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Leveraging MATLAB for Non-Linear Thermodynamics Analysis in
Engineering Education

Abstract

The introductory and applied thermodynamics courses in undergraduate mechanical engineering
programs teach students the fundamental principles, laws of physics, and the application of these
principles to solve real-world problems. Solving thermodynamic problems not only helps
students understand the science of energy but also strengthens their critical thinking skills.
However, as problems become more complex and realistic, analyzing them can become tedious,
often requiring the derivation and solution of numerous equations. This complexity is especially
evident in transient systems where mass, energy, and entropy balances can lead to a combination
of linear and non-linear equations, depending on the system's parameters.

In this paper, a demonstration of the use of MATLAB for teaching and learning Thermodynamics
is reported, resulting in a detailed solution process, including a flowchart and an example
problem with derived governing equations. The non-linear terms in the governing equations are
identified and solved first using the MATLAB Symbolic Math Toolbox (Syms). The remaining
equations then are all linear, allowing them to be arranged into a matrix form for an efficient
solution. The MATLAB output is tallied with solution from Engineering Equation Solver (EES)
Software, comparing the accuracy of both methods while observing the difference in utilizing
each approach for overall learning and apprehension. Finally, an optimization study is then
carried out in MATLAB by varying a key parameter (Pressure) that influences the system’s
behavior. The findings suggest that the MATLAB approach enhances understanding of
fundamental principles and their application in solving complex thermodynamic problems in an
educational setting and can also be beneficial for industry practitioners involved in the design
and optimization of large-scale energy problems.

Keywords: Thermodynamics, teaching, learning, MATLAB, optimization, EES, critical thinking,
Non-Linear, Symbolic Toolkit.

1.0 Introduction

Thermodynamics, the science of energy, a cornerstone course in undergraduate mechanical
engineering curriculum, has long held a reputation for being one of the most challenging subjects
encountered by students in their quest to become engineers. This fundamental course introduces
students to the laws of mass and energy conservation, entropy generation, exergy principles, and
their practical applications to real-world engineering systems. The complexity of
thermodynamics analysis stems from multiple factors: its abstract concepts, the interconnection
between various physical principles, and the mathematical rigor required to analyze systems. The
complexity of coursework is especially evident in the second semester course for
Thermodynamics (commonly Thermodynamics II or Applied Thermodynamics), which expands
analysis to a more complex level, involving transient analysis and using the laws of mass and
energy conservation, entropy balance with a generation component, and other equations, often
simultaneously for analysis. While these problems are expected to be solved analytically, the
analysis of these linear and non-linear equations becomes a cumbersome task often deterring



students from understanding and applying these concepts to get a broader understanding of their
significance in engineering applications.

The use of computational tools and software has been theorized to greatly simplify numerical
analysis while also being able to graphically visualize output for further analysis [1].
Furthermore, the benefits of using computer-assisted tools to improve student learning are
widely tested, in laboratories [2, 3, 4, 5], and learning teaching [6, 7, 8, 9]. In order to enhance
the teaching and learning of thermodynamics, the approach to teaching thermodynamics has
progressed from the traditional method to a more sophisticated method such as using computer
technology and multimedia [10]. Because of the complexity of the course, including further tools
for study risks the potential issue of further steepening the learning curve and deter students
entirely from pursuing the study of thermodynamics. However, data from literature tends to
support the use of computation tools in enhancing the learning experience. According to Mulop
et al. [10], "the adoption of the blended learning approach has resulted in an improved students'
performance as measured by their final examination results. From 2000 — 2004, the percentage of
students achieving the minimum examination pass mark improved from 49% to 77%."
Additionally, for web-based learning tools focused on multi-staging in compressors and turbines,
"there was a 14% improvement in the average score of a quiz administered for the group using
the module over the group without the exposure to the module." Additionally, from Dominguez
et al. [11], there is strong statistical evidence demonstrating the efficacy of computational tools:
"After implementing the computer applications, the academic results showed an increase of up to
16% in the pass rate." Additionally, student perception data supports this with "70% (of students
believing) that the utilization of these computer applications represented a significant
improvement in teaching." A general survey was carried out by the students of Applied
Thermodynamics and Heat Transfer at Howard University with specific questions on their
apprehension of the concepts involved, improvements on problem solving and coding skills, and
their preference on traditional assignments compared to computational projects.

Existing data suggest positive results from surveys and literature data regarding the use of
computational tools in the analysis of Thermodynamics problems. To get sample data to confirm
these results, the major step is to choose a suitable tool that enriches the learning experience of
the students while also being able to handle linear and non-linear analysis of complex equations.
Microsoft Excel and Python have been very popular for modelling and solving unknown
characteristics of thermodynamic systems [12,13], in addition to other software and frameworks
including Julia [14], ANSYS, ChemCAD, Hysys, among others. However, due to the extensive
technical requirements and background required, these resources are not as popular for teaching-
learning in an undergraduate setting. Given these considerations, MATLAB emerges as an ideal
computational tool for enhancing the teaching and learning of thermodynamics in undergraduate
mechanical engineering programs. Mechanical engineering students are commonly introduced to
MATLAB in their introductory courses, making it a familiar platform for computational analysis.
Its intuitive syntax and user-friendly interface reduce the learning curve for new users, allowing
them to focus on understanding complex thermodynamic concepts rather than grappling with
intricate programming languages. Furthermore, MATLAB offers a variety of specialized
toolboxes that are particularly beneficial for thermodynamic analysis. The Symbolic Math
Toolbox enables symbolic computations, allowing students to manipulate and solve complex
equations analytically. The Optimization Toolbox provides algorithms for solving linear and



nonlinear optimization problems, which are essential in the design and analysis of
thermodynamic systems. Simulink, a graphical programming environment within MATLAB,
facilitates modeling and simulation of dynamic systems, aiding in the visualization of transient
thermodynamic processes [15].

Another computational tool that has been developed and is included as attached software for
several undergraduate thermodynamics, heat-transfer and fluid mechanics textbooks from
McGraw-Hill and other publishers is Engineering Equation Solver (EES) [16]. The commercial
software package is designed to be used for solutions of simultaneous non-linear equations. EES
includes desirable features such as thermodynamic property tables for a variety of fluids —
which eliminates the iterative problem solving by hand, with code that retrieves/interpolates
properties at the specified thermodynamic properties — parametric tables, and optimization
tools. However, while EES facilitates direct problem-solving through equation input and
automated parameter calculation, this "black box" approach may limit students' understanding of
the underlying computational methods. In contrast, the MATLAB approach of this paper requires
students to develop their own solution algorithms, promoting a deeper apprehension of both the
thermodynamic principles and the numerical methods used to solve complex equations. Through
the process of coding their own solutions using MATLAB's Symbolic Math Toolbox and other
built-in functions, students gain valuable insights into how properties are interpolated, how non-
linear equations are solved iteratively, and how optimization algorithms work. This hands-on
experience with computational methods greatly enriches the learning process by promoting
critical thinking and cultivates an appreciation for scientific computing in engineering.
Therefore, while EES may be a preferred tool for rapid problem-solving in industry and
advanced academic research, MATLAB's educational value lies in its ability to demystify the
computational aspects of thermodynamic analysis, making it particularly well-suited for
undergraduate education where building fundamental understanding takes precedence over
solution efficiency.

1.1 Problem Definition

Thermodynamic system analysis integrates mass and energy conservation laws with component-
specific equations for various equipment like pumps, turbines, and heat exchangers. The
complexity increases when incorporating entropy generation and irreversibility effects from the
second law of thermodynamics, leading to exergy destruction calculations. These analyses often
yield large equation systems requiring computational tools, particularly since solutions depend
on fluid properties that vary throughout the system. This research develops a methodology
combining numerical analysis with property tables to demonstrate the solution to such complex
equation systems. The approach aims to enhance both system design capabilities and serve as an
educational tool for project-based learning. The objective is to solve a system of derived
thermodynamic equations for transient systems using MATLAB, plot the outputs, and
parametrically observe the change in results based on a change in parameter. MATLAB’s SYMS
toolbox will be used to solve any non-linear equations, to import property values, and to
interpolate between two states. The flowchart shown in Fig. 1 describes the working logic of the
MATLAB program. A transient system is used for analysis because it introduces non-linearities
in the form of quality and time-dependent equations. A similar problem-solving approach can be
applied for steady state analysis too, with MATLAB not requiring the use of SYMS toolbox to



solve for any non-linearities. An example problem taken from Van Wylen and Sonntag [17] and
modified for clarity is solved using the approach advanced in the paper. The definition of the
problem along with the schematic is shown in Figure 2. Additionally, the Engineering Equation
Solver (EES) is used to solve the same thermodynamic equations and compare the results with
those obtained from MATLAB. This comparison helps ensure accuracy and reliability of the
proposed approach.

List all known and

unknown variable: Plot results
Start in linearized
equations
) . Formulate A and
List all available data B matrices and End

at given states solve Ax=B

Enter property
values for 4
different

pressures

Are all non-linear
parameters and
interpolations
solved?

Yes

Repeat the same
process of formulating
Aand B matrices and

Solve Ax=B

Use SYMS to
solve non-linear
equation/linear
interpolate

Figure 1: Flowchart showing logic for MATLAB code
1.2 Methodology

This study employed a two-phase approach to evaluate the effectiveness of computational tools
in enhancing students' understanding of complex thermodynamics concepts. The research was
conducted with a cohort of 20 mechanical engineering students enrolled in an advanced
thermodynamics course. As part of the first phase, the students were presented with conventional
assignments (one sample problem defined in section 1.3) that required manual calculations and
analytical problem-solving techniques. This established a baseline for comparing traditional
solution methods with computational approaches and allowed students to develop a fundamental
understanding of the underlying thermodynamic principles.

Next, the students were assigned the same or similar problems to be solved computationally
using MATLAB. To ensure a systematic and organized approach, students followed a structured



workflow as illustrated in Figure 1. Students first listed all known/given parameters and
performed state analysis with these conditions, followed by using MATLAB Syms toolbox for
the evaluation of non-linear parameters and interpolations. They then identified variables in
linearized equations and formulated matrices to solve for remaining unknowns. The students also
utilized their MATLAB code to conduct parameter optimization studies by varying outlet
pressure and studying its impact on the mass, entropy, and heat transfer within the system. This
phase enhanced their understanding of how varying design parameters affect system performance
and introduced them to real-world engineering optimization challenges.

The effectiveness of this computational approach was evaluated through multiple assessment
methods. Solution validation was performed through cross-verification of MATLAB results with
Engineering Equation Solver (EES), which helps assess solution accuracy and computational
efficiency. Next, the study aimed to analyze student performance, comparing grades between
traditional homework assignments and exams to MATLAB-based projects. Furthermore, student
feedback was collected through a comprehensive survey assessing their comfort level with
computational tools, perceived improvement in understanding core thermodynamic concepts,
practical applicability of the learned computational skills, and overall learning experience and
engagement. In summary, the team performed detailed comparisons of numerical results between
MATLAB and EES solutions, conducted quantitative analysis of student performance metrics,
and carried out qualitative assessment of student feedback and learning outcomes.

This methodological framework has been designed to be readily adaptable by other ASEE
community members, allowing for implementation across various thermodynamics courses and
similar engineering subjects. The structured approach ensures reproducibility while maintaining
flexibility for customization based on specific course requirements and student needs. The
methodology emphasizes not just the technical implementation but also the pedagogical aspects
of incorporating computational tools in engineering education. This balanced approach ensures
that students develop both theoretical understanding and practical computational skills necessary
for modern engineering practice.

1.3 Plant Technology Example Problem

A thermodynamic analysis of the transfer of liquids by pressurized gas plant technology is to be
performed. Two tanks A and B (see schematic) containing the refrigerant R-134a are connected
by a valve. The fluid in tank A is initially saturated vapor at 80 °F with a volume of 3.2 ft, and in
the insulated tank B it is at -40 °F, quality of 0.01 with a volume of 2.5 ft*. The valve is opened
slightly, allowing the fluid to flow from A to B. A pressure regulator connected to tank B allows
liquid to flow out when the pressure inside B reaches 23.85 1bf/in? and this continues until the
pressure in tank A has dropped to 23.85 Ibf/in?. The amount of heat transferred to tank A is
enough to keep the temperature of the R-134a in tank A constant at 80 °F as the specific enthalpy
out of the tank is 116.45 Btu/lbm. Determine key thermodynamic parameters of Tank A and B in
this engineering system for varying values of exit pressure.



Figure 2: Plant Technology
2. Problem Nomenclature

Some key parameters given in the problem are listed in this section. The bold letters indicate

different properties: u for specific internal energy, & for specific enthalpy, V for Volume,  for
specific volume, T for temperature, x for quality, Q for Heat Transfer, and m for mass. The
subscripts denote the fluid in tank (A denoting tank A, B denoting tank B), and since the problem
is a time-dependent (transient) problem, initial time is denoted by t1 while final time is denoted
by ta. Finally, the saturated liquid and saturated vapor states are denoted using the common sub-
scripts of f and g respectively. A detailed explanation of all variables can be found below.

up:  Specific internal energy of tank B at time t;

h4s  Specific enthalpy of fluid in tank A at time t;

h4z  Specific enthalpy of fluid in tank A at time t2

hge. Specific enthalpy of fluid leaving B tank at time t;

Ve Volume of tank B

vps  Specific volume of saturated liquid of fluid in tank B at time t2

w2 Difference in specific volume of saturated vapor and liquid of fluid in tank B at time t2
vpa  Specific volume of fluid in tank B at time t;

V4,1  Specific volume of fluid in tank A at time t;

V42 Specific volume of fluid in tank A at time t2

upysz  Specific internal energy of saturated liquid of fluid in tank B at time t>

upf,2 Difference in specific internal energy of saturated vapor and liquid of fluid in tank B at
time t>

V4 Volume of tank A

uqe  Specific internal energy of fluid in tank A at time t

u4y2  Specific internal energy of fluid in tank A at time t2

T4 Temperature of tank A

Tg Temperature of tank B

haoavg Average specific enthalpy of fluid exiting tank A

SAo,avg Average specific entropy of fluid exiting tank A



B2  Quality of fluid in tank B at time t>
mp2  Mass of fluid in tank B at time t2
m49  Mass leaving tank A

04 Heat Transfer into Tank A

Sgen,a  Entropy Generated in Tank A

mp,  Mass of fluid leaving Tank B

Sgen,g Entropy Generated in Tank B

sz Specific Entropy of Fluid in Tank B at time t>
up2  Internal Energy of Tank B at time t»
ma,  Initial Mass of Tank A

may  Final Mass of Tank A

mpy  Initial Mass of Tank B

3. MATLAB Approach using Fundamental Equations
3.1. Mass Conservation Principle
The rate of change of mass within a control volume is equal to the net rate at which mass enters

or leaves the control volume through its boundaries. For Control Volume 1 (see Fig. 3), it can be
mathematically expressed as:

XMy + A_t|CV1 —2my, =0

Integrating between the time limits ‘t;” and ‘t2’, we get,

Zmout + Mcy1 (tz) - mcyl(tl) — Z'min =0.. (1)

Figure 3: Control Volume 1
3.2. Law of Energy Conservation

The rate of change of energy within a control volume is equal to the net rate of energy entering or
leaving the control volume through its boundaries, plus the rate of energy generation within the
control volume. For Control Volume 1 (see Fig. 3), it can be mathematically expressed as:

. AE . .
2Eou: + A_t|CV1 —2E, — Egen =0



Integrating between the time limits ‘t;” and ‘t2’, we get,
YEout + Ecy1(t2) — Ecy1(t1) — 2ZEin — Egen = 0... (2)
3.3. Entropy Equations

The rate of change of entropy within a control volume is equal to the net rate of entropy entering
or leaving the control volume through its boundaries, plus the rate of entropy generation within
the control volume due to irreversibilities. For Control Volume 1 (see Fig. 2), it can be
mathematically expressed as:

. AS . .
2Sout + A_t leve — 28 — Sgen =0

Integrating between the time limits ‘t;” and ‘t2’, we get,
ESout + Scv1(t2) — Sevi(ty) — 2Sin — Sgen = 0. (3)

For the given problem, we assume that the changes in kinetic and potential energy values for the
mass stream are negligible when compared to enthalpy and that there is no energy generation in
the tanks and valves. The entropy generated in the two valves is assumed to be zero. Using these
general assumptions in conjunction with Equations (1), (2) and (3), we arrive at two sets of
equations, one pertaining to a set of variables relating to the non-linear quality term and the
remaining parameters which can be solved with the coefficient matrix, A, and constant matrix, B.

3.4. Equations Pertaining to the Non-Linear Quality Term

After applying equations 1-3 to the given control volumes, equations 4-15 are obtained.
Equations 4-7 contain four unknowns (i.e. final state of tank B is unknown and thus the values
cannot be derived using property tables): mp,, Mg 12, Up t, and xp » Despite having four
unknowns, and four equations, trying to solve the equations simultaneously results in
multiplication of these variables making them non-linear (degree of the equation is not one). This
restricts the use of matrices and so, we must obtain the values of these parameters utilizing an
additional step, which is to use SYMS toolbox to solve these variables. The obtained values can
then be plugged into the remaining linear equations and solved using matrices.

Mp2Up 2 — Mp1Upt1 = hAo,avgon — hgeMp, ... (4)
- (5)

m = ..
Btz UB,f,t2t XB,t2VUB,fg,t2
Mp 2 — Mp 1 = Mye — Mp, ... (6)

Uptz = Upr2 + XB2UB fge2 -+ (7)

The MATLAB code that utilizes the SYMS toolkit and solves the non-linear problem along with
the complete implementation is available in a GitHub repository [18].

3.5. Linear Equations for Matrix Formation



The following are the resulting linear equations.

—Mytp + My =My, ... (8)
My Utz — MapaUarr = Q4 — hAo,avgon .. 9)

__Qa
Sgena = Ta + MyoSa0,avg — Mat25at2 + Ma1Sacr --- (10)

T
Sgen = ~MuoSao,avg T MpoSpe + Mp 12552 — Mpt15Sp,e1 --- (11)
Spt2 = Sp 2 T XBt2SB g2 --- (12)

_Va
My = NRLE (13)

_
Myep = Rt (14)

_ Ve
Mp = o (15)

3.6. Mass Balance and Property Relations
Based on the problem definition, and the nomenclature of the solution approach, the following
relations between the flow variables are deduced.

Mmyo = Mp;j
Mpo = Mpe
hao = hp;
hgo = hge
SBo = SBe

Equations (4) to (7) are used to obtain a solution for ys:2 and mg > in the symbolic math toolbox.
Equations (8) to (15) can then be solved simultaneously in matrix form, Ax=B, in which the
matrices A, B and the vector of unknowns x are obtained as follows.

3.7. Coefficient Matrix, A

Matrix A =

[1 0 0 0 0 0 0 1 -1 0

-hAc.avg 1 0 0 0 0 0 uAt, -uAt, 0

-sAcavg -1/Ta 1 0 0 0 0 sAt; sAt, 0

1 0 0 -1 0 0 0 0 0 1

sAc.avg 0 0 -sBe 1 - 0 0 0 sB.t;
mB.t,

0 0 0 0 0 1 0 0 0 0

-hAsavg 0 0 hBe 0 0 mBt. 0 0 -uB,ty

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 1]

3.8. Constant Matrix, B



B =101, 0; mp2; 0; Spre2 + yBi2SB g2, 0; Va/Vaur; Va/Vai2; Ve/0pi]
3.9. MATLAB Solver

x=A\B
where x is the matrix with unknowns:

X = [ Mao; Qa; Sgen,A; MBo; Sgen,B; SB,t2; Ub,t2; MAt1: MA t2: Mg,t1]
4. Engineering Equation Solver (EES) Solution

The solution process in EES is simple relative to the steps executed on MATLAB. Because of the
existing property table for R-134a, obtaining state values is relatively simple and can be done
using the ‘CALL realthermoprops’ function after defining the working fluid using
“R$="R134a’”. Also, since the number of unknowns is equal to the number of equations,
equations 1-12 can be directly typed onto the EES Equations Window after retrieving property
values. EES being able to solve non-linear equations solves all equations simultaneously giving
us the required output. The EES code for the example problem is listed in the Appendix.

5. Results and Discussion
5.1 MATLAB and EES Results at Exit Pressure of 23.85 psia

After obtaining the quality values, the MATLAB operator ‘\’ is utilized to obtain the solutions to
the ten simultaneous equations. The results are listed in Table 1.0 below.

Table 1.0: Key Parameters obtained from MATLAB and EES

Parameters MATLAB output EES output
XB.12 0.0310 0.03102
mp,2 [1bm] 35.07 35.05
mao [Ibm] 5.408 5.408
Q4 [Btu] 66.41 66.41
Sgen.4 [Btu/°R] 2.546 2.546
mg, [Btu] 6.603 6.603
Sgen, [Btu/°R] 0.1399 0.140
sg.12 [Btu/Ibm°R] 0.03712 0.03712
up,i2 [Btu/lbm] 16.27 16.27




ma [Ibm] 6.798 6.798
ma [1bm] 1.39 1.39
m,i1 [Ibm] 35.05 35.05

5.2 Comparison of MATLAB and EES Results for Varying Exit Pressure Values

The flexibility of the proposed solution on MATLAB is demonstrated by changing one of the
given parameters, P. and comparing the results with that obtained from EES. The code is run for
varying pressure values, namely 20, 25, 30, and 35 psia. By changing just a few property values
at this state, all the other key parameters can be conveniently calculated to study the effects of
the variation in exit pressure (see Figure 4 i-v.).
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Figure 4 - i: Variation of Heat Transfer to Tank A, ii: Variation in Entropy Generation in Tank A,
iii: Variation in Entropy Generation in Tank B, iv: Variation in Mass Left in Tank B
v: Variation in Mass Leaving Tank B

The results obtained using MATLAB closely match those from the EES, as shown in the
comparison tables 1.0 and 1.1. For example, the values for entropy generation in both tanks and
the heat transfer to Tank A are nearly identical in both approaches. This agreement confirms the
reliability of the MATLAB-based method for solving complex thermodynamic problems. The
matching results provide confidence in using MATLAB for uncovering the logic used in
advanced analysis software such as EES. The graphs from Figures 4-i to 4-v also offer valuable
insights for optimizing the gas plant system. For instance, Figure 4-iii shows that the entropy
generation in Tank B is lowest at 23.85 psia, suggesting this pressure is the most efficient for the
system. Similarly, Figure 8 reveals how the mass remaining in Tank B changes with pressure,
highlighting conditions where the system operates reliably. These results can help pinpoint the
operational limits and optimal working conditions. Using such graphs, engineers can adjust
parameters like pressure to improve system performance effectively. Optimization is further
supported by observing how specific parameters interact with each other in the system. For
example, the stable heat transfer in Tank A, as shown in Figure 4-1, confirms that its role as a
heat reservoir remains unchanged regardless of pressure changes. Meanwhile, the variations in
mass flow and entropy in Tank B highlight where inefficiencies or reversals occur. By analyzing
these results, system design can be improved to prevent issues like mass flow reversal. These
observations are especially useful for students learning to optimize systems with real-world
constraints.

While both MATLAB and EES successfully solved the thermodynamic system analysis with
comparable accuracy, MATLAB approach offers several distinct pedagogical advantages. First,
MATLAB's widespread availability and integration into engineering curricula makes it a more
accessible tool for students. Unlike EES, which requires paid subscriptions primarily available to
instructors, MATLAB is typically provided to students through university licenses and is often
introduced in foundational engineering courses, allowing students to build upon already familiar
software. More importantly, the MATLAB approach fosters a deeper understanding of
computational methods in thermodynamics. While EES provides a streamlined "black box"
solution process where equations are simply input and solved, the MATLAB implementation



requires students to develop a structured approach to problem-solving. Students using MATLAB
must identify and separate linear from non-linear equations, learn to use the Symbolic Math
Toolbox (SYMS) for handling non-linear terms like quality factors, understand matrix operations
for solving systems of linear equations, and implement their own solution algorithms. This step-
by-step process not only solves the problem but also provides valuable insights into how
computational tools handle different types of equations. For instance, the process of using
MATLAB's Syms toolbox to solve non-linear equations (demonstrated in Section 3.4) gives
students practical experience with advanced mathematical tools, while the matrix formulation
(shown in Section 3.7) reinforces linear algebra concepts in a real-world application. Therefore,
while EES may be more efficient for industry applications where rapid solutions are prioritized,
MATLAB's approach better serves educational objectives by developing both theoretical
understanding and practical computational skills essential for future engineers.

5.3 Student Performance Analysis

A study examining the impact of computational tools on academic performance was conducted
with 20 undergraduate students enrolled in a thermal science course. Students were assigned 3
‘traditional’ homework assignments from thermodynamics textbooks [17,19] out of which two of
the same problems were reassigned as projects to be solved using MATLAB. Analysis of student
performance data (Fig. 5) revealed that MATLAB-based computational projects yielded
significantly better outcomes compared to traditional assessments. Students scored an average of
12.55 points higher on computational projects than on traditional homework assignments, with
the highest-class average of 69.70% achieved on a MATLAB-based project. Additionally, these
computational assignments generated higher participation rates and submission frequencies.
Performance followed a clear pattern across assessment types: computational tool-based
assignments yielded the highest scores, followed by traditional homework, with closed
books/notes examinations showing the lowest average grades. These findings suggest that
MATLAB-based projects effectively enhanced student engagement and deepened their
understanding of thermodynamic concepts, particularly when applying these principles to
complex, real-world problems. The notably lower performance on exams and traditional
homework assignments warrants further investigation to understand the underlying factors and
potential areas for pedagogical improvement.
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5.4 Survey Results

Responses to nine survey questions (see Fig. 6) were collected to provide a broader
understanding of how computational tools influenced the students’ learning experience. These
questions were based on a previous similar study carried out regarding the use of MATLAB in
engineering thermodynamics teaching-learning which also aimed to study the impact of
MATLAB in student learning experience [11]. These questions aim to evaluate the key impacts
of the project such as improvements in understanding thermodynamics concepts, problem-
solving abilities and the quality of teaching facilitated by the software. They also explored how
the tools contributed to achieving better learning outcomes, fostering skills beyond the course,
and encouraging students to consider similar applications in other contexts. Additionally, the
survey examined the accessibility of the software and the role of academic staff in supporting its
integration.

Number Questions Included in the Survey
1 The use of the applications improved my understanding of the problems of the course.
The use of the problem applications improved my problem-solving skills.
| consider that the use of these tools represents a significant improvement in teaching.
The use of the applications promoted critical thinking in making engineering decisions.
| believe that the use of these tools helped me to improve the results obtained in the course.
The use of the applications has improved my competences beyond those of the course.
| would like to have more similar tools in the future in other similar courses.
| consider the use of these software applications to be important for the understanding of the classes
9 The academic staff actively engaged in creating access to the required software tools.

O ~N OO O A wWwN

Figure 6: Survey Questions



The survey results (see Fig. 7) align closely with the performance trends shown in the chart,
confirming the significant benefits of using computational tools like MATLAB and EES in
thermodynamics education. Most students agreed that these tools enhanced their understanding
of complex course problems, simplifying concepts and calculations that are often challenging to
approach manually. By providing clear visualizations and enabling parameter optimization, these
tools help make thermodynamics more accessible and engaging. Many students also reported
that the tools improved their problem-solving skills, with many selecting “Strongly Agree.” This
shows that such applications foster critical thinking and technical expertise, giving students
practical experience with real-world engineering scenarios.

Students overwhelmingly supported the use of these tools in future courses, reflecting a strong
preference for technology-driven learning methods. This indicates that software tools are not
only supplementary but essential for understanding complex topics and bridging the gap between
theory and practice. However, feedback about academic staff support and access to software was
mixed, highlighting a need for improvement in this area. Providing better resources, such as
tutorials, software licenses, and workshops, could address these concerns and further enhance the
learning experience. Overall, the survey underscores the value of computational tools in
engineering education while identifying opportunities to maximize their impact through
improved student support.
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6. Conclusions

This study demonstrated the effectiveness of using MATLAB for solving complex
thermodynamic problems in an educational setting. The implementation of computational tools
in thermodynamics coursework showed significant benefits, with 89% of students reporting
enhanced conceptual understanding. The paper presented a systematic approach to solving non-
linear transient thermodynamic problems from various textbooks [17,19], using a gas plant
technology example to demonstrate MATLAB's capabilities in handling complex equation
systems and parameter optimization. The methodology not only simplified the analysis of
complicated thermodynamic systems but also provided students with valuable computational
skills applicable to real-world engineering challenges. The results suggest that integrating
computational projects into thermodynamics education can significantly improve student
engagement and understanding while preparing them for industry-standard analytical practices.
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Appendix: EES Code for Sample Problem

fTank A,

T_A1=80[F]

¥ A1 =1 //saturated vapor

WVol_A=3.2[ft"3]

R3=R134a’

CALL realthermoprops(R3. T=T_A1, x=x_A1:T_al,P_alwv_alh_al,s_alu_al)
P_A2=23 85[Ibflin"2]

T_AZ2=80[F]

CALL realthermoprops(RS, T=TA2, P=P_A2:T a2 P aZ?v a?h a2 s a2 u a?)

ffaverage for tank A
h_ao=(h_al+h_a2)/2
s ao=(s_al+s_a2)/2

/Tank B

T_B=-40[F]

x_B=0.01

Vol _B=2 5[ft»3]

CALL realthermoprops(R3, T=T_B, x=x_B:T_b1,P_bilv bl h_bls_blu_bl)

P_B2=23.85[Ibflin"2]

¥ _g=1

x_f=0

CALL realthermoprops(R3, P=FP_B2 x=x g: T _gb2,FP gb2v gb2 h gb? s gbZ u gb?)
CALL realthermoprops(R3, P=P_B2, x=x_f T_b2 P_fb2v b2 h_fb2 s b2 u_fb2)

f{Fluid Leaving Tank B

P Leave=20[Ibffin*2]

x_Leave=0

CALL realthermoprops(R3, P=FP _Leave, x=x Leave: T Leave P Leave v leaveh Leave s Leave,u Leave)

fiDefinitions
v_bfg2=v_gb2 -v_fb2
s bfg2=s gb2-s b2
u_bfg2=u_gb2 - u_fb2

fiMass Eguations
m_al=Vol Alv a1l
m_a2=\ol_Afv_a?

m_b1=Vol_B/v_b1

m_ac=m_al-m_a2
-m_bo+m_ao=m_b2-m_b1

f{Energy Equations
Q_a=m_a2*u_a? - m_al"u_al + m_ao™h_ao

/{Entropy Equations

S gena =Q af{Converttemp(F 'R, T_A1))+ m_ao™s_ao-m a2"s a2 + m_al"s_al
S_genb =-m_ao*s_ao+m_bo*s_Leave+m_b2*s_b2-m_b1*s_b1

s b2 = s fb2+4x b2%s bfg2

fiNon Linear Equations

u_bZ2=u_fb2+x_b2*u_bfg2

m_b2=Vol B/lv fb2+x b2" bfg2)
m_bZ2*u_b2-m_b1*u_b1=m_ao*h_ac-h_Leave*m_bo

Figure A.1: EES solution for the same problem.



