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(a) Overview

JUACEP provides three program courses for students of the Graduate School of Engineering at
Nagoya University to study abroad: a short-term (two months) course; a medium-term (six months)
course; a long-term (eight months) course. Choosing one of those courses the selected students are offered
an opportunity to work together with faculty and other researchers or students from all over the world at
the world’s top universities.

Each student works on a research project related to his own master’s thesis topic while belonging to a
specialized research group of the University of Michigan (UM), UCLA or University of Toronto (UT). In
addition to research implementation, the students are expected to attend the group seminars, the group
discussions and other events. At the end of each course, the students are required to submit research reports
to their mentors at the host institution, and after returning to Nagoya, give research presentations based
on their achievements in front of the faculty and peer students at JUACEP Workshop held in Nagoya
University. The report and the presentation are primary requisites for course credits of the program.

This publication is compiling the activities of the following students.
[a] One students of short-term course from August to September and another from November to December
2018 at UM
[b] Two students of short-term course from August to September 2018 at UT
[c] Two students of medium-term course from August 2018 to February 2019 at UM
[d] Two students of medium-term course from August 2018 to January 2019 at UCLA
[e] Two students of Long-term course from August 2018 to March 2019 at UM
[f] One student of long-term course from August 2018 to March 2019 at UCLA

JUACEP 2018 Short-, Medium- and Long-term Courses Flowchart

Short-term course Medium-term course Long-term course
January
2018 . . Do
Public announcement and accepting application
February Jan. - Mar) ]
March , ,
April | | Screening candidates | [
May Selected students approach UM/UCLA/UT faculty to get post of ‘Visiting Scholar’
(called *VGR at UCLA). After acceptance by faculty, visa procedure starts including | |
June examination of CV, English proficiency and other qualification.
July J-1 Visa application
A t
ugus [a,b] Short-term
September course study at UM/UT
Aug. - Sep. 2018
October
23" Workshop, Oct. 9, 2018 || [c,d] Medium-term course |
November | [a] Short-term course study at UM/UCLA
study at UM ' Aug. 2018 - Feb. 2019 [e,ﬂ Long-term course
December Nov. - Dec. 2018 study at UM/UCLA
| Aug. 2018 - Mar. 2019
January
2019
February
March 24" Workshop, Mar. 28, 2019 |

*VGR: Visiting Graduate Researcher for UCLA



I -

% Short-term course at University of Michigan

# Name | vr. | Advisor at Nagoya University |  Advisor at Visiting University
August 1, 2018 - September 30,2018
1 Motoki Yamada M1 Prof. Motonobu Goto Prof. Richard Laine
LWE E4& Materials Process Engineering Materials Science and Engineering
November 5, 2018 - December 21, 2018
2 Keiichi Okubo M2 Prof. Atsushi Satsuma Prof. Levi Thompson
KAR B— Molecular Design and Engineering Chemical Engineering

% Short-term course at University of Toronto

August 3, 2018 - September 25,2018

3 Kotaro Takamure D3 Prof. Yasuhiko Sakai Prof. Phiippe Lavoie
S5 JAER Mechanical Systems Engineering Inst. Aerospace Studies
August 2, 2018 - September 26, 2018
4 Shuichi Higaki M2 Prof. Yasuhiko Sakai Prof. Pierre Sullivan
EiE F— Mechanical Systems Engineering Mechanical and Industrial Engineering

% Medium-term course at University of Michigan

August 20,2018 -January 31, 2019

5 Takahiko Kosegaki M1 Prof. Kazuo Shiokawa Prof. Mark Moldwin
INEREE BE Electrical Engineering Climate and Space Science and Engineering
August 20,2018 - February 19, 2019
6 Kotaro Hotta Prof. Jiro Kasahara Prof. Mirko Gamba

M1

¥EE FAH

Aerospace Engineering

Aerospace Engineering

Y Medium-term course at UCLA

August 6,2018 -January 31, 2019

7 Koki Hojo M1 Prof. Noritsugu Umehara Prof. Suneel Kodambaka
JbiE =4 Micro-Nano Mechanical Scienceand |Materials Science and Engineering
August 6, 2018 -January 31, 2019
8 Hiroki Kogure M1 Prof. Tsuyoshi Inoue Prof. Tsu-Chin Tsao

rE X&

Mechanical Systems Engineering

Mechanical and Aerospace Engineering

% Long-term course at University of Michigan

August 6,2018 -March 22,2019

9 Ryo Tsunoda M1 Prof. Takeo Matsumoto Prof. Krishna Garikipati
Al R Mechanical Systems Engineering Mechanical Engineering
August 22,2018 -May 19, 2019
10 Kimihiko Sugiura M1 Prof. Seiichi Hata Prof. Gregory Hulbert
¥E ONE Micro-Nano Mechanical Scienceand |Mechanical Engineering

% Long-term course at UCLA

11

August 6,2018 -March 22,2019

Yuta Ujiie
KR X

M1

Prof. Koji Nagata
Aerospace Engineering

Prof. Chang-Jin Kim

Mechanical and Aerospace Engineering

Coordinators at Partner Universities

Prof. Katsuo Kurabayashi

Prof. Jenn-Ming Yang

Prof. Shaker Meguid
JUACEP Members

Prof. Yang Ju

Prof. Noritsugu Umehara
Prof. Toshiro Matsumoto
Assoc. Prof. Yasumasa Ito
Assoc. Prof. Takayuki Tokoroyama

Tomoko Kato, Administrative staff

Mechanical Engineering
Materials Science and Engineering
Mechanical and Industrial Engineering

Micro-Nano Mechanical Science and Engineering
Micro-Nano Mechanical Science and Engineering
Mechanical Systems Engineering

Mechanical Systems Engineering

Micro-Nano Mechanical Science and Engineering
JUACEP Office

JUACEP Office Room #341, Engineering Building 2, Nagoya University

Furo-cho, Chikusa-ku, Nagoya 4648603

Tel/Fax +81 (0)52 789 2799
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<2>Research Reports

Studies at University of Michigan

[S] Motoki Yamada, mentored by Prof. Richard M. Laine (P.6)

“Synthesis of MZPFe Nanopowders to Thin Films as Solid Electrolytes by Processing Liquid-
Feed Flame Spray Pyrolysis”

[S] Keiichi Okubo, mentored by Prof. Levi Thompson and Dr. Saemin Chor P.11)
“Synthesis of MO,C Supported Metal Catalysis”

[M] Takahiko Kosegaki, mentored by Prof’ Mark B. Moldwin (P.14)

“Thermal Testing of the New Small Magnetic Sensor for SmallSAT”

[M] Kotaro Hotta, mentored by Prof. Mirko Gamba (P.20)
“Experimental Investigation of Primary Breakup Induced by High Mach Number Shock
Wave”

[L] Ryo Tsunoda, mentored by Prof. Krishna Garikipati (P.29)

“A Computational Study of Cell Growth and Division as an Energy-Based Soft Packing
Problem Using a Diffuse Interface Framework”

[L] Kimihiko Sugiura, mentored by Prof. Gregory M. Hulbert (P.33)

“Sensitivity Analysis of Five-Link Suspension” (Undisclosed)

Studies at UCLA

[M] Koki Hojo, mentored by Prof’ Suneel Kodambaka (P.34)
“Reactive DC Magnetron Sputtering of M S, and M_S,/HBN Layers” (Undisclosed)
[M] Hiroki Kogure, mentored by Prof. Tsu-Chin Tsao (P.35)

“Stabilize and Repetitive Controller Design for an Active Magnetic Bearing”

[L] Yuta Ujiie, mentored by Prof. Chang-Jin Kim (P.43)
“Evaluation ofthe UCLA Low-Pofile Direct Shear Sensor for Air Flows in Wind Tunnel”
(Undisclosed)
Studies at University of Toronto
[S] Kotaro Takamure, mentored by Prof. Philippe Lavoie (P.44)

“Synthetic Jet Characterization for Differences in Nozzle Size and Thickness of Gasket

[S]1 Shuichi Higaki, mentored by Prof. Pierre Sullivan (P.48)

“Analytical and Numerical Modeling of High-Temperature Pressure Transducer”

[S] Short-term course; [M] Medium-term course; [L] L ong-term course
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Synthesis of MZPFe nanopowders to thin films as solid electrolytes

by Processing Liquid-Feed Flame Spray Pyrolysis

Motoki Yamada

Department of Materials Process Engineering, Graduate School of Engineering, Nagoya University
yamada.motoki@h.mbox.nagoya-u.ac.jp

Eleni Temeche, Richard Laine

Department of Materials Science and Engineering, Graduate School of Engineering, University of Michigan
elenite@umich.edu, talsdad@umich.edu

ABSTRACT

Although there are increasing demands on lithium-ion
batteries, development of alternatives that are lower cost or
are easier to assemble is under way. Here we target
developing thin film Mg®" conducting electrolytes for all-
solid-state Mg  batteries.  Initially, @we  made
Mg o(ZrysFep4)2(PO4); nanopowders (MZPFe NPs) as a
route to thin films of the same ceramic. In this work, NPs
synthesized by liquid-feed flame spray pyrolysis (LF-FSP)
were used as the starting material for fabricating thin films.
A suspension of MZP was made by mixing powders,
plasticizer, binder, dispersant, and solvent. After the
suspension was ball-milled for 24 h, suspensions were cast
on mylar and dried to obtain green films. The green films
were sintered at selected temperatures. The microstructures
of the sintered thin films were characterized using SEM and
XRD. We report characterization data here.

1. INTRODUCTION

There is no doubt that the one of challenging issues in
electrochemistry is the development of rechargeable
batteries with multiple performance capabilities including
sufficient energy density, appropriate voltage and current
capabilities, and low safety requirements. Conventional
lithium batteries containing liquid electrolytes based on
highly volatile and flammable organic solvents suffer
significantly from the potential to fail catastrophically via
electrolyte leakage, boiling, freezing, combustion or even
explosion, of particular importance for in vivo applications
[1-3]. There is considerable need to develop batteries with
much higher safety and greater energy densities to satisfy
growing market demands. Under such circumstance, all-
solid-state batteries (ASBs) have been proposed as a
fundamental solution [4]. They do not require liquid cell
electrolytes relieving this avenue for catastrophic failure.
They are also capable of operating over both wide

temperature and  electrochemical potential ranges.
Especially, for the most widely implemented Li ASBs
batteries [5]. Replacement of liquid electrolytes with solid-
state electrolytes should offer great advantages in terms of
ease of fabrication, flexibility in dimensions, battery
geometries, and safety features. However, the limited
accessibility of Li (e.g. low natural abundance in the earth's
crust 0.04-1.16% in brine ponds) goes against its
sustainability. High and probably rising costs also limit
future use of lithium ion batteries for large-scale
applications [6-8].

Alternately, magnesium is an excellent candidate for
batteries. It is an active metal, easily obtained in the earth's
crust (5th most abundant element, approximately 10* times
that of Li), and has high volumetric capacities of 3830
mAh/cc (vs. 2050 mAh/cc for Li). Additionally, Mg
provides greater atmospheric stability and melting point than
Li making it safer for handling compared [9].

In spite of these preferred attributes, the development of
Mg-based ASBs has been limited compared to Li batteries.
One critical issue blocking its progress is the lower
availability of stable Mg”"-conducting solid electrolytes that
enable reversible release of Mg*" ions from a magnesium
metal anode. This is because the interaction of Mg ion is
strong, it hardly diffuses in the solid phase, and the electrode
reaction is extremely slow. To date, there exist only limited
reports on Mg**-conducting solid electrolytes. Recently, R.
Laine groups reported that Ce-doped MZP thin films (45
pum) sintering at 1200°C has offered values of 1.9x10™
mS-cm™ at 200°C. Introduction of Ce allows sintering to full
density at temperatures where Ce free films do not densify
completely [9].

In this study, we develop Fe-doped MZP thin film
electrolytes. MZPFe nanopowders were first studied to
optimize compositions, and then thin films were processed
and analyzed on the morphology.



2. EXPERIMENTAL
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Fig. 1. Schematic of Liquid Feed Flame Spray Pyrolysis
[11]

2.1 Precursors synthesis

Triethyl phosphate, (C,Hs);PO,4, was used directly as the
phosphorus source. The three other precursors were
synthesized as sources of Mg, Zr, and Fe, respectively.

Magnesium propionate, Mg(O,CCH,CHj3),, was synthesized
by reacting Mg(OH), (157 g, 2.7 mole) with excess
CH;CH,CO,H (500 ml, 6.8 mole) in a round-bottom flask
equipped with a still head. The mixture was heated at 130 °C
for 2 h with magnetic stirring until it became transparent. On
cooling to room temperature, magnesium propionate
crystallized, then was filtered off, dried naturally, ground
into powder for use [9].

Zirconium isobutyrate, Zr[O,CCH(CHj),],(OH),, was
synthesized by reacting zirconium basic carbonate (160 g,
0.52 mole) with isobutyric acid (390 g, 4.4 mole) and
isobutyric anhydride (350 g, 2.2 mole) in a flask equipped
with a still head in N, atmosphere. The reactants were
heated at 110°C until they became transparent. Zirconium
isobutyrate crystallized on cooling, then was filtered off,
dried, ground into powder for use [9].

Iron propionate [Fe(O,CCH,CHj);] was synthesized by
reacting Iron hydroxide with excess propionic acid in a
flask.

2.2 Liquid-Feed Flame Spray Pyrolysis (LF-FSP)

The MZPFe nanopowders were prepared by liquid-feed
flame spray pyrolysis (LF-FSP) developed at University of
Michigan [10-18]. The LF-FSP apparatus consists of a
precursor reservoir, an ultrasonic atomizer, a combustion
chamber, and electrostatic precipitators (ESPs) as shown in
Figure 1.
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All the precursors for Mg, Zr, Fe, P, respectively
magnesium propionate (15.7 g), zirconium isobutyrate (35.6
g), iron propionate (48.7 g), triethyl phosphate (84.1 g) were
mixed and dissolved in ethanol (1400 mL), providing a
solution with 3 wt% ceramic yield. As-obtained precursor
solution was aerosolized with oxygen into a 1.5 m long
combustion chamber and ignited using methane/O, pilot
torches. After combustion and cooling, NPs were collected
downstream in wire-in-tube electrostatic precipitators
operated at 10 kV. Collected NPs and 1.0 wt% of bicine as
dispersant were dispersed into ethanol with an ultrasonic
horn. After sufficient sedimentation, the supernatant
suspension was decanted into a container, the recovered
powder dried in an oven at 80 °C for 12 hours.

2.3 Film processing

As-synthesized MZPFe NPs were mixed with binder,
plasticizer and solvents in designated ratios (Table 1), put
into a 20 mL vial. The suspension was ball-milled with 3.0
mm diameter spherical 99% zirconia beads (6.0 g) for 12-24
h to homogenize the suspension. A ball mill (Rotary
Tumbler Model B, Tru-Square Metal Products, Auburn, WA,
UK) was used for ball-milling.

The suspension was cast using a wire-wound rod coater
(Automatic Film Applicator-1137, Sheen Instrument, Ltd.,
UK) producing thin NP filled polymeric films. The gap
between the rod and the Mylar substrate was adjusted by
using spacers, therefore easily film thicknesses were
controlled.

After solvent evaporation, dried green films were cut into
small pieces, two were uniaxially pressed at
50MPa/100°C/5min between stainless steel dies using a
heated bench-top press (Carver, Inc), then manually peeled
off the Mylar substrate and cut to selected sizes.

Table 1. Starting chemical components for film casting

Components Roles Mass (g) | Wt.% | Vol%
MZPFe Powder 1.00 32 10
Polyvinyl .
butyral (PVB) Binder 0.10 3 4
Benzyl butyl .
Phthalate(BBP) Plasticizer | 0.10 3 4
Acetone Solvent 0.95 31 41
Ethanol Solvent 0.95 31 41

2.4 Film sintering

Green films were placed between Al,O; plates and sintered
in air at selected temperatures and times with a ramp rate of
3 °C/min in a furnace. The plates were used to prevent films
from warping through all the process.




2.5 Characterization
2.5.1 Fourier- transform infrared spectroscopy (FTIR)

Infrared spectra were obtained using a FTIR spectrometer
(Nicolet 6700 FT-IR, Thermo Fisher Scientific, Inc.,
Madison, WI). Optical grade KBr was ground with 1.2 wt%
of the as-shot powders. The ground powder was packed into
a sample holder and leveled off with a glass plate to give a
smooth surface. The FTIR sample chamber was purged
continuously with N, prior to data acquisition. Scans were
carried out in the range of 4000-400 cm.

2.5.2 Thermal gravimetric analysis (TG-DTA)

Mass loss events during heating of as-produced NPs were
characterized using a TGA-DTA (TA Instruments, Inc., New
Castle, DE). As-prepared MZP powders of 17-20 mg were
hand pressed in a 3 mm dual-action die, placed inside
alumina sample pans, and heated at ramp rates of 10°C/min
from ambient to 1000°C. A Nitrogen gas flow of 60 mL/min
was maintained during all SDT experiments.

2.5.3 Ionic conductivity measurements

BioLogic SP-300 potentiostat (Bio Logic Science Claix,
France) was used to evaluate the ionic conductivity of as-
sintered MZPFe films. All film surfaces were coated with
gold coatings using an SPI sputter coater (SPI Supplies Inc.,
West Chester, PA). Gold electrode with a diameter of 3.0
mm was deposited on both sides of film surfaces. Ionic
conductivity measurements were operated at 30-150 °C.

Nyquist plots were fitted using EIS spectrum analyzer
software to get total resistance of samples. Conductivities
(0,) were calculated from formula.

o,= d/(A,<R) (1)

where d, A,, R denote film thickness, electrode area and total
resistance, respectively.

2.5.4 X-ray diffraction (XRD)

X-ray diffraction patterns were collected using a Rigaku
Miniflex XRD system. The scans were collected from 10 to
80 in 20 with a step of 0.01° with Cu Ka radiation (1.541 A°)
as the X-ray source. The Jade program was used to
determine the presence of crystallographic phases, wt.
fraction, and to refine lattice constants. .

2.5.5 Scanning electron microscopy (SEM)

Micrographs were taken using JEOL IT500 SEM. Samples
were sputter coated with gold.

2.5.6 Energy Dispersive X-ray spectrometry (EDX)

A JEOL JEM-2100F (JOEL, Japan) aberration corrected
STEM operated at 200 kV with a SDD EDAX’s energy
dispersive spectroscopy (EDX) detector attached was used
to study the microstructure and chemistry of the
nanoparticles. TEM specimens were prepared by simply
dusting some dry powder on holey carbon film coated Cu
grids. STEM images were taken using both high-angle
annular dark-field (HAADF) and bright-field detectors.
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Element mapping was performed using Mg, Zr, Fe, P and O
X-ray signals.

3. RESULTS AND DISCUSSION

3.1 As-produced NPs

As seen in the Fig. 2, TG-DTA analysis of as-shot NPs
reveals mass losses of 10 wt% from adsorbed water and
carbonate species on heating to 400 °C, as expected from
other oxide NPs systems [18]. At the same time, exotherm
could be seen up to 200 °C accompanied by mass losses
from decomposition of adsorbed species. Unfortunately, the
crystallization points of as-produced powders were not
confirmed because crystallization exotherm was not
observed.

FTIR spectra of as obtained powders are presented in Fig.

3.
Metal oxide stretches appeared as a broad band between 400
and 700 cm™. Also, a broad and intense phosphate peaks at
around 1150 cm™ and weak OH peak at around 3400 cm
from stretching bands could be seen.

Fig. 4. XRD patterns reveal as-produced NPs tend to be
amorphous contrary to expectations. This might be because
the atoms were quenched rapidly before crystallization.

100 50
98 30
X 9% =
= 10 E
T 94 3
e 0
= ©

-30
90 %

88 ' ' ' ' -50

0 200 400 600 800 1000
Temperature [°C]
Fig. 2. TG-DTA analysis of as-shot NPs
1

Absorbance [a.u.]

400 1400 2400 3400
Wavenumber [cm™1]
Fig. 3. FTIR analysis of as-shot NPs
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Fig. 4. XRD pattern of as-produced NPs
3.2 Sintered films

Firstly, pressed green films were sintered at 750 °C for 3
hours, aiming to obtain dense films at temperatures as low
as possible. Fig. 5, EDX mapping shows that all elements
are distributed well except for iron. This might be ascribed
to the fact that the iron precursor did not solidify during the
synthesis. Fig. 6, SEMs show fracture morphologies for
sintered films. At 750 °C, processed film exhibited some
microporous structures, which means the film did not have
enough density. The Fig. 7. XRD patterns reveal phase
compositions of the as-sintered films. Unfortunately,
sintered film was composed of only Zr,(PO,),0 and ZrP,0,
without Mg phase. Relative contents of phases in sintered
films were 74 wt% of ZrP,0; and 26 wt% of Zr,(PO,),0.
Therefore, higher temperature in furnace process was
examined as a next step.

]

Fig. 5. EDX mapping of films after sintering at
750 °C/3h/air
(a) HAADF, (b) Mg, (c) Zr, (d) Fe, (¢) P, (f) O

Fig. 6. SEMs of fracture surfaces of films after sintering at
750 °C/3 h/air
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® Zr,(PO,),0
W Z:P,0,

Intensity [a.u.]

"

10 20 30 40 50 60 70 80
20 [deg]
Fig.7. XRD patterns of films after sintering at 750 “C/3h/air

Next, pressed green films were sintered at 900 °C for 3
hours. Fig. 8. SEMs show fracture morphologies for sintered
films. Contrary to the expectation, obtained fracture surfaces
did not look dense. On the contrary, much microporous
structures could be seen. Usually, higher sintering
temperature is examined in, denser structures can be
obtained. So, this results are needed to be examined again.
The Fig. 9. XRD patterns reveal phase compositions of the
as-sintered films. Unfortunately, sintered film was composed
of only Mg,P,0; and ZrP,0; without MZP phase. Relative
contents of phases in sintered films were 56 wt% of ZrP,0,
and 44 wt% of Mg,P,0,. Also, EIS spectrum of the sintered
films did not lead the ionic conductivity. One of the reasons
why this happened is the measurement was conducted at
room temperature and the frequency ranges were not proper.

Fig. 8. SEMs of fracture surfaces of films after sintering at
900 °C/3 h/air

A A Mg,P,0;
W ZrP,0,

Intensity [a.u.]

20 [deg]
Fig.9. XRD patterns of films after sintering at 900 “C/3h/air



4. CONCLUSIONS

In this work, we aimed to synthesize MZPFe nanopowders
to thin films via LF-FSP. The SEMs showed that the
sintered thin films had pores structures, not so dense.
Although EDX mapping of sintered films showed that all
elements were distributed, unfortunately MZP phase could
not be seen by XRD analysis. This might be ascribed to the
fact that the obtained powders were amorphous, not
crystalized. So, we have just started preparing the precursors
again to get powders containing MZP phase.
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ABSTRACT

Molybdenum carbides supported metal has been
reported to be a useful catalysts for ammonia synthesis and
low temperature CO, hydrogenation' % 3. High surface area
molybdenum carbide (a-Mo.C and B-Mo,C were mixed)
were prepared by the temperature programmed reaction with
CH4 + H, mixed gas. To prepare molybdenum carbide, the
precursor (NH4)6sM07024¢4H,0O was heated up to 863K and
held for 2 h under CH4 + 4H; flow. The surface areas of
Mo,C were about 145 m? g'. Molybdenum carbides
supported metal (Co, Ni, Ru) were prepared by the incipient
wetness impregnation method, and then were reduced at
723K under H, flow. After the reduction, Mo,C supported
metal catalysts were confirmed that they have the
appropriate crystal structure by XRD (X-ray diffraction
analysis).

1 INTRODUCTION

Molybdenum carbides supported metal has been
reported to be a useful catalysts for various reactions. For
example, these are ammonia synthesis and low temperature
CO;, hydrogenation and so on'”. In particular, ammonia
synthesis is a very important reaction for our lives. More
than 180 million tons of NHj3 are produced annual via the
Haber-Bosch process which converts N, and H at high
temperatures (400-500°C) and pressures (150-300 bars).
Ammonia synthesis also accounts for 1-2% of global energy
consumption. The development of higher activity catalysts
that can operate under less severe conditions would enhance
the economics associated with and sustainability of NH3
synthesis®. Previously, Mo,C and Mo>N have been reported
to be more active than Ru-based catalysts, but slightly less
active than the doubly-promoted Fe catalyst typically used
in industrial processes. Moreover Mo,C and Mo,N have the
unique property depending on the crystal structure. 3-Mo,C
showed the higher activity for ammonia synthesis than a-
MoC*°. To enhance the performance of the bulk carbides,
we introduced metals including Co and Ni, Ru. And we
investigate the interaction between the metal and carbides.
First, we focused on the synthesis of the high surface area
molybdenum carbide (a-Mo,C and 3-Mo,C were mixed)
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and molybdenum carbides supported various metals in this
study.

2 EXPERIMENT SECTION
2.1 Preparation of high surface area molybdenum
carbide (HSA-Mo:C)

HSA-Mo,C was prepared using a temperature
programmed reaction technique starting from an ammonium
molybdate (AM) precursor, (NH4)sMo07024¢4H,O (Alfa
Aesar). 1.7g of AM was sieved to 60-120 pum and then
loaded into a quartz tube reactor (Fig. 1). The AM was
treated in H» flowing at 400 mL/min for 70 min, as the
temperature was increased from 298 to 623 K and held at
623 K for 12 h. The reaction gas was then switched to 15%
CH4/H> (400 mL/min) while the temperature was increased
to 863 K in 1.5 h and maintained at 863 K for 2 h. The
reactor was then immediately quenched to room
temperature. (Condition A) The reaction is showed by the
following formula (1)

2(NH4)6M07024'4H20 + 7CH4+ 35H,

—7Mo,C + 12NH; + 56H,0 (1)

For comparison, molybdenum carbide was prepared under
another experimental conditions. In the condition B, the AM
was treated in H; flowing at 400 mL/min at 373 K. In the
condition C, molybdenum carbide was synthesized in the
reactor containing oxygen by condition B (Table 1).

Table 1 Preparation condition of HSA-Mo,C

Condition Gas Tinitial Tfinal tramp tsoak
(Step)

A(1) (Ha) 298 K 623 K 70 min 12 hrs

AQ2) (CH4/H;) 623K 863 K 90 min 2 hrs

B(1) (Hy) 373K 623 K 70 min 12 hrs

B(2) (CH4/H,) 623K 863 K 90min 2 hrs




(NH,)gM0;0,,*4H,0

W

Fig. 1 A pattern of the preparation for HSA-Mo,C
2.2 Metal deposition on HSA-Mo2C

Co/HSA-Mo,C, Ni/HSA-Mo,C, Ru/HSA-Mo,C were
synthesized by incipient wetness impregnation of HSA-
Mo,C (0.144 cm’/g pore volume measured by N»
physisorption) with aqueous solutions of Co(NOs3),*6H,0
(Alfa Aesar) , Ni(NOs),*6H,O (Alfa Aesar), RuClgsnH,O
(Alfa Aesar) (5 wt% loading). The amount of solution
corresponds to the pore volume of HSA-Mo,C. The freshly
synthesized Mo0,C was transferred under Argon to a H,O-
tolerant, oxygen free glovebox filled with N to avoid any
bulk or surface oxidation of Mo,C. The resulting catalysts
were dried in the glovebox on a heating plate at 373 K for 1
h and then transferred under Argon into a quartz reactor
where they were reduced in flowing H, (400 ml/min) for 4 h
at 723 K.

g | | - M -

Fi.2 The picture of the globe x filled with inert gas.
2.3 Characterization method

Surface areas of the materials were measured using a
Micromeritics ASAP 2010 analyzer based on N;
physisorption. All of the Mo,C-based catalysts were
degassed (< Smm Hg) at 623 K for 4 h prior to the surface
area measurements. The bulk crystalline structures were
characterized using X-ray diffraction (Rigaku Miniflex 600)
with 20 ranging from 10° to 90° and a scan rate of 5 °/min.
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3 RESULT AND DISCUSSION
3.1 Preparation of HSA-Mo.C

Fig, 3 showed that the color of the molybdenum carbides
was changed from white to grey after flowing CH4/H> gas.

(NH4)sM0;0,424H,0

CH,4/H, flow

—>

Fig.3 Synthesis of HSA-Mo-C.
3.2 Crystal structure of HSA-Mo:C

HSA-Mo,C

The crystal structure of the molybdenum carbides were
investigated by XRD (Fig. 4). In condition A, the
molybdenum carbides mixed with a-Mo,C and B-Mo,C
were synthesized (the target product). However, condition B
and condition C didn’t make them. In case of condition B,
B-Mo,C was generated as most stable phase’® because the
reaction temperature is higher than that in condition A. In
case of condition C, M0,O and a-Mo>C and 3-Mo,C were
mixed. It means that oxides are formed due to the slight
contamination of oxygen.

: B-Mo,C

Conditioh A

| e0-Mo,C |

Intensity (a.u.)

20 40 60

20 (degree)
Fig. 4 The XRD patterns of HSA-Mo,C.

3.3 Mo:C supported metal catalysts (Co/HSA-Mo2C,
Ni/HSA-Mo2C, Ru/HSA-Mo:C)

The XRD patterns of the Mo,C supported metal catalysts
after reduction were showed in Fig. 5. The crystal phase of
the Mo,C were not changed after metal loading. It was
expected that supporting metal were dispersed on HSA-
Mo,C by incipient impregnation method because the peaks
of supporting metal were not emerged or slightly emerged.



Co/HSA-Mo,C

Ni/HSA-Mo,C

Ru/HSA-Mo,C

Intensity (a.u.)

HSA-Mo,C

20

40 60

20 (degree)
Fig. 5 The XRD patterns of Mo,C supported metal catalysts.

4 CONCLUSION

High surface area molybdenum carbides were prepared
using a temperature programmed reaction technique starting
from an ammonium molybdate precursor. They have both
a-phase and B-phase. And Mo,C supported metal catalysts
(Co/HSA-Mo2C, Ni/HSA-Mo2C, Ruw/HSA-Mo,C)
synthesized by incipient wetness impregnation method.
After metal loading, the crystal structure of the molybdenum
carbides were not changed.

FUTURE WORK

In this study, molybdenum carbides supported metal were
synthesized. By using them, the catalytic performance test
should be done. For example, ammonia synthesis. It also
would be nice to change the amount of deposition of
supporting metals and test them in order to investigate the
interaction between the metal and mixed phase molybdenum
carbides.
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Abstract.

Magnetic field sensors are getting smaller and use
less electric consumption. Thus, the researchers are in-
terested in multiple point observations using a number
of small spacecraft in the magnetosphere. RM3100,
which made by PNI sensor corporation, is one of the
candidates of the small (20 mm x 20 mm) L/R magnetic
sensor for small spacecraft. This paper examines the
temperature dependence of this sensor using a dry ice
and a magnetic shield can. The sensor’s slope coeffi-
cient was 3.1 nT/°C in linear fitting in maximum. It is
too large to be negligible with respect to the sensor’s
resolution. Moreover, once the temperature of sensor go
to below — 42 °C, it generates relatively large spike
noise unless the temperature is higher than -40 °C(the

lower limit of the sensor).

1. INTRODUCTION
1.1 GEOMAGNETIC FIELD

There are magnetic fields surrounding the Earth,
called the magnetosphere. The magnetosphere has a dis-

torted shape, unlike the magnetic field of a bar magnet,

due to the solar wind (see Fig. 1). The solar wind is a
cloud of ionized gas and transport the magnetic field of
the Sun as the Interplanetary Magnetic Field (IMF) [1].
The IMF reaching the Earth’s geomagnetic fields (mag-
netopause) combine with the geomagnetic field. After-
wards, it passes the Earth and the geomagnetic field re-
connects at the opposite side of the Earth at the back of
night side (geomagnetic tail). Then, the energy of the
magnetic field is converted into the kinetic energy of
particles [2] [3]. As a result, it constructs ring currents
and radiation belts that contain the highest energy in the
magnetosphere. That region contains the possibility of
killing the astronauts and damaging electronics on

spacecraft [2].

1.2 MAGNETIC DISTURBANCE

When the energy transfers from IMF into mag-
netosphere, enhancement of ring current is observed.
Then, a rapid decrease in the Disturbed Storm Time
(Dst) index is also observed (see Fig. 2). The substorms
are also a phenomenon of magnetic disturbance in the
magnetosphere. It differs from the geomagnetic storm

in the time and space scales. Its timescale is shorter and



more localized than the storm’s. It should be noted that
all storms are accompanied by substorms, but not all
substorms are associated with a storm [2]. Understand-
ing these behavior of the magnetic field is one of the

most important objectives for a space whether forecast.

Geomagnetic Tail

Fig. 1 The schematic of the geomagnetic field and IMF.
(from Moldwin, 2008)
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Fig. 2 When the geomagnetic storm occurred, the Dst de-

creases suddenly. (from Moldwin, 2008)

1.3 MEASUREMENTS

Traditionally, it is difficult to observe different points in
the magnetosphere simultaneously. However, the signif-
icant progress of sensor and electronic technologies en-
able the magnetic field measurements at low electrical
consumption and manufacturing costs. Therefore, re-

searchers are interested in small satellites to investigate

the multiple points in the magnetosphere simultane-
ously (e.g. [4]). Therefore, the commercial off the shelf
(COTS) instruments (e.g. [S] [6] [7]) attract researchers

because of manufacturing time and cost savings.
1.4 MAGNETIC-INDUCTIVE (MI) SENSOR

The RM3100 is a COTS 3-axis magneto-inductive
(MI) sensor that lacks an analog-digital (A/D) converter,
as shown in Fig. 3. It is small and low powered, which
enable to be used in SmallSATs. The basic circuit is
shown in Fig4. Hp and I represent the external mag-
netic field parallel to MI sensor and the current running
through the circuit. The total magnetic field that the sen-

sor experience is represented as:

ko represents the constant that depends on physical pa-
rameters of the sensor. The Schmitt trigger generate a
signal oscillating between 0 V (logical “0”’) and Vs (log-
ical “17), using the feedback through the coil. The core
of solenoidal coil in MI Sensor has a magnetic permea-
bility that depends on the magnetic field through itself.
If there is external field, the difference of permeability
can be measured by observing the difference of the fre-
quency of oscillation. Counting the frequency of the os-
cillation using the internal clock of the RM3100 pro-
vides the magnetic field value. According to past re-
search, this sensor has a resolution of 8.73 nT [5]. How-
ever, the question remaining is whether the sensors have
a temperature dependence. In general, such a low noise
sensor is made of the materials should have a stable tem-
perature dependence. However, there is the possibility
that the solenoid is stressed a little which affects the
value of the measured magnetic field. Therefore, this

paper studies the temperature dependence of the sensor.



Fig. 3 RM3100 is as small as US quarter coin.
(b)
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Fig. 4 The basic circuit of the MI sensor (a) includes the

Schmitt trigger which oscillate like (b).
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Fig. 5 The cycle times of oscillation are set same value
without external magnetic field in negative and positive
biased (c) When the external magnetic field are applied,
the difference between the cycle times derives the magni-

tude of magnetic field.(from Leuzinger and Taylor, 2010)

2. METHOD

The thermal test procedure requires the minimiza-
tion of noise to get an accurate temperature dependence
curve. Ideally, the test should be held in a noise free
space with the same sensor, however, another method
was chosen in this paper. We used two RM3100 mag-
netic-sensors to get simultaneously both of the magnetic
field values with the temperature changing and not. The

procedure of the thermal test is:

1. To characterize two of RM3100 magnetic field
sensors, both sensors were placed next to each other.
The system was left running for 60 h (see Fig. 5-a).

2. To measure the difference of the magnetic field
inside and outside of the shield can, one sensor was
placed in the shield can, the other one was placed out-
side the shield can. The system was also left running for
60 h (see Fig. 5-b).

3. A similar system to 2. but the dry ice was added
inside the shield can and was left running for 60 h to test
for the temperature dependence (see Fig. 5-c).

4. Finally, to test if there was permanent damage to
the sensor due to temperature change, experiment 2 was
run again for 60 h.

Arduino uno, which made by Arduino,
was used to run the RM3100 magnetic sensors.
It offers the operation of four devices in same
time with ASIC communications. This control
board has five analog ports and 14 digital ports.
The analog ports were used to communicate with
TMP36 temperature sensor, which made by An-
alog Devices, Inc. Note that the wires connected
to the SD card reader generate huge noise on the
measurements of TMP36. Therefore, TMP36
should be separated away from wires connected

to SD card reader.

(a)

Sensor 1

(b) (c)

Sensor 2 Sensor 2

Sensor 2

Sensor 1

Sensor Stage

Shield Can

Fig. 6 (a) The test to reveal the difference of sensor char-
acters (b) The test to reveal the difference of the inside
and outside the shield can. (c) The main thermal test with

the dry ice



3. RESULTS AND DISCUSSION
3.1 SPIKES AND TEMPERATURE GRADIENT

Fig. 7 shows the three measurements gathered with
the RM3100 and the temperature in the shield can. The
measurements of RM3100 was calculated into the mag-
netic field(Bx, By, Bz). There is a flat period in the
measurements of temperature because the temperature
was outside the sensor’s measurement range of -50 ~
+150 degrees. In Fig.7, the three groups of noise spikes
(labeled 1, II, IIT) can be seen. Because the two sepa-
rate chunks of dry ice melted at different times, the tem-
perature graph had two sections of temperature rises.
The notable point is that there are few noise spikes be-
tween L. and II. even though the temperature was below
-50 degrees. It indicates the possibility that spike noise
occurs when the temperature suddenly changes causing

a problem in the electrical circuits.
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Fig. 7 The measurements of magnetic field becomes noisy

when the temperature is changing.

3.2 TEMPERATURE DEPENDENCY

Fig. 2 shows the graph of the magnetic field ver-
sus temperature. To see the trend of the graph, the meas-
urements was taken the moving mean of 1000 samples
with Matlab(Mathworks, Inc). You can see the gradual
rise of the magnetic field value depends on the temper-
ature on Bx and By. Furthermore, the shapes of the
first 20 minutes(cooling) and heating curve (Fig.
9) are similar. It indicates that temperature de-
pendency is an inherent characteristic of each

sensor.
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Fig. 8 The measurements of magnetic fields versus time
while the temperature rising (These results were the mov-

ing mean of 1000 samples)

Table 1 Trend coefficients of magnetic field to temperature

axis Trend coefficients (nT /°C)
X 2.8
Y 3.1
/ 1.0
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ency of cooling(first 20 minutes) and heating

3.3 NO PERMANENT DAMAGE

The testing was carried out beyond the
temperature range specified by the manufac-
turer, hence the sensors might have been dam-
aged. Fig. 10 shows the measurements five days
after and before thermal testing. The resolution
does not get worse and there is not any addi-
tional spike noise in the measurements after
thermal testing. The effects of thermal test did
not remain more than five days after testing.

500

Bx [nT]

By [nT]

Bz[nT]

0 6 2
Time [aT]

Fig. 10 The measurements of magnetic field five

days after thermal testing

CONCLUSION.

This test showed the significant temperature
dependence of the magnetic sensors, however each axis
behaves differently. Basically, the measured magnetic
field rises with the temperatures (Fig 8). Their coeffi-
cients of trend are shown in Table 1.

After temperature drops below -40 °C, a spike
noise tended to appear when the temperature was chang-
ing.

It is recommended to do the thermal testing at
temperatures above -40 degrees again. Using the ther-
mal chamber, the chamber is made cooled below -40 de-
grees. When the thermal chamber will be -40 degrees,
the sensors will be put in it. By doing so, the real tem-
perature dependency of each sensors will be revealed.
Furthermore, whether the increase in the noise spikes
below -40 degrees is caused by the sensor’s temperature
limits or sharp temperature changes is still to be inves-

tigated.
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Abstract

This work investigates the primary breakup
process in the supersonic crossflow. The flow is
generated in a shock tube facility and the breakup
process is captured by a high speed camera using
the schlieren technique. Break up cased by an
incident shock wave with Mach number of 3.5,
which induces a Weber number of 9003, is
investigated. Instabilities are observed on the
windward side of the water column, and it is
presumed to be the growth stage of the Rayleigh-
Taylor instability, ultimately causing the breakup.

Nomenclature
p,,= density of ambient flow
p; = density of liquid
u, = velocity of ambient flow
d, = diameter of water column
o0, = surface tension of water column
4, = dynamic viscosity of liquid
Priver — Dressure at the driver section

Dysiven — DrEssure at the driven section

We = Weber number

Oh = Ohnesorge number

Ms = incident shock Mach number

M, = flow Mach number behind incident shock wave

M, = flow Mach number behind reflected shock wave

1. Introduction

The primary breakup processes of a liquid
column in a gaseous crossflow was studied
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experimentally and numerically, motivated by
applications to spray break up in crossflow in air-
breathing propulsion systems, liquid rocket engines,
diesel engines and agricultural sprays. Classically,
the primary breakup processes in the subsonic
crossflow are characterized by the Weber number
(We) and Ohnesorge number (Oh). For a liquid
column, they are defined as:

uld,

We = 2=l 1)
o]

Oh = al )

\Pio1do

At low Ohnesorge number (Oh < 0.1), the
mode of primary breakup is classified into four
regions. They are expressed column, bag,
multimode and shear breakup, and the
corresponding Weber numbers are We < 4, 4 < We
<30, 30 < We < 110, 110 < We, respectively. [1]
The primary breakup process of a liquid column in
supersonic  crossflow  was  also  studied
experimentally and numerically, [2][3] which is
aimed for the application of supersonic combustion
of scramjet engines and transpiration cooling of re-
entry vehicles. In the experimental study, [3] they
are varying the injector shape and reveal the
correlation of injector shape and the penetration
height of liquid which is critical for a combustor.
However, we lacked the physical understanding of
breakup process in the supersonic cross-flow. The
objective of this investigation is to further
investiagate the process of primary breakup in
supersonic cross-flow generated by a high Mach
number incident shock wave over a range of Weber
numbers.



2. Apparatus and Instrumentation

The experimental equipment is composed
of two main components: the facility used to
generate an incident shock wave and the water
column generator. The incident shock wave and the
flow is generated in the Hypersonic Expansion
Tube facility [4] at the Gas Dynamics Imaging
Laboratory at the University of Michigan. It is
composed of a 2.9 m long driver section, a 8§ m
long driven section and a 3 m expansion section. At
the end of the driven section and at the end of the
expansion section it has a group of four
equidistantly spaced pressure sensors. These
sensors are operated at a sampling rate of 2 MHz
and are used to measure the velocity of the incident
shock wave. This facility was operated in incident
shock mode, with the 2.9 m long driver section and
the 11 m long driven section. The test section is
connected at the end of expansion section. The test
section has a dimension of 457 mm X 483 mm X
343 mm. It has parallel UV-grade quartz windows
at the both sides of the test section that provide us
optical access to the end of the shock tube exit. The
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water column generator is connected on the top of
the test section, and it generates a stable water
column with a speed of 2.8 m/s and a diameter of
1.2 mm. A schlieren system is used to record the
primary breakup process. Although several
conditions were investigated, here we only consider
one specific operating condition, which is
summarized in table 1.

3. Experimental Results and Considerations
A. Test conditions

We conducted tests and their conditions are
summarized in Table 1. High speed images of tests
are recorded with a Phantom v711 camera at a
resolution of 128 X 32 pixels. The field of view of
about 40 mm X 10 mm is kept. The frame rate is
set to 600,000 frames per second. We used a pulsed
LED light source that generates pulses with a 650
ns width as the light source of the schlieren system.

Table 1, Test conditions

Test case Gases Pgriver Priven M, Ms We
driver/driven [MPa] [kPa] [-] [-] [-]
1 He/Air 1.35 12.6 1.5 3.5 9003

B. Results and Discussion

The breakup sequence at test case 1 is
shown in figure 1 as a typical result (incident shock
is from left to right), and the trajectory of the
reflected shock wave and windward (left) edge of
the water column is shown figure 2. The origin of
the x-axis corresponds to left edge of initial water
column position. The time for each image is given
with respect to the arrival of the incident shock
wave at the water column. Time steps between
images are not of equal interval. In figure 2, the
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position of the water column is normalized by the
diameter of the water column, and time is
normalized by the breakup time of a liquid column
scale with the liquid phase time, *, from [6], which
is defined by Eq. 3. The field of view consists of a
38.01 mm X 9.50 mm rectangular window. As the
resolution is 0.297 mm per pixel, the 1.22 mm
water column is resolved by four pixels.

0.5
d
= (Z—l> = 3)
[22%
g
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(e)t=333ps

(£)r=80.0 pus

(©)tr=33ps

(d)t=183 ps

(g)t=165.0 pus

(h) £=256.7 ps

Figure 1 Breakup sequence for test case 1
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Figure 2 The trajectory of water column and reflected shock wave.

The water is injected at a speed of 2.8 m/s
and forms a straight and smooth column (figure 1
(a)). An approximately 1.5 mm of low light
intensity region on the left-hand side in figure 1 (b)
indicates the incident shock wave entering the test
section. The reflected wave can clearly be
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identified as it propagates upstream on the left-hand
side of the water column (figure 2 (c), (d)). Since
an intensity increase corresponds to a positive
density gradient to the direction of the positive x-
axis, the recorded wave is identified as a reflected
shock wave.

The second sequence starts with the
stripping of droplets and ligaments from the water
column. Both sheared off ligaments and a fine mist
can be seen the leeward side of the water column
(figure 1 (e), (f)). The instability starts to form in
the windward side of the water column (figure 1
(g)). As the lower density fluid (air) goes to the
higher density fluid (water), these instabilities are
supposed to be associated with a Rayleigh-Taylor
instability. The fastest growing wavelength of the
Rayleigh-Taylor instability at the initial stage is
computed by[6]
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a (pl -Py)

“)

)\’M =

where & is the fastest growing wavelength and a is
the acceleration in a direction normal to the
interface. We can write the fitting curve of the
trajectory of water column by x = 312440 7, and R*
value is 0.9996. The properties of water at an



ambient temperature, ¢, =72 mN/m and p, = 996.5
are chosen. When we assume the density of air is much
lower than the density of water, that is (p, - p_) = p,, the

wavelength is computed as Ay= [:% = 263 um. The
1

wave length of the instability which is observed was

approximately 1mm, and that corresponds to three pixels.

As this is the minimum wavelength which can be
recorded in this camera setting, the initial wavelength
could be smaller than 1 mm.

Conclusion

We investigated the primary breakup process of the
water column in supersonic crossflow. We observed

instabilities on the windward side of the water
column, and it is presumed to be the growth stage
of the Rayleigh-Taylor instability.
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A computational study of cell growth and division
as an energy-based soft packing problem
using a diffuse interface framework

Ryo Tsunoda, S. Rudraraju, J. Jiang & K. Garikipati

Abstract
We present computational studies on the dynamics of cell aggregation
including cell growth, division and packing. The underlying models were
established in previous research but computational results were shown
only up to the twelve-cell stage. In this research, we studied the energy of
soft packing as the cells divide and grow to fill a volume. The challenge lay
in treating interface contact by allowing several equilibration phases in the
dynamics, without which unphysical solutions are obtained to the
dynamics of growth and division. Also included are the dynamic change in
total free energy, which is our measure of packing efficiency.

1. Introduction

Cell aggregation can be described by observing molecular architecture of the cell
surface, the mechanisms which controls how dispersed cells are repelled, and the
force which causes dispersed cell to aggregate and switch to aggregation [1].
Switching to the aggregation permit correlation of cell-cell interactions with cell
differentiation, viability and migration, as well as subsequent tissue formation [2].
Therefore, cell aggregation can be considered to be a basic process behind many
process in life, tissue engineering [3], tumor hyperplasia and migration [4], cell
healing [5] and embryogenesis [6]. Therefore, it is necessary to understand the
underlying process and mechanism of tissue aggregation to better understand these
phenomena. Cell aggregation is consisted from the single cells or the multi-cells
activation such as cell division, differentiation, migration and packing. It is
commonly accepted that the growth of the cell cluster is controlled by the signal path
way, influenced by the chemical environment and the mechanical interaction but the
research of their affection according to spatial and time variation is primary. In order
to further study these mechanisms, we will explore the application of computer
simulation.

In previous research effort, lattice models have been used by researchers to study
cell aggregation model. In this model, the cell is represented as a square or
hexagonal lattice site in the field filled with either lattice [15]. The cells are
considered to involve through free energy minimizing cell pair exchanging. This
simplified model gave the insight to represent cell aggregation, but it failed to model
the cells dynamics generally observed in real cells. One limitation is the single lattice
representation of cells, which can’t represent the cell shape with the exception of the
square or hexagonal shape. To improve the model representation, sub-cellular lattice
models were developed, using high-Q Pott model [11]. Cells represented by this
model were represented with a cluster of the lattices instead of a single lattice,
making the model cell shapes more real. Additionally, although cell migration was
represented by the exchange of cell pair in lattice model, more realistic cell migration
was realized by the lattices at boundary of the cell switching the parent cell. This
switching allowed the cell to approach the length of a lattice to the neighbor cell.
Sub-lattice models allow better representation of complex cell shape than lattice
model but the cell boundary is still jagged and the shape of the cell is unrealistic.
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As a more realistic model, cell-centric/center dynamics models [14] and vertex
dynamics models [8,16] were used to model the cell aggregation problem. Cell-
centric/center dynamics model represents the cells through Voronoi tessellation
which divide the plane to the specific subsets of the plane based on the distance from
point and evolution of the boundaries is achieved by a free energy minimization
movement of the forming points. Vertex models describe the cell as an approximated
polygon. The vertexes are set on the point on the interface shared by over three cells
and the area surrounded by vertex and the line connecting neighbor vertexes are
considered as the cell. The cell dynamics are driven by the free energy minimizing
pair through movement of vertices that conserve cell volume and the internal virtual
work is assumed from the variation of the vertexes. Vertex models express the cell
dynamics including cell-cell interaction, cell extrusions and cell divisions in 2D and
3D models but the boundaries of cells are still polygon different from real cells.

The models mentioned above have succeeded at representing cell aggregations in
high or low quality, however, still lack the ability to describe the smooth and
anisotropic cell shape evolution and the mechanism of cell surface evolution due to
cell-cell contact as seen in real cells. We call this problem focusing on the process of
growth and evolution of multi-cell aggregates the soft packing problem.

Previous research succeeds at solve the soft packing problem with a finite
element methods based on phase field method [13,17]. The phase field methods are
useful to model diffuse interface kinetic. The evolution of a species concentration
and/or phase is represented with a set of conserved or non-conserved order
parameter and the relationship between order parameters and interface kinetic is
determined according to the parabolic partial differential equations, which are
referred to Cahn-Hilliard formulation (for conserved order parameters) [11] and
Allen-Cahn formulation (for non-conserved order parameters) [7]. The model
succeeded to represent cell division, migration and growth likewise older models.
Additionally, it allows for high fidelity representation of smooth, anisotropic cell
geometries, cell-cell contact evolution and the resulting mechanical compaction.

The model in previous research succeeded to fill the entire domain with 12 cells
shown in fig.1d but 2, 4 and 8 cells could not fill within the membrane. Therefore, we
give the model filled entire domain with fewer cells and compare the energy of 2, 4
and 8 cells to understand and help improving soft packing model.

(a) Initial single circular cell. (b) Four cells. (c) Eight cells. (d) Twelve cells.
Fig.1 A demonstration of the progression of cell division from one cell into twelve cells. Cell
interiors are shown in red and the cell membrane in cyan- yellow, refer from J. Jang 2018

2. Materials and Methods
2.1. A phase field formulation

Let Q be QeR2and 0Q be a smooth boundary of Q. The scalar field is written as
ckel0,1], where k=1,---N distinguishes the interior and exterior of the cell. The

interior of cell k is wxeQ, where 0i={XeQ | c(X)=1} and the exterior of cell k is O\ o
The free energy density function of the cell k is the following form:

¥ (60 = ack(eo— 1% + 5[V, [? M
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The first term f(cx) = ac?(cx — 1)? distinguish oxand Q\ o The second term
determine a diffuse cell-matrix interface of finite thickness, where k control the
interface thickness.

The summation of free energy for N cells in Q is expressed with the following
term by adding a cell-cell repulsion term and the principal moments of inertia term

N dim
f W(c,Ve)dv + szskakr“— Ii)?
k=1 i=
N N dim
K e )
_ f (Z Fleo) + ZE Ve, |? +Zz,1c,3cf>dv + zzcs,g(l;c f Iy @)
Q \k=1 1=k k=1 k=1i=1

Here X is a penalty coefficient that enforces repulsion between any two cells. 8} is
a mechanical modulus penalizing variation of I, principal moment of inertia of ith cell
from I iref, the 1tk principal moment of inertia when ith cell birth. Therefore, we can
describe anisotropic mechanical character such as elasticity. The moment of inertia
tensor through the center of mass is described as following.

f cX2 av f X, %, AV

Ii1[c] ILiz[c
9= Lo il = (g [or ®
ch1 X, dv chZZ av
Where, with the center of mass and the difference between the optional position
and center of cell mass with respect to the Cartesian coordinates
Jo cX;av
== @
J, cav
K= Xi— Xi 5)
I which denotes a principal value of the moment of inertia tensor of the kth cell
are calculated through Cayley-Hamilton theory
12 — Itrl, + detl, = 0 (6)
The deliberative of (2) with respect to cxis described as following formulation
ST lc; w] = 7 f Z (f(ck + ew) + = IV(ck + ew)|? + Zl(ck + ew)?ct ) av
€ 1%k
N dim
b e 2 B = i+ cal)
de "
k=1i=1
N dim
= f (f (cp) — kAcy, + Z 2Accf ) dv — Z Z 26k Ikref - Ik[ck]) [L[ci]
Q 1=k
+f wkVc, -ndS (7)
6Q
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where I is

Jo o (el = X2 [cXZav — X3 [cXPav +2X, X, [cX, X, dV)av

. (8)
, 210 — trl
with the tensor
7= [ X7 X, X, ] (9
X1 Xp X3
Then, chemical potential y;, is defined as
dim
U = f'(c) — klAcy, + Z 2Acct — Z 25,i (I};ref - 1,‘() f,i (10)
N 1%k i=1
where [}, is
i = Iiol — X2 [cX2dV — X2 [cX?adV +2X, X, [cX, X, dV (11

2IL — trl
At equilibrium, 611, [c, w] = 0 for the kth cell, yielding y; = 0 in Q, and kVck'n =0 on

Scalar field ck is denoted in the following parabolic partial differential equation,
generally known Cahn-Hilliard equation, considering the delineation, growth of the
N-cell aggregate and repulsion between cell pairs

ack

Fra =V (=MVu) + s¢ (12)

where the source term s, and the mobility M. The dynamics of the cells in soft
packing problem is governed by Equation (12) with the thermos dynamics denoted by

Equation (10) and the boundary conditions k Ve *n = 0,¢, = 0 on 6Q for k= 1,...N.

We use explicit-implicit methods in order to discretize ¢, and y, depending on
time. Let the time step At = t"*1 — t™ Then, the simulation start from the initial
conditions which are given as {cg, up} and the conditions at nth time step are denoted
as {cl, ult}.

= + At(MV - (Vupth) + )

dim (13)
BT = M 0D — kAR + ) 2 = Y 26 (1 - 1)
£k i=1
The weak form follows: Find c¢}'** € § = {c € H1(Q)|c = 0 and Vc*n = 0 on dQ} such

that for any arbitrary variation w € V = {w € H1(Q)\w = 0 and Vo*n = 0 on dQ} on
¢ the following residual are satisfied:
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f wctttadv = f wcl — Vo - AAMVu*t + wsy, dV
Q Q
(14)

f wuttdv = f wf ™ () + Vo - kVe dv + f
Q Q

w Z 2AcMHicn+1? gy
Q

l#k
dim

=Y 26t (1 - 1) f Wit dv
i=1 a

Spatial time discretization is calculated with a standard finite element frame
work and use bilinear quadrilateral elements.

2.2. Cell division

The cell mass of kth cell at nth time step is described as mj; = fn cir dV. When the

tolerance of the cell mass at current time and the twice cell mass at initial time & =
m} — 2m) become larger than zero, the cell start to divide. Then the number of cell
increase from N to N+1 and the new scalar field is described as cy,; at initial
condition. The cell division axis is corresponding to the direction of major principal
axis of moment of inertia through the center of the parent cell just before division.
Thus, the new interface dividing the cells is along to major principal axis of moment
of inertia of kth cell at time 2. When the cell mass of kth cell reach to twice larger
than initial cell mass at nth time step, o} divided to w?*! and wit} at n+Ith time
step. Setting the measure of w;, as meas(wy, ), meas(w?*') and meas(w}*!) are equal
to 0.5meas(w}). Though At is basically determined such that it ensure the stability
and convergence of the Cahn-Hilliard dynamics, we introduce the adaptive time step
to ensure the cell dividing convergence and stability. During cell dividing, At is
decreased by a factor of 1.0x10™ where m is less than 7 for a few time steps less than
5. After that term, the time step is back to regular value till next cell division start.

2.3. Controlling the mass of cells

Here I explain the way to fill the entire field with the cells, the number of which
is less than 12. The area of the cells at final step is set as the area of entire domain
divided by the number of cells to fill the entire domain with the cells. But there are
the things that the cell grows skipping the neighbor cell since the interface of the
cells reach to the boundary before the entire domain filled with the cells as shown in
fig.2 and the cell was collapsed since there are no space to expand at interface of the
cells and could not be converged. The reason why it happens is the cells grow too
rapid to repel each cell enough by repulsion term. We put a couple of period to stop
growing at certain volume and to repel the cells enough before starting to grow
again. The algorithm is shown below.

\A___/ =

Fig.2 The interface reach to the boundary (left) and the cell skip
the neighbor cell to expand (right)
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Algorithm

for N=1 to N=3
n __ n 0
Vi = my/my
Spp = source term

| sp*=1.0
end
if v > CertainValue N
| sp*=0.0
end
end
s = 1.0
sp*=0.0
end
end
end

if timeForEquilibrium 4 < current time

if v > Field area / the number of cell

if timeForEquilibrium N < current time < timeForEquilibrium N+1

if v < CertainValue N

2.4. The value of each parameter

The values of each parameter are according to the previous research. It was set

from numerical experiment.

Tablel: Numerical values of parameters

Parameters

«

K

A

M

S

At

Value

4

1.0e—3

100

1

5.0e2

2.0e—4

2.5. Framework

The model shown here has been implemented in the C++ based deal.Il open
source finite element library. We use the superLU to solve equation (14). The
linearization itself is obtained using the Sacado algorithmic differentiation library of
the open source Trilinos project.
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3. Result
3.1. Full volume packing with the equilibrium term

The result of the simulation according to 2.1 ~ 2.3 is shown in fig.3. At first, the
model was simulated with setting the mechanical moduli {82, 82} = {0, 0}. We
succeeded to fill the entire domain of the field with the certain number of cells by
taking time for equilibrium to repel the cells before the cell-cell interface configure
and it will skip the neighbor cell or will be collapsed. When we consider one section to
the term which cell grow up certain volume then stop to grow and repel each other,
three sections were set as the terms for equilibrium after cell division. The maximum
volume each cell growing up is chosen to ensure that cell grow equally in each term.
Each time for equilibrium is determined to disturb the interface generated
incorrectly.

(c) Eight cells model
Fig.3 Full volume packing with the equilibrium term of two, four and eight cells.
We show the process of the packing with 5 pictures for two and four cells
and 4 pictures for eight cells.

3.2. Full volume packing with the moment of inertia

In order to mention the mechanical property of soft packing problem, we need to
turn on the moment of inertia term. The effective value of the mechanical moduli &}
which impose control on cell shape is observed by numerical experiments in the
previous study and it is within the range 8} € [1x10% 2x10°]. The result of the
simulation with inertia term is shown in fig.4 with the same parameters as 3.1.
except 8;, which is set {81, 82} = {0, 1x10%*}. We only succeeded with the model divided
into 2 cells and the models divided into 4 and 8 cells were not converged.

QA Q®

Fig.4 Full volume packing with the equilibrium term and the moment of the inertia term
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4. Conclusion

In this research, we succeeded to fill the entire domain of the model with the
certain number of the cell under stability by controlling the cell mass and adding
equilibrium term after cell grow up to certain volume. We found out that if the cells
expand under stability or not depend on how we treat the cell interface. For instance,
in two cells model, since the interface between the cells reach to the boundary of the
domain before the cells fill the entire domain and the cell mass at the interface lose
the area to expand. Then, the cell mass skip the neighbor cell to expand at the empty
area. In four cells model, the interfaces of the four cells contact and lose the area to
expand likewise two cells model and then the cells are exploded. But, when the
number of cell is over 8, the cells could fill the entire domain without time for
equilibrium because the cell volume after cell division are not so different from the
cell volume filling the entire domain.

The energy plotting of each model is shown in fig.5. We can see the three steps
in the two and four cells model including equilibrium term. Third step is significantly
larger than the first and second step because the interfaces between cells is closer
and much than the other two steps. In the model added inertia term, the spike at the
second and third steps which occur at between expanding term and equilibrium term
decrease slowly. It is because the cells are penalized to change the shape by inertia
term so cannot change it rapidly.
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Fig.5 Evolution of total free energy with time steps. All of four energy plotting include the
equilibrium term and only upper-right model include the moment of inertia term.
Both of upper plotting is two cells model, bottom-left is four cells model
and bottom-right is eight cells model.
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ABSTRACT

Multi-link suspensions are considered to be amongst the
best and most functional independent suspension systems.
One advantage of this suspension design is that it is capable
of being optimized to meet both ride and handling objectives.
In addition, this suspension allows a vehicle to flex more.
However, disadvantages are their cost and complexity to
design. To design or optimize Multi-link suspensions with
lower cost, designers desire to understand which suspension
links affects the particular wheel-kinematic characteristics
but do not effect or have little effect on anything else. As such,
a sensitivity study could show how to design or optimize into
the geometry in the best possible way, so that wheel-
kinematic characteristics such as camber angle, toe angle,
wheel-travel angle, support angle, and roll center height can
be tuned independently. In this paper, we present a general
sensitivity analysis approach well suited to Multi-link
suspensions and present examples of the results of such an
analysis on a prototypic five-link suspension topology.
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ABSTRACT

MoS; is one of two dimensional materials which show
promising properties as electrical devices. In industry, most
of MoS; films are prepared by Chemical Vapor Deposition
(CVD) methods, which has limitation on the size of
deposition area. In contrast, magnetron sputtering method
enables large-scale MoS, film compared to CVD methods.
However, this process has not been investigated because of
the difficulty to grow highly crystalline MoS; films. In this
research, we deposited MoS, film by using reactive direct
current (dc) magnetron sputtering process with molybdenum
target and HoS gas. Moreover, we tried to grow MoS,/hBN
layer by exposing substrates into borazine gas before the
deposition of MoS, film. We found that the X-ray diffraction
(XRD) reflection changed from Mo-based peaks to MoS,-
based peaks by increasing H,S partial pressure. We also
observed that the intensity of MoS, peaks increased by
exposing Al,O3(0001) substrate into borazine gas before the
deposition of MoS,.

Undisclosed
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ABSTRACT

For suppression of the development cost and
improvement of reliability, dynamic design of fuel
turbopump rotor loaded on rocket engine is needed. In this
motive, finite element model of LE-7A fuel turbopump
which takes rotor dynamic fluid force concerned was built
and simulation results can explain well the vibration
characteristic which is collected from a ground firing test.
To take a further step, some experimental result is required.
To create that experimental device, a rotating shaft needs to
track some desired circular orbit at various frequencies.
Active magnetic bearing is chosen as a desirable device.
Basic control strategy to track the circular orbit is learned in
this project. A stabilizing controller is designed and installed
because AMB system is open loop unstable but this is not
sufficient for achieving the objective. Then a plug-in
repetitive controller is installed to track some circular obits.

1. MOTIVATION

1.1 MOTIVATION

For the purpose of suppression of rocket engine
development cost and improvement of reliability, vibration
analysis on fuel turbo pump rotor which is loaded on rocket
engine has been conducted '3, Rotor dynamic fluid force
has been thought as one of the main causes of unstable
vibration and leads to development failure or terrible
accident. This force occurs when a rotor shaft revolves while
it is rotating under a circumstance where the shaft is
surrounded by fluid — fuel turbo pump rotor is surrounded
by liquid hydrogen and rotates at high speed. And in some
case, rotor dynamic fluid force caused by rotor revolution
amplifies itself and results in an unstable vibration. This
motivates more accurate analysis of rotor dynamic fluid
force to predict vibration characteristic in certain design
parameter or under the operational environment.

In my previous paper, rotational speed dependency of
rotor dynamic fluid force is revealed in simulation using the
parameters of LE-7A rocket engine. This rotational speed
dependent rotor dynamic fluid force is applied to a finite
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element model of the fuel turbo pump on LE-7A and eigen
analysis is performed. Compered the data from ground firing
test of LE-7A, this simulation result can explain well the
vibration characteristic. To take a further step, not only a
simulation result but also experimental one is required. In
the simulation, the motion of revolution is assumed that
travels a circular orbit at a speed of —150% ~150% in the
ratio to the rotational speed. This means that orbital
trajectory and its revolving speed have to be controlled to
gain an expected experimental result.

In this motive, Active Magnetic Bearing is chosen as a
desirable devise. The point of this research is to learn about
MBC500 and control strategy and then to create a controller
which enable to track circular trajectory at some expected
frequencies.

1.2 HARD WEAR

Fig. 1 shows MBC500, which is developed by launch
point ¥, Two active magnetic bearing are on both sides and
hole effect sensors are equipped at each ends. Fig. 2 shows
the experimental system. Controllers are designed on
Mathworks Simulink Real-Time on the host PC and
transferred to the Target PC.

Firstly, a boot disk of xPC Target is needed. To create
DOS Loader files, kernel image and DOS Loader are written
and copied to a flash drive. Target PC is booted from this
target boot disk image.

Secondly, the host PC and Target PC should be
connected. xPC Target supports two connection-and-
communication protocols between the host PC and Target
PC: serial and network. In this report, network connection is
chosen and both PC are directly connected using a cross-
over Ethernet cable. National Instruments PCI-6052e cards
with 16-bit resolution were used for data acquisition and
command.

Created controllers are compiled and transformed to the
Target PC. Because of some malfunction, however, this
report is limited to simulation.



2. SYSTEM IDENTIFICATION

2.1 MODELING

In this paper, black box model of MBC500 ¥ is used to
design controllers. The hole sensors output displacement in
the X -plane and Y -plane at each ends — x;,x,,y,, and
¥, . This is apparently Multi-Input and Multi-Output
(MIMO) system and inputs and outputs are coupled. This
feature can complicate the control design. But, redefining
inputs and outputs in a deferent way, it is possible to
decouple the system and allow SISO control design. This
handling translates the displacements at each ends into
transformation and rotationin X and Y plane at the
geometric centre of shaft. The following step of control
design is based on this SISO system.
Decoupled frequency response data is collected and curve
fitting is performed using Matlab command. Following is
transfer functions for X -plane Transformation, X -
plane Rotation, Y -plane Transformation, and Y -plane
Rotation, respectively — X, X g,Yr, and Yy :

266.9(s* +21265+5.47x10°)
T (s42479)(s +442.8)(s —460.9)
 298.8(s” +942.25+2.46x10%)
R (5 +2240)(s +394.6)(s —392.7)
_ —632.6(s —1720)(s +1252)
T (s43602)(s +401.6)(s —396.2)
_ —583.6(s—2639)(s +1694)
 (s+4196)(s +438.3)(s — 447.8)

(M

R

Note that Y -plane transfer functions have non-minimum
zero. This requires considerations when inversion model is
desired.

= |

Fig.| MBC500 Turbo
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Fig.2 Experimental System

2.2 MODEL UNCERTAINTY

Due to the safety concerns of Active
Magnetic Bearing rotor operating at high speed, any
controller developed must prove a measure stability. The
robust stability criterion is a classic result. For the small gain
theorem, if both 7 and A are stable, the following is a
sufficient condition for the overall system to be robust
stable:

TxA<1 Q)
where delta is the modeling error and T is the
complementary sensitivity function:

PP
A=—— 3
P 3

i @)

1+CP

P s the approximated system which will be used to design
controllers and P is the nominal plant model®. C is
the transfer function of a designed controller. Fig. 3 shows
the model used for the robustness analysis of a controller
C.
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3. STABILIZE CONTROLLER

3.1 LQGi CONTR

OLLER

As well known, AMB systems are open loop unstable.
To provide stability and robustness over the entire operating
speed range, a Linear-Quadratic-Gaussian (LQG) servo

controller with integral

action is installed. Integral action is

included to centre the rotor in relation to the stator housing
to prevent collisions between the rotor and housing. Fig.4
shows the block diagram of LQGi controller. This controller

is designed by Matlab c

ommand, Iqgtrack.

:

. K| u [p]
r Integrator " \_KI ‘i, y
Fig.4 block diagram
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Fig.6 Step Response with LQGi

3.2 ROBUSTNESS ANALYSIS
Fig. 5 is plotted the condition for robust stability:

T xA<1. This condition is respected by both axis, so that
the system will be robust stable.

3.3 SIMULATION

Simulations which is performed here can be separated
into two parts by the objective of control. Firstly, step
response is simulated to see if this system is well stabilized.
Secondly, sinusoidal references are input to track circular
trajectory. The X -plane and Y -plane are 7/2 radians out

of phase. This produces the circular trajectory. In
consideration of the desired condition, the frequencies of
sinusoidal references vary 0Hz,10Hz,80Hz,100Hz, and

125Hz that means 0% ~125% in the ratio to rotational
speed of the shaft when it is spun up to 100Hz .

The step response in Fig. 6 shows the system is well
stabilized. On the other hand, it seems this controller cannot
track circular orbit. This controller does not meet the
expectation in both gain and phase responses at any

frequency except for 0Hz LQGi controller can keep the
shaft at centre position of housing and prevent collisions
between the rotor and housing, but not appropriate for the
primary objective of this report — to create circular orbit.
These results mean other kinds of controller are necessary.
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Fig.8 Block Diagram of Plug-in Repetitive Controller
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4. PLUG-IN REPETITIVE CONTROLLER

4.1 PLUG-IN REPETITIVE CONTROLLER

To create a circular orbit, tracking sinusoidal reference in
both axis is needed. To compensate a periodic disturbance or
to track a particular periodic signal, repetitive controller is
used. This type of controller is based on the internal model
principle.

The internal model is generated by wrapping a positive
feedback loop around an integer delay feedback. The delay

YT,
[0

length Np = represents the primary period in multiple

of the sample time. This generates infinite control action at
primary period. Control generated at higher harmonics can
destabilize the system. To provide robustness, a zero-phase
low-pass filter is typically included to attenuate control
signals past the cut off frequency.

In previous chapter, this system is already stabilized by
LQGi controller. To install a controller for tracking an input
with minimal effect to the stability of the system, the plug-in
structure is used. To accomplish the objective of this
report, the overall transfer function should be 1, or very
near to it. Giving that the plant G is already stabilized, the
parameter to be adjusted is the controller F . If the
requirement is FG =1, the ideal condition becomes:

F=G (5)
But the exist of non-minimum phase zero in the Y -plane
transfer functions requires some consideration to obtain the
inversion of the pre-stabilized model G .

4.2 STABLE INVERSION

Because of non-minimum zero in each Y -plane transfer
functions, a complete inversion for these systems can
produce an unstable inversion. Thus, some approximate
model inversion techniques are required. A popular method
of performing the non-minimum phase system inversion is
the Zero Phase Error Controller (ZPEC) which inverts the
phase response at the expense of the magnitude "), For a
factorization of the stable system:

—d 4+ p—
z “B"B
G="— 6

A ©

d represents the relative system order, and A,B", and

B~ are the poles, stable zeros, and unstable zeros,
respectively. The ZPEC inversion is defined as

AB T
szec = 7%de+

)

where [B7]  isthe complex conjugate of the unstable
zeros. The accuracy of the inversion can be examined



through their product,

F,_.G=

B [B]
14

pec which has zero

phase since the zeros are complex conjugates of one another.
Though the phase is compensated, the magnitude response is
inherited from the position of the unstable zeros. To

maintain stability, the constant

y=[B7(e)[B™(e7/")] is

used to scale the magnitude of the filter output to unity at the

prescribed frequency.

4.3 ROBUSTNESS ANALYSIS

Fig. 8 shows the result of robustness analysis. 7'xA <1
is satisfied so that this system is robust stable.
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4.4 SIMULATION

Fig. 9 and Fig.10 is the result of simulations which are
performed with the same condition as the section 3.3.

The step response in Fig.9 shows the controller is
successfully installed without effects to already stabilized
system. The primary concern is the results of tracking
sinusoidal references. Compering the results of LQGi
controller, Fig.10 shows this controller accomplishes well
creating circular orbit especially in lower frequencies. In
higher frequencies, a little deference between input and
output in Y -plane response is shown. But the performances
are dramatically improved than the LQGi controller.
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Fig.9 Step Response with LQGi + Plug-In Repetitive
Controller
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4. CONCLUSION

A data of frequency response of MBC500 Turbo was
collected and black box model to control was determined. A
Linear-Quadratic-Gaussian (LQG) servo controller with
integral action was installed. This controller could stabilize
the shaft at centre but could not meet the expectation of this
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report. To track accurately sinusoidal reference which has a
certain frequency, a repetitive controller based on inner
model principle was installed. Besides, to conserve the
stability which had been provided by LQGi controller, a
Plug-In module was adopted. This Plug-In Repetitive
Controller performed well in tracking sinusoidal references
and creating circular orbit particularly at low frequencies. A
little difference between the input and output still remained
at relatively high frequencies. This was indicated by the
sensitivity function in Fig.11. To track more accurately, the
low pass filter that this controller including can be improved.
Furthermore, instead of low pass, other type of filter can be
selected, a peak filter for example.
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ABSTRACT

Measuring shear stress of flow is essential theme in fluid
dynamics. This new direct shear stress sensor has simpler
mechanism than usual one. The measuring mechanism of
this sensor is measuring the displacement of floating plate
moved by the shear stress sensor with optical linear sensor.
Design and fabrication are described in this paper. After
making it, it is tested in wind tunnel with from 5 m/s to 40
m/s airflow and evaluated. The result shows this sensor
works well over 20m/s airflow. Under 20m/s, the
displacement of the plate is too small. So, it is difficult to
measure accurate. At another test in wind tunnel, changing
the sample surface to riblet which has drag reduction effect
and comparing with the smooth surface. The results shows
this sensor is useful for research of riblet. This sensor can be
used measuring the shear stress of airflow and many
aerodynamics research.
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ABSTRACT

The response of the exit-plane jet velocity to sinusoidal
excitation was characterized in quiescent conditions in the
present study. We performed the investigation of the
characteristics by changing the thickness and the size of the
jet slot of the gasket by the experiment. First, we investigate
the influence of input voltage amplitude and it is clarified that
the input voltage amplitude magnitude affects the averaged
velocity but does not affect the turbulence intensity. Good
responsiveness is obtained when we use the gasket of the jet
slot of / = 19.8 mm and the d = 3.18 mm and 2.29 mm of
gasket thickness.

1. INTRODUCTION

The formation of a wake behind a bluff body and the
dynamics of their separated shear layers has been widely
investigated [1-3] because of their significant effect on the
aerodynamic forces and mixing in engineering applications.
Synthetic jets are popular for flow control and are the
common zero-net-mass flux fluidic actuator for flow control.

(@)

Synthetic jet actuator also have advantageous due to the fact
that actuators can be designed such that no parasitic drag is
introduced and, at the bare minimum, the control can be
switched from on to off. The flow generated from these
actuators directly contributes to turbulence. Therefore, if we
try to control the flow, the characteristics of the jet should be
accurately grasped as a prerequisite.

The synthetic actuator is composed of several elements,
for example, top, bottom, and middle plates, neoprene
gaskets, and piezoelectric actuators. The difference in these
components affects the characteristics of the jet. If we want
to control turbulence efficiently, jet responsiveness is
important.

In this study, we performed measurements of the
velocity at the synthetic jet exit. Here, synthetic jet slot
employs driven by piezoelectric actuators. At this time, the
characteristics of the jet were compared by changing the
thickness and the size of the jet slot of the gasket. And finally,
the optimum size of the gasket is proposed.

(b)

Neoprene Slits (Jet exit)
gaskets .
Bottom plate Top plate O
\ O O
*d
O O
O
Piezoelectric
actuators

Middle plates

Fig. 1 Synthetic jet actuator details. (a) Solid model exploded view (b) Schematic of the Neoprene gaskets.
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(b)

Fig. 2 Schematic showing the setup for the synthetic jet actuator characterization, including the coordinate
system for the synthetic jet slot. (a) x -z’ plane (b) x -y’ plane.

2. EXPERIMENTAL SETUP

In Fig. 1(a), the structure of the synthetic jet actuator is
composed of four parts: the top plate, middle plate, Neoprene
gaskets, and bottom plate. Piezoelectric actuators are pinched
between middle plates and Neoprene gaskets. The bottom
plate mates with the middle plate in order to rigidly clamp the
piezoelectric disks. In Fig. 1(a), three actuators can be
accommodated, but in this experiment the actuator was
installed only in the central slot. In the present study, four
thickness (d = 3.18, 2.29, 1.59, and 0.79 mm) and two size of
jet slot (I = 20.6 and 19.8 mm) are used for comparison
(shown in Fig. 1(b)).

The actuators were driven at two voltage amplitudes, V,
=600 V and 800 V, with frequencies ranging from 1000 Hz
to 2000 Hz. Note that we use each piezoelectric actuators in
this study because of the damaged actuator. Each actuator has
different properties. However, the individuality of each
actuator was judged to be sufficiently small to compare.

Measurements of the velocity at the synthetic jet exit
were performed with the synthetic jet actuator clamped in a
rigid stand. A schematic of the experimental setup is shown
in Fig. 2(a). A hot-wire probe was positioned as close as
possible to the center of the slot using a traverse with very
fine resolution and manual adjustment. Measurements were
performed with the probe positioned at the center of the
piezoelectric actuators (shown in Fig. 2(b)).

3. RESULTS

First of all, we investigate the influence of an input
voltage amplitude V,,,. The response of U.. to sinusoidal
excitation is shown in Fig. 3(a). We use two cases of /= 19.8
mm and / = 20.6 mm. In both cases, it can be seen that U,
takes a larger value as V,,, is larger. However, it is found that
the turbulence intensity, #ms/Uave, takes the similar value in

25 T T T T T T T T
20t
d=2.29 mm, /[=19.8 mm
b§ ol —e— 1, =600 V
10 N + V(l’}[7:800 V
d=2.29 mm, /=20.6 mm
—0—7,,=600V
S5r —— vV, =800V
—<— Vpy=1000 V
0 : : : 00 L : : :
1200 1500 1800 2100 1200 1500 1800 2100
fHz] fTHz]

Fig. 3 Comparison of the input voltage amplitude. (a) Uave (b) ttrms/Uave.
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d=318mm, V,, =600V

—— /=20.6 mm
—A— /=19.8 mm

(b)

0 1 1 1 1
1200 1400 1600 1800 2000

fTHz]

Fig. 4 Comparison of the size of the jet slot of the gasket. (a) d=2.29 mm, V,,=800

V (b) d=3.18 mm, V,,,=600 V

all cases in the high frequency side than 1800 Hz (Fig. 3(b)).
Also, ums/Uave takes a constant value of u,,y/Uae = 0.07 on
the higher frequency side than 1800 Hz. From the results of
Figs. 3, it is suggested that the difference in the magnitude of
Vapp affects the averaged velocity but does not affect the
turbulence intensity.

The effect of the size of the jet slot of the gasket is shown
in Figs. 4. The peak position of U, differs in each case.
However, / = 19.8 mm has better response than / = 20.6 mm
on higher frequency side. Therefore, it can be said that the
case of / = 19.8 mm is better than / = 20.6 for investigating
the characteristics. On the low-frequency side, in each case
show completely different characteristics. Hence, it seems
that the influence of individual gaskets is strongly received
on the low-frequency side.

Finally, response characteristics due to the difference in
thickness of the gasket, d, are shown in Fig. 5(a). In the case
of d = 0.79 mm, it is understood that the response is most
excellent at 1100 Hz. But, on the higher frequency side than
1500 Hz, it converges to low response value (Ugue=3).
Conversely, the responsive in cases of d =2.29 mm and 3.18

mm is high on the high-frequency side. The case of d = 2.29
mm is the most responsive on the higher frequency side than
1800 Hz. The turbulence intensity of these cases is shown in
Fig. 5(b). When d is small (d = 0.79 mm and 1.59 mm), the
turbulence intensity is not stable even on the high-frequency
side. Cases of d=2.29 mm and 3.18 mm take a constant value
of t4yms/Uave = 0.7 on the higher frequency side than 1800 Hz.
This tendency was seen also in Fig. 3(b). From these results,
it seems that the responsiveness on the high-frequency side
stabilizes in the case of 4 =2.29 mm and 3.18 mm.

4. CONCLUSIONS

We performed the investigation of the characteristics by
changing the thickness and the size of the jet slot of the gasket
by the experiment. First, we investigate the influence of input
voltage amplitude and it is clarified that the input voltage
amplitude magnitude affects the averaged velocity but does
not affect the turbulence intensity. Good responsiveness is
obtained when we use the gasket of the jet slot of /=19.8 mm
and the d = 3.18 mm and 2.29 mm of gasket thickness.

(a) (b)
30 /=19.8mm, ¥, =600V 030 /=19.8mm, ¥, =600V
—@— d=3.18 mm, —&— d=2.29 mm —— (=3.18 mm, —&— d=2.29 mm
25F 0.25F
) 20F ] :§ 0.20 ]
:§ 15+ A . \g 0.15} ]
/ N
10} A 1% oa0) A7\ ]
4 P )( )
5t £ ‘Af : 0.05 fyrnsd A/ pramamae
o A7y
0 > : : 0.00 : :
1000 1500 2000 1000 1500 2000
fTHz] fTHz]

Fig. 5 Comparison of the thickness of the gasket. (a) Uave (b) tUrms/Uave.
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ABSTRACT

The work aims to develop the transducer for high
temperature and pressure. To do this, we made an analytical
and a numerical model for the pressure transducer. In this
paper, we report about the deriving procedure for analytical
equation and the results of heat transfer model. This work is
a continuation from the predecessor, and the predecessor
simulated with the pressure transducer model not considering
the fluid within the pressure transducer. Therefore, this time,
we made the flow path and simulated heat transfer taking
account fluid. The results show the temperature of the
pressure transducer is raise 28.4K in probably case.
Moreover, we considered fluid flow effect and we confirmed
that the fluid flow homogenise the temperature of the pressure
transducer. Finally, we noted what we have to do next.

1. INTRODUCTION

The purpose of the research is to design, manufacture and
test high temperature and pressure transducers using MEMS
and free of Mercury, oils, NaK, etc that can be used in melt
applications. Typically, the sensing element is placed away
from the process to avoid damage. The only part of the
transducer that is in contact with the process is the membrane.
The fill liquid is the responsible to transfer the pressure on to

(a)

ambient surface

Heat source surface

the sensing element. The goal is to be able to measure
temperatures up to 773.15K, and pressures up to 200 MPa.

An approach that has been explored by some
researchers[1, 2] to help with the removal of force transfer
medium is to use pushrods to transfer the strain from the
diaphragm to the sensing element. In this approach, the force
is applied by the pushrod. In this case, the push rod is
responsible to transfer force only. In these cases, an SOI
(Silicon on Insulator) sensor is used to measure pressure.

To do this, before we make the pressure transducer, we
simulate the temperature of the pressure transducer using
COMSOL Multiphysics™ (COMSOL). The predecessor
made the 3D CAD model and simulated the heat transfer
model. But that model only considered the solid component.
In this paper, therefore, we present the model with the flow
path and heat transfer results.

Moreover, to obtain more accurate results, we must
consider the fluid flow within the transducer. When high
pressure forces the pressure on the membrane, the membrane
is vibrated by the pressure and, the flow in the flow path of
the transducer is excited. To estimate the flow within the
pressure transducer, we need an analytical model. Therefore,
we derived LEM model for the pressure transducer and
reported in this paper.

(b)

Ceramic ball

ambient surface

Pushrod

Flow path

Fig. 1 the geometric pressure transducer model. (a) out line, (b) inside of transducer.



2. LUMPED ELEMENT METHODS

LEM models the behavior of a physical system through a
finite number of components[3]. At present, the LEM model
for synthetic jet actuator that has the similar structure with the
pressure transducer is proposed[3, 4]. In order to create the
LEM model for the pressure transducer, I considered the
following three equations. First, the equation of motion of a
one-degree-of-freedom forced-damped spring-mass system.
Second, the equation of conservation of mass inside the
cavity. Finally, the unsteady Bernoulli’s equation between the
cavity and just outside the cavity. The assumed model is
shown in Fig. 1.

2.1 THE EQUATION OF MOTION OF A ONE-
DEGREE-OF-FREEDOM FORCED-
DAMPED SPRING-MASS SYSTEM

The equation is:

piAw
m

X, +20, 0%, +w,x, =~ (1)

wt

where xw(l‘ ) is the membrane displacement at a
generic time instant t, ¢, is the actual damping ratio of the
membrane, @, is natural frequency, p, represents the
cavity(internal) differential pressure, A, is the diaphragm
surface areaand m , is the diaphragm total mass, including
holder, SOI-chip, substrate and air added mass.
Differentiating the equation respect to time, the following
equation can be obtained.

Vw + 24’wa)WVW +aV, = —i%

2
m,, dt @

2.2 THE EQUATION OF CONSERVATION OF
MASS

It is assumed that inside cavity pressure is uniform. The
density of the bulk of the internal air can be expressed as
follows:

P=P AP PP 3)

And the additional assumption that the magnitude of the
volume variation due to the membrane motion is much
smaller than cavity volume leads to the following equation.

V=V -A4x, “)

When this holds, application of the compressible form of
the continuity equation to the air contained within yields,

V.>A x,
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- d(pV ,
dm _d(pV)_ AV, dp,
dt dr dt dt
dV dp, _ dp,
~p,—+V.—=-p A x +V.—(5
Ioa dt c dt p(l wow dt ( )
==p, AU

where m; is the mass of air in the cavity and U is the
air velocity in the plane of orifice.

The bulk behavior can be considered isentropic
compression/expansion. Therefore, the relation between
density and pressure is as follow:

Q)

From this relation and above assumption, the differential
of density is leaded as follow;

dp, 1 P” dP
L = pa 1 -
k ()
1
£y 1 dR I dp,
=Pl o | g R,
F,) vk di yp. dt

This result leads to the following mass conservation
equation.

— Ax =—AU 8
ypa dt wow AO ( )
2.3 THE UNSTEADY BERNOULLI’S
EQUATION
The Euler equation is
&:@+(V-V)v:K—le 9)
Dt ot P
The second term, (v . V) Vv can be rewritten as:
(v-V)v:%qu—vxw (10)

where @ =V xv . Therefore, the equation can be
expressed as

@:K—le—qu2+vxw (11)
ot yo, 2

For no vortex flow, v=V¢@ can be assumed.

Therefore, above equation becomes

o 1 2j
V| —+P+—-q |=K 12
(at 54 (12)



The external force can be expressed K = —VF'  where
F s the potential:
0
%9 —+P + g +F |=0 (13)
ot 2

The left side is function of time only. Therefore unsteady
Bernoulli’s equation can be derived as follow:

o¢
ot
When the flow is unsteady, the velocity potential become

function of time only. Thus ¢ can be rewritten q(t)s using a
length s.

+P+2q +F = f(1) (14)

a—qs+P+%qz+F=f(t) (15)

ot

When the equation (15) is applied to the region between
inside cavity and just outside cavity, the following equation
results

pi+pa
P

_Pa

o+ XU +
2 Pa

(16)
where le is the modified effective length of the orifice,

K is the head loss coefficient. Differentiating equation (16)
respect to time, the following equation can be obtained
straightforwardly.

1 dp,
p, dt

Moreover, equation (8) is substituted in equation (17) and
the following equation can be derived.

UL +KUU+—=2=0 (17)

K - A
+I—|U|U—&U+7—”I;—WV=0(18)

maVc a c

The LEM model for pressure transducer is constituted by
equation (2), (8), (18) can be conveniently rewritten as

i : y
e K .
{U} 0 —ul [U}
1
— 0 ||o + e TPeyy
mwt I/c I/c V
+ : U (19)
0 — || -Lyq Py
m, V. V.
0
1o
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3. SIMULARION SETUP

We use COMSOL for simulation. COMSOL can solve
multiphysics simulation such as heat transfer via the fluid. I
used the model shown in Fig. 1, and that was made by
predecessor. The total length of the model is 2.54mm same as
ordinally industrial product, that aims to reduce cost. The
model made by predecessor don’t have flow path, therefore
to simulate the fluid flow and heat transfer via the fluid within
the pressure transducer, I made the flow path using detach
function installed in COMSOL.

The simulation using COMSOL conduct with
appropriately chosen physics. This time we considered only
stational condition. In this simulation, I chose “Heat Transfer
in Solid” for the solid components, “Heat Transfer in Fluid”
for the fluid components, and “Nonisothermal Flow” for
Multiphysics simulation. The mesh is chosen “Finer" and
“Physics-controlled mesh”. The heat is transferred from the
heat source surface to the ambient surface (Fig. 1(a)). The
other surfaces have no heat transfer because we can assume
no temperature difference between surroundings in practical
condition. The heat source temperature is determined
773.15K and the ambient temperature is determined 303.15K.
The heat transfer coefficients of the surface that contact with

the heat source is named hl and the heat transfer

coefficients of the surface that contact with ambient is named
h2 . We set three simulation case that heat transfer coefficient

is as a parameter. In order to compare the simulation results
of the predecessor, we use the previous condition. Each
case is named probable case (case P), worse case (case W),
ideal case (case I). These conditions are shown in Table 1.
The material of the ball is assumed ceramic. The other
components are assumed Steel AISI 4340.

Table 1. Simulation condition

Case P Case W Case |
h, [W/m?] 10 20 10
hy [W/m?] 20 20 50
Table 2. Material properties
Ceramic AISI 4340

Heat capacity
420 475

C, [M(kgK)]

Thermal conductivity

2.7 44.5

k [W/(mK)]

Density
5900 7850
P [kg/m’]




4. RESULTS

First, I compared the result of the simulation with the
flow, with fluid and without fluid. The case without fluid is
conducted by predecessor. Fig 4 shows the temperature that
is top of ceramic ball. Due to it contacts with SOI-chip in
practical case, the temperature is important. The temperatures
are rise with adding fluid. The temperature differences are
28.4K in case P, 50.K in case W and 7.84K in case I. In the
previous model, inside temperature is fixed at a constant
temperature (308.15K). Hence, solid components are chilled
by the fluid. Due to that, when we consider fluid temperature
within pressure transducer, the fluid temperature is changed
by heated solid components. The more decrease the heat

transfer coefficient differences (h1 - h2 ), the more increase

the temperature of the ceramic ball. The relation has negative
correlation (Fig. 3). Using this correlation, we can estimate
the heat transfer coefficient when we conduct experiments
and the results will contribute to improve simulation
accuracy.

500
400
£ 300
=

g‘zoo
3 100
0

P Y I

| msolid  mwith flow |

Fig. 2 The temperature of the top of ceramic ball

g 50 ¢ W
540 |
5 =
5 30 o .
o | s e,
220 P Mo
S0l T I
g1\ T
=, !
—
0 10 20 30 40

Heat transfer coefficient difference

Fig. 3 The relation of between temperature difference and
heat transfer coefficient difference

We investigated the effect of temperature
homogenization with fluid flow. To do this, we compared the
temperature of heat source surface and of the top of the
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ceramic ball. The difference temperatures are shown in Fig.
4. In case W, the temperature difference is decreased 1.56K
when the fluid flow is considered. other cases are confirmed
also a decrease the temperature difference. It means that the
heat from heat source became easy to be transported by the
fluid. On the other hand, we have to focus that the
temperature differences are small whether there is fluid or
not. It means the structure and chosen material at each
component does not work well and, we might have to
improve the geometry.

Z 2

3 \

= 1.5 \

5 \ 1.56K

= 1

5 1 \

205 \ \ N
5) \
o

g 0

=

msolid = with flow

Fig. 4 The temperature difference between the heat source
surface and the top of the ceramic ball

5. CONCLUSIONS

We led the LEM model for a pressure transducer. It can
evaluate the flow within the pressure transducer. As previous
stage to be that we can compare the predictions of the LEM
model and the results of simulate, we made a numerical
model using COMSOL to simulate heat transfer and flow
caused by heat. According to using that, we obtain more
realistic results of the temperature inside the pressure
transducer. The results show that due to the heat is transported
by the fluid from the heat source surface to other components,
the ceramic ball temperature becomes almost the same
temperature as the heat source surface. This result suggests
that geometrical improvement is needed. In order to obtain
more accurate results, the next step we have to do is to
consider a membrane vibration. The vibration causes the flow
within the pressure transducer. Hence, the temperature might
be changed by the fluid flow. And then we will compare the
results of the simulation with the prediction of the LEM
model.
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Analytical and Numerical Modeling of
High-Temperature Pressure Transducer

October 9th, 2018

Department of Mechanical Systems Engineering
Nagoya University
Shuichi HIGAKI

Mechanical and Industrial Engineering
University of Toronto
Professor Pierre Sullivan

* Some researchers proposed liquid-free transducer for high-
temperaturelli2,

¢ The new concept for the pressure transducer is that the sensor is
placed apart from heat source using pushrod.

SOl-chip Pushrod ~ Centerboss
membrane

The schematic view of new concept

pressure transducer!!
Ceramic chip holder
with electrical connections Air vent hole
(1] Ngo H.-D., et al., Advanced Liquide-Free, Pi i 0l-Based for in Harsh Sensors, 15,

20305-20315 (2015).

(2] Guo Z, et al,, Research of a Novel Ultra-High Pressure Sensor with High-Temperature Resistance, Micromachine, 9, 5 (2018).

* The predecessor made 3D CAD model of the pressure transducer.

* The heat transfer model without fluid is simulated.

‘ We need the heat transfer model WITH fluid and,
we have to consider the flow within pressure transducer.

amblem surface Ceram\c ball ambient surface
; Pushrod ;
Heat source surface Flow path

Fig. 3 Proposed design of pressure transducer
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¢ The high-temperature pressure transducer is needed for a
various industrial scenes, for example, injection molding.

* Now, the liquid filled pressure transducer is used for high-
temperature but the liquids, mercury, oils and etc., used for the
transducer are problems in the view of environmental.

Split mold

Ejector
pins

Screw motions Screw Heaters Barrel Nozzle Sprue

sowsw.substech.com.

The schematic view of injection molding

* We propose a new shape liquid-free pressure transducer.

* The most important feature of our concept is using a ceramic ball
as a component to push sensor.

» Using a ceramic ball, the heat transferred the sensor is reduced because of
the low heat conductivity.

» The area touching the sensor is reduced because the component touching
the sensor is a sphere.
@ (b)

i i ambient surface
ambient surface Ceramic ball

Pushrod
Heat source surface Flow path

Proposed design of pressure transducer

-
* Derive the equation expressing the flow within the

pressure transducer.

» A model equation named LEM equation is considered.

* Simulate the heat transfer model WITH fluid. ]ﬁ

» To compare the results of the temperature of top of the ceramic ball.

J




« Derive the equation expressing
pressure transducer.

the flow within the

¥

Lumped Element Models (LEM) equation models the behavior of
a physical system through a finite number of components.

» the equation of motion of a one-degree-of-freedom

forced-damped spring-mass

» the equation of conservation of mass inside the cavity

system

» the unsteady Bernoulli’s equation between the cavity and

just outside the cavity.

¢ Assumption
> Inside cavity pressure is uniform.

» Fluctuating pressure is enough lower
than ambient pressure.

» The volume variation is much smaller
than cavity volume.

» The bulk behavior is isentropic
compression/expansion.

Ve dp;
YPq dt

— AyXy = =AU

Ceramic ball

Pushrod
Flow path

ambient surface

V,: cavity volume
¥: heat capacity ratio
Dq: ambient pressure

Ag: outlet area

From these three equations, we can obtain following equation

YPa _YPa

1
2 0 —_ =24, -2
[ ]+ Cwww X [V]+ —— Wy + 7 Ay 7 Ay Ay
i o iy 0 L YPa, . YPa, o
e mall v v,

[o] = (o

- We can estimate the flow within the pressure transducer.

(a)

ambient surface

Heat source surface

®)

Ceramic ball ambient surface

Pushrod
Flow path

differentiate

Shuichi Higaki

Heat source surface

{,: damping ratio
wy,: natural frequency
A,,: membrane surface area

p;: fluctuating pressure

R . A, dp;
Vi, + 20wV, + oV, = e

my,, dt

From Euler equation
Dv76v+( V=K 1l7
Dt ot WP P

We can obtain unsteady Bernoulli’s equation

aq 1, _
S HPH3a +F =f(t)

ambient surface

Ceramic ball

Pushrod
Applying this equation to the region between Flow path
inside cavity and just outside cavity
U+—Uli-————==0
le pa dt
[ * Simulate the heat transfer model WITH fluid. ]

¥

COMSOL Multiphysics™ is used for simulation.

» The general purpose physics simulation software
based on finite element method

» It can simulate multiphysics problem.
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[- Simulate the heat transfer model WITH fluid. ]

$

» The predecessor made 3D CAD model but it doesn't contain fluid.

» | made a flow path and conducted simulation with fluids.

» Finally, | compared the result between “only solid” and “with fluid”.

¢ Material property

Heat capacity

420 475
C, /(kg=K)]
Thermal conductivity
2.7 44.5
k [W/(m*K)]
Density
p [kg/m3] 2900 7850 ambient surface

hZ
¢ Heat transfer coefficient

e T cew | el |
10 20 10

h, (W/m?]

h, [W/m?] 20 20 50 Heat source surface
¢ Environment temperature m
Heat source temperature 773.15 [K]
Ambient temperature 303.15 [K]

The temperature difference

Z 2
& Ceramic ball ambient surface
8 \
g 1.5 \
5 \ 1.56K
= 1
5 1 \
> \0.793K 8 | 0.450K
205 \ ! X
8 \, Pushrod
Fl th
£ 0 o pt
=

[ =solid

= with flow |

* Considering fluid, the difference between heat source surface and
the top of the ball is decreased.

* Itis not possible to separate sensor from heat source.
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* Model definition

Outer length 25.4 mm
Heat source surface diameter 10.4 mm
Ambient surface diagonal length 16.5 mm
Pushrod diameter 6.35 mm
Ceramic ball diameter 3.5mm

@ ambient surface ®) eramicball  ambient surface

Pushrod

Heat source surface Flow path

The temperature of the top of the ball

w
=3
=1

Ceramic ball ambient surface

=3
=]

Temperature [K]
—_— N W
(=R =1
(=]

(=
(=]

Pushrod
Flow path

(=4

P w I
| msolid  mwith flow |

The temperature of the top of the ball is increased when we consider
the fluid.

The difference between “only solid” and “with fluid” is maximum at
case W and minimum at case I.

-

Conclusion ] ~N

\_ the ball. )

* We derived LEM equation for the pressure transducer.

¢ We simulated the heat transfer model for the pressure transducer
with fluid and, we confirmed temperature increasing at the top of

[

Future work )

* We have to make membrane vibrating model.
¢ We might reconsider the shape of the pressure transducer to

\equation and, compare it with simulation and experimental resuly

: B

separate from heat source.
Calculate the flow within the pressure transducer using LEM
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Background (Explain about SJA)

 Jetis generated by the
vibration of the piezoelectric
actuators

Ingestion

\\//Aerofoil surface
When the piezoelectric

| actuators is distorted outward,
the flow is ingestion, and

Piezoelectric _—7

aetuators when is distorted inward, the
Expulsion flow is expulsion.
\ /ﬁ * The actuator can be designed
\ Aerofoil surface such that no parasitic drag is
Piczoelectric introduced and, at the bare
actuators minimum, the control can be

switched from on to off.

Synthetic Jet Actuator (SJA)

Kotaro Takamure

Background

Example of Airfoil model
with SJA Synthetic

jet actuator

Many researches about wake behind a aerofoil have been done.
The control of a wake is important because of their significant
effect on the aecrodynamic forces and mixing in engineering
applications.

Synthetic jet actuator (SJA) is often used to control the wake.
SJA is extremely compact and can be easily implemented in
wind tunnel models.

Purpose

* The characteristics of SJA vary with its
elements and shape of it.

* The characteristics of the jet were
investigated by changing the thickness and
jet slot size of the gasket and changing the
input voltage of SJA.

The purpose is to clarify the optimum
condition such as the size of the gasket
and input voltage amplitude.

Neoprene gasket
Neoprene

gaskets N\

Bottom plate Top plate

Slits (Jet exit)

[
“d
(Thickness)
Piezoelectric y

Middle pl: actuators )
ddle plates (Jet slot size)

Condition of the SJTA

0.79, 1.59, 2.29, 3.18 [mm]
19.8, 20.6 [mm]

200-1500 [V]

Thickness (d)

Jet slot size (1)

Voltage amplitude by function
generator (V,,,,)

Modulated frequency of SJA (f) 1000-2000 [Hz]

Measurement of the velocity

Ar of the hot-wire probe
I-type h‘:‘ Condition of the hot-wire
wire probe anemometer and probe
Top plate .
Sampling number 262144
Slit (jet exit) Sampling frequency 5 kHz
Thickness of the 5 um

Tungsten wire

Sensing length 1mm

* The measurements are accomplished using constant temperature
hot-wire anemometer.

* A hot-wire probe is positioned where amplitudes of velocities
between the ingestion and expulsion of jet are equal.
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Input and Output Signals

Input signal by function generator Ingestion Expulsion

Ingestion | Ingestion | Ingestion

ANV ANNANNA
J1E \/ \/ \/ * The hot-wire does not

distinguish between
positive and negative
velocity.
* Took the phase-
averaged velocity and
Ue: discriminated between
ingestion and expulsion
by the intensity of
velocity fluctuation.
0 . . . 1 . . * The maximum velocites
of explusion show as

Expulsion  Expulsion  Expulsion  Expulsion W el

Input voltage
=

Output signal measured by Hot-wire probe

Expulsion  Expulsion  Expulsion  Expulsion

Ingestion | Ingestion § Ingestion

Output velocity [m/s]

Time [s] U,

ext

Comparison of the input voltage amplitude 8

d=2.29 mm, /=19.8 mm

£
B

-O-V,,~600 V

5 -V, =800V

<t V,,m1000 v

oL . .

1500 1800 2100
fIHz]

+ Uy takes a larger value as V,,, is larger in 600 =V, < 1000
over all frequencies.
*  The output responsiveness of Uy, is proportional to the

magnitude of the input voltage V,,,

app=

Comparison of the thickness of the gasket.

* [=19.8 mm, V,,, =600 V

¢ In the case of d = 0.79 mm, on
the higher frequency side than
500 Hz, it converges to low
response value (Upyx =3 m/s).

—e— d=3.18 mm, —— d=2.29 mm
& d=1.59 mm , =— d= 0.79 mm|

25¢ ]

30

20

U,, [m/s]

* The responsive in cases of d =
2.29 mm and 3.18 mm is high
on the high-frequency side (f
=1600 Hz).

15
10
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Comparison of the input voltage amplitude 7

d-2.29 mm, 1=19.8 mm,
f= 1800 [Hz)

U, : Phase-averaged maximum
velocity of expulsion

V. Input voltage amplitude

* The error bars are calculated
for 95 % confidence interval.

300 600 900 1200 1500
Vapp [V]
* Ifthe flow of jet is correctly responding for the input signal, V,,, should be in
proportion to Ugy.
o U,yincreases linearly with V,yp in 600=V,,, <1000 [V].
— Good responsiveness!!
* Examine the frequency response characteristics in this input voltage.

Comparison of the jet slot size of the gasket

¢ d=229mm, V, =800V ¢ d=3.18mm, V, =600 V
25 o206 mm 25
|—4— [=19.8 mm|
20 20
= 15 ERE
E =
z 10 ‘ S 10
[
5 5

0 0
1400 1600 1800 2000 1200 1400 1600 1800 2000
fIHz] fIHz]

‘We focused on the high frequency side (f >1500) because the high-frequency
forcing is often used to control the wake.
[=19.8 mm has better response than /= 20.6 mm on higher frequency side.

(Same tendency was also confirmed in the another d and V,,,,).

Conclusion

We performed the investigation of the characteristics by
changing the thickness and the size of the jet slot of the gasket
by the experiment.

The output responsiveness U, is proportional to the magnitude
of the input voltage V,,, in 600=V, <1000

Good responsiveness is obtained in high-frequency side (>
1600 Hz) when we use the gasket of the jet slot of / = 19.8 mm
and d= 3.18 mm and 2.29 mm of the gasket thickness.
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Motoki Yamada

A . N
Outline
Synthesis of MZPFe nanopowders
to thin films as solid electrolytes
by Liquid-Feed Flame Spray Pyrolysis + Introduction
* Research Purpose
* Experimental
Motoki Yamada
Goto Laboratory, Dept. Materials Science and Process * Results & Discussion
Engineering, @nj
Nagoya University « Conclusion
Eleni Temeche
Richard Laine Group, Dept. of Materials Science Engineering
University of Michigan 13 ,
7%

Introduction - solid electrolyte - ( Introduction - Li-asks -

Conventional Batteries  All-Solid-State Batteries

Li* ASBs Lithium
- w Anode Most widely |mplemented
J metal for batteries
Anode Cathode Anode Cathode
§ + High voltage
= High energy density
g ST
S R
Electrolytic Solution %

Merits of ASBs (All-Solid-State Batteries) Li* solid electrolyte = High cost
N ,/
* High safety * Flexible in design
* Wide operating temperature range v Demand for development of non-lithium ASBs

7 X
Introduction - Mg2?* conducting electrolyte \

Introduction - mzp thin films -

Magnesium ion based ASBs MZP : Mg, sZr,(PO,),

magnesium One of limited reports about Mg2*-conducting solid electrolytes.

Why Magnesium ?? 1e
Mg

* High natural abundance (10* times that of Li) 24.305

* High volumetric capacity (1.8 times that of Li) v To Improve the pe.rfm.“mance of MZP’
partially Fe3* substitution for Zr**is expected

* Higher atmospheric stability and melting point than Li

Mg, o(Zro sFeg 4)2(PO,);

But..
Development of Mg?* solid electrolyte _—
(VA

=) So difficult

.. Limited reports about Mg?* ASBs
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Research Purpose Experimental - procedure Flow -

To synthesize nano-powders
via Liquid Feed- Frame Spray Pyrolysis (LF-FSP)

To develop conductive MZP thin films To make suspension (Liquid-state sample)

from nano-powders

To fabricate thin films by casting the suspension
To sinter thin films by furnace heating

To analyze sintered films (SEM, XRD, EDX)

Experimental — Nano-Powders Synthesis \

Splay Head(Rear)

Experimental — Suspension Process -

LF-FSP equipment

Precursors

Atomizing gas Tab. Compositions of Suspension

in Ethanol (Oxygen/Methane)

Components Roles Wt.g| Wt%| Vol.%

Nano-powders Powder 1.00 32 10

Outer Electrode ‘ A
Polyvinyl butyral (PVB) Binder 0.10 3 4
Benzyl butyl .

thlate(gBP) Plasticizer| 0.10 3 4

) ‘. Acetone Solvent 095 31 41

Bottom ESP Inner Electrode Ethanol Solvent 0.95 31 41

Precursors
Mg Propionate (15.7 g) LF-FSP 10kv

Zirconium isobutyrate (35.6 g) |::>
Iron Propionate (48.7 g) ano-powders

Triethyl Phosphate (84.1 g) Ethanol (1400 mL)

Experimental — Film Processing -

Results & Discussion - NanoPowder -

Ball-milling Tape-casting As-produced nanopowder
Rotation ;
=

Suspension J\

g

50

©
®

1 30

/
Zr0, beads

Thin Film  Furnace

e
e = (T

Alumina Plate

©
o

1 10

Weight [%]
© o
NI

Heat Flow [mW]

w0
S

%
%

&

3

0 200 400 600 800 1000
Temperature ['C]
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Results & Discussion - sintered Film - Results & Discussion -Fiims Morphology-

Sintering Schedule: 750 °C/3h/air

[ ]
A

L
10 20 30 40 50 60 70 80
26 [deg]
Phases
MgFeP,0, (wt. %) ZrP,0, (wt. %)
ey
27 73

Sintering Schedule: 750 °C/3h/air

photograpn I Eox
.

9 W (Fe) ) )
L thint !
Thickness = 50 um

A MgFeP,0;

Intensity [a.u.]

Conclusion \

A MgFep,0, v/ MZP phase could not be seen in sintered
W zrp,0, films.

Results & Discussion -fiims Morphdlogy-

Sintering Schedule: 900 °C/3h/air

Intensity [a.u.]

v/ Therefore, ionic conductivity could not
be measured in this time.

10 20 30 40 50 60 70 80
20 [deg]

Phases

MgFeP,0, (wt. %) ZrP,0, (wt. %)

44 56
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Keiichi Okubo

M Study abroad 217

%13h 4 :

Michigan University is located close to Detroit

FAURBRN

2019/01/22

UNIVERSITY OF
ICHIGA

SYNTHESIS OF MO,C =
SUPPORTED METAL CATALYSTS a

1. Find an organization that will fund you (if you need)

Keiichi Okubo
Graduate School of Engineering, Nagoya University
Chemical Engineering, Michigan University

2. Find a teacher who will accept you
3. Do some procedures (Admission procedure, VISA)
You Can Go to Study Abroad

M What is JUACEP ? 37 M Money to study abroad 417
JUACEP: Japan-US-Canada Advanced Collaborative Education Program Studying abroad for people who have little money. (In my case
™
M 1 INCOME = Scholarship
university .
JUACEP | was supported by JUACEP to study in - 88,000 yen/month
| & us
Japan-US Advanced Collaborative - 80,000 yen/month via JUACEP

Education Program
Nagoya University, JAPAN

Total 168,000 yen/month

hitp://www juacep.engg.nagoya-u.ac.jp/ EXPENDITURE
JUACEP is an international student exchange program for graduate students at - Rental fee for a house 600 dollars/month
Nagoya University, University of Michigan, and UCLA and University of Toronto. - School insurance fee 170 dollars/month

+ Visa application fee 400 dollars
The primary purpose is to have the students gain research experience, knowledge, - Airfare 1.510 dollars

and skills at the visiting university, but we also expect them to be driven, flexible, Total 1,725 dollars/month = 190,000 yen/month

You just need more 22,000 yen/month

cooperative, and tough in multi-cultural environment.

M Michigan University " M  Introduction 617

All school buildings are made of bricks The University of Michigan is one of Molybdenum carbides has been reported to be a useful catalysts for ammonia
the most histeric, top-level public synthesis. It was said that the activity of ammonia synthesis depended on the

high schools in the United States crystal structure of molybdenum carbides.

a-Mo,C B-Mo,C
c

University of Michigan is ranked
20th in world university ranking
(Tokyo University is ranked 42th)

Fig. 1 Schematic of crystalline structure of a-Mo2C and B-Mo2C. (a,
) Unit cells of a-Mo,C (a) and B-Mo,C (c).

Chai, J. F.; Zou, Q; Song, W. Q. Adv. Mater. Res. 2013, 774-776,
1038,

| Itis the building which | used.

Our project

Goal: To develop a high activity catalyst for ammonia

synthesis.

Motivation: To investigate the unique properties of a-Mo,C and B-Mo,C .

Activation~To-i the-activitv-for i hesis-by-metalloading.
P ¥ ¥ ¥ S
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M  Purpose Iwasin charge of a part of a big project M Experiment Schedule for 2 months 817
To prepare Mo,C supported metal catalysts Schedule
To elucidate the il vEs oy ‘11/5 12/21
Material cause of high [ ar‘nmoL:wia ! < >
synthesis perfo’w;agce of synthesis Experiment practice
2 weeks 5 weeks
My research theme: First step of a big project - Synthesis of 3 materials X3 = 9 samples
1. Synthesis of Mo,C which has both a-phase and B-phase. -1 Samé)Dle needs 3 days
. . Synthesis of Mo,C
2. Synthesis of M/Mo,C (M: Co, Ni, Ru) @Metal loading 2
(@Reduction of the material
Step1 Step2 Typical Day
HSA-Mo,C (High Surface Metal/Mo,C 7AM 8AM 9AM 6PM 7PM
|:> () Metal: Co, Ni, < >
Y Getup To school Start Finish Go home|
by bus experiment experiment
M  Mo,C preparation method 917 M Mo,C preparation method 10 17
Temperature programmed reaction technique
CH,/H, flow (NH,)sMo;0,4°4H,0
(NH4)6M07024'4HZO |:> HSA—MOZC (Sieved to 60-120 ym, Purchased by Alfa Aesar)
.\ 1 H, fl 623K, 12h CH,4/H, fl 863K,2h Condition A
nal , flow, , 4/H, flow, )
I\ el
(NHJMo,0,044,0 HSA-Mo,C
(NH,)sMo,0,,24H,0 HSA-Mo,C
CH4/H, flow
3 experimental conditions were tried. (Next slide)
M Experiment Condition M Evaluation of materials 1217

3 experimental conditions

Condition Gas Tinitial Tinal tramp tsoak
(Step)
A(l) (Hz) 298K 623K 70min  12hrs
A AQ2) (CHyH;) 623K 863K  90min  2hrs
B(1) (H) 373K 623K 70min  [2hrs
B B(2) (CHs/H,) 623K 863K  90min  2hrs
The same program as condition B
C Another reactor contaminated by slight oxygen

XRD: X-ray Diffraction Analysis of Mo,C

Intensity (a.u.)

26 (degree)

In the condition A, a-Me,C and B-Me,C are mixed. (Good condition)
In the condition B, B-Me,C is only synthesized.
In the condition C, a-Mo,C and B-Mo,C, MoO, are mixed.
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M Discussion

XRD: X-ray Diffraction Analysis of Mo,C

The initial temperature of condition B is higher than
that of condition A.
Therefore, thermodynamically stable B-Mo,C are

made.
Stability

Intonsity (a.u.)

20 40 60 80
20 (degree)

Because the reactor in condition C is contaminated
with O,, Mo oxide are mixed in Mo,C.

In the condition A, a-Me,C and B-Mo,C are mixed. (Good condition)
In the condition B, B-Me,C is only synthesized.
In the condition C, a-Mo,C and B-Mo,C, MoO, are mixed.

Keiichi Okubo

M Metal/Mo,C catalysts prepara

Incipient wetness impregnation: in a globe box with inert gas flow

HSA-Mo,C |

Prepare the metal precursor g

Measure the pore volu .S set the same volume of water as the pore vol

Ni(NO,), * 6H,0 -
CI(§(N033§2 . 5}_?20 ' Drop and Shake M/MOZ,C(S wtth)
RuClg - nH,0 ~' 8mlX 18 times (M: Ni, Co, Ru)

] o

Mo,C

B 4
{
ume of carbides

Evaluation of materials 15 17

The XRD patterns of the Mo,C supported metal catalysts after reduction

Ni/HSA-Mo,C

Ru/HSA-Mo,C

{J HSA-Mo,C

20 40 60 80
20 (degree)

Intensity (a.u.)

The crystal phase of the Mo,C were not changed after metal loading.
Metal were dispersed on HSA-Mo,C by incipient impregnation method
because the peaks of supporting metal were not emerged or slightly
emerged.

M Conclusion 16 117

1. High surface area molybdenum carbides were prepared
using a temperature programmed reaction technique

starting from an ammonium molybdate precursor

2. Mo,C supported metal catalysts were synthesized by

incipient wetness impregnation method

Metal/Mo,C
(J Metal: Co, Ni, Ru

M Acknowledgement 17 17

| was supported by JUACEP to study abroad.
| would like to thank Ms. Kato, JUACEP members,

Levi Thompson’s group, Professor. Satsuma, Senior Lecturer.

Sawabe, and all Satsuma lab members.

Thank yo foryor attention.
You can challenge studying abroad.
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Nagoya university

JUACEP

The 24™ JUACEP Students Workshop

Research presentations and discussions of JUACEP
2018 medium /long-term course participants

Date... Thursday, March 28, 2019

Venue... IB013

Timetable *10 minute-presentation + 4 minute-Q&A for each
Time A dvli\iiﬁ(‘: NU Presentation title Adviser at US/Canada
13:25 Opening address
Takahiko Kosegaki Thermal Testing of the New | Prof. Mark Moldwin
13:30 Small Magnetic Sensor for Climate and Space
: Prof. Kazuo Shiokawa ) ; .
. . . SmallSAT Science and Engineering,
Electrical Engineering P68 Univ. Mich.
Yuta Ujiie The New Directly Shear Prof. Chang-Jin Kim
13:45 iy Stress Sensor for Mechanical and
Prof. Koji N?gata_ Aerodynamics AppliC&tiOl’lS Aerospace Engineering’
Aerospace Engineering Undisclosed UCLA
A Computational Study of '
Ryo Tsunoda Cell Growth and Division as Prof. Krishna
14:00 | Prof. Takeo Matsumoto | @n Energy-Based Soft Garikipati
Mechanical Systems Packing Problem Using a Mechanical Engineering,
Engineering Diffuse Interface Framework Univ. Mich.
...P.70
Koki Hojo Reactive Dc Magnetron Prof. Suneel
14:15 |Prof. Noritsugu Umehara Sputtering of MoS, and Kodambaka
Miro-Nano Mechanical | M0S2/hBN Layers ) Materials Science and
Science and Engineering ...Undisclosed Engineering, UCLA
Experimental Investigation
Kotaro Hotta of Prjmary Breakup Prof. Mirko Gamba
14:30 Prof. Jiro Kasahara Induced by High Mach Aerospace Engineering,
Aerospace Engineering | Number Shock Wave Univ. Mich.
...P.73
14:45 Completion Ceremony
15:00

Adjournment

Date... Tuesday,
Venue... Lecture

Inquiry... JUACEP Office 052-789-2799

October 8, 2019
room 242

13:00

Kimihiko Sugiura

Prof. Seiichi Hata
Miro-Nano Mechanical

Science and Engineering

Sensitive Analysis of
Five-Link Suspension
(Undisclosed)

Prof. Gregory M.
Hulbert

Mechanical Engineering,
Univ. Mich.
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Thermal testing of the New
Small Magnetic Sensor
for smallSAT

Nagoya university
Dept. Electrical Engineering
M1 Takahiko Kosegaki

University of Michigan
Dept. Climate and Space Science and Engineering
Prof. Mark B Moldwin

2. Background -Magnetic sensor-

RM3100 Magnetic sensor

MI Sensor

<«—He

+— Output

Figures from Leuzinger and Taylor, 2010 3

4. Experiment

* Using the dry ice
(sublimation temperature: -78.5 °C)

* The system was left running
for 50 hours or more

« The sensors were controlled with (a) (b) ©
the Arduino uno. Senzor 1

Sensor Stage

Shield Gan

(a) shows the difference between the characters of sensors
(b) shows the difference between the inside and outside of the shield can
(c) shows the temperature dependency 5
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1. Background —geomagnetic field-

Solid line : geomagnetic field line

N ‘4“<v4,f‘, -

30cm

From Burch et al. 2016

From Miles et al. 2016

3. Previous study

L Regoli et al 2018

Magnetic sensor: RM3100 by PNI corporation

Resolution (40 Hz sampling) 8.73nT
( 1 Hz sampling) 2.2nT
Stability (Kurtosis index) 3.0
Linearity (+100000 nT) <3%
Question

What kind of situation (temperature, pressure, radiation)
can we use this sensor

Purpose of the research

To reveal the temperature dependence of this sensor

5. Results and Discussion

sxion

* The spike noises started to occur
after the temperature went below
-42°C

i * Once the temperature going below

-42 °C, spike noises occurred when
i the temperature was changing
8

» The circuit was damaged due to
excessive cooling




5. Results and Discussion

The measurements (spike noise was rejected and averaged)

Idef Sarmple Number x Tomporature/1000000-

Temperature

~
S

[degrees]
°
Torgersic]

IS
3

12 24 36 48 60
[hour]

o

3
B

5. Results and Discussion

« Comparing with the
measurements after and
0 before thermal testing

PRI > No permanent damage at

least in term of resolution

5l

i 9

Takahiko Kosegaki
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5. Results and Discussion

;&, ,"‘(M - w”
: . "

e M
I W Exo [
& i &
) =
X == [N =58

. R, = p
W wl

|

400,

s 2 w0 o 0 2 20 10 o 0 2
Tomparstse [C] Tomparanro [C]
%0 * Each sensors have their own
characters of the temperature
g MIA'M\\W‘ dependence
i ) b
%0 b + Difference of offset between the
——
i cooling and heating
200 > hysteresis or damage ?
o 2 a0 o 0 2
Tonpaselc] 8

6. Summary

* Understanding the global geomagnetic field is important for the
space study

+ RM3100 has ideally specification for small satellites

» RM3100 was tested the temperature dependence to reveal the

versatility
Results
* RM3100 has temperature dependence
axis Trend coefficients (nT /°C)
X 2.8
Y 3.1
Z 1.0

RM3100 should not be operated below -42 °C or spike noises occurred

RM3100 got no permanent damage due to excessive cooling
at least in term of resolution 10




Ryo Tsunoda

mechanical interaction
cell aggregation

division, differentiation,
A computational study of cell growth and division ierstion packing

as an energy-based soft packing problem
using a diffuse interface framework

BUT Affection according to spatial and temporal is primary

» Application of computer simulation

N . . " latti del 1 del
Ryo Tsunoda?, J. Jiang?, S. Rudraraju® & K. Garikipati? attice moce - - veriexmoce
* Biomechanics, Mechanical Engineering, Nagoya University ..
2The Computational Physics Group, University of Michigan i =
3Computational Mechanics and Multiphysics Group, University of Wisconsin-Madison % ..

ustration o vertex dynamics models

bt mathsed el com/ ColldAuomaton e
2 Zhang e 1. PLoS ONE 6(10) <2499, 4oL 10,373 jouenl pone 002499, 2011 3 GK. Xu et al., Journal of Biomechanics, 49, 2016

Theory of soft packing Theory of soft packing

Shape change of the cell is determined through
the changes to the principal moment of the inertia (I%, I2) of the cell:
nmr
[e]=Fk=1TN#Fi=1Tdim &
SURTI (1UkTiTvel — [ATI) T2
The principal moment of the inertia is determined with following equation

Let QER? with a smooth boundary 42 of Q.
Scalar fields ¢,, k= 1,...,N with ¢, € [0,1]
The interior of ki cell, w, and the exterior of ki cell, Q\ a;.

The free energy density function : -
YL (clk)= aclkt2 (clk—1)12 + " I[c]= [M/A1 [c]&IA2 [c]@121 [c]&/422 [c] |= [M/ T
/2 \Pelk| 12 X112 dV&[T5cX 1T X 121 dV@ /T 1T X 12T
=/(clk )+ K2 |Pelk |12 avefrick 212 av ]
The total free energy of the multi-cell aggregate is a functional [c], defined as ..
N/e] = Q15 Th=11NEf(clk ) +Sk=1TNER/2 [Pelk [12 +TI#ATE, o Then the total energy become
v 11e] = fQrEEh=1INEf(clk ) +ER=1INER/2 [Pelk [12 +EBATEEI=1INEACIKT2 clif2 )dv+Zh=11N)]

penalize shape change

repel cells each other

BN

repel cells each other
keep the thickness of the boundary of cells keep the thickness of the boundary of cels

distinguish the interior and the exterior of cell separate the interior and the exterior of cell

Theory of soft packing Theory of soft packing

Time discretization

The variation of derivative with respect to ¢, is following : A= tltntl
-ttt —
Sk [cw]= dfde [QTESI=1INE(f(clk + ew) + k/2 [P(clh+ €w)[T2 + Sl#hTFAclk + ew) 12 clll2 )dV + ClkTnt1 =clkTn+AL(MV (VpdkTnt1 )+ sik) [ Hin ]
@/de Zh=1TVEZI=1 1A ESUTL (LA TiTvel — 1kTi el + ew)T2 [le=0 AT =fT Tt (el )= clhTnt 1 +EEKTE2ACURTne L cllnd 1 12 — Si=11dim 528147 (1A TiTvef — [LAT)
=f1Ew (T (clh )~rAch+SthTE24clk cllT2 ) dV—Eh=1TNEFi=11dim 22804 1; (JLkTiTref — 1ATE
Weak form

Then, chemical potential /4 is defined as JatZwclktntl dv=[QlSwckhin— Vo MeMPpdkintd + wslk dV

JAR=FT (el )~nbclk + SEkTE2Ackk cllf2 —

Zi=11dimE28LkTE (ILkTiTref — [LkTi )] Licli

St wplktntl dv=[Q1EwfT ntl (clk ¥ ParkVelkTntl dvt JOTEwS AT E2AclkTnt] clitnt] 12 aV —

Kinetics : Cahn-Hilliard formulation

Gl [t =—V-(~MPulk )+sik
- Basic formulation of finite elements methods determine dynamics of finite elements analysis
- Solved by standard finite element frame work
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Algorithm of cell division

Ryo Tsunoda

The result of pre

The cell mass of k" cell at nt" time step is described as mlkTn= [QT&Eclkin dV

Then divided to two cells

O -O-O

initial single cell become twice larger initial condition of two cells
than initial volume

- -@

Then divided to four cells ]
become twice larger

than initial volume

repeat expansion and division
until cell filling the whole domain

Achievements Parameter from numerical experiments

XM s At |
4 [ 1.0e=3 [ 100 | 1 | 5.002 | 2.0e—4 |

Represented the cell division up to twelve-cell stage
with considering mechanical property. [

[a] &

Value |

Limitations

Cells were not packed until divided to twelve cells.

Progression to four cells

initial single circular cell

Soft packing of real cells

ttps/funww.colcom/pictureshow/embryogeness

Progression to eight cells Progression to twelve cells

yatial treatment

Full volume packing

Full volume packing : Temporal treatment

Method
if (cell mass < entire domain / the number of cells) | *source term =0 : no cell growing
source term *= 1.0: source term >0 : cell growing
if(cell mass > entire domain / the number of cells)
source term *=0.0:

- The cells fill the entire domain of the field at last.
- The thing is after the interface of the cells reach to the
boundary, the cell skip the neighbor cell to expand.

Method
for N=1—3
if (time for equilibrium N < current time < time for equilibrium N+1)
if (cell mass < certain value)
source term *=1.0:
if(cell mass < certain va\ue}

dumam / the number of cells)
source term *=0.0:
repeat three times

Stop cell growing before

Repel the each cells
the interface reach to the boundary  Then interface leave from the boundary

4 cells model and 8 cells model

- The cells fill the entire domain under static through all time steps.
- Have not considered mechanical character yet.

1

'With the moment of the inertia term
N[e] = [Q1%(Sh=1TNEf(clk) +Ek=1TNEx/2 [Pelk [12 +X

Javt Si=11VES =

Method
~The flame work of the model is same as the model without the moment of the inertia.
- We set the value of 8, (8411 81412 )= [0, 1.0x1074 ], [0,1.0x1075 }, [0, 2.0x1075 ]
where valid range of 8477 is SlkTi€[1x1074,2x1075 |.

(SLATL ,8LAT2 )= [0, 1]0x1074 ]

I



Succeeded to represent the full packing model with certain number of cell

[> Without the moment of the inertia term, described the model illed out with two, four and eight cells
- The treatment of interface of cell is important to grow cells under stable. e put spatial and temporal treatments
in this research.
[> With the moment of the inertia term, described the only model filled out with two cells.
- The model was calculated under stable only when mechanical modulus (84471 ,84472 )= [0,1.0x1074 ]
though valid range of &is 5441/ €[1x1074,2x1075].

As the next step of research

[> The model filling the entire domain with cell at anytime on the way to growth.
[>Finding the conditions where the cell grow under stable through the range of value of
the moment of the inertia term.

Life in Michigan

Ryo Tsunoda
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Experimental Investigation of Primary Breakup
Induced by High Mach Number Shock Wave

Kotaro Hotta
Supervisor: Mirko Gamba

Introduction

» Primary Breakup Process for subsonic crossflow

For Subsonic crossflow, there are various studies, and the important
parameters, such as breakup mode and the breakup time, are arranged by
Weber number and Ohnesorge number.

We = pl~ ulool2dl0 /oll = aerodynamic force/surface tension

Oh =pJdl /VOpll 6l dL0 = viscous forces/surface tension and inertial forces

For We > 110 and Oh < 0.1, shear breakup occurs.
characteristic
«+ disturbances on the windward side due to Rayleigh-Tayler instability
Sallan et al.(2004) revealed characteristics of shear breakup.
Breakup time, t, An effective drag coefficient, C,, v
4/t = const. = 2.5 Cp=moalc /1/2 poo(uloo —u)12d0L SHe
where, tT+ =(pll /plg )10.5 dl0 /ulco

[1] Sallan et al.(2004) 3

Experimental Methods

concave mirror

[shock tube and optics] Shlieren optics

camera sensor

[/ shock wave! focusing lens

39.1 mm

flow induced
by shockwavel M, E water column
M, 1~ @ d=1.22mm, u=28m/s
o
t=-33.0ps,B3
shock tube parallel | test section
light
testname  ©Gases We M, M,
driver/driven  [-] [ [

A1 NPT 59357529 1.11

A2 He/Air 5071 4 g 158

B1 He/Air 9003 547 447

B2 He/Air 9238 545 453

B3 HelAir 8617 435 160 Oh<0.1atall cases 5
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Introduction

» Scramjet engine

A scramjet engine is an air-breathing jet engine that operates at speeds
of 4 or more times the speed of sound.

Scramjets may one day have several applications: an air plane which
has so much high speed.

Challenging :The mixing process between fuel and air

It is important to understand the breakup process for Supersonic Crossflow

» Primary Breakup Process for supersonic crossflow

J. Beloki Perurena, et al.(2009) revealed the presence of the Bow shock in front the liquid jet iniection

Objective of this work

» Observe the entire breakup process for supersonic crossflow
(M,=1.1-1.6)
At the condition of We > 110 and Oh < 0.1, which is corresponding
to the shear breakup for subsonic crossflow study.

» Investigate the effect of flow Mach number on the breakup time
and an effective drag coefficient

Results

9.8 mm

39.1 mm

[x

B3
frame interval 3.33 s
light source pulse duration 0.65 ps
resolution 0.31 mm/pixel

Because giwater /qigas = 0.02<<1, the water column move to the -
Z direction by only 0.4 mm while this video.




Kotaro Hotta

Results Results
[Cpand ]
50F T

incident shock

opr T
reflected

wage O
B3 40F ] 209F shock wave b
160 b
=- = —30f & -
reflected @ =~ 3-3 s (d)t=333us z Wer4500 - fting curvd
shocl O 20F / ] < R?=0.998
o E
wave :
disturb 10f h ] ]
byt =3.3us (e)t=80.0us Al C'sturbances W:39000 wf water columnd
(110] ST O o TR . 1
1012 I1\/.14[1].6 18 2.0 B I T
3 x/d [-]
(c)t=16.7 ys (Bt =190.0 s SOpTTr ey
200 T T T The initial N length of Rayleigh-Tayl We~4500 Cpand t, for each cases are plotted here based
-4 helntialwave length of Rayleigh-faylor _ 40 ¢ 1 on x-t diagram and instability graph.
15k o« instability 2JM is computed byz/l : surface tension of water O '\ Cp = mOadc /1/2 ﬂw("l"osnék&)‘fﬁ%e ‘
T ) A=d - AIM = V[Ball /a(pll —ploo ) =3eddemration of water column w 30F Wex9000 1 b
D10 pil: density of water ~ 20 " .
< - . tﬁlw . dtTnsity offair o gﬁ‘apd ttrl;/t does r;ot ch'an.gi dra’?g“ﬁa"),/'
osk 1 Asthis is much smaller than the resolution o 10 is is the same characteristics of Sallan’s
t images(300 um), we can't tell this is Rayleigh-Taylor results. For supersonic crossflow which has Mach
0.0y ® sposp e b 1 instability. 0.0k p number in range of 1.0 - 1.6, Cpand t,/ t* could
04080 120 160 200 3¢ However, this rapid growth characteristic is similar to 10 12 &4‘ [_1]6 18 2 be constant.
t [us] the growth of Rayleigh-Taylor instability. 7 2 However, more tests are needed to prove this. g
Conclusion

» We observed entire process of primary breakup.
Shock impingement
— a strip of ligaments and fine mist from water column
— an expansion of the ligaments and fine mist area
— an occurrence of the disturbance on the windward side
— a growth of disturbance(could be Rayleigh-Tayler instability)
— break up

» For supersonic crossflow which has Mach number in range of
1.0 - 1.6, Cpand t,/ t* could be const.
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My Life in Ann Arbor through JUACEP

Name: Motoki Yamada
Affiliation at Nagoya Univ.: Materials Science and Process Engineering
Participated program: Short course 2018

Research theme: Synthesis of MZPFe nanopowders to thin films

as solid electrolytes by Processing Liquid-Feed Flame Spray Pyrolysis

Advisor at the visiting university: Prof. Richard M. Laine

Affiliation at visiting university: Materials Science and Engineering
University of Michigan

The life in Ann Arbor, Michigan, was spectacular to me. Before arrival, | was worried whether | could
live here all by myself because everything would be inexperienced there in the house and laboratory,
of course, the city itself. However, contrary to my prediction, they were so helpful to me, bringing me
the relief. In the laboratory, one PhD student, probably assigned in charge of me, taught me a lot
about the procedure of experimental and the way to use the equipment’s in the lab.

Therefore, although the research area was completely different from that in Japan, | could follow her
directions, which led me the comprehension of the whole outlines of my experimental goal and lots
about ceramics and its application. Regretfully, due to the short term of the stay, | found it difficult to
take actions spontaneously in the laboratory.

As for the rental of the house to live in, | heard in advance that it would be difficult to contract the
lease just for 2 months. So, | decided to use the application of Airbnb, a kind of private residential
support service mainly functioning on the smartphone. As a result, it brought me the migration of the
house in total 4 times. What | can say in common of those 4 houses is that the hosts welcomed me
willingly, thus | could enjoy sharing the house space.

| also participated in some of the activities such as the pizza party, picnic, and boating held by
international organizations, where | made some friends with foreigners. They are so curious about
their research, so it impressed me a lot in terms of the motivation of work.

On the holidays, | went watching American football game with some JUACEP students, and
baseball game with attendees of international circle. Needless to say, since these were the first
experience for me to watch sports in other countries, | was so excited and mostly | can find them the
most memorable events.

While living in Ann Arbor, | naturally learned to consider about my own countries compared to U.S.
and found some meaningful differences between both countries. First, they in Ann Arbor frankly and
willingly accepted foreigners. In Japan, | felt many Japanese hesitate to speak foreigners because
possibly we are afraid of contacting with other cultures or speaking non-mother languages. When |
faced some troubles and needed some helps, they in Ann Arbor gave me a hand even if they might
feel difficult to understand what | was saying. | would not have lived without their helps in the scene
of housing, living, and life in laboratory. | also found that most of the Asian people studying in
University of Michigan are non-Japanese, most occupied by Chinese. Many of them | encountered
are eagerly aiming to get the position such like PhD, rarely seen in Japan. Through these
experiences, | should reconsider about my own future work.
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To Enjoy Difficulties in U.S.

Name: Keiichi Okubo
Affiliation at Nagoya University: Chemical Engineering
Participated program: Short course 2019 (From November to December)

Research theme: Synthesis of Mo.C supported metal catalysts
Advisor at the visiting university: Prof. Saemin Choi
Affiliation at visiting university: Chemical Engineering, Michigan University

| came across many difficulties in U.S. But they all excited me and made me grow.
Moreover they have transformed my life in U.S. into the enjoyable experience.

1. Sudden cancellation a month before going U.S. in searching for a teacher to accept me.
The teacher can’t accept me because he had decided to move to other university.

2. Postponing the juacep program
Owing to 1, we had to postpone the juacep program. Thanks to many people’s help, | could carry out

the program. Thank you all.

3. Cancellation of Michigan University Sponsorship
Thanks to the mistakes in administrative procedures at the side of Michigan University, | could not
enroll at the university.

4. Cold room
The room | stay in was too cold without an air conditioner, a suitable bed and a blanket. Therefore it
was too cold to sleep enough.

5. Trouble with a rental car shop
| was told from the shop that we have no cars by overbooking. This incident will not happen in Japan.

6. Police!ll
We was involved in a small accident, and called the police.

7. Trouble at private accommodation (Airbnb)
The Chinese was using the room that we reserved and had locked the door, so we could not use the
room.

Because | came across many difficulties, it was a happy two months.
Regular days do not remain in our memory. Engraving events into emotions, such as happiness,
sadness, surprise, they will be a lifelong memory.

Courage is necessary to make a decision to study abroad. Please contact me if you need advice.
Lastly | will leave the sentence left in my impression. | was said that from a professor.
‘Why DON’T Japanese study abroad?’

—

Thanksgiving party

v (P

Michigan University ; Aclle, O

" | Farewell party

Christmas party (il I
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Findings through JUACEP

Name: Kotaro Takamure
Affiliation at Nagoya University:

Department of Mechanical Science and Engineering, Nagoya University
Participated program: Short course 2018

Research theme:

Synthetic jet characterization for differences in nozzle size and thickness of gasket
Advisor at the visiting university: Prof. Philippe Lavoie

Affiliation at visiting university:

Institute for Aerospace Studies, University of Toronto

First of all, | am very grateful to Professor Shaker Meguid who is a supervisor of JUACEP in
UofT for much advice on Toronto's life and laboratory. | am also very grateful to Professor Philippe
Lavoie for guiding me about research. He gave me an opportunity to conduct a very interesting and
challenging research.

| visited University of Toronto for two months and worked at the Flow Control and Experimental
Turbulence Laboratory in University of Toronto Institute for Aerospace Studies (UTIAS). | conducted
a research on a synthetic jet characterization for differences in nozzle size and thickness of the
gasket. | researched almost the same field as in Japan but the research theme was completely
different. But, professor and students listened to my problems and they gave me some advice. , this
research theme was very difficult for me, but | gained great confidence when I finished my research.
| think it is a valuable experience for the future.

| stayed in Toronto by homestay. Homestay’s owner gave me three meals a day. There were
several people (Mexican, Turkish, and Korean) who came to learn languages, and they were all very
kind. Sometimes, | enjoyed barbecuing and watching movies with homestay family. On holidays, |
went to many places, for example, New York, Niagara Falls, and Rogers Center et al. Furthermore, |
participated in language exchange and enjoyed exchanging information with Canadians. These
times became valuable experiences that | could not experience in Japan.

Finally, I'd like to appreciate everyone who gave me the great opportunity to study in Toronto.
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Findings through JUACEP

Name: Shuichi Higaki

Affiliation at Nagoya University: Mechanical Systems Engineering, Graduate
School of Engineering

Participated program: Short course 2018

Research theme: Analytical and Numerical Modeling of High-Temperature
Pressure Transducer

Advisor at the visiting university: Prof. Pierre Sullivan

Affiliation at visiting university (Dept & Univ):

Mechanical and Industrial Engineering, University of Toronto

The experience that | had in Toronto is extraordinarily valuable. | appreciate my supervisor
Prof. Pierre Pierre Sullivan and JUACEP coordinator Professor Shaker A. Meguid. Also, | appreciate
everyone who helped me. At first, | thought that it is hard to live in Toronto because of my English
skill is poor. However, there was nothing to worry about it because the people who involved with me
are so kindness; especially Professor Sullivan gave me enormous help. In such circumstances, |
was helped by the many people and could live in Toronto. Thanks to that, | guess my English skill is
a little bit improved.

In Toronto, | studied simulation using commercial software and modeling of the pressure
transducer. My research in Japan is experiments not simulation. Therefore the study was new for me
and | needed to study a lot about the theme. However, thanks to Prof. Sullivan and member of the
laboratory, | could understand what the goal of the study is, what is needed and what | have to do.
The duration was short to get great results. But the experience was good for me because | could
learn the difference in the attitude to take research activities. | am sure of it lead me improving my
research activities in Japan.

The life in Toronto except for research activities is also great. Toronto is so safety city and has
good weather in summer. Also, Torontonian is tolerant about clumsy English because Toronto has
many immigrants and, | think people who live in Toronto have the cooperative spirit, and the attitude
trying to understand what someone wants to do. | went to many places during this program, for
example, an amusement park, historical building and so on. | can’t write it all of them, so | write
some experience here. | love baseball and Toronto has an MLB team, Toronto Blue Jays. So | went
to watch the game twice. It was so great. The atmosphere in Ball Park is different from Japan. Also, |
played baseball in the local baseball club and so fun. The place where is deeply impressed is
Niagara Falls. In there, | could see the spectacular nature that | can never see in Japan. Toronto is
close by New York and | went there. NY is an exciting city and | had a great trip.

Finally, | would like to express appreciation again for Professor Sullivan, Professor Meguid, the
member of the laboratory and JUACEP officer who gave me such excellent opportunity. Also, |
appreciate the homestay family, agents, and friend | met in Toronto. They made me great
experiences. Thank everyone very much.
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Finding through JUACEP

Name: Takahiko Kosegaki

Affiliation at home country: Electric Engineering, Nagoya University
Participated program: Medium course: August 2018-January 2019
Research theme: Thermal Testing of the New Small Magnetic Sensor for
SmallSAT

Advisor at the visiting university: Prof. Mark Moldwin

Affiliation at visiting university: Department of Climate and Space Science
and Engineering, University of Michigan

The research in the US was basically tough because all resources, texts, papers and lessons,
were written and spoken in English. However, the professor and the post doctor helped me whenever
| was in some trouble. The research made me more interested in the space physics and the
observatory. This is because the people in this department told about their research happily.

| visited a lot of states during the winter break. One of my recommendation is Florida because
it was warm as we can get in the sea. | strongly recommend someone, who will stay in Ann Arbor, to
visit a lot of states especially the eastern states where is far from Japan.

The college sports are also popular in Ann Arbor. People are excited to watch the game and
send a cheer with waring the yellow and navy. You can enjoy to mimic to send a cheer, feel the passion
of them and see the cheerleading performance even if you don’t know well about the football.

| have a tip to live in the US. They use credit cards or debit cards every store and restaurant. |
recommend you to have more than two credit cards or debit cards because they can be stopped due
to the skimming. | had a credit card and a debit card but they both were stopped in six months. Also,
you should check the receipt of cards frequently.

The life with many friends in the US was definitely exciting and interesting. | couldn’t speak
well in English, but some people in the US tried to understand that | meant and they told me something
about the US, their country and something funny. This experience offered me some opportunities to
make a lot of friends all over the world.
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Great Time in Michigan

Name: Kotaro Hotta
Affiliation at Nagoya University:
Participated program: Medium course 2018

Research theme:

Experimental Investigation of Primary Breakup Induced by
High Mach Number Shock Wave

Advisor at the visiting university: Prof. Mirko Gamba
Affiliation at visiting university: University of Michigan, Aerospace Engineering

| have great experience at the University of Michigan. First of all, | would like to thank the
staffs at JUACEP. This program gave me a lot of helps, such as Funding, Introduction of Professor
and advise for housing. Thanks to these helps, | was able to kick-start my life in US.

| studied about the breakup process of the water in the supersonic crossflow under
Professor Gamba. We had weekly meetings, which helped me to think of the next step and to make
right decision. When | faced difficulties, he spent long time to discuss the solution with me, and
finally I could fix it. | conducted the experimental tests with a PhD student. He was so kind to me that
he always answered a bunch of questions about the facilities and physics. It was helpful in
understanding the manner of operations and the phenomenon in the facilities. He and other
laboratory members frequently took me to many places to see, for example, a new ramen shop in
Detroit, a famous Sandwich shop and Apple hunting. | spent great time with them. On the last day of
my stay, they held the farewell party for me at a fancy American restaurant. | felt happy to see so
kind friends in US.

Ann Arbor is famous for the football team. It has the second largest stadium in the world. |
totally go to see football game three time in my Ny NN | [ ’
stay. | didn’t know that it was so popular that over Iy gy N
100,000 people get together in that stadium. | was ’ ]
so excited because when our team get points, the
all audience stand up and make joyous scream.|
watched superball at my friend’s house. Because it
was close to Chinese New Year, we made
dumplings, which is traditional Chinese meal made
on the New Year. Actually, the game was boring,
but | spent a great time.

| found a lot of friends and cultures in US.
| would never find them if there were not JUACEP
program.
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Findings through JUACEP

Name: Koki Hojo

Affiliation at Nagoya University: Department of Micro-Nano
Mechanical Science and Engineering

Participated program: Medium 2018

Research theme: Reactive dc magnetron sputtering of MoS:2

and MoS2/hBN layers

Advisor at the visiting university: Prof. Suneel Kodambaka
Affiliation at visiting university: Department of Materials Science and
Engineering, University of California, Los Angeles

| have three achievements through this program. The
first one is obtaining enough skills to do academic research
in overseas. For the first few months, | spent a hard time to
make myself understood to my laboratory members and
learn knowledge of new science field. However, | got used to
discussing difficult, specialized issues about my research
and do experiments without any help from others. My
discussion skill was improved enough to talk with my
professor about my experimental plan individually. Finally, |
could produce new data enough to publish more than two
papers, though | have to continue writing the paper after
finishing this project. Anyway, those experiences and new
skills should be my advantages to working on any research works after | come back to Japan

The second achievement is joining a sports club in ST
overseas. | participated in UCLA triathlon team until | left LA.
They hold 11 practices, consisting of swim, bike, run, and
mixed session, per week. | spent a very fun time with team
members through the training, though | could join only a few
sessions a week because | was lazy in the early morning and
busy in the evening. My favorite training was biking around
Malibu mountains. Ocean view from PCH (Pacific Coast
Highway) was really awesome. Most of the time after the bike
session, we stopped by local café and enjoyed a relaxing time
with a cup of coffee. In November, we had “Teamsgiving”
party, which derives from a traditional family holiday,
Thanksgiving, in the U.S. We brought cooked foods to a team member’s house and enjoyed them
with Sake, which | brought to the party. | thank them to hold the event because | didn’t have any
family member to celebrate the holiday with in LA. The day before | leave LA, they gave me a team
T-shirts and a message card. | cannot help but thank the team members.

The final accomplishment is participating some
competitive races in LA. For the period | stayed in the U.S.,
| took part in two triathlon races and one trail running race.
It was challenging for me to join those races without any
help but had an exciting time. Sometimes | went a wrong
route and lost time because the number of staffs was not
enough to guide all of the participants. It reminds me that
races in Japan were very hospitable, comparing to those
in the U.S. Surprisingly, | won all of the races in my age
division (U25). Through those races, | could receive many
‘ medals. Literally, it is a good memory.

R & AW As you can see, | could learn and experience so
many thrngs through thrs program | would like to thank all of the people who supported me.
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A good tip on happy life in the US

Name: Hiroki Kogure
Affiliation at Nagoya University: Mechanical system engineering
Participated program: Medium course 2018

Research theme:

Advisor at the visiting university: Prof. TC Tsao
Affiliation at visiting university:

Department of Mechanical and aerospace engineering,
University of California, Los Angels

Many people believe, or try to believe the existence of difference between Japanese culture
or personality of them and others’ ones. And what is worse would be they really love to compare
them. Through just 23 years of my life includes this foreign experience and discussion with foreign
people, | temporary have following opinion, it totally depends on each individual. | have a cat, whose
name is Leo, and there happen to have been two cats, whose names are Chuy and Gilby, in my
second place to live in the US. Chuy has a more similar personality to Leo’s one than Gilby’s one.
There is no way to tell if they speak Cat English or Cat Japanese, but it might be absolutely clear
that it makes no sense to discuss about how different American cats and Japanese cats are. It must
depend on each cat. At this point of view, when a Japanese man who is narrow-minded and
arrogant and a American woman who kindly accepts me as a guest are compared, who on earth
says Japanese people are polite and generous. You intelligent and thoughtful readers might want to
think about your personality and self doctrine. One guy who serves obediently to those have more
power would use those have less like a slave. One guy who has no confidence would act like a great
leader once he is put in charge of. One guy seems to be nice would become an egoist in a tough
situation. Personality varies with TPO and their mood. Hence, to generalize each people and define
culture is like to grab the clouds because culture is just a collective body of individual. If you tried to
understand foreign culture without recognition of colored spectacles, your prejudice would be
stronger.

As described above, although the definition and recognition of personality are skeptical and
vulnerable, it is really ignorant to determine who you are and to believe it is definitely right in just a
limited environment and role. Getting out of that community might help. Let us say you have self
esteem in some achievements on research or skill in your current lab with great help by many other
people, it will be as useless as 100 dollars bill for washing machine because the way of coding,
experimental devices, and even analytical approach must be different. Let us say you identify
yourself as a generous person, it will be as painful as 10 dollars bill for Big Blue Bus because you
would have less resources and you will get more treatment than you can give for other people. You
will feel powerless. Let us say you think of yourself as a good listener, it will be as no use as penny
and dime coins because you cannot convey your full empathy over the barrier of language — |
deliberately avoid mentioning that the best listener talks nothing, just listens. The most acceptable
coin and bill in daily life in the US are quarter coin and 1dollar bill by the way.

May | make a suggestion as useful as a Chase bank debit card. It is to get rid of prejudice on
how you should be and how studying abroad should be. All you need is just to live like as if you have
been living in the US and take a look around, you will find how beautiful sunrise, sunset, white beach,
blue ocean, and green plants are. You will realize how warm your roommates, labmates, neighbors,
and even people who live on street are. Get out of self-centered mindset or identity, which is not
chronic but just temporal and to flow. This would help you with finding your new place or new role
and living without social stress in a new environment. Furthermore, you will be stunned by how
active and genius genuine yourself would be to find happiness. | heartily hope that many potential
participants of JUACEP can think that they made a correct decision through their foreign experience.
I am most grateful to JUACEP office for giving such a valuable opportunity to young ambitious
students for many years and in the year to come.
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Findings through JUACEP

Name: Ryo Tsunoda

Affiliation at Nagoya University: Biomechanics, Mechanical Engineering
Participated program: Long course 2019

Research theme: A comuputational study of cell growth and dividion
as an energy-based soft packing problem using a diffuse interface
framework

Advisor at the visiting university: Prof. Krishna Garikipati

Affiliation at visiting university: The computational physics group, UM

| got a lot of experiences through the JUACEP program at the University of Michigan. Especially I'm
going to talk about these in researching and activities in some clubs.

| study a kind of the computer simulation, FEM (the Finite Elements Method) which is well-known if
you are mechanical student although my specialized in Nagoya university is biomechanics. The reason
why | decided to study FEM is to obtain the skills for my study in Japan. The purpose of my research
is to find out the mechanism of embryo morphogenesis and | study it experimentally in Japan. But |
am interested in the approach of the inverse problem, but since this is not my field of studies, | decided
to join this laboratory. First of all, | needed to know the basic theories and examples of FEM so | had
to take the classes with the other UM graduate students for a semester before | started the research.
It greatly helped me to further understand my research and made me realize how hard the students
study in the US. It was very unique for a Japanese student like me who has only studied in Japan and
it was a great experience.

Life in the laboratory was similar to that in Japan. We usually have worked from 10am to 6pm every
weekday and had the meetings for the reports twice a week. All of the students, staff members and
professors were kind and helped me even if it was a slight thing.

With respect to my club activities, | had joined JSA (Japanese Students Association), Bridges (A
Christian association that organizes events for international students), M-Run (Michigan Running club)
and MMC (Michigan Muscle Club). | made a lot of friends in these associations and it is the best thing
| got out of this exchange program and also helped to improve my English, although when | was with
JSA friends, | talked to them in Japanese. | spent almost of my weekends drinking with JSA guys.
Bridges invited me to a lot of events like Thanks giving party, Christmas party, the dinner for Christian
and so on. | prefer speaking with them because they speak calmly and it was easier to understand.
For my recreation, | had joined the running club during an entire fall semester and muscle club during
a half of winter semester. The environment for recreation in Michigan is perfect. Basically, the campus
is extremely large compared to Japanese universities but the recreation facilities is greater than |
expected so | was satisfied with working out. Also, it improved my concentration for research. It means,
in Michigan winter, the weather is cloudy almost every day and it made me sleepy during the day time
and | couldn’t proceed my research enough. But | joined MMC and it made my life better. We trained
from 7am at the gym every day and it woke me up without sunshine. | want to recommend working
out during the mornings in Michigan winter if you have plan to come to Michigan.

I’'m sure that what | got in this program (research, English, friends and muscle) should help my
career in my future. Finally, | appreciate everyone | met in the US. Thank you.
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Findings through JUACEP

Name: Kimihiko Sugiura

Affiliation at Nagoya University: Mechanical System Engineering

Participated program: Long course 2019

Research theme: Sensitivity Analysis of Five-Link Suspension

Advisor at the visiting university: Prof. Greg Hulbert

Affiliation at visiting university: Mechanical Engineering, University of Michigan

Academic life

| chose to come to the University of Michigan (UM) because | wanted to study more intensively in
the field of automotive engineering research, and there are more research opportunities here. This is
because there are many automobile companies near the university. My research was about
automotive suspensions, which are important to certain basic functions of a vehicle: running,
stopping, turning, etc.

When I first arrived at the UM, | was confused by how working with a research team was different in
the U.S. in comparison to Japan. | was specifically confused about when it was appropriate for me to
take initiative with a project and when | should wait for directions or permission from my professor. |
was not sure how much initiative my professor wanted me to take. | determined the proper balance
by observing other students around me, and | frequently met with the professor. By doing so, |
learned to make suggestions for how to proceed in a certain project because | found that taking
initiative is highly esteemed in my laboratory. At first, having to make my own decisions was difficult
because | was accustomed to getting explicit instructions from my Japanese professors. However, |
used several methods to overcome this challenge. For example, | would ask for advice from a
researcher at another laboratory doing related research. As a result, | was able to determine an
objective for my research with the aid of my professor and other researchers.

In addition, | have had many opportunities to learn about new things. For example, | experienced
the difference in corporate culture between the U.S. and Japan through interacting with an
automotive engineer. In February of 2019, the U.S.-Japan Automotive Conference was held here at
the UM. | was also able to interact with a former member of the U.S. House of Representatives and
with an executive from a Japanese automobile company.

| have made many new connections through my time studying abroad, and | am sure that the
connections will be very helpful in the future.

Private life

| lived in an apartment with two roommates (American and German). We had never met before, but
we became friends quickly because all of us were very outgoing. Being able to speak with them in an
informal setting was also very helpful for me when my research was not going well. This study
abroad experience would have been very different if | hadn’t had such amazing roommates.

Finally, | had the chance to go to Texas for a weekend to watch a Formula 1 race. | was fortunate
because | was able to interact with a Japanese staff member from the Honda F1 team who was a
Nagoya University alumnus. | was so glad to meet someone from my same university who is leading
a very successful life overseas. Meeting him encouraged me to pursue a similar, globally oriented
career in the future.
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Name: Yuta Udiie

Affiliation at Nagoya University: Mechanical Engineering
Participated program: Long course 2019

Research theme: evaluation of the UCLA Low-PRofile Direct shear
sensor for air Flows in Wind Tunnel

Advisor at the visiting university: Prof. CJ.Kim

Affiliation at visiting university: Mechanical and Aerospace Engineering, UCLA

This is about my exiting days in LA.

| researched the shear stress sensor of airflow. | studied it in Japan too. But their
mechanisms are different and have different disadvantages and advantage. Using and studying
both sensors makes my studies better. This is the reason why | decided to research this theme
in UCLA. In my research, there are many troubles and many things need to study. My professor
and lab members help and advise me a lot. | appreciate their cooperation and kindness. | have
eaten lunch with anyone in Lab everyday. It makes my English level improved and | learned a
lot of things, for an examples culture of U.S. It is the exiting and enjoyable time.

The life in LA is livable and enjoyable. The weather is ideal, not hot in the summer, not cold
in the winter and not humid like Japan. On the weekend, | usually go to Santa Monica beach
which is about 30min by bus and surfing and swim in the summer, reading a book and listening
music in the winter. The most beautiful scenery | think is the sunset of Santa Monica. | went
there and see it, when | was tired and sad. But everything is not good in LA. The biggest
program is that everything is very expensive. The rent is over $1000, eating out is over $10,
medical expense is marvelous price. | think living in U.S. is harder than in Japan. | have been to
many cities in U.S, Las Vegas, San Diego, New York, Boston, Washington D.C, Seattle. It is
great experience and | feel the difference of the city ambience.

In this 8months, everything is not good. There are many painful and hard things and want to
go back Japan many times. | can get over difficulties thanks to the kindness many people,
friends and host family. They are my treasure. is the biggest challenge in my life. It is easy
way that not changing and challenging anything. But changing and challenging make us grow.

This experience makes me great grow.

To improve is to change  -Winston Churchill
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