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<1> Participants from Nagoya University 

  Students   

Name  
Poster 

no. Advisor 

AKAHOSHI Yuki B4 2 Prof. T. Ujihara, Dept. Materials Science and Engineering 

HAGINOSAKI Kenya B4 4 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

IIJIMA Yasunori B4 14 Prof. M. Hasegawa, Dept. Crystalline Materials Science 

INABA Takuto M1 6 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

INAGAKI Ryo B4 1 Prof. N. Kanetake, Dept. Materials Science and Engineering 

INUKAI Fumiya B4 20 Prof. Y. Ju, Dept. Mechanical Science and Engineering 

ISHIKAWA Fumiya B4 16 Prof. G. Obinata, Dept. Mechanical Science and Engineering 

ISOGAI Tsukasa B4 25 Prof. N. Umehara, Dept. Mechanical Science and Engineering 

KATO Kazuma B4 29 Prof. T. Suzuki, Mechanical Science and Engineering 

KAWASE Naoki B4 21 Prof. Y. Ju, Dept. Mechanical Science and Engineering 

KITO Masanobu B4 19 Prof. F. Arai, Dept. Micro-Nano Systems Engineering 

MABUCHI Osamu B4 13 Prof. T. Niimi, Dept. Micro-Nano Systems Engineering 

MASUNAGA Kohei M1 10 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

MATSUO Shotaro B4 24 Prof. Y. Ju, Dept. Mechanical Science and Engineering 

MITSUHASHI Takato M1 3 Prof. T. Ujihara, Dept. Materials Science and Engineering 

MITSUOKA Kento B4 18 Prof. G. Obinata, Dept. Mechanical Science and Engineering 

MIURA Kensuke M1 11 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

MIZUMOTO Ryota B4 17 Prof. G. Obinata, Dept. Mechanical Science and Engineering 

MIYAZAKI Kazuki B4 26 Prof. N. Umehara, Dept. Mechanical Science and Engineering 

NAITO Takahiro B4 9 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

NAKANO Shingo M1 7 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

NOHARA Kohei B4 23 Prof. Y. Ju, Dept. Mechanical Science and Engineering 

SATO Toshihiro B4 22 Prof. Y. Ju, Dept. Mechanical Science and Engineering 

SHIBAYAMA Shobu B4 12 Prof. T. Niimi, Dept. Micro-Nano Systems Engineering 

SHIGEMATSU Hiroki B4 27 Prof. Y. Uno, Dept. Mechanical Science and Engineering 

SHIMOSATO Yoshifumi B4 28 Prof. Y. Uno, Dept. Mechanical Science and Engineering 

TAKIZAKI Takao B4 8 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

WATANABE Tomoyuki B4 5 Prof. Y. Sakai, Dept. Mechanical Science and Engineering 

YAMADA Takayuki B4 15 Prof. S. Hata, Dept. Micro-Nano Systems Engineering 
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The 4th Nagoya U – U Michigan  
 JUACEP Student Workshop on 

Engineering and Science  

Organizers: Profs. N. Umehara and Y. Ju (Nagoya U) 
Prof. K. Kurabayashi (U Michigan) 

February 21, 11:30am-1:30pm 
Duderstadt Center, Connector Hall 1 

Japan-US Advanced Collaborative Education Program (JUACEP) 
Graduate School of Engineering, Nagoya University 
Web: http://www.juacep.engg.nagoya-u.ac.jp 
Email: juacep-office@engg.nagoya-u.ac.jp 

• Poster presentations by graduate students
in Engineering at Nagoya University

• Scholarship program for international
student exchange

Complimentary lunch served 

Announcement_1
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No. Poster title Presenter 

1 
Fabrication of porous aluminum with graded porosities and pore 
size by powder metallurgical process  Ryo INAGAKI 

2 DNA-guided 2D crystallization of nanoparticles  Yuki AKAHOSHI  

3 Challenge for suppression of zinc dendrite  Takato MITSUHASHI 

4 
Concentration measurement of zincate ion near zinc anode by 
background oriented Schlieren (BOS) technique  Kenya HAGINOSAKI 

5  Stereo PIV measurement of grid turbulence in liquid phase  Tomoyuki WATANABE 

6 
Experimental evaluation of turbulence kinetic energy balance in 
fractal-generated turbulence  Takuto INABA 

7 
Effects of grid-generated turbulence on properties of turbulent 
boundary layer  Shingo NAKANO 

8 Turbulent Boundary Layer Influenced by a Cylinder Wake  Takao TAKIZAKI 

9 
Study on a high-Schmidt-number scalar diffusion field in a reactive 
plane jet  Takahiro NAITO 

10 Study on hemodynamics in the cerebral aneurysm  Kohei MASUNAGA 

11 
Simultaneous measurement of velocity and temperature in an 
axisymmetric jet with static vortex generators  Kensuke MIURA 

12 Micro gas flow measurement by pressure-sensitive molecular film   Shobu SHIBAYAMA 

13 Preliminary study on accommodation and Kn pumps  Osamu MABUCHI 

14 Synthesis of Nitride of Ruthenium under Extreme Conditions  Yasunori IIJIMA 

15 
Micromachined Catheter flow sensor for Measurement of Breathing 
Characteristics  Takayuki YAMADA 

16 
Order Reduction on Mechanism and its Control System of 
Manipulator  Fumiya ISHIKAWA 

17 Simulation of mouse walking based on optimization by GA  Ryota MIZUMOTO 

18 Study on Characteristic of Tracking Force in Robot Training  Kento MITSUOKA 

19 
 Measurement of Photosynthesis Activity Using Single Synecocystis 
SP. PCC 6803 on Microchambers Having  Fluorescence Oxygen 
Sensor 

 Masanobu KITO 

20 
A Method for Quantitative Evaluation of Pipe Wall Thinning Using 
Microwaves  Fumiya INUKAI 

21 
Evaluation for a stem cell-ECM adhesion by ECM deformation 
measurement using digital image correlation method  Naoki KAWASE 

22 
In vitro experimental study for the differentiation property of MSC 
under cyclic stretch with a non-uniform deformation field  Toshihiro SATO 

23 
Evaluation of the depth distribution of thermal fatigue cracks on the 
metal surface using microwave  Kohei NOHARA 

24 
Synthesis of Fe3O4 / Au Nanoparticles and Evaluation of Their 
Properties  Shotaro MATSUO  

25 Static and kinetic coefficient of carbon fiber brush to reduce its wear  Tsukasa ISOGAI 

26 
Local enhancement of deposition rate by gas blowing in microwave-
assisted high-speed DLC coating   Kazuki MIYAZAKI 

27 A system for walking on a slope with a wearable robot  Hiroki SHIGEMATSU 

28 
The analysis of motion in gait transition for prediction of gait 
trajectory  Yoshifumi SHIMOSATO 

29 
Analysis about the change of car driver’s behavior caused by 
distraction based on driver model   Kazuma KATO 

Announcement_2
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Briefing Session on  
Japan-US Advanced Collaborative 

Education Program (JUACEP) 

February 22, 11:30am-1:30pm 
1008 FXB Building 

Japan-US Advanced Collaborative Education Program (JUACEP) 
Graduate School of Engineering, Nagoya University 
Web: http://www.juacep.engg.nagoya-u.ac.jp 
Email: juacep-office@engg.nagoya-u.ac.jp 

• Summer research experience!
• 3 credits transferrable to UM!
• Scholarship for graduate students!
• Experience Japanese culture!

Complimentary lunch served 

Announcement_3
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The 4th Nagoya U – U Michigan  
 JUACEP Student Workshop on 

Engineering and Science  

Organizers:  Profs. N. Umehara, Y. Ju (Nagoya U) 
 Prof. K. Kurabayashi (U Michigan) 

February 20-23, 2013 
Univ. Michigan, Ann Arbor, MI  

Wednesday, February 20, 2013 
13:30pm-14:00pm  Welcome remark, Introduction of University of Michigan 
14:00pm-15:30pm  North Campus tour  
 
Thursday, February 21, 2013 
9:00am-10:00am  Introduction of College of Engineering  
10:00am-11:00am  Wilson Student Tam Project Center tour 
11:30am-13:30pm   Poster presentations 
14:00pm-17:00pm  Individual lab visits 
 
Friday, February 22, 2013 
10:00am-11:30pm  Casual meet-up for UM and NU students 
11:30am-1:30pm 

Program 

 

100μm 

Japan-US Advanced Collaborative Education Program (JUACEP) 
Graduate School of Engineering, Nagoya University 
Furo-cho, Chikusa-ku, Nagoya, 464-8603, JAPAN 
Phone: +81-52-789-3113      Fax: +81-52-789-3111 
Email: yito@mech.nagoya-u.ac.jp, tokuda@esi.nagoya-u.ac.jp 

Announcement_4
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<3> Presentation Posters 

   (in order of presentations) 
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No. Poster title Presenter Page 

1 
Fabrication of porous aluminum with graded porosities and 
pore size by powder metallurgical process 

Ryo INAGAKI 13 

2 DNA-guided 2D crystallization of nanoparticles Yuki AKAHOSHI 14 

3 
Morphology of electrodeposited zinc on an oriented zinc 
crystal electrode 

Takato MITSUHASHI 15 

4 
Concentration measurement of the zincate ion near the zinc 
anode by background oriented Schlieren (BOS) technique 

Kenya HAGINOSAKI 16 

5 Stereo PIV measurement of grid turbulence in liquid phase Tomoyuki WATANABE 17 

6 
Experimental evaluation of turbulence kinetic energy balance 
in fractal-generated turbulence 

Takuto INABA 18 

7 
Effects of grid-generated turbulence on properties of turbulent 
boundary layer 

Shingo NAKANO 19 

8 Turbulent boundary layer influenced by a cylinder wake Takao TAKIZAKI 20 

9 
Study on a high-Schmidt-number scalar diffusion field in a 
reactive planar jet 

Takahiro NAITO 21 

10 Study on hemodynamics in the cerebral aneurysm Kohei MASUNAGA 22 

11 
Simultaneous measurement of velocity and temperature in an 
axisymmetric jet with vortex generators 

Kensuke MIURA 23 

12 
Micro gas flow measurement by pressure-sensitive molecular 
film  

Shobu SHIBAYAMA 24 

13 Preliminary study on accommodation and Kn pumps Osamu MABUCHI 25 

14 Synthesis of nitride of ruthenium under extreme conditions Yasunori IIJIMA 26 

15 
Micromachined catheter flow sensor for measurement of 
breathing characteristics 

Takayuki YAMADA 27 

16 
Order reduction on mechanism and its control system of 
manipulator 

Fumiya ISHIKAWA 28 

17 Simulation of rat walking based on neural oscillator Ryota MIZUMOTO 29 

18 
Evaluation of characteristic of human force control in circular 
motion for robot rehabilitation-training system 

Kento MITSUOKA 30 

19 
Measurement of photosynthesis activity using single 
synechocystis SP. PCC 6803 in microchamber having 
fluorescence oxygen sensor 

Masanobu KITO 31 

20 
A method for quantitative evaluation of pipe wall thinning 
using microwaves 

Fumiya INUKAI 32 

21 
Evaluation for a stem cell-ECM adhesion by ECM 
deformation measurement using digital image correlation 
method 

Naoki KAWASE 33 

22 
In vitro experimental study for the differentiation property of 
MSC under cyclic stretch with a non-uniform deformation 
field 

Toshihiro SATO 34 

23 
Evaluation of the depth distribution of thermal fatigue cracks 
on the metal surface using microwave 

Kohei NOHARA 35 

24 
Synthesis of Fe3O4/Au nanoparticles and evaluation of their 
properties 

Shotaro MATSUO 36 

25 
Static and kinetic coefficient of carbon fiber brush to reduce 
its wear 

Tsukasa ISOGAI 37 

26 
Local enhancement of deposition rate by gas blowing in 
microwave-assisted high-speed DLC coating  

Kazuki MIYAZAKI 38 

27 A system for walking on a slope with a wearable robot Hiroki SHIGEMATSU 39 

28 
An analysis of motion in gait transition for prediction of gait 
trajectory 

Yoshifumi SHIMOSATO 40 

29 
Analysis of driving behavior during distraction using a 
Pr-ARX model 

Kazuma KATO 41 
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Structure of graded pore property  

Powder  metallurgical  process  

Previous studies 

Porous Aluminum 

Fabrication of porous aluminum  
with graded porosities and pore size by powder metallurgical process 

Porous aluminum is aluminum  
has many pores in its body. 
And this material  has the following 
merits. 
Weight reduction 
High ratio rigidity 
High shock absorption 

Metal powder 

Foaming agent 
 (TiH2) 

Mixing powders 

Ryo Inagaki, Nagoya University, Japan 

(Clashing safety)

Bonnet

Impact energy absorption
(Protect the pedestrian )
Radiation characteristic

Bumper

Protect the person)

Floor Stiffness  Sound absorptionCrashbox

Door

Impact energy absorption
(Protect the crew)

Quiet soundcharacteristic

Front 
side beam

Pillar

Frame

Impact energy absorption
(Clashing safety)
StiffnessImpact energy 

absorption

Radiation characteristic

Bending Strength

Bending Strength

Sun roofLight weight
Radiation characteristic

Front Center

Impact energy absorption

Usage of Aluminum form for Automobile parts  

Compaction & Extrusion 

Precursor 

Heating Foaming 

Titanium 

H2 gas 

Week point 
Aluminum foam lacks the 
strength to support a local 
tension stress, such as a 
bending stress.  

Molten metal 

180s 180s 
610 610   

195s 195s 
620 620   

21 21 0s 0s 
630 630   

2 2 25s 25s 
660 660   

2 2 40s 40s 
700 700   

 

Comparison of porosity and relative projected area in Al-Si foams. 
                                 (line : relative projected area,  plot : porosity) 

Process of foaming and filling in pipe 

Many of previous studies have done to make uniform a 
pore size and porosities. Because of getting rid of 

property of  aluminum foam. 

Features 
1. Layer of densification at its surface 
2.  Porosity and pore size change continuously 

Feature 1 
Feature 2 

The more outer of material, the bigger bending 
stress(Right figure). And, The more lower porosity and 
smaller pore size, the more stronger in stress. So, 
porous aluminum with graded pore property has a 
more effective strength against local tension stress than 
it with uniform pore property.  

Structure of graded pore property  
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 DNA-guided 2D crystallization of nanoparticles AA uA gg dedd 2Duidu D crystD2D tallizyst llizzaizatia onn oiati n of nanofofo anoopartioano crti
Yuki Akahoshi, Takumi Isogai, Eri Akada, Shunta Harada, 

Toru Ujihara, Miho Tagawa Nagoya Univ. 
E-mail: akahoshi.yuuki@c.mbox.nagoya-u.ac.jp 

ti f tf ti lti
The 4th JUACEP Student Workshop on Engineering, February 20  24, 2013 the University of Michigan, USA 

Introduction 
Two dimensional (2D) superlattices 

are expected to be useful in various 
applications in nano-electronic device, 
nano-magnetic device, etc.  

In order to make 2D superlattices 
/crystals of nanoparticles, we use 
DNA strands that are powerful tools 
for controlling nanoparticle 
arrangements through programmable 
base-pairing interactions.  

The DNA-nanoparticle conjugates assembled into two-dimentional superlattices on a polymer-caoted silicate surface through an
annealing process. 

Reference: [1] Robert J. Macfarlane et al., Science 334, 204 (2011), [2], Junping Zang et al., Nano Lett. 6, 248 (2008).  

Experimental details 
Materials & Condition 

Evaluations 

Summary 

Fig. 1:Nanoparticle superlattices engineering with DNA.[1] 

 Self-assembled DNA nanostructures are the 
successful tools as programmable templates to 
layout nano-components. 

 It is difficult to layout DNA-NPs in the high 
density with nanometer scale precision.   

In a previous study, 
they achieved the 3D 
superlattices by DNA 
interactions. 

 The superlattices 
reported here are 
isostructural with (A) 
bcc, (B) CsCl lattices. 
These lattices are 
made in solution. 

1) 3D superlattices 2) 2D superlattices

 After mixing 
complemantary DNA-NPs,  
particle A and B, we kept at  
60  for 5 minutes, put a 
drop of sample solution on 
the substrate at room 
temperature, annealed in 
the buffer at 43  for 30
minutes, dryed the sample 
on substrates, and then 
observed them by SEM. 

Ideal model SAXA date TEM image 

A 

B 

Fig. 2:(a) The 2D DNA nanogrids. (b) Assembly of Au NPs on the DNA grids. 
(c) AFM height image of the Au NPs assembled on the 2D DNA grids.[2] 

(c) 
(a) 

(b) 

Objective 

Our strategy  We can control the association and 
dissociation of DNA-nanoparticle conjugates 
(DNA-NPs) by properly designing the 
sequence of  DNA strands.  

 We coated positively-charged polymer  on  
the silicate surface to absorb DNA-NPs, 
which have negative charge, by electrostatic 
interaction. 

s s 

Fig. 3:The DNA strands that assemble  superlattices consist of ( ) 
nonbinding region, ( ) a recognition sequence that binds to a DNA linker. 

DNA-NPs Substrate 
( ) ( ) 

Polymer 

Substrate 

Directly 2D crystallization of DNA-NPs on substrate using surface electrostatic interaction 

Nanoparticles : Au 
Nanoparticle size : 12nm 
DNA component : 25 base 
DNA-AuNPs concentration : 500nM 
Substrate : Si 
Polymer : PDDA  
Buffer : 1 TAE  
Ion : Na ion  

SEM 
Particle A&B (     &     ) 

Result & discussion 

Fig. 7 : SEM image of the 2D superlattices of DNA-AuNPs.  

300nm 

Sequence & Procedure 

(a) 25 

43 

Te
m

pe
ra

tu
re

(
) 

Time(min) 

Mix Particle A&B(a) 

60 

5 35 

Rinse 
Drop mix solution(b) 

Rinse 

65 

(b) (c) 

 DNA-AuNPs assembled into 2D superlattices by DNA base-paring interactions on polymer-coated substrate. Some 
of DNA-AuNPs assembled into 2D crystals. 

We observed partially well-crystallized 3D DNA-AuNPs superlattices. This result suggests a potential for making 
well-organized 3D particle superlattice on a large area of substrate.   

500nm 300nm 

Fig. 8 : SEM image of the 3D superlattices of DNA-AuNPs.  

2D superlattice 3D superlattice 

Fig. 4:After cleaning the substrate surface, coated positively-polymer. 

Fig. 5:Sequence. 

Fig. 6:Experomental procedure. 
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 anode 
Zn 
1. Polycrystal 
2. Grown crystal 

 cathode Ni (Oxygen evolution) 

 electrolyte 45 wt% KOH  
+ 50g L-1 ZnO 

 charge Potentiostatic 
 voltage 1.90 V 

 charge time 20 sec. 

The 4th JUACEP Workshop at University of Michigan, Michigan, USA. February 20  February 23, 2012  

E-mail: mitsuhashi@sic.numse.nagoya-u.ac.jp 

Zinc-anode Battery 

Shape control of electrodeposition  

Experimental Crystal growth- 

Non-uniform deposition
 

Growth condition 

Fig. 2 growth sequence  

Time  
[min] 

Temperature 
[ ] 

550 

400 

30 30 1500 180 
RT 

- 0.1  min-1 

non-uniform zinc 
electrodeposition  

Strategy 

Zinc oriented crystal was grown by the Bridgman 
method. 

Fig.  3 XRD pattern of grown crystal and polycrystal  

grown crystal 

polycrystal 

 Zinc-anode batteries  are good candidates  
     as post lithium-ion batteries. 

 To improve the cycle life of the  
zinc-anode batteries, it is  

     necessary to solve the critical 
     issue of  

Bridgman method 

1. Heat polycrystalline  
    material above its melting point. 
2. Slowly cooling it down from one  
    end of the melt 

Charge condition 

Results 

Advantage Disadvantage 

Low cost 
Abundant supply 
Safe 
Scalability 

Short cycle life due to 
non-uniform 
electrodeposition 

Fig. 5 SEM images of Zinc before and after 20 sec charge. 

Polycrystal 
(commercially available) 

!"# $ #

!# $ #

Oriented crystal 
(grown crystal) 

!"# $ #

!# $ #

Fig. 1 Short circuit of zinc [1] 

Uniform deposition 

Zinc grain: 4N (3-7 mm) 
temperature gradient 15  cm-1 
cooling rate 0.1  min-1 
growth rate: 67 m min-1 

Objective 

Cu 110  substrate Cu 111  substrate 

Suppress the non-uniform zinc electrodeposition 
by applying this relationship 

Experimental -Charge- 

Fig. 4 Electrochemical cell 

Zinc anode 

Zinc electrodeposition 

Ni cathode 

Morphology of Electrodeposited Zinc on an Oriented Zinc Crystal Electrode
 

E mail mitsuhashi@sic numse nagoya u ac jp

[1] Department of Materials Science and Engineering, Nagoya University  
[2] Department of Mechanical Science and Engineering, Nagoya University 

epartment oof Materials Sof Maof M Science and EngSci ineering Naginee agoyaago

Takato Mitsuhashi[1], Kenya Haginosaki[2], Yasumasa Ito[2], Yukihisa Takeuchi[1],  
Shunta Harada[1], and Toru Ujihara[1] 

 The crystal orientation of the substrate and  
     electrodeposition shape have strong relationship 

Fig. 2 Surface morphology of Zinc film electroplated on Cu single 
crystals [2] 

[1] Y. Ito et al, J. Power Sources, 196 (2011) 2340    [2] T. Watanabe, S. Minami, J. Japan Inst. Metals, 64 (2000) 67) 

We focused on the substrate orientation dependence of morphology of the grown crystal
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N D
f

t
r

σ M
eff

Re
M

Regular 1 2.0 1.0 0.36 10 2500

Fractal 4 2.0 9.76 0.36 5.68 2500
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Regular Grid Turbulence | RGT

― Generated by a regular grid

― Homogeneous and isotropic

Fractal Grid Turbulence | FGT

― Generated by a fractal grid

― Unique turbulence properties

�������	
�

To investigate turbulence structure

in RGT and FGT by a Stereo PIV

�	�
���

Tab. 1  Parameters of grids

• Increase the accuracy of the Stereo PIV

• More detailed analysis of 3-dimentional velocity 

components in FGT

• Scalar mixing in FGT

�	�	��

x/M
eff
=40

RGT

x/M
eff
=60x/M

eff
=40

FGT

Species A

Species B

Fig. 1  Regular grid

Fig. 2  Fractal grid

The turbulent intensity in FGT is larger than that in 

RGT.

w
rms

is supposed to be the same as v
rms

in RGT.

However, the result shows w
rms

> v
rms

.

Wrong data process and calibration can easily cause 

inaccurate calculation especially in the direction 

perpendicular to the laser sheet.

-1 0 1

10

-4

10

-3

10

-2

10

-1

u
rms

v
rms

w
rms

y/M
eff

u
r
m
s

2

 
/
 
U

0

2

 
,
 
 v
r
m
s

2

 
/
 
U

0

2

 
,
 
 w

r
m
s

2

 
/
 
U

0

2

Regular

��������	�
�����
���
������
���
���

-2 -1 0 1 2

10

-4

10

-3

10

-2

10

-1

y/M
eff

u
r
m
s

2

 
/
 
U

0

2

 
,
 
 v
r
m
s

2

 
/
 
U

0

2

 
,
 
 w

r
m
s

2

 
/
 
U

0

2

u
rms

v
rms

w
rms

Fractal

RGT: The mean streamwise velocity (U ) is uniform.

FGT : The mean streamwise velocity is larger

at the center of the water tunnel (y�M
eff

=0).
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N : fractal iteration

D
f

: fractal dimension

t
r

: thickness ratio of the largest to the smallest bar

σ : blockage ratio

M
eff

: effective mesh size | M
eff
��4T

2

�P� 1 � σ

T
2

: cross-sectional area of the tunnel

P : perimeter of the grid

Re
M

: Reynolds number based on the mesh size | Re
M
�U

0
M

eff
�ν

Stereo Particle Image Velocimetry | Stereo PIV

An image processing technique to measure

instantaneous 2-dimensional (2D) 3-component (3C)

velocity vectors noninvasively

Fig. 3  Schematic of experimental apparatus
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 Figures 4 and 5 show the cross-sectional profiles of the production term 
� = �∗ �⁄  and the triple-correlation transport term � = �∗ �⁄  in the turbulence 
kinetic energy equation at X/X*=0.20 (upstream region) and X/X*=0.75 (decay 
region).  

0 = −
��

�
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	��
− 
�
�

	��

	��
−

	

	��

��
�

�
−

	

	��

���

�
+

�

�

	� 
�

	��	��
− �. 

         �∗               �∗                     �∗                Π∗                 �∗ 
�∗; advection                 �∗; production             �∗; triple-correlation transport  
Π∗ ; pressure transport    �∗; viscous diffusion   �  ; dissipation 
In the upstream region, � at the area downstream of the interior of the biggest grid 
bar (pink circle in Fig. 4) is larger than that around the centerline and turbulence at 
this area is transported to the central and outer areas by �. This leads to the 
increase of the turbulence intensity at the center, as in Fig. 3. In the decay region, 
� at the pink area is small and turbulence at this area is transported mainly to the 
outer area by �. This characteristics of � may cause the faster decay of turbulence 
intensity in the central area, compared with regular grid turbulence. 

  Recent studies have revealed that turbulent flows generated by fractal 
grids have unique characteristics. For example, turbulence intensity in 
fractal-generated turbulence is significantly larger than that in regular grid 
turbulence. This indicates that the use of fractal grids can lead to high-
performance devices such as in-line mixers. Therefore, it is important to 
elucidate the details of fractal-generated turbulence. The purpose of this 
study is to investigate the evolution and decay of  fractal-generated 
turbulence in a wind tunnel through the turbulence kinetic energy budget. 

T (mm) : wind tunnel width        300 

N : number of scales 4 

Df : fractal dimension 2 

L0 (mm) : biggest bar length 
of the grid 163.8 

t0 (mm) : biggest bar 
thickness of the grid 11.7 

��: blockage ratio 0.25 

Meff (mm) : effective mesh 
size,  ���� = 4�� �⁄ 1 − � 

18.77 

X* (mm) : wake-interaction 
length scale,  !∗ = "#

� $#⁄  2290 

Experimental Evaluation of Turbulence Kinetic Energy Balance 
in Fractal-Generated Turbulence 

Takuto INABA,  Kouji NAGATA, Yasuhiko SAKAI, Hiroyuki SUZUKI, Osamu TERASHIMA and Yasumasa ITO 

Dept. Mechanical Science and Engineering, Nagoya University 

Fig.2 The fractal grid and 
measurement region 

Introduction 

Experiments 
Fig.1 Schematic of the wind tunnel and coordinate system 

Fig.5 Cross-sectional profiles of the ratio of the triple-correlation 
transport �* to the dissipation term, � (= �* / �)   [%]  

(a) X/X*=0.20 (upstream region) 

-1800                    0                  1800  

(b) X/X*=0.75 (decay region) 

-150                     0                   150  

(a) X/X*=0.20 (upstream region) 
 

-1800                    0                  1800  

(b) X/X*=0.75 (decay region) 

-150                     0                   150  

Results and Discussion 

Fig.3 Streamwise evolution of the turbulence 
intensity at the centerline 

Fig.4 Cross-sectional profiles of the ratio of the production �* to the 
dissipation term, � (= �* / �)   [%]  

Table.1 Parameters of grid 

  Figure 3 shows the streamwise evolution of the normalized 
turbulence intensity at the centerline. The turbulence intensity 
increases in the upstream region (X/X*<0.40). On the other hand, in 
the downstream region (X/X*>0.40), turbulence intensity decays and 
its rate is faster than that in regular grid turbulence. (Turbulence 
intensity in regular grid turbulence decays in power-law.) 

  Figure 1 shows the schematic of the wind tunnel and coordinate 
system. A fractal grid composed of fractal elements with square 
shapes is placed at the inlet of the test section. The grid parameters 
are listed in Table. 1. The Reynolds numbers based on the thickness 
of the biggest grid bar $# and the inflow velocity %& are set to 5,900 
and 11,400. 

18



d

M

“

”

100 101 102 103

10

20
U+

=y+

U+=1/4.9*ln(y+)+4.9

TBL+GGT M30(x=1,880)
TBL+GGT M10(x=1,880)
pure TBL(x=1,880)

y+

U
+

0 500 1000 1500
0

0.2

0.4

0.6

0.8
TBL+GGT M30(x=1,880)
TBL+GGT M10(x=1,880)
pure TBL(x=1,880)

y+

-u
v+

0 500 1000 1500
0

1

2

y+

u r
m

s+

TBL+GGT M30(x=1,880)
TBL+GGT M10(x=1,880)
pure TBL(x=1,880)

0 500 1000 1500
0

1

2

y+

v r
m

s+

TBL+GGT M30(x=1,880)
TBL+GGT M10(x=1,880)
pure TBL(x=1,880)

0 200 400 600 800
0

0.01

0.02

y+

P u
u

TBL+GGT M30(x=1,880)
TBL+GGT M10(x=1,880)
pure TBL(x=1,880)

0 200 400 600 800
0

0.01

0.02

y+

P u
TBL+GGT M30(x=1,880)
TBL+GGT M10(x=1,880)
pure TBL(x=1,880)

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

∂

∂
ν−+

ρ∂

∂
−ε−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

∂

∂
+

∂

∂

ρ
+

∂

∂
−=

∂

∂
+

∂

∂

y
uvuvpu

yx
vp

y
up

y
Uv

y
uvV

x
uvU 22 11

ε−
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

∂

∂
ν−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

ρ∂

∂
−

∂

∂
−=

∂

∂
+

∂

∂

y
kqpv

yy
Uuv

y
kV

x
kU

2

2

19



A turbulent boundary layer (TBL) is seen in various industrial products 
and environments. The structures of TBL are strongly affected by a 
freestream turbulence.  The changes of structures depend on the 
characteristics of the freestream turbulence. There are a lot of 
studies on TBL influenced by grid  turbulence. However, there are few 
studies about the TBL influenced by a cylinder wake(CWT).  The 
purpose of this research, therefore, is to investigate the effects of a 
cylinder wake on statistical properties of TBL. 

102 103

0

0.5

1

 CWT
 Pure TBL

y+

-u
v+

100 101 102 1030

10

20

30

 CWT
 Pure TBL
 U+ = (1/0.41)lny+ + 4.9
 U+ = y+

y+

U
+

500 1000 15000

1

2
 CWT      u,  CWT      v
 Pure TBL     u,   Pure TBL    v

y+

u r
m

s+ ,v
rm

s+

Fig. 3 Vertical profiles of turbulent intensities 

Fig. 4 Vertical profiles of Reynolds stress

Fig. 2 Vertical profiles of  mean velocity 

101 102 103
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f
C
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|

 y+ = 1,200 y/� = 1.02 (Pure TBL)
 y+ = 1,300 y/� = 1.12 (Pure TBL)
 y+ = 1,200 y/� = 1.02 (CWT)
 y+ = 1,300 y/� = 1.12 (CWT)

Fig. 5 Cospectra of u and v 

Fig.8 The raw data of v at y/δ = 1.1  Fig.9 The raw data of uv at y/δ = 1.1 

The results for the CWT case are discussed with respect to those for 
the pure TBL. Fig.2 shows the vertical profiles of the normalized mean 
velocity. The distributions are identical for both the cases. Fig. 3 
shows the vertical profiles of the turbulent intensities. The 
streamwise turbulent intensity decreases in the outer region (y+ > 
500 ), whereas the vertical turbulent intensity is almost unaffected by 
the cylinder wake. Fig.4 shows the vertical profiles of the Reynolds 
stress. The Reynolds stress decreases. Fig. 5 shows the cospectra of u 
and v at the edge of the boundary layer in the CWT case. The 
cospectra of u and v approach zero at about 45 Hz which is almost the 
same frequency as bulge. This result means the correlation of u and v 
becomes small near the interface of bulge(1000 < y+ < 1500 ). 

(u : velocity fluctuation of x direction, v : velocity fluctuation of  y direction, 
δ : thickness of a turbulent boundary layer θ : tickness of kinetick momentum) 
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Turbulent Boundary Layer Influenced by a Cylinder 
Wake 

Fig. 1 Schematic view of experimental apparatus 

Pure TBL CWT 

U0 [m/s] 10.63 10.58

Re = U0/ν [1/m] 738,000 

Re��= θL/ν� 3144 2730

Measurement points     x = 1,880 mm , y = 0.2  150 mm 

Tab. 1 Experimental setup 

Takao TAKIZAKI, Kosuke HIRUTA, Kouji NAGATA, Yasuhiko SAKAI, Osamu TERASHIMA and Yasumasa  ITO 
Dept. of Mechanical and Aerospace Engineering, Nagoya University  

Fig.10 Streamwise profile of thickness of turbulent 
boundary layer  

Fig.11 Vertical profiles of turbulent intensities
normalized  by δ 

Figs. 8 and 9 show the raw data of v and uv. There are large negative 
peaks of v and positive peaks of uv in the CWT case which do not 
appear in the pure TBL case. This means there are strong flows in the 
3rd quadrant at y/δ= 1.1. 
Fig. 10 shows the streamwise profiles of the thickness of the 
turbulent boundary layer. The boundary layer thickness in the CWT 
case is smaller than that in the pure TBL case. These results suggest 
that the shear at the T/NT interface is weakened by these flows and 
therefore the eddies at the T/NT interface are counteracted. As a 
result, the turbulent boundary layer is suppressed by the cylinder 
wake. Figs.11 and 12 show the vertical profiles of the turbulent 
intensities and the Reynolds stress normalized by δ. Each data in the 
CWT case coincide with that in the pure TBL case. This indicates that 
the structure of the boundary layer in the CWT case is the same as 
that in the pure TBL case, though the thickness is smaller.  

Fig. 6 Summary sketch of a turbulent boundary 
layer [Adrian, J., (2007)] 

Fig. 7 Caricature of turbulent wake and the 
entrainment [Philip, J. and Marusic, I., (2012)] 

Fig. 6 shows the summary sketch of a turbulent boundary layer. Eddies 
existing at the turbulent/non-turbulent (T/NT) interfaces are produced 
by the fluid shear based on the velocity difference between the fast 
flow in the NT region and slow flow in the T region. Fig. 7 shows the 
caricature of turbulent wake and the entrainment. Nibbling eddies 
which exist at the interfaces of the turbulent wake contributes to 
broadening the turbulence area. Nibbling eddies have the same 
rotational direction as the eddies which exist at the interfaces of the 
turbulent boundary layer, and they are created by the fluid shear at the 
T/NT interface. Therefore, it is expected that these eddies have the 
same effect of broadening the turbulent area. 
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Turbulent diffusion involving chemical reactions is seen in various industrial
equipments. There is a region that physical quantities change significantly
between turbulent and non-turbulent regions (Interfacial layer). The interfacial
layer plays an important role in the entrainment of external flow into the
turbulent flow. It is expected that characteristics of the interfacial layer have a
great influence on chemical reactions and mixing in a turbulent jet.

We measured the concentrations of reactive species near the turbulent / non-
turbulent (T/NT) interface in a planar liquid jet, and investigated the
characteristics of chemical reaction and mixing at the T/NT interface.

Species A + Species B Species R

Blue dye C : non-reactive species (Jet flow, Acid Blue 9)

Jet flow
1-naphthol

Main stream
diazotized sulfanilic

acid

Monoazo dye
4- -sulphophenylazo)-1-

naphthol

Reynolds number Re= (UJ UM)d / = 2200

Damköhler number Da = k( A0 + B0)d / (UJ UM) = 11.7

Jet velocity UJ = 1.290 m/s

Main stream velocity UM = 0.061 m/s

Slit width d = 0.002 m

Initial concentration Species A : A0 = 0.4 mol/m3

Species B : B0 = 0.2 mol/m3

Species C : C0 = 0.1 kg/m3

Concentration Measurement
Absorptive species R and C : Directly measured by an optical fiber
probe based on a light absorption spectrometric method.
Species A and B : Determined by R and C by using the conserved
scalar theory.

A = A0 R B = (1 B0 R

Mixture fraction : = C / C0

Intermittency

Conditional Mean Concentrations of Reactive Species 
near the T/NT Interface

Conditional Mean Chemical Reaction Rate

A, C

R , A, B, C

B
x

y

Reference
[1] Terashima, O., Sakai, Y., Nagata, K., Shouji, Y., Onishi, K., Study on the Interfacial Layer between the 
Turbulent/Non-Turbulent Region in a Two-Dimensional Turbulent Jet, Transactions of the Japan Society of 
Mechanical Engineers, Series B, Vol. 78, No. 790 (2012), pp. 71-83.
[2] Watanabe, T., Sakai, Y., Nagata, K., Terashima, O., Ito, Y., Suzuki, H.,  and Hayase T., Investigation of 
eddy diffusivity in a reactive plane jet by using direct numerical simulation, Proceeding of the AsiaSim
2012, pp. 144 150, 2012.

Interface Detection
Discrimination between the turbulent and non-turbulent regions :
The concentration of non-reactive species C ( C) is used as a tracer
of turbulent fluids.

C > Cth : turbulent

C < Cth : non-turbulent

Detection of the interface : Two optical fiber probes are used by
setting them next to each other. We define the time when two
probes simultaneously detect changes in the fluid condition as the
T/NT interface.

NT T : Leading edge
T NT : Trailing edge

The concentrations and the
chemical reaction rate show a
drastic change at the T/NT interface.

A sharper change of concentrations
and chemical reaction rate is
observed at the leading edge than at
the trailing edge.

The chemical reaction rate at the
leading edge is larger than that at
the trailing edge.

The intermittency of the planar jet
is consistent with that obtained by
Terashima et al.[1] and Direct
Numerical Simulation (DNS) of a
planar jet[2].

Chemical Reaction
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AbstractAbstract

Micro Gas Flow Measurement
by Pressure-Sensitive Molecular Film

Shobu Shibayama , Yu Matuda, Yusuke Kawai, Hiroki Yamaguchi, Tomohide Niimi

For the development of micro- and nano-technology, there is a strong
desire to understand thermo-fluid phenomena around a device. The
pressure-sensitive paint (PSP) technique is an optical measurement
technique based on the absorption and the emission of photons by
molecules. Although PSP is seemed suitable for analysis of micro- and
nano-flow, application of PSP to micro flows is very difficult. We
developed the pressure-sensitive molecular film (PSMF) fabricated by
the Langmuir-Blodgett (LB) method to overcome difficulties and
attempted to apply PSMF to micro-gas flows. http://www.kougise.pref.ibaraki.jp

Micro TAS

Micro Thruster

http://proposal.ducr.u-tokyo.ac.jp/cgi-
bin/ccr_usr/detail.cgi?num=3563

The Technique of PSMFThe Technique of PSMF Fabricate of PSMFFabricate of PSMF
LB method can fabricate nano order molecular thin film

ExperimentExperiment

Principle of Measurement of PSP

PSP consists of polymer binder and
luminescent molecules and are applied to
the solid surface. The luminescent intensity
from luminescent molecules decreases as an
increase in partial pressure of oxygen.
Pressure on the solid surface can be derived
from the relationship between the pressure
and the luminescence intensity.

Model Surface

Incident Light Luminescence

PSP
Layer

Permeation

Diffusion

Oxygen Molecule

Luminophore
Excited

Quenched
Luminophore

Binder

Pressure
high
low

Oxygen quenching
increase
decrease 

Luminescent intensity
weak
strong

We detected luminescent intensity
of PSMF through a fluorescent
microscope, and obtained the
pressure distribution in micro-
straight channel .

Luminescent molecule Pt(II) Mesoporphyrin IX 
Spacer molecule Arachidic Acid

Spread

Random

Compression

Ordered

Amphiphilic molecule

Hydrophobic tail
Hydrophilic head Substrate

Constant Pressure

Motion

Deposition

Water

LB method can fabricate nano order molecular thin film
and control the intermolecular spacing of luminescent
molecules using spacer molecules.

pressure [kPa]
flow in

ResultResult

The Problems when PSP is Applied 
to Micro-gas flow  

Too thick PSP layer

Poor spatial resolution
due to the agglutination of 
luminescent molecular 

owing to use of polymer binder

Pressure-sensitive molecular film (PSMF)

The Features of PSP Measurement 

The two-dimensional pressure-distribution
can be measured on the solid surface. 
Non-contact measurement.

nano-meter order thickness

high spatial resolution

flow out

Pressure Distribution

We succeeded in obtaining the pressure distribution
in micro-straight channel by PSMF.
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0 0.5 1.0

Pressure profiles along the center line 

It is the future work to improve the signal-to-noise
ratio under high pressure.
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Accommodation Pump

Preliminary study on accommodation and Kn pumps
Osamu MABUCHI, Toshihiro NISHIDA, Shobu SHIBAYAMA,

Ayaka USHIROSAKO, Shingo NAKANO, 
Yu MATSUDA, Hiroki YAMAGUCHI, Tomohide NIIMI

Knudsen Pump

Introduction

λ: mean free path
L : characteristic length

Knudsen number
Kn = /L

http://grin.hq.nasa.gov/

http://www.mepj.jp/services/micro.html

A pump suit for the usage in high 
Knudsen number is required for space 
developments and MEMS/NEMS. 
We built two kinds of pump usable in 
high Knudsen number flow.

…exploits the difference in the scattering 
behavior of gas molecules from smooth and 
rough surfaces.

•Smooth surface
The reflection of gas molecules on the smooth 
surface depends on their temperature

•Rough surface
The rough surface gives 
the diffuse reflection

the diffuse reflection 

−=

h

h

c

c

B T

p

T

p

mk
N

π2

1
net

Nnet

m
kB

…exploits thermal transpiration. 

Thermal Transpiration
…is a phenomenon in high Kn flow generating 
a pressure difference only by a difference in 
temperature, when connecting two chambers 
with sufficiently small hales.

Porous
Membrane

Thermal Guard

Tgas < Tsurface Tgas > Tsurface

hh Tp
=

Performance of Kn pump

Reflection angle Smaller
Schematic of thermal transpiration

Larger

A porous membrane was employed for 
numerous minute holes. 
Knudsen pump works by heating one side 
with a heater.

�AB pp >

Results
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Temperatures were measured at  
surfaces of each chamber. 

Accommodation pump
generating high pressure 
ratio

× needed to be evacuated 
× difficulty of materialize 

smooth surface

Cooling connecting 
part of the channels 
with smooth and 
rough surfaces by 
N2

Schematic Design of 
Accommodation pump

HOTCOLD

Structure of Kn pump

�

cc Tp
=

Kn pump
× generating low 

pressure difference
worked under 1atm
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Energy (keV) 
0 1 2 3 4 5 6 7

Yasunori Iijima, Kentaro Suzuki, Ken Niwa, Keiji Kusaba, Masashi Hasegawa 
Department of Materials Science and  Engineering, Nagoya University 

Furo-cho, Chikusa-ku, 464-8603,Nagoya, Japan 

N 

Ru Rh Pd 

Os Ir Pt 

These results mean that the ruthenium nitride with unknown 
phase can be synthesized at 30GPa and about 2500K, and it can 
be recovered at ambient conditions. However, the quantity was 
very small. 
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Optical microscope images 
SEM images 
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XRD patterns of recovered sample  
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The high pressure was generated by a diamond anvil  
cell(DAC), and ruby chips were used for pressure 
measurements. 
The high temperature was reached by fiber laser irradiation. 
Recovered samples were evaluated by optical microscopes, 
X-ray diffraction(XRD) and scanning electron 
microscope(SEM) equipped with energy dispersive X-ray 
spectrometry(EDS). 

Ru 
Ru 

Ru 
unknown 
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Takayuki Yamada,Takuya Matsuyama, Yudai Yamazaki, Mitsuhiro Shikida, 
Miyoko Matsushima, Tsutomu Kawabe

Dept. of Micro-Nano Systems Eng, Nagoya University, Nagoya, Japan
Dept. of Mechanical Eng, Nagoya University, Nagoya, Japan

Center for Micro-Nano Mechatronics, Nagoya University, Nagoya, Japan
Dept. of Medical Technology, Nagoya University, Nagoya, Japan

Micromachined Catheter Flow Sensor 
for Measurement of Breathing Characteristics

1

2

3

4

2 1 1 3
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ABSTRACT

We developed a catheter flow sensor system to measure the breathing characteristics in small bronchi. The flow 
sensor is fabricated on a 15- m thick biocompatible parylen HT film. A guide tube and fiberscope are used to 
insert the sensor into a rabbit bronchus. The sensor directly evaluated the breathing characteristics of rabbits 
having and not having a penumothorax. 

Film type
double hot wire sensor 

Less than
2.0 mm 

Lung

DESIGN

Flow sensor

Handling tube Hot-wire anemometry 
sensing enable wide rage 
sensing

The sensor consists of 
biocompatible materials

F
lo

w
 r

at
e 

(c
c/

m
in

) Not-having (Normal)

Having pneumothorax

Rabbit

Not-pneumothorax
(Normal)

Pneumothorax

Expired air Inspired air

Cycle Flow 
volume

Cycle Flow 
volume

1 1 11

1.01 0.70 0.770.66

Removing SUS rod.

Shrunk tube

1.00 mm

1.40 mm

1.85 mm

Slit

1.94 mm

Parylene C coating

Inserted assembled sensor 
into other shrinkable tube with slit

Shrinking tube.

1.80 mm

Cavity

Connection area

Heat-shrinkable tube

0.85 mm

SUS rod

Cutting film sensor

Wrapping film sensor on SUS rod

Inserted sensor 
into heat-shrinkable tube

Parylene C

Shrinking tube.

- 6 0

- 4 0

- 2 0

0

2 0

4 0

6 0

0 1 2 3 4 5

Catheter flow sensor

Rabbit

Catheter flow sensor

Tube guide

Bronchi

Bronchi
Lung

Lung

Trachea

Pictures taken by 
fiberscope

Bronchi

Table : Comparison of breathing characteristics in rabbits 
having and not-having pneumothorax.

The per-cycle flow volume for a rabbit having a pneumothorax 
is found to be only 70-77 % of that for a rabbit not having one.

Schematic view of animal experiment

FABRICATIONEXPERIMENTAL RESULTS

Time (s)

Breathing waveforms in bronchi obtained with inserted 
anotheter flow sensor

Hata lab. Nagoya Univ. Hata lab. Nagoya Univ. 
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1.  Evaluation of photosynthesis and aerobic respiration 

single Synecocystis by fluorescent oxygen sensing. 
     Respiration ratio         :  6.4±1.2 x 10-13 μmol/s 
     Sugar production ratio:  3.9±0.8 x 10-13 μmol/s 
2.  Construction of high-throughput screening system of 

Synechocystis using disruptant of Synecocystis. 
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Significance of photosynthesis 

On-chip oxygen monitoring using fluorescent sensor  

Fabrication process 

Configuration 
Volume: 12pl 
(20μm×20μm×30μm) 
 

10000 chambers/chip 

(a) Pattern of chambers (b) Coat of sensor (c) Coat of barrier layer 

(d) PDMS molding  (e) Sealing by glass 

Experimental setup 

Evaluation of photosynthesis by oxygen monitoring 

Image acquisition 
Laser scanning confocal system:�
   CSU-X1 (Yokogawa co. ltd.) 
EM-CCD: 
   iXon Ultra (Andor co. Ltd.) 
Excitation wavelength: 561 nm 
Exposure time: 1000 ms 
Interval: 4000 ms 

Synechocystis SP. PC6803 

^�μ��

Model bacteria of photosynthesis�

Aerobic respiration 

Photosynthesis hν�

C6H12O6 + 6H2O + 6O2 → 6CO2 + 12H2O �

Calvin circuit 

6CO2 + 12H2O → C6H12O6 + 6H2O + 6O2�

Parameter, [O2], [CO2], Lux, Temp� 

Electrical oxygen sensor 

O2 + 4H+ + 4 e- 12H2O�

4Ag + 4Cl- 4AgCl + 4e-�

Destruction of oxygen !! 

Anode�

O 4H

4Ag + 4
Cathode�

Conventional 
Oxygen sensor 
(Hansatech)�

Oxygen sensor: 
Pt(II) tetrakis  (pentafluorophenyl) 
porphyrin 
 

Gas barrier layer  
Parylene 

           

Compensation of photodegradation 
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Oxygen calibration 

2000 lux�

Experimental Condition 
Initial [O2]:   270 umol/l 
Initial [CO2]: 5% 
Temperature: 303 K 
Medium: 20 % Fructose 
aq. 

Oxygen�

Light�

Carbon 
Dioxide�

Water�

Sugar�

Low carbon society�

Distribution of photosynthesis�

50μm 

Sample� O2 
consumption�

O2 synthesis  
(2000 lux)�

Sugar 
synthesis  

1� 7.7x10-19 mol/s�1.8x10-18 mol/s�3.0x10-19 mol/s�
2� 6.0x10-19 mol/s�2.6x10-18 mol/s�4.3x10-19 mol/s�
3� 5.5x10-19 mol/s�2.6x10-18 mol/s�4.3x10-19 mol/s�

Microchambers Synechocystis 

20 μm 

Measurement area: 
Fluorescence at top of chamber 
is used for oxygen. 

Dark�Dark�

Sample 3 

Sample 1 

Sample 2 

60 μm 

Sample 1 

30 μm 

Sample 2 

O2 synthesis: 
2.3±0.46 x 10-18 mol/s 
 

Synthesis is controlled 
by VIS intensity. 
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Introduction 
In recent years, tissue engineering has been the focus of 
attention. The extracellular matrix (ECM), is a type of protein 
surrounding the cells, the footing of cells, which communicates 
with cells by chemical and mechanical signals, has quite an 
important role in tissue engineering. But the mechanism of cell-
ECM signals is not well known. In tissue engineering, knowing 
cell-ECM interaction mechanism can become a big help in 
technology for controlling stem cell function accurately and 
efficiently.  
The cytoskeleton is classified into actin filament, microtubule, 
and intermediate filament. It is known that in cell-ECM 
interaction actin filament plays the most important role in the 
above-mentioned three cytoskeletons. Actin filament generates 
traction force against ECM and recognizes the information of 
the ECM by its deforming. In this study, the deformation of 
ECM were calculated using Digital Image Correlation method 
by MATLAB to evaluate the contribution of actin filament in 
ECM  deforming. 

Cell - ECM adhesion Actin filament 

Experimental Methods  

Evaluation of actin filament 
contribution in ECM  deforming 

sample A Disrupted actin by cytochalasin D 
sample B Cotrol 

Experimental condition 

Experimental Methods 
At first  type collagen gel was polymerized  on plastic dish, 
and stained with Alexa647. Human marrow mesenchymal 
stem cells(hMSCs) were seeded on collagen gel, and 
incubated at 37  in a humid atmosphere containing 5% CO2. 
After 12h incubate hMSCs were monitored using the confocal 
microscope  to obtain image of the individual cell and its 
surrounding ECM for 1 hour. 

Experimental Results and Discussion 

Digital Image Correlation method 
Digital Image Correlation is used to compare two digital 
images so as to determine the deformation between images. 
ECM deforming were computed by Digital Image Correlation 
program. 

(a)Sample A (b)Sample B 
Fig.1. fluorescence images of  collagen 

Figure 1 is fluorescence images of  collagen. Superposed on 
these images are the outline of the hMSCs .These images were 
obtained by confocal microscopy. These pictured were used as 
reference images  in calculating its displacement map by digital 
image correlation method . 

Reference image Deformed image 

Fig.2.Displacement map of collagen gel 
(a)Sample A (b)Sample B 

Figure 2 shows displacement map of collagen gel calculated 
by digital image correlation method. Sample B shows that 
collagen gel around  hMSCs deformed about 1.5 m. But 
sample A shows that collagen gel around hMSCs has no 
deforming. So in cell-ECM interaction, actin filament has quite 
an important role. From this result it was predicted that actin 
filament is essential in cell-ECM adhesions or generating 
traction force to ECM substrate. 

Conclusions 
1. Displacement field of collagen gel was visualized  

using digital image correlation method by MATLAB. 
2. Disrupting actin filament,  traction force to collagen 

was decreased.  
3. Actin filament plays quit important role in cell-ECM  

mechanical interaction. 
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In vitro experimental study for the differentiation property of MSC  
under cyclic stretch with a non-uniform deformation field 

  Now the treatment of the tendon is difficult by the 
conventional method. Therefore a new treatment of method is 
needed and we pay attention to tissue engineering. Human 
bone mesenchymal stem cells (hBMSCs) is used for the 
treatment . It was reported that hBMSCs can be induced to 
differentiate into tenocytes by mechanical stretch.  
However, the mechanotransduction mechanism in the process 
of differentiation induced by mechanical stretch is still not clear. 
Tendon is mainly constructed from type 1 collagen(Col 1) and 
tenascin-C(TNC).The strains of two-dimensionally stretched 
membranes were quantified on a position-by-position basis 
using the digital image correlation (DIC) method.  
In this study, an inhomogeneous strain distribution was easily 
created by a slight modification of a commonly used uniaxial 
stretching device and the influence of mechanical stretching on 
Col 1 and TNC expression . 

Silicone chamber
Stretch machine

Set S
tretch

500μm

Seed

Cultured stem cells

Fig.1 Exposure to mechanical stretch

δx δy

x

y

Fig.2 The strains in (x,y) of stretched membranes by DIC method

Stretch parameter

Stem cell expresses protein when they differentiate. 

It is revealed what cell they differentiated to  
by checking the protein. I analyzed the Col 1 and TNC  
expression to check differentiated to a tendon cell.  
I make the fluorescence using fluorescence staining and  
confirm an expression of protein by observing it.

ll t i h th diff ti tll i h h diff i

Measuring method of expression Col1 and TNC 

Staining intensity I shows the brightness  
on the membrane. There is much expression 
 of the protein so that Staining intensity I is large. 

it I h th b iIit

Staining intensity I 

Col1 TNC

Correspondence at staining 
 intensity I and an extension rate 
 at(x,y).A new coordinate system  
was provided. It is found a relative 
 staining intensity in the position  
coordinate every 0.25% of stains. 

x y δx δy x y I

δx δy  I

Analysis method

Fig.3 Relation between stretch ratio and protein expression of Col1 after 48h stretch 
(a) x axis;(b)y axis
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Fig.4 Relation between stretch ratio and protein expression of TNC after 48h stretch 
(a) x axis;(b)y axis

Figure 3,4 shows the result of Relation between stretch ratio 
and protein expression of Col1 and TNC after 48h stretch.  
About Col1, at the x axis the peak near 6~10% was shown 
and at the y axis the peak near -4~-2% is shown. Col1 is 
known to be included in the cell consisting of fibrous 
connective tissue, for example tendon, bone, muscle, skin. 
It was caused because Col1 expressed even if stem cell 
differentiated to the cell except the tendon cell. Therefore it 
was thought that Col1 was expressed in a wide area. 
Next about TNC, at the x axis the peak at 7 % was shown and 
at the y axis the peak at the peak at -2% was shown. TNC is 
the protein which is specific to a tendon. Therefore a peak 
appeared by a particular strain because an existence point is 
limited . 

(1) The distribution of the strain of the membrane was 
calculated by DIC. 

(2)  It was found that a stretch ratio and a relationship of the 
differentiation 

(3)   A peak appeared in a wide area about Col1 and a peak 
appeared by a particular strain about TNC. 
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Sensor trace 

x 

y 

Microwave irradiated from 
sensor 

Scanning a crack 

Measurement of the amplitude 
of reflection coefficient 

Evaluation of crack depth using 
the amplitude difference 

Evaluation of the depth distribution of thermal fatigue 
 cracks on the metal surface using microwave 

Kohei Nohara, Atushi Hosoi, Yang Ju 
Department of Mechanical Science and Engineering, Nagoya University 

Method of Measuring 
      Now, in Japan, the number of nuclear power plants 
working for over 30 years is increasing. Therefore, the 
ageing management and maintenance of nuclear power 
plants must be enhanced as soon as possible. One of the 
problems of aged nuclear power plants is the destruction of 
nuclear reactors induced by thermal fatigue cracking. If the 
nondestructive measurement and evaluation of cracks are 
done, it enables us to enhance safety and reduce cost for 
the ageing management and maintenance of nuclear power 
plants. 

In this study, we proposed the method that could decide 
a attenuation constant by modeling a crack and introducing 
the new coefficient in consideration of the ratio that the 
electricity of microwave to propagate in the crack incide 
from air. 

Introduction 

Experimental Results 

Measurement System 

5mm 

Open-ended Coaxial 
line sensor 

       A network analyzer, which is designed to process the 
amplitude and phase of the transmitted and reflected waves 
from the network, was used to generate a continuous wave 
signal which is fed to an open-ended coaxial line sensor. 

       By measuring the amplitude 
of the reflection coefficient, 
detection of the thermal fatigue 
crack was achieved and a W-
shaped characteristic signal 
was obtained. 

Amplitude difference 
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Evaluated Equation of crack depth 
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Conclusions 
      The distribution of the thermal fatigue crack along the 
crack length was obtained by microwave imaging. By using 
this equation, evaluation of thermal fatigue cracks was 
achieved by an error within 2 mm at the point of the crack 
depth maximum. 
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       By modeling a crack and considering as a parallel-plate 
waveguide, the attenuation constant is calculated. A new 
coefficient is introduced in consideration of the ration that the 
electricity of the microwave to propagate in the crack inside 
from air.  
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      Thermal fatigue cracks were measured by microwave 
microscope. The microwave imaging is a two-dimensional 
image of the amplitude of a microwave measured in 
scanning area. The distribution of thermal fatigue crack 
along the crack length was obtained by microwave imaging. 
We are able to measure the distribution of thermal fatigue 
cracks and to evaluate their depth by using microwaves. The 
following graph shows relationship between evaluated and 
actual crack depth of the crack. 
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There is an urgent need in cancer treatment, to reduce the 
physical burden of the patient. In cancer therapy, treatment 
with nanoparticles has attracted attention as a method that 
can make  efficient treatment and reduce the burden on 
the  body. Applications to the treatment of cancer 
using nanoparticles have been reported, for example, 
hyperthermia with Fe3O4 nanoparticles and drug delivery 
system using Au nanoparticles. In order to prepare 
nanoparticles with multiple functions, composite 
nanoparticles using a plurality of materials have been 
studied. In this research, a particle combined Fe3O4 and Au 
nanoparticles is proposed. For medical applications, it is 
important to evaluate the characteristics of the 
nanoparticles.  

It is known that magnetic nanoparticles can generate heat 
by adding an alternating magnetic field (AMF). This heating 
is due to hysteresis losses. The amount of heat generated is 
dependent on particle size. Also in this experiment, the 
composite nanoparticles are confirmed heating capability by 
adding AMF. 

In this experiment, we produced nanoparticles using a 
chemical reaction. Fig. 1 shows the synthesis procedure of 
composite nanoparticles. Fig. 2 is a schematic diagram of 
the composite nanoparticles. In this nanoparticle , Fe3O4 
nanoparticle surrounded by particulate Au. 

 Fig. 3 shows the results of elemental analysis by EDX. 
From these results, the composite nanoparticles were made 
of Fe3O4 and Au. Fig. 4 shows photographs of nanoparticles 
dispersed in deionized water and attracted to a magnet. The 
red colored nanoparticles in the plasmon absorption has 
been attracted to the magnet and it is suggested that the 
produced composite nanoparticles have magnetic. 

Measurements of the modal diameter of Fe3O4 
nanoparticle is 52.31 nm , and Au is 12.75 nm. Fig. 5 show 
the diameter distribution of nanoparticles. Fig. 6 (a) and (b) 
show TEM image of the composite nanoparticles. The gray 
parts are Fe3O4 nanoparticles, and the black parts are Au 
nanoparticles. From these images, we confirmed that Au 
nanoparticles are supported on the periphery of the Fe3O4 
particles. Added to the AMF to the nanoparticles which 
were dispersed in deionized water, the water temperature 
increased to 38  from 23 . Specific absorption rate 
(SAR) is a measure of the amount of heat generated and in 
this experiment, calculated SAR is 191.8 W/g. 

1. Fe3O4 / Au composite nanoparticles are synthesized.
2. TEM observation showed Au nanoparticles are supported

on the periphery of the Fe3O4 nanoparticles.
3. The composite nanoparticles  magnetic and they heat

by adding AMF.

In this paper, 
fabricated Fe3O4 / Au 
composite nanoparticles 
were observed by TEM 
and EDX, and evaluated 
them. 

4 6 5 3 7 5 5 5 22HAuCl + 3C H Na O 2Au + 3C H NaO  + 3CO  + 6NaCl + 2HCl

2+ 3+ -
3 4 2Fe + 2Fe + 8OH Fe O + 4H O
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BACKGROUND PROBLEM&PURPOSE

EXPERIMENTAL

We made carbon fiber brush 
(Fig. 1) and were studying its 
properties. It showed static 
friction coefficient almost the 
same as kinetic friction 
coefficient (μs μk). But it 
indicated large specific ware 
rate (about 10-3mm3/Nm).
In this study, we make looped 
carbon brush (Fig. 2) and 
clarify its tribological property.

RESULTS

Fig. 1 Schematic image of 
carbon fiber brush

Fig. 2 Schematic image 
of looped brush

Static and Kinetic Coefficient of Carbon Fiber Brush 
to Reduce its Wear

T. Isogai, N. Umehara, T. Tokoroyama and H. Kousaka March 2013Nagoya University

Carbon fiber
Carbon fiber has good propeties, such as high stiffness,  
tensile strength, and low density. It is usually used as 
CFRP(Carbon Fiber Reinforced Plastic), and not used as  
itself because of its thinness (about 10 μm) . 
Brush material
Brush material is used for many purpose such as cleaning, 
polishing, and painting, because of its flexibility. Carbon 
fiber has unique properties that attracts us.

8 

Hexagon head bolt
(for fastening)

Round bar
Carbon fiber Gap

Overhang length 
(l=1,3 mm)

Overhang length 
(l= 0 mm)

We carried out 2 types friction tests to obtain initial friction 
coefficient (F C ) as static F C = μ and kinetic F C = μ RESULTS

Friction test

x

z

y
holder

pin specimen

block specimen

leaf spring

strain gauge

Z stage

X stage

Wear test
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Sliding distance d , mm 15 Humidity H 25-29%

Sliding speed V , mm/s 5.0 Atmosphire in air

Normal load W, N 0.3, 0.5, 0.7 Sampling frequency 5,000Hz

Temperature T, 23-25

Definition of μs and μk

μs: Max friction coefficient
μk: Average friction coeffcient

(between 3mm and 12mm)

Fig.3 Schematic image of  both-way 
type friction tester

Fig.4 Definition of friction coefficient

Table.1 Experimental condition 
of friction test

Ultrasonic cleaning 
acetone

drying
Mass measurement 

f th i

Friction test

Wear test

Fig. 7-(a) Friction coefficient 
of looped brush

Fig. 7-(b) μs/μk of looped brush
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coefficient (F.C.) as static F.C. = μs and kinetic F.C. = μk. 
And also we obtain specific wear rate of looped brush.

In the case of fixed brush material showed μs/μk decreasing with increasing 
normal load. On the other hand looped brush showed around 1.0 within 
every normal load condition.
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The specific wear rate of looped 
brush indicated 10-4 mm3/Nm 
which overcame edge type such 
as 10-3 mm3/Nm.

CONCLUSION

DISCUSSION

1. Carbon fiber brush have static friction coefficient as same as 
kinetic friction coefficient (μs μk) when it can deform in 
flexibility.

2. Looped carbon fiber brush have smaller specific ware rate than 
edge brush because of its microstructure.

of the specimen

Slide examination

Mass measurement 
of the specimen

Every 5times
Fig.5 Schematic image of  pin-on disk 

type friction tester
Table.2 Experimental condition of wear test

Sliding distance d, m 1000 (200 5)

Sliding speed V, mm/s 113

Applied load W, N 0.5, 0.7, 0.9

Temperature T, 24-26

Humidity H 7-16 %

Atmosphere in Air
Fig.6 Sliding direction 

of brush

90

0

Fig. 8-(a) Specific ware rate 
of looped brush 0

Fig. 8-(d) Specific ware rate in 
deferent kind of contact condition

Fig. 9 Schematic image of structural 
units arranged in carbon fiber[1]

[1] S.C. Bennett and D.J. Johnson, Proceed. 5th Industrial Carbon and Graphite Conf., 1(1978), p.337

It was assumed that specific ware rate 
changed because of carbon fiber’s 
microstructure.
When carbon fiber was contacting at its 
edge, it contact with the area of 
amorphous carbon. It get out easier than 
the area of oriented parallel to the carbon 
fiber axis. 

Fig. 8-(b) Specific ware rate 
of looped brush 90
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Nagoya University 

KAZUKI MIYAZAKI, HIROYUKI KOUSAKA, NORITSUGU UMEHARA, and  TAKAYUKI TOKOROYAMA  
DEPARTMENT OF MECHANICAL AND AEROSPACE ENGINEERING, NAGOYA UNIVERSITY 

Background 
Today, the application of DLC (Diamond-Like Carbon) to the sliding surfaces of 
mechanical parts is gradually gaining popularity. It saves energy by reducing friction and 
extends the life of parts by reducing wear and tear. In this field, a higher-speed coating 
method is strongly desired. Plasma CVD (Chemical Vapor Deposition) of DLC 
employing DC or RF discharge has a typical coating speed of ~1 /h. This rather low 
figure is due to the relatively low electron density (ne~108 10 cm ) of the DC or RF 
discharge plasma employed. The use of higher-density plasma is considered to be 
essential for increasing the coating speed. Thus, we have proposed a high-speed coating 
method of DLC with a novel plasma CVD employing much higher-density plasma 
(ne~1011 13 cm ), which is sustained by microwave propagation along plasma-sheath 
interface on metal surface [1,2]. On the other hand, when  Mr. Okamoto used this gas-
blowing method, it resulted in a remarkably high deposition rate, about twice as fast as 
when using only the MVP method in the DLC coating[3].  

The deposition rate considerably increased about sevenfold at blown point.  
The Si/C ratio considerably increased about sevenfold and SiH peak was confirmed from Ar, methane, and TMS plasma with  

   gas blowing deposition. 
 References 

[1] H. Kousaka, N. Umehara, K. Ono, and J. Xu., Jpn. J. Appl. Phys  
[2] H. Kousaka, and N. Umehara, Transactions of the Materials Research Society of Japan  
[3] T. Okamoto, Y. Takaoka, H. Kousaka, and N. Umehara, On-line proceedings of plasma conference 2011, (2011) 23G04. 
[4] L. Thomas,_, L. Maill e, J.M. Badie, M. Ducarroir, Microwave plasma chemical vapour deposition of tetramethylsilane: correlations between optical emission spectroscopy and film characteristics, Surface and Coatings Technology 142-144 (2001) 314-320.  

Figure 2. Schematic  of DLC coating apparatus with a 
novel plasma CVD employing microwave-excited high-
density near plasma.  

Chamber size  220 x 210 mm 

Specimen  SKH51(High-speed tool steel) 
                     13 x 13 x t5 mm 

Experimental apparatus 

Figure 3. Specimen  

Figure 5. (a)DLC deposited with gas blowing 
                and (b)this surface shape. 

Results: Improvement of the deposition rate 

Fig.1 Effect of gas blowing on  
the deposition rate of DLC. [3] 

NEERING, NAGOYA U

Problem 

Local enhancement of deposition rate by gas blowing  
in microwave-assisted high-speed DLC coating  

Purpose 

Approach : The  DLC was deposited with gas blowing in microwave-assisted high-speed DLC coating. 
 Improve the deposition rate and Elucidate the mechanism  
 

Thedeposition ratTh d iti
Conclusion 

High-speed coating 
73 m/h  127 m/h 

No Elucidation  
of the mechanism  

Problem 

Figure 7. Comparison of  Si/C ratio of DLCs deposited with gas blowing with not.  

Results: Other effect of gas blowing 

Figure 8. Effect of relative content of atomic species on  hardness of DLCs 

The thick film was formed at 
   blown point. 
The deposition rate considerably 

   increased about sevenfold.  

The Si/C ratio considerably  
   increased about sevenfold. 

Discussion 

SiH peak, 414.3 nm [4], was confirmed from Ar,  
  methane, and TMS plasma with gas blowing deposition. 
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The inner diameter of 
the nozzle   1~2 mm 
(Glass) Nozzle 

Figure 4. Nozzle  

Gas 
flow,sccm 

CH4 200 

Ar 40 

TMS 20 

Total gas flow,sccm 260 

Pressure,Pa 75 

Deposition time,min. 0.2 

Microwave 
(2.45GHz) 

Peak power 1kW 

Pulse 
frepuency 

500Hz 

Duty ratio 50% 

Bias 

Voltage 500V 

Pulse 
frepuency 

500Hz 

Duty ratio 50% 

Table 1. experimental conditions  

Measurement: 
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Figure 6. Comparison of  deposition rate of DLCs 
                deposited with gas blowing with not.  
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Measurement:  
Optical emission spectroscopy 

More TMS was ionized and dissociated in plasma.  

Measurement:

Results: Other effect of gas blowing 

SiH peak was confirmed. 

High-speed coating 
157 m/h  1065 m/h 

Si/C ratio 
0.15  1.02 

 

SiH peak was confirmed. 

TMS was depleted in plasma without gas blowing.  
This depletion was prevented by gas blowing. I t 
was one of the causes of high-speed coating. 
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Analysis of driving behavior  

during distraction using a Pr-ARX model 
KAZUMA   KATO 

  Abstract: This research -car devices. Driving data was 
collected in a driving simulator. The primary task was to maintain a constant following distance behind a lead vehicle. The secondary task, which brought 
about the distraction, was to operate the in-car touch panel. A Pr-ARX model that describes the vehicle-following skill weighting of the Pr-ARX model 

-regressive with extra inputs component of the Pr-ARX model characterize -
time behavior. By calculating the entropy of  the Pr- is decision-making ability, is 
assessed in a quantitative manner. 
 
 

Recent car accidents  are mostly caused by  

s

i
k

T
i

k
T
i

iP

1

)exp(

)exp(
0s

Decision-
making 

operation 

k

s

i
kiik ePy

1

  

Pr-ARX model 

: sampling number : error 
, : model parameter 

][ 1  11
T

mk
T
k

T
mk

T
kk yyuu

k
ke

i

: input :output ku ky

i

 
 
 
 

 
 
 
 
 
 

Distracter (Secondary Tasks) 

E.G. 

:HD

Entropy  

input & output 

Identification of Pr-ARX models 

Driver Model Pr-ARX model  

Entropy for decision-making ability 

Procedure & Driving Environment 

 

HD

s

i
ii dPPPH x

1

  log  

:iP

inputs 

outputs 
is the index for time series  k

:   KdB 
:   range 
:   range rate 
:   acceleration ky

e.g.(3 modes) 

What is KdB ? 

0                 15                  30                45       

0 
 

1
 

0                 15                  30                45      

0
1 

P
ro

b
ab

il
it

y 

P
ro

b
ab

il
it

y 

range range 

H(p) big H(p) small 

Data 
environment  (range, velocity, etc) 
steering & pedal operations 
monitoring secondary tasks 
subjective data from questionnaires 

Hybrid Dynamical System 

PROPOSE  THE EVALUATION 
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DRIVER MODELS 

m

Percentages of causes  
of car accidents in Japan (2012) 

DISTRACTION  58.1 % 

others 5.3% 

violations  
of the law  

Driving 
Task 

Perception 

Decision making 

Mode 1 

Mode 2 

Mode N 

 
 
 

Arm,
Leg environment 

Cerebrum-hybrid 

Determinate 

Detection of the distraction is needed 

ku ,1

ku ,2

ku ,3

 Driving Tasks 
12 test drivers follow a lead vehicle keeping  
the range less than 80m. 
 Trials 
 only driving task 
 driving and secondary tasks 
  (3 trials  one for each secondary task) 
 only secondary task 

Distracted 
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e.g. 
Talking on a mobile 

phone 
 HMI Operation 
 Tiredness caused  

   by long time drive 

such as tired, lack 
of care 

The task is to touch the panel with the number 
that numerically follows the panel in blue 

distracter  low distracter  middle distracter  high 

Mode 1: collision avoidance mode 
Mode 2: following mode 

Green points are the regions in which a mode is not 
determined  uniquely( Pi = 0.1 0.9)  
  

The higher the distracter,  
                         the larger green region  

Distracter level is defined as 
the density of the tasks 

interval 6sec 4sec 2sec 

distracter low middle high 

distracter  none 

25 panels which display numbers from 10 to 34 in 
random order with only one of them in a blue color  

Territory of driving data Probabilistic weighting of the ith mode          

Use the Entropy as a metric for    
 the quantitative evaluation 

Conclusion 

 Linearly proportional  

proportional to the distracter? 
What is the main distracter, looking away, touching, etc? 

 Linearly proportional

Average values of Entropy 

decision-making ability can be 
assessed using the Entropy, 
which is linearly proportional to 
the distracter. 
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<4> Appendix 

a) Travel schedule 

b) Photo album 

c) Summary of questionnaire 
(in Japanese, excerpt) 
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a) The 4th JUACEP Workshop Travel Schedule
   February 20-24, 2013
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b) Photo album
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Flight Waiting at Centrair 

Feb. 20 

Introduction of U. Michigan 

Feb. 20 

North Campus tour 

Feb. 20 
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  Introduction of  

College of Engineering 

Feb. 21 

Wilson Student Team 

Project Center tour 

Feb. 21 

47



  

JUACEP Workshop at 

Duderstadt Center 

Feb. 21 

t
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UM3D Lab tour 

Feb. 22 

Individual lab visit 

Feb. 21 
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Special immersion course for presentation by 

Mr. Robert Pal (AEON Corp.) 

Feb. 7-8 

Relaxed at the hotel lounge 

Feb. 22 
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c) Summary of questionnaire 
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