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Three Exams of the Navier-Stokes Equation
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Abstract By comparing and analyzing the exam scores of exercising the Navier-Stokes (NS) equation in 2019, 2020 and
2021, the effect of studying the NS equation for undergraduate student is studied in the present work. The results show that at
least more than 80% students can remember and use the NS equation properly. Moreover, the high correctness in 2020 is also
analyzed, in which the ‘web-home’ mode for study is a feature and could have some merit.
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1. Introduction

The Navier-Stokes (NS) equation [1,2] is a fundamental
theoretical model in fluid mechanics, which is taught in my
course of engineering fluid mechanics. The NS equation is
a differential type mathematical model, and there is some
difficulty to master the equation for undergraduate student
[3-5] who begins to study the equation. The study effect on
the equation has been reported in another work of Huang [6]
in 2020, where two questions were employed to examine the
study effect. One question is to solve the Stokes second
problem [7-10], and the other is to solve the inverse problem
of the Stokes problem [11], i.e., the velocity of the second
Stokes problem is given and the question is to check whether
the velocity meets both the NS equation and boundary
conditions. The results in the examination [6] indicate that
the later is more effective for student to study the NS
equation and to do exercise on the equation.

The study effect on the NS equation is checked again in
the present work, which includes the recent results in both
2020 and 2021. The question used is to examine the validity
of the velocity of the second Stokes problem, and further
results of studying the NS equation of student are shown
here.

2. Methods

2.1. Hypothesis Test Method
To evaluate the effect of studying the NS equation of
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student, a statistic value Z [12] was used to express the
correctness of doing the exercise, which is defined as
follows,

X— Py
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n

where py is the correctness, X is the correct ratio, n is the
number of students. X is obtained using the number of the

students with correct answer over n. The significant level o=
0.05 is set to evaluate the correctness.

2.2. Inverse of the Stokes Second Problem

The question of checking the validity of the velocity of the
second Stokes problem [11] is,

Suppose that incompressible constant-viscosity fluid lies
at rest in the region of 0 <y < oo, and suppose that a infinite
flat plate at y=0 executes cosine motion in the x-direction
according to the velocity u=Ucos(at), in which U and @ are
constant velocity and angle frequency respectively, and tis a
variable time. Do not consider gravity and pressure. Check
whether the following velocities of the fluid in the flow field
meet the NS equation and boundary condition,

u =Ue7yJ2:V cos(wt - y‘/zﬁ), v=0 (2
1%

3. Results and Discussion

In both the terminal examination of 2020 and the midterm
of 2021, the students solved the question, and the results are
listed in Table 1. The correct ratio is 97.6% in 2020, which
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is calculated using 40 over 41 and then multiplying 100. The
ratio is very high, and the correctness is higher than 99%
according to the test of hypothesis for binomial distribution
[12], which is under the level of significance of 0.05.
Therefore, the study effect of the NS equation is quite good.
The meaning of solving the question correctly [6] is that the
score is 20 for the question and if the student only loses less
than 5 score, who is regarded as correctly using the NS
equation. Detailed lost scores of exercising the NS equation
for the students in 2019, 2020, and 2021 are shown in
supplemental material.

Table 1. Study effect of the NS equation

ooy stutents comectstugerss X ©9 P09
2021 39 28 718 >80
2020 4 40 97.6 >99
2019 [6] 44 40 90.9 >95

* Level of significance is o = 0.05

The correct ratio in 2021 is 71.8% in Table 1, and the
corresponding correctness is higher than 80%, which is
evidently lower than the correctness in 2020. Moreover,
Table 1 also shows the result in 2019 [6], and the correctness
is higher than 95%, which approaches the correctness in
2020.

There are differences between the processes of three
examinations and the corresponding studies. The first is that
the NS equation was given in the exam in 2019, and not
given in both 2020 and 2021. Thus, the students in the later
two years should remember the equation and then solve the
question. The second is that the question was solved in
mid-term in both 2019 and 2021, and solved in terminal
exam in 2020. Therefore, long-term study on the NS
equation exists for the students in 2020. The last is that the
question was solved in classroom without any related
material, such as textbook, left for the students to refer to in
both 2019 and 2021, and solved at home in 2020 though the
students were told not to see any related material and
supervised through webcam.

According to the status of both exams and studies, the
differences between three exams are discussed below. (1)
The high correctness in 2019 should be related to the fact that
the students can see the NS equation directly. What they did
is to put the velocity into the NS equation to check whether
the left of the NS equation is equal to the right, and the
possible error should be at the calculation of derivative. (2)
The drop of correctness in 2021 could be due to the fact
that some students can not remember the NS equation as
well as make errors in calculation. (3) The case in 2020 is
complicated. The first is that the high correctness indicates
that the students can remember the equation, but in
comparison with the result of 2021, there could be a guess
whether there are some dishonest students because
supervision is via webcam. The second is that high

correctness indicates a low error in calculation. The third is
that study effect could be better at home in 2020, for example,
the influence of environment could be less and student could
spend more time studying. There was an epidemic of
COVID-19 in 2020, and student studied at home via web
teaching. The last is that long-term study of the NS equation
in 2020 could be a factor to help student master the equation
better, because the exam in 2020 was at the end of the course
and those in both 2019 and 2021 was at midterm. The first
discussion on the 2020 case is negative but the later three are
positive.

In the book of director committee of university
fundamental engineering-course teaching of the Ministry of
Education in China [13], the objective of teaching is to
understand the NS equation for fluid mechanics course (B
type), which is same as that in the outline of the engineering
fluid mechanics course [14] that | conduct. The recent 3-year
practices show that more than 80 percent students can use the
NS equation to solve the designed problem at the end of the
course. Moreover, the result in 2019 indicates a better effect
of studying and applying the equation if the students can see
the equation.

4. Conclusions

The study effect of the NS equation in the recent three
years was evaluated in this study. The results indicate that
over 80% of the students can remember the NS equation and
use the equation properly to solve the designed problem at
the end of the course. The practice in 2020 shows that
the ‘web-home” mode for study could have some merit by
comparison with that in classroom.
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Figure S1. Lost scores of the exercise of the NS equation for the students
in (1) 2019, (2) 2020, and (3) 2021, respectively
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