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Work in Progress: Combining Python and Simulation to Offer 

Easy Visualization in Early Higher Education Teaching 

Abstract 

The power of engineering simulation tools is well known in industry; simulation skills are listed 

as a key area for new graduates. Another benefit simulation can add to a curriculum is aiding 

students in visualizing phenomena, particularly in “real-world” scenarios. But the tools 

themselves can be overwhelming for early-years students who could benefit most, requiring 

additional instruction time in already packed curriculums for full efficacy. In this paper, we 

present work in progress to leverage recent developments where the Ansys simulation suite has 

become more accessible through APIs and Python libraries, allowing the development of 

teaching resources designed for the higher education classroom. This work looks to bring the 

benefits of simulation into the curriculum without additional student training requirements. 

Two implementation approaches will be discussed here. The first utilizes the Jupyter Notebook 

(or equivalent) interface to engage with the software. Students and instructors can interact with 

either the code or the simulation tools if desired, providing opportunity to expand depending on 

course needs. The second approach involves a Python-based application with front-end user 

interface. Students in this case interact with the desired visualizations via a simple “app”, leaving 

the more complex simulation software unseen in the background. 

Details of the teaching resource creation process, implementation challenges, and example 

curriculum integration opportunities will be shared, as well as preliminary feedback from 

academics and students using the tools presented. Our hope with this work is to lower the energy 

barrier for including simulation in the engineering curriculum, allowing students to take 

advantage of the visualization capabilities and familiarize themselves with the concepts of 

simulation tools early in their degree journey. 

1. Motivation: strengthening experiments with simulation to enhance students’ 

understanding 

The skills which engineering students need upon entering the workforce continue to change and 

evolve. The World Economic Forum’s Future of Jobs 2025 Report [1] highlights the growing 

desirability of skills related to technology but also shows that employers place increasing value 

on resilience, flexibility and agility. Students entering the job market need not only the core 

knowledge of their field and the ways to apply that knowledge, but also awareness of adjacent 

skillsets – the ways in which they could adapt and expand their skills in future if needed. One 

such adjacent skillset is usage of simulation and programming to solve field-specific 

problems[2], [3], [4], [5]. This has become important enough to be included in ABET program 

criteria[6]. But including courses covering these skills in engineering curriculum has proved 

challenging; introductory programming courses often face difficulty due to inability to interest 

both major and non-major Computer Science (CS) students[7], [8], [9] and simulation topics are 

generally offered later in engineering curriculum, giving students less time to gain meaningful 

experience before entering the workforce[10], [11], [12].  



Meanwhile, industry itself is moving towards greater automation, integration and customization 

of technology and processes. In particular, interoperability of tools and interconnectivity of data 

are key trends of ‘Industry 4.0’ [13], [14]. For Ansys simulation tools,‘PyAnsys’ libraries have 

been released in recent years [15] which are open-source Python libraries that interface with 

Ansys solvers such as MAPDL (Mechanical), Fluent (Fluids), AEDT (Electronics) and others. 

Users can then connect Ansys simulations to the variety of tools in the wider Python ecosystem. 

This has clear applications in research or commercial engineering environments, and research has 

already leveraged these tools for optimization, automation and more across multiple disciplines 

[16], [17], [18], [19]. These libraries could also be deployed in university teaching, providing an 

opportunity to teach programming skills as part of courses students are already interested in [9]. 

In particular, where curricula are already trying to create programming exercises to complement 

fundamental learning, Python libraries linked to simulation are ideal to support this goal. 

Simulation tools offer a way for students to visualize fundamental physical behaviors in real-

world situations. Visualization is known to support learning in many disciplines[20], [21], [22], 

[23], but it can be particularly valuable where the theory being taught is non-intuitive to 

introductory learners, or where the limitations of theory needs to be investigated in a more 

complex scenario. Lab experiments are traditionally employed to support this need, but 

simulations are already used in some courses where lab experiments are not included[24]. 

2. Background: development of teaching resources with simulation to support curriculum 

The Ansys Academic Program aims to support students, researchers and educators to use 

computational modeling and simulation tools effectively in every level of academic life. The 

Program has several initiatives focused on teaching and learning, including: (1) Free Student 

Software Downloads to lower the barrier to entry for students worldwide, (2) Student Team 

partnerships giving industry-level software tools at no cost, (3) the Ansys Funded Curriculum 

Program, which gives grants to academic institutions to support integration of simulation 

software in the classroom, and (4) open-access Teaching and Learning Resources, designed by 

Ansys and academic collaborators to support both the educator and the learner. 

From the point of view of the Academic Program, the emergence of scripting tools such as the 

PyAnsys libraries presents an opportunity: what if students in the earliest years of a degree could 

benefit from using industry-standard simulation tools to visualize key theoretical fundamentals, 

but with no need for students to be simulation experts themselves yet. Running an advanced 

computational simulation from Python code means that educators can pre-set the geometry, 

boundary conditions and other key requirements within the code, leaving students only a small 

number of variables to interact with and placing those within a more user-friendly interface. This 

idea was initially tested in parallel with more advanced student scripting activities[25], but then 

explored further in the form of teaching and learning resources for wider use. 

3. Implementation of Jupyter environments for fluid dynamics and electronics simulations 

Jupyter Notebooks provide a working environment which combines text, images, code, web 

links and more [26], and have become increasingly popular in education. They can complement 

traditional equation-focused engineering teaching by allowing students to explore and visualize 

https://www.ansys.com/academic


aspects of theory in a programming environment [27]. As part of the Ansys Academic Program, 

we were inspired to explore opportunities provided by Jupyter Notebooks to expose students to 

simulation and visualization of physical phenomena with text, images and links to improve their 

understanding. A small number of examples were developed in the areas of Fluid Dynamics and 

Electronics to address fundamental examples from early undergraduate teaching. 

3.1. Fluid Dynamics 

Early-years teaching of Fluid Dynamics often involves teaching of idealized fluid behaviour 

where the equations are simplified from the full Navier-Stokes governing equations. One 

example is Potential Flow Theory[28], which can capture a wide range of simple fluid behaviors 

but has key limitations for real flows. Part of teaching students this theory is also teaching them 

about its assumptions: and, more broadly, teaching them to interrogate the assumptions of all 

analytical or numerical methods in fluid dynamics. Lab experiments are commonly used to 

strengthen students’ understanding of these assumptions. An example of a lab experiment for 

Potential Flow Theory is a small wind tunnel with a cylinder perpendicular to the flow, with 

pressure measurements taken around the diameter of the cylinder.  

Since simulation tools can output pressure, they can replicate some learning objectives of such a 

lab, without the need for wind tunnel equipment. An exercise in Jupyter Lab was developed, 

using Ansys Fluent as the backend simulation tool. Ansys Fluent is an advanced, industry-

standard simulation package which would usually be considered too complex to introduce to 

early-years students, however, using the PyFluent library within a Jupyter environment can hide 

Fluent itself, with its output pressure/velocity field data shown to the student directly in the 

Jupyter environment (Figure 1). Similarly, without the Fluent interface there is no need for 

students to learn the complexities of setting up a computational fluid dynamics problem at this 

stage. Instead, they are offered only one variable to manage – the input flow speed, controlled 

using a slider (Figure 2), allowing them to explore the impact of Reynolds number.  

Figure 1: Velocity flow field displayed in Ansys    Figure 2:   Jupyter Lab interface with simple button/slider 

Fluent (above)  and Jupyter Lab (below)                   controls to set values in Fluent and run the simulation  

With a 2D steady-state simulation of a small problem, Ansys Fluent generates results within a 

minute or two on a standard laptop, reasonable for a lab session. The exercise then leads students 

through discussion of the outputs, as well some introductory explanation of what a computational 

fluid dynamics simulation entails and why there are also assumptions there to be interrogated. 

https://www.ansys.com/academic/educators/education-resources/flow-around-a-cylinder-with-ansys-fluent-and-jupyter-lab


3.2 Electrical/Electronics/Telecommunications 

In the field of Electrical Engineering, a dipole antenna was identified as a typical fundamental 

problem in antenna-related courses, and an impedance matching network is another standard 

teaching problem. The combined exercise can also encourage deeper understanding by exploring 

the effects of varying dipole length, engaging critical analytical skills in electrical design. A 

Jupyter Notebook was again created, this time using the Python library PyAEDT to run Ansys 

HFSS and Circuit simulation tools.  

The development of this resource was based on discussions with academics teaching this subject 

about emerging educational trends, particularly the use of innovative teaching methods including 

increased usage of programing in Electrical/Electronics engineering. Taking advantage of the 

Python libraries available with simulation tools allows students to gain coding skills and initial 

understanding of simulation software capabilities while learning engineering fundamentals. 

Similar design guidelines were followed as for the Fluids resource, with explanatory images, 

code cells hidden by default, and plots displayed within the Jupyter Notebook (Figures 3 & 4). 

Figure 3: S11 parameter of the 

antenna, showing the frequency 

band of interest (upper) and its 

representation in the Smith 

Chart (lower), plotted using 

matplotlib 

Figure 4: Gain of the dipole 

antenna plotted using PyVista, 

having the option to show/hide 

the dipole geometry and the 

radiated fields (also scalable) 

Figure 5: (a) Comparison of the 

S11 parameter with and without 

the matching network, from  

Ansys Circuit analysis  

(b) the final Notebook exercise, 

challenging students to write 

their own code, plus solution

The co-simulation with HFSS and Circuit is handled through Python to enable students to pair 

the antenna with a matching network and explore its response (Figure 5a). For this resource, 

industry readiness Ansys HFSS is opened by the code so students can observe their Python 

commands interacting with it, and stretch exercises are included where students engage with 

writing code themselves to extend the problem (Figure 5b).  

 

(a) 

(b) 

https://www.ansys.com/academic/educators/education-resources/design-a-dipole-antenna-and-its-matching-network-using-pyaedt
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4. A Python-based application for teaching in Biomedical Engineering courses: 

The exercises in Section 3 are designed as simple introductions for engineering students to 

simulation concepts while exploring fundamental physics, with the assumption that later in their 

studies, students will become more familiar with simulation tools. But what about students who 

would benefit from the visualization aspects but are not expected or required to become 

simulation experts, such as biomedical engineers or medical students? For this audience, a 

simple view of simulation results could be sufficient to improve understanding.  

To explore this concept, the Python-based Plotly Dash library was investigated for the creation of 

standalone applications which can drive simulation tools behind the scenes and display their 

results, together with additional information for students, in a self-contained interface. 

Combining Python tools such as this with the PyAnsys libraries gives opportunities to teach 

students with the power of simulation, while skipping the steep learning curve which such tools 

can have for students in engineering-adjacent subjects. 

Recently, the Ansys Academic Program has tested this theory by creating an application with 

PyAnsys and the Dash library to show a simple fluid dynamics problem recontextualized for 

students in Healthcare-related degree programs: fluid flow through an artery (either simple or 

bifurcating) with various degrees of plaque buildup. The ‘Ansys Academic Healthcare SimLab’ 

application calls on the Ansys Discovery and Ansys Fluent tools in the background, for geometry 

definition and fluid dynamics simulation, but student users do not need to interact with the 

simulation tools. The application interface can include any theory or equations students may 

need to understand the simulations (Figure 7a), while all simulation inputs and results are 

contained within the app interface while the simulation tools run in the background (Figure 7b).  

 

Figure 7: Screenshots of the Ansys Academic Healthcare SimLab application beta interface, showcasing  

(a) contextual background information and (b) simulation results with user-defined parameters 

5. Initial feedback and outcomes: 

Ansys Education Resources, including the Jupyter Notebook teaching resources discussed in 

Section 3, are available free to download from the Ansys website. As such, there is no 

traceability of which universities are using them or how, nor direct feedback from users on their 

experience. However, download analytics show that the first, Fluids-focused Notebook resource, 

released in February 2024, has now been downloaded over 300 times – sustaining an average of 



20 downloads per month. The Electronics resource was released more recently in January 2025, 

so has yet to reach this level but is seeing around 10 downloads per month currently. 

The Ansys Academic Healthcare SimLab application, meanwhile, is not yet publicly released but 

has gone through a thorough beta-testing process, with a total of ten academics at seven 

universities so far providing in-depth feedback on demonstrated function and usability of the 

app. The feedback to date has been positive, with comments such as “the information is well-

balanced – not overwhelming” and “it’s an excellent tool for teaching hemodynamics”.   

6. Next steps 

The Jupyter Notebook education resources discussed in Section 3 seem useful and valued 

enough by the community that the Ansys Academic Program plans to make more available in 

future, possibly in other areas of fundamental physics, either created by Ansys directly or co-

authored with academic users who wish to explore this area in their teaching.  

The next steps for the Healthcare application are to release it to the academic community in 2025 

and then get further feedback from its use in curriculum, with a view to expanding it to cover 

other core fundamental Healthcare topics around electronics or structural topics as well as the 

fluids examples. The potential for creation of further such applications, where easy access 

visualization could increase student understanding, are still being explored. One such area is 

Tensile Test labs, a common topic covered in mechanics of materials courses across multiple 

engineering disciplines. Currently an app is in development to allow students to simulate tensile 

tests, using various ASTM standards, to failure and compare simulation results to analytical data 

gathered during physical testing. The goal is to begin beta testing this application by end of 2025.  

7. Conclusion 

Based on trends from industry and literature, we believe there is a need for curriculum expansion 

to both strengthen students’ real-world understanding of theory and practice, and to extend their 

knowledge of technologies such as programming and simulation. The Ansys Education 

Resources presented in this paper form an exploration of combining simulation, programming 

and fundamental theoretical teaching in ways that could be deployed in first- and second-year 

undergraduate curricula in various Engineering or related courses, particularly as a complement 

to physical lab work. 
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