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In these teaching activities students developed several simple models and conduct sensitivity
analysis and interpreted the results through modeling. First, they are asked to find various
properties of a stream using the software and compare them with the values they found from the
conventional thermodynamic tables. In this step students learn how to retrieve stream properties
and how to validate them. Then, they develop a cycle composted of a compressor followed by a
gas turbine. In this stage, they learn how to define characteristics and specifications of
components in the model. Also, they experience the influences of these specifications on the
performance of the equipments. As a next step, they add a combustion chamber to the model to
make a complete model of a sample gas turbine cycle. As a part of this step they calculate the net
output power, specific work, and efficiency of the cycle. They utilize this model to evaluate
effects of the compressor pressure ratio, turbine inlet temperature, ambient temperature and
pressure, efficiency of compressor and turbine, and pressure drop in the combustion chamber on
the system overall performance parameters including output power, specific work, and efficiency
of the cycle. Eventually, some students work on this model and combined it with other cycles to
make a hybrid cycle or other cycles as their projects.

These assignments were first developed for a commercial process modeling software Aspen Plus
to deepen student understanding of the gas turbine-based cycles and evaluation of effects of

various parameters on the cycle performance. Then, they were adapted for Engineering Equation
Solver (EES). My objective is to convert them to MATLAB assignments.

FIRST ASSIGNMENT

Students are first introduced to the software and learn how to work with it through several step
by step tutorials.

SECOND ASSIGNMENT

! These teaching activities are a part of the following conference paper presented by the author:
Zabihian, F., Alternative Approach to Teach Gas Turbine-Based Power Cycles, American Society for Engineering Education’s (ASEE) 122nd Annual
Conference, Seattle, Washington, U.S.A., June 2015



The objective of this assignment is to teach students how to extract thermodynamics parameters
from the software. Also, students are asked to find same properties from their textbook and
compare them with what they found from the software. They realize that the values of some
parameters, such as density, are the same regardless of the source of information i.e. their
textbook or the software. But for some properties, such as enthalpy and entropy, they find totally
different values. At this point, I ask them to compare the values of the enthalpy and entropy
difference between two states found from the tables and the software. The students can see
firsthand that the differences are the same because the two methods are just using different
reference points to report the properties.

THIRD ASSIGNMENT

The objective of this assignment is to investigate the effects of pressure and temperature of
various thermodynamics parameters of the streams. They develop two simple models. One model
includes a simple pressure change device e.g. half-closed valve. The temperature of the flow is
constant and only the pressure changes. Students are supposed to find the effects of pressure on
the specific volume, enthalpy, and entropy at constant pressure and draw the diagrams of these
properties as a function of pressure. The different student teams will be assigned with various
substances e.g. water, ammonia, carbon dioxide, etc.

The other model will include a simple heat exchanger with no pressure drop. The students will
perform the same analysis but for independent variable of temperature at constant pressure. They
also validate their results using the tables from the textbook.

FOURTH ASSIGNMENT

At this point, the students are ready to integrate various components in their modeling. In this
assignment, I ask students to develop a model for a compressor followed by a turbine with the
following specifications. They are supposed to run their model and report the results for the
following three cases with different inlet flows to the compressor and two sets of efficiencies for
the turbine and the compressor. The objective of this assignment is to investigate the effects of
equipment characteristics on the performance of the system. They also recognize the significant
impact of the efficiencies of the turbine and the compressor on the overall performance system.

In order to improve their communication skills, I ask them to prepare a technical report for each
assignment. The report should be prepared based on the technical report preparation guideline
that I give them and should include:

e A table showing all main information of all streams for each case,
e A table showing all main information of turbine and compressor,
e The net work and efficiency of each system,

e A comparison of the results for cases 1 and 2,

e Discussion on the results.



Compressor:

Type: Isentropic

Pressure ratio (P2/P1): 10

Isentropic efficiency: 80% and 90%
Mechanical efficiency: 75% and 85%

Turbine:

Type: Isentropic

Pressure ratio (P1/P2): 10

Isentropic efficiency: 80% and 90%
Mechanical efficiency: 75% and 85%
Three cases for compressor inlet:

Case 1:

Stream composition (mass fraction): air 100%
Temperature: 40°C

Pressure: 1 atm (absolute)

Mass flow rate: 100 kg/s

Case 2:

Stream composition (mass fraction): N2 79%, O2 21%
Temperature: 40°C

Pressure: 1 atm (absolute)

Mass flow rate: 100 kg/s

Case 3:

Stream composition (mass fraction): water 100%
Temperature: 400°C

Pressure: 10 atm (absolute)

Mass flow rate: 100 kg/s

For Properties/Property methods and models the students use following information:
Process type: POWER
Base method: PR-BM

FIFTH ASSIGNMENT

This assignment is similar to the previous one but in this one a chemical reaction i.e. combustion
is added to the cycle. This is the first time that the students develop the model of an actual
system. In this assignment, the students are asked to develop a model for a simple gas turbine
cycle consists of a compressor followed by a combustion chamber and a gas turbine with the
following specifications. They are supposed to run their model and report the results for the
following two cases with different inlet fuels. The report should be a professional one and should
include:



e A table showing all main information of all streams for each case,

e A table showing all main information of the equipment,

e LHV and HHYV of the fuel for each case,

e Efficiency (based on LHV and HHV) and net work production of the cycle,

e A comparison of the results for cases 1 and 2,

e A comparison of the results for case 2 with the operational values from the Whitby
cogeneration power plant at the same conditions: Output power 58 MW, GT exhaust
temperature 431°C (find the errors and explain any possible sources for the errors),

e Discussion on the results.

Compressor:

Type: Isentropic

Pressure ratio (P2/P1): 33.7
Isentropic efficiency: 80% and 90%
Mechanical efficiency: 75% and 85%

Turbine:

Type: Isentropic

Pressure ratio (P1/P2): 32.1

Isentropic efficiency: 80% and 90%
Mechanical efficiency: 75% and 85%

Two cases for the inlet fuel:

Case 1:
Fuel pure methane

Case 2:
Fuel with following composition:

Air inlet stream:

Temperature: 10°C

Pressure: 100.232 kPa (absolute)

Mass flow rate: 158.2 kg/s

Stream composition (mass fraction): N2 79%, O2 21%

Fuel inlet stream:

Temperature: 68°C

Pressure: 55.5atm (absolute)

Mass flow rate: 10,793 kg/h

Stream composition (mass fraction): case 1 and case 2.

As stated, the students should compare the results of their model with the performance data of an
actual cycle from Whitby cogeneration power plant. They also report on the sources of the
discrepancy between modeling results and actual data. As a part of this step they calculate the net



output power, specific work, and efficiency of the cycle. They utilize this model to evaluate
effects of the compressor pressure ratio, turbine inlet temperature, ambient temperature and
pressure, efficiency of compressor and turbine, and pressure drop in the combustion chamber on
the system overall performance parameters including output power, specific work, and efficiency
of the cycle.

PROJECTS

The assignment five is the last uniform assignment for whole class. Beyond this point the
students should form a team and choose a project from the following list. They may also suggest
their own topic for the project.

e Modeling of a gas turbine-based cogeneration cycle: exergy analysis.

e Modeling of a combine cycle power plant (CCPP): exergy analysis.

e Modeling of a gas turbine-based cogeneration cycle: effect of the compressor inlet air cooling
system.

e Modeling of a combine cycle power plant (CCPP): effect of the compressor inlet air cooling
system.

e Experimental and numerical analyses of the micro gas turbine.

e Modeling of ocean thermal energy convertors (OTEC).

e Modeling of geothermal systems.

e Modeling of an Organic Rankine Cycle (ORC).

e Modeling of a gas turbine cycle: exergy analysis.

e Modeling of hybrid tubular solid oxide fuel cell (SOFC) and gas turbine cycle

e Modeling of an Integrated Gasification Combined Cycle (IGCC).

e Modeling of air separation units.

e Modeling of CO» capture units.

e Modeling of Oxyfuel power plants.

SAMPLE PROJECT

In one of these projects, the students studied the combined cycle power plant (CCPP) when the
ambient temperature is varying. The model of the CCPP was developed using a gas turbine and a
heat recovery steam generator (HRSG) models that had been already developed and validated.
The model of the components was developed based on an existing power plant and then the
operational data of the power plant was used to validate the model. The results of running the
model for various ambient temperatures demonstrated that the performance of the gas turbine
part of the cycle was heavily affected by the changes in the ambient temperature, particularly the
output power of the gas turbines. However, the performance of the steam cycle was almost
untouched by the changes of ambient temperature. This suggested that operation of the CCPP is
more stable than stand-alone gas turbine in hot summer days especially if the cycle is not
equipped with an inlet air cooling system



In order to develop the model of the combined cycle power plant (CCPP), first a model of a
gas turbine was developed (Figure 1).
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Figure 1: Schematic of a simple gas turbine cycle model

This model then was validated against the data collected from operation of the actual gas turbine
system. This model and its validation along with the important thermodynamic properties and
operational parameters have been presented elsewhere [1 and 2]. The next step was to add a heat
recovery steam generator (HRSG) to the bottom of the cycle and again validate the model. The
results of this step were presented elsewhere [1].

The final step was to develop the complete model of the CCPP. Figure 2 illustrates the model of
the CCPP cycle developed for this project. The model was run with the ambient temperature
range from 5 degrees Celsius to 45 degrees Celsius, with 5 degree increments. Table 1 shows the
power produced by the gas turbines and steam turbines along with the power consumed by air
and natural gas compressors.
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Figure 2: Schematic of a model of a two-pressure CCPP

LPWATERS3




Table 1: Power produced by the gas turbines, steam turbines, and entire system along with power
consumed by air and natural gas compressors at each temperature

Ambient] Power OutPut Power Outpflt of Power Consumption of | Net Total Power
Temp. | of Gas Turbines | Steam Turbines Compressors (MW) Production (MW)
) MW) MW)
5 163.38 20.77 100.62 83.53
10 160.23 20.77 100.52 80.48
15 157.19 20.77 100.41 77.55
20 154.26 20.77 100.31 74.72
25 151.42 20.77 100.20 71.99
30 148.69 20.77 100.10 69.35
35 146.04 20.77 99.99 66.81
40 143.48 20.77 99.89 64.36
45 141.00 20.77 99.78 61.99
DISCUSSION

This alternative approach to teaching gas turbine based power engines to undergraduate and
graduate students seem to be effective and engaging. In this course, I also use active learning
method. In this teaching methodology, unlike traditional methods, students are not just passive
listeners. Before each session, students are assigned a section of the textbook. They must read the
assigned section and come to class prepared. In the beginning of each class, there is a quiz related
to the assigned reading. Then, there is discussion on the questions in the quiz. During this
discussion, the concept related to the topic(s) of the day is reviewed. Depending on the topic,
there may be a numerical problem(s) that is attempted by the students and instructor. Finally, the
class is concluded by a quiz related to the material covered in the class.

My future plan is to utilize the same approach in MATLAB platform.
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