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Abstract—This innovative practice full paper discusses the
implementations of computational fluid dynamics (CFD) in a first-
year engineering course, focusing on its aims and outcomes. First-
year engineering courses typically introduce students to skills
transversal to engineering disciplines like programming and
computer-aided design. These courses often incorporate semester-
long, team-based projects aimed at contextualizing these skills and
fostering the development of professional skills like teamwork and
communication. Additionally, students are frequently tasked with
applying design skills including scoping, prototyping, testing, and
decision-making.

The COVID-19 pandemic prompted most first-year
engineering programs in the US to offer their courses online,
posing significant challenges for courses with substantial hands-on
tasks such as physical prototyping and testing. Although most
programs have since returned to in-person instruction, certain
online strategies and tools have proven valuable in traditional
settings as well. Examples include asynchronous video resources
and automatic feedback questionnaires for independent student
exploration, accessible Zoom office hours, and simulation software
to supplement in-person building and testing.

One powerful simulation tool in engineering is computational
fluid dynamics (CFD). Integrating CFD into a first-year
engineering curriculum can yield both positive and negative
outcomes. On the positive side, CFD provides a simulated
experimentation platform, enabling students to explore the
outcomes of testing multiple designs and thus make informed
decisions. However, it can also lead to surface-level understanding,
overreliance on tools, and potential misconceptions and
misinterpretations.

This paper outlines the implementation of CFD in a project-
based first-year engineering course conducted in person. CFD
simulation was initially introduced in Spring 2021 as a response to
the pandemic restrictions and has since been adapted for
continued use in face-to-face instruction. This study aims to
explore students' perceptions of the benefits and challenges
associated with their interaction with CFD. Results from
surveying four sections of the course in Spring 2024 indicate that
most students had a positive experience with the tool. However,
several students perceive a lack of disciplinary knowledge as a
barrier to fully understand the use of CFD. These preliminary
findings make a compelling case for maintaining CFD at the first-
year level and suggest adjustments to enhance its effectiveness.
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1. INTRODUCTION

Introductory engineering courses and first-year engineering
programs are common across colleges and universities in the
United States. Their primary goals typically involve introducing
students to various engineering disciplines while emphasizing
core skills such as communication, teamwork, problem-solving,
and design [1]. The learning outcomes of these programs often
involve basic proficiency with software tools like programming
and computer-aided design (CAD). Additionally, students must
learn to make data-informed decisions, often within the context
of design projects that involve prototyping and testing. The use
of simulated or synthetic data is common in educational settings,
facilitated by software applications that provide learner-friendly
interfaces. These interfaces represent real phenomena in a
simplified manner, yet are powered by complex mathematical
models [2], [3]. The aim of such applications is to help students
grasp core scientific concepts without necessarily focusing on
the underlying modeling equations. However, it is less common
for first-year engineering students to engage in creating their
own simulated testing platforms using more general purpose
tools like computational fluid dynamics (CFD).

This paper focuses on the implementation of CFD as an
alternative to physical testing in a first-year engineering project-
based course at Virginia Tech. Instructors initially pursued this
implementation due to the restrictions imposed by the COVID-
19 pandemic, which limited access to physical classrooms,
makerspaces, and testing equipment. However, several
instructors opted to retain CFD-related activities and
assignments after returning to in-person classes due to the
perceived benefits it offers. These benefits include the ability to
run tests with computer-generated models of full-sized, large-
scale designs at varying conditions as well as the opportunity to
critically evaluate simulated testing results and compare them to
physical results [4]. Furthermore, since CAD modeling has been
integral to the course, testing the CAD models seems like a
reasonable next step. On the other hand, introducing
sophisticated tools like CFD into foundational engineering
courses may lead to student cognitive overload and shift the
focus from the fundamental steps of engineering design to the
operational details of a specific tool [5].



This paper discusses the integration of CFD in a first-year
engineering course, focusing on strategies employed to
maximize the anticipated benefits and mitigate the potential
risks. Students’ perceptions of their understanding and the
usefulness of CFD, along with their answers to conceptual
questions, serve as indicators to evaluate the effectiveness of this
integration and inform decisions regarding its retention,
modification, or removal from the course.

II.  CONTEXT

A. Innovative Teacing Practice

The innovative practice described in this paper has been
incorporated into an introductory engineering course designated
as ENGE 1216. This course constitutes the second part of the
first-year engineering (FYE) two-course sequence at Virginia
Tech. The curriculum of ENGE 1216 revolves around a
semester-long project that provides students with a meaningful
context to develop teamwork, communication, problem-solving,
and engineering design skills. The project entails tasks such as
creating sketches and drawings, constructing multiple physical
prototypes with increasing fidelity, and conducting physical
testing to suggest and implement changes to improve the design
concept. Instructors have flexibility to offer various project
topics, which include designing an aesthetically-pleasing
vertical-axis wind turbine (VAWT), a musical instrument, or an
artifact aimed at solving a problem identified by the students.
Typically, instructors select only one of these project
alternatives for all their sections. This paper focuses on the
experience of multiple instructors and students working with the
VAWT project.

During the COVID-19 pandemic, the instruction of FYE
courses at Virginia Tech transitioned to an online format.
Recognizing the challenges this posed for hands-on building and
testing, the makerspace serving FYE students stepped in to
facilitate prototype construction by creating and shipping
prototyping kits. These kits included wooden dowel rods, foam
core, cardboard, and various attachment materials (e.g., tape,
twine, nylon). Students were encouraged to build and test their
prototypes with a box fan or by subjecting them to prevailing
wind conditions outdoors. However, this basic testing method
lacked the detailed insights that students could obtain on campus
by testing their final prototypes in a controlled environment. On
campus, testing was carried out in a testing device equipped with
a three-speed fan, an anemometer to measure wind speed, a
small generator, and a meter to record voltage and resistance
readings. To provide students in the online format with an
opportunity for a structured testing experience that could offer
insights similar to the in-person environment, the instructional
team decided to introduce simulated testing via computational
fluid dynamics (CFD) [6].

Students in all sections of ENGE 1216 use the CAD software
SolidWorks to create 3D models for their project. Before the
pandemic, in the context of a different project, makerspace
personnel implemented the use of CFD to enhance testing of
small flying vehicles by utilizing the flow simulation
capabilities of SolidWorks. When the pandemic necessitated a
shift to remote instruction, instructors leveraged the expertise of
makerspace assistants to design a CFD testing activity for the
VAWT project in online format. For simplicity, instead of a

dynamic rotating simulation, the activity instructed students to
conduct multiple static simulations, manually rotate the turbine
model, and then average the results. This approach also has the
advantage of providing a data set for students to process and
analyze in MATLAB. Full implementation of this activity
entailed the complementary pieces shown in Fig. 1.

Collectively, these different pieces serve three main
purposes: 1) to provide students with enough information to
understand the tool and use it autonomously; 2) to provide
opportunities for students and instructors to assess such practical
understanding; and 3) to seamlessly integrate the use of CFD
into the design project as an example of the usefulness of
simulations and simulated testing in the engineering design
process. While the majority of these pieces are preparatory and
focus on individual student learning and skill building, the
project deliverables themselves are team-based. Moreover,
subteams within each larger team bore the responsibility of
implementing the CFD simulation for their VAWT design. All
of these pieces were retained and refined when the course
transitioned back to an in-person format. The only major change
was the addition to the project final report guidelines of a request
for teams to critically compare the results obtained from the
simulated CFD testing with the data gathered from physical
testing of their VAWT prototypes.

The past two years of offering ENGE 1216 with the VAWT
project, as reflected by instructor experiences and student
comments, suggest that integrating Computational Fluid
Dynamics (CFD) has several benefits. In particular, students
have highlighted how CFD can increase their interest and
engagement in the project, and connect them to more technical
aspects of engineering, which some have reported missing from
these introductory courses. However, it was unclear whether all
students in the class or only those in the CFD subteams are
reaping these benefits.
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Fig. 1. Complementary components of the CFD integration.




B. Relevant Literature

Modeling and simulations are effective tools for instruction
in science education across a wide range of fields including
physics [7], mathematics [8], and engineering [2], [9], [10]. A
significant advantage of simulation in the case of engineering is
the higher speed, lower cost, and greater accessibility when
compared to physical prototyping [5]. Advances in hardware
and software continue to make more advanced physics
simulations possible with commonly available computing
resources. The rapid advancement of high-performance
computing in the 1990s, widespread adoption of parallel
processing in the 2000s, and the shift toward GPUs from CPUs
in the 2010s has made high-fidelity computation more
accessible [11].

Existing literature in engineering education frames the use
of software and simulation tools in one of two ways: 1) as the
focus of the learning, or 2) as a method of teaching a particular
concept. The first of these approaches is extremely common and
in some ways serves as a precursor for the second approach. The
introduction of software packages and coding languages as
‘bootcamps’ or certification courses teaches students how to use
tools like MathWorks Simulink, Ansys, or SolidWorks FEM. In
these instances, mastery of the software language or modeling
package is the learning objective. These and other software
packages can model a wide range of physical processes
including the use of electromechanical systems [12] and
dynamic electrical power generation [13]. Current literature
focuses primarily on the use of software and simulation tools as
a method for improving student learning of specific disciplinary
concepts. These software tools are often used to provide more
authentic or dynamic examples of engineering systems for
students to engage with to improve their understanding. An
example of this is the use of finite element analysis software
packages (e.g., Ansys, Abaqus, OpenFOAM) being used to
model structural loads and provide more illustrative instructions
on stress and strain for various applications [14]. These two
approaches are both called modeling and use the same software
packages, but the focus and purpose of student learning is
different. For the purposes of this paper, these two framings
found in literature will be referred to as Teaching to Model and
Teaching with Models respectively.

Instructors have begun to use both aforementioned framings
in applicable engineering courses prior to the pandemic.
However, their importance and usefulness as modes of learning
became more prominent as institutions sought to pivot active
learning and project-based strategies to online mode in the
absence of in-person instruction. Instructors at the University of
Hartford, for example, have been using finite element analysis
(FEA) and computational fluid dynamics (CFD) as learning
tools to introduce fundamental concepts and promote conceptual
understanding since before the pandemic. An analysis of student
performance, deliverables, and feedback of students in the
Mechanical, Aerospace and Acoustical Engineering from 2015
to 2022, covering pre-, during, and post-pandemic learning
environments, indicates positive student experiences and
improved student success across all learning environments. The
primary adjustment made during the pandemic was to reduce
student workload. Gains derived from the use of simulations as
a learning tool remained positive despite this adjustment [15].

Fluid Mechanics instruction at the Pontificia Universidad
Catolica del Pert, on the other hand, began adopting blending
learning strategies that included virtual computational fluid
dynamics simulations in 2015. A design-based research study
released post-pandemic highlighted the advantages that
simulations were able to provide to pandemic-era learning
environments in South America [16]. The authors recommended
the continued use of computational fluid dynamics and
visualizations in laboratory instruction moving forward, citing,
among other advantages, enhanced opportunity for experimental
skills development among engineering students in developing
countries.

While simulations are an effective tool for teaching a wide
variety of disciplinary concepts, their implementation as a
learning intervention is not without challenges. A minimum
level of understanding and experience is required for students to
correctly interpret results. Students must first learn to model in
order to use a simulation tool to learn with models. Students can
become over-focused on getting their software to run correctly
at the cost of decreased understanding of the concepts or
physical phenomena underlying their models [5]. Students can
become fixated on debugging their simulation or cognitively
overloaded, which is detrimental to their learning [17], [18],
[19].

The VAWT project described in this paper provides an
illustrative context highlighting the different ways in which
modeling tools can be used with respect to student learning. In
the context of the VAWT project, Teaching To Model occurs
when introducing students to the CFD simulation tools within
SolidWorks, and subsequent instructions on how to establish a
computational domain and initial conditions. Teaching with
Models for a Disciplinary Concept occurs when CFD is used to
visualize pressure and wind speed variations across CAD
models to help students understand aerodynamic drag and
estimate power outputs. Teaching with Models for an
Interdisciplinary Concept occurs when students are instructed
on how to use CFD results to iteratively change their product to
meet overall design requirements. Clearly, these different
framings are not mutually exclusive within the context of a
single project. It is necessary that students are taught to model
to the point that their software skills do not inhibit their progress,
but the same simulation tool can then be used to teach
disciplinary concepts like air drag and rotor efficiency.

III. METHODS

The CFD activity has been consistently implemented by
some instructors in multiple sections of ENGE 1216 since the
return to in-person instruction in Fall 2021. Anecdotal evidence
and reflections span this period of over three years. Some
instructors have kept the activity as described on this paper,
while others have made it optional for student teams. However,
assessment data presented on this paper was collected during
Spring 2024 from four sections of the course, with two
instructors teaching two sections each. Each section had ~70
students for a total of 284 students. Both instructors followed the
implementation procedure described in Fig. 1.

Towards the end of the term (week 13), the instructors
administered a survey as a for-credit class assignment graded on
the basis of completion. The survey was designed to explore



three aspects of the students’ experience: 1) perceptions of
understanding and usefulness of CFD; 2) understanding of
general aspects of CFD; and 3) understanding of advantages and
limitations of using CFD in engineering design. In addition, the
survey asked students to report whether they were part of the
CFD subteam and rate their level of involvement with CFD-
related parts of the project. Involvement (one item) and
perceptions (four items) questions were presented on a five-
point Likert scale, whereas conceptual understanding checks
were presented as True/False statements (four for general
aspects and ten for application to design). The survey also
included an open-ended question asking students if they found
CFD to be useful/not useful and why. The involvement and the
four perceptions questions were as follows:

1) Rate your involvement with the CFD simulation,
regardless of whether you were in the CFD subteam.

2) How confident are you in your understanding of the
purpose and limitations of CFD in the context of the
Vertical Axis Wind Turbine (VAWT) project?

3) Do you feel a limited technical knowledge (e.g.,
aerodynamics, electric power generation, etc.) gets in the
way of your understanding of the CFD results and what
they mean for your VAWT project? (note that lower
ratings are better for this question)

4) How proficient do you feel with CFD in the context of the
VAWT project?

5) How useful do you find CFD for the engineering design
process?

The True/False statements aimed at probing students’ basic
conceptual understanding focusing on key CFD concepts
highlighted during class. These statement are listed below:

General concepts of CFD

e CFD provides a high-fidelity model of airflow
velocity and pressure over the simulated domain.

e In CFD, the discretization of the domain provides an
exact solution to the mathematical equations
underlying the model.

e A finer simulation mesh produces more accurate
results, but at the cost of more computational
resources required to obtain a solution.

e Solutions generated by CFD are not sensitive to
changes in initial and boundary conditions.

Understanding of CFD applied to real engineering design

e Solutions generated by CFD always account for
variable environmental conditions in the real world.

e CFD is generally less expensive to conduct than field
experiments using physical models.

e Ifthere is a difference between your results from your
physical prototype and your CFD model (at the same
scale), then the CFD results are more accurate.

e  Making changes to computer models and running
simulations is typically faster than changing and
retesting physical models.

e A CFD simulation can provide

o An estimate of your design’s performance

o The exact real-life performance of your full-
scale design

o Design requirements for your project

o Trustworthy results that do not require subject-
matter knowledge to interpret

o Indications of critical points in your design that
require attention

o Feedback to inform the direction of following
design iterations

IV. RESULTS

A. Involvment & Perceptions

A total of 224 students completed the survey across all four
sections. Fig. 2 illustrates the distribution of students’ responses
to the five Likert-scale items on a five-point scale, with 1 being
the lower end (e.g., not involved at all, not proficient at all) and
5 the upper end of the scale (e.g., very involved, very proficient).
Note that the knowledge barrier item is an exception, as 1
indicates no perception of knowledge limitation while 5
indicates a perceived severe knowledge limitation to understand
and work with CFD. Interestingly, the distribution of students’
responses for this item is nearly symmetrical.
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Fig. 2. Percentual distribution of students’ responses to Likert-scale items.

Out of the 224 students, 63 (28%) reported that they were
members of the CFD subteam. Student membership across
project subteams was not exclusive, as students were able to
work on more than one, but the number of subteams a student
worked on (M = 1.36, SD = 0.52) was generally low.
Correlations were estimated by computing Kendall’s 1, for each
question, as shown in Table 1.

Students’ perception of their own proficiency with CFD
beyond the context of the VAWT project was significantly
correlated with their involvement in the CFD simulation for the
project, t, = .37, p <.001, and their confidence with CFD within
the project, 1, = .43, p <.001; involvement with the simulation
was also correlated with confidence with CFD within the
project, © = .27, p < .001. There was also a significant
relationship between how useful students found CFD to be for
the engineering design process and their confidence with CFD
within the project, 7, = .16, p < .01, as well as their perception
of their own proficiency with CFD beyond the context of the
VAWT project, t, = .21, p <.001.



TABLE 1. DESCRIPTIVE STATISTICS AND CORRELATIONS

Likert score means, standard deviations, and
Variable correlations with confidence intervals®
Tech.
M SD Inv. Conf. Know. Prof.

Involvement 2.70 1.26
Confidence 3.33 0.92 [19, 35]
Knowledge -.02 -12
Barrier 3.02 1 1.03 [-.11,.07]|[-.21, -.03]

. 3THE* X S -13
Proficiency 296 | 0.86 [30, 44] | [.35, .50] |[-21, -.04]

.05 16%* -.02 Al ke

Usefulness 3.96 1 088 1 0137|108, 24] |[-.11,.06] | [.13, 29]

% M and SD are mean and standard deviation, respectively. N = 224. Values in square brackets indicate
95% confidence intervals for each correlation. ** p < .01, *** p < .001.

B. Perceptions vs. Subteam Membership and Performance

CFD subteam members’ self-reported involvement with the
simulation (Mdn = 4) differed significantly from students on
other subteams, namely CAD, programming, and prototyping
(Mdn = 2), W =829.5, p <.001, r = .70. Although small, there
were also significant differences in students’ perceptions of
confidence (W = 3,796.5, p < .01, r=.21) and proficiency (W =
3,231.0, p <.001, r =.30) between students in the CFD subteam
and students in other subteams. These results are not surprising
since students on the CFD subteam were primarily responsible
for creating and running the simulation. There were no
significant differences due to membership between students in
other subteams (see Table II).

TABLE II. WILCOXON RANK-SUM TEST FOR SUBTEAM MEMBERSHIP
Subteam Membership
Perception” CFD Other W r
Mdn Mdn
Involvement 4 2 829 5% x* .669
Confidence 4 3 3,796.5%** 258
Proficiency 3 3 3,231.0%** 302
Knowledge Barrier 3 3 5,148.5 .012
Usefulness 4 4 4,630.0 .073

b Bonferroni correction applied to p values, N =224, * p < .05, ** p < .01, *** p <.001

Students generally answered most of the 14 True/False
questions correctly (Mdn = 12, SD = 1.91) regardless of their
subteam membership. Only two questions showed a correct
response rate below 70%, with 153 students (68.30%) correctly
marking as false the statement ‘/n CFD, the discretization of the
domain provides an exact solution to the mathematical
equations underlying the model’, and only 85 (37.95%)
correctly marking as false the statement ‘A CFD simulation can
provide... [design requirements for your project]’. However,
there was no correlation between answers to these two questions
and students’ subteam membership. Similarly, there was no
significant correlation between students’ perceptions of their
involvement, confidence, or proficiency and the number of
True/False questions they answered correctly.

C. Perceptions on usefulness of CFD

Thematic analysis was employed to qualitatively analyze the
responses to the open-ended question ‘How useful do you find

CFD for the engineering design process?’ with the aim of
allowing students’ perceptions of CFD as a learning tool to
emerge and understanding students’ experiences in a more
nuanced manner [20]. One of the researchers used first-cycle
coding to generate 23 initial codes which were further
categorized into six themes. The analysis allowed all student
perceptions to emerge, which resulted in some responses having
more than one label during initial coding, representing multiple
views expressed in the same response. The most salient theme
was the notion of CFD as being useful to simulate real-world
conditions, representing the perceptions of 66.82% of the
respondents.

Most respondents (217/224) indicated that they found the
use of computational fluid dynamics simulations useful for their
VAWT project. Fig. 3 illustrates the various reasons behind
students’ positive perceptions of the usefulness of CFD.

Of the respondents that expressed perceptions that CFD was
useful to their project, 149 shared the general perspective that
CFD was useful because it provided the ability to simulate
design performance in a variety of real-world conditions. These
responses were further categorized into the ability to visualize
design performance in general (76/224); visualize design
performance relative to external factors (62/224); and visualize
design limitations (11/224). Another salient perception is that
CFD facilitates visualization of design for design iteration and
improvement (37/224), with respondents sharing that they were
able to undergo several design iterations and improve their
designs with the ability to run CFD.
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Fig. 3. Student perceptions of the usefulness of CFD.

Some respondents (6/224) did not feel that CFD had a
positive impact on their learning. Although these statements
were not ubiquitous in the data, one respondent expressed
inability to recognize how CFD was useful for the specific
engineering discipline that they were interested in. There were
also a number of respondents (22/224) who, although they
recognized and acknowledged the usefulness of CFD, shared
challenges that diminished their learning experience and ability
to appreciate the inclusion of CFD in the course, such as a
general lack of understanding of how to interpret the data, or
lack of involvement in the process since they were not part of
the CFD sub-team.



V. DISCUSSION

For the analysis and discussion of mean scores, the following
interpretation scale has been used (reversed for knowledge
barrier): 1-2 Not good; 2-3 Moderately good; 3-4 Good; 4-5
Very good. For instance, the mean score for involvement
(M=2.70) is just moderately good, but in fact encouraging
considering that only 28% of the students were part of the CFD
subteam. In contrast, the mean score for perceived usefulness
(M=3.96) is borderline very good and the positively skewed
distribution for this item observable in Fig 2 confirms it. This
suggests that, while there is plenty of room for improvement,
efforts to integrate CFD into the class project are helping
students across different subteams recognize how their work
impacts or is impacted by simulation outcomes.

Nevertheless, the level of involvement with CFD applied to
the project seems to have a significant impact on the experience.
Students’ perception of involvement correlates significantly
with self-reported perceptions of confidence and proficiency. In
other words, students who went beyond the individual
preparatory activities and did CFD-related work for the project
reported higher levels of confidence in their understanding of
CFD general concepts and proficiency to apply it to their VAWT
project. However, the mean score for confidence (M=3.33)
suggests that students with less involvement also perceived
themselves as moderately able to discuss CFD conceptually and
explain how to apply it to the project. The implementation
manual, CFD lecture, and follow-along demos during class seem
to have done a good job in fostering students' confidence in their
understanding of the broad aspects and limitations of applying
CFD to the VAWT project.

In contrast, students’ perception of proficiency was probably
impacted by participation in the hands-on task of running CFD
simulations for the project, which was mostly carried out by the
CFD subteams. Therefore, the lower mean score found for
proficiency (M=2.96) is reasonable yet borderline good. Note
that while students who were members of the CFD subteam
reported significantly higher involvement, students in other
subteams were not precluded from the opportunity to engage in
CFD-related work. Moreover, they were required to discuss
explicit connections between their own work and input for or
insights derived from the simulations. A perceived knowledge
barrier (M=3.02) seems to be one of the factors negatively
affecting students’ perceptions of both their proficiency and
confidence. This supports the idea of a threshold of disciplinary
knowledge necessary for Teaching with models for a
disciplinary concept to be effective.

Despite the moderate results found for confidence and
proficiency, the mean score for perceptions of the usefulness of
CDF, as mentioned before, was notably higher and borderline
very good (M=3.96). This is an encouraging result since the
main purpose of this innovative practice is to expose students to
a sophisticated tool that can be used in engineering design and
not to develop high proficiency in its use. With sufficient
training on Teaching to Model using SolidWorks fluid
simulation capabilities, this innovative practice focused on
Teaching with Models introducing both disciplinary aspects of
wind turbines and, more importantly, the relevance of simulated
testing as an interdisciplinary tool in engineering design.

The comparison between students’ self-reported confidence
in their understanding of basic CFD concepts and proficiency to
implement CFD in the context of the VAWT project was
inconclusive. Overall, students performed better on the
True/False questions than they rated their confidence and
proficiency. Arguably, this discrepancy stems from limitations
of the ad hoc questionnaire used to assess students' conceptual
understanding of CFD.

Finally, qualitative analysis of students’ perceptions of the
usefulness of CFD revealed that, in general, respondents shared
positive learning experiences that aligned with advantages
associated with CFD as shared in literature (e.g., [15], [16]). One
student shared:

“CFD provides feedback and data that would
otherwise be impossible for us to gather in this
classroom setting. Even for engineers with access to
industrial wind tunnels, CFD is still useful in
prototyping and development since they can conduct
more tests, for cheaper, and without a physical

prototype.”’

This and other similar perspectives indicate that it is
useful to continue CFD simulations for the specific context of
classes that are engaged in the Vertical Axis Wind Turbine
project, as it has advantages and learning applications that go
beyond the need for virtual testing as a consequence of fully
online instruction triggered by an emergency situation.

Although there are fewer perspectives that indicate
challenges and lack of appreciation for the usefulness of CFD, it
is important for instructors to consider in-class messaging and
how to design and structure learning activities to ensure that
these concerns are addressed. For example, a student
commented:

“I do think it is useful and important to both our
design testing and education. I think CFD and
simulations are extremely important in the real world
for engineering and as a knowledge and it is very
useful in this context. But I think that it doesn 't fit the
scale of this project well. If we had started this process
1-2 weeks earlier and had more time to learn and
understand what CFD is and how to implement it’s
results into our design it would be useful, but right
now it just feels like something we have to check off
the list of things we did.”

It is encouraging to see that the student has an appreciation
for virtual simulations as a learning tool, but this comment
indicates a need to revisit how CFD is presented and integrated
into the curriculum to ensure that its associated gains are
maximized while considering the inherent limitations of a 2-
credit first year engineering course.

VI. CONCLUSION

This paper discussed the implementation of CFD into a first-
year engineering class as a means to conduct simulated testing
for a vertical-axis wind turbine design project. Anecdotal
information—including feedback from students—collected by
instructors using this approach, highlights multiple benefits of
this implementation, including testing of large designs,



increased technical appeal, and increased engagement with the
project. However, instructors who designed and implemented
this innovative practice were aware of potential disadvantages,
such as cognitive overload and shift of focus from relevant
learning outcomes to the specifics of a rather sophisticated tool.
Therefore, the design drew upon an intentionally scaffolded
approach, with students receiving ample yet simple information
and instructions and multiple understanding checks. This
approach is consistent with the idea of Teaching with Models
whereby the model becomes a tool for learning and not the
ultimate outcome of the learning experience. Moreover, given
the emphasis on the steps of engineering design as the actual
outcome of the course, this innovative practice fits the
description of Teaching with Models for interdisciplinary
Concepts.

To verify and complement the anecdotal information, a
survey was administered to students in four sections of the
course during the Fall 2024 semester. Results from the survey
suggest that the implementation has been effective in helping
students understand the usefulness of simulated testing through
CFD in engineering design. Benefits related to proficiency in
applying CFD may be more pronounced among students who
worked on creating and running simulations to test their designs.
Altogether, these results and experiences indicate that keeping
the CFD component as an integral part of the VAWT project
supports the achievement of a major learning outcome of the
course. Future offerings should include activities aimed at
lowering the perception of technical and disciplinary knowledge
as a barrier to fully grasp CFD within the context of the project.
From an assessment perspective, a more robust instrument to
measure students’ conceptual understanding of CFD related
concepts will be required.
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