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Behnia I have reviewed all the documents and 
presentation materials provided for the review of the GCOE. I would like to 
congratulate the GCOE for its achievements over the years and in particular in 2011. 
The Center has established itself as a well-recognised world-class fluid dynamics 
research hub. This is evidenced by: 

1. a number of leading-edge interdisciplinary research projects led by 
internationally recognised project leaders and researchers, 

2. a very well established and recognised international conference series (ICFD), 
3. a high output of publications in international conferences and journals of high 

repute, 
4. opportunities provided for both incoming and outgoing young researchers and 

interns,  
5. training of the future generation of fluid dynamics researchers and academics 
6. international collaboration with leading universities in numerous countries. 

Overall, I rank the performance of the GCOE as excellent and I wish to congratulate all 
and in particular Prof Maruyama for their achievements. I believe that the Center by 
continuing on the same trajectory in 2012 will continue to achieve excellent results. I 
wish them a lot of success. 
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Supply pressure Ps
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x
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(1) Volumetric and Angiogenic Evaluation of Antitumor Effects with Acoustic Liposome 
and High-Frequency Ultrasound 

  Acoustic liposomes (AL) have their inherent echogenicity and can add functionality in 
serving asdrug carriers with tissue specificity. Nonuniform vascular structures and 
vascular branches/bends are evaluated by imaging the intravascular movement locus of 
ALs with high-frequency ultrasound (HF-US) imaging. However, the evaluation of 
antitumor effects on angiogenesis by ALs and HF-US imaging has not been reported. 
Here, we show that the combination of ALs and an HF-US imaging system is capable of 
noninvasively evaluating antitumor volumetric and angiogenic effects in preclinical 
mouse models of various cancers. In this study, the antitumor effects of cisplatin on 
tumor growth and angiogenesis in mice bearing two different types of tumor cells were 
assessed. By tracking each AL flowing in the vessel and transferring the images to 
personal computers, microvessel structures were mapped and reconstructed using the 
color difference based on SD (CDSD) method. The antitumor effects were confirmed with 
an in vivo bioluminescence imaging system and immunohistochemical analysis. Our 
results show that cisplatin (CDDP) inhibits tumor growth by decreasing intratumoral 
vessel area but does not affect the angiogenesis ratio in the tumor. The vascular 
occupancy in the outer region of the tumor was larger than that in the inner region; 
however, both occupancies were similar to those of the control tumor. We propose that 
this method of mapping microvessels with ALs and an HF-US system can serve as a new 
molecular imaging method for the assessment of angiogenesis and can be applied to 
evaluate the antitumor effects by various therapeutic agents. 
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Fig.1 Construction of intratumoral vessels with the combination of ALs, the HF-US imaging system, 
and the CDSD method. A, representative time-dependent changes in grayscale intensity in tumors 
of Colon26 without CDDP treatment. After the injection of ALs, significantly higher grayscale 
intensity was observed and maintained for approximately 6 minutes. An optimal diagnostic window 
for detection of ALs was established between 20 and 90 sec postinjection. B, representative 2D 
images of the Colon26-Luc tumor on day 8 without CDDP treatment (control). (a) and (b) are 
B-mode images of tumor before and after AL injection, respectively. (c) and (d) are the extracted 2D 
vascular structures in tumor before and after AL injection, respectively. The image was constructed 
from the B-mode image using the CDSD method. 
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Volumetric and angiogenic evaluation of antitumor effects with acoustic liposome  
and high-frequency ultrasound. Cancer Research. 2011; 71(22): 6957-6964.  

Shah Md. Abdur Rauf, Kamlesh Kumar Sahu, Hideyuki Tsuboi, Nozomu Hatakeyama, 
Akira Endou, Hiromitsu Takaba, Carlos A. Del Carpio and Akira Miyamoto, Restoration 
of p53–DNA Interaction Loss upon R273H Mutation by CP-31398: An Ultra Accelerated 
Quantum Chemical Molecular Dynamics Approach, Medicinal Chemistry Research, Vol. 
21 (2012), pp. 239-244. 
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1 (a) (b), (c)  
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GCOE 1

ECL INSA-Lyon IIT
GCOE

6.1.10  6 P45  
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21 COE
RA

PD
6.1.10 2 P42  

GCOE  
PD 2

PD

GCOE PD  RA 3  
 
 
 

COE PD  
1

23 6 3  – 7 2  
Ecole Centrale de Lyon (ECL) 

Vincent FRIDRICI 
Friction Study of Medical Alloys on Soft-tissue-like Hydrogel  

 

2 
23 7 2  – 7 30  

University at Buffalo, The State University of NewYork (UB) 
Hui MENG 

Evaluation of Movement of Deployed Stent inside PVA-H  
Biomodel  

 

3 
23 7 30  –  8 9  

Massachusetts Institute of Technology (MIT) 
Roger KAMM 

Micro Pathway for PVA-H Blood Vessel Biomodel  
 

 
 ECL (FRANCE) 
ECL Laboratoire de Tribologie et Dynamics Systèmes (LTDS)

PVA-H 4 (316L, CoCr, NiTi, TiMoSn)
(sliding velocity, normal load) 4 T (P = 

0.05) (Hydrodynamic lubrication region) 4
(elastic friction) 316L

CoCr NiTi TiMoSn 316L NiTi CoCr NiTi
Cr (316L CoCr) Ti
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(NiTi TiMoSn)  
LTDS

( Friction Study of Medical Alloys on 
Soft-tissue-like Hydrogel  )

 
ECL

ECL
 

 

  UB (NewYork, USA) 
UB TOSHIBA STROKE CENTER CT 

Angiography Angiography(Micro-Angiographic Fluoroscope, MAF)

PVA-H

 
UB DICOM

PVA-H
TOSHIBA STROKE CENTER CT Angiography

(Neuroform 2 Pipeline) Toshiba Stroke Center
Harry M. Dent Neurologic Institute

MAF(Micro-Angiographic Fluoroscope)
Angiography(  = 40 μm)

65 μm CT Angiography(  = 140 μm)

MAF

 

PVA-H
UB Buffalo

UB
 
 

 
 

2 , 
 Philippe Kapsa (Professor, ECL). 

UB Harry M. 
Dent Neurologic Institute

PVA-H
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 MIT (Massachusetts, USA) 
Prof. Roger KAMM

 

 
 

 
Three line  

 
69

 
 

D3  
1

22 2 25  3 27 31  
MATEIS, INSA-Lyon  

Joel Courbon , Director 
 

 

2 
23  3  17  4 25 40  

    
, Vice Dean 
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INSA-Lyon (FRANCE) 
INSA-Lyon  Courbon  MATEIS 

 ELyT Engineering and Science Lyon Tohoku
Durability, Reliability in Energy and Transportation 

 Courbon  St phanie Deschanel 

 

IEEE  Transactions on Magnetics  
 

 ( ) 
INSA-Lyon

PECT

 
 

1.  

100 1  
2.  

PECT (CG )
(NN)

 
CG

PCA
NN

CG
NN CG  

PECT
2011 9

ISEM2011
International Journal of Applied Electromagnetics and Mechanics  
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GCOE  
   

MATEIS    
 

 
 
 
 
 

State Key Laboratory for Strength and Vibration of Mechanical Structures  

 
 

 D2  
 

22 6 22 22 7 22  
 

Dr. Jooho Hwang 
 

 
 

23 9 11 23 12 1  
Brunel  

Prof. Kai Cheng 
 

 
 

 

22 6 22 7 22
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2
1700 mm 9 m

2 m
1 m

 
 

Brunel  
3 X,Z,C

Brunel
23 9 11 23 12 1 5

 
5

 

Brunel

National 
Physical Laboratory (NPL)  

 

Precision Engineering
In press  

Brunel 3

 

GCOE
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GCOE

 
 

 

2

GCOE  

 

 

1  Hwang  

       

(a)                                      (b) 
2 Brunel  Cheng (a) NPL (b) 
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23  
 

 

D2 (KAIST)  7 3  
8 27

 

 
 

 
D1 

The University 
of Chicago 
 

  

8 21  
8 25  

  
 

 
 

 
D2 

Ecole Centrale 
de Lyon  
 

  

9 19
11 4  

 
 

 
 

 
D1 

The University 
of Chicago 
 

  

11 14  
2 11  

 
 

 
 

 
D2  

 
 

Building-Cube Method

 

1 14  
2 26  

 
 

 
 

 
D2 

Ecole Centrale 
de Lyon  
 

  

1 16  
3 16  

 
 

 
 

23  
 

 
 

 

M2 
The University 
of Sydney 
 
Australia 

9 3  
10 15  

 
 

 
M2 

Carnegie 
Mellon 
University 
 
USA 

9 21  
11 1  

M2 22
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23  

JA YOUNG KIM 
(Mr.) 

Chungnam 
National 
University 
 

 

Dual Arm Robot Manipulator 
 

10 2  
12 23  

 

Chen Lin 
(Mr.) 

Peking 
University 
 

 

Simulation of nano-micro scale 
sublimation phase change 
and critical surface 
transportation phenomena 

11 12
2 5  

  

Markus Lars 
Johan Pastuhoff 
(Mr.) 
 

KTH 
 

 
Fluid mechanics / Pressure 
Sensitive Paint 

12 25
3 20  

  

Ashkan 
Javadzadegan 
(Mr.) 
 

The University 
of Sydney 
 

 

Particle Image Velocimetry 
(PIV)Measurement of Blood 
flow in a modeled 

1 11  
2 22  

  

Sereshchenko 
Evgenii 
Viktorovich 

Khristianovich 
Institute of 
Theoretical and 
Applied 
Mechanics SB 

Experimental investigation of 
flame dynamic in 
microchannels 

2 5  
3 19  

  

30 100
SSP

GCOE
1990

GCOE  
23  

HOPE 
 HOPE JSPS

 
3 7 ( )~11 ( ) 5 Art in Science  

 
HOPE GCOE
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23 1  
 D2  

    24 3 7 3 11  
 

 
COE  

23 8 3 5  
 

 
GCOE

JAXA
 

66 ( 1 1
)

 
 

 
CFD

 
3 30  

 
 
 

The 6th Seoul National University – Tohoku University Joint Workshop on Next 
Generation Aero Vehicle 

23 10 13 14  
 

COE BK21
 The 6th Seould National University - 

Tohoku University Joint Workshop on Next 
Generation Aero Vehicle 10 13 14 2

 
2006 6

14
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60 74 62

18  
 
 

The Seventh International Students / Young Birds Seminar on Multi-scale Flow 
Dynamics  

23 11 9 11  
 

GCOE RA
ICFD

Juan F. Torres
3

80
3

 
 

Students/Young Birds Friendship Night

Students/Young Birds Friendship Night  
GCOE

21
COE GCOE

 

 
 

3 2

GCOE
GCOE

 
 

 

Students/Young Birds Friendship Night 
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BEST AWARD  
 

OS12-17 Mr. Hiroki Gonome  
(Tohoku University, Japan) 
OS12-4 Mr. Tetsuya Kanai 
(Tohoku University, Japan) 
OS12-19 Mr. Karl Håkansson 
(KTH Royal Institute of Technology, Sweden) 
 
 
OUTSTANDING AWARD  
OS12-29 Mr. Kiminori Sakai (Tohoku University, Japan) 

  OS12-76 Mr. Takeshi Ohki (Tohoku University, Japan) 
 
 
 

 

The 12th Japan-Korea Students’ Symposium New Energy Flow for Sustainable Society 
Properties and Applications of Energy Materials  

23 11 10 11  
 

2000 Yoo
12

ICFD

Joo Wonsyo 2
4 25  KAIST

5 6 15 40

 
  
 
 
 
 
 
 
 
 
 
 

Best Award Karl Håkansson  
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4  
23 7 8 COE

 
GCOE RA

 
12

3 RA
GCOE 4

 
3 3

1
GCOE RA

 

 

 
4  

23 7 8  
12  

 

No.   

P1  Leading Edge Receptivity of the Boundary Layer on a Flat Plate 

P2  A Molecular Dynamics Study on the Thermodynamic Estimation of 
Cryogenic Hydrogen 

P3 Wang Fang Novel SrCo(1-y)Nb(y)O(3- )cathodes for intermediate temperature 
solid fuel cells 

P4   Evaluation of influence of wheel surface shapes on traveling 
performances of planetary rovers over slopes 

P5 JANG, Juyong Improvement of Spheroidization Process in a Low Power DC-RF 
Hybrid Plasma Flow System by Water Droplets Injection 

P6 Seung Mo Hong Steam Oxidation Kinetics of Candidate Alloys for Fuel Cladding of 
Super Critical Water-cooled Reactors 

P7   Vitiation Effects in High-speed Combustion 
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P8 Shejuan Xie Quantitative investigation on Local Wall Thinning with Method of 
Pulsed Eddy Current Testing in Nuclear Power Plants 

P9  Simulation of Receptivity to the Outer Disturbances in Boundary 
Layer Transition 

P10  3D path planning metod for mobile robot on rough terrain 
considering traversing ability 

P11   

P12 Juan Felipe Torres 
Alvarez 

Evaluation of the Concentration and Molecular Mass Dependency of 
Protein Diffusion Coefficients in Aqueous Solutions 

 
 
 

3 GCOE  
 
No.  
P08 Shejuan Xie Quantitative investigation on Local Wall 

Thinning with Method of Pulsed Eddy 
Current Testing in Nuclear Power Plants 

P10  3D path planning metod for mobile robot on 
rough terrain considering traversing ability 

P12 Juan Felipe  
Torres Alvarez 

Evaluation of the Concentration and 
Molecular Mass Dependency of Protein 
Diffusion Coefficients in Aqueous Solutions 

 
 

24 3 16  
 

23 21 7
COE  
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ELyT School in Lyon 2011 
23 9 4 9 14  

 
INSA-Lyon ECL  

 
ELyT School in Lyon 2011 GCOE

ELyT Laboratory
INSA-Lyon Ecole Centrale de Lyon ECL  

CNRS 4 2009
3 INSA-Lyon, ECL

30 20
10  

4 10

50
 

 
GCOE Organizer/Principal

4  
 

GCOE  
Accidents and Countermeasures for Fukushima Dai-ichi Nuclear Power Plant  

 
GCOE Earth  

and Planetary Science  
 

GCOE     
New Materials and their Processes  

 
(Future Energy Strategy and Fukushima Events) 
 

7  
Professor John Tichy (R.P.I Troy, NY, USA   Tribology) 
Professor Yves Brecht (Grenoble-INP & CNRS   Metallurgy) 
Professor Fabrice Dassenoy (ECL & CNRS   Tribology) 
Professor Daniel Henry (ECL & CNRS   Transport Phenomena) 
Professor Bernard Normand (INSA-Lyon & CNRS   Surface Reactivity) 
Professor Abdelkader Souifi (INSA-Lyon & CNRS   Nano-electronics) 
Professor Daniel Nelias (INSA-Lyon & CNRS   Modeling of Fretting) 
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CERN BBQ

Chamonix
ECL INSA-Lyon CNRS

 
 

  
 

9 3   
4 INSA-Lyon 2   
5 2 INSA-Lyon   
6 1 Rohne-Alps INSA-Lyon 

BBQ  
7 ECL 2 ECL BBQ  
8 2   
9 2   
10   
11 Chamonix CERN  

  
12 CERN   
13 3 Wrap-up   
14   
15  

 

4 ELyT School
20 2012 9
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(English Conversation Class) 
                           23 6 8 COE  
 

GCOE

 
 

GCOE GCOE English Conversation 
Class

Mr. Thomas Duane Mandeville 6
8 1 2 10 1 3 Basic 
Conversation 4 5 Presentation about himself/herself and discussions among the 
students 6 8 Debate 9 10 Training of Chairmanship 
and Presentation  

4 10 14
10

24
 

 

23 10 5 24 3 27 Juan Felipe Torres Alvarez
ECL  

 
 

 
 

23 15 24 1
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23

Juan Felipe 
TORRES 
ALVAREZ  

D1 7th International Conference on 
Diffusion in Solids and Liquids 

Algarve, 
Portugal 

2011/6/26  
2011/6/30 

  29th AIAA Applied 
Aerodynamics Conference Hawaii, USA 2011/6/27  

2011/6/30 
  42nd AIAA Thermophysics 

Conference Hawaii, USA 2011/6/27  
2011/6/30 

 D2 
10th International Symposium 
on Measurement Technology
and Intelligent Instruments  

Daejeon, 
Korea 

2011/6/29  
2011/7/2 

  The 18th International 
Conference on Solid State Ionics 

Warswaw, 
Pohland

2011/7/3  
2011/7/8 

Jang Juyong D1 20  Philadelphia, 
USA 

2011/7/21  
2011/7/29 

  
ASME-JSME-KSME Joint 
Fluids Engineering Conference 
2011 (AJK2011-FED) 

Hamamatsu, 
Shizuoka, 
Japan 

2011/7/24  
2011/7/29 

 D3 2011 Complex Fluids Meeting 
San Luis 
Potosi, 
Mexico 

2011/8/15  
2011/8/19 

 D3 2011 Complex Fluids Meeting 
San Luis 
Potosi, 
Mexico 

2011/8/15  
2011/8/19 

  The 23rd IIR International 
Congress of Refrigeration 

Prague, 
Czech 
Republid 

2011/8/21  
2011/8/26 

 PD 24th European Conference on 
Biomaterials 

Dublin, 
Ireland 

2011/9/4  
9/8 

    
The 4th International 
Conference on Heat Transfer and 
Fluid Flow in Microscale 

Fukuoka, 
Japan 

2011/9/4  
2011/9/9 

  38th LEEDS-LYON 
SYMPOSIUM ON TRIBOROGY Lyon, France 2011/9/6  

2011/9/9 

  

The 11th Asian International 
Conference on Fluid Machinery 
and The 3rd Fluid Power 
Technology Exhibition 
(AICFM-11) 

Chennai, 
India 

2011/11/21  
2011/11/23 

 D2 
ASME2011 International 
Mechanical Engineering 
Congress & Exposition 

Denver, 
Colorado, 
USA 

2011/11/11  
2011/11/17 
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56  
: 23 5 18 ( )  PM15:00 16:30 

  : Prof. Igor V. Adamovich ( ) 
  : Nanosecond Pulse Nonequilibrium Discharges for Plasma Assisted Ignition and  

High-speed Flow Control 
 

57  
23 10 12 PM17:00- 

   
:  

 
"Development of ultrafine cryoprobe using phase change heat transfer in a  
microchannel and application to high heat flux cooling"  
 

58  
23 10 28 PM17:00- 

  
:  

"The applicability of distinct element modeling for rock fracture" 
 

59  
23 11 22 PM17:00- 

 
 

"Plasma based nano carbon research for semiconductor device applications" 
 

60  
23 11 29 PM17:00- 

 
 

"Experimental Measurements of High-Speed Unsteady Phenomena by using 
Ballistic Ranges" 
 

61  
23 12 6 PM17:00- 

 
 

"Nano semiconductors and third generation solar cell" 
 

62  
23 12 12 PM17:00- 

 
 

" Study on characteristics of the flow boiling heat transfer and pressure drop in  
mini-channels
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63  
23 12 27 PM17:30- 

 
 

“Experimental investigation on the development of low-speed streaks and boundary  
layer transition” 

 
 

 
GCOE

23 4
 

 
 

23

    
  

 
23 4 1 24 3 31  

 
    

 
23 4 1 23 9 30  

 
  

23 10 1 24 3 31  
 

 
     

  
23 10 1 24 3 31  
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( )
( ) ( )  

KAIST)( ) INSA-Lyon( ) ( )

KTH

 
GCOE

 
21 COE

 

( 1 2009 9 1 11
2 2010 10 24 11 3 3 2011 9 4 14 )
GCOE  
INSA-Lyon ECL (ELyT )

annual meeting 3  

( )

2  

FLOWJOY
3

GCOE  
 

2011 11 8 8
2004

19
GCOE GCOE

 
 

 
GCOE  
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GCOE

 
 
 

 
ELyT Lab Engineering and Science Lyon Tohoku Laboratory

(ECL) (INSA-Lyon)
CNRS LIA 5

24 6
6

 
 

B1 
(T) 

Bio Tribology of Catheters 
BioCath Vincent Fridici, Makoto Ohta 

R1 
Non Destructive Evaluation & 

Mitigation 
NDE & Mitigation 

Joël Courbon, Tetsuya Uchimoto 

F1 
Heat and Mass Transfer Properties of 

Biological Surface Morphologies 
BioHeatMassTransf 

Benoit Pier, Atsushi Shirai  

F2 
Radiative Properties of Complex 

Materials for Design and Control of 
Engineering Systems 

RadiativMat 
Rodolphe Vaillon, Shigenao Maruyama 

T2 
(F) 

Nano-Scale Modeling of Tribological 
Interfaces 
NaSMoTI 

Philippe Vergne, Takashi Tokumasu 

T4 
 

Tribologically-based Design Strategies 
for Advanced Carbon Coatings 

CarbonCoat 
Julien Fontaine, Hiroyuki Miki 

 
2011 9 4 INSA-Lyon

( ) (1 )

2012 3 12 Annual Workshop
 

GCOE
GCOE

 
 

FLOWJOY
19 FLOWJOY
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5 FLOWJOY
GCOE  
23 3

 
Development of Design Exploration Method for Real-World Design 
Problem by International Collaborations 

    
 

 
 
 
 
 
 
 
 
 
 
 

PL  
 

 
 

 

 
 

 
 

 

 
 

 
 
 

C. Poloni 
V. Pediroda 
K. Giannakoglou 
 
A. Meade 
K. Srinivas 
D. Zingg 
K. Knowles 
E. Naylor 
J. Han 
K. Lee 
D. Hardoon 

University of Trieste
University of Trieste 
National Technical Univ. of 
Athens 
Rice University 
University of Sydney 
University of Toronto 
Cranfield University 
Cambridge University 
KAIST 
Pusan National University 
Institute for Infocomm 
Reserach 

 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 
 
 

 
 

1 3  
3 CFD

 
2.  

 

 

 
 

 
3  

 
 

23 4 1 24 3 31  

－143－



Measurement of Radiative Properties in Micro-Nano Structure 
    

   
  
  
  

 
 

 
 

 
 

 
 

Vaillon Rodolphe
Masud Behnia 
Mishra Subhash 
Chandra 

INSA de Lyon
The University of Sydney 
Indian Institute of 
Technology 

 
 
 

 
 

 
 
 
 
 

 

 
 

 
 

 
 

H23.4.1 H24.3.31 

 
 

 
Functionality  DEsign of the CCOntact dynamics: DDECO Laboratory) 

    
   

  
  

 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
Julien Fontaine 
Sandrin Bec 
Michel Belin 
Manfred Kohl 
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H21 1 

Julien Fontaine B 2 
1 ELyTLab. 

3 H23 

 
ICFD2011 

Julien Fontaine
 

 
 

X  
X 

  
Ecole Centrale de Lyon  

 
 

Ball-on-Disk Ball-on-Disk  
  

 
 

H23.4.1 H24.3.31 

 
2011 8 7 8 10

 
 

2011 9 3 10 15 M2
 

 
2011 10 30 11 4

9th Australian Heat and Mass Transfer Conference
Masud Behnia  

 
2011 11 2 11 4 9th Australian Heat and 

Mass Transfer Conference Masud Behnia
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2011 11 8
Srinivas Karkenahalli

 
 

2011 11 9 11 11 8
The 8th International Conference on Flow 

Dynamics Srinivas Karkenahalli OS10: Biofluid for 
Medical Application  
 

2012 1 11 2 20 Ashkan Javadzadegan D2
 

 
 

 
2011 8 19 8 23

D1 8th Pacific Symposium on Flow Visualization and 
Image Processing  
 

2011 11 8
Alexander Vasiliev

 
 

2011 11 9 11 11 8
The 8th International Conference on Flow 

Dynamics Alexander Vasiliev Multiple 
magnetization reversal in Cr (PO)  
 
 

KTH  
2011 10 25 26 KTH KTH
Fredrik Lundell

 
 

2011 11 8
Fredrik Lundell
 

 
2011 11 9 11 11 8

The 8th International Conference on Flow 
Dynamics Fredrik Lundell

Non-spherical particles and their rotation: an upcoming issue in particulate flows
 

 
2011 11 11 KTH Torkel Werge Fredrik Lundell
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2011 12 1 2012 2 28 PhD
Fredrik Lundell   

 
2011 12 26 2012 3 20 PhD

Markus Pastuhoff GCOE
  

 
2011 4 1 5 31

 
 

2011 11 8
Jeongmin Ahn

 
 

2011 11 9 11 11 8
The 8th International Conference on Flow 

Dynamics Mark Glauser
Jeongmin Ahn Liviu Movileanu

 
 

2011 11 11 Mark Glauser Jeongmin Ahn

 
 

2012 3 1 1

 
 
 

KAIST  
2011 6 28 8 27 D2 GCOE

KAIST The 10th 
International Symposium on Measurement Technology and Intelligent Instruments

 
 

2011 9 22 9 26 KAIST
 

 
2011 11 8 KAIST

Sung Jin Kim
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2011 11 9 11 8
The 8th International Conference on Flow 

Dynamics KAIST Sung Jin Kim Nondestructive Investigation of 
Wall Thinning in Doubled Layer Tube by Magnetic Adaptive Testing

 
 
 

INSA-Lyon ECL
 

2011 4 11 4 17 GCOE
ElyT School INSA-Lyon ECL  

 
2011 5 16 5 22 ECL

 
 

2011 5 18 5 21 ECL
 

 
2011 5 18 5 23 ECL

 
 

2011 6 2 8 9 GCOE
ECL  

 
2011 6 16 7 2 M2

M1 ECL  
 

2011 6 14 6 20 INSA-Lyon
 

 
2011 6 23 7 2 ECL Julien Fontaine

Tribological Behavior and Electrical Contact Resistance of 
Metal-Containing DLC Coating for Electrically Conductive Tribo-elements J11047

 
 

2011 9 1 9 10 INSA-Lyon
 

 
2011 9 1 11 25 2011 12 5 2012 1 17

INSA-Lyon
 

2011 9 1 10 2 M1
INSA-Lyon  
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2011 9 3 9 15 INSA-Lyon ElyT

30  
 

2011 9 6 9 10 INSA-Lyon 38th Leeds-Lyon 
Symposium on Tribology

 
 
2011 9 7 9 14 INSA-Lyon ElyT 

 
 

2011 9 8 9 11 D2 ECL
 

 
2011 9 10 9 13 INSA-Lyon ECL

DLC  
 

2011 10 5 2012 3 27 Juan Felipe Torres 
Alvarez (D1) ECL

 
 

2011 10 11 10 16
ECL  

 
2011 10 11 10 20 ECL

 
 

2011 10 11 10 27 M2
ECL

 
 

2011 10 28 11 12 ECL PVA
 

 
2011 10 30 11 11 ECL Julien Fontaine

Tribological Behavior and Electrical Contact Resistance of 
Metal-Containing DLC Coating for Electrically Conductive Tribo-elements J11047

 
 
2011 11 8 INSA-Lyon

Jean-Yves Cavaille Joel Courbon  Marie-Pierre Favre ECL
Philippe Kapsa  
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2011 11 9 11 11 8
The 8th International Conference on Flow 

Dynamics INSA Lyon Jean-Yves Cavaille Joel Courbon ECL
Philippe Kapsa Julien Fontaine

 
 

2011 11 15 2012 2 5
INSA-Lyon

 
 

2012 1 8 1 12

(Fellipe Torrs D1 ) ECL
INSA-Lyon Philippe Kapsa Jean-Yves Cavaille Joel Courbon

Marie-Pierre Favre 20
ECL INSA-Lyon  

 
2012 2 8 INSA-Lyon

 
 
2012 3 10 INSA-Lyon

 
 
2012 3 12 3 14 The 4th ELyT Lab Workshop in France  
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8.  

 

The 8th International Conference on Flow Dynamics 
GCOE  

   
2011.11.9  2011.11.11 
general chair 

 
GCOE, Japan-China Joint Workshop on Bio, Material and Flow Dynamics  
GCOE  

   
2012.2.22  2012.2.23 

 
 

  2010 88  
GCOE   

COE   
  2011.4.21 

 
    

  
  2011.6.21 

 
     

   
  2011.6.18 

 
  Chung-Ang University   

Scale Effect of Heat and Fluid Flow for Application to Micro and Nano Technologies    
  2011.9.23 
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  The 2nd TSME International Conference on Mechanical Engineering  
What’s Happened in Fukushima Nuclear Power Plant- Heat and Fluid Flow  

in Reactors at Severe Accident-    
  2011.10.19  

 
  Electricity Generating Authority of Thailand   

What's Happened in Fukushima Nuclear Power Plant-Heat and Fluid Flow in  
Reactors at Severe Accident-    

  2011.10.20 
 

  9th Australasian Heat and Mass Transfer Conference   
What's Happened in Fukushima Nuclear Power Plant-Heat and Fluid Flow in  
Reactors at Severe Accident  

  2011.11.2   
 

  International Forum on Frontier Theories of Thermal Science  
Accident at Fukushima Daiichi Nuclear Power Plant -Analysis Using Energy and  
Mass Conservation Law-   

  2011.12.18 
 

  4     
- -  

  2011.12.02 
 

       
Nano-scale Radiative Heat Transfer for Large Scale Environmental Issues  

  2011.12.13   
 

  WG-3  
    

 
- -  

  2012.01.18 
 

  2012    
  

  2012.01.22 
 

      
  

  2012.02.27 
 

1.LAPUTA   

 
 

2.   
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3.   

 

1.  

2. 

3. 

4. 

1.  
A Study of Self-Diffusion in Biomolecule Suspensions and Colloidal Suspensions by 

Brownian-Dynamics Simulations  
 

2.  
Promotion of Chemical Reaction under Resonant Photon Excitation of Molecular  

 

1. 

  

23 1 12  
1. S. Maruyama, S. Takashima, J. Okajima, A. Komiya, T. Seki and T. Yambe 

Thermal Therapy and Evaluation by a Precise Temperature Control Device 
Heat Transfer-Asian Research Vol.40 Issue 2, pp114-124(March 2011),  

2.  
 

Vol.42 No.1, 149-154 (Jan. 2011)  
3. A. Sakurai, R. Kanbayashi, K. Matsubara and S. Maruyama 

Radiative Heat Transfer Analysis in a Turbulent Natural Convection Obtained from Direct 
Numerical Simulation 
Journal of Thermal Science and Technology, Vol.6 No.3, pp449-462 ( 2011.1)  

4. S. Takayama, T. Seki, M. Watanabe, S. Takashima, N. Sugita, S. Konno, T. Takeda, H. Arai, T. 
Yambe, N. Yaegashi, M. Yoshizawa, S. Maruyama, and S. Nitta 
Changes of Blood Flow Volume in the Superior Mesenteric Artery and Brachial Artery with 
Abdominal Thermal Stimulation 
Evidence-Based Complementary and Alternative Medicine, Vol. 2011. (2011.1) 
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5. S. Maruyama, T. Yabuki, T. Sato, K. Tsubaki, A. Komiya, M. Watanabe, H. Kawamura, K. 
Tsukamoto 
Evidences of increasing primary production in the ocean by Stommel’s perpetual salt fountain 
Deep-Sea Research Part I, 58, pp567-574. (2011.5) 

6. M. Khoukhi, S. Maruyama 
Temperature and Heat Flux Distributions through Single and Double Window Glazing Nongray 
Calculation. 
Smart Grid and Renewable Energy, Vol.2 , pp21-26. (2011) 

7. M. Baneshi, S. Maruyama, A. Komiya 
Comparison between aesthetic and  thermal performances of copper oxide and titanium dioxide 
nano-particulate coatings 
Journal of Quantitative Spectroscopy & Radiative Transfer, vol. 112 , pp1197-1204 (2011). 

8. K.Lari, M. Baneshi, S.A. Gandjalikhan Nassab, A. Komiya, S. Maruyama 
Combined heat transfer of radiation and natural convection in a square cavity containing 
participating gases 
International Journal of Heat and Mass Transfer, vol.54, issues 23-24, pp5087-5099 (2011.8) 

9.  
 

48 1-4 (2011.7.6 8)  
10.  

 
eye, , vol.57 No.9 33-36 (2011.9)  

11. M. Baneshi  
 

 
2010 4 2011 3  

49-51 2011.10  
12.  

 
 

2010 4 2011 3 40-41
2011.10  

13.  
 

2011 120-122 CDR(B119) (2011.11.21-23) 
14. Mehdi Baneshi  

 
2011 219-221 CDR(D114) (2011.11.21-23) 

15. R.P. Chopade, S.C. Mishra and P. Mahanta and S. Maruyama 
Effects of locations of a 3-D design object in a 3-D radiant furnace for prescribed uniform 
thermal conditions 
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Thermal radiation is the dominant mode of energy transfer in many engineering systems 
(furnaces, motor engines, surface pigmented coatings, greenhouses, insulation materials,…). Those 
systems involve different type of media and materials with various phases (solid, gas, liquid) and 
structures (porous, fibrous, thin films, particulates,…). The best understanding of radiative properties 
is required for the modeling of radiation heat transfer within these systems, together with couplings 
with other phenomena (conduction, mass transfer, chemical reactions,…).  

In this frame, one of the most challenging scientific problems is to understand physical 
phenomena associated with the prediction of radiative properties of medium as a function of structural 
properties and material contents. The prediction of radiative properties of complex materials for control 
and design of engineering systems is a challenging scientific problem. Once the structure of the 
medium has been determined the interaction of electromagnetic waves with the complex material 
requires development of absorption and scattering models which account for all possible effects 
(diffraction, refraction, reflection, interferences,…).  
     The present project aims to contribute to actual research efforts in specific directions: 
- Radiative properties of coated materials: the objective is to design spectrally selective coatings for 
several classes of materials (opaque, semi-transparent), purposes (solar absorption or reflection, 
thermal insulation, energy efficiency, visual aspects), and applications (building wall lining, 
photovoltaic devices, paints, textiles,…). 
- Radiative properties of plastic films: the objective is to precise studies on wide range optical and 
thermal properties of different plastic materials used to cover the greenhouses to improve their 
performances.  
 

To design a coating which is both dark and cool a new optimization method was proposed in my 
PhD thesis in which both aesthetic and thermal viewpoints are satisfied by controlling the material, 
size, and concentration of pigment particles. Our proposed coatings maximize the reflectivity of the 
near infrared (NIR) region and transmissivity of long-wavelength infrared (IR) rays to reduce thermal 
heating, while for aesthetic appeal they minimize the VIS reflected energy.  
     To conduct the thermal calculation of these pigmented coating against sunlight the radiative 
properties are needed over a wide range of wavelength from UV to IR region. However, since the 
spectral distribution of complex index of refraction of pigments is not available for calculating the 

 

Radiative properties of complex materials for design and control of  
engineering systems 
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radiative properties over the whole range, our strategy in this project is to evaluate the radiative 
properties by an inverse analysis of experimental measurements. 
     The experimental procedure can be explained briefly as follows: 

- Making the paint sample: Mixing the nano-pigment particles with resin and thinner in a 
super mixer (THINKY CORP., AR-100) 

- Making the coating samples: Coat the standard black-white substrate with paint sample using 
spiral bar coaters (Elcometer 4360) 

- Measuring spectral reflectance:  
   In 0.3–0.85 μm range: The diffuse reflectance measurement is performed using UV-VIS 
spectrometer (Shimadzu UV-2450) which utilizes a BaSO4 coated integrating sphere (Shimadzu 
ISR-2200). 
   In 0.85–2.5 μm region: The diffuse reflectance measurement is performed using infrared (IR) 
spectrometer (Shimadzu FTIR-8000) which utilizes gold coated integrating sphere (Shimadzu 
MIRacle). 
    In 2.5–25 μm region: The diffuse reflectance measurement is performed using FTIR (Shimadzu 
FTIR-8000) which utilizes diffuse measurement attachment.     

      Using the diffuse reflectance measurements of two samples made on standard white and black 
substrates an inverse analysis was conducted by mixing an inverse method with REM2 to obtain the 
absorption and reduced scattering coefficients as necessary parameters for thermal calculation. Then, 
the thermal analysis can be easily conducted taking into account combined radiative-convective heat 
transfer and the effects of pigment’s material, size and concentration and coating thickness on 
equilibrium temperature of coated object against sunlight were investigated.  
     As an example, our calculation for an 100 μm thick coating of - Fe2O3 paint sample with particle 
size of about 1 μm and volume concentration of 5% on a black substrate shows 20 ºC decrease in 
temperature in sunlight in comparison with a bare black substrate.          
 
 
-  Experimental Temperature Measurement 

For temperature measurement an experimental work was conducted in corporation with 
Professor Yamada at Nagaoka Institute of Technology. The experimental samples were made on three 
different substrates including black and white paper and aluminum plate. Several pigment particles 
such as TiO2, CuO, Cr2O3:Fe2O3 were used with different volume fractions (1-5%) and coating 
thicknesses (20-200 μm). The same samples were made using typical black and white paints. The 
samples were put inside a solar simulator which can model 1000 W/m2 sunlight at airmass 1.5. The 
temperature was measured using thermocouples. The results of this part are still under discussion.  
 
- Radiative properties of plastic films:  

The same procedure as explained in first part can be used to obtain the spectral distribution of 
complex index of refraction of plastic samples used in greenhouse applications. For these calculations 
both diffuse reflectance and transmittance of plastic samples are measured using above mentioned 
apparatus. Several plastic samples including polyethylene (PE), polyvinyl chloride (PVC), polyester, 
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Teflon,… are studied. The thermal analysis of greenhouses covered with different types of plastic 
samples considering combined radiative-convective heat transfer is now under consideration.                
 

In 2011 fiscal year I could continue my research on cool pigmented coatings which have various 
technical applications. Moreover, we could apply the established inverse analysis method to evaluate 
the radiative properties using experimental measurements which then applied to find the radiative 
properties of pigmented coating samples and plastic films. This method can be applied later to evaluate 
the radiative properties of other kinds of complex materials for different applications. 
     I had the chance to attend two conferences including 48th National Heat Transfer Symposium and 
8th international conference on flow dynamics. I also experienced reviewing the papers of some sessions 
and organizing the general sessions of 8th ICFD. Two of my own papers were published and the other 
one was accepted for publication. Moreover, three of collaborative papers were also published in this 
fiscal year.    
     In addition to my own research I had the great chance to advise and to have collaborative 
research with other laboratory members working in radiation filed including: Mr. Hiroki Gonome (PhD 
student) working on pigmented coatings, Mr. Adil Al-Mahdouri (PhD student) working on radiative 
properties of plastic films, and Mr. Abid Ustaoglu (PhD student) working on solar concentrators.           
     I also had the chance to visit Dr. Sakurai at Niigata University and to conduct a collaborative 
work with him on application of radiative transfer in biological tissues. In addition I could visit Prof. 
Yamada at Nagaoka University and conduct with him a collaboration on experimental temperature 
measurements of our pigmented coating samples using large solar simulator.  
The results of collaborative researches have been submitted or going to be submitted as journal papers.   

1. M. Baneshi, S. Maruyama, and A. Komiya, Comparison between Aesthetic and Thermal 
Performances of Copper Oxide and Titanium Dioxide Nano-Particulate Coatings, Journal of 
Quantitative Spectroscopy & Radiative Transfer 112 (2011) 1197–1204. 

2. M. Baneshi, S. Maruyama and A. Komiya, The Effects of Titanium Dioxide Pigmented Coatings 
Characteristics on Temperature and Brightness of the Coated Black Substrate, Solar Energy 86 
(2012) 200–207 

3. M. Baneshi, H. Gonome, A. Komiya and S. Maruyama, The effect of particles size distribution on 
aesthetic and thermal performances of polydisperse TiO2 pigmented coatings:  Comparison 
between numerical and experimental results, Accepted for publication in Journal of Quantitative 
Spectroscopy & Radiative Transfer.  

4. H. Gonome, M. Baneshi, A. Komiya and S. Maruyama, Radiative Properties of Spectral Selective 
Coatings Pigmented with TiO2 Nanoparticles, Heat Transfer—Asian Research, pp. 1-12. 

5. K. Lari1 M. Baneshi, S.A. Gandjalikhan Nassab, A. Komiya, S. Maruyama, Combined heat 
transfer of radiation and natural convection in a square cavity containing participating gases, 
International Journal of Heat and Mass Transfer 54 (2011) 5087–5099. 
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6. K. Lari1 M. Baneshi, S.A. Gandjalikhan Nassab, A. Komiya, S. Maruyama, Numerical study of 
non-gray adiation and natural convection using the full-spectrum k-distribution method, Accepted 
for publication in Numerical Heat Transfer.  

7. H. Gonome, M. Baneshi, R. Vaillon, J. Okajima, A. Komiya and S. Maruyama, The Effect of 
Dispersed State to Control of Radiative Properties of Coatings Pigmented with Nanoparticles, 
Submitted to Journal of Thermal Science and Technology.  

8. H. Gonome, M. Baneshi, , J. Okajima, A. Komiya and S. Maruyama, Controlling the radiative 
properties of cool black coatings pigmented with CuO submicroparticles, To be submitted to 
International Journal of Heat and Mass Transfer. 

1. M. Baneshi, H. Gonome, S. Maruyama and A. Komiya, Heat shield performance of Fe2O3 
pigmented coatings by inverse analysis of full spectral reflectivity measurements, The 48th 
National Heat Transfer Symposium, Okayama, Japan, (2011). 

1. M. Baneshi, H. Gonome, J. Okajima and S. Maruyama, Spectral Radiative Properties of a Polymer 
Coating Containing Nano-Micro Bubbles, 8th International Conference on Flow Dynamics, Sendai, 
(2011), pp.110-111. 

2. H. Gonome, M. Baneshi, , J. Okajima, A. Komiya and S. Maruyama, The Effect of Dispersed State 
to Control of Radiative Properties of Coatings Pigmented with Nanoparticles, 8th International 
Conference on Flow Dynamics, Sendai, (2011), pp.508-509. 

3. A. Al Mahdouri, M. Baneshi, A. Barthel, H. Gonome, J. Okajima, S. Maruyama, Spectral Radiative 
Properties of Greenhouse Plastic Films Using Inverse Method, 8th International Conference on 
Flow Dynamics, Sendai, (2011), pp.564-565. 

4. Shigenao Maruyama, Yoshiyuki Sato, Atsushi Sakurai, Junnosuke Okajima, Mehdi Baneshi, 
Atsuki Komiya, Analysis of Axisymmetric Radiative Heat Transfer in Biological Tissue using the 
Radiation Element Method, 8th International Conference on Flow Dynamics, Sendai, (2011), 
pp.534-535. 

5. H. Gonome, M. Baneshi, , J. Okajima, A. Komiya and S. Maruyama, Temperature Analysis of 
Spectral Selective Coatings Pigmented with Cool Black CuO Submicroparticles, NanoRad 2012, To 
be Appeared.   
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The development of efficient drug delivery systems is one of the most fundamental issues related 
to the improvement of pharmacological profiles of many classes of therapeutic molecules. Though there 
are many drug 
delivery systems 
carbon materials such 
as carbon nanotubes 
have emerged as a 
new alternative. 
Especially because 
CNT display low toxicity and are not immunogenic. However, the chemistry of CNT and its interaction 
with biological systems are still not very clear. Additionally, in recent years graphite, carbon nanotubes 
and fullerenes have attracted lots of attention because of their unique mechanical, electronic and 
optical properties. With the discovery of graphene, which is a single atom-thick 2 dimensional (D) layer 
of sp2-hybridized carbon atoms, a newer model is now available to study these aspects and generalize 
the newer chemical concepts to all these materials. This is because graphite, carbon nanotube and 
fullerene could be now regarded as 3, 2 and 0 D graphene materials (See Figure 1).  

Since water is a universal solvent we begin our studies on water-CNT interactions in great details. 
In addition to it water within CNTs might show many fascinating properties, which is not observed in 
bulk water. This form of water does exits in our surroundings and even inside our bodies [1]. At this 
moment the theoretical and experimental studies are mainly focused on aspects such as water and 
proton conduction, formation of ice-nanotubes etc. [1–4]. Some studies by high-resolution electron 
microscopy have revealed atomic scale interactions between the entrapped liquid phase and wetted 
graphite walls of carbon nanotubes [5]. While these investigations have provided insights into the 
unusual properties still the picture related to the interaction between water molecules and the walls of 
carbon nanotube needs to be clarified in great depths.  

In this work we employed methods based on density functional theory to study interaction of water 
molecule with pristine and functionalized carbon nanotubes and flow dynamics of water within these 
systems in great details. Based on the above findings we are currently extending this work to design 
multifunctional CNT capable of targeting molecules, drugs, contrast agents, reporter molecules in 
biological systems.     

Arunabhiram Chutia

 
 

Figure 1

Fluid dynamics in chemically modified carbon nanotubes with organic and 
biological polymers  
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Behavior of water in CNT 
Rigorous density functional 
theory calculations are 
performed to evaluate the 
most stable sites for 
functionalization in CNTs. 
We use DNP basis sets 
(double numerical plus 
polarization, equivalent to 
6-31G** Gaussian basis set) 
and VWN and PBE level of 
exchange and correlation 
functional. Interesting trends 
of energetically favorable 
sites are evaluated for 
functionalization and the 
reason for these favorable 
sites are clarified in terms of 
mutual interactions of 

-orbitals inside the CNTs. 
Based on these information, 
in the next step we simulate 
the behavior of water 
molecules in pristine and 
–OH functionalized carbon 
nanotubes. Here we used –OH for functionalization in order to reduce computational cost. Two CNTs 
i.e., (7,0) CNT and (10,0) CNT are taken into account. The number of atoms in (7,0) CNT is 112 atoms 
(length=17.040Å and diameter=5.430 Å) and in (10,0) 160 atoms (length=16.904Å and 
diameter=7.740Å). As shown in Figure 1 (a and b) in (7,0) CNT we see the formation of water chain like 
structure. Each of the molecule form H-bonds with the nearest water molecule and at an average 
distance of 2.169Å from the walls of (7,0) CNT. For comparison of the structure of water molecules 
another CNT with bigger diameter i.e., (10,0) CNT with 5 H2O is also optimized. However, in (10,0) 
CNT we see the formation of a network of H-bonding in water molecules like bulk water instead of 
chain like structure (See Figure 1 (c and d)). The formation of water chain like structure in (7,0) CNT 
could be attributed to several reasons. For example, this is caused by the electrostatic repulsion 
between lone-pairs of oxygen and puckered px orbitals of carbon atoms in CNT due to the smaller 
radius of (7,0) CNT. On the other hand due to slightly larger radius of the (10,0) CNT lone-pair and px 
repulsive interaction is less and this favor accommodation of more water molecule to form water cluster 
through H-bonding similar to bulk water. Another major reasons could be associated with van der 
Waals interaction between water molecules and wall of (7,0) CNT. In the –OH functionalized CNTs 

－314－



also similar structures of water clusters are seen. For comparing the structure of the water cluster 
formed in (10, 0) CNT we further optimize the five-water molecules in (10,0) CNT within similar 
computational conditions. In the optimized model water molecules reorient to form more intense 
H-bonds. In addition to it we also optimized (10,0) CNT with 160 carbon atoms and 18 water molecules 
in which we see that water molecules form a concentrically arranged pattern as shown in Figure 3 (a). 
This clearly reflects the complex yet extremely interesting interaction among water molecules through 
H-bonding and water-CNT through interactions of lone-pair and -orbitals (See Figure 3 (b)). We 
investigated the electronic properties of the interacting molecules in great details and clarified how 
such subtle interactions could lead to the formation of various kinds of water structures. We also 
monitored the dynamics of water molecules in CNT system employing DFT based molecular dynamic 
simulations at 298K, using 
NVT ensemble.  

Since CNT can be 
regarded as rolled 
graphene for this purpose, 
we consider a simpler 
model of a water monomer 
on graphene surface [8]. 
Figure 4 (a-b) displays the 
geometry of water 
monomer on graphene. 
There could be several 
possibilities for the configuration of water molecule over graphene surface such as (a) on top of carbon 
atom, (b) on bridge site and (c) on hollow site. Additionally, the water molecule itself could be placed in 
different orientation such as H or O atoms of H2O molecule towards the graphene surface. On 
evaluating the binding energy of water on graphene surface using density functional theory at 
DNP/(VWN, PBE, HCTH and BOP) level of theory we find that the water-graphene equilibrium 
distance and binding energy is greatly underestimated. The probable reason could be associated with 
the basis set superposition error (BSSE). Thus more accurate methods are required for an in depth 
study related to graphene water interaction and in addition to it we must also carry out a detailed 
study of the -chemistry associated with graphene and graphene related carbon materials.  
 
Implementation of van der Waals density functional theory to water-graphene system 
From our studies on water and CNT interaction we see that while conventional DFT provides 
interesting information about interaction of water and graphene related systems yet there are 
discrepancies associated with van der Waals interaction and hydrogen bonding. Recently, DFT with the 
van der Waals density functional (vdW-DF) of Dion et al has been able to describe weak interaction 
such as van der Waals interaction and covalent bonds as well [9]. Due to its interesting features it is 
currently used in vdW complexes, DNA-base pairs, adsorption systems etc. However, in this functionals 
also there are certain discrepancies for example, it overestimates the interfragment distances, which is 
because of the repulsive nature of the revised Perdew-Burke-Ernzerhof (revPBE) exchange functional. 
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When Hartree-Fock exchange is used convincing results are 
obtained but binding energy is largely overestimated. To 
overcome these difficulties Hamada et al. [10] proposed the 
exchange-correlation energy Exc  as described below:  
Exc Ex

GGA Ec
LDA Ec

nl    (1) 
where, Ex

GGA is the exchange energy within the generalized 
gradient approximation, Ec

LDA is the correlation energy 
within the local functional approximation and Ec

nl  is the 
nonlocal correlation energy given by the following equation 

Ec
nl[n]

1
2

drdr n r r,r n r (2) 

with the vdW kernel r,r  depends on r r ,charge density 
n, and its gradient n .  

By using this newer exchange and correlation functional we 
have been able to evaluate more accurate binding energy and 
equilibrium disatance between water molecule and graphene. 
Our results are in good agreement with accurate calculations 
reported by Ma et al. (Phys. Rev. B, 84 (22011) 033402). 
 
Molecular designing of multifunctional carbon nanotubes for drug delivery 
It has been experimentally 
demonstrated that CNTs 
could easily cross cell 
membranes to deliver 
peptides, proteins and 
nucleic acids into cells 
[11-13]. Currently, CNTs 
capable of carrying one or 
more therapeutic agents 
with recognition capacity, 
optical signals for imaging, 
and/or specific targeting is of great importance. However, the delivery of small drug molecules e.g., 
anticancer, antibacterial, or antiviral agents using CNT is still not well explored [14]. In this study we 
are performing molecular modeling and designing of multifunctional carbon nanotubes for anticancer 
drug 4’-deoxy-4’-iododoxorubicin delivery (Figure 6). Where 4’-deoxy-4’-iododoxorubicin is a relatively 
new anticancer drug under phase II clinical trials and it has demonstrated significantly reduced levels 
of cardiotoxicity compared to other anthracyclines.  

In this study we are employing information obtained from our studies on the functionalization on the 
active sites of the CNTs. For generating multifunctional CNTs we are first evaluating the effectiveness 
of functionalizing them with flurorescein molecule followed by functionalizing them with drug molecule 
4’-deoxy-4’-iododoxorubicin. Prior to functionalization of 4’-deoxy-4’-iododoxorubicin it is also quite 

－316－



important to see the most favorable sites for functionalization so that accurate results could be obtained. 
It is worth mentioning that conjugation of drugs to CNTs could have the following advantages: 

1) Increased solubility of molecule 
2) Decrease in the aggregation phenomenon 
3) Modulation of the antibiotic activity against different types of cells 
4) Improved efficacy owing to the internalization capacity of CNTs   

This work is in progress. 
 
An investigation on the -site chemistry of CNT and related materials. 
Another aspect of our work is associated with the detailed study of -site chemistry of CNT and related 
materials. These studies have been completed and would be soon submitted for publications. 
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2. G. Hummer, J. C. Rasaiah, J. P. Noworyta, Nature 414 (2001) 188. 
3. Y. Nakamura, T. Ohno, Phys. Chem. Chem. Phys. 13 (2011) 1064. 
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In the fiscal year 2011 first we focused on active sites of functionalization on a carbon nanotube. 
Through our calculations we clarified that certain sites of CNTs are more preferable for 
functionalization than the rest. The reason for such preferability is explained in terms of the 
interaction of the -orbital of CNT walls. Having found the active sites for functionalization in CNT we 
investigated the interaction and flow dynamics of water inside pristine and functionalized (7,0) and 
(10,0) CNTs. Interesting structures such as water chains, water cluster and water tube like structures 
were observed. We also investigated the flow dynamics of water molecules in CNT system employing 
DFT based molecular dynamic simulations. Detailed investigation on electronic structures revealed the 
role of lone-pair –  orbital interactions in the formation of these structures. A study on the -site 

－317－



chemistry of CNT and related materials was carried also out in order clearly comprehend the various 
possible interactions with the -orbitals such as - , lone pair- , lone pair – lone pair in -orbital 
environment and van der Waals interactions for applications of CNTs in biological application such as 
drug delivery.   

Our future research plans are two fold. First, based on our interesting findings on single walled CNTs 
we would like to further extend these studies to multi walled CNTs. Modeling of fluid dynamics in such 
system is especially very difficult because in addition to the fluids even the walls of nanotubes could 
also move. However, these studies are expected to provide very important information for applications 
in nanomachines. Secondly, we have extended this study on the molecular modeling and designing of 
multifunctional carbon nanotubes for drug delivery of anticancer drug 4’-deoxy-4’-iododoxorubicin.  

1. Chutia, A.; Tokuyama, M. Orbital Interaction and Thermodynamic Stability in Ni Substituted Pd 
Nanoalloys, Chem. Phys. Lett., 2011, 515, 96. 

2. Chutia, A.; Hamada, I.; Tokuyama, M. SStability and local electronic properties of BN doped 
graphene nanoflakes: Effect of size and pattern (To be submitted) 

3. Chutia, A.; Hamada, I.; Tokuyama, M. A detailed investigation on the subtle interaction between 
Pt4 cluster and graphene nanoflakes, (To be submitted soon) 

4. Chutia, A.; Tokuyama, M. Active sites for functionalization in carbon nanotubes (in preparation) 
5. Chutia, A.; Tokuyama, M. Detailed electronic structure of water carbon nanotube interaction (in 

preparation) 
 

 
1. Influence of functionalization on graphene nanoflakes on the adsorption properties of Pt nano 

clusters 
Chutia, A.; Hamada, I.; Tokuyama, M. BIT’s 1st World Congress on Nano S & T, October 23rd – 26th, 
The Dalian World Expo Center, China, 2011.  

2. Water Confined in Carbon Nanotube: A Density Functional Theory Study 
Chutia, A.; Hamada, I.; Tokuyama, M. Eighth International Conference on Flow Dynamics, 
November 9th – 11th, Sendai, 2011.  

3. Oxidation Effect on Adsorption of Platinum Cluster on Graphene Nanoflakes: A Density 
Functional Theory Study. Chutia, A.; Hamada, I.; Tokuyama, M. MRS Fall Meeting and Exhibit, 
Hynes Convention Center, Boston, MA November 28th – December 2nd, 2011.  
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Farouq Ahmed

 
 

Automotive exhaust gases formed in the gasoline engines contain many environmentally harmful 
compounds. As a result of incomplete combustion, exhaust gases can include carbon monoxide (CO) and 
hydrocarbons (HC). Catalytic purification has proven to be an efficient way to reduce emissions from 
exhaust gases. Due to the increased demand for low-emission vehicles, most automobiles are currently 
supplied with a three-way catalytic converter (TWC) for the simultaneous removal of major pollutants 
CO, NOx and HC from a gasoline engines exhausts gases. Catalysis is enabling technology to promote 
sustainability, environmental consciousness, energy conservation, health and quality of life. 

Multi-scale analysis and approach is effective to elucidate impacts of design perspective at 
different scales to a catalytic reaction process performance and open up new design dimensions to 
break up the compromise that often needs to be made with the conventional approach. Catalytic 
purification has proven to be an efficient way to reduce emissions from exhaust gases and the idea of 
the three-way catalyst (TWC) is to remove CO and NOx and to oxidize unburnt hydrocarbons. The goal 
of this thesis is to accelerate the speed of the development of high-performance catalysts for practical 
use by the physicochemical study. All the studies investigated here interpret the reaction that occurs in 
three-way catalyst (TWC). The motivations of such heterogeneous catalytic reactions are for the 
reduction of automobile exhaust such as NOx, CO and HC. A basic understanding of the structure of 
automotive catalysts at an atomic level can pave the way for planned catalytic design, which is based 
on scientific notion, rather than adopting a trial-and-error approach. In this study the supported metal 
catalyst in the system of TWC was investigated by ultra accelerated quantum chemical molecular 
dynamics (UA-QCMD) method.  
 
 

The aim of this study is to challenge the exploration and analysis of reaction mechanisms of 
chemical reactions in large-scale heterogeneous catalytic reactions systems. The goal of this research is 
to accelerate the speed of the development of high-performance catalysts for practical use by the 
physicochemical study. Here all the reactions associated with three-way catalytic reactions. The 
motivation of such heterogeneous catalytic reactions is for the reduction of automobile exhaust. A basic 
understanding of the structure of automotive catalysts at an atomic level can pave the way for planed 
catalytic design, which is based on scientific notion, rather than adopting a trial-and-error approach. In 
fact, a lot of trial-and-error efforts have been given on the synthesis of automotive catalysts. This 
physicochemical study will change the development process of the catalysts for practical use. Here I 
have enclosed my research achievements.  

Multiscale Modeling of Monolithic Catalytic Converter: Challenge and 
Possible Solution 
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Modeling of hydrogen vacancy for dissociative adsorption of H2 on Pd (111) and Pd (100) surfaces and 
defected Pd (332) surface   

The dissociative adsorption of the hydrogen molecule is a central step in many important 
catalytic processes, which is generally assumed to require at least two empty atomic adsorption sites. 
Recently, Mitsui et al. showed by scanning tunneling microscopic (STM) analysis, which is contrary to 
conventional thinking, that two-vacancy sites seems inactive, and that aggregates of three or more 
hydrogen vacancies are required for H2 dissociation. Here modeling of dissociative adsorption of 
hydrogen on Pd (111) and Pd (100) surfaces by UA-QCMD method was investigated for better 
understanding the influence of surface hydrogen vacancy. We found divacancy is sufficient for 
dissociative adsorption of hydrogen on Pd (100) surface whereas at least trivacancy is required for the 
dissociative adsorption of hydrogen on Pd(111) surface ((Catalysis Today 164 (2011) 16–22). It could 
thus help to improve our molecular-level understanding of the formation of the active sites that 
determine the activity of catalytically active surfaces. The effect of surface hydrogen vacancy was also 
investigated on defected surface such as Pd (332) surface and the molecular dynamics simulations 
were carried out on steps and terrace respectively. Surprisingly we found that only single hydrogen 
vacancy is required for the dissociative adsorption of hydrogen on step site of Pd (332), (Applied 
Surface Science, 257 (24), 2011, 10503). 

 
CO oxidation and NO reduction on MgO(100) supported Pd cluster 
  Very recently, I have investigate the mechanism of CO oxidation and reduction NOx to less 
harmful CO2 and N2, on the supported precious metal catalyst by applying UA-QCMD method. This 
catalyst aids the reaction of the CO with the remaining oxygen in the exhaust gas. When such 
molecules come in contact with the catalyst, the catalyst rips the nitrogen atom out of the molecule and 
holds on to it, freeing the oxygen in the form of O. The nitrogen atom bonded with other nitrogen atoms 
that are also stuck to the catalyst, forming N2. Here the pathways and energetic of the involved 
elementary reactions under different catalytic conditions were investigated. Key point that I have 
investigated by multiscale simulation (i) mechanism of CO oxidation on transition metals and origin of 
the barrier to CO oxidation (ii) mechanism of CO oxidation on precious metal supported on metal oxide 
(iii) Mechanism of NO dissociation and on transition metals and NO reduction by CO on transition 
metals and (iv) catalytic oxidation of hydrocarbons on different supported metal oxide surfaces. 
(Journal of Physical Chemistry C, DOI: 110.1021/jp204348e). 
 

General overview for fiscal 2011 
My present research, reported the application of a newly developed chemical-reaction-dynamics 
simulator based on the combination of tight binding quantum chemical and molecular dynamics 
simulation. The venture of this study is to challenge the exploration and analysis of chemical reactions 
in realistic heterogeneous catalytic reactions. This work has paved the way for a new field of 
computational chemistry “UA-QCMD method” concerning the study of electronic properties of 
supported precious metal catalysts. As indicated, some of the driving forces behind this research 
involved environmental, health and legal factors. Furthermore, from the catalyst manufacturer’s 
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viewpoint, the economic factors are also essential. Since catalyst research is a multi-disciplinary field of 
science, involving chemistry, physics and engineering aspects, it gives author the opportunity for a 
fruitful collaboration with chemists and physicists as well as in the field of both experimental and 
theoretical chemistry. Therefore, the main goal of this research is the knowledge of the most relevant 
mechanisms of supported precious metal catalyst. Different supported metal catalysts are utilized in 
order to reach this goal. The catalyst’s properties, especially its performance, cannot be understood 
solely on the basis of some separate characterization techniques; moreover, the applicability of multiple 
techniques will provide a larger view of automobile catalysts. 
 

  
My future research will be very much correlated with present research on heterogeneous catalysis. I 
am going to join as a postdoctoral research fellow at the institute for Sustainable Energy, Environment 
and Economy, the Institute of Bio-Complexity and Informatics and the department of chemistry at the 
University of Calgary. My research work will be in the general area of the CIAM project on 
computational Chemistry design for upgrading of heavy oils and other mutually agreeable subjects. 
Moreover we will have the collaborative research between Miyamoto laboratory, Tohoku University, 
Japan. and Salahub Laboratory, University Of Calgary, Canada. 
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2. Farouq Ahmed; Ryuji Muira, Suzuki, A.;Tsuboi, H.; Hatakeyama, N.; Endou, A.; Takaba, H.; Kubo, 
M.; Miyamoto, A. Comparison of Reactivity on Stepped and Terrace Sites for the Dissociation of 
Hydrogen on Pd (332) Surface, Applied Surface Science, 257 (24), 2011, 10503-10513.   

3. Farouq Ahmed; Alam, Md. Khorshed; Ryuji Muira; Hatakeyama, N.; Endou, A.; Takaba, H.; Kubo, 
M.; Miyamoto, A. ““Modeling of Hydrogen Vacancy for Dissociative Adsorption of H2 on Pd (111) 
Surface by a Quantum Chemical Molecular Dynamics” Catalysis Today 164 (2011) 16–22. 
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Ardian Gojani 
 

The idea of developing a quiet supersonic transport aircraft based on the Busemann biplane 
is supported by a wealth of numerical studies, while experimental works are quite scarce. Qualitative 
flow characteristics, mainly the effect of shock wave – expansion wave interference, are obtained 
indirectly by using schlieren visualization on wind tunnels, and these results are later compared to 
CFD simulations for quantitative data extraction.  
 It is a natural development to experimentally attempt quantitative flow field 
characterization in and around supersonic Busemann biplane. With this aim in mind, several options 
are possible, among which optical visualizations applied to a gas gun facility provide the most 
convenient methods that could yield quantitative measurements without disturbing the flow. In 
optical flow visualization types of experiments, light serves as the gauge of the refractive index or its 
variation in the flow field, and by virtue of direct relationship between refractive index and density, 
optical visualization yields density measurements.  
 The proposed quantitative flow visualization is based on pattern deflectometry (PD) and it is 
a combination of flow visualization and image processing methods. The principle of PD lays in the 
measuring the deformation of an already known pattern imaged through a test fluid. Several 
techniques for implementing PD are background oriented schlieren (BOS), synthetic schlieren (SS), 
laser speckle photography, moire deflectometry, etc. 
 At the present, most of these techniques give quantitative results only for very simple and 
symmetric flow fields, while numerous qualitative measurements are done in complex flows, such as 
in the study of vortices. As for the applications to aerodynamic facilities, these PD techniques have a 
well established record in shock tubes and wind tunnels, but their use in gas gun facilities is quite 
limited. 
 
 

 The proposed research on developing measurement techniques for supersonic flows focused 
on establishing pattern deflectometry methods for quantitative evaluation, which consists of two 
stages: 1. setting up an image capture and data recording system, and 2. establishing an image 
processing and data evaluation procedure.  
 Among many variants of PD, the main focus was put on BOS, which was applied to two 
situations: (i) to natural convection over a steady temperature field created by a cylinder, and (ii) to a 
planar shock wave reflection from an inclined plane. Both these experiments were conducted as 
benchmark tests in order to assess the overall performance of BOS. Illustrations of the results from 

Development of measurement techniques for supersonic flows 
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experiments are given in Fig 1. 

     

 
Fig. 1. Top left: the image of the deformed pattern imaged through the a steady temperature field. Top 
right: magnitude map of pixel shifts calculated from the previous image. Bottom: magnitude map of 
pixel shifts calculated for the shock reflection from an inclined plane (shock comes from the left). 
 
 The outcome is that BOS can have a wide measurement range (relative density changes from 
5% to 300%), good sensitivity (an improved image capturing system – optical setup, would make 
possible the detection of relative density changes down to 1%), and relatively good spatiotemporal 
resolution. In the image capturing stage of the work, increase of the resolution presents the main 
challenge: since supersonic flow is fast, experiments need to be conducted with either high speed 
cameras, or with a short duration light pulse. High speed cameras lack acceptable spatial resolution 
(because of their limited pixel count), while the short pulse illumination is sought from a laser. At this 
stage, the best achieved resolution is 4 mm and 0.5 s, while the target is detection of pattern shift 
smaller than 1 mm and of submicrosecond order. Better spatial resolution was achieved (0.2 mm) at 
the expense of the temporal resolution (5 ms). This is illustrated in Fig. 2, while Fig 3 shows the 
relationship between distances in the optical setup that lead to the best sensitivity, as well as the 
increase of the circle of confusion (image blur).  
 The option of using the laser leads to the use of cameras with high pixel count (thus, very 
good spatial resolution), but pose the problem of random laser speckle. At the present, the solution is 
being sought by either eliminating laser speckle by destroying its coherence, or by making use of laser 
speckle as the pattern to be measured.  
 The other stage of the study concerns image processing and data evaluation. There already 
exist several types of algorithms for evaluation of image deformation, mainly based on 
cross-correlation for PIV measurements. A set of programs are already adopted and successfully 
applied to BOS, although improvements are needed in automating the procedure. For example, 
images with different intensities of illumination need to be treated with a histogram equalization 
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procedure, but making sure that the dynamic range of grayscale intensities is not drastically reduced. 
Since this is usually done by hand, it is very time consuming. Alternatively, a new method based on 
ray transfer matrix analysis for image evaluation is being proposed. This method would make possible 
measuring the shift of a pattern feature the size of a pixel, instead of averaging over a window of 
several pixels, as is done in cross-correlation. Based on the pixel shift, evaluation of the average 
change of the refractive index along the line of sight, that is along the ray that is being traced, is 
possible.  In addition, a new image evaluation method based on optical flow for tomographic 
reconstruction of refractive media is being assessed. This is the first step towards expanding PD 
(primarily BOS) to 3D measurements of the flow field. 
 It has been tested that the accuracy of the measurement can be improved by using color 
imaging of the background, instead of a binary image. These principles apply even when laser is used 
as a light source, where instead of color, different grayscale levels will serve as different image (light 
transmission) channels. 
 These aspects of the research are being conducted individually, while the part regarding 
shock tube and gas gun operation is being planned in collaboration with other research members. At 
the present, the model of a Busemann biplane is only being designed, and it has not been delivered for 
manufacture yet. 

 

 
Fig. 2. Examples of images taken by Imacon DRS 
200 (left) and Shimadzu HPV-1 (right) cameras. 
The top left and right images show the same field 
of view, while the bottom left and right images 
have the same pixel count. 

  

Fig. 3. Adjustment of optical setup for optimizing measurements: sensitivity (left) and circle of 
confusion (right) as a function of distances.  

 Compared to the proposed schedule on the onset, this research in the current state lags in 
one main point: not enough experiments were conducted. The main reasons for this are lengthier than 
planned assessment of the instrumentation for BOS and familiarization with image evaluation 
procedures. Initial development was based on using a high speed camera, but since it is found that 
available cameras (Imacon DRS 200 and Shimadzu HPV-1) do not fulfill satisfactorily the 
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measurement resolution criteria, an alternative is sought by using a powerful pulsed laser with a 
standard DSLR camera.  
 Overall, a solid command of the technique is achieved, which is evidenced by the numerous 
proposed adjustments for improvement. Some of these adjustments are only minor modifications to 
already established methods, but some (such as destruction of laser coherence) would bring about 
novel and unique systems for flow measurements. Generalization of various techniques (BOS, SS, 
DLSP, moire, etc) is being attempted into a single comprehensive pattern deflectometry method.  
 Part of the instrumentation is provided, such as a large pixel count DSLR camera with 
accompanying accessories (flash, lenses, ...), while laser and the gas gun is in the process of 
repair/upgrade.  
 

  
 The ongoing research must continue with an accelerated schedule, in order to achieve the 
aim of quantifying flow filed of a Busemann biplane in supersonic flight. The initial steps will be to 
develop laser based illumination for PD (primarily BOS), and also develop a digital laser speckle 
photography system for the gas gun facility at IFS. At first, the projectile will be a sphere, because of 
its simple shape, and later experiments with a miniature model of Busemann biplane will start. 
 Parallel to this, work on 3D measurements is planned. Initially, multidirectional imaging of a 
simple steady flow field by a single camera will be done and image evaluation procedure will be 
constructed. Upon successful fulfillment of this step, it will be moved towards multicamera 
measurements for a single gas gun shot. 
  

1. Summer School Lecture, August 3-5, 2011, Tottori. Oral presentation: 
A. B. Gojani and S. Obayashi, Principle of Background Oriented Schlieren and Review of 
Applications.  

1. Eighth International Conference on Flow Dynamics, November 9-11, 2011, Sendai. Oral 
presentation: B. Gojani, T. Mizukaki, T. Ogawa, K. Ohtani, T. Kikuchi, T. Yoneyama, and S. 
Obayashi, Development of Background Oriented Schlieren for Supersonic Flow Over Inclined 
Plane. 

2. Seoul National University – Tohoku University Joint Workshop on Next Generation Aero Vehicle, 
October 13-14, 2011, Seoul. Oral presentation: A. B. Gojani and S. Obayashi, Background 
Oriented Schlieren: Principle, Review of Applications and Development for Ballistic Range 
Measurements. 
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Nowadays, resource and energy saving, and reduction of carbon dioxide (CO2) emission become more 
and more important for the construction of a sustainable society for our human beings. In mechanical 
engineering, the friction and wear of the sliding contact components is the key point for the loss of 
energy. Thus, low friction technology is strongly required in a variety of demanding mechanical 
systems, such as micro-electro-mechanical systems (MEMS) devices, space mechanism assemblies, and 
journal bearings. The achievement of low friction of the mechanical components will increase the 
reliability, durability, and performance characteristic of those systems. Therefore, carbon-based hard 
coatings (e.g. diamond-like carbon (DLC) coatings and amorphous carbon nitride (CNx) coatings) which 
exhibit super-low frictions (i.e. <0.01) in high vacuum and/or inert gas environments (e.g. dry nitrogen) 
have attracted considerable attention as candidates to reduce the friction of those mechanical systems. 
However, the super-low friction of these carbon-based coatings is highly related to the testing gas 
environments. Particularly, the existence of oxygen and water molecules in the gas environments could 
cause tribochemical reactions on the contact interfaces and increase the friction, thus limiting their 
technological applications in the industrial field. Therefore, it is important to design low friction 
systems with carbon-based coatings that can sustain super-low friction in ambient environments for 
the future application of these coatings in the abovementioned advanced mechanical systems. 

Recently, a hybrid coating process, combining radio frequency plasma enhanced chemical vapor 
deposition (RF PECVD) and DC magnetron sputtering has been successfully employed in preparing 
DLC and related coating materials. The advantage of this hybrid process, such as separately adjusting 
of the various deposition parameters (e.g. pressure, source gases, RF power, substrate self-bias voltage, 
target materials, and DC sputtering power) is beneficial for producing coatings with excellent 
mechanical and tribological properties. In this study, the unique hybrid coating process is introduced 
for synthesizing a new type of CNx coatings. The main objective of this research is to develop CNx 
coatings that can exhibit friction coefficients of less than 0.1 in nitrogen gas as well as ambient air. 
Besides, the low friction mechanisms of these CNx coatings will also be studied from the viewpoint of 
composition and structural changes on the contact interfaces. 

(1) Preparation and characterization of CNx coatings grown by hybrid coating process 
CNx coatings were prepared on Si (100) substrates using a unique hybrid coating process with the 

combination of RF PECVD and DC magnetron co-sputtering of graphite target at different N2/Ar flow 
ratios. The coatings were deposited at a pressure of 1.3 Pa using a mixture of nitrogen and argon as a 
gas source with the N2/Ar flow ratio varied from 0.05 to 10. During deposition, the substrate self-bias 
voltage induced by RF plasma and DC sputtering power were fixed at -400 V and 200 W, respectively. 

Design of low friction systems with carbon-based coatings 
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CNx coatings with various residual stress (2.3–4.4 GPa) and surface roughness (0.10–0.43 nm) were 
obtained. Those properties were greatly affected by the N2/Ar flow ratios. However, the friction 
behaviors of the CNx coatings seemed not affected by the N2/Ar flow ratio. The friction coefficients of 
CNx coatings sliding against AISI 52100 pins in air and N2 gas stream were 0.17–0.19 and 0.33–0.42, 
respectively, as shown in Fig.1. The analyses of the worn surfaces from optical microscopy (Fig. 2) and 
Raman spectroscopy (Fig. 3) suggested that the friction behaviors of the CNx coatings are mainly 
controlled by the tribo-films on the pin surfaces. The moderate frictions (0.17–0.19) in air can be 
attributed to the formation of a polymer-like carbon tribo-film. The high frictions (0.33–0.42) in N2 gas 
stream are due to the directly sliding between CNx coating and steel pin surface. 

Considering about the worn surfaces in N2 gas stream, graphite-like structure was formed on the pin 
surface, but it was not sufficient to lubricate the sliding contact. On the other hand, the super-low 
frictions of CNx coatings prepared by ion beam assisted deposition (IBAD) technique in inert gases have 
been obtained with the formation of graphite-like structures on both ball and disk surfaces in the 
ball-on-disk tribosystem. It can be inferred that the formation of graphite-like structures on both 
mating surfaces of sliding contact are necessary for achieving the low friction of CNx coatings in inert 
gases. Furthermore, it is suggested that the formation of graphite-like structure on the top layer of CNx 
coating strongly depends on the microstructure of the CNx coating, which is related to the fabrication 
methods and deposition parameters. Further studies are required to address the optimum 
microstructure for achieving the low frictions of CNx coatings in inert gases. 

The summary of this work has been submitted to Applied Surface Science for publication. 
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Fig. 1 Average friction coefficients of CNx
coatings sliding against AISI 
52100 pins in air and N2 gas 
stream. 

Fig. 2 Optical images of worn surfaces on the pins 
and plates (N2/Ar=0.1) after friction tests in 
air and N2 gas stream. The typical locations 
on tribo-films for Raman analysis are 
marked with P0, P1, and P2. 
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(2) Optimization of the CNx coatings grown by hybrid coating process 
In order to achieve the low friction of less than 0.1 in N2 gas stream with the hybrid CNx coatings, we 

produced CNx coatings using the hybrid coating process with N2/Ar flow ratio of 0.1 under different 
substrate self-bias voltage (-400 V, -800 V) and DC sputtering power (100 W, 200 W). The friction 
behaviors of the hybrid CNx coatings produced under different substrate self-bias voltage and DC 
sputtering power are shown in Fig. 4(a). It can be seen that the friction coefficients of CNx coatings in 
air and N2 gas stream were decreased with decreasing DC sputtering power and substrate self-bias 
voltage. Moreover, friction coefficient in N2 gas stream was greatly decreased from 0.33 to 0.12 by using 
CNx coating produced under substrate self-bias voltage of -800 V and DC sputtering power of 100 W. 
Therefore, that CNx coating was applied for further decrease of the friction coefficient in N2 gas stream. 

According to the previous research, the ceramics pins (Si3N4 and SiC) have been clarified to be 
beneficial for the achievement of super-low friction of the IBAD CNx coatings in inert gas environments. 
Therefore, the effect of mating pin materials (i.e. AISI 52100, Si3N4, and SiC) on the friction behaviors 
of hybrid CNx coatings was studied and the corresponding result is shown in Fig. 4(b). Interestingly, 
low friction coefficient of 0.05 was obtained in N2 gas stream by using the sliding contact of SiC / CNx. 
The low frictional performance of the hybrid CNx coatings in N2 gas stream was confirmed, which is 
very helpful for the understanding of the low friction mechanism of CNx coatings, produced both by 
IBAD and hybrid coating process, in nitrogen gas environments. The clarification of low friction 
mechanisms of the hybrid CNx coatings in N2 gas stream is now ongoing. 
 
 
 
 
 
 
 
 
 
 

 
 

(1) CNx coatings have been successfully prepared by using a unique hybrid coating process with the 
combination of RF PECVD and DC magnetron co-sputtering of graphite target at different N2/Ar flow 
ratios. 

(2) The mechanical and tribological properties of those hybrid CNx coatings have been examined, and 
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Fig. 4 Average friction coefficients of hybrid CNx coatings in air and N2 gas stream. (a) 
CNx coatings produced under different substrate self-bias voltage and DC sputtering 
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Fig. 3 Typical Raman spectra of tribo-films on the AISI 52100 pin surfaces after sliding 
against CNx coatings (N2/Ar=0.1) in (a) air and (b) N2 gas stream. The spectra of 
initial CNx coating and AISI 52100 pin are also shown for reference.
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the friction mechanisms of the CNx coatings have been proposed. It was found that the growth rate, 
residual stress, and surface morphology of CNx coating were greatly affected by the N2/Ar flow ratio. 
However, friction behaviors of these CNx coatings in N2 gas stream and air were independent of the 
N2/Ar flow ratio. According to the optical images and Raman analysis, it is strongly argued that the 
frictions of CNx coatings are mainly controlled by the tribo-films on the mating surfaces. Specifically, 
the moderate frictions (0.17–0.19) in air can be attributed to the formation of a polymer-like carbon 
tribo-film. The high frictions (0.33–0.42) in N2 gas stream are due to the directly sliding between CNx 
coating and steel pin surface. 

(3) Low friction coefficient of 0.05 has been obtained in hybrid CNx coating produced under substrate 
self-bias voltage of -800 V and DC sputtering power of 100 W when sliding against SiC ball in N2 gas 
stream. The tribological properties of the hybrid CNx coatings have been optimized by producing CNx 
coatings under different substrate bias voltage and DC sputtering power as well as sliding against 
different pin materials (AISI 52100, Si3N4, and SiC). Optimum CNx coating that exhibited low friction 
coefficient of 0.05 in N2 gas stream has been prepared with the substrate self-bias voltage and DC 
sputtering power of -800 V and 100 W at N2/Ar flow ratio of 0.1. The clarification of the low friction 
mechanism was still in process, and part of this work will be collaborated with Dr. Julien Fontaine in 
Ecole Centrale de Lyon, France. 

(1) To further clarify the low friction mechanisms of CNx coatings in nitrogen gas from the viewpoint 
of the composition and structure of the coating itself. The low friction coefficients in nitrogen gas have 
been obtained by using CNx coatings grown by both IBAD and hybrid process, even the composition and 
structure of these two types of CNx coatings are different. Therefore, we plan to clarify the low friction 
mechanisms of CNx coatings by systematic comparison of these two types of CNx coatings. The final 
target is to clarify the key points in the composition and structure of the CNx coatings which can control 
the low friction behavior of the coatings. This research will be conducted with the collaboration with 
Professor Koshi Adachi in Department of Nanomechanics, Tohoku University and Dr. Julien Fontaine 
in Ecole Centrale de Lyon, France. 

(2) To achieve the low friction coefficient of CNx coatings in ambient environments by the 
incorporation of silicon element into CNx coatings. The incorporation of silicon as well as other metals 
(such as Ti, Al, and Ir) into DLC coatings has been clarified to be effective in reducing the sensitivity of 
friction to environments. Low friction coefficients of less than 0.1 or even 0.01 have been obtained in 
ambient air with those doped DLC coatings. Therefore, we plan to get the low friction coefficient in 
ambient environments with the silicon doped CNx coatings. In addition, the role of silicon in the low 
frictional performance of Si-CNx coatings will be discussed. 

(3) To develop fatigue detecting sensor with metal-containing DLC coatings. In order to avoid the 
serious failure of the pipes in the power plant and cut down the cost for replacing the pipes as well, 
monitoring sensors are strongly required. The advantages of sensors with metal-DLC nanocomposite 
coatings, such as directly fabrication in the monitoring place, small scale, low cost, and chemical 
stability (high corrosion resistance) make them good candidates in the monitoring sensor application. 
Therefore, the objective of this study is to develop metal-containing DLC coatings for fatigue detecting 
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sensor. We plan to fabricate fatigue sensors using different metal-DLC coatings (e.g. Al, Ni) with 
different metal concentrations (i.e. low, middle, and high). The fatigue properties of these sensors will 
also be clarified by using vibration test. 
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In nuclear power plants (NPPs), to guarantee the safety, periodical nondestructive testing (NDT) to 
the pipes is mandated. Local wall thinning is the defect in pipes due to flow accelerated corrosion (FAC) 
and/or liquid droplet impingement (LDI) of the coolant inside the pipe. Pulsed eddy current testing 
method (PECT) is considered as a powerful candidate for this NDT aim. Another important issue is to 
check whether the wall thinning exceeds the safe tolerance range. This can not only guarantee safety 
but also save on unnecessary renewal of pipes. This requires a so called quantitative NDT (QNDT) 
method. However, the defect profile characterization of pipe wall thinning in NPPs has so far not been 
studied. 

In the previous study of last year, a high efficiency 3D numerical tool to simulate PECT signals has 
been developed based on the database strategy and Fourier series method with help of interpolation 
strategy. These give a good basis for quantitative wall thinning analysis based on inversion techniques. 

Inversion analysis reconstructs the size of a defect from the measured signal, which is the reverse 
method to forward analysis (that is, get the signal from the known defect shape). In this study, an 
inverse analysis scheme is proposed and validated for the sizing of pipe wall thinning from PECT 
signals in NPPs. 

 
  
  

In this work, based on the developed fast PECT signal simulator, a deterministic optimization 
strategy based reconstruction scheme with the help of Conjugate Gradient (CG) method is developed to 
deal with the sizing of local wall thinning in pipes of NPPs. 

(1) Deterministic optimization strategy based inversion algorithm for sizing of wall thinning 

1.1 Model of wall thinning for reconstruction 

As shown in Fig. 1, local wall thinning is modelled as a group of planar slit defects (rows) of given 
width but of differing length (for example, in the w-th row, the length of wall thinning equals bw-aw) 
and depth (in the w-th row, the maximum depth of wall thinning to the total thickness of specimen is 
dw (%)). These are selected as the defect shape parameters to be reconstructed. As these parameters 
have to be simultaneously reconstructed, two-dimensional signals (probe scans along the length and 
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width direction in Fig. 1) scanned over the wall thinning on the far side are used for the reconstruction. 
In cases where the defect length and depth are close to zero in some rows after reconstruction, then 
these rows will be treated as an unflawed region. In this way, the width information of the wall 
thinning can also be properly reconstructed. 

           

 
Fig. 1 Reconstruction strategy schematic for 3D profile of wall thinning in suspect region 

1.2 Principle of inversion algorithm 
An inverse analysis method, based on the deterministic optimization algorithm, is used to 

reconstruct the profile of the 3D wall thinning. This means that the sizing process is converted to an 
optimization problem of minimizing the objective function, 
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where k is the iteration step, l and m represent the position of 2D scanning point, kc  the shape 
parameter vector of wall thinning after k-th iteration and ( )kc  the objective function (residual error). 

, ( )k
l mP c  is the feature parameter extracted from the PECT signal B(t) at (l, m) scanning point for 

defect shape kc  and ,
obs

l mP  is the corresponding feature parameter extracted from the measured signal. 
In this study, peak value is employed for the feature parameter of the PECT signal, as shown in Eq. (2), 
where t0 represents peak time.  

0
( ) ( , )

t t
P B tr r                                (2) 

X: Width 

  Z: Thickness (Depth)

Y: Length 

Row w

Row 2

Row 1a1

Length direction

Wall thinning Possible defect region

Width 
direction

aw bw

b1

a2 b2

d1(%)

d2(%)

dw(%)

Suspect region 

Suspect region 

－354－



The conjugate gradient (CG) based reconstruction scheme is used to predict the length and depth of 
the wall thinning in each row. In this study, Eq. (3) is adopted for the direct calculation of the gradient 
vector from the calculated electric fields for the transmitter-receiver type PECT probe.  

0
1, ,

( , )( , ) ( ) n

N
j tu u f w

n p e eS
nw i w i

s
c

B t F d e
c

sc rr E E E               (3) 

In Eq. (3), 0 is the conductivity of the specimen in unflawed region, u
pE  is the unflawed electric field 

generated by unit current in the pickup coil, u f
e eE E  is the flawed electric field generated by the 

excitation coil (including unflawed and perturbed field),  is a coefficient to correspond the output of 
pickup coil to the PECT signal, ,w ic  is the i-th wall thinning shape parameter at the w-th planar row 
in width direction and ( , ) 0ws c r  is the equation of the defect boundary surface in w-th row. As for 
the PECT signal, the feature parameter ,( ) / w iP cr  in the signal of the gradient vector is extracted 
from Eq. (4), where t= t0 (peak time obtained in Eq.(2)), as shown in Eq.(4). 
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c c
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With the CG based optimization method, the shape parameter vector of wall thinning kc  can be 
obtained through the following iteration procedure, 

1 ( )k k k kac c c ,                                 (5) 
where ( )kc  is the updating direction in the k-th iteration, which is chosen as the direction of the 
conjugate gradient vector in case of the CG algorithm. This can be obtained using Eq. (6), according to 
the definition of the CG algorithm. 
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ka  is a step size parameter selected as the value which can reduce ( )kc  most efficiently. After 
formulation it can be obtained as shown in Eqs. (7) and (8). 
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Based on the above algorithm, the flowchart of the wall thinning reconstruction procedure is shown 
in Fig. 2. During iteration when the residual error is small enough, the computational feature extracted 
from PECT signals will be very close to the objective feature extracted from the measured PECT signals, 
which means that the iterative wall thinning shape parameters are near to the real ones. Therefore, 
the stop conditions are that the residual error is smaller than a certain value c  or that the number of 
iterations is larger than a set value cN . In the flowchart, the forward simulation part needs to be 
repeated many times to calculate the PECT signals under different wall thinning parameters. 
Therefore, the fast forward simulator is employed here and can significantly reduce the computational 
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burden. According to the flowchart, an inverse analysis code has been developed for the reconstruction 
of wall thinning from the measured PECT signals. 
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Fig. 2 Program flow chart of inverse problem 

(2) Reconstructed examples using experimental signals of pipe wall thinning 

The inversion algorithm preceding and the corresponding developed inverse analysis code are 
validated by 3D wall thinning reconstruction from the experimental PECT signals for the following 
step. 

A block of austenitic stainless steel 316L (AISI316L), with conductivity of 1.35×106 S/m, is employed 
to simulate the big diameter pipe in NPPs as the host conductor, with length 300 mm, width 300 mm, 
and thickness 10.5 mm. Wall thinning is located in the bottom side of the specimen which is shown in 
Fig. 3. The size of the wall thinning is length 41.0 mm, width 15.0 mm, depth 6.0 mm. The shape of 
length-depth cross-section is part of circle which is extended along width direction. To establish the 
database for the fast forward solver, the selected possible wall thinning region (suspect region shown in 
Fig. 3) is taken as 60 mm in length, 21 mm in width and 10.5 mm in depth, and subdivided into 420 (12 
× 7 × 5) wall thinning cells. 
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Fig. 3 AISI316L specimen and wall thinning shape 

 
A pancake coil (inner diameter, 5 mm; outer diameter, 10 mm; height, 5 mm; and total number of 

turns, 296) is applied as the excitation probe. Another pancake coil (inner diameter, 5 mm; outer 
diameter, 10 mm; height, 5 mm; and total number of turns, 3446) is applied as the pickup probe whose 
voltage is taken as the pickup PECT signal. The distance between two coils is set as 40 mm and the 
lift-off is 0.5 mm. A square wave pulse is applied to the excitation coil as the driving current whose DC 
component is 1.0 A, the period is 0.01s and the duty cycle is 50%. The probe is scanned over the suspect 
wall thinning region part along the length and width direction. Figure 4 shows the experimental 
schematic for wall thinning detection. Figure 5 shows the experimental signals of 2D scanning of the 
distribution of peak value extracted from the transient PECT signal. Thus feature parameter of peak 
value is employed for the profile sizing of wall thinning.  
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Fig. 4 The experimental schematic for wall thinning detection  
 

 

Fig. 5 Experimental signals of peak value exacted from transient PECT signals of 2D scanning 
 
Considering the shape of OD wall thinning in the specimen, the length-depth cross-section is part of 

circle manufactured in factory. In our model of simulation, half-ellipse is applied to similarly simulate the 
real shape of part of circle. So the 3D wall thinning shape in our simulation model is half ellipse-column.  

Figure 6 shows the reconstructed result after 150 iterations, where Fig. 6 (a) shows the 3D wall 
thinning shape and (b) shows the length-depth cross-section of the 3D wall thinning shape, “0 mm” plane 
in width direction. The shape parameter of the initial wall thinning is c = {-5.0 mm, 10.0 mm, -4.2 mm, 
-4.5 mm, 4.5 mm}, and the reconstructed one after 150 iteration steps is {-20.02 mm, 17.79 mm, -5.74 
mm, -7.5 mm, 7.5 mm} which is close to the true wall thinning shape in the specimen {-20.5 mm, 20.5 
mm, -6.0 mm, -7.5 mm, 7.5 mm}. The length reconstruction error is about 7.8% and the depth 
reconstruction error is about 4.3%. 

Figure 7 shows the corresponding peak values extracted from the scanning PECT signals, true 
(experimental), initial and reconstruction ones. Figure 8 shows the relative residual error where the 
relative reconstruction residual error is close to 2% up to 150th step. From these reconstructed results, 
we can see that the size of the wall thinning can also be properly reconstructed from the experimental 
signals. Through analysis, the possible reasons leading to the reconstructed error may exist in lift-off 
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  Z: Thickness 
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factor, model difference and also slight difference of coil dimensions between experiment and 
simulation. 

Concerning the time taken here, one iteration takes about 3 minutes and 428 minutes for 150 
iterations. 
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(a) 3D wall thinning shape: true, initial and reconstructed 
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(b) Cross-section of 3D wall thinning shape, “0 mm” plane in width direction 

Fig. 6 Wall thinning shape: true, initial and reconstructed; 
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Fig. 7 Peak value of PECT signal: true, initial and reconstructed;   Fig. 8 Relative residual error  
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(1) An inversion algorithm for sizing of 3D wall thinning is proposed based on a fast simulator of pulsed 
ECT signals and a deterministic optimization strategy. 
(2) Reconstructed results using experimental signals of pipe wall thinning show that the profile of 3D 
wall thinning with relatively simple shapes can be properly reconstructed using this proposed inversion 
scheme. 
 

(1) High sensitivity probe development for wall thinning detection in carbon steel pipes.  
(2) Implementation of wall thinning reconstruction for carbon steel pipes. 
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1) Introduction 
   My work is about developing an image based measurement technique that can be used to analyze 
the flexible wing movement in dynamic wind tunnel testing. For developing this technique we need to 
understand some basic techniques related to 3D-photogrammerty such as camera calibration, target 
tracking and analysis techniques. Previous work done related to the camera calibration, target tracking 
and analysis techniques are given below. 
2) Literature Review 
   For using this technique we need good understanding of camera calibration, target tracking and 
analysis techniques. Some of these techniques are already discussed in previous literatures which are 
given below. 
a) Camera Calibration 
   Camera calibration is the process of relating the 3D test object 
coordinates to the 2D image coordinates by the two collinearity 
equations. Pictorial representation is given in this picture. 
   In these collinearity equations the camera parameters are 
determined by   T. Liu et. al.[1] by solving the equations for 
exterior and interior parameters separately. First the collinearity 
equations are solved assuming that the distortion parameters are 
negligible which will give the initial values for the other 
parameters. Now these initial values are used to determine all the 
interior parameters using optimization method. Now using these accurate values of interior 
parameters, exterior parameters are determined using resection method. 
b) Target tracking 
   In photogrammetric methods tracking the targets on the test object to sub-pixel accuracy is very 
important. This method of tracking can be done by correlating the image with the synthetic references. 
The method given by Wim Ruyten[2] gives a good insight into how to determine the targets with 
sub-pixel accuracy. The importance of this technique is that it can help in automatic detection of 
registration target. 
c) Analysis techniques 
   The analysis techniques are used to analyze the images taken by a calibrated camera. T. Liu et. 
al.[3] and Wim Ruyten et. al.[4] proposed two different methods to determine the 3D-coordinates of the 
targets on the test object. Next is a technique to determine the orientation parameters of the test object. 
Wim Ruyten[5] proposed a method by incorporating the orientation parameters in the camera 
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calibration. 
   The importance of these two techniques is that the first technique can give the 3D-coordinates of the 
target markers on the test object and the second technique helps in getting the test object orientation 
parameters. These techniques are used as a base to develop new methods to analyze more complex 
wing movement. 
3) Progress 
   Since work has already been done on camera calibration, target tracking and 3D-coordinate 
measurement, I used these techniques to develop the techniques required to analyze flexible wing 
movement in dynamic wind tunnel testing. First I developed a technique to determine the orientation 
of a rigid test object by using translation and rotation of axes method. In this technique the 
3D-coordinates of the test object with respect to model coordinates are equated to the 3D-coordinates of 
the test object with respect to the tunnel coordinate system 
using translation and rotation of axes. This translation and 
rotation of axes is the orientation of the test object. 
   But this method can only be used on rigid test objects. So 
in order to use this method for flexible wing models another 
trick is used. T. Liu et. al.[6] divided a flexible 3D-wing into a 
number of 2D-airfoils for determining twist and bending as 
shown in the following figure. But since the method uses a single camera method it cannot be used for 
flapping wing motion. In order to analyze a flapping wing motion I planned on using this method of 
breaking down of the 3D-wing into 2D-airfoils but with translation and rotation of all three axes on the 
2D-airfoils. Thus we can analyze a flapping wing with high accuracy. 
   In conclusion I would like to say that the mathematical background has been completed till now and 
application work in dynamic wind tunnel testing is remaining. 
Background for future work          
   The mathematical background for analyzing the flapping motion is completed, but it has to be 
tested experimentally before it can be used for other applications. This being the background for my 
future work, I am planning a series of experiments first to validate the mathematical theory and then 
apply it to a aerodynamic problem and analyze it using the theory developed. 
Problems to be solved 
   There are two main problems to be solved. The first one being the accuracy of the method and the 
second one being, application to a real life problem. In order to solve these problems the following steps 
are taken. In the first step this method is used on a rigid body with known movement. This known 
movement is compared to the results obtained from the analysis technique that is developed. This will 
give me the accuracy of the system. Now once the accuracy of the system is established I will move on to 
a flexible wing. This method will be used along with force balances and visualization techniques to 
evaluate the effect flexible wing on the aerodynamic forces and flow structure. These visualization 
techniques can be laser sheet technique or mini tuft technique. This will help us in evaluating the 
technique  
   To solve the second problem this technique will be applied to a flexible rotary wing and analyze the 
effect of flexible wing on the thrust. Once these experiments are completed I will try to analyze a 
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flapping wing, which is the final goal. 

1. Viren Menezes, Sharad Trivedi and Abhinav Kumar, “An accelerometer balance for the 
measurement of roll, lift and drag on a lifting model in a shock tunnel”, Measurement Science and 
Technology, 22(6), Technical Design note-067003, 2011 
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“Reconstruction of Model Movement in Dynamic Wind Tunnel Testing”, TOHOKU University, 
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Introduction 
The goal of research work in this year is to develop a hybrid translational XY-microstage with the 

hinges of CNT (Carbon Nanotube)-carbon composite microstructures. The CNT-carbon composite is one 
of the superior elastic materials and no mechanical hysteresis for actuators in microsystems. In this 
research, the CNT-carbon composite has been used as hinge parts of the Si XY-microstage. The elastic 
modulus of the composite is smaller than that of Si, therefore, the moving parts in the microstage can 
be more flexible.  
Fabrication and characterization of CNT-carbon microstructures  
  In order to investigate the mechanical properties of the CNT-carbon composite microstructures and 
applications in microsystems, the high aspect ratio CNT-carbon composite microstructures are 
designed and successfully fabricated by our novel fabrication technique based on the micromolding and 
pyrolysis of a resist (SU-8) mixed with 1% of CNTs.   
  CNT-carbon composite microstructures including cantilevers, crossbar rings, both-side bridged 
microstructures have been fabricated according to our design. Specific types of microstructures with 
different size and high aspect ratio have been fabricated. In the fabrication process, a Si micromold 
fabricated by photolithography and deep ICP-RIE (Inductive Coupled Plasma Reactive Ion Etching) 
was used for CNT/photoresist filling, and then the CNT/photoresist was converted to CNT-carbon 
composite microstructures by pyrolysis process. 
  The fabrication starts from patterning of the Si micromolds by photolithography and deep ICP-RIE. 
The Si side walls after etching are smoothed by H2 annealing at 1200oC with the flow rate of 0.1 L/min 
of H2, the pressure of the annealing chamber is 50 kPa, and the time period of annealing is 30 min. A 
resist (SU-8 50) mixed with 1% of CNTs was used as filling material. Then, the CNTs/resist was filled 
into the Si micromolds by backside pumping, squeezing, and remained CNTs/resist on the substrates 
was removed by O2 plasma, and the CNTs/resist was converted to CNT-carbon composite 
microstructures by pyrolysis process at 400oC in N2 gas for 1 hour. In order to fabricate hybrid 
silicon/composite microstructures, the photolithography and deep ICP-RIE were performed again to 
release the composite microstructures. The 2nd pyrolysis at higher temperature of 600oC than that of 1st 
pyrolysis was performed after deep ICP-RIE to reduce the shrinkage/depression of the composite 
microstructures. SEM images of released cantilevers were shown in Fig. 1.  
  For the investigation of mechanical properties of candidate microstructures, the Young’s modulus of 
the composite is estimated from the resonant frequency of the composite cantilevers that was measured 
by a laser Doppler vibrometer, and the tensile stress-displacement was measured by using the 
both-side bridged composite microstructures and designed applied-force tensile test instrument. From 
the tensile stress-displacement measurement, the Young’s modulus and fracture toughness can be 
obtained. The density of composite microstructures was estimated from the weight of the CNT-carbon 
film fabricated by the same pyrolysis process as composite microstructures. From the resonant 
frequency f = 237.90 kHz of one cantilever with a length of 700 �m, the Young’s modulus E of 
CNT-carbon composite is estimated to be 105.8 ± 3.2 GPa. The Q factor of the resonance is 

  
   

 
The fabrication and characterization of carbon nanotube composite 
microstructures and their applications in the microstage for ultra-high density 
multi-probe data storage system 

μm,
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approximately 30 in ambient atmosphere. The mass shrinkage of pyrolyzed SU-8 (50 cp) films after 
600oC pyrolysis process was 40.2%, therefore, 1% CNTs/photoresist became 1.66% in this process if 
supposed that the mass of CNTs doesn’t change. The Young’s modulus of SU-8 pyrolyzed at 600oC was 
32 GPa, thus, the Young’s modulus was increased by approximately 230% by adding 1.66% of CNTs as 
reinforcing agents. 
 
 
 
 
 
 
 
 

 
Fig. 1. SEM images of the fabricated composite cantilevers. 

Design and fabrication of Si-PZT microstage with CNT-carbon hinges 
The design of hybrid microstage follows Moonie displacement amplification mechanism, comprises of 

PZT actuators mounted onto a Si base. This microstage is made of a silicon substrate with a size of 
20 20 0.4 mm. In order to amplify the PZT stroke to produce large displacement, the Moonie 
mechanism is chosen for our design, which can result in larger amplification factors with smaller 
values of Moonie angle.  

Novel fabrication technology has potential and significant applications in microstage or other 
microsystems capable of producing large displacements. The fabrication processes of the microstage is 
similar as the fabrication of CNT-carbon composite microstructures, but the hinge parts of composite 
were fabricated by one-step pyrolysis at 400oC in N2 gas. After the pyrolysis process, the microstage 
structure is formed by photolithography and deep ICP-RIE again. Finally, the stacked piezoelectric 
actuators are assembled in the Moonie amplification structure in the microstage. Fig. 2 shows the 
fabrication results of the Si-PZT XY-microstage with CNT-carbon hinge parts. Two set of identical 
flexible supporting beams with 50 �m width and 4 mm length that function as springs are formed in 
the Moonie mechanism. The PbZrTiO3 stacked actuators with a size of 8 0.5 0.4 mm as shown in Fig. 
2(b) was fabricated from a PZT plate by our processes including electroplating and photolithography.  
 
 
 
 
 

Fig. 2. Micrography of the fabricated 
Si-PZT microstage with CNT-carbon 
hinges, (a) Si-PZT microstage, (b) 
PZT stacked actuator, and close-up of 
the PZT layers and nickel electrodes. 

1. Liang He, Masaya Toda, Yusuke Kawai, Mohd Faizul Sarbi, Mamoru Omori, Toshiyuki Hashida, 
Takahito Ono, “Fabrication of a Si-PZT Hybrid XY-Microstage with CNT-carbon Hinges”, IEEJ 
Transactions on Sensors and Micromachines ( ) 
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Aspect Ratio Carbon Nanotube-Carbon Composite Microstructures Fabricated by Silicon Molding 
Technique”, PPoster, 28 , 28, (2011), 
371-374 

1. L. He, M. Toda, Y. Kawai, H. Miyashita, C. Y. Shao, M. Omori, T. Hashida, T. Ono: “Fabrication of 
high aspect ratio carbon nanotube-carbon composite microstructures based on silicon molding 
technique”, PPoster, Proceeding of International Conference on Solid-State Sensors, Actuators and 
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Alumina is a widely used, cost effective oxide ceramic material for engineering applications. In order 
to ensure defect-free coatings, spherical alumina powder has important practical applications to 
conduct thermal spray processes. Spherically shaped alumina powder enables greater homogeneity and 
stable powder transportation because of excellent powder fluidity in a narrow space. Steady powder 
feeding control is a key element for achieving high performance thermal spray processes. Therefore, 
alumina powder spheroidization processes are essential to achieve higher powder fluidity for 
high-quality dense coating formation. 

The aim of this study was to improve the thermofluid flow characteristics of plasma flow and the 
spheroidization process by mixing argon plasma flow with hydrogen molecules by water droplet 
injection without directly disturbing plasma flow. Thus, a small amount of water droplets is injected 
into the tail of plasma flow, and injected water droplets in the thermal plasma flow were heated, 
vaporized, and dissociated into hydrogen and other species. Therefore, the effects of injection of water 
droplets into the tail of plasma flow on the thermofluid flow characteristics of plasma flow and the 
spheroidization rate for high alumina powder fluidity were experimentally investigated to achieve a 
high performance spheroidization process using a small power DC-RF hybrid plasma flow system. 

DC-RF hybrid plasma flow system under a low input electric power of 7.8 kW is utilized for an 
in-flight alumina powder spheroidization process, as shown in Fig. 1. Water droplets with an average 
diameter of 1.69 m are injected by a two-phase atomizer is out of the DC-RF plasma torch at r = 95 
mm and z = 195 mm. The characteristic time of vaporization from the lumped heat capacity model is 
estimated to be 0.22 ms at gas temperature of 1000 K. Assuming that the relative velocity between 
plasma flow and a particle is nearly zero, the droplet transportation time that water droplets are 
transported to the center of the plasma flow from r = 40 mm is estimated to be 8.9 ms at a radial 
maximum velocity of atomizing gas of 4.51 m/s without water droplet injection measured by a hot-wire 
anemometer. Therefore, water droplets are vaporized during transportation into the tail of the plasma 
flow. 

 
 
 
 
 
 

 
   

   

Advancement of Powder Spheroidization Process with Water Droplet Injection 

Using a Small Power DC-RF Hybrid Plasma Flow System 
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Figures 2 (a) and (b) show photographs on the DC-RF plasma flow without and with water droplet 

injection into the tail of plasma flow. Since the plasma flow is pinched by the radial Lorentz force in the 
presence of the induction electromagnetic field, a characteristic recirculation eddy is generated near the 
wall in the lower part of the RF coils region. A backflow is additionally generated by the flow separation 
where the cross-sectional area between the torch and the chamber is abruptly expanded at z = 100 mm. 
This characteristic recirculation flow is linked with the backflow. Aqueous vapor transported along the 
wall by this linked backflow rises to the plasma region in the lower RF coils, the plasma flow structure 
and the visible emission color are changed because of generated hydrogen mixed with argon plasma. 

Figure 3 shows a correlation between the spheroidization rate and the plasma enthalpy depending 
on the flow rates of injected water and atomizing gas. The spheroidization rate is linearly proportional 
to the plasma enthalpy measured at z = 110 mm. The spheroidization rate of processed alumina 
powders is strongly influenced by the quantity of the plasma enthalpy. As either the water flow rate or 
the atomizing gas flow rate under conditions of water droplet injection increases, the spheroidization 
rate improves with the increase in the plasma enthalpy.  

The effect of water droplet injection into plasma flow on the plasma enthalpy and the alumina 
powder spheroidization process has been experimentally clarified using a small power DC-RF hybrid 
plasma flow system. As soon as micro-sized water droplets reach thermal plasma flow, they effectively 
change into vapor to be easily dissociated. After chemical reaction of aqueous vapor with plasma flow, 
hydrogen is successfully produced and is mixed with the plasma flow in the vicinity below RF coils. 
Water droplet injection increases the plasma enthalpy due to the mixing effect with argon plasma flow 
and hydrogen in the vicinity below RF coils. The spheroidization rate is improved from 84.5% to 97% by 

Fig. 1 Schematic of a DC-RF hybrid plasma 
flow system 

 
Fig. 2 Photographs on the DC-RF plasma flow 
(a) without and (b) with water droplet injection 

 
Fig. 3 correlation between spheroidization rate 
and plasma enthalpy
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injections of water droplets and atomizing gas due to an effective increase in plasma enthalpy.  
 
 

1. H. Takana, J. Jang, J. Igawa, T. Nakajima, O. P. Solonenko, and H. Nishiyama, Improvement of 
In-flight Alumina Spheroidization Process Using a Small Power Argon DC-RF Hybrid Plasma 
Flow System by Helium Mixture, J. Therm. Spray Technol., 20-3 (2011), pp. 432-439 

2. J. Jang, H. Takana, O. P. Solonenko, and H. Nishiyama, Advancement of Powder Spheroidization 
Process Using a Small Power DC-RF Hybrid Plasma Flow System by Sinusoidal Gas Injection, J. 
Fluid Sci. Technol., 6-5 (2011), pp.729-739 

3. J. Jang, H. Takana, S. Park, and H. Nishiyama, Advancement of In-flight Alumina Powder 
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Chilukoti Hari Krishna 

Studies of transport phenomenon in thin film polymers with thickness ranging from 1nm to 1000nm 
have practical application in material processing, bio-systems and interface technology. 
Characterization of these thin polymer films helps to explore the next-generation coating/membrane 
technology and plays an important role in understanding of adhesion, lubrication and coating. 
Generally, thickness of polymer film is in nano scale, the transport phenomenon in these films is 
affected by interfaces. Since the thickness of polymer film is in nano meters, macroscopic physics does 
not work for these films, so one should study them at microscopic level. Using computer simulations we 
can study these films in microscopic point of view and they provide the advantage of calculating many 
properties from a single simulation and specific aspects can be selectively investigated in detail. 
Molecular dynamics simulation is one of the computer simulation techniques and can be used to study 
transport phenomenon in thin polymer films at microscopic level.  
 
As a basic for understanding the transport phenomenon it is important to know the equilibrium 
properties and structure at the interface. In the present study, molecular dynamic simulations are used 
to study the interfaces of alkanes. We used united atom model to describe alkanes. NERD force field is 
used to model the alkanes. Bond bending and bond stretching are modeled in terms of harmonic 
potentials. Torsional potential is modeled using RB model. Interaction between two atoms is given by 
Lennard-Jones (LJ) potential. We truncate the LJ interactions at a distance of 13.8 Å. The time 
integration is implemented by the r-RESPA method with multiple time scale (MTS). An integration 
time step of 1fs for intermolecular motion and 0.2fs for intermolecular motion are used in all 
simulations. Initially the system is gradually raised to the required temperature and then simulations 
are performed for NVT ensemble for 6 106 time steps. The simulation system is maintained at 
constant temperature using Nosier hoover thermostat. In all simulations, periodic boundary conditions 
and minimum image convention were applied in three spatial directions.  
 
All properties were calculated, when the system has reached equilibrium and interface has been formed. 
In this year, density values were calculated for decane and tetracosane at three different temperatures. 
With increase in temperature liquid density decreases and vapor density increases. Because of 
omission of Lennard-Jones interactions beyond the cut-off radius density values are found to be about 
10% lesser than experimental values. We studied molecular scale structure and molecular 
conformation by examining variation of ordering parameter and radius of gyration at the liquid-vapor 
interface for decane and tetracosane at three different temperatures. With increase in temperature 
molecules are preferentially more parallel to the interface. At a particular temperature longer alkanes 
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are preferentially more parallel to interface than smaller alkanes. Chains flatten in the outer most 
regions of liquid-vapor interface in that the radius of gyration components normal to the interface are 
significantly smaller than those parallel to the interface. Einstein relation was used to calculate 
self-diffusion coefficient of alkanes parallel to the interface from molecular dynamic simulation. 
Self-diffusion coefficient parallel to the interface at the interface was also studied for decane and 
tetracosane. According to the decrease in density at the interface self-diffusion coefficient value is 
higher than in the bulk liquid region. For a particular alkane, with increases in temperature density 
decreases and correspondingly self-diffusion coefficient value parallel to the interface increases. At 
same temperature, self-diffusion coefficient value decrease with increase in chain length because of 
increase in density. Surface tension values of different alkanes were calculated at different 
temperatures by using average normal and tangential components of pressure to the interface.  To 
account the effect of truncated Lennard-Jones potential tail corrections were implemented based on 
virial expression. Surface tension value decreases with increase in temperature for an alkane. At same 
temperature surface tension value is higher for longer alkanes. With increase in cut off radius tail 
correction contribution to surface tension value decreases but computational time is higher. There 
should be a compromise between accuracy of surface tension value and computational time. To study 
the effect of chain length, equilibrium properties and structural quantities were compared at the same 
reduced temperature. At reduce temperature we also studied about hexatriacontane. At reduced 
temperature all three alkanes show same liquid density and the vapor density is decreases with 
increase in chain length. At the reduced temperature all three alkanes show same kind of ordering 
parameter and chain conformation trends at interface and surface tension values are also nearly same. 
 
Next phase of research focuses on study of structure and transport properties at interface based on the 
concept of intrinsic interfaces. Unlike Gibbs interface, intrinsic interface is dependent on time and 
space. Based on this intrinsic interface we can study structure at interface in molecular level. Structure 
and diffusion coefficient at solid-liquid interfaces will also be studied in next phase of research.  Next, 
will be the study on thermal energy transfer in bulk region, at solid-liquid interfaces and at 
vapor-liquid interfaces.     

1. S. C. Mishra and Ch. Hari Krishna, Analysis of Radiative Transport in a Cylindrical Enclosure -An 
Application of the Modified Discrete Ordinate Method, Journal of Quantitative Spectroscopy and 
Radiative Transfer, April 2011,Vol 112, 1065-1081.   

2. S. C. Mishra, Ch. Hari Krishna and M.Y. Kim, Analysis  of Conduction and Radiation Heat 
Transfer in a 2-D Cylindrical Medium Using the Modified Discrete Ordinate Method and the 
Lattice Boltzmann Method, Numerical Heat Transfer, Part A, August 2011, Vol. 60(3), 254-287.  

1. 8th international conference on flow dynamics, S.C. Mishra, Praveen Agarwal and Ch. Hari 
Krishna, Analysis of Radiative Transport in a Cylindrical Participating Medium with Collimated 
Radiative loading,(Oral) , 9-11 Nov 2011, Sendai, Japan. 
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1. Introduction 
Austenitic stainless steels have been widely used in power plants because of the increasing 

temperature and pressure for the thermal efficiency. Oxidation of these steels in steam at high 
temperatures leads to the development of double layered oxide scales. To study about the oxidation 
kinetics in high temperature steam condition is very important for the power plant integrity. In this 
study, steam oxidation tests at 700 oC with some austenitic stainless steels were carried out. These 
tests can figure out characteristics of the materials for DO level and cold work effect at high 
temperature steam condition. 
2. Steam Oxidation Tests 

Tests were carried out with SUS 316L, SUS 310S, their cold worked pair and 15%Cr-20%Ni 
austenitic stainless steel plates and tubes. All plate specimens were polished up to #2400 emery paper 
and all tube specimens were used as-received state. Specimens were hanged with Pt wire. Distilled and 
ion exchanged water was filled in a tank and DO was controlled with inert gas. DO level were 
controlled with less than 1 ppb and approximately 200 ppb. Each interrupting of steam oxidation tests, 
specimens were weighed by electronic fine scales and surface was observed by optical microscope. After 
1000 hours test, specimens were cut half after weighing and surface observation. Cut specimens were 
mounted with epoxy resin. The cross-section was observed with optical micro scope and compared with 
each others. 
3. Results and Discussion 
In cases of the SUS 316L series, weight change were larger than that of others. And in case of the 310S, 
there were few changes in weight gain. (Fig. 1) This oxidation rate tendency was in inverse relation 
with Cr-Ni contents. From past research, the tendency of the oxidation rate at high temperature 
showed in inverse relation with Cr content. But, in these cases, weight change results of SUS 316L 
series, 18%Cr-12%Ni, were larger than those of 15%Cr-20%Ni alloys. This can be considered that the 
oxidation kinetics is affected not only Cr content. Wright, et al. reported with literature, the inward 
growing oxide of austenitic stainless steel which is a mixture of magnetite and the Fe-Cr spinel, 
FeFe2-xCrxO4 containing also elements such as Ni, Mn and Mo, penetrates and encircles an alloy grain 
boundary completely and then further penetration of the inner layer into the alloy in effectively slowed. 
15%Cr-20%Ni alloys contain more Ni, Mn and Mo contents than 316L series. From this, Ni, Mn and Mo 
can be considered as factors which make oxidation rate slow. 
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(a) DO < 1 ppb (b)DO ~ 200 ppb 

Fig. 1 Oxidation test results plot 
In cases of comparison between solution annealed specimens and those cold worked pairs, cold 

worked specimens showed approximately 30% less weight change than solution annealed specimens. 
From the past study, cold working of steels was considered as causes of the formation of easy diffusion 
paths for Cr cation that allow rapid formation of dense protective oxide layer. Firstly, the dislocations 
introduced by surface working can serve as fast diffusion path, later on the grain boundaries. For the 
different DO level condition, it could not be found noteworthy differences between two tests results. The 
reason why noticeable difference did not find could be considered that the steam at high temperature 
supplied oxygen to specimens. 

For the cross-section surface observation, double layered oxide layers were observed for SUS 316L 
series and nodule shaped oxide layers were observed for 15%Cr-20%Ni austenitic stainless steels. (Fig. 
2 and 3) Oxide layers were observed of doublet pattern. If outer oxide layer was thick, the inner oxide 
layer which was positioned oppositely was thick, too. These patterns can be considered that, in case of 
outer layer, it can be implied that the outer layer grows by outward cation diffusion and inner oxidized 
zone grows by onward oxygen transport. In case of SUS 310S series, very thin single layer were 
observed. To observe the oxide layer, Ni coating was applied. These thin oxide film can explain that the 
oxidation resistance of SUS 310S is excellent than other two kinds of specimens. 

     
      316L        316L cold worked        310S        310S cold worked    

    
 1520Alloy Standard  1520Alloy Ti add.    1520Alloy Zr add.   Fig. 2 Cross-section observations – 
DO < 1 ppb 

     
        316L         316L cold worked        310S          310S cold worked 
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 1520Alloy Standard   1520Alloy Ti add.   1520Alloy Zr add.   Fig. 3 Cross-section observations – 
DO ~ 200 ppb 

1. Seung Mo Hong, Yutaka Watanabe, Hiroshi Abe, High Temperature Steam Oxidation Kinetics 
and Film Characteristics for Austenitic Stainless Steels, Poster, ICFD2011, 2011. 11. 10 
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Solid oxide fuel cells (SOFCs) are one of new power generation systems with high energy 
conversion efficiency and low emissions. Traditional SOFCs operated at high temperatures around 
1273 K present some problems related to the cost of the materials and fabrication. Recently, more 
attentions have been focused on lowering the operation temperature down to intermediate 
temperatures (873 - 1073 K) in order to reduce the cost of cell materials.   

Mixed ionic and electronic conducting perovskite oxide (La,Sr)(Co,Fe)O3 (LSCF) is an attractive 
material as a cathode for intermediate temperature SOFCs. Compared with conventional cathodes 
based on (La,Sr)MnO3 , the performance of the LSCF cathode is better even at intermediate 
temperatures due to its higher catalytic activity as well as good ionic and electronic conductivities [6-7]. 
Its high electronic and oxide ionic mixed conductivity spreads the active reaction area not only at the 
triple phase boundary but also over the cathode surface. In addition to the cathodic activity, LSCF is a 
good current collector compared with other less conductive cathode materials.  

For the practical use of LSCF as an SOFC cathode, chemical stability under oxygen potential 
gradient is highly required. On the cathode of SOFC, oxygen from air is incorporated into the 
electrolyte. The driving force for the reaction is the oxygen chemical potential gradient generated in the 
electrode layer during. During a long-term operation, the oxygen potential gradient may cause kinetic 
demixing and/or decomposition due to the difference in mobility of the cations, leading to the 
compositional and/or morphological changes. Such changes are considered to significantly affect the 
electrode’s performance. Therefore, knowledge on the stability of the electrode materials under an 
oxygen potential gradient is important to ensure the durability and reliability of SOFCs.  

In our previous work, the stability of La0.6Sr0.4Co0.2Fe0.8O3-  (LSCF6428) was investigated by long-term 
annealing of the sintered pellets with or without applying oxygen potential gradients. The annealing at 
1073 - 1273 K under uniform oxygen partial pressure of 10-4 - 0.21 bar for one week did not make any 
notable changes on the pellets. However, significant changes were observed when the pellets were 
placed under oxygen potential gradient. On the high oxygen partial pressure side, many particles of 
cobalt and strontium oxide were found along the grain boundary on the surface at 1273 K. The amount 
of the deposited particles increased with decreasing oxygen potential on the opposite side and/or 
increasing temperature. These results demonstrated that contribution of grain boundaries could be 
important in the transport kinetics and LSCF6428 may not be chemically stable enough under a 
certain oxygen potential gradient in the temperature range of 1073-1273 K. 
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What will happen to LSCF as real cathode? The oxygen chemical potential gradient which is 
generated in the electrode layer via electrochemical processes is not estimated. The chemical potential 
gradient is generated by the overpotential. Therefore, in order to ensure the durability and the 
reliability of SOFC using LSCF as a cathode, it is important to understand how the oxygen potential 
gradient is distributed in the LSCF cathode during the operation and how such a distribution affects 
the material stability of LSCF. In order to estimate oxygen potential gradient in the porous SOFC 
cathode, information on the overpotential and the effective reaction area are necessary. The effective 
reaction area is known to be evaluated by taking the ratio of the capacitance observed in ac impedance 
spectra to that estimated from the oxygen nonstoichiometry change for the whole electrode. By using 
this relation, the effective reaction area in a porous LSCF6428 electrode was evaluated at 873 - 1173 K 
under 10-4 - 100 bar. Based on the obtained results, chemical stabilities of LSCF6428 as an SOFC 
cathode were discussed. 
 

1. M. Oh_^1, _A. Unemoto_^2, _K. Amezawa_^3, _T. Kawada_^4, “Material stability and cation 
transport of La0.6Sr0.4Co0.2Fe0.8O3-  in SOFC cathode conditions”, ECS Transactions, 35 (1) 
2249-2253 (2011)  

*1 , 2    , 3 
 , 4   
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cation transport of La0.6Sr0.4Co0.2Fe0.8O3-  in SOFC cathode conditions”, 219th ECS Meeting, 
Montreal, Canada,May 1-6, 2011. (poster presentation) 

2. Mi young Oh_, _Atsushi Unemoto_, _Koji Amezawa_, _Tatsuya Kawada_, “Chemical stabilities of 
La0.6Sr0.4Co0.2Fe0.8O3-  as an SOFC cathode”, The 62nd Annual Meeting of the International Society 
of Electrochemistry, Niigata, Japan, September 11-16, 2011. (oral presentation) 

3. Mi young Oh_, _Atsushi Unemoto_, _Shin-ichi Hashimoto_, _Koji Amezawa_, _Tatsuya Kawada_, 
“Stability of La0.6Sr0.4Co0.2Fe0.8O3-  under SOFC operating conditions”, 12th Japan-Korea students’ 
symposium, presentation No.10-30, Sendai, Japan, November 10-11, 2011.(oral presentation) 
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La0.6Sr0.4Co1-xFexO3-  (LSCF) is a potential candidate as a mixed-conducting cathode for solid oxide 
fuel cells, and as an oxygen separation membrane material. In order to employ these compositions 
either as oxide electrodes or as oxygen-permeating membranes, it is of importance to examine the 
oxygen deficiency and its influence on other material properties. For instance, it was reported that 
electrical and mechanical properties strongly depends on the oxygen nonstoichiometry. However, little 
is known about the influe1nces of oxygen nonstoichiometry on thermal properties so far. The thermal 
diffusivity was investigated by using the laser flash method (LFA). Dependencies of thermal 
diffusivities of LSCF on temperature, oxygen partial pressure were discussed in terms of the oxygen 
nonstoichiometry. 

Powders of La0.6Sr0.4Co1-xFexO3-  (LSCF) were prepared by a conventional Pechini method. Obtained 
powders were hydrostatically pressed at 150 MPa into compacts, and then sintered in air at 1627 K for 
6h. For the thermal diffusivity measurements, the sintered compacts were cut into rectangles (c.a. 10 x 
10 x 1 mm). The relative densities of the sintered LSCF compacts were always higher than 95%. 
Sintered all of pellets were single phase perovskites.  
Thermal diffusivities of the sintered pellets were measured by using the laser flash method (LFA 457 

Micro Flash, NETZSCH) in the oxygen partial pressure range from 10-4 to 0.2 bar and in the 
temperature range from R.T. to 1173 K. In order to control the atmospheres, a gas mixing system and 
an oxygen sensor are additionally attached to the laser flash method system.  
The temperature dependence of the thermal diffusivities was measured with increasing temperature 

from R.T to 1173K while keeping atmospheres as constant. Measurements were performed with a 50 K 
interval. The oxygen partial pressure dependence of the thermal diffusivities was measured with 
decreasing oxygen partial pressure from 0.2 to 10-4 bar while keeping temperature at 873, 973 and 
1073K. Measurements were repeated until the obtained thermal diffusivity reached to a constant value 
at each temperature and oxygen partial pressure.  

The thermal diffusivity of LSCF first increased with increasing temperature and then decreased with 
increasing temperature and decreasing oxygen partial pressure at above 673K. LSCF is known to show 
the oxygen nonstoichiometry changes at relatively higher temperature, although the oxygen 
nonstoichiometry is kept almost constant at lower temperature. The oxygen deficiency  increased with 
increase temperature and decreasing p(O2) in higher temperature range (above 873K). The 
temperature where the thermal diffusivity drastically changes seems to agree with the temperature 
where the oxygen nonstoichiometry changes. Therefore, it can be said that the change of the 
temperature dependence of the thermal diffusivities of LSCF is attributed to the oxygen 
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nonstoichiometry changes. In order to confirm influences of the oxygen nonstoichiometry change on the 
thermal diffusivity, relaxation behavior of the thermal diffusivity was examined when the oxygen 
partial pressure was changed. Figure 4 shows the time dependence of the thermal diffusivity of 
La0.6Sr0.4Co0.2Fe0.8O3-  when p(O2) was changed at constant temperatures. In higher p(O2), the thermal 
diffusivity showed only slight time dependence. Contrarily, in lower p(O2), time dependence of the 
thermal diffusivity was observed and became significant with increasing temperature.  

When p(O2) was varied from 10-1 to 10-2 bar, the relaxation time was about 30 minute and the change 
in the thermal diffusivity was 0.02 mm2s-1 at 1073K. On the other hand, When p(O2) was varied from 
10-2 to 10-3 bar, the relaxation time was about 200 minute and the change in the thermal diffusivity was 
0.8 mm2s-1 at 1073K. The relaxation time increased with increase temperature. Because the oxygen 
deficiency  increases considerably with increasing temperature (i.e. at p(O2) = 0.1 bar,  increases from 
0.008 at 873K to 0.04 at 1073K). For a similar reason, The relaxation time increased with decrease 
p(O2) (i.e. at 1073K,  increases from 0.04 in 10-1 bar to 0.95 in 10-3 bar) 

In this work, dependencies of thermal diffusivities of perovskite-type oxides La0.6Sr0.4Co1-xFexO3-  
(LSCF) on temperature, and oxygen partial pressure were investigated. In 2.0 - 10-4 bar of p(O2) at 873 - 
1073K, the thermal diffusivity of LSCF decreased with decrease p(O2). Therefore, the thermal 
diffusivity of LSCF was dependence �. When p(O2) changed at constant temperature, the thermal 
diffusivity showed a little time dependence in higher p(O2), while apparent time dependence in lower 
p(O2). The relaxation time increased with increasing temperature. This relaxation behavior could be 
interpreted by the change in the oxygen nonstoichiometry, meaning that the thermal diffusivity of 
LSCF was significantly affected by the oxygen nonstoichiometry. 

1.  ,  ,  ,  ,  , Influence of oxygen nonstoichiometry 
change on thermal diffusivities of La0.6Sr0.4Co1-xFexO3-  (0  x 1.0) , 2011  

1F26  oral presentation, 2011 8  
2.  ,  ,  ,  ,  , Thermal diffusivities of 

La0.6Sr0.4Co1-xFexO3-  under SOFC operation conditions , 20  SOFC  166C 
 poster presentation, 2011 12  

1. Yu Cheol Shin,  Atsushi Unemoto, Shin-Ichi Hashimoto, Koji Amezawa, Tatsuya Kawada , 
“Influence of oxygen nonstoichiometry change on thermal properties of La0.6Sr0.4 Co1-xFexO3- ” , 12th 
Japan-Korea students symposium, oral presentation No. 31, Sendai, Japan, November 2011  
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  The theme of my doctor research is to explore the response of human blood vessel endothelial cells 
(EC) and smooth muscle cells (SMC) under shear stress (SS) with spatial shear stress gradient (SSG). 
In my master research, I have explored the relationship between EC and SS with SSG. The results 
showed that not only SS but also SSG could modulate EC morphological change. SSG suppressed the 
formation and alignment of actin filament in EC, which was normally observed under SS without SSG 
conditions. 
  Recently, it is reported that in cerebral vessel bifurcations, where high SS and high SSG happens, 
the SMC layer was distracted. This suggested that SSG might also influence the SMC. However, SMC 
are not directly exposed to blood flow, so I supposed that EC could play a role during this 
mechanotransduction. Such researches about EC and SMC co-responses to SSG are really few now. So 
in the present research, I try to explore how SMC react to SS with SSG, and the role of EC in the signal 
transduction in SMC response to SSG. 
  For this purpose, I am now trying to create a co-culture model of EC and SMC as shown in Fig.1. 
SMC are 3-D cultured in collagen gel, and EC are monolayer-cultured on a membrane plate over SMC 
layer, so that EC will not differentiate to SMC layer (vice versa) but cells could keep connect through 
membrane. As said above, SSG could decrease SMC layer and cause the loss of internal elastic lamina 
(IEL) at cerebral bifurcations. And the phenotype change of SMC is normally thought to be important 
in such blood vessel remodeling. SMC show contractile type normally, and if SMC change to synthetic 
type, the proliferation of cells will obviously increase, and this will induce Matrix metalloproteinase 
(MMP) production then to damage IEL. So it is important to confirm the phenotype of SMC under 
static culture condition, SS without SSG conditions and SS with SSG conditions. 
  As said above, SMC show contractile phenotype in normal blood vessels. So I tried to get contractile 
phenotype SMC under static culture condition. For this purpose, I used a specific serum-free quiescent 
medium (QM) during culturing. And then I checked the expression of contractile markers ( -SMA, 
calponin and myosin heavy chain) in SMC. Figure 2 shows the result of 2-D cultured SMC using QM. 
After 12 days culturing with QM, the expression of all contractile markers didn’t increase anymore. 
This suggested that SMC showed contractile phenotype after culturing in QM for about 12 days. These 
contractile phenotype SMC could be used in the co-culture model. 
  In the next step, I would like to confirm the phenotype of SMC under SS and SSG conditions. For this 
purpose, I will apply SS with or without SSG to the co-culture model, and then check the expression of 
contractile markers in SMC. And in the other hand, I will also check the gene expression from EC in 
co-culture model to explore the role of EC in SMC response to SSG. 
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Fig. 1 A diagram of co-culture model of EC/SMC. 
 

 
Fig. 2 The expression of contractile markers ( -SMA, calponin and myosin heavy chain) in SMC after 
different culture days using QM. The results are normalized to the expression of -actin, n=2. 
 

1. 24 , MAP
, , 2012.1.8 

1. 8th International Conference on Flow Dynamics, Involvement of ERK in Morphological Response 
of Endothelial Cells to Spatial Gradient of Shear Stress, 2011.10.11 
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1. 
Vol.20 71 (2011) 

1.  
”Twinklimg Sign” 84

2011 5 27-29  
2.  

PVA phtantom 49
201 11 25-27  

1. Kei Ozawa, Yuji Katakura, Yukihiko Shibata, Makoto Ohta 
Observation of Behavior of Injection for Composite Material using Micro-CT , Eighth 

International Conference on Flow Dynamics ,Sendai(Japan),9th -11th of  November, 2011 
2. Lei Liu, Kei Ozawa, Kenichi Funamoto, Makoto Ohta, Toshiyuki Hayase, Masafumi Ogasawara

Detection of Microcalcification in Soft Tissue Employing B-Flow “Twinkling” Sign , Eighth 
International Conference on Flow Dynamics ,Sendai(Japan),9th -11th November, 2011 
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A  
 

 
3

CT
 

 
 
 
 
 
 
 
                                                   Fig.2 Image of PIV results 
             Fig.1 PIV circuit               (flow rate:150ml/min, upstream pressure:25mmHg) 
 
 

 
 
 
 
 
 
 
 
 
   Fig.3 Relationship between stenosis severity      Fig.4 Relationship between reattachment   
       and upstream pressure                        length and upstream pressure 
 
 

1. Makoto Ohta, Hitomi Anzai, Yasutomo Shimizu, Shuya Shida, Kei Ozawa, Changho Yu, Hiroyuki 
Kosukegawa, Xiaobo Han, Noriko Tomita, and Toshio Nakayama, “Visualization leads 
Endovascular Treatments of Cerebral Aneurysm”, SGI 2011

2011 10  
2. 

24 2012 1  
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1. Yasutomo Shimizu, Shuya Shida, Makoto Ohta, “Influence of plaque stiffness on hemodynamics 
based on experimental studies with in vitro PVA biomodel”, 8th International Interdisciplinary 
Cerebrovascular Symposium, Shanghai, China, Sep. 2011 

2. Yasutomo Shimizu, Shuya Shida, Makoto Ohta, “Influence of plaque movement on blood flow and 
blood vessel around stenosis area”, The eighth International Conference on Flow Dynamics, Sendai, 
Japan, Nov. 2011 
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1. Songgi LEE, Xin JIANG, Koyu ABE, Satoko ABIKO, Atsushi KONNO and Masaru UCHIYAMA: 
"A Cooperative Industrial Partner Robot for Handling Heavy Parts", 2011 IEEE/ASME 
International Conference on Advanced Intelligent Mechatronics, Jul. 2011, . 

2. Songgi LEE, Xin JIANG, Koyu ABE, Satoko ABIKO, Atsushi KONNO and Masaru UCHIYAMA: 
"A Human Assistant Robot System for Handling Heavy Mechanical Parts in Assembly Lines", 
2011 IEEE/SICE International Symposium on System Integration, Dec. 2011, . 
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1. Oosedo, A. Konno, T. Matsumoto, K. Go, K. Masuko and M. Uchiyama, “Design and Attitude 
Control of a Quad-Rotor Tail-Sitter Vertical Takeoff and Landing Unmanned Aerial Vehicle” 
Advanced Robotics: Cutting Edge of Robotics in Japan 2012, Vol. 26, No.1, 2012. (in press) 
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RISESAT 62nd International Astronautical Congress

3rd Nano-Satellite Symposium 55
 

 
 

 
 

1. 55
2011/11/30 

2. 55 50kg
2011/11/30 

 
1. The 28th International Symposium on Space Technology and Science “System Integration of a 

Star Sensor for the Small Earth Observation Satellite RISING-2” June 5 to 12 in 
OKINAWA, JAPAN 

2. 62nd International Astronautical Congress 2011 “A Sail Deployment Mechanism for Active 
Prevention and Reduction of Space Debris” October 3 to 7, 2011 in Cape Town, South 
Africa 

3. 62nd International Astronautical Congress 2011 “A Japanese MicroSatellite Bus System for 
International Scientific Missions” October 3 to 7, 2011 in Cape Town, South Africa 

4. The 3rd Nano-Satellite Symposium  “Micro-satellite structure system for cost-effective and rapid 
development” December 12 to 13, 2011 in Kitakyushu, JAPAN 

5. The 3rd Nano-Satellite Symposium  “Development Method of Command and Data Handling 
System for Micro and Nano Satellites” December 12 to 13, 2011 in Kitakyushu, 
JAPAN  

6. The 3rd Nano-Satellite Symposium  “ Development Status of Micro-satellite De-orbit Mechanisms 
for Active Prevention and Reduction of Space Debris” December 12 to 13, 2011 in 
Kitakyushu, JAPAN  

7. 2011 IEEE/SICE International Symposium on System Integration ”Satellite System Integration 
based on Space Plug and Play Avionics” December 20-22, 2011 Kyoto, JAPAN 
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1. Shohei Uramoto, Toshinori Kouchi, Goro Masuya, “Turbulent Structure of a Supersonic Flowfield 
with Transverse Injection,” Journal of Fluid Science and Technology  

1. Seventh International Conference on Flow Dynamics, Spatial Correlations of Velocity Fluctuation 
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in a Supersonic Flowfield with Transverse Injection, Poster, November 2011 
 
2. Asian Joint Conference on Propulsion and Power 2012,  Stereoscopic PIV Measurement of the Jet 

in Supersonic Crossflow and Spatial Correlation of Velocity Fluctuations, oral, March 2012 (
) 
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1. Meng-Hung, A. Konno, M. Uchiyama: “Cooperative Object Transportation by Multiple Humanoid 
Robots,” in Proc. of the 2011 IEEE/SICE Int. Symposium on System Integration, Kyoto, Japan, 
D5-1, Dec. 21, 2011. 
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My research goal is to make the algorithm that the humanoid robot can not only learn the user’s 
motions by itself, but also optimize and generate the similar motions for arbitrary target. Also, in order 
to control generated motions, I have tried to make the dynamic motions equation by using the virtual 
spring-damper system. For that, first, the human motions are captured by motion capture system. 
Then, the motions are converted to humanoid robot by using the motion converting software because 
there are difference between the human and robot. After that, the motions evolve to be optimize the 
motions is to minimize the joint torque sum by using the evolutionary algorithm based on the principal 
components analysis. The other research goal is only to use few demonstrations. Once, the generated 
motions are controlled the dynamics equation based on virtual spring-damper system in order to utilize 
the avoiding an obstacle etc. also, the dynamics equation uses the jacobian transpose, so the robot can 
avoid singularity. In this research, I’ve develop the programs like motion converting, motion kinetic 
simulator, motion editor and simple dynamic simulator for virtual spring-damper system. 
 
 
 
 

 

Motion Simulator for HRP2 

 
 
 
 

 

   
   

  
 New Biologically Inspired Motion Generation Algorithm for Humanoid Robots 

Motion Converting Software 

Arm Motion : (red) proposed method (blue) non evolved motion
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I have fabricated a Fe67.46B22.5Nd6.3Nb3.74 magnetic metallic glass thin film on a (100) silicon substrate. 

For the thin film, x-ray diffractometry and transmission electron microscopy revealed amorphous state, 

differential scanning calorimetry confirmed the existence of the glass transition, and magnetization 

hysteresis loops determined the soft magnetic properties. From these measurements, I found that the 

thin film have the widest supercooled liquid region (96 K) and the smallest coercivity (7.5 A/m) among 

the existing magnetic metallic glass thin films. I also analyzed hardness and Young’s modulus of the 

thin film by nanoindentation. As a result, hardness and Young’s modulus are 15.6 GPa and 175 GPa, 

respectively. In addition, I have fabricated specimens for tensile test by microfabrication techniques, 

they are going to analyze at Nagoya University. This mechanical property is important factor when 

designing a microelectromechanical system.  

This study will facilitate the understanding and development of the magnetic metallic glass thin films 

as base materials of the magnetic MEMS such as current MEMS, SAW,... 

 

1. Tuan Anh Phan, Sangmin Lee, Akihiro Makino, Hiroyuki Oguchi, Hiroshi Okamoto, and Hiroki 
Kuwano, Formation and Characteristics of FeBNdNb Magnetic Metallic Glass Thin Film. (in 
preparation) 

1. T.A. Phan, S.M. Lee, A. Makino, and H. Kuwano, FeBNbNd Magnetic Metallic Glass Thin Film 
for MEMS/NEMS Structure, MEMS 2011, DOI. 10.1109/MEMSYS.2011.5734453 , (2011), pp. 
428-431. (Poster) 

2. Tuan Anh Phan, Motoaki Hara, Hiroyuki Oguchi, And Hiroki Kuwano, Non-Contact Type 

 
   
   

   
Development of Magnetic Metallic Glass Thin Film and its Application in 
Magnetic MEMS
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Current Sensor Using Fe-B-Nd-Nb Magnetic Metallic Glass Thin Film for Energy Saving, 
MEMS 2012, France, Jan 29th – Feb 2nd, 2012 (abstract is submitted). 
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1. Susumu Isono, Masashi Yamaguchi, Shigeru Yonemura, Takanori Takeno, Hiroyuki Miki, 
Toshiyuki Takagi, “Effect of Configuration of Micro-/Nanoscale Structure on Sliding Surface on 
Molecular Gas-Film Lubrication”, AIP Conf. Proc. 1333,736-741 (2011) 
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1. 2011 ” ”
2011 9 12  

1. 8th International Conference on Flow Dynamics, “Effect of Gas Properties on Molecular 
Gas-Film Lubrication”, Short oral and Poster Presentation, November 10, 2011 
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(Adaptive Optics)
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2011 6 MEMS Transducers’11  
 

1. Tong Wu, Takahiro Yamasaki, Ryohei Hokari and Kazuhiro Hane, “Spherical silicon 
micromirrors bent by anodic bonding,” Optics Express 19, pp11897-11905 (2011). 

2. Tong Wu and Kazuhiro Hane, "Fabrication of a high-precision spherical micromirror by bending 
a silicon plate with a metal pad," Applied Optics 50, 5321-5328 (2011) ] 

3. Yongjin Wang, Tong Wu, Yoshiaki Kanamori and Kazuhiro Hane, “Freestanding HfO2 grating 
fabricated by fast atom beam etching,” Nanoscale Research Letters 6:367(5pp)(2011). 
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1.    , 
58 ,03-040, , 2011

3

1. Tong Wu, Masayuki Akiyama and Kazuhiro Hane, “Continuous membrane deformable mirror for 
adaptive optics using bimorph spring,” Poster, IEEE Conference on Solid State Sensors, Actuators 
and Microsystems, M3P.146(pp598-601), Beijing(June, 2011). 

2. Tong Wu, Masayuki Akiyama, Toshiyuki Takagi and Kazuhiro Hane, “Continuous Membrane 
Deformable Mirror for Next-generation Astronomical Observation,” Poster, Eighth International 
Conference on Flow Dynamics November 9-11, 2011 Sendai, Japan.  
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1.  ”
Development of Bending Transformative Multifunctional Endoscope”

( ) 

 
1.  ”

” 50 2011 5  
2. ,  ”

Development of Acoustically-driven Implantable Micropump” 47
2011 9  

 
1. Shinichirou Suda, Tadao Matsunaga, Yoichi Haga. “BENDING TRANSFORMATIVE 

ENDOSCOPE”, 6th International Conference on Microtechnologies in Medicine and Biology 
(MMB 2011), Lucerne, Switzerland, 4-6 May.  

 
2. Shinichirou Suda, Yuzuru Chikada, Tadao Matsunaga, Michio Murakoshi, Shin Koyama, 

Hiroshi Wada, Yoichi Haga. “Implantable Micropump for Drug Delivery using Acoustic 
Irradiation”, 9th International Workshop on Piezoelectric Materials and Applications in 
Actuators (IWPMA 2012), Hirosaki, Japan, 22-25 April. ( 24 ) 
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  Diamond like carbon (DLC) as the tribo-coatings was paid more attention due to their excellent 
tribological properties, such as hardness, wear resistance, and low friction. It is well known that 
DLC is useful to achieve superlow friction on automotive engine. Simultaneously, it excellent friction 
reduction affects to reduce the exhaust carbon dioxide which might cause global warming. To 
improve tribological properties of DLC film, doping elements were incorporated into the DLC 
structure, for instance, hydrogen or fluorine. Many researchers have investigated how the anti-wear 
action hydrogenated DLC (H-DLC) or fluorinated DLC (F-DLC) films were achieved during severe 
friction processes, the mechanism of the low friction has been investigated by the molecular 
dynamics (MD) and tight-binding quantum chemical (TBQC) methods in the last study. However, 
the details of relationship between its variable property and anti-wear have not been well known due 
to the difficulties of experimental analysis in nano-scale.  

In the present study, mechanical properties of H-DLC and F-DLC films were investigated using 
the multiscale computational chemistry. At first, we built various H or F content contained DLC 
films, the H-DLC and F-DLC films were evaluated the Young’s modulus and Poisson ratio by the MD 
method. The Young’s modulus and Poisson ratio were employed to test the nano-indentation by the 
finite element method, the penetration depths were calculated, the hardness was summarized by the 
penetration depths. Hardness of H-DLC film decreased with increasing in the H content, this 
tendency is consistent with the experimental result. The hardness of F-DLC films deceased with 
increasing in the F content, while the hardness of H-DLC films were higher than F-DLC films. That 
is because that the bonding energy density in the H-DLC bulk models were higher than that of 
F-DLC models, which affects the highest hardness of the H contained DLC films. Therefore, the 
relationship between the frictional properties and mechanical properties is that the lowest frictional 
property of the film shows the lowest hardness. Future efforts may be directed toward to improve the 
mechanical properties of the F-DLC films. 
 

 
 

1. Shandan Bai, Tasuku Onodera, Ryo Nagumo, Ryuji Miura, Ai Suzuki, Hideyuki Tsuboi, Nozomu 
Hatakeyama, Hiromitsu Takaba, Momoji Kubo and Akira Miyamoto “Friction reduction 
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mechanism of hydrogen- and fluorine-terminated diamond-like carbon films investigated by 
molecular dynamics and quantum chemical calculation” ( ). 

2. Kentaro Hayashi, Seiichiro Sato, Shandan Bai, Yuji Higuchi, Nobuki Ozawa, Tomomi 
Shimazaki, Koshi Adachi, Jean-Michel Martin, and Momoji Kubo “Fate of Methanol Molecule 
Sandwiched between Hydrogen-terminated Diamond-like Carbon Films by Tribochemical 
Reactions: Tight-Binding Quantum Chemical Molecular Dynamics Study” (In press). 

 
 

 
1. 2011 , “Multi-scale Computational Chemistry on Mechanical Properties of 

Diamond-Like Carbon Film”, 2011 5 ( ) 
2. 2011 108 , “Mechanical Properties of Fluorinated Diamond-Like Carbon 

Investigated by Computational Chemistry Method”, 2011 9 ( ) 
 

1. International Tribology Conference Hiroshima 2011, “Multi-Level Simulator for Tribochemistry 
and its Applications to Diamond-Like Carbon”, 2011.11.1, (Poster).  
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