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Sample Lesson
Problem: How should we increase 
turbine entry temperature?

Approach: Increase overall pressure 
ratio or increase the amount of fuel 
being burned.

Advantages:
• Students explore what parameters 

affect the turbine entrance 
temperature.

• They can discover the trends on 
their own instead of being told what 
happens (active learning)

Solution: Increase the overall 
pressure ratio

Features at a Glance
• 1-D Brayton Cycle Solver
• 45 user inputs
• Solve 3 different engine layouts
• Instantaneous solutions
• Stores data of solved engines
• Built-in plotter
• Save/Load and share engines

• Designed as a MATLAB App 
compatible with R2016a and newer

• Available for free at 
https://gtl.osu.edu/brayton-cycle-
compare-solve-bccs or the MATLAB 
file exchange under “BCCS”

Plotting
• T-s diagram
• P-v diagram
• Two customizable plots to instantly 

compare engine designs
• Built in standard atmosphere and 

air specific heat plots [5-6]
• Save plots to share your findings

Supported Engine Types
Turbojet 

Turbofan

Mixed Turbofan

Comparable Software

Commercial: Complex tools meant to design and analyze complete engines 
usually incorporating features such as geometry design, off design performance, or 
engine control. Examples include Gasturb13, MDIDS-GT, or NPSS [1-3]

Advanced: More complex tools built for educational purposes or specialization in a 
particular area such as off-design performance or plotting, The scope of these 
programs is intentionally limited. Examples include AeroEngineS or BCCS [4] 

Simple: Analysis tools with minimal user input and little to no learning curve. Ideal 
analysis only

Sample of 21 Brayton cycle simulation 
tools collected from internet searches

BCCS fills a niche for an advanced tool that allows users to compare results

Specific Heat of Air

Standard Atmosphere

Thermodynamic 
Properties

• View thermodynamic properties 
pressure, temperature, specific 
entropy, and specific volume at 
each labeled engine station

• Verified using Fundamentals of 
Jet Propulsion [7]

Classroom Response

• Students unanimously felt BCCS is a valuable addition to the 
course.

• Some students were using the software in class and asking 
questions during lecture

• Students met or exceeded learning goals on homework
• Students indicated increased understanding of the Brayton 

cycle

Student performance on the BCCS homework

Mean Mode Min Max

The degree to which students feel the activity is worthwhile 4.01 4 2 5

How positive or negative the students feel towards the activity 4.00 4 1 5

The extent to which students participate or demonstrate resistance 3.48 4 1 5

How the students rate the instructor of the course 4.46 5 2 5

Value

Positivity

Participation

Evaluation

Instrument Item
Summary of survey results on a 5-point scale

Abstract
The air-breathing Brayton cycle is widespread throughout power generation and propulsion systems, making it a 

fundamental part of every mechanical or aerospace engineering student’s repertoire. Students are introduced to cycle 
analysis in thermodynamics courses and may see more in-depth coverage of the cycle for gas turbine applications in 
advanced technical elective courses. When being pushed to design rather than analyze an engine, students need to be able 
to compare their engine designs and make sense of the effects different changes have on the overall engine performance. 
The solution to enable this in a course is a lightweight cycle simulator. For the software tool to be successful in a classroom, it 
needs to be intuitive, quick to set up, and accurate.  These requirements are met in the creation of a gas turbine engine 
simulator, Brayton Cycle: Compare & Solve (BCCS). In a MATLAB App, the user specifies numerous engine parameters and 
the tool performs complete thermodynamic design point analysis of the engine.  Built-in tools enable the user to analyze 
engine performance, thermodynamic properties, temperature-entropy diagram, and pressure-volume diagram. Most 
importantly, the solver records the results, so multiple engines can be solved and compared simultaneously. Users can make 
small changes to an engine and instantly see the impact.

BCCS was integrated into an existing propulsion course at The Ohio State University in 
spring of 2020. There was a class lecture introducing the tool along with a homework assignment 
that challenged students to evaluate different engine designs. The effectiveness of and student 
response to the tool are evaluated using detailed analysis of student homework submissions and 
the Student Response to Instructional Practices tool [8]. Students achieved the desired learning 
objectives, and all commented that BCCS was a valuable addition to the course.
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