this is a direct user to
system interface. A laptop mount was purchased which came with an adjustable arm and mounting
bracket. Since the sheet metal housing for the engine is not very rigid, a thicker mounting block
was made to strengthen the mount. Figure 5 below shows the design of the mount. Figure 6 below
shows the entire system mounted and installed.

Figure 5. Computer Mount Design



Figure 6 below shows the laptop system mounted and installed.

Figure 6. Laptop and Monitor Installed

Lastly, a panel was made to cover the opening where the access to the old DAQ was. This was
simply a piece of aluminum sheet metal cut to size and painted to match the rest of the sheet metal
housing. Figure 7 below shows the cover panel installed on the system.

Figure 7. Chassis Cover Panel
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6.1.2. Hardware Mounting

Removing all of the old DAQ components and mounting the new DAQ was another major task in
the system update. Since the new DAQ has several additional components which are much larger
than the old system a much larger mounting bracket was necessary. After modeling all of the
current system components in SolidWorks, a sheet metal bracket was designed to fit all of the
DAQ components without interfering with any of the existing surrounding components. Figure 8
below shows the old DAQ setup.

Figure 8. Old DAQ Setup

Figure 9 below shows the design of the new DAQ setup.

Figure 9. New DAQ Design

16



Figure 10 below shows the final mounting of the new DAQ system.

Figure 10. DAQ Components Installed

6.1.3. New Instrumentation

During the course of this project, there were many sensors that needed to be changed or added.
The preexisting DAQ system was capable of collecting temperature and pressure readings from
the various mini-turbine engine stages; however, there was room for improvement. One of the
main additions made to the instrumentation was implementing a new pressure transducer to read
the static pressure at the inlet of the nozzle. The pitot-static mast style device can be seen below in
Figure 11:

Pitot-static mast

Ram air

The preexisting set-up had both the dynamic and static pitot lines attaching to the P1 pressure
transducer. This allowed for the correct differential pressure to read; however, velocity could not
be calculated due to the unknown density. By being able to read the static pressure, correct velocity

17



can be calculated using the know density at the static pressure and Bernoulli’s equation. In order
to get the correct static pressure reading from the preexisting set-up, the static tube was to be teed
off and attached to a PX139 pressure transducer. The other port on the PX139 was be left open to
the atmospheric air within the housing. Below in Figure 12, the new transducer and set-up can be
seen:

Figure 12: PX139 Pressure Transducer

In addition to a new pressure transducer, three thermocouples had to be replaced. Part of the
process of implementing the new DAQ system was to test each instrumentation component
individually to ensure they were functioning properly. When testing thermocouples T3 (Turbine
Inlet), T4 (Turbine Exit), and T5 (Exhaust Gas) there was significant noise experienced. After
isolating each thermocouple from the engine and ruling out broken wires as the cause, it was
determined that the noise was a result of ground loops and crosstalk. To relegate this issue, various
grounding methods, including sheath grounding, were tested without success. It was ultimately
decided that the thermocouples experiencing the issue needed to be replaced completely with a
different type. The three main types of thermocouples can be seen below:

Grounded

Provide faster respense times than ungrounded
probes but are much more susceptible to ground
loops and electrical noise.

Ungrounded

Although slower lo respond than a grounded
probe, the ungrounded probe affers belter
resistance to electrical noise and ground loops.

Exposed

s This type of probe is best used in the measurement
- of gases. If used to measure liquid temperature,
could contaminale the thermocouple.
Figure 13. Thermocouple Types
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The three thermocouples which had been experiencing the grounding issues were determine to be
of the grounded type. The grounded type has its wire touching the sheath which is what resulted
in the ground loops and electrical noise. To fix the noise issue, the turbine inlet (T3) thermocouple
and the turbine exit (T4) thermocouple were replaced with an ungrounded type of the same size.
The exhaust gas temperature thermocouple was also replaced. The thermocouple selected was an
exposed type which responds quickly (EGT is a critical temperature) and does not experience
electrical noise. The specifications for the new thermocouples are as follows:

Table 2. New System with Signal Conditioning Parameters
Length | Diameter
(in) (in)

Thermocouple
Location
T3 - Turbine Inlet Quick

Style Connector | Calibration | Sheath Junction Omega Model

. Standard K SS 12 0.125 Ungrounded |KQSS-18U-12
Temperature Disconnect
T4 - Turbine Bit | - Quick Mini K ss 12 0.125 | Ungrounded |KMQSS-125U-12
Temperature Disconnect
T5 - Exhaust Gas | Quick Mini K ss 6 0125 | Exposed |KMQSS-125E-6

Temperature Disconnect

6.2. Data Acquisition

Data acquisition includes DAQ hardware description, instrumentation calibration, and LabVIEW
software description.

6.2.1. DAQ Hardware

The basis of this project is to transition from the outdated TBX-68T and old software which is no
longer supported, to the new hardware and supported LabVIEW software. The hardware chosen
for the task are the NI SCB-68 and NI USB-6251. Two of each have been implemented in the
DAQ system.

W NATIONAL
ATINSTRUMENTS

NOTICE:
SEREWS 1O ERSU

Figure 14: NI USB-6251 (left) and NI SCB-68 (right)
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One NI SCB-68 and NI USB-6251 will be dedicated to thermocouple temperature readings, and
the other to pressure transducer readings and other voltage readings. The NI SCB-68 allows for
single-ended and differential temperature measurements to be made. For the temperature readings
to be made, the differential temperature mode will be used as it is more accurate than single-ended.
In order to perform this, the SCB-68 needs to be configured for temperature reference to be enabled
within LabVIEW. This will allow for the built-in Cold Junction Compensation of the SCB-68 to
be utilized. The built-in Cold Junction Compensation temperature sensor can be seen below in as
well as Al channels to be utilized can be seen in Figure 15 below.
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Figure 15: SCB-68 Printed Circuit Board Diagram

For measurements using pressure transducers and other instrumentation, the SCB-68 will be in
the factory default setting for correct voltage readings. The PX139 pressure transducer will be
attached to the built-in +5V power supply within the SCB-68. The instrumentation that will also
be attached to this chasses consist of the RPM and thrust indicators. Each of the SCB-68 has 8
different Al channels that can be used for instrumentation; between the two a total of 16 devices
can be connected.

While attempting to calibrate the thrust strain gauge, significant noise to the NI chassis was
experienced. The pre-existing set-up had the wires from the strain gauge splitting between the
meter and the NI chassis. While the out-put signal from the strain gage was filtered through the
DP25-S, it was not filter through the NI chassis. To remedy the issue, the DP25-S was replaced
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with a DP25-S-A which had the correct analog signal output. With the new signal analog signal
output, there was no noise experienced from the thrust strain gage and meter. Below the new meter
can be seen:

SETPTS A/NT/GRS
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6.2.2. Instrumentation Calibration

The instrumentation on the turbine engine, including new sensors, are shown below in Table 3.
Also listed in Table 3 are the signal conditioning parameters and calibration curves for each sensor.
New sensors, or replaced sensors, from the existing instrumentation list contain a new sensor part
number in the Measurement Type column.

Table 3. Instrumentation Parameters and Calibration

Al| Name | Measurement Type | Range | Calibration m | Calibration b
NI SCB-68 Module 2
o | Compressor VDC 0-1PSIG |  67.183 0
Inlet Press
1 | Compressor VDC 0-6 PSIG 1016 10.9964
Exit Press
p | Turbine Inlet VDC 0-6 PSIG 1000 0
Press
3 | Turbine Exit VDC 0-5 PSIG 101.4 10.06873
Press
4 | Nozzle Exit VDC 0-5 PSIG 101.4 0.06894
Pressure
Compressor VDC (Omega
5 Inlet Static PX139-0.3D4V 0-0.3 PSIG 0.1504 -0.3515
Pressure 2G18-21)
0-5
6 Fuel Flow VDC GAL/Hr 83.33 0
NI SCB-68 Module 1
Compressor o
1 Inlet Temp K type 0-2000 °C
Compressor o
2 Outlet Temp K type 0-2000 °C
Turbine Inlet K type (Omega i o
31 Temp KQSS-18U-12) | 0-1000°C
Turbine Exit K type (Omega i o
41 Temp KMQSS-125U-12) | 071000°C
Exhaust Gas K type (Omega i o
> | Temp KMQSS-125€-6) | 0-1000°C
6 Thrust VDC 0-25 Lbs 12.135 -24
9.484E4-
7 RPM* VDC 2 720E-1 258226 38687

* Further scaling performed — see RPM calibration below
Thermocouples
Thermocouples do not have custom scaling curves; they are configured within the data acquisition

board (NI SCB-68) as well as within the LabVIEW DAQ Assistant. For correct temperature
readings, “Temperature Sensor Enabled” has to be set on the SCB-68 and the Cold Junction



Compensation has to be set to “Built-In” in LabVIEW. In addition, within LabVIEW, the
thermocouple setup is set to type K.

RPM
Shown below in Figure 17 is the initial RPM calibration curve. This calibration curve is not

necessary, but it was set when further calibration was performed — it does not affect the accuracy
in any way, but it must be included in the DAQ Assistant prior to further calibration.

Linear Scale

IE+6-

25E+6-
2E+6- Scaling Parameters
< . Slope Y-Intercept
& 1.5E+6 —: 258226 38637
1E+6=
SE+S~
‘p Resulting Equation
':_| I N R R R I R | Y = 258226 X + 38687
0 10
Volts
Urits
Pre-Scaled Scaled
Volts o RPN

Figure 17. Initial RPM Calibration Curve

The RPM module outputs the RPM on a frequency domain rather than a voltage signal. The
frequency of the signal is measured in LabVIEW and is manually scaled to correspond with the
actual RPM. This calibration curve consists of a slope (m) of 62.65 and a Y-intercept (b) of
negative 671.25.

Tone
Measurements

Signal from DAQ Assistant | Signals
(After Initial Calibration Curve) | Frequency r'-==§k

Frequency to
RPM

+  Frequency

62651 —F m RPM

671.25 1 b ’

Re_sL_lIt ’21'“3

Output Signal (RPM) After New
Calibration

Figure 18. Manual RPM Calibration
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Thrust

The calibration curve for the thrust measurement is shown below in Figure 19. This calibration
curve was obtained through pull-testing the engine with a scale and determining the corresponding
voltage output. The thrust display was calibrated using the device manual which will be contained
within a package of this report.

Linear Scale
100-

80~

60~ Scaling Parameters
- 40-: Slope ¥-Inbercept
5 - 12.135 24
20-
0:
20~ ) )
: Resulting Equation
A - I———. Y = 12,1350 +-24
0 10
Volts
Uruts
Pre-5caled Scaled
Volts: o bf

Figure 19. Thrust Calibration Curve

Figure 20. Thrust Calibration Method

Pressure Sensors

All pressure calibration curves remained the same from the existing DAQ system except for the
Compressor Inlet Static Pressure and Compressor Inlet Dynamic Pressure sensors. The
Compressor Inlet Static Pressure needed calibration because it was a completely new sensor to the
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system. In addition, the Compressor Inlet Dynamic Pressure transducer needed calibration because
the static pressure was connected into the same hose coming out of the pitot static tube as the
Dynamic pressure sensor.

The pressure sensors that were calibrated, were done so using a Pasco Heat Engine. The calibration
method includes applying a force on the top of the piston (known weights), calculating the
theoretical pressure, and reading the voltage output from the pressure transducer. The relationship
between pressure and voltage can then be obtained through a linear trend line. This calibration was
verified using a manometer at atmospheric pressure. An example of the Compressor Inlet Static
Pressure calibration curve plot is shown below in Figure 21.

Compressor Inlet Static Pressure Calibration - Pressure

vs Voltage
0.350
y = 0.1504x - 0.3515
0.300 R2=0.9995 .. ®
o
. 0.250 oY
- — .o'
g .o
5 0200 o
e S [ I N IR L b
2 0.150 o ®®
@ 3
o 0100 | . .,.-..
.-.0
0050 @
0.000
2.7 2.9 3.1 33 35 37 3.9 41 43 45
Voltage

Figure 21. Compressor Inlet Static Pressure Calibration

The Pasco Heat Engine is shown below in Figure 22.

Figure 22. Pressure Sensor Calibration Method
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Shown below in Figure 23 through Figure 28 are calibration curves for all main pressure sensors.

[=]

Linear Scale
00—
600
EFS'; Scaling Parameters
- .&“3—5 Slope Y-Intercept
E . 67.183
300
2007
100=
Resulting Equation
O I Y=61.183x +0
0 10
Volts
Units
Pre-Scaled Scaled
Volts w PSIG
Figure 23. Compressor Inlet Pressure (P1) Calibration Curve
Linear Scale
12644~
1E+4 -
8E+3- Scaling Parameters
@ EE-E-: Slope f-Intercept
a . 1016 0.9954
4E+3-
2E+3-
07
< Resulting Equation
EE--.3_|III|III|III|III|III| T=1016h+-0|9964
10
Volts
Units
Pre-5caled Scaled
Volts “ PSIG

Figure 24. Compressor Exit Pressure (P2) Calibration Curve
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Linear Scale

1E+4-

8E+3-

Scaling Parameters

& BE#3- Slope Y-Intercept
i - 1000 0
4E+3-
2E+3-
i Resulting Equation
I:'_||||||||||||||||||||| Y =1000X +0
0 10
Volts
Units
Pre-Scaled Scaled
Volts "t PSIG
Figure 25. Turbine Inlet Pressure (P3) Calibration Curve
Linear Scale
1.2E+3-
1E+3-
353': Scalng Parameters
@ 600- Slope -Intercept
g 101.4 0.06373
400~
200-
Resulting Equation
2~ Y=101.4X +-0.06873
0 10
Volts
Urits
Pre-Scaled Scabed
Volts " PSIG

Figure 26. Turbine Exit Pressure (P4) Calibration Curve
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Linear Scale

1,2E+3-
1E+3-
ED:': Scaling Parameters
&00 - Slope Y-Intercept
. 101.4 -0.06854
400-

Resulting Equation
Y =101.4X + -0,06894

R R R
0 10
Volts

Units

Pre-5Scaled Scaled
Valts e

Figure 27. Exhaust Gas Pressure (P5) Calibration Curve

Inlet Mass Flow Rate

Linear Scale

=
(%]

-k

0.8-
. Scaling Parameters
o ”'E_; Slope ¥-Intercept
B 044 0.1504 0.3515
0.2-
hunt Resulting Equation

Y =0.1304X +-0.3515

0 10
Volts
Units
Pre-5caled Scaled
Volts v psig

Figure 28. Compressor Inlet Static Pressure Calibration Curve

In order to calculate the Inlet Mass Flow Rate to the turbine engine, the static pressure is needed.
The static pressure is obtained by connecting a pressure transducer directly to the static pressure
port on the inlet pitot tube. Next, the density of the air is calculated using this static pressure. The
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air velocity is calculated next using the Dynamic Pressure which is the difference between the total
pressure and the static pressure. The Mass Flow Rate is finally obtained knowing the density,
velocity and cross sectional area of the inlet nozzle at the location of the pitot tube. This calculation
is performed in the LabVIEW program (Figure 29). See following report section for mass flow
rate governing equations.

riet Avea (22
0.0352
R (ft-lbf/slug-R)| {1716 - C C » Inlet Mass Flow Rate
A M 18 1 W
- H 14 ¥ - ¥
Velocity Mass Flow Rate

Figure 29. Mass Flow Rate Calibration

The fuel flow rate is determined from measuring the fuel pressure. If the fuel pressure as well as
the fuel properties are known, the flow rate can be determined. The fuel flow rate calibration curve
is shown below in Figure 30.

Linear Scale

Scaling Parameters

Slope ¥-Intercept
8333 0

Resulting Equation
¥Y=83.33X+0

Volts

Pre-Scaled Scaled
Volts e GAL fhr

Figure 30. Fuel Flow Rate Calibration Curve

6.2.3. LabVIEW Software

Acquiring data from the new instrumentation system on the turbine engine is performed through a
LabVIEW program. LabVIEW is installed on the new computer that has been installed onto the
engine system. Users of this program will easily be able to acquire all necessary data in order to
perform a thermodynamic analysis on the engine.
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The user interface of the LabVIEW program includes a front panel that contains two main
interfaces — the “Main” tab which includes numerical values for each sensor on the engine as well
as a diagram indicating the location of each sensor, and a “Plot” tab which includes a graph in
which the user can determine what quantities are plotted.

This program is installed onto the lab computer as an executable application. The result of this is
such that the code controlling the program cannot be modified directly. If changes are needed in
the program, the original source code will need to be modified and a new application will need to
be created. This is done through the VI — “Tools” > “Build Application (EXE) From VI”.

When the program is opened, live data values will begin displaying on all indicators and graphs.
It is important to note, that due to the nature of the RPM sensor it will not read an accurate value
until the engine beings spinning at several hundred RPM. This can be tested through the air start
on the engine chassis.

An option is available to toggle data collection on and off. The default value is off. First, a filename
and save location need to be inputted. Next, the “Collect Data” option will need to be pressed to
begin data collection and data collection will end once it is disabled. The next time the “Collect
Data” toggle is enabled, if the user does not update the filename, a new filename will be created
with a sequential number added to the end. This will help avoid overwriting existing data files
created by the user.
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Figure 31 below shows the LabView main tab layout of the DAQ display.

Mini Turbine Lab 7/27/2016 %07:33 AM
Main Plot Data
Compressor Inlet Compressor Exit Turbine Inlet
Temperature (T1) 33477 F Temperature (T2) “20457 F Temperature (T3) 10861 F
Pressure (P1) ‘0231 = psi Pressure (P2) 1 1115 psi Pressure (T3) 1141 = psi

Inlet Mass Flow Rate B L T2/P2 B
0.035 Slugs/s { S T3/P3

56739

Fuel Flow Rate
247 Gal/Hr

Wentworth Institute of Technology

Turbine Exit
Temperature (T4) go4.5

Pressure (P4) 126

F

| psi

Exhaust Gas

Temperature (T5) 9746 F

Pressure (P3) 113

Thrust (Ibf)

9.3

7 psi

Collect Data ® Filename | engine_data_run_4

Figure 31. LabVIEW Data Acquisition Front Panel User Interface (Main Tab)

Save Location | C:\Users\Mechguest01\Desktop\Mini Turbine Data
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Figure 32 belows shows the LabView plot tab layout of the DAQ display.

Mini Turbine Lab 7/26/2016 %:34:12 AM Wentworth Institute of Technology
Main Plot Data '
1300+ Compressor Inlet Temperature - T1 (F) |/
1200- Compressor Exit Temperature - T2 (F) |7
1100- Turbine Inlet Temperature - T3 (F)
W . . )
1000 Turbine Exit Termperature - T4 (F) I_
Exhaust Gas Temperature - T3 (F) I_
900-
] Thrust (Ibf)
800- ] RPM
]
E T00- [] Compressor Inlet Pressure - P1 (psig)
_E' 00— (] Cornpressor Exit Pressure - P2 (psig)
< 500 ] Turbine Inlet Pressure - P3 (psig)
1 Turbine Exit Pressure - P4 (psig)
=L5 [] Exhaust Gas Pressure - P3 (psig)
300- k [] Mass Flow Rate (slug/s)
200 ] Fuel Flow Rate (Gal/Hr)
100
0 1 1 1 1 1 1 1 1 1
09:30:40 AM 08:31:15AM  09:31:40 AM 09:32:05 AM 093230 AM 09:32:55 AM 09:33:20 AM 09:33:45AM 09:34:11 A
Time
Collect Data -) Filename | engine_data_run_3 Save Location | C\Users\MechguestD1\Desktop\Mini Turbine Data (= STOP

Figure 32. LabVIEW Data Acquisition Front Panel User Interface (Plot Tab)
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Figure 33. LabVIEW Block Diagram

33



Shown above in Figure 33 is the LabVIEW program block diagram. The structure of the program
is such that the code is all contained within a while loop. The while loop will run the code until a
condition is met. The condition is true until the “Stop” button on the front panel is pressed, sending
a false Boolean signal to the case structure. The following sections describe the corresponding red
labels on the above figure.

1.

The data is acquired through the LabVIEW Express functions, DAQ Assistant. There are
two DAQ Assistant functions, each corresponding to the two NI SCB-68’s. Within the
DAQ Assistant, signal parameters are set such as Number of Samples, Sampling Rate,
Terminal Configuration, Scaling, and Acquisition Mode. In order to simplify further signal
processing, both DAQ Assistants are set to 1000 Samples to Read at a rate of 10,000 Hz
with an Acquisition Mode set to “N Samples”. All temperature channels are set to degrees
Fahrenheit, Thermocouple Type K, with a Built-In CJC Source. All remaining channels
are set to Differential Terminal Configuration with the correct Custom Scaling option
selected.

After the signal leaves the DAQ Assistant, they are averaged using the Express Statistics
function. The number of samples that are averaged together correspond to the number of
Samples to Read which is set in the DAQ Assistant to be 1000 samples. The arithmetic
mean is outputted from the function. Averaging a large sample set helps to remove noise
from the signal.

The signal leaving the Express Statistics function is a 1D array of Dynamic Data Type
Signals. A “Split Signals” function is used to separate the Dynamic signals from the 1D
array. The corresponding signals are then brought to their numeric indicators for display
on the front panel.

All signals, except for RPM, are voltage signals that are scaled to the correct dimension.
The RPM signal is a frequency not a voltage. Because of this, further processing of the
signal is needed. An Express Select Signals function is used to index the RPM signal from
the 1D array of Dynamic signals. The RPM signal is then brought to an Express Tone
Measurements function where the frequency of the signal is determined. Through manual
calibration, a scale was determined. The frequency output from the Tone Measurements
function is then manually scaled to the correct value corresponding to the RPM of the
engine. The result is then connected to the RPM numeric indicator for display on the front
panel.

The Inlet Mass Flow Rate numeric indicator value is calculated, not measured. The
calculated value is dependent on the measured values of Compressor Inlet Temperature
(T1), Compressor Inlet Static Pressure (Ps), and Compressor Inlet Dynamic Pressure (Pt-
Ps). Using Express Formula functions, the density of the air is first calculated, then the
velocity of the air is calculated, and finally the Inlet Mass Flow Rate can be calculated. The
following equations are contained within these functions for Density (p), Velocity (v) and
Mass Flow Rate ().



_ (B +14.7)144
~ R(T, + 460)

fZP1 « 144
vE T (ft/s)

m = pAv (slug/s)

(slug/ft?)

Where,
A = Compressor Inlet Area
R = Ideal Gas Constant for Air

The data leaving the numeric indicators is put back into a 1D array using the Merge Signals
function. The merged signal is then brought to a Waveform Chart function to be displayed
on the front panel Plot Data tab. The plot on this tab contains an interactive legend in which
values can be toggled on or off to be displayed.

The same set of merged signals that is going to the Main Plot is also brought to the Express
Write to Measurement File function. A file extension is added to the filename string and
then concatenated with the Save Location string in order to be valid for the Filename input
on the Write to Measurement File function. The Collect Data toggle switch is wired to the
Enable input on the Write to Measurement File function.

The date and time displayed on the front panel are obtained through the Get Date/Get Time
function. A Time Delay function is implemented to control how fast the while loop iterates.
This controls how fast values are updated on the front panel. The Time Delay is set to 0.10
Seconds.

6.3. Engine Testing

In order to validate the new DAQ hardware, sensors, and software, the Turbine Engine has gone
through several test runs. The following steps illustrate the operating procedure for the Turbine
Engine.

1.

ocoarwn

Prior to engine start-up, ensure the following:
a. Air compressor is plugged in (located behind engine) and the air compressor
pressure gage reads 100 psi or greater.
b. There is a sufficient amount of fuel in the tank — use dipstick to get fuel level.
c. The air exhaust vent is running.
Rotate key to on position.
Turn electrical master toggle switch to on position.
Position throttle handle at approximately 50%.
Turn ignition toggle switch to on position.
Turn air toggle switch to on position and wait until RPM indicator displays
approximately 10,000 to 13,000 RPM.
Turn fuel toggle switch to on position.
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a. If Exhaust Gas Temperature does not begin to increase after approximately 3
seconds, increase throttle position to approximately 60-75%. If Exhaust Gas
Temperature still does not begin to increase after approximately 1-2 seconds, turn
fuel toggle switch to off position along with the ignition and air toggle switches.
Wait for unburned fuel to dry from engine. Consult lab technician for further
instructions.

8. Once engine is running, turn air and ignition toggle switches to off position.
9. Back throttle positon off so that the engine idles at approximately 48,000 to 50,000 RPM.

NOTE: Try to keep idle rpm above 48,000 minimum. If hang flame appears behind the exhaust,
bring throttle down and then push back up in order to suck flame away.

To spin down and turn off:
1. Position throttle all the way down.
2. Turn the fuel toggle switch to off position.
3. As engine is spinning down, turn the air switch on momentarily to help cool.

A sample set of data collected from an engine test run is shown in Appendix C at the end of this
report. This same data is represented below in Figure 34 through Figure 37. These plots contain

important characteristics of the engine such as the relationship between engine RPM and Thrust,
Temperature, Inlet Mass Flow Rate, and Pressure.
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Figure 34. Engine Testing Data Plot — Thrust vs RPM
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6.4. Engineering Equation Solver (EES)

One of the critical tasks was to create a program in EES which analyzes the engine using the first
and second laws of thermodynamics. Ideally this program would be displayed on the second
monitor so you can take the data directly from LabView and plug it into the EES program. After
plugging in the different temperatures and pressures as inputs in the EES program, it will calculate
the compressor efficiency, turbine efficiency, overall efficiency of the engine and the thrust of the
engine. These values can be calculated using each set of data output from LabView. Since the
engine has a large range in RPM, the ranges in efficiencies can be seen as the engine accelerates
and decelerates. A diagram window interface was created in EES to make it easy for the user to
run the program without understanding the entirety of the code. Figure 41 below shows the
equations window section of the EES program. Figure 42 below shows the diagram window
section of the EES program.



Shown below in the following set of EES formatted equations are fluid property calculations in
order to obtain enthalpy and entropy values at locations throughout the engine cycle. These values
are obtained through the built in EES thermo-physical property calculator.

Known Information

Fluid$ = ‘air..

Compressor Inlet

h2 h [Fluids ,T=T: + 45967, P=P; + 147 ]

s2 = s[Fluid$ ,T=T, + 45067,P=P, + 147]

Compressor Qutlet

h2 = h [FIuidS ,T=Ty + 45867 , P=P; + 14.?]
ha, = h[Fluid$ ,s=5s2,P=P; + 147 ]

Turbine Inlet

hd h [Fluid$ . T=Ts + 45967, P=P, + 147 ]

s4 s [Fluids , T=Ts + 45867 ,P=P; + 147 ]

Turbine Outlet

h5 = h[Fluids ,T=T; + 45967, P=P; + 147 ]
h5; = h[Fluid$ ,s=s4,P=Ps + 147 ]

MNozzle Outlet

h&

h [Fluids , T=Tes + 45967, P=Ps + 147 ]

s6 = s[Fluid$ ,T=Ts + 45067,P=P; + 147 ]

Figure 38. EES Formatted Equations - Enthalpy and Entropy
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Shown below in Figure 39 are EES formatted equations that calculate work and efficiency for the
turbine, compressor, and of the engine overall. These calculations utilize enthalpy and entropy
values obtained in the above set of formatted equations.

Turbine Work and Efficlency

w, = h4 — h5
_ hd - b5
T = 14— hs.,

Compressor Work and Efficiency

w, = h3 — h2
B3, - h2
e = T3 — he

Work, Heat Transfer and Efficiency
din = h4 — h3

Qes = h2 — h6

w-e1 = w: + WG
N o= W et
Qin

Figure 39. EES Formatted Equations - Efficiency
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Shown below in Figure 40 are calculations involved in calculating the thrust of the engine. In order
to calculate the thrust, the inlet velocity and exit velocity of the air through the engine is calculated
through continuity equation as well as Bernoulli’s equation assuming incompressible flow.

Inlet Velocity
2 535
bO- =
? 12
T-D 2
A; = 7 2

pz = p[Fluid$ , T=T, + 45067, P=P, + 147 ]

V,? =2_Pg~144
p2
32174
55
D, = —
12
- D,°
Ay = 4

Exit Velocity
2 21
Dg = ——
B 12
t - Dg°
As = —F— e

ps = p[Fluid$ ,T=Ts + 45967, P=Pg + 147 ]

V2 = p . Ps 144

Thrust

F=m-[Ve - Vi]
Figure 40. EES Formatted Equations - Thrust
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Eeg Equations Window
SUnitSystem Eng R psig mass
ETabstops 0.25 3.51in

"IKnown Infarmation”
Sifnot DiagramWindow

Sendif
Fluid$="air_ha'

"ICompressor Inlet”
h2=enthalpy(Fluids, T=(T[2]+459.67),P=(P[2]+14.7))
s2=entropy(Fluid$, T=(T[2]+459.67).P=(P[2]+14.7))

"ICompressor Outlet”
h3=enthalpy(Fluids. T=(T[3]+459.67) P=(P[3]+14.7))
h3_s=enthalpy(Fluid$,s=s2,P=(P[3]+14.T})

"IMurbine Inlet”
hd=enthal py(Fluids, T=(T[4]+459.67),P=(P[4]+14.7}}
sd=entropy(Fluid, T=(T[4]+459.67),P=(P[4]+14.7))

"Murbine Outlet”
h5=enthalpy(Fluidd, T=(T[5]+459 67),P=(P[5]+14.7}}
h5_s=enthalpy(Fluids,s=s4, P=(P[5]+14.T))

"INozzle Outlet”
h&=enthalpy(Fluid$, T=(T[6]+459.67),P=(P[6]+14.7}}
sG=entropy(Fluids. T=(T[6]+459.67).P=(P[6]+14.7))

"Murbine Work and Efficiency”
w_t=h4-h5
eta_t=(h4-h5)/(hd-h5_s)

"ICompressor Work and Efficiency”
w_c=h3-h2
eta_c=(h3_s-h2)/(h3-h2)

"Work, Heat Transfer and Efficiency”
q_in=h4-h3

q_out=h2-hG

w_net=w_t+w_c

eta=w_net/g_in

"linlet Velocity"
D_2=2_535f12
2=(pi*(D_2+2))i4
rh 2= den5|ty(FIu|d$T (T[2]+459 67) P=(P[2]+14.7))
V_219=3 ((F'[E]} 144)/(tho_2/32 174)
D_1=55M
A_1=(pi (D 1p2)i4
ATV _1=A_2°V 2

"IExit Velocity”

D_6=2.210M12

A_B=(pi*(D_6"2))/4

rho_G=density(Fluid5, T=(T[6]+459.67) P=(P[6]+14.7))
V_612=2%({P[6])"144)/(tha_6/32.174)

"Mhrust”
F=m_dot*(V_6-V_1)

X |Line75 Char 1 Wrap: On | Insert Caps Lock: Off | Eng R psia mass deg

(=8 )

Warnings: On | Un

Figure 41. EES Code
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Figure 42. EES Diagram Window



6.5. Thermodynamics Laboratory Experiment

Engineering Thermodynamics Il Project Draft

While redeveloping the mini-turbine DAQ system, a new project for Engineering
Thermodynamics Il students was created. The current document is still in its draft stage and under
review for implementation. The ultimate goal of the semester long project is for students to develop
an understanding of a standard Brayton Cycle. The initial objective of the project is for students to
successfully run and collect data from the mini-turbine. Upon retrieving data, the students are then
to analyze the results and calculate various properties of the mini-turbine. Through the use of EES,
students are expected to create their own program which will solve for efficiencies and work of
the different components and overall engine.

Revised Mini-Turbine Lab

After updating the pre-existing DAQ system and implementing a new LabVIEW program, the lab
instructions needed to be updated. Revisions to the old lab consisted mainly of updates to the
experimental procedure which went through the steps of starting the engine and recording data.
The new LabVIEW program required a new procedure in which a file name and location is set
before a data collection toggle switch is turned on. In addition to the new collection process, the
user can also view plots of the data on another tab. Aside from the implementation of the new
DAQ instructions, the overall lab remained the same. This revised lab is contained within
Appendix D.



7. CONCLUSION

The completion of our capstone project produced quality and timely task completion. The mini
turbine engine is now ready to be used in student experimental settings. Each data acquisition
component of the system is calibrated including all thermocouples and pressure transducers, RPM
measurement and thrust measurement. The LabVIEW program will be used for real time data
display and data acquisition of the complete run cycle of the system. Using this data exported to
Excel by the LabVIEW program, these values can be inputted into the first and second law of
thermodynamics EES program to determine the efficiencies of the compressor, turbine, and the
overall system as well as the work done by the system in BTU/hr.

Many tasks and sub-tasks have been completed leading us to our final goal. These tasks and sub-
tasks include but are not limited to preliminary research and component identification, mounting
of a new laptop arm and laptop, design and manufacturing of a mounting bracket for the DAQ
hardware, an up to date Microsoft project file, a completed formal proposal report, an EES
program, a DAQ and user-friendly display LabVIEW program, a thermodynamics laboratory
report, our engineering notebooks, and this final report.
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9. APPENDIX

9.1. Appendix A — Team Contract

Team Contract
As a member of team number 1, | agree that coordinated teamwork is essential for successfully completing assigned
projects. | understand my individual performance will affect the success of the entire project. I also understand that
all members of successful teams need to exhibit the following behaviors during the execution of the project:

1. Fulfills duties of team role

. Attend all team meetings

. Actively participate in team meetings

. Be prepared to present work assigned from previous meeting
. Researches and gathers pertinent information

. Listens to other teammates
. Shares work evenly
. Regularly scheduled meetings will meet:

O b O0ODNO T D

b

. Time/Day:10/Wed Place: Class

O

. Time/Day:11/Wed Place: Meeting w/Professor

o

. Time/Day: 12/Mon Place: 610 make shift library

Printed Team Member Name Team Member Signature

1. Matt Dietter » =

e i

2. Jon Sewell T < e
3. Kurt Madden Yoot
fu? /x’{rjﬁ-ﬂ

4. Kyle Lavoie ?(/,/E, W




9.2. Appendix B — Team Member Resumes

Kyle Lavoie

66 Morth Fairview Street, Litfleton, NH 03561
lavoiekl@wit.edu (603) 991-0052

EDUCATION

Wentworth Institute of Technology, Boston, MA August 2016 exp.

Bachelor of Science Mechanical Engineering, Asrospace hMinor, GPA: 3.92/4.00

President's Award Recipient for Academic Excellence & Co-curricular Involvement - Mechanical Engineering 2016

TECHNICAL COMFPETENCIES

Finite element analysis with ANSYS Mechanical through Workbench and Classic interface - including writing AFDL scripts.

computational fluid dynamics with AMNSYS Fluent and SolidWorks Flow Simmlation, solid modeling & drafting with Creo

Parameiric & SolidWorks (Certified SolidWorks Associate), proficient programming in Python for software development

EXFERIENCE

Raytheon Infegrated Defense Systems

Bequiremenis, Anelysis & Verification Section - Mecharnical Engineer Co-op Angust 2015 -December 2013

+ Performed shroctural analysis om mechanical parts and assemblies to verify that all components meet sbroctural
requirements. Analysis is performed through finite element analysis with ANSYS Workbench as well as through hand
results are reported ina formal memao.

Environmental Test Lak Secton- Mechanical Engineer Co-op Jarmary 2015 - May 2015

# Performed engmeering laboratory testing of electromechanical components and assemblies through various tests
including environmental stress screening, vibration, static, dynamdc, thermal. and climatic tests. I was imwvolved with
the full scope of the tests including mstrumentation, data acquisition set-up and operation, post processing the data,
interpreting the results, and reporting on the results and conclosions of each test.

+ Design of fixtures for upcoming engneering tests incduding comcepinal design. solid modeling. and production of

Mechanical Selutions, Inc. - Mechanicel Enginesr Co-op Sunmers 201 2-2014

+ Performed finite element analysis of turtomachinery and other mechanical components with ANSYS Mechamical

+ Development of multidisciplinary design, analysis, and optimization software written in Python Upen completion I
assisted in a software demonstration and instruction of a training course af the NASA Glenn Research Cender.

+ Intermational Seciety of Automation standard development - ISALNY Advanced Measurement Techniques for Gas
Turbine Engines. (I3A107.1 Waveform Quality for Elade Tip Timing).

+ Performed research and testing for improvement in test and measurement capabilities for fan blade dynamic response
as well as develop and validate a non-contacting blade vwibration measurement system for unducted fans. This project
inveolved the development of a radar based sensor to measure dynamic response on the composite airfoils of helicopter
main rotor blades. The sensor was flight tested on a Bell 407 helicopter.

+ Design of radar based sensors capable of measuring blade vibration in gas furbine engines

o Mechanical design, FEA, and production of detailed drawings for prototype manufachoring
Capable of measuring blade dynamics in a high temperature. high pressure. and high vibration environment
o Performed increasingly refined rig testing. data acquisition. and high temperature nonlinear material analysis
ACTIVITIES
+ International Society of Automation - Student Membership
o Anthor of Technical Paper, “Diesign Process for Gas Turbine Engine Senmsors”, for the 2015 Internaticmal
Instrumentation Symposium and Mechanical Failure Prevention Technology Joint Conference
+ American Institute of Aeronanfics and Astronauntics
o Vice President of WITAero - 2015 Term (Wentworth ALAA Accredited Chapter)
o Co-author of a Technical Faper, “Effect of Geomefirical Farameters on an Airfoils Drag Force”, ALAA Siundent
Conference at Cornel]l University
o Chief Mechanical Engineer for 2014,/15 Student Design/Build /Fly Competition
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MATTHEW T DIETTER

O Sunny Lane « Sherman, CT 06674
Phome: [203)7&6-8855 » Email: diettenmidwit edu
Epucamon

Wentworth Institute of Technology:  Bachelor of Science: Mechanical Engineering Major & Aerospace Engineering Minor

GPA: 3 48 on 4.00 Scale

Completed Engineering Courses:  Heat Transfer, Computational Fluid Dynamics & Mumerical Simulation, Instrumentation and

Design of Experiments, Thermodynamics, Fluids, Dynamics, Materials Science, Engineering
Statistics, Design of Machine Blements, Mechanics of Materials, Statics, Medhanical Design &
BAnalysis, Engineering Graphics {SolidWorks), Enginesring Chemistry, Cinouit Theory, Engineering
Physics | & I, Engineering Differential Equations, Engineering Calculus |1, & 0

ExPERIENCE

Fall 2015 {4 months): Mechanical Engineering Co-op at DRS Power Technologies, Inc. |Defense & Commercial]

worked as a member of the Internal Research and Design team. Goal was to design, analyze, manufacture, and
test two different 2 foot diameter PM electric motors for commercial application.

Used AMSYS Mechanical to analyze main load bearing member and modal behaviors of a PM electric motor.
verified by hand calculations.

Fit checks and tolerance analysis of both PM electric motor designs.

Solidworks — Created part and assembly files. Also, produced toleranced drawings with manufacturing notes.
Cata input and analysis of matenal discomformities with gas and steam turbine housing structures.

Spring 2015 (4 months): Manufacturing Enginesr Co-op at ConforiIs, Inc.

worked with the manufacturing engineering team to qualify a new manufacturing fadility for production (ie.
qualifying new and transported equipment, operator workspaces, production floor layout, cleanroom validation,
clean line function, etc). Reported directly to Sr. Process Engineer.
3D Systems 515 sPro60 HD-HS 3D printers:

o Installation, Operational and Process Qualification (10/00/P0) reports for three 3D printers.

o Build setup, build cake breakout, bead blast, and dimensional tolerance inspection.
conducted qualification protocols and report (10/00/P0) for Fuji impulse pouch sealer.
Conducted cleanroom product pouching time-study and informed upper engineering management of process
inefficiencies and potential solutions.

February 2014 — August 2015: President of WiTAzro/AlAA [American Institute of Aeronautics and

Astronautics) Student Chapter at Wentworth Institute of Technology

Cessna/Raytheon Missile Systems Student Design/Build/Fly Competition, 2015: Project Director/Systems Engineer
Designed and documented 5 foot wingspan RC aircraft creation.

Praject Director/Systems Enginesr: managed and optimized efficiency of 25 team members.

Lead author.

Aprodynamics team leader. Enginecred and manufactured airfoils (laser cutting).

o ooaQ

KEY SriLLs

Personable

Passionate about enginesring

strong leadership, communication, and team collaboration skills
Wersatile learmner

Thorough comprehension of engineering design and analysis process

Personal interests: Galfing, asrodynamic research, road biking, hiking, camping, playing soccer, and reading about
past/present military aircraft.
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Kurtis Madden

603-903-9101 + 74 Hayes Rd, Walpole, NH 03608 * maddenk@wit adu

EDUCATION

Wentworth Institute of Technology - Boston, M4 - GPA- 3.644.0 Gradustion Diate: Auwgnst 2016
Bachelor of Science in Mechanical Engineerimg
Minor in Aerospace Engineerimz

River Falley Technical Center - Springfield, VT Fall 2010 - Spring 2012

ESFEEIENCE
Tesla Motors - Fremont, CA September 2015 — December 2015

Propduct Excellence Enpineering Intern — Inferior tesm

Worked mainly on the instroment panel assembly for the Model 5 and Model X

Made process changes and part reworks 1o improve the qualiry of the IP

Fiam tests and trials and provided design team with data necessary to make permanent desizn changes

iRobot Corporation - Bedford, BLA Tanuary 2015 — May 2015

Mechanical Engineering Intern for Diefense & Security (D&S) Fobots

Strong use of Creo (and Windchill) - advanced modeling, drawings, and assemblies

Diesign and analysis of new concepis for DS robots

J&L Meirology - Springfield VT Febmuary 2011 - Pressnt

#  Diesizn optical comparators and other precision meanumrement tools

» Sirong use of SolidWorks - advanced modaling, drawings, snd assemblies

» Trdlize an understanding of mechanical systems, optics, precision mMeasuring insmiments, efc
Vermont Yankee Noclear Power Plant - Vernon VT Jume 2013 - Angust 2013

# Proprams and Components Ensineering

» Amalyzed flow accelerated corrosion (FAC) of pipes

» Undersianding of major components n 3 boiling water reachor (BWE) moclear power plant

SEILLS f QUALIFICATIONS

Certified SolidWorks Professional (CSWE) and Certified SolidWorks Associate (CSWA)
PTC Creo and PTC Windchill

Microsoft Office: Word, Excel, PowerPoint, Ouflock, Oneliote, Project

AWSYS, Mastercam AuteCAD, MATLAB, LabVIEW, EES, Inventor

GOET — Geomeiric dimensioning and tolerancing

FEA — Finite Element Analysis and CFD — Compigational Finid Drynamics

CHC programming. mannal programming (G code), mannal machining (mills, lathes etc)
Diesipn castings, patterns, fixhores, cheet metal pears, etc.

Strong understanding of thermodynamics, statics, fioids, materials, dymamics, vibrations.
Hands-on labs: hest exchangers, boilers, mixing chambers, beat pumps, diesel engines. etc
Work well with teams - good commmmication and IEanizaron

Skills TI54 — Silver Meds] for Technical Drafting in the Mation — Eansas City, MO (2012)
Skills TI54 — 2 times Gold Meds] for Technicsl Drafting in Vermont — Burlingten VT (2011, 2012)
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Jonathan Sewell

(POE) BET-0030 sewelligaitedy Hackettstown, NJ
Education
Wentworth Instinie of Technolegy, Boston, BA GPA- 3.50/4.00
Candidate for Bachelor of Science Degree in Mechanical Enginesring Amngust 201§
Dwean's List: Sophomore Year
Junior Year
El;ginﬂ'i:l;EE:puimu
Co-Op/ Incernship
Elecmrochem Solutions — Faynham M{A Jameary 2015 — April 2015

* Feverse enpinesred and crested SolidWorks drewings for mdooumented fixmres nsed on the mamfacmring floor.

Dresipned and 3D printed protofype Sxhmes using SolidWorks and Objet30Pre 30 Printer.

Participated in Esizen event to improve productivity of the Moderate Bate Battery Pack Department. Conducted time studies fo
creste standard work snd switch from baich mammifachmng o single-piece fow.

Condurted failwe analysic on Printed Compater Boards (PCBs) to determine mode of faibore and document problem components.
Conducted pull tests using Chatillon Motorized Force Tester o verify welding machines were to spec.

Created Mamofactoring Process Instoctions (3WPLs) for new products.

Trained and worked under IS0 9001 and IS0 13485 Cuality Systems.

Gained knowledze of lean mannfacmring principles.

Clubs

WITAeTo — Student Chapier of the American Inctitoie of Aeronautics and Asironanics (A144)

ﬂﬁrgn@mldﬂﬂamwmma
Deesigmed the fiselage stroctore and paylead release system of a radio-controlled aircraft capable of completing various missions.
Created SolidWorks paris for the fuselage componenis and assemblies for the entire sivcraft

* Laser cut and assembled aircraft paris made from balsa and basswood.
Amained synergistic skills through collaboration with other departments for desizn decisions and cormect imterfacing.

Lab Work

Mhechanical Design and Analysis: Anslyzed the mechemics and thermodynamics of an air engine within 3 Fankine cycle.
hzmmfactoring Processes: Used lathes fo reate sirain testing specimens.

Mhechanical Engineering Diesign: Designed and analyzed 3 undversal wrench socket

Mhechanics of Materials: TTsed Timins Olsen machines to conduct strain, shear, and torsion tests of varions materials.

Drasipn of Machine Elements: Desizned and snalyzed 3 single-reduction gear box capable of withstanding given paramesters.
Enzineering Fhud Mechanics: Used varous flow measuring devices to determine flow losses through pipes, valves, and joimts.

Technical Skills

‘Engineering. Materials testing, flow devices, STaiN gauges, Lilns Olsen sirain tester, FEA, folerances
Software: SolidWorks, MatLab, Microsoft Office (Word, Excel, Outlock, Access, PowerPoinf), Engineering Equation Solver (EES)

Manyfociurimg: & programming langeage (F-oode), Benchman sand casting, milling, 30 prinfing
Certifications: Certified SolidWorks Associate

Conrsework

Enzineering Fhnid Mechanics Diezign of Machine Elements Enginesring Graphics (SolidWorks)
Enmineering Statics Mechanical Design and Analysis Enginesring Thermodynamics IT
hechanics of Materials Cirowit Theory and Application Differential Equations

Numerical Simmlation and CFD Enginesring Heat Transfer Enginesring Dhynamics
Leadership/Volunteer Work

Triniry United Methodist Church March 2012 - Present

Eagle Seont / Troop 418 Asviztant Sconfmaster
» Mentored scouts and tanght both outdoor and life skills.

» (Gained legistical skills through the planming and carrying out of mps snd meetings.

Oither Employment

Walgreens — Hacketistoam, IMJ

Service Clerk and Stock Person April 2011 - March 2012
Photo Technician April 2012 - Angust 2014

*  Provided customer service, maintained sn orgamized stockroom and sales floor, developed film negatives, and performed routime
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9.3. Appendix C — Sample of Engine Testing Data

Table 4. Engine Testing Data Sample

Mass_Flow_Rate| Fuel_Flow_
Time Ti_F_ail | T2_F_ai2 | T3_F ai3 | T4_F_sid | T5_F_ai5 | Thrust_Ibf_ai6 | RPM_ai7 | P1_psig_ail | P2_psig_ai2 | P3_psig_sid | P4_psig_sid | PS_psig_ais _slug-s_gif gal-Hr_ai7
8/3/2016 10:03:26.450 795 165.0 10079 940.7 886.3 7.34 48429 0.164 776 8.00 0.79 0.865 0.0114 181
8/3/2016 10:03:26.703 79.4 1654 1007.7 94189 886.2 7.34 48464 0.166 7.79 8.02 078 0.868 0.0115 1.81
8/3/2016 10:03:26.930 79.4 1658 1007 4 9429 8834 7.35 484860 0.166 7.81 3.04 078 0871 0.0115 181
8/3/2016 10:03:27.184 794 166.0 1007.2 9440 3843 7.35 43502 0.168 7.78 301 078 0.863 0.0116 131
8/3/2016 10:03:27.421 79.4 166.2 1007.0 945.0 8847 7.33 48535 0.170 7.78 8.02 079 0.867 0.0117 1.81
8/3/2016 10:03:27 649 79.4 166.6 1006.8 9458 8836 7.29 48540 0.159 7.80 3.04 078 0.873 0.0113 181
8/3/2016 10:03:27.933 79.4 166.8 1006.4 947.0 3329 7.26 43552 0.1c4 7.80 3.03 0.79 0.874 0.0115 131
8/3/2016 10:03:28.211 79.4 167.4 100549 9477 8815 7.26 48535 0164 7.82 3.05 079 0.874 0.0115 181
8/3/2016 10:03:28.443 79.4 167.7 10055 948 4 8836 7.25 48564 0.166 7.83 8.07 0.79 0.869 0.0115 181
8/3/2016 10:03:28.687 79.4 168.1 10050 94390 3830 7.29 43574 0.166 7.80 3.03 0.79 0.869 0.0115 131
8/3/2016 10:03:28.926 793 168.4 10047 9497 8839 7.33 48587 0164 7.83 3.06 079 0.871 0.0115 181
8/3/2016 10:03:25.156 793 1686 10043 950.0 88349 7.33 48606 0171 7.82 3.05 0.79 0.877 0.0117 181
8/3/2016 10:03:29.399 79.4 169.0 10039 950.6 884.3 7.29 48623 0.168 7.82 8.06 079 0.871 0.0116 1.81
8/3/2016 10:03:29.636 793 1692 1003.4 950.9 8815 7.27 48604 0.163 7.83 3.06 079 0.873 0.0114 181
8/3/2016 10:03:29.881 79.3 1696 10030 9514 3841 7.26 43850 0.167 7.81 3.04 0.79 0.875 0.0116 134
8/3/2016 10:03:30.118 79.4 1701 1002 6 9519 887.6 7.29 48718 0162 7.89 8312 0.80 0.873 0.0114 190
8/3/2016 10:03:30.357 793 1704 1002.3 952.3 896.2 7.30 48858 0.165 796 8189 079 0.883 0.0115 196
8/3/2016 10:03:30.594 79.3 170.8 1002.0 953.0 903.8 7.28 495024 0.167 3.02 3.26 0.30 0.838 0.0116 1499
8/3/2016 10:03:30.840 793 1712 1002.0 9540 9115 7.26 49252 0162 310 334 0.81 0.895 0.0114 202
8/3/2016 10:03:31.090 79.4 1713 1002 4 9554 9151 7.24 49449 0172 318 5342 0.81 0.5393 0.0117 205
8/3/2016 10:03:31.368 794 1716 1003.1 957.2 9228 7.18 49740 0.167 835 259 0.33 0.902 0.0115 210
8/3/2016 10:03:31.629 79.4 1721 10041 9592 S40.0 7.17 50074 0171 346 870 0.89 0913 0.0117 215
8/3/2016 10:03:31.874 793 1723 1005.6 951.3 9447 7.19 50416 0172 363 8.87 0.85 0941 0.0117 218
8/3/2016 10:03:32.138 79.4 1725 1007.7 953.9 9535 7.21 50862 0.173 3.80 S.04 0.88 0.950 0.01138 2.24
8/3/2016 10:03:32.379 793 1731 10100 966.7 9548 7.19 51302 0.181 3497 921 091 0958 00121 229
8/3/2016 10:03:32.660 79.4 173.8 10134 970.2 973.2 7.21 51343 0.182 921 944 093 0.979 0.0121 2.34
8/3/2016 10:03:32 911 79.4 1745 10170 9738 980.2 7.28 52335 0.185 938 962 095 0991 00122 238
8/3/2016 10:03:33.158 795 1749 10214 9778 9856 7.38 52849 0.197 9.60 984 098 1.002 00126 2.40
8/3/2016 10:03:33.429 795 175.7 1026.8 982.3 994.0 7.56 53453 0.196 990 1014 101 1.040 0.0125 243
8/3/2016 10:03:33.667 79.4 1765 10318 986.4 1003.0 774 54043 0.201 10.19 1043 104 1.068 0.0127 245
8/3/2016 10:03:33.910 79.4 1775 10375 990.6 10137 7492 54704 0.210 1048 1071 1.06 1.095 0.0130 248

Full engine testing data set contained within report package.




9.4. Appendix D — Revised Thermodynamics Laboratory Experiment

Brayton Cycle Experiment — Jet Engine

OBJECTIVE

1. To understand the basic operation of a Brayton cycle.

2. To demonstrate the application of basic equations for Brayton cycle analysis.

BACKGROUND

The Bravton cycle depicts the air-standard model of a gas turbine power cycle. A simple gas turbine 15
comprised of three main components: a compressor, a combustor, and a turbine. According to the
principle of the Brayton cycle, air is compressed in the compressor. The air 15 then mixed with fuel,
and burned under constant pressure conditions in the combustor. The resulting hot gas 1s allowed to
expand through a turbine to perform work. Most of the work produced in the turbine is used to run the
compressor and the rest 1s available to run auxiliary equipment and produce power. The gas turbine 1s
used 1n a wide range of applications. Common uses include stationary power generation plants (electric
utilities) and mobile power generation engines (ships and amrcraft). In power plant applications, the
power output of the turbine 1s used to provide shaft power to drive a generator, a helicopter rotor, ete.
A jet engine powered aircraft is propelled by the reaction thrust of the exiting gas stream. The turbine
provides just enough power to drive the compressor and produce the auxiliary power. The gas stream
acquires more energy in the cycle than is needed to drive the compressor. The remaining available

energy is used to propel the aircraft forward.

A schematic of the Brayton (sumple gas turbine) cycle 1s given in Figure 1. Low-pressure air 1s drawn
mto a compressor (state 1) where 1t 15 compressed to a higher pressure (state 2). Fuel 1s added to the
compressed air and the mixture 1s burnt in a combustion chamber. The resulting hot gases enter the

turbine (state 3) and expand to state 4. The Brayton cycle consists of four basic processes:

a) 1 2 : Isentropic Compression
b) 2 3: Reversible Constant Pressure Heat Addition
c) 3 4 - Isentropic Expansion

d) 4 1 : Reversible Constant Pressure Heat Rejection (Exhaust and Intake 1n the open cycle)



Figure 1. Basic Bravton Cycle
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CYCLE ANALYSIS

Thermodynamics and the First Law of Thermodynamics determine the overall energy transfer. To
analyze the cycle, we need to evaluate all the states as completely as possible. Air standard models are
very useful for this purpose and provide acceptable quantitative results for gas turbine cycles. In these

models the following assumptions are made.

1. The working fluid 15 air and treated as an ideal gas throughout the cycle; 2.
The combustion process is modeled as a constant-pressure heat addition;

3. The exhaust 1s modeled as a constant-pressure heat rejection process.

In cold air standard (CAS) models, the specific heat of air is assumed constant (perfect gas model) at
the lowest temperature in the cycle. The effect of temperature on the specific heat can be included 1n
the analysis at a modest increase in effort. However, closed form solutions would no longer be possible.
To perform the thermodynamic analysis on the cycle, we consider a control volume containing each

component of the cycle shown in Figore 1. This step is summarized below.
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Compressor

Conszider the following control volume for the compressor,

Figure 2. Compressor Control Volume Model

Note that ideally there 1s no heat transfer from the control volume (C.V.) to the surroundings. Under
steady-state conditions, and neglecting the kinetic and potential energy effects, the first law for this

control volume 1s then written as

& & &
Ha - Wa= H o (0

Considenng that we have one flow into the control volume and one flow out of the control volume, we
may write a more specific form of the first law as

mhn — mBwe = mBHhou (2)

Or, rearranging by grouping the terms associated with each stream,
—w=h -h 3)

c em i
This 1= the general form of the First Law for a compressor. However, if the fluid stream is assumed to
ideal gases we may represent the enthalpies in terms of temperature (a much more measurable quantity)
by using the appropriate equation of state ( dh = cpdT ). which will introduce the specific

Assuming constant specific heats, enthalpy differences are readily expressed as temperature differences

as

- WC = €pe (TC,o'nt - TCJn] (4
To be more accurate, the specific heat of each fluid should be evaluated at the linear average between
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OTo+TeeD its
inlet and outlet temperature, 0 [,
O 2 ]

The irreversibilities present in the real process can be modeled by introducing the compressor

efficiency,

WCs Fouts - Hin

Noone =
wca  homa- Pin (5)

where the subscript s refers to the ideal (isentropic) process and the subscript a refers to the actual
process. For a perfect gas the ahove equation 1s reduced to

Towsz - Tin
nooae =
.Tul.t.n -Tin l:ﬁ)

Combustor

For the combustor,

Figure 3. Combustor Control Volume Model

Note that ideally there 1s work transfer from the control volume (CV.) to the surroundings. Under
steady-state conditions, and neglecting the kinetic and potential energy effects, the first law for this

control volume 1s then written as

& & &
Hin + 0= Hs (M
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Considening that we have one flow into the control volume and one flow out of the control volume, we

may write a more specific form of the first law as

mEhin + mEgc = m&hos (8)
Or, rearranging by grouping the terms associated with each stream,

g8 = hox - hin (9)
Assuming ideal gases with constant specific heats, enthalpy differences are readily expressed as
temperature differences as

8= CpB {TB,nLt - TB,in) (1)
Again, to be more accurate, the specific heat of each fluid should be evaluated at the linear average
between its inlet and outlet temperature.

Turbine

Consider the following control volume for the turbine,

Figure 4. Turbine Control Volume Model

Note that ideally there 1s no heat transfer from the control volume (C.V.) to the surroundings. Under
steady-state conditions, and neglecting the kinetic and potential energy effects, the first law for this

control volume 1s then written as

& & &
Hia - Wow= Hon (11)

Considenng that we have one flow into the control volume and one flow out of the control volume, we
may write a more specific form of the first law as
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m&hn — m&wT = mBon (12)

Or, rearranging by grouping the terms associated with each stream,

—w=h -h (13)
T out m

Assuming ideal gases with constant specific heats, enthalpy differences are readily expressed as
temperature differences as

~ WT=(pT (TT.m.t - T'I.iﬂ) (14)
As hefore, the specific heat of each fluid should be evaluated at the linear average between its inlet and

outlet temperature for more accurate results.

The irreversibilities present in the real process can be modeled by introducing the turbine isentropic
efficiency,

WCa howtz - fim
WCs .'rTcrut.! - }’Em (15)

where the subscript s refars to the ideal (isentropic) process and the subscript a refers to the actual
process. For a perfect gas the above equation is reduced to
Totz - Tm

NTEE =
Tomzs - T (16)

EXPERIMENTAL SETUP

The laboratory setup is a self-contained, turnkey and portable propulsion laboratory manufactured by
Turbine Technologies Ltd. called TTL Mini-Lab. The Mini-Lab consists of a real jet engine. Therefore,
the same safety concerns of munning a jet engine are present. Care must be taken to follow all the safety
procedures precisely as outhned in the laboratory and stated by your lab instructors. The following
description of the setup is provided by the manufacturer.
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“A Turbine Technologies Model SR-30 turbojet engine is the systems primary
component. Operational sound and smell are hard to distinguish from any 1dling, small
business jet. The engine’s axial turbine wheel and vane guide ring are vacuum
investment castings. They are produced from modern, high cobali and nickel content
super alloys (MAR-M-247 and Inconnel 718). The combustion chamber consists of an
annular, counterflow system, including internal film cooling strips.

Fuel and o1l tanks, filters, oil cooler, all necessary plumbing and wiring is located in
the lower part of the Mini-Lab structure. A throttle lever is located on the right side of
the operator and above the slanted instrument panel. The throttle enables the operator
to perform smooth power changes between 1dle and maximum N1. Digital engine RPM
and E.G.T. gauges, mechanical E P E_, Onl, Fuel, Air start pressure gauges are also part
of the standard panel Annunciator lights indicate low oil pressure_ ignitor on, and air-
start status. A key operated master switch controls the main electric power bus. Other
panel-mounted switches control 1gniter, air start, and activate fuel flow. The SR-30
engine’s fuel system is very similar to large-scale engines—fuel atomization via 6
return flow high-pressure nozzles that allow operation with a wide variety of kerosene
based liquid fuels (e.g. diesel, JTet A, JP-4 through §).”
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Figure 5. Turbine Technologies's “MiniLab™ Engine

Engine Components.

The engine consists of a single stage radial compressor, a counterflow annular combustor and a single
stage axial turbine which directs the combustion products into a converging nozzle for further
expansion. Details of the engine may be viewed from the “cutaway’ provided in Fig. 6.
Instrumentation.

The sensors are routed to a central access panel and interfaced with data acquisition hardware and
software from National Instruments. The manufacturer provides the following description of the

sensors and their location.
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“The integrated sensor system (Mini-Lab) option includes the following probes:
Compressor inlet static pressure (P,), Compressor stage exit stagnation pressure (P..),
Combustion chamber pressure (P:), Turbine exit stagnation pressure (Pw), Thrust
nozzle exit stagnation pressure (P.). Compressor inlet static temperature (T)),
Compressor stage exit stagnation temperature (Ti:), Turbine stage inlet stagnation
temperature (T.:), Turbine stage exit stagnation temperature (Ta), and thrust nozzle exit
stagnation temperature (T.). Additionally, the system includes a fuel flow sensor and
a digital thrust readout measuring real time thrust force based upon a strain gage thrust

yoke system.”

Figure 6. Turbine Technologies’s SR-30 Engine

Cut Away View

Turbine Technologies' SR-30 Mini-Lab Engine
Cut Away View of SR-30 Engine
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EXPERIMENTAL PROCEDURE

SAFETY NOTES:

[y

. Make sure you are wearing ear protection. If vou are not sure how the
earplugs are properly used, ask you lab mstructor for a demonstration.
Never stay in the laboratory without ear protection while the engine is in
operation.

2. The SR-30 engine operates at high rotational speeds. Although there 15 a
proteciive pane that separates the engine from the operator, make certain
that you do not lean too close to this pane.

3. Make sure the low-oil-pressure light goes off immediately after an

engine start. If it stays on or comes on at any time during the engine

operation cut off the fuel flow immediately.

4 There 15 a vibration sensor whose indicator 1s to the far right of the

operator’s panel. 1f this indicator shows any activity (increase in voltage)

shut-off the engine immediately.

LN

. If at any time you suspect something 1s wrong shut off the fuel
immediately and notify the lab instructor.

6. If the engine is hung (starts but does not speed up to 1dle speed of about

40,000 rpm) turn the air-start back on for a short while until the engine

speeds up to about 30,000 rpm. Then turn off the air-start switch.

2 MAKFE SURE NEITHER YOU NOR ANY OF YOUR BELONGINGS
ARE PLACED IN FRONT OF THE INTAKE TO OR EXHAUST FROM

THE ENGINE WHEN THE ENGINE IS RUNNING.

10

64



1. Open the LabView executable file found on the laptop desktop. Upon opening the program_ yvou

will notice it reading data already, this is normal Prior to starting the engine, designate the
appropriate file name and save location, found at the bottom of the display.
. Make sure that the air pressure in the compressed-air-start line is at least 100 psia (not exceeding
120 psia). Ask your lab instructor to check the o1l level. Also, check the fuel level and fill up if
necessary.
. Ask the help of vour lab instructor turn on the system and start the engine. Startup Procedure 1s as
follows:

a. Tun the main key to the ON position

b. Tum the electrical master switch ON

c. Position throttle handle at 50%

d. Turn the ignition switch ON

e. Turn the air switch ON and wait until engine is spinning at ~10-13k rpm
Upon engine spinning at ~10-13k rpm, turn the fuel switch ON (flame should appear and

]

engine is running). If there 1s no change to the EGT (exhaust gas temperature) readout and
no flame appears_ it may be necessary to throttle up to 75%.
g. Once engine 1s running, turn air and ignition switches OFF
h. Back the throttle off so that the engine idles at 48-50k rpm
*NOTE: try to keep 1dle rpm above 48k minimum. If hang flame appears behind the exhaust,
bring throttle down and then push back up in order to suck flame away.
. After the engine 15 successfully started, you must first allow the engine to achieve the idle speed
before making any measurements.
To begin recording data, first verify the file name and save location, then press the “Record Data™
toggle switch to the ON position. The switch can be found in the bottom right. Data will be recorded
until the “Record Data™ toggle switch is turned OFF.
Slowly open the throttle. Start taking data at about 48 000 rpm during idle. Make sure that you
allow the engine time to reach steady state by monitoring the digital engine rpm indicator on panel.
The reading fluctuates somewhat so use your judgement.
Take data at different engine speeds. You will use the data to study how cycle and component
efficiencies change with speed. An entire sweep of the RPM range can also be conducted at a steady
rate.

. After you are done taking data, toggle the “Record Data™ switch to the OFF position.

11
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9. The data will be stored in Excel spreadsheet format

10. To turn the engine off, bring the throttle all the way down, and then turn the fuel switch OFF. While

the engine is spinning down, turn the atr on briefly fo help the engine cool down.

DATA ANALYSIS
Using the collected data determine the turbine 1sentropic efficiency, compressor isentropic efficiency,
the thermal efficiency of the cycle and the corresponding Carnot efficiency.

REPORT
In your report determine the performance of the ideal cycle operating with the same maximum cycle
temperature, mass flow rate, and compression ratio. Compare the performance of the ideal cycle

with measured performance. Discuss the differences.

SUGGESTIONS FOR DISCUSSION

1. How does the cycle efficiency compare with the ideal Brayton cycle? with the Carnot cycle?

2. How does the component efficiency affect the cycle efficiency?

3. How do the component efficiencies you calculated based on vour test data compare with those of

typical of those gas turbine engines?
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