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Welcome Speech

The 9th TSME
International Conference on Mechanical Engineering

(TSME-ICoME 2018)
Thavorn Palm Beach Resort, Phuket

Distinguished guests, ladies and gentlemen

On behalf of Thammasat University, we would like to welcome all of you to the 9th
TSME International Conference on Mechanical Engineering. Thammasat university
has the honor of organizing the conference this year. Phuket is chosen as the
venue of the conference because we believe that this famous tourist destination
has a lot to offer to participants of the conference.

This conference is a platform where advanced researches in mechanical
engineering will be presented. A lot of research has been conducted to solve
increasingly more complex problems faced by the world today. Most of these
problems usually exceed the capability of an individual researcher. Collaboration
among researchers from different disciplines will make these problems easier to
tackle. This is why the theme for this year's conference is Multi-Disciplinary and
Multiple Partnerships Approach.

| have learned with great pleasure that this conference has received a lot of
interest from not only leading Thai researchers but also researchers from many
countries. It is equally pleasurable to see a large number of young scholars today.
My special advice to you is that, in order to gain maximum benefits from this
conference, you should focus not only on the exchange of ideas and the sharing of
experience. Equally important are forming friendships and establishing
collaborations with your peers. Research collaboration is indeed the research
paradigm of the future.

Thank you for participating in this conference. | wish each of you an enjoyable and
fruitful stay in Phuket.

Assoc.Prof.Gasinee Witoonchart
Rector of Thammasat University




Welcome Speech

The 9th TSME
International Conference on Mechanical Engineering

(TSME-ICoME 2018)
Thavorn Palm Beach Resort, Phuket

Distinguished guests, ladies and gentlemen

| am Naoya Sasaki, president of the Japan Society of Mechanical Engineers. First
of all, on behalf of JSME, | would like to express my deep appreciation to
the organizers of TSME-ICOME 2018 and those who have worked hard to make
this conference possible. Additionally, please accept my sincere apologies for
my absence. | really regret that | am not be able to participate in the conference.
Last year our Society celebrated its 120th anniversary. We will continue to
devote our efforts to the development of mechanical engineering in the future.

The Thai Society of Mechanical Engineers (TSME), which is a sponsor of
TSME-ICOME 2018, in partnership with JSME will conclude a cooperative
agreement during this conference. | look forward to the development of joint
activities between TSME and JSME in the near future. In today’s highly connected
society, information has become easier to obtain. However, | think that most
Internet discussion channels are superficial lacking information and data, and it is
necessary to have a place to hold discussions, acquire knowledge and wisdom,
and exchange ideas with others in order to explore further problems and find
solutions in greater depth. | believe that face-to-face communication at
conferences such as this one is becoming increasingly important to create new
value.

In addition, the valuable lessons that Thailand and Japan have learned through the
natural disasters in recent years, must be shared together and all over the world. |
strongly believe that we both have the responsibility to convey these lessons to the
countries of the world. | think the role of mechanical engineering has been re-
evaluated in various fields, such as Alternative Energy and Combustion,
Applied Mechanics, Materials and Manufacturing, Computation and Simulation
Techniques, Dynamic Systems, Robotics and Controls, and Thermal System
and Fluid Mechanics. This includes the role of mechanical engineering
regarding disaster measures. Since TSME-ICOME 2018 also covers those
fields, the role of TSME-ICoME 2018 has also become even more important.

| sincerely hope that the practical discussions held and updated knowledge
presented at this conference are rewarding and fruitful. | would like to end my
address with an earnest wish for the great success of this conference.

Thank you very much. ﬂ

Dr. Naoya Sasaki S

President V
The Japan Society of Mechanical Engineers (JSME) .ﬂ,



Welcome Speech

The 9th TSME
International Conference on Mechanical Engineering

(TSME-ICOME 2018)
Thavorn Palm Beach Resort, Phuket

Distinguished guests, ladies and gentlemen

For the past 30 years, as TSME has strived to form the organization to offer a
great opportunity to Mechanical Engineering in Thailand. The first Conference
of Mechanical Engineering Network of Thailand, ME-NETT was held in 1987 and

is continuing until present to build up network yields the development of a verity

of quality researches that can be utilized to serve the social and country’s need

while the International Conference of Mechanical Engineering, TSME-ICOME,
was first held in 2010 to offer for an international forum to Mechanical
Engineering communities. More over the Journal of Research and Applications
in Mechanical Engineering, JRAME, published twice a year, has provided new
interesting articles related to mechanical engineering issues.

The TSME-ICOME conference is one of the key mechanism to develop the
researches from the knowledge exchanging which has contributed association
networks and constituted a unique research community. The Mechanical
Engineering research pays an important role to enhance the growth of country
especially in the industry sectors.

In this regard, | would like to express my congratulation and appreciation to the
department of Mechanical Engineering, Faculty of Engineering, Thammasat
University for the dedication to organize the TSME-ICOME 2018 where will be
held at Thavorn Palm Beach Resort, Phuket ,Thailand during 11-14th December
2018. Thank you for your supporting team and all staff for hard working to make
this conference possible. | hope the conference will be success and belief that
this collaboration will be further strengthened not only the network of
mechanical engineers in Thailand but also the network of mechanical engineers

in this region.

Thank you

N

(Asst.Prof.Dr.Chinda Charoenphonphanich)
President of Thai Society of Mechanical Engineer
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Welcome Speech

The 9th TSME
International Conference onMechanical Engineering

(TSME-ICOME 2018)
Thavorn Palm Beach Resort, Phuket

Distinguished guests, ladies and gentlemen

It is a great honour for the Thammasat School of Engineering that our
Department of Mechanical Engineering is the organising body for this year’s
conference. So on behalf of everyone from TSE, | would like to welcome
everyone to Phuket and the 9th International Conference on Mechanical
Engineering.

The objective of conferences have always been to allow researchers the space
and opportunity to share and learn from others in their respective fields. But as
times have progressed, so has the requirements of engineering, and so must us
Mechanical Engineers in how to handle our work. For our accomplishments for
tomorrow, we need to learn and let learn from all other fields of knowledge, and
not restrict ourselves to only our own disciplines. Embracing a multidisciplinary
approach to our work opens vast new possibilities that | hope we can explore
together through this conference.

With that, | would like to express my sincerest gratitude to everyone involved in
the organisation of this year’s conference, to TSME for their continued support
of TSE, and to all the participants who have made this happen.

| am most delighted to welcome you all to ICOME 2018, and thank you again for
being here with us at this conference.

Thank you.

Assoc! Prof.Dr. Thira Jearsiripongkul,
Dean of Thammasat School of Engineering,
Thammasat University
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TSME-ICOME 2018 11-14 December 2018
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Keynote Presentations

Dr. Keiko Fujioka
President of Functional Fluids Ltd., Japan
Title: Thermochemical energy storage for utilization
of unused heat

Thermochemical Energy Storage
for Utilization of Unused Heat

Keiko Fujioka

Functional Fluids Ltd.,
1-4-5, Utsubohonmachi, Nishi-ku, Osaka, 550-0004, Japan

kfujioka@functional-fluids.co.jp, +81-6-6445-5433, +81-6-6445-5432

Abstract

More than half of the annual primary energy consumption, about 20000 PJ, is
disposed in Japan every year as waste heat, in spite that its energy
consumption per GDP is the minimum level in the world. Utilization of waste heat
and unused heat such as terrestrial heat and solar heat would contribute the
reduction of greenhouse gas, however, the problem is the differences in time,
location and quality between supply and demand sides of thermal energy.
Thermochemical energy storage can recover, store and transport thermal
energy, by using reversible endothermic and exothermic chemical reactions, to
eliminate the above-mentioned mismatch. Among many systems for thermal
energy storage, chemical heat storage/pump using reversible reactions of
inorganic salts with gas substances (gas-solid CHP) have been expected to be
an attractive way of effective use of thermal energy for their large energy
density, long-term energy storage without heat loss, and wide range of working
temperature. To develop highly efficient CHPs, improvement of heat transfer in
reactor beds has been one of the most important subjects, since gas-solid
reactions are often controlled by heat transfer. In this paper, heat transfer
mechanism of porous materials is examined by taking account into the effect of
variations of thermophysical properties with reaction progress, which is typical
feature of gas-solid reaction. Then, technology development focusing on heat
transfer enhancement is described. The effective thermal conductivity of the
bed with inorganic salts or oxides is generally in the range of 0.1-0.2 W/mK.
Various ways have been developed to increase it without decreasing gas
permeability mainly by combining high thermal conductivity materials. Finally
challenges in achieving social implementation of thermochemical energy
storage, including thermal demand/supply data construction and waste heat
analysis using remote sensing methods are presented.
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Keiko FUJIOKA

Affiliation: President of Functional Fluids Ltd.
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Japan
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Keynote Presentations

Assistant Professor Dr. Bunyong Rungroungdouyboon
Excellence Center in Creative Engineering and Development (CED?2)
Department of Mechanical Engineering
Thammasat University, Thailand

Engineering Innovation Practice in Engineering Education:
Case Study of Rehabilitative and Assistive Innovation

Bunyong Rungroungdouyboon

Excellence Center in Creative Engineering Design and Development, (CED?)
Department of Mechanical Engineering, Thammasat School of Engineering,
Thammasat University, Klong Lueng, Pathumthani, 12121, Thailand

rbunyong@engr.tu.ac.th, +66-(0)-2564-30005 ext 3159

Abstract

At present, the world’s education has changed from being teacher-centered to
learner-centered. Also, the 21st century learning skills have been introduced.
The new set of skills is required for working in industry. Even, it’s required for
doing startup company. However, the education in Thailand, especially the
engineering education, just start to prepare their students for this situation.

Center of Creative Engineering Design and Development was established in
2005 at faculty of engineering, Thammasat University. The main goal of center is
to use engineering innovation practice to improve the quality of engineering
leaning and to solve the main country’s problems by innovation simultaneously.
The problems of rehabilitative and assistive technology in Thailand have been
used for the target problem. Design thinking processes have been taught and
practiced. After working more than ten years, the student’s skills have been
improved obviously. They show the improvement in ability to ask good questions,
to categorize the data, to create conceptual solution, to find solution creatively,
to design and prototype, to communicate and to work as a team. In addition, the
newly designed innovations have been developed and can be commercialized.
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5.1 Manual Standing Wheelchair, Petty Patent No. 4,648

5.2 Manual Standing Wheelchair for Children with Cerebral Palsy ,
Petty Patent No. 7,596

5.3 Gait training machine for stroke patients, Petty Patent No. 11,462

5.4 Power added on for manual wheelchair, Petty Patent No. 12,735
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Without the presentation the paper will
not be published.

Please note that the time allocated for each presentation is 15
minutes, with a further 5 minutes allowed for questions and
discussion.

Please ensure that your presentation is loaded onto the
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familiarise yourself the equipment set up. There will be a
technician who can assist with any technical queries. The
technician will resolve any technical issues.
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Abstract. This research performs the three-dimensional simulations to investigate the
circulating flow with high voltage electric field. Electrode wires are installed normal to flow
direction and two ground wires are placed along both sidewalls of a square duct.
Characteristics of electric fields and airflow velocity patterns are explored. In simulations, the
inlet airflow velocity and applied electrical voltage are tested at 0.33 m/s and 20 kV,
respectively. The results show that circulating flow in plane normal to flow direction is created.
In addition, influence of electric field from each electrode occupies in a small region around
electrode end. In other word, it steeply decrease from the center of electrode. The peak of
electric field depends on the distance between electrode and ground wires. Additionally, the
maximum peak occurs at the position of electrode nearest the ground. As a result, high airflow
velocity occurs in this region. By installing the electrode closer to the center of ground, the
whole airflow velocity becomes widely stronger.

1. Introduction

With rising of energy demand and global warming problems, many researchers have paid much
attention to explore various effective strategies of energy saving. Hot-air drying method is widely used
to preserve agricultural products and to improve the quality of materials, e.g. ceramic and wood. Due
to the effects of the boundary layer or flow separation [1-3], the heat transfer on material surface is
suppressed. As a result, drying period and energy consumption are much higher.

Flow manipulation by utilizing electric field is an interesting method to enhance drying
efficiency because there are no moving parts and also it is able to control the drying temperature. The
ideal of this method is to control the air motion by utilizing the high electrical voltage. The ionized air
performed by electric force is moved faster from the electrode towards the ground, and this leads to
the momentum transfer among the air particles. Simultaneously, with the influence of the velocity
difference between the air flow layers or shear flow, vortices are generated. This causes the moisture
and heat transfer on the surface of porous materials to enhance considerably[1-4].

Chaktranond and Rattanedecho [1] experimentally explore the hot air drying combined with
electric fields to enhance the moisture removal and heat transfer of packed bed, which is used for
porous material. Moreover, the effects of different porosity layers on drying are examined. It is found
that when the electrical voltage is applied, air streams rotate around the ground wire. This causes a
high amount of heat transfer onto the material surface, resulting in the enhancement of drying rate.
Additionally, the arrangement of different porosity layers affects the capillary pressure the material,
and also significantly influences the drying rate.

Lai and Lai [5] enhance the drying by installing copper electrode wire above packed bed and
placing ground plates above and under packed bed, respectively. The experimental results show that
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the rate of drying depends on the magnitudes of applied voltage and the inlet wind velocity. Lai
and Wang [6] are found that applying a heat source under the packed bed can enhance drying
rate. Moreover, influence of corona wind has high effectiveness when high moisture content is in
packed bed or is in early period of drying process.

Ahmedou and Havet [7] apply the two-dimensional channel-flow simulations to investigate the
enhancement of heat transfer by electric field. In simulations, electrode wire is as a point. In addition,
electrode is in the middle of the channel, while the ground electrode is put along the lower
wall applied with heat flux. The results show that when the Reynolds number of air flow is low the
corona wind can increases the convective heat transfer coefficient by 3 times that of the non-electric
field.

Saenewong Na Ayuttaya et al. [8] investigate air flow under the electric fields with
two-dimensional simulation in which electrode and ground are assumed as small circles. The results
show that the air velocity driven by the electric forces varies inversely with the distance
between the electrode and the ground.

Ghassem Heidarinejad and Reza Babaei [9] perform the large eddy simulations to
investigate the enhancement of water evaporation by electric fields, so-called electrohydrodynamics
(EHD). The results show that the rate of water evaporation is higher with applying electric field.
Moreover, the effect of EHD is suppressed when Reynolds number is higher.

From mentioned above, details of flow subjected electric fields are lack in the
spanwise direction. This research applies three-dimensional simulations to investigate the
electric field distribution and flow patterns of electrically-induced circulating flow by following
the experiments done by Nuknan et al. [10].

In experiments of Nuknan et al. [10] the packed bed is placed under the wind tunnel. This paper

focused on the influence of electric field on airflow pattern. Therefore, heat transfer is not considered.

2. Simulation
We consider an experiment of drying enhanced electrically-driven swirling flow done
by Nuknan et al. [10] as shown in Fig.1. The dimensions of square duct are /.2 m long x 0.3 m wide x
0.3 m high. In present simulations, electrode is assumed as a point, and two ground wires are assumed
as lines and laid along the side walls. Fig.2. shows the position of electrode anégroung wire.
.. 20

= ~

. - OutletBC
csd-4 n(VE+ (V) Dn =0
20 F=F

Inlet Velocity BC
w= 1,

e
~ '~ NoSlpBC
u=10

Fig. 1 Computational domain and the boundary conditions
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Fig. 2 Arrangement of electrode and ground positions.

The velocity of air in the channel is obtained by computing the continuity and Navier-Stokes
equations, as shown in Eq.(1) and (2), where last term is body force term produced by electric force.
Three-dimensional incompressible laminar flow simulations are computed by giving the inlet uniform
velocity of 0.33 m/s. The pressure at the outlet is atmospheric pressure (Py=101 kPa) and no viscous
stress is used, as well as, no-slip condition on walls,

V-i=0 (1),
ou _ _ 1
p(—+(u-V)u]=—Vp+yV i+F, (),

where @i is velocity, ¢ is time, p is pressure, p is density (1.06 kg/m?), u is viscosity (19.99x10¢
Pa.s), and F_is body force term done by electric force. By assuming constant properties of air and

electric fields, the electric force F, performing on fluid flow is computed from electrophoretic force
or Coulomb force resulting from the net uncharged within the fluid or ions injected from the
electrodes,

Fee=qE 3,
where ¢ is the space charge density and E is the strenght of electric field. Additionally, the electric
field strenght is computed through the Maxwell equations,

q=V-¢E 4,

E=-VV (5),

where & is the permittivity of air (8.85522 x107'2 F/m) and V' is the electric potential at electrode.In
the simulations, the boundary conditions for electric field shown in Fig.2, are considered as zero
charge symmetry. Electrical voltage at electrode and ground positions are V' = 20 kV and V' = 0,
respectively.
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The computational scheme uses a finite element method of tetrahedral and a collocation grid.
Due to limitation of CPU and machine memory, the number of elements is approximately 100,000
elements, however, it is enough for these simulations. The governing equations are solved by using
COMSOL Muliphysics 4.4.

3. Results and discussion

3.1 Electric field distribution

Fig. 3 shows the distribution of electric fields from various electrode ends. It is clearly observes
that the strength of electric field depends on the number of electrode applied. With increasing the
number of electrodes, the electric field strength is higher. In addition, the peak strength occurs at the
position of electrode end. Fig. 4 shows the electric field distribution in y-z plane at z = 2 cm when
eight electrodes are applied. As shown in Fig. 4(a) plotted in half one, the strength rapidly decreases
when electrode positions are far from the ground wire. In addition, electric field influences only in a
certain region nearby the center of electrode. Moreover, it is found from simulation results that the
strength is proportion to 1/7°, where ris the radius measured from the center of electrode.
Furthermore, the distribution shape of electrode near ground wire is much steeper than other ends, as
shown in Fig. 4(b). This means that Coulomb force performs on the airflow in a certain region around
the electrode end, as well as, the high force occurs at the position of electrode end.

%10°
2

(a) (b) (c)

18
16

1.4

(d) (e)

0.8

0.4

Fig. 3 Electric fields in various the number (n) of electrodes : (a)n=1, (b) n =2,
(c)n=4,(d)n=26,and (e)n=38.
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Fig. 5 shows the electric field distribution in y-z plane when one and eight electrodes are
applied. Electric fields are highly dense near electrode end. In addition, increase of the electrode
numbers causes the gap between electrode and ground wire to become smaller, resulting in higher
peak of electric field.

0.8

0.6

Fig. 5 Comparison of electric field distribution between one and eight electrodes.

Peak of electric field strength measured from each electrode shows in Fig. 6. In addition, it
shows that the peak varies with the distance (d ) between electrode and ground. From the graph, the
strength is proportional to 1/d*. Therefore, the Coulomb force rapidly drops if the electrode is laid
further away from the ground.
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Fig. 6 Peak of electric field from electrode ends.
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Fig. 7 shows the distribution of electric fields in various x-z planes when eight electrodes are
installed at Ex = 30 and 33.75 cm. In addition, it is found that electrode installed near the ground
provides the field shape wider and higher than the other planes. By comparing between Fig.7(a) and
(b), the position of the peak follows the electrode position. Moreover, when electrodes are installed at
Ey = 33.75 cm, the whole distribution become better. As a result, Coulomb force occupies airflow

more wider.
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Fig. 7 Distribution of electric field in various x-z plane: (a) Ex = 30 cm, and (b) Ex =33.75 cm.
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3.2 Air flow under electric fields

Effects of electric field on airflow are shown in Fig. 8. By applying an electrode, the electric
field does much influence the flow, resulting in low air velocity. When eight electrodes are applied, it
clearly shows that influence of electric field can induces the velocity considerably higher, especially
the position near the ground. Moreover, it shows that this electrode and ground arrangement induces
the rotating flow around electrode ends. The maximum rotating occurs around electrode near the
ground in where it is consistent with the position of high electric field strength in Fig.5.

0.8

0.6

0.4

0.2

Fig. 8 Air velocity under electric force.

Fig. 9 and 10 show the velocity fields in various x-z planes of which the electrodes are installed.
It shows that influence of electric field affects the flow pattern of air. In addition, flow strongly
circulates on the plane near the ground (No.l). By comparing between Fig. 9 and 10, strength of
circulating flow becomes stronger and wider when electrodes are installed at Ex = 33.75 cm. This is
because the whole electric fields become wider, as shown in Fig. 7.
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Fig. 9 Velocity field in various x-z planes when eight electrodes are at £x = 30 cm.

w ES s e===========>=>===>==>=>=>=>=>====
28 = . = - e = - = — = o= = — — — = =—- — — o 1

w === = === — === ——— == == =1 No.l E
O I T T S . T T S R T T N S R S g S . L S . e T

n o= = ====5==+==+===9=":=+==°==°=== === = = = ==
20 e e e e e e e S S S S S S S S S S S S S S S S S~

- .S

B S S S == = — — = — - =

14 e e S A T e e e = = - = = = = =

e ——— = === = === =

10 === — =t =F =

o 10 20 30 40 50 60 70 80 90 100 110 120

Fig. 10 Velocity field in various x-z planes when eight electrodes are at £x = 33.75 cm.

478



11-14 December 2018 Phuket, Thailand

4. Conclusion

This research investigates the electrically induced airflow pattern through the three-dimensional

simulations. From the simulation results, we have reached the following conclusion:

1.

High electric field strength occurs around the electrode ends and it steeply decreases by
following the distance far away from the center of electrode (Eoc1/7°). Additionally, the
electric field does not much influence nearby electrodes. By plotting the peak from electrode
end, it is found that the peak E is proportional to 1//d*. The maximum peak occurs at the
electrode installed nearest the ground wire.

Position of the high airflow velocity is consistent with the position of the peak electric field.
Therefore, the rotating flow is highly strong around the electrode near the walls. In addition,
electrode normal to flow direction and ground parallel to flow direction can induce the
rotating flow in the plane normal to flow direction.

Adjusting the electrode position closer to the center of ground causes the whole airflow
velocity to become wider and stronger on the surface of target position.
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