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Self-Study of a Fluid Mechanics Course
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Abstract This paper investigates the effects of a student studying an engineering fluid mechanics course independently
without the help of teaching. A student with an interest in fluid mechanics and a detailed outline of the fluid mechanics course
spent twelve weeks studying the course independently and then took part in an exam without a textbook in the 14th weeks.
The student achieved a score of 51, which is far lower than the average score of 71 obtained by students who were actively
taught. One reason for this significantly lower score is that the student did not master the knowledge covered in the homework

assignments.
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1. Introduction

The author of the paper has conducted some research
on the teaching of a fluid mechanics course over the last 10
years, e.g., the gradually varying flow between gradually
contracting plates [1,2], the Stokes second problem and
its inverse [3-5], the difference between artificial and
commercial pipes in the transition zone [6], the differential
momentum equation and its extended Navier—Stokes (NS)
equation [7,8], and Moody chart errors [9]. The works can
help improve the teaching of such a course. For example, the
author could tell students that the error of the loss factor read
from the Moody chart is usually less than 3% [9], which can
enhance the confidence of students in using the chart in their
homework.

The Participation in Research Program (PRP) is a project
for promoting the study of undergraduate students at
Shanghai Jiao Tong University. Most research is carried out
half of a year. The author of the paper has included five
groups of students in the PRP with an assessment based on
the construction of an Access database and a C++ program
for the study of fluid mechanics. In a PRP session, which
began in June, 2023, a student showed interest in both studying
fluid mechanics and making a database. Thus, the question
of how to study the fluid mechanics course arose because the
course started in the spring term and ended in June. Previous
participants usually selected a simple or familiar chapter
to study and then made a database, but the student wanted
to study all of the contents of the course. The student was
the first to attempt self-study of the course in 17 years of
teaching by the author of the paper.
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The aim of the work is to examine the study of the fluid
mechanics course without teaching, an unplanned exploratory
study. Teaching approaches have diversified recently in the
fluid physics community and others, e.g., through the deduction
of analytical solutions for the Phan-Thien-Tanner fluid
model [10], the use of a five-step teaching method for fluid
mechanics classes [11], the application of problem-based
learning (PBL) in the teaching of diseases encoding [12], the
inclusion of real-world problems in teaching [13], and the
inquiry-based activities in astronomy teaching [14]. These
changes further validate the usefulness of this trial. The study
result is not good, but the study experience in the present
work is actually meaningful for many individuals who want
to learn the knowledge of fluid mechanics or other subjects
by self-study.

2. Participants

The author of the work was a fluid mechanics teacher with
17 years teaching experiences, whose role is an instructor in
the self-study process.

The student in the activity was a freshman in the university,
who almost finished the calculus course, but did not study
the theoretical mechanics course. Both, especially calculus,
are the basis of fluid mechanics. The student had no
knowledge of fluid mechanics, but aimed to master much
fluid mechanics knowledge in the self-study.

3. Methods

In practice, traditional teaching in a classroom is the
general method of studying fluid mechanics. However,
in this case, the full teaching plan of the engineering fluid
mechanics course was given to the student, who could follow
it when studying. The teaching plan can be found in the
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supplemental material. Ding’s textbooks [15] were employed
in the study. Moreover, the student was permitted to freely
email questions to the author.

Twelve weeks are needed for the course, and the student

had just twelve weeks from June 19 to September 10 to study.

This period was mainly in the summer holidays. At the
beginning of the autumn term, i.e., in the thirteenth week of
the study, an exam without a textbook would be conducted to
examine the effect of the study. The student was allowed to
take a pen, calculator, and identification card into the exam
as those in a formal exam. When the course is formally
taught, there are two exams, a midterm and a final exam. The
student was asked to choose one of these, and in the twelfth
week, the student selected the final exam in 2023.

An unexpected obstacle occurred when the student forgot
the exam time and the exam was postponed to the fourteenth
week. The exam was therefore held on September 23.

4. Results

The student achieved a score of 51, which is far less than
the average score of 71 of the final exam in 2023 obtained by
students who took part in the teaching of the course.

The student explained that theoretical mechanics was
not studied before studying the course. The student was
a freshman when studying the course, and so had indeed
not covered theoretical mechanics previously. Theoretical
mechanics provides a foundation for the fluid mechanics
course, which could influence the studying process and the
student’s result. There indeed was a question of 5 points related
to the moment balance equation of theoretical mechanics
in the exam, and the student obtained 2 points because of
knowing the equation.

The second reason is that the student knew there would be
an exam in the thirteenth week at the beginning of the study
process, but did not know that textbooks would not be
permitted in the exam until the twelfth week. The use of a
textbook would reduce the amount of knowledge the student
had to remember. However, textbooks have never been
allowed in the exam since the author started teaching the
course about 17 years ago.

The third reason for the low score was that the student did
not master the homework-related knowledge. This is likely
the critical factor in the low grade achieved by the student.
As an example, there were 20 points for the boundary layer
problem in the exam, and the student only obtained eight,
which means that the student did not remember either the
equations or the solution method for this problem. This problem
was taken from the homework, with the only difference
being in the numerical values of the problem. The original
homework used a 1/6 power law for the velocity profile, and
the exam used a 1/5 power law. The slight difference between

the two powers does not change the turbulent essential on the
plate, but the latter provides a new chance for exercise.
Therefore, failure to complete the homework seems like a
likely reason for the loss of points in the exam.

The final reason for the low score could be the motivation
of the student. Naturally, a student will spend a great deal of
time studying a taught course, because a good result is
needed to pass. However, in this case, the student did not
need a high score, so the result was lower than average,
although the student was interested in the course.

The aim of the fluid mechanics course is for undergraduate
students to master the basic concepts, theories, calculation
methods, and experimental techniques of fluid mechanics
[16]. The result indicates that the student did not master this
basic theory.

5. Conclusions

In this work, an examination of the self-study of a fluid
mechanics course has demonstrated the importance of fully
mastering homework-related knowledge, and that motivation
is not the only factor affecting the study result. Several other
reasons for the failure of the self-study process have also
been given. The work provides some helpful results regarding
the self-study of fluid mechanics.

Self-study is a common learning process usually for an
adult with both the capability of studying some knowledge
and the special need. The difference between the present
self-study and the common one is that the present has a
detailed teaching plan and an instructor providing reliable
knowledge to questions besides textbook usually for the
common. Therefore, the self-study here includes certain
teaching intervention.
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Supplemental Material

Table S1. Teaching plan
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Week  Content” Homework™
1 (1) Introduction
(2) Flow behavior, viscosities of fluids 131, 135,138
9 (1) Viscosity, other properties of fluids, models of fluids 141, supplement,
(2) Two methods of describing flows, velocity vector 211,221,
(1) Flow patterns, material derivative, deformation and rotation of fluid elements ~ 232,233,242,244
3 (2) Deformation and rotation of fluid elements, types of flow, 253,255,261(2,3),263,265,
flow analysis methods, differential equation of mass conservation 311(1,2),312(3,4)
4 (1) Forces acting on a fluid, N-S equation 321,362
(2) Vortex dynamic equation, energy equation, pressure 371,373,376,392(1,2)
5 (1) Pressure, Reynolds transport theorem, integral equation of mass conservation 421,423,425
(2) Bernoulli equation 431,433,435
5 (1) Momentum equation, angular momentum equation 442,443,445,449,451
(2) Energy equation, dimensional analysis 522,526,528
(1) Similarity 561,563,565
7 (2) Differential hydrostatic equation, integral hydrostatic equation, 142,145,
uniform linear acceleration,
(1) Uniform rotation in a cylindrical container, hydrostatic forces on plane 151,153
8 surfaces, hydrostatic forces on curved surfaces
(2) Hydrostatic forces on curved surfaces, buoyancy and stability, atmospheric 161,162,171,173
hydrostatic pressure distribution
(1) Some concepts in irrotational flow, velocity potential and stream function, 233,235
9 elementary solutions of plane potential flows
(2) Plane potential flow past a cylinder, airfoil theory, lift force of blades, complex 241,242,252, 283,285
potential theory
(1) Entrance region, flow between two parallel plates, laminar flow in pipes, 331, 332, 342,
10 turbulent flow in pipes
(2) Turbulent flow in pipes, head loss 351,363,365, 367
1 (1) Minor losses, flow in noncircular conduits, pipe systems 371, 381,391,394
(2) Boundary layer concepts, laminar flat plate boundary layer 421(1,3),431
12 (1) Momentum integral equation, boundary layer approximation 451,455,456
(2) Separation of boundary layer, drag past immersed bodies 471,474(1)
1
13 @
(2) Exam

* There are two classes every week, thus, two contents per week. One class lasts for 90 min.
*x The numbers in the homework can be found in the work of Ding™.

Supplement: The pressure in a tank is 3 x 10° Pa, and then the pressure drops to 1 x 10° Pa after 24 kg oil is discharged.

Given that the bulk modulus of elasticity of the oil K is 1.3 x 10° Pa and its density p is 900 kg/m? solve for the original
volume of oil V in the tank. (Answer: 173.55 m°)
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