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Abstract

Solid Works is a complete 3D CAD design solution, providing the product design team with all the mechanical designs,
verifications, motion simulations, data management and communication tools that they need. This article presents an
example of the design and analysis of the Savonius rotor blade to generate 10kW power output in the field of Mechanical
Engineering (ME) using the Solid Work package (SW-P). The study was structured as an educational design experiment, which
used the SW-P in teaching some ME courses in the ME degree programme at Near East University. An experiment of two
equivalent groups was designed, one of the groups was the experimental group and the other was the control group; each of
them consisted of five students. The same project was given to the first (the experimental group) and second (the control
group) groups using SW-P and the traditional method: textbook-based numerical methods, respectively. The SW-P proved to
be an efficient method for supporting the students’ ability to improve and understand the concept of some selected courses.
The results show that students used SW-P to demonstrate a deeper learning and understanding of the course compared to
the traditional method.
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1. Introduction

At Near East University (NEU), as at many places, undergraduate mechanical engineering (ME)
students must take a course related to machine design and fluid mechanics. The goal of these courses
is to teach students the fundamentals of how to design an object, for example, to design a wind
turbine and support its structures. Therefore, computer-aided design programmes aim to teach
students the fundamentals of how to get a computer to perform calculations that are too difficult or
too cumbersome to perform and check manually.

Major themes include discretisation, iteration, sources of numerical error and practical
management of that error. These are the fundamentals that undergird most of the modern
engineering and scientific computational tools that have become indispensable in contemporary
practice.

Despite its importance, it is challenging to make the material engaging for students. Although the
top-selling text books attempt to make connections to engineering, the homework problems are
typically superficial, unconvincing and uninspiring (Coller & Scott, 2009). In recent years, several
researchers have already found that computer-aided education eased the process of learning and
understanding the concept of the courses (lbrahim, 2011; Moussavi & Fazly, 2010; Naukkarinen &
Sainio, 2018; Tejado, Torres, Perez & Vinagre, 2016).

1.1. Study problem

The study problem is focused on finding out the influence of the Solid Work package (SW-P) in
teaching fluid mechanics and machine design courses on the students’ academic achievement,
especially students of the ME Department at NEU, in comparison with their department, who benefit
from this curriculum through traditional education. This problem is made more specific in the
following question: What is the impact of using SW-P in supporting and understanding the concept of
the courses and its uses in education on the students’ academic achievement?

1.2. Study objectives

This study aims to find out the impact of using SW-P on ME students’ academic achievement in the
main courses of the ME Department through knowing the difference of academic achievement
between the students who solved their homework/projects by using SW-P (the experimental group)
and those who solved their homework/projects by using textbooks and numerical methods (the
control group).

1.3. Study significance

The importance of the study’s subject is a result of the following issues:

1. It allows reaching a simplified strategy which leads to easily understanding the concept of the
courses.

2. It raises the ME students’ academic achievement in computer-aided design software.

3. It develops the ME teachers’ and students’ ability of using computer-aided design software
in teaching other mechanical courses, like heat transfer, thermodynamics, static, dynamic
and so on.
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4. It encourages the use of computer-aided design software in other departments, such as
Automotive Engineering, Civil Engineering and Petroleum Engineering Departments.

1.4. Study equations

The study’s subject provides an answer for the following two main questions:
Q1. Can SW-P software help the ME students to understand the real world?

Q2. Is ME students’ willingness to use SW-P related to their use of computer technology for
understanding the courses very well?

2. Method
2.1. Course description

Computer-aided designing, such as SW-P, can help the teacher to achieve course goals. Computer-
aided designing programmes can be used to design and create blueprints and 3D models of objects
that engineers want to build. These programmes allow students to gain experience with software and
create their own designs. The software will teach/help the student to see how to the environment
factors, such as temperature, humidity and so on, effect the designing product. Also, they help the
instructors to explain the course in an easy way compared to explaining the course theoretically. The
instructors/students can use these programmes in most courses like the following:

a) Fluid mechanics

Fluid mechanics is a branch of science concerned with moving and stationary fluids. Given that the
vast majority of the observable mass in the universe exists in fluid state, that life as we know it is not
possible without fluids and that the atmosphere and oceans covering this planet are fluids, fluid
mechanics has unquestioned scientific and practical importance. Its allure crosses disciplinary
boundaries, in part because it is described by a nonlinear field theory and also because it is readily
observed. Mathematicians, physicists, scientists, engineers of many types and even artistes have been
drawn to study, harness and exploit fluid mechanics to develop and test formal and computational
techniques, to better understand the natural world and to attempt to improve the human condition.

b) Machine design

Machine design is one of the important branches of engineering design. To understand what
exactly machine design or mechanical design is, let us consider the example of the gear box of the car.
Machine design or mechanical design can be defined as the process by which resources or energy is
converted into useful mechanical forms, or the mechanisms, so as to obtain useful output from the
machines in the desired form as per the needs of human beings.

2.2. Methodology of the study

The study empirically tested the effect of SW-P on the education of ME students. It also has a
practical significance for learning support for students with different learning style profiles. In
addition, an understanding of the relationships between theoretical and real world will inform
students to promote the use of SW-P for learning. The researchers used the experimental method in
studying the impact of an independent variable (SW-P) on dependent variable (academic
achievement), and a comparison was made between the experimental group which studied both
theoretically and numerically by using SW-P along with a teacher, and the other group is the control
one which studied by using the traditional way of discussion (theoretically and textbooks), along with
a teacher.
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2.3. The study tools

The researchers designed the same project for both groups. The projects were (1) to design and
model the Savonius rotor (see Figure 1) to generate 10kW output, (2) to estimate the physical
parameters (velocity, pressure and so on) for the rotor and (3) to obtain the structural response of the
blade due to the wind load applied in term of stresses and its displacements. In this project, the
students worked in two groups (first group will use SW-P, while the second one will use traditional
methods). It was conducted during a 6-week period to third-year bachelor-degree students of the
courses, after the two group assignments had been handed in, graded and presented in the

classroom.

The researchers conducted an academic achievement test, with the help of the teacher, which
covered all aspects of the topic to measure the different levels of academic achievement. The test
included 10 questions divided into two kinds of questions:

e Six equations related to fluid mechanics (drag force, torque and pressure distribution around

the rotor).
e  Four questions related to the machine design (stress and displacement/deformation).

Front view 3D view Top view

Figure 1. Design of Savonius rotor blade

2.4. Theory of calculating power of the Savonius rotor

The Savonius type rotor is a drag-based wind turbine because itis the drag component of the
aerodynamic force that powers the Savonius turbine to rotate (Figure 1). Let us assume that the rotor
has a mean radius R and it is rotating with an angular speed w. The circumferential velocity of the

rotor or rotor velocity, . at the mean radius is equal to:
Vrator =wk (1]

During the rotation, the wind velocity is broken into two components: X and Y, as shown in Figure
2b. Vertical flows were not considered in this research, and it could be a topic for future exploration.
Assuming that the axis of the C-section’s vertical axis wind turbine rotor is the upward-pointing Y-axis,
the flow experienced in the X-direction is the sum of the free-stream flow in the X-direction, and the

Xaspect of rotational velocity (see Figure 2c).

Let us assume that the rotor is not rotating (see Figure 2a), then the average relative velocities of
the wind w43 and v 2 at the first and second rotating drums are given by following expressions,

respectively (see Figure 2c):

s =V—y
"rel,i.‘IL Veotar

s =Viyp
Vrelz =V 4 Vg
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The resulting drag forces 5 ; and 5 ; on the rotating drums is given as:

1 7 1 r- 1 7 Uromr z

Fo1 = 500 1A = 5000 AW = v =5 pCoudV (1-—75) @
1 . 1 .1 . v z

Fpa=5plpavia A= ;PCD_:AW + Vrorar /' = 5 PLpzdv; (1 + r::w) (5)

whereA denotes the projected area of the drums. The aerodynamic torque along the central axis is
calculated as:

1 11 Fi’l?fl.'.‘i’ : 1""i’li'fli'i' : d’
r= {FD,L - FD.:}(CE] = E.Dfﬂ,l"“' [Cm (1 Ty ) - (o2 (1 + T) ](E) (6)
The power by the turbine can be then determined using the following equation:
1 B} Vroror - Vypror 12 dy 1 .
P=Ta =3 pCpAV" [r::,_L (1-=77) —Can (1457 ]w (;] = PCyiined @

The average wind speed (V,.r45:) is the major element that affects the power output. The three
wind speed parameters involved in this design is the cut-in speed (V.,:_i), the rated wind speed (
Vazeea) and the cut-out speed (Viu:_sue). Jain (2011) stated that the three wind speed parameters
related to the power performance are as follow:

Veg-in =02 Vwercge ®
Vagteg = 12 chercge ©
Vet -ue =3 Vwercge (10)

According to Manwell, McGowan and Rogers (2009), solidity (=) is related to the tip speed ratio. A
high tip speed ratio will result in low solidity. Musgrove (2010) defines solidity as the ratio of the blade
area to the turbine rotor swept area. For VAWT, the solidity is defined as follows:

a =E (11:]

where n is the number of blades, d is the chord length or can be defined as the diameter of each
half cylinder and R is radius of the wind turbine.

2.5. SolidWork simulation

In this project, two kinds of simulation and analysis were done, i.e., Solid Work flow simulation
(SWFS) and Solid Works structural simulation (SWSS).

The purpose of SWFS is to obtain the pressure difference between the concave and convex
surfaces. The pressure difference between the concave and convex blade surfaces of the Savonius
rotor induced drag force that turns the blade (see Figure 3a).

The structure of the Savonius rotor blade is analysed using the finite element analysis (FEA) for the
static method by SWSS. Since the two Savonius rotor blades are symmetrical, the analysis was carried
outon only one blade. The FEA result is interpreted in three criteria: stress, deformation and factor of
safety. The first step of the FEA is assigning material to the blade model where PVC was the material
chosen. Then, the fixed constraints/fixtures are applied on the top, bottom and centre of the shaft.
The fixtures constrained all translational and all rotational degrees of freedom. Therefore, the blade is
in a static and fixed position. The load for this analysis is the force (drag force) that is obtained from
the aerodynamic analysis and is equally distributed on the concave blade surface. Von Mises stress
and displacement for the Savonius rotor blade are shown in Figure 3b and c, respectively.
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Figure 2. Schematic diagram of a two-bladed Savonius rotor and vector components of
the wind speed at the rotor
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Figure 3. Simulation results for the Savonius rotor
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2.6. Statistical processing

e The researchers in the following statistical processing used the Statistical Package for the
Social Sciences for analysing all processes:
Calculating the median.
Calculating the standard deviation.
t-Test to examine the difference between the performance of control and experimental
groups.

3. Results and discussion

After applying the experiment, the researchers conducted a post-academic achievement test, and
then they analysed the study outcomes to figure out the impact of using SW-P on ME students’
academic achievement and the results are provided in the following sections.

3.1. Results related to the first and second questions

Q1. Can SW-P software help the ME students to understand the real world?

Q2. Is ME students’ willingness to use SW-P related to their use of computer technology for
understanding the courses very well?

After obtaining the statistical results of the test (t-test) of the control and experimental groups, the
positive impact of using SW-P was clear on teaching and understanding the real world and on better
scientific academic achievement of the experimental group compared to the results of the control
group, which proves that using SW-P in education is an effective means of reaching a better learning.

3.2. Results related to the third question
Q3. Are there any statistically significant differences between the average marks of the

experimental group and that of the control group in the t-test measurements?

To answer this question, the median and the standard deviation of the academic achievement test
for the experimental and control groups were extracted, as shown in Table 1.

Table 1 shows the statistically significant differences between the control and experimental groups
at the significance level of 0.05 in the test in favour of the experimental group.

Table 1. Results of the pre-academic achievement test for the control and experimental groups

Group Number Mean Standard deviation t-value F Significant differences
Control 10 5.60 1.897
Experimental 10 7.90 1.197 3.242 2356 0.005

4. Study recommendations

According to the study’s results, which indicated the effective use of multimedia compared to the
traditional methods of teaching, the study recommends the following:

Using SW-P in other engineering departments.
Giving training courses to the teachers regarding the use of SW-P in teaching educational
subjects, provided these courses will be available over the academic year.

e Conducting more studies on using SW-P in the academic curriculum in the university.
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