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Microcombustion for studying multi-stage oxidation of hydrocarbon fuels 
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Dynamics, 536-537, (2010). 

6. Shuta Noro, Masaya Shigeta, Seiichiro Izawa and Yu Fukunishi: Numerical Study of Boundary 
Layer Receptivity to Outer Disturbances, Proceedings of The Seventh International Conference on 
Flow Dynamics, 498-499, (2010). 

7. Hiromasa Oe, Shota Teramoto, Masaya Shigeta, Seiichiro Izawa and Yu Fukunishi: Passive 
Control of Oscillating and Separating Flow, Proceedings of The Seventh International Conference 
on Flow Dynamics, 254-255, (2010). 

8. H. Okawa, M. Shigeta, S. Izawa, Y. Fukunishi: Relation between Waveforms of Piezo-Actuator 
Driving Signals and Excited Velocity Fluctuations inside a Flat-Plate Boundary Layer, 
Proceedings of The 5th Tohoku-SNU University Joint Workshop on Next Generation Aero Vehicle, 
50-51, (2010). 

9. Y. Nishio, M. Shigeta, S. Izawa, Y. Fukunishi: Leading Edge Receptivity to Oncoming Vortices, 
Proceedings of The 5th Tohoku-SNU University Joint Workshop on Next Generation Aero Vehicle, 
42-43, (2010). 
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22 1 12  
1. H. Okawa, M. Watanabe, M. Shigeta, S. Izawa, Y. Fukunishi: Active Feedforward Cancellation of 

Instability Waves, Proceedings of 13th Asian Congress of Fluid Mechanics, 256-258, (2010). 
2. S. Noro, M. kaneko, M. Shigeta, S. Izawa, Y. Fukunishi: Boundary Layer Receptivity to the 

External Disturbances, Proceedings of 13th Asian Congress of Fluid Mechanics, Dhaka, 
Bangladesh, (17-21 December, 2010), pp.240-243, (2010). 

3. Yu Nishio, Masaya Shigeta, Seiichiro Izawa and Yu Fukunishi: Leading Edge Receptivity to 
Periodic Disturbances Generated by Oscillating Wings, Proceedings of The Seventh International 
Conference on Flow Dynamics, 558-559, (2010). 

4. Hajime Okawa, Shigenori Kondo, Masaya Shigeta, Seiichiro Izawa and Yu Fukunishi: 
Characteristics of Velocity Fluctuations in a Boundary Layer Excited by a Piezo Actuator Driven 
with Two Different Signals, Proceedings of The Seventh International Conference on Flow 
Dynamics, 536-537, (2010). 

5. Shuta Noro, Masaya Shigeta, Seiichiro Izawa and Yu Fukunishi: Numerical Study of Boundary 
Layer Receptivity to Outer Disturbances, Proceedings of The Seventh International Conference on 
Flow Dynamics, 498-499, (2010). 

6. H. Okawa, M. Shigeta, S. Izawa, Y. Fukunishi: Relation between Waveforms of Piezo-Actuator 
Driving Signals and Excited Velocity Fluctuations inside a Flat-Plate Boundary Layer, 
Proceedings of The 5th Tohoku-SNU University Joint Workshop on Next Generation Aero Vehicle, 
50-51, (2010). 

7. Y. Nishio, M. Shigeta, S. Izawa, Y. Fukunishi: Leading Edge Receptivity to Oncoming Vortices, 
Proceedings of The 5th Tohoku-SNU University Joint Workshop on Next Generation Aero Vehicle, 
42-43, (2010). 

22 1 12  
Best Paper Award of "Visualization in Joining & Welding Science through Advanced 

Measurements and Simulation", Joining and Welding Research Institute, Osaka Univerisity 
2010 11 11  
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2011 3 4  
COE  

 

Keisuke Asai,“Aerodynamic Applications of Molecular Imaging and Sensing 
   Pressure and Temperature Sensitive Paint,”International PSP/TSP Workshop 2010 
   May 23-25, 2010, Beijing, China 
2 Keisuke Asai and Daisuke Yorita,“Unsteady PSP Measurement in Low-Speed Flow  
   - Overview of Recent Advancement at Tohoku University,”AIAA-2011-0847, 49th AIAA     
   Aerospace Sciences Meeting Including the New Horizons Forum and Aerospace  
   Exposition, Orlando, Florida, U.S.A. 
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DBD-PA  

1.   
Development of a Mars Wind Tunnel and Its Applications to Low Reynolds Number and  

  High-Subsonic Airfoil Testing (  
   

1.   
 

2.   
 

3.  
 

4.  
3  

5.  
 

 
9  

1.   
 

 

1.   
Study of Thermochemical Nonequilibrium Flowfield Concerning Radiative Heating  
and Surface Catalysis of Heatshield Material (  

 )  
2.   

Attitude Transition Strategy for Vertical Hover and Post-Stall Maneuvers of  
Unmanned Aerial Vehicles
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7.  
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9.  
Effect of Local Disturbances in Freestream on the Flat-Plate Boundary Layer  
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22 1 12  
1  OBATA, M., MATSUURA, N., MITSUO, K., NAGAI, H., ASAI, K., HARADA,  M., HIROHARA, 

S., TANIHARA, M., YANO, S., “Oxygen-Sensing Properties of 5,10,15,20-Tetraphenylporphinato 
Platinum(II) and Palladium(II) Covalently Bound on Poly(isobutyl-co-2,2,2-trifluoroethyl 
methacrylate),” Jounal of Polymer Science Part A, Polymer Chemistry, 2010, vol. 48, no3, pp. 
663-670. 

2  “ ”
, 76 762 B  (2010), pp.254-258 

3  “10
” , 76 762 B  (2010), pp.259-265 

4  Manjinder Singh, Jonathan W. Naughton, Taro Yamashita, Hiroki Nagai, and Keisuke Asai, 
“Surface Pressure and Flow Field Behind an Oscillating Fence Submerged in a Turbulent 
Boundary Layer,” Experiments in Fluids, Volume 50, Number 3, 701-714 (2010) 

22 1 12  
1  Journal of Polymer Science Part A, Polymer Chemistry 
2  B  
3  Experiments in Fluids 
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22 1 12  
1  Masayuki ANYOJI, Shingo IDA, Kei NOSE, Daijyu Numata, Hiroki NAGAI and Keisuke ASAI, 

“Characteristics of the Mars Wind Tunnel at Tohoku University in CO2 Operation Mode,” 
AIAA paper 2010-1490, 49th AIAA Aerospace Sciences Meeting , Orlando, Florida, 2010 1.4-7  

2  Masayuki Anyoji, Yasuhiro Sugino, Tadashi Ono, Daiju Numata, Hiroki Nagai, Keisuke Asai, ” 
Low Reynolds Number Testing Airfoil in a Mars Wind Tunnel,” AIAA 2010-4627, 27th AIAA 
Aerodynamic Measurement Technology and Ground Testing Conference, Chicago, Illinois, 
June 28  Jul 1, 2010 

22  
Best Presentation Award for Student  

2010  11   
2011 3 10  

22 1 12  
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5.   
Effect of Local Disturbances in Freestream on the Flat-Plate Boundary Layer (  

)  
6.  

 
 

22 1 12  
1. Kanako Yasue, Michiko Furudate, Naofumi Ohnishi and Keisuke Sawada 

Implicit Discontinuous Galerkin Method for RANS Simulation Utilizing Pointwise Relaxation  
Algorithm 
Communications in Computational Physics, Vol. 7, No. 3, pp. 510-533, 2010.  
 

22 1 12  
1. Communication in Computational Physics 
 

22 1 12  
1. Kazuki Yoshimura and Keisuke Sawada 

Numerical Simulation of Swirling Flowfield in Combustion Chamber for Hybrid Rocket Engine 
AIAA Paper 2010-0905, 2010 

2. Keisuke Sawada, Takaya Kouda and Kanako Yasue 
Computation of Swirling Injection Flowfield in Combustion Chamber Using High-Order 
Unstructured NS Solver 
7th International Conference on Flow Dynamics, November, 2010 

3. Kazuya Shimakura, Hosik Lee, Kazuyuki Ueno and Keisuke Sawada 
Numerical Simulation of an Applied-Field MPD Thruster 
The 5th Tohoku University -- Seoul National University Joint Workshop on Next Generation 
Aero Vehicle,  
June, 2010 

4. , , ,  
 

54 , , 3C10, 2010 11  
5. , , , ,  

 
54 , , 1F10, 2010 11  

6. , ,  
 

54 , , 2B12, 2010 11  
7. , , , ,  

 
24 , , E1-4, 2010 12  

 

22 1 12  
1. Kanako Yasue, Michiko Furudate, Naofumi Ohnishi and Keisuke Sawada 

Implicit Discontinuous Galerkin Method for RANS Simulation Utilizing Pointwise Relaxation  
Algorithm 
Communications in Computational Physics, Vol. 7, No. 3, pp. 510-533, 2010. 
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1. BABHY The 5th 
International Symposium on In-situ Rock Stress Beijing H22 8 25 27

American Rock Mechanics Association 2010 Award for Research in Rock 
Mechanics
BABHY

 
 

2. 
H22 23 H22

X CT  
 
3. CO2 CO2

The 2nd International Symposium of Experimental-Integrated Computational 
Chemistry on Multiscale Fluidics Sendai H22 2 23 24 G-COE Symposium 
2010 Dynamic Earth and Heterogeneous Structure Sendai H22 7 13 15

 

1.  

 
 
2. BABHY  

km
H19

H21 25
 

 
 

－276－



 

3. CO2 CO2  
CO2 CO2

CO2

CO2
CO2

 
 
4.  

MH
MH

1 km

 

1.  
 

2.  
CO²  

3.  
 

1.  
 

2.  
 

3.  
3D  

4.  
Radar Application to Monitoring of Fluid Migration in porous Material  

5.  
Non-Fickian  

6.  
CO² CO²  

 

22 1 12  
1.  W.Lin, M.Doan, C.Moore, L.McNeil, T.B.Byrne, T.Ito and IODP Exp.319 Scientists 

Present-day Principal Horizontal Stress Orientation in the Kumano Forearc Basin of the 
Southwest Japan Subduction Zone Determined from IODP NanTroSEIZE drilling Site C0009 
Geophyical Research Letters, Vol.37, No.L13303, (2010), doi:10.1029/2010GL043158.  

2.  T.Ito, K.Satoh and H.Kato 
Deep Rock Stress Measurement by Hydraulic Fracturing Method Taking Account of System 
Compliance Effect 
Proceedings of the 5th International Symposium of In-situ Rock Stress, Vol.1, (2010), pp.43-50. 
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22 1 12  
1.  Geophys. Res. Lett. 

 

22 1 12  
1.  , ,  

 
1 , Vol.1, (2010), pp.135-138.  

2.  T.Ito 
Proposed Concept of In-situ Reaction Barrier to Remedy Leakage from Reservoirs of Geological 
CO2 Storage 
Proceedings of the 2nd International Symposium of Experimental-Integrated Computational 
Chemistry on Multiscale Fluidics, Vol.1, (2010), pp.55-56.  

3.   
 

22 , Vol.1, (2010), pp.129-132.  
4.  , , ,  

CO2  
22 , Vol.1, (2010), p.143. 

5.  , , ,  
X CT  

22 , Vol.1, (2010), p.118. 
6.  T.Ito 

Measurement of Pressure and Flow Distribution in Fractured Geothermal Reservoirs at Few Km 
Deep 
Program & Abstract of G-COE Symposium 2010 Dynamic Earth and Heterogeneous Structure, 
Vol.1, (2010), pp.89-90.  

7.  T.Ito, S.Jin, S.Nagakubo, K.Yamamoto and H.Narita 
Laboratory Study on Hydraulic Fracturing in Unconsolidated Sands 
Program & Abstracts of International Symposium on Methane Hydrate Resources from Mallikto 
Nankai Trough, Vol.1, (2010), p.87, P-15.  

8.  , ,  
 

22 , Vol.1, (2010), B27.  
9.  , ,  

 
2 , Vol.1, (2010), pp.139-142.  

10. T.Ito, A.Funato, H.Ito and M.Kinoshita 
Determination of Stress State in Deep Subsea Formation by Combination of Hydrofracturing 
Test and Core Analysis: A Case Study in the Integrated Ocean Drilling Program (IODP)  
Expedition 319 
Eos Transactions, AGU Fall Meeting Supplement, Vol.1, (2010), Abstract T13E-06.  
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2010 Award for Research in Rock Mechanics 
2010 6 30  

 

－278－



 

2010 Japan-US Workshop on "Critical issues, components and corresponding FNST R&Ds for 
the next fusion machines"  

GCOE 
 

2010.10.20-22 
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4. 
BWR
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1. 

2. 

1. 
HTTR-IS  

2.  
BWR  

3.  
 

4.  
 

5.  
 

22 1 12  
1  K. Yuki, K. Suzuki, H. Hashizume, S. Toda. Key issues to enable heat flux removal exceeding 10 

MW/m2 by use of metal porous media as latent-heat transfer device, Special Topics & Reviews 
in Porous Media 1(1) 1-13, 2010. 

2  M. Satake, K. Yuki, H. Hashizume, Thermohydraulic analysis of high-Prandtl- number fluid in 
complex duct simulating first wall in fusion reactor, Fusion Engineering and Design 85, 234-242, 
2010. 

3  S. Ito, T. Sakashita, H. Hashizume, Effect of thermal strain on the mechanical butt joint of a 
stacked HTS cable with a metal jacket, IEEE Transactions on Applied Superconductivity 20(3), 
1747-1750, 2010. 

4  T. Sakashita, S. Ito, H. Hashizume, Improvement of joint structure for mechanical butt joint of 
stacked BSCCO 2223 cable, IEEE Transactions on Applied Superconductivity 20(3), 1751-1754, 
2010.  

5  M. Aoyagi, S. Ito, H. Hashizume, T. Muroga, MHD pressure drop characteristics in a 
three-surface-multi-layered channel under a strong magnetic field, Fusion Engineering and 
Design 85 (7-9), 1181-1184, 2010.  

6  S. Ebara, T. Yokomine, A. Shimizu, H. Hashizume, Numerical simulation of turbulent flow in 
microscopic pore scale of pebble bed by large-eddy simulation, Fusion Engineering and Design 
85(7-9), 1638-1641, 2010.  
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7  S. Ebara, Y. Aoya, T. Sato, H Hashizume, Y. Kazuhisa, K. Aizawa, H. Yamano, Pressure 
fluctuation characteristics of complex turbulent flow in a single elbow with small curvature 
radius for a sodium-cooled fast reactor, Journal of Fluids Engineering 132 (11) Nov. 111102, 
2010. 

8  S. Ebara, Y. Aoya, T. Sato, H. Hashizume, K. Yuki, K. Aizawa, H. Yamano, Pressure 
measurement test of single elbow simulating Na-cooled fast reactor cold-leg piping, Proceedings 
of the 18th International Conference on Nuclear Engineering, ICONE18-29719, 2010. 

9  M. Umehara, S. Ebara, H. Hashizume, Analysis of generating mechanism of liquid droplet jet 
stream at the orifice downstream area, Proceedings of The 8th International Topical Meeting on 
Nuclear Thermal-Hydraulics, Operation and Safety, N8P0305, 2010. 

10  H. Yanai, S. Ebara, H. Hashizume, Investigation of influence of inlet flow conditions on flow 
structure in a dual elbow, The 8th International Topical Meeting on Nuclear 
Thermal-Hydraulics, Operation and Safety, N8P0303, 2010. 

 

22 1 12  
1  Fusion Engineering and Design 
2  Jounal of Fluids Engineering 
3  International Journal of Applied Electromagnetics and Mechanics 
4  IEEE Transactions on Applied Superconductivity 
 

22 1 12  
1  S. Ebara, T. Sato, H. Hashizume, K. Aizawa and H. Yamano, PIV measurement for dual elbow 

flow using 1/7-scale model of cold-leg piping in a sodium-cooled fast reactor, Proceedings of the 
7th International Conference on Flow Dynamics, 108-109, 2010.  

2  Y. Sakai, N. Yusa, H. Hashizume, The Effects of wall thinning shapes on microwave testing for 
piping, Proceedings of the 7th International Conference on Flow Dynamics, 650-651, 2010. 

3  Y. Sakai, N. Yusa, S. Ito, H. Hashizume. Evaluation of microwave in pipes for inspection. 
Proceedings of The 15th International Workshop on Electromagnetic Nondestructive 
Evaluation, 49-50, 2010. 

4  N. Yusa, T. Uchimoto, T. Takagi, H. Hashizume. Fabrication of imitative stress corrosion 
cracking specimens for electric nondestructive evaluations. The 15th International Workshop on 
Electromagnetic Nondestructive Evaluation, 13-14, 2010.  

5  K. Matsui, N. Yusa, H. Hashizume. Transmutation process of 90Sr with 14 MeV neutron by 
nuclear fusion. Proceedings of Joint International Conference on Supercomputing in Nuclear 
Applications + Monte Carlo 2010, 273, 2010. 

6  14MeV , 
 2010 M26, 2010  

7  , , , , , , Na 
21 1/7 1/15

,  2010 E44, 2010  
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2010 263 2010  

22 1 12  
1  M. Aoyagi, S. Ito, H. Hashizume, T. Muroga, MHD pressure drop characteristics in a 

three-surface-multi-layered channel under a strong magnetic field, Fusion Engineering and 
Design 85 (7-9), 1181-1184, 2010.
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Development of Blood Vessel Biomodel with Realistic Mechanical Properties and geometrical 
Structures ( )  
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22 1 12  
1. Hayase, T., Imagawa, K., Funamoto, K. and Shirai, A., Stabilization of Measure- 

ment-Integrated Simulation by Elucidation of Destabilizing Mechanism, JSME J. Fluid Sci. 
Tech., Vol. 5, No. 3, 632-647, 2010 

2. Shirai, A. and Hayase, T., A Stabilization Technique of Wobbly Images taken by the Inclined 
Centrifuge Microscope, IFMBE Proceedings, 1570-1573, 2010 

22 1 12  
1. , , , 2010

, CD-ROM, 2010 
2. Uranuma, H., Shirai, A. and Hayase, T., Experimental Study on Effect of Direction of 

Endothelial Cells' Orientaion on Motion of HL60 Cells, Proceedings of Seventh International 
Conference on Flow Dynamics, 620-621, 2010 

3. , , , , 
21 , 45-46, 2010 

4. Sato, H., Shirai, A. and Hayase, T., Observation of Velocity of Antibody-modified HL60 Cells on 
Glass Plate using the Inclined Centrifuge Microscope, Proceedings of 4th East Asian Pacific 
Student Workshop on Nano-Biomedical Engineering, 62-63, 2010 

5. , , , HL60
, 2010 , Vol. 5, 9-10, 2010 
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22 1 12  
1  S. Ebara, T. Yokomine, A. Shimizu, H. Hashizume, Numerical simulation of turbulent flow in 

microscopic pore scale of pebble bed by large-eddy simulation, Fusion Engineering and Design 
85(7-9), 1638-1641, 2010.  

2  S. Ebara, Y. Aoya, T. Sato, H Hashizume, Y. Kazuhisa, K. Aizawa, H. Yamano, Pressure 
fluctuation characteristics of complex turbulent flow in a single elbow with small curvature 
radius for a sodium-cooled fast reactor, Journal of Fluids Engineering 132 (11) Nov. 111102, 
2010. 

3  S. Ebara, Y. Aoya, T. Sato, H. Hashizume, K. Yuki, K. Aizawa, H. Yamano, Pressure 
measurement test of single elbow simulating Na-cooled fast reactor cold-leg piping, 
Proceedings of the 18th International Conference on Nuclear Engineering, ICONE18-29719, 
2010. 

4  M. Umehara, S. Ebara, H. Hashizume, Analysis of generating mechanism of liquid droplet jet 
stream at the orifice downstream area, Proceedings of The 8th International Topical Meeting 
on Nuclear Thermal-Hydraulics, Operation and Safety, N8P0305, 2010. 

5  H. Yanai, S. Ebara, H. Hashizume, Investigation of influence of inlet flow conditions on flow 
structure in a dual elbow, The 8th International Topical Meeting on Nuclear 
Thermal-Hydraulics, Operation and Safety, N8P0303, 2010. 
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22 1 12  
1  Fusion Engineering and Design 
2  Journal of Fluids Engineering 
 

22 1 12  
1  S. Ebara, T. Sato, H. Hashizume, K. Aizawa and H. Yamano, PIV measurement for dual elbow 

flow using 1/7-scale model of cold-leg piping in a sodium-cooled fast reactor, Proceedings of the 
7th International Conference on Flow Dynamics, 108-109, 2010. 

2  , , , , , , Na 
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22 1 12  
1. Yuriko Takeshima, Issei Fujishiro, Shigeo Takahashi, and Shigeru Obayashi 

Topologically-Based Haptization and Visualization of Wake Turbulence Datasets 
DVD Proc. IIEEJ Image Electronics and Visual Computing Workshop 2010, 2010.  
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2. Hitomi Anzai, Toshio Nakayama, Yuriko Takeshima, and Makoto Ohta 
The Effect of 3D Visualization on Optimal Design for Strut Position of Intracranical Stent 
Proc. ASME 2010 3rd Joint US-European Fluids Engineering Summer Meeting, 2010.   

22 1 12  
1.      

 
50 72 2010.  

2.      
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3.    

 
2010 Vol. 6 pp. 15-16 2010 . 
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Seventh International Conference on Flow Dynamics 
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22 1 12  
1  Hirotatsu Watanabe, Yoshiyuki Suzuki, Takuji Harada, Yohsuke Matsushita, Hideyuki Aoki 

and Takatoshi Miura, An experimental investigation of the breakup characteristics of secondary 
atomization of emulsified fuel droplet, Energy, 35, pp. 806-813 (2010)  

2  Ryo Watanabe, Tomoyuki Shindoh, Yohsuke Matsushita, Hideyuki Aoki, Takatoshi Miura, 
Katsuya Nishiwaki, Hiroshi Yamada, Okiteru Fukuda and Togo Yamaguchi, A Numerical 
Investigation of the Factors Influencing the Aggregate Shape of Carbon Black from the Furnace 
Process, Journal of Chemical Engineering of Japan, 43-(2), pp. 150-157 (2010)  

3  Hirotatsu Watanabe, Yohsuke Matsushita, Hideyuki Aoki and Takatoshi Miura, Numerical 
simulation of emulsified fuel spray combustion with puffing and micro-explosion, Combustion 
and Flame, 157, pp. 839-852 (2010)  

4  , , , , , , , , , 
, , 96-(5), pp. 313-318 (2010)  

5  , , , , , , , 
, , 96-(9), pp. 536-544 

(2010)  
6  , , , , , , , 

2 , , 36-(6), pp. 
557-565 (2010)  

7  , , , , , , , , , 
 1 , 

, 165, pp. 19-27 (2010)  
8  Shin Ogasawara, Masatoshi Daikoku, Minori Shirota, Takao Inamura, Yasuhiro Saito, Kotaro 

Yasumura, Masakazu Shoji, Hideyuki Aoki and Takatoshi Miura, Liquid Atomization Using a 
Rotary Bell Cup Atomizer (Influence of Flow Characteristics of Liquid on Breakup Pattern), 
Journal of Fluid Science and Technology, 5, pp.464-474 (2010)  

9  Y. Suzuki, T. Harada, H. Watanabe, M. Shoji, Y. Matsushita, H. Aoki and T. Miura, 
Visualization of aggregation process of dispersed water droplets and the effect of aggregation on 
secondary atomization of emulsified fuel droplets, The 33rd International Symposium on 
Combustion, 4F01, Beijing, China, August 1-6 (2010)  

 

22 1 12  
1  Energy 
2  Journal of Chemical Engineering of Japan 
3  Combustion and Flame 
4   
5   
6   
7  Journal of Fluid Science and Technology 
 

22 1 12  
1   Y. Yamazaki, H. Hayashizaki, K. Ueoka, K. Hiraki, Y. Matsushita, H. Aoki and T. Miura, The 

Microscopic Investigation of the Effect of the Iron Ore Blending Ratio in Ferrous Coke on 
Strength Development Mechanism, International Symposium on Ironmaking for Sustainable 
Development 2010, pp. 68-71, Osaka, Japan, January 28-29 (2010)  

2   K. Hiraki, H. Hayashizaki, Y. Yamazaki, Y. Matsushita, H. Aoki, T. Miura, K. Fukuda and K. 
Matsudaira, The Effect of Changes in Microscopic Structures on Coke Strength in 
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Carbonization Process and Solution Loss Reaction, International Symposium on Ironmaking for 
Sustainable Development 2010, pp. 72-75, Osaka, Japan, January 28-29 (2010)  

3   , , , , , , , , , 
, 6

, A108, , 3 15  (2010)  
4   , , , , , , 

, 6
, A109, , 3 15  (2010)  

5   , , , , , , 
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Zahrul Fuadi

Frictional sound/noises contribute to more 
than 95 % of noise in environment. Therefore, 
reducing (controlling) noise generated in friction is 
one of the most important requirements for future 
machines. Many strategies have been conducted 
for reducing noise in machines, such as the use of 
sound absorption material and controlling the 
sound transfer path. However, those methods are 
still not quite effective for reducing the noise. 

The major source of the sound in frictional 
sound is the contact interfaces. Therefore, it is 
important that controlling/reducing the frictional 
noise be done by directly targeting the contact 
interfaces. Previous studies show that the contact 
stiffness, a parameter representing the condition 
at contact interfaces, has a significant relationship 
to peak frequency of vibration resulted rubbing of 
flat rough surfaces1). It is also shown that this 
parameter is effective to be used in explaining the 
occurrence of friction-induced vibration on vehicle 
brake systems2).  

Therefore, it is believed that controlling the 
contact stiffness at contact interface can be 
effective for controlling frictional sound generation. 
Here, a method for effective control of contact stiffness is proposed. It is the introduction of surface 
texture to the contact interface. The reason is because texture is relative uniform in shape and 
dimension, contrary to roughness which is highly random.  

The main objective of this research is to propose a method for controlling the contact stiffness 
by introducing surface texture to the contact interfaces so that the sound generated in friction can be 
controlled/reduced. As highlighted in the flowchart of the research plan (attached separately), 
surface textures will be designed and introduced to contact interfaces and their effect for both 
contact stiffness and noise/sound generation will be investigated.  

Evaluation of contact stiffness is conducted by a newly proposed experimental apparatus. The 
method is based on vibrational assessment in which the value of contact stiffness is estimated by 
using the vibration accelerations data. Measurement of frictional sound/noise of contact interface 
with surface texture is conducted in a specially designed anechoic chamber. 

 
22  

 
1. Effect of contact stiffness on peak frequency of rubbing sound with light-load  

The interest of this study is the frictional sound generated in rubbing of flat rough surfaces. 
Previously, it has been reported that the peak frequency of the rubbing sound is determined by the 
roughness scale of the mating contact interfaces. The peak frequency of the generated rubbing sound 
shifts to higher frequency when the roughness scale is getting smoother.  

In current study, the objective is to clarify the origin of the peak frequency shift and to propose a 
model to explain the mechanism of peak frequency occurrence using the parameter of contact 

Study of Frictional Sound 

Fig. 1 Research Plan 
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stiffness. The results shows that using the three-disk combination, the peak frequency shift as the 
result of surface roughness change can be explained using the contact stiffness parameter. An 
empirical method has been proposed to explain the mechanism of sound’s peak frequency occurrence 
incorporating the contact stiffness parameter. 
  
2. An experimental method for contact stiffness evaluation of contact interface with controlled 

contact asperities 
Topography of contact interface is one of the most important factors that determine the dynamic 

behaviors of a contact. Control of contact topography is therefore important for controlling those 
dynamic behaviors. On the other hand, asperities interaction on contact interfaces can be quantified 
using a parameter called contact stiffness. Introducing surface texture to contact interface can 
therefore control the contact topography, thus controlling the contact stiffness.  

In this study, an experimental method for estimation of tangential contact stiffness of contact 
interfaces with controlled contact asperities, i.e. surface texture, is conducted.  

The results of the study can be concluded as follows: 
a. The shift of eigenmode frequency in the frequency response function of a two-disk in contact 

with controlled contact asperities has been related to the tangential contact stiffness of the 
corresponding contact interfaces. It is found that for the each contact conditions, the shift is 
determined by the number of contact asperities and the normal force.  

b. The relationship between the tangential contact stiffness, KT, and the eigenmode frequency shift, 
f, can be explained by using a power relationship of 2

1
C

T fCK , in which C1 and C2 are 
constants determined by experiment.  

 
3. The role of asperity impact on frictional sound generated in rubbing  

Micro impacts between asperities on the contact interface are believed to be the sources of the 
sound generated in rubbing contact. However, since asperities are highly random, the quality and 
quantity of the generated sound are usually related to roughness parameter such as Ra. In this 
research, a contact surface that has uniform periodic asperities has been fabricated in order to 
understand in more detail the role of the asperities impact on the characteristics of sound generated 
in rubbing. It is found that, in the case of ball rubbing on flat-uniform-asperities surface, the peak 
frequency of rubbing sound matches the peak frequency of the vibration resulted from a single 
asperity impact. It is also found that since the asperities are uniform, both the sound pressure level 
and the peak frequency of the generated rubbing sound are not affected by the speed of rubbing 

 
4. Effect of surface texture on normal and tangential contact stiffness of soft silicon material  

Contact stiffness parameter can be used in the characterization of human skin. It is found that 
the the contact stiffness of skin is strongly affected by the character of the skin texture as well as age 
[1]. Since the dynamic of contact interfaces is affected by contact stiffness, it is then also possible to 
use the dynamic data, which is the spectrum of vibration and sound, for characterization and 
analysis of human skin, particularly for application such as human handling robot. Therefore, in 
order to achieve such goal, a fundamental study to find out the effect of surface texture on the 
contact stiffness of soft material such as skin is required as well as the investigation on how sound 
and vibration spectrum are generated when such surface is put into rubbing contact.  

In this joint research program, the effect of surface texture on dynamic and tribologycal 
properties of soft material of silicon is conducted. Surface textures with different dimensions were 
fabricated on the contact interface and its effect on the tribological and dynamic properties are 
investigated.. 

At current research stage, several advantages of introducing surface texture on the soft material 
contact surface have been identified. In particular, introducing the surface texture can reduce the 
normal and contact stiffness as well as reducing the surface adhesion. Surface texture can also 
reduce the amplitude of vibration 
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The characteristic of frictional sound generated in rubbing 
contact can be explained using a parameter called contact 
stiffness. This phenomenon has been clarified by using a novel 
rubbing test method employing a three-disk contact 
combination (Fig. 1). In this test method, three disks are 
stacked to each other so that two contact interfaces will be 
formed among them. These two contact interfaces are 
important because different task can be assigned to each of 
them. In the test, rubbing was conducted to one of the contact 
interface while the other one stays in static contact. In this way, 
the first contact interface will provide excitation to the system 
and this excitation will be transmitted to the third disk though 
asperities in contact on the second contact interface. The tests 
were conducted by changing the roughness of these two contact 
interface and the characteristic of sound produced is analyzed. 
It is found that the occurrence of sound’s peak frequency can be 
explained by the parameter of contact stiffness. 
  

Since contact stiffness has a strong relationship to the peak 
frequency of sound generated in sliding, control of contact 
stiffness can be the key factor in controlling the frictional sound. 
One of the methods of controlling the contact stiffness is by 
controlling the contact asperities, i.e. surface texturing. A 
method for evaluation of contact stiffness of contact interface 
with controlled contact asperities has been proposed. In this 
method, it is found that the tangential contact stiffness can be 
related to certain eigenmode frequency of the system in contact, 
analyzed from the frequency response function of the system. 
The relationship between tangential contact stiffness, KT, and 
the eigenmode frequency shift, fpeak, can be explained using a 
power law; KT = C1fpeak C2, in which C1 and C2 are constants 
determined by experiment.  (More detail is given in Attachment 
II)  
 

On the other hand, the interaction of contacting asperities is 
very important because these interactions are the actual source 
of the sound. Therefore, in order to obtain a deeper 
understanding about the role of asperity impact on frictional 
sound generation, a contact interface with uniform contact 
asperities was fabricated. Using this uniform asperity contact 
interface, the characteristic of the sound generated from a 
single asperity impact can be analyzed and compared to that 
generated from a multiple asperities impact. It is found in the 
analysis that the peak frequency of rubbing sound resulted 
from multiple asperities impact is similar to that resulted from 
the single asperity impact, which is determined by the 
asperity’s shape and dimension. Thus, controlling the sound’s 
frequency can be done by designing the dimension of the 
asperities. It is also found that in the case of uniform contact 
asperities, the sound pressure level of rubbing sound is not 
affected by the sliding velocity. This finding is considered 
important for designing the contact interface of a mechanical 
system such as bearing to reduce the frictional sound.  
 

The spectrum of sound and vibration generated in rubbing, in 
addition to visual imaging, is also potential to be used in the 
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characterization and analysis of human skin, particularly in robotic application. In order to achieve 
such goal, a fundamental study to find out how sound and vibration spectrum are generated in the 
rubbing of soft material is conducted. Soft material of silicon is used and surface texturing (Fig. 2) is 
fabricated on its contact interface. This research is conducted as a collaborative research under Elyt 
Laboratory program together with the Laboratory of Tribology and System Dynamics, Ecole 
Centrale Lyon.        

1. Research about effect of surface texture on tribological and dynamics properties of soft material 
silicon 
- Analysis about the effects of surface texture on contact stiffness of soft material will be 

conducted. 
- Analysis about the effect of surface texture on friction and adhesion of steel ball sliding 

against soft material will be conducted 
- Analysis about effect of surface texture on surface free energy of soft material will be 

conducted 
- Several joint publications concerning this research will be conducted in future tribology 

conferences 
2. Research about bio-inspired contact interfaces  

Plants and animals have used textures in contact interface to achieve certain purposes. Learning 
from such a tiny animal about how they effectively move, for example, is important for designing 
optimum contact interface for small machines. 
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Kuhn Melanie

Solid oxide fuel cells (SOFCs) are a high-temperature fuel cell technology with possible applications ranging from 
cogeneration, transportation to small- and micro-scale power generation. Current research focuses on the reduction 
of operating temperatures to an intermediate range of 600 to 800°C and the development of suitable cell component 
materials. Perovskite-type oxides such as La0.6Sr0.4Co1-yFeyO3-  (LSCF) are interesting cathode materials as they 
exhibit mixed conductivity and catalytic activity for the oxygen reaction. La0.6Sr0.4Co1-yFeyO3-  shows oxygen 
nonstoichiometry over a wide temperature and oxygen partial pressure range, which affects the electrochemical 
properties, conductivity and stability of the materials under SOFC operating conditions. However, oxygen 
nonstoichiometry of La0.6Sr0.4Co1-yFeyO3- has only been studied partially, and published data only cover a limited 
range of temperature and oxygen partial pressure omitting intermediate temperature and low oxygen partial 
pressure conditions. The main objective of this project therefore consists in the study of the oxygen 
nonstoichiometry of La0.6Sr0.4Co1-yFeyO3-  in the temperature range of 600 to 800°C and a wide range of oxygen 
partial pressure. Additionally, the crystal structure is investigated under these conditions and correlated to the 
oxygen nonstoichiometry. Oxygen nonstoichiometry is measured by high-temperature gravimetry and coulometric 
titration at high and low oxygen partial pressure, respectively. High-temperature XRD is carried out to analyze the 
crystal structure.  
Various compositions of Co and Fe B-site doped La0.6Sr0.4Co1-yFeyO3-  (y = 0.2, 0.4, 0.6, 0.8) have already been 
investigated by a master student from Prof. Mizusaki’s Laboratory, and this project continues the previous work. 
Especially, the properties of La0.6Sr0.4CoO3-  (LSC, y=0), La0.6Sr0.4Co0.5Fe0.5O3-  (LSCF55, y=0.5) and 
La0.6Sr0.4FeO3-  (LSF,  y = 1) are being studied. 

1. Experimental: 
1.1 Sample preparation 
Single-phase perovskite powders of LSF, LSCF55 and LSC were prepared by the Pechini method (1). First, La3+, 
Sr2+, Co2+ and Fe3+ metal nitrate solutions were fabricated by dissolving La2O3, Co3O4 and SrCO3 in nitric acid as 
well as Fe(NO3)3·9H2O in deionized water. The concentration of the La(NO3)3, Co(NO3)2 and Sr(NO3)2 solutions 
was determined by chelate titration using EDTA whereas inductively coupled plasma atomic emission spectroscopy 
(Optima 3300, Perkin Elmer, Yokohama, Japan) was employed to obtain the concentration of the Fe(NO3)3 solution. 
The metal ion nitrate solutions were then mixed in the appropriate stoichiometric ratio, followed by adding an 
excess amount of citric acid and ethylene glycol. Upon heating to 473 K, polymeric precursors were obtained 
which were pulverized and then calcined. After grinding in ethanol, the samples were sintered to form the 
single-phase perovskite phase. The phase composition of the samples was analyzed by X-ray powder diffraction 
(XRD) (M21X, MAC Science Co., Yokohama, Japan) with a CuK  anode at room temperature in air and was 
confirmed as single-phase perovskite for LSF, LSCF55 and LSC.  
 
1.2 Oxygen nonstoichiometry measurements 
The oxygen nonstoichiometry in the oxygen partial pressure range of 10-4 to 1 bar was measured by HT-gravimetry 
using a microbalance (Cahn D200, Thermo Fisher Scientific Inc., Waltham, MA, USA) (2). A cylindrical pellet of 
about 1 g of pressed powder was placed into a silica basket which was attached to one side of the microbalance 
beam by Pt wire. Different oxygen partial pressures were generated by Ar-O2 gas mixtures. Equilibrium between 
the sample and surrounding gas atmosphere was reached when stationary values for the sample weight and sample 
oxygen partial pressure were obtained. From the weight change w of the sample, the variation in oxygen content 

 could then be calculated by: 

wM
wM

O

S                [1] 

where MS is the molar weight of the sample, MO the molar weight of oxygen and w the sample weight.  

Oxygen nonstoichiometry and crystal structure of 
La0.6Sr0.4Co1-yFeyO3-  SOFC cathode materials 
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The oxygen nonstoichiometry below 10-3 bar was measured by coulometric titration (2, 3). About 0.5 g of the 
sample was precisely weighed and filled into an YSZ electrolyte tube. Pt electrodes were attached on the outside of 
the YSZ tube as well as in direct contact with the sample. After sealing, the YSZ tube was evacuated to about 
10-1 bar and refilled with argon gas several times to reduce the amount of residual oxygen inside the tube. Finally, 
the pressure of Ar gas was kept at 10-1 bar at room temperature. The oxygen content of the sample was controlled 
by passing an electric charge C through the sample: 

Fn
C

2
         [2] 

with F the Faraday constant (96485.3 C·mol-1) and n the number of moles. The oxygen partial pressure of the 
sample pO2,II was obtained from the equilibrium electromotive force E of the galvanic cell under open circuit 
conditions according to the Nernst equation: 

I,O

II,O

2
2ln

4 p
p

F
RTE      [3] 

where R is the ideal gas constant (8.31447 J·mol-1·K-1), T the temperature in K and pO2,I the reference oxygen 
partial pressure, that is the oxygen partial pressure in air.  
The absolute oxygen content was determined by HT-gravimetry and slowly cooling the sample in 100 K steps from 
1173 K in 100% and 10% O2 atmosphere. For each material, at low temperatures, the sample weight became 
saturated, and the weight was the same in both atmospheres. According to Wagner (4), this plateau corresponds to 
the stoichiometric composition with =0.  
 
1.3 High-temperature X-ray diffraction (HT-XRD) 

The XRD patterns of LSF, LSCF55 and LSC were measured by HT-XRD (D8 Advance with LYNXEYETM 
Super Speed Detector, Bruker AXS, Germany, CuK , 40kV, 40mA) as a function of oxygen partial pressure and 
temperature. The powder samples were set on a platinum heater inside the XRD chamber. First, the XRD patterns 
were obtained in air between room temperature and 1173 K. In order to investigate the lattice parameter 
dependence on the oxygen atmosphere, the XRD patterns were then measured in the oxygen partial pressure range 
of log(pO2/bar)=-4 to 0 using N2-O2 gas mixtures. The oxygen partial pressure was monitored at the inlet and outlet 
of the XRD chamber by zirconia sensors. The lattice parameters were analyzed by whole powder pattern 
decomposition (WPPD) using the software TOPAS (Bruker AXS, Germany).  
 
2. Results 
2.1 Oxygen nonstoichiometry of LSF 
The oxygen nonstoichiometry of LSF is shown as a function of oxygen partial pressure in Fig. 1. The closed 
symbols were measured by HT-gravimetry whereas the open symbols were obtained by coulometric titration.  
 

 
Fig. 1: Oxygen nonstoichiometry of LSF as a function of oxygen partial pressure and temperature. The 

closed symbols were measured by thermogravimetry, whereas the open symbols were obtained by coulometric 
titration. The solid lines show the fit of the experimental data to the defect model by Mizusaki et al. (4). 

 
The oxygen content decreased with decreasing oxygen partial pressure until a plateau was reached between 
log(pO2/bar)=-24 and -10 where / logpO2 takes a minimum value. This plateau region corresponds to the 
stoichiometric composition of the electronic defects (4). According to Mizusaki et al. (4), the oxygen content of 
La1-xSrxFeO3-   in this region is given by = x/2, where x is the strontium dopant content. The oxygen content in 
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this plateau region equals 2.8 for La0.6Sr0.4FeO3- . As the oxygen partial pressure decreased further, the oxygen 
content started to decrease again until it dropped at constant oxygen partial pressure, corresponding to the 
decomposition oxygen partial pressure. The decomposition oxygen partial pressure, logpO2(decomp), of LSF is 
approximately -27.26 at 873 K, -23.78 at 973 K and -20.43 at 1073 K. These values are very close to the 
decomposition oxygen partial pressure of LaFeO3 calculated by using a thermodynamic database (MALT, Tokyo, 
Japan) for the decomposition into La2O3 and Fe. The solid curves in Fig. 1 were obtained based on the defect model 

for La1-xSrxFeO3- described by Mizusaki et al. (4), considering FeFe,'
FeFe,'

LaSr,OV as the major defects and an 
ideal solution. The theoretical curves are in good agreement with the experimental points. 
 
2.2 Oxygen nonstoichiometry of LSCF55 and LSC 
The oxygen nonstoichiometry data for LSCF55 and LSC are shown in Fig.2a and b, respectively. Compared with 
LSF, the oxygen content decreased more sharply for LSCF55 and LSC; also, decomposition occurred at much 
higher oxygen partial pressure for LSCF55 and LSC. The solid lines in Fig. 2 were obtained by fitting the data 
based on the defect equilibrium model for La1-xSrxCoO3-  by Mizusaki et al. (5, 6). Taking into account the metallic 
character of the electrical conductivity of La1-xSrxCoO3- , randomly distributed oxygen vacancies and delocalized 
electrons were assumed to describe the oxygen nonstoichiometry (5, 7). In the case of LSC, a tentative fitting is 
shown, as the stability and decomposition of this material are currently under investigation. 
 

   
Fig. 2: Oxygen nonstoichiometry of a) LSC and b) LSCF55 as a function of oxygen partial pressure and 

temperature. The closed symbols were measured by thermogravimetry, whereas the open symbols were obtained by 
coulometric titration. The solid lines show the fit of the experimental data to the defect model by Mizusaki et al. (5). 

 
2.3 HT-XRD results of LSF and LSC 
The pseudo-cubic lattice constant apc for LSF is given as a function of oxygen partial pressure in Fig. 3a. The 
increase of the lattice parameter with decreasing oxygen partial pressure can be attributed to chemical lattice 
expansion (8) due to changes in the oxygen content under reducing atmosphere. This reductive lattice expansion is 
confirmed by an increase of the lattice parameter with increasing oxygen nonstoichiometry (Fig. 3b). The chemical 
expansion coefficient chem=0.0199 could be calculated by linear approximation of the HT-XRD data and is similar 
to the chemical expansion coefficient of the La0.6Sr0.4Co1-yFeyO3-  series (9). For constant , the thermal expansion 
coefficient th=11.03·10-6 K-1 was obtained from the slope of the plot of the lattice constant as a function of 
temperature, and agrees well with data obtained by dilatometry (10-12).  

  
Fig. 4: Pseudo-cubic lattice parameter of LSF as a function of a) oxygen partial pressure and b) oxygen deficiency. 

The solid lines in b) correspond to the linear fit. 
 

a) b)
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Preliminary analysis of the HT-XRD data of LSC revealed a possible phase transition around 973 K and under 
reducing atmosphere. Similarly, a phase transition from rhombohedral to cubic was reported between 673 and 773 
K in air (13). More detailed analysis is required to further elucidate the crystal structure and lattice parameter of 
LSC as a function of temperature, oxygen partial pressure and oxygen nonstoichiometry. 
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 Single-phase perovskite powders of LSF, LSCF55 and LSC were fabricated by the Pechini method. 
 The oxygen nonstoichiometry of LSF, LSCF55 and LSC was measured by  

 thermogravimetry at 773, 873, 973, 1073 and 1173 K in the oxygen partial pressure range 
logpO2=-4 to 0 
 coulometric titration at 873, 973 and 1073 K until the decomposition oxygen partial pressure of 
the material 

 The oxygen nonstoichiometry data were fitted by respective defect equilibrium models. 
 The lattice parameters of LSF, LSCF55 and LSC were measured by HT-XRD from RT to 1173 K in air 

and between 773 and 1173 K in the oxygen partial pressure range logpO2=-4 to 0. 
 The lattice parameters were analyzed so far for LSF and LSC. LSC might show a phase transition under 

reducing atmosphere. Linear expansion of LSF was separated into thermal and chemical expansion. 

 Oxygen nonstoichiometry of LSC: 
  Fitting of the oxygen nonstoichiometry data and calculation of the partial molar quantities 

 Oxygen nonstoichiometry of LSCF55: 
  Calculating the partial molar quantities 

 HT-XRD: 
  Reinvestigate the lattice parameters of LSC to understand phase transition 
  Calculate lattice parameters, thermal and chemical expansion coefficient of LSCF55. 
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Baneshi Mehdi

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 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). 

Radiative properties of complex materials for design and 
control of engineering systems 
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    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.          
     The same procedure is used to obtain the spectral distribution of complex index of refraction of 
plastic samples use in greenhouse application. For these calculation both diffuse reflectance and 
transmittance of plastic samples are measured using above mentioned apparatus. Several plastic 
samples including polyethylene (PE), polyvinyl chloride (PVC), polyester, Teflon,… are studied. The 
next step is to do the thermal analysis of greenhouses covered with different types of plastic samples 
considering combined radiative-convective heat transfer.                

In 2010 fiscal year I could continue my research on cool pigmented coatings which have various 
technical applications. Moreover, we could establish an inverse analysis strategy 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. 
     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: Ms. Barthel 
(Internship student) working on greenhouse, Mr. Gonome (MSc student) working on pigmented 
coatings, Mr. Lari (Internship PhD student) working on combined radiative-convective heat transfer 
in cavities, and Mr. Ramchandra (Internship PhD student) working on radiative heat transfer. The 
results of collaborative researches have been submitted or going to be submitted as journal papers.      

For the future plan, determination of radiative properties of other classes of materials (porous 
and fibrous media, ceramics, high temperature conditions,…) for other purposes (solar absorption, 
thermal insulation, energy efficiency, …) might be analyzed  in the frame of existing research 
projects considering both modeling and experimental approaches. It is clear that the complexity of 
material structure and composition at atomic and nano-scales should be included in the modeling to 
be able to perform proper determination of macroscopic radiative properties to be used for the study 
of a wide range of systems.  
     In addition, radiative heat transfer in absorbing, emitting, and scattering media at high 
temperatures is of particular interest in many engineering technologies, including internal 
combustion engines, gas turbines, industrial furnaces, fire safety, and atmospheric radiation. 
Radiation predictions require the knowledge of a wide variety of properties such as soot 
concentration and temperature distributions. In addition, information about the spectral radiative 
properties of soot, such as phase function and scattering and absorption coefficient are also required. 
After evaluating these properties, an accurate thermal analysis of different systems deals with gas 
radiation can be conducted using the radiation element method by ray emission model (REM2) which 
is a strong code to treat 3D radiative heat transfer problem in arbitrary shape geometries. 

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, (Article in Press), 
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Chutia Arunabhiram

Carbon Nanotubes (CNTs) are one of the most interesting materials owing to their unique structural 
properties. As shown in Figure 1, they are nanometer-scale size and hollow, cylindrical shape, 
because of which they have potential applications as molecular sieves, nano-test tubes, hydraulic 
actuators etc. They also show attractive mechanical, electrical and optical properties. However, 
comprehension of dynamics of fluids 
through these materials is one of the 
most important problems. In the 
present work we are performing an 
investigation on the various aspects of 
the stability of carbon nanotubes 
followed by studies on fluid dynamics 
of pristine and chemically modified 
CNTs.   
 
In the first phase of our study we have evaluated the probable active sites of functionalizing CNT. 
For this purpose we have employed state of the art density functional theory methods.  

CNTs have outstanding mechanical and electronic properties due to which they find wide range of 
application. Recent studies have also shown that CNT membranes could be used as the active 
element of a switchable transdermal drug delivery devices.1 However, CNTs “rope up” or aggregate 
in solutions rather than disperse uniformly.2 The aggregation of CNTs can be minimized through 
chemical modification using organic functional groups (OFGs) e.g., carboxylic group.3 The chemical 
modification of the CNTs by OFGs lead to reduction of the van der Waals interactions between CNTs 
allowing further chemical functionalization in aqueous or organic solvents. But excessive 
functionalization can ruin the tubular framework of CNT reducing their mechanical framework.4  
We investigated the functionalization of CNT using 1D organic chains such as 1,3-butadiene by free 
radical reaction.5 It was seen that 
during the reaction a 
CNT-1,2-butadiene 
(CNT-cummulene) composite was 
formed (see Figure 2) by formation 
of a covalent bond. Prior to the 
treatment of such systems with 
fluids to comprehend their behavior 
in pristine and functionalized CNTs it is important to know the other probable active sites for 
functionalization in CNT due to the extra free electron generated by the free radical reaction. Thus 
we also made a detailed investigation on the active sites for the second functionalization onto the 
(7,0) CNT.  
Density functional theory calculations were performed on pristine (7,0) CNT and hydrogen saturated 
(7,0) CNT using DMol3 code. All the calculations were performed at DNP level of basis set. 
Geometrical optimizations of all the models were performed at LDA/VWN level of exchange and 
correlation functionals. To improve the energy beyond the LDA framework GGA/PBE calculations 
were also performed.  

Fluid Dynamics in Chemically Modified Carbon 
Nanotubes with Organic and Biological Polymers  
Phase I: Active sites for functionalization in (7,0) carbon nanotubes 
and their detailed electronic properties. (Since October 1st 2010) 
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We performed rigorous DFT calculations to evaluate the most stable sites for functionalization in 
CNTs. As shown in Figure 3, to reduce huge computational cost instead of taking longer polymer 
chains or synthons, a (7,0) CNT was initially grafted with an H atom towards the center of the tube 
(shown in red ball). This resulted in an 
extra electron in the CNT framework. 
Thus, the CNT was saturated with 
another H atom at each point shown in 
yellow balls in Figure 3 along x and 
z-axes and the stability and detailed 
electronic properties of all the models 
were investigated. Interesting 
oscillating behavior in the total energy 
of the systems was seen along both x 
and z-axes. To explain this oscillating 
behavior of total energy in the (7,0) CNT 
saturated with H atoms we have 
proposed the head-on and side-on 

-orbital interactions due to the 2 p
z r  

orbitals. A schematic representation of 
these orbital interactions is shown in 
figure 4.  

This study is now extended to comprehend the behavior of water molecules in pristine and (7,0) 
CNTs functionalized with smaller alkene chains. This work will be further extended by 
functionalizing CNTs with other organic polymers such as polyaniline. It is worthwhile to mention 
that polyaniline is one of earliest known polymers, which has earned lot of interest in the recent 
years due to it’s ease to synthesize, stability and exhibit simple doping and dedoping chemistry. 
Additionally, it has a wide range of application, which includes anticorrosion coatings, batteries, 
sensors, separation membranes, antiseptic coatings etc. Thus these CNT-polymer composite 
materials are expected to have unique properties and would provide new information about 
fluid-behavior in them.  
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In nuclear power plants (NPPs), to guarantee the safety, periodical non-destructive testing (NDT) 
to the pipes is regulated. Local wall-thinning is a kind of defect in pipes due to flow accelerated 
corrosion and/or liquid droplet impingement of the coolant inside the pipe. Besides, there is a special 
concern on local wall-thinning under an enforcement plate that covers the outside of a pipe where a 
branch pipe is connected to a main pipe. These form two-layer metal specimen which is rather thick. 
Pulsed eddy current testing method (PECT) is considered as a powerful candidate for this NDT aim 
of single-layer specimen and two-layer specimen due to its features of large excitation current and 
rich frequency components. 

However, the simulation tool for the transient PECT problem is still not satisfactory for the 
inspection of specimens in complicated geometry. Most of the past researches on the PECT 
simulations focused on the analytical solution which is only valid for regular shaped specimen and is 
very difficult for specimen and probes of complicated shape. In addition, for probe optimization and 
especially for the inverse analysis of PECT problem, fast numerical solver is very necessary and 
crucial. Thus, a fast and efficient simulator for PECT signals is developed in this study. Together 
with the new feature extracted from the response signal of PECT, the present simulation solver gives 
a good base for the further study of inverse analysis for defect sizing.  
 

 
  

 
2

 
 

(1). Development of a very fast simulator for pulsed eddy current testing signals  
Pulsed eddy current testing (PECT) method shows many advantages comparing with the 

conventional eddy current testing due to its features of applicability of large excitation current and 
rich frequency components. The simulation tool for the transient PECT problem, however, is still not 
satisfactory for the inspection of specimens in complicated geometry. Most of the past researches on 
the PECT simulations focused on the analytical solution which is only valid for regular shaped 
specimen and is very difficult for specimen and probes of relative complicated shape. In addition, for 
probe optimization and especially for the inverse analysis of PECT problem, fast numerical solver is 
very necessary and crucial. A fast and efficient simulator for PECT signals is the base for the further 
development of PECT technology.  

In this work, a very fast numerical solver for simulation of the PECT signals was developed based 
on the database approach and the frequency domain summation (FDS) strategy. At first, the FDS 
method with interpolation strategy was described for the simulation of PECT signals. Second, the 
fast numerical solver of database approach was upgraded in order to apply it to the ECT problem of 
local wall thinning. Finally, based on the FDS method and the fast simulation scheme for single 
frequency excitation, a very fast numerical solver was developed and validated for the simulation of 
PECT signals due to a local wall thinning. Through comparing the numerical results using the 
present fast solver and a conventional method, it was verified that the fast solver is over 100 times 
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faster than the conventional one but with similar accuracy.  
1.1.  FDS STRATEGY 

In PECT, the excitation signal is usually introduced as repetitive square wave pulse which can be 
considered as summation of serial harmonic sinusoidal waves shown in formula (1) according to 
theory of Fourier transformation, 

�
1

I( ) n

N
j t

n
n

t F e               n=1, 2, 3, ……         (1) 

where n is the angular frequency of sinusoidal excitation and �
nF  is the amplitude coefficient. As 

PECT problem can be considered as a low frequency one, its governing equations after Galerkin 
finite element method (FEM) discretization strategy can be written as, 

[K] [C] M I( )t
t
AA ,                            (2) 

where A is the vector potential, [K], [C] and {M} are coefficient matrices of FEM equations. Because 
of the linear property of Eq.(2), the response signal due to pulsed excitation in form of Eq.(1) can also 
be composed by the sinusoidal waves of the frequencies appeared in the driving current. After 
formulae deduction, the response of the magnetic flux density B can be obtained by summarizing up 
the response signals of each frequency Bn0 as shown in Eq.(3). Once each Bn0 has been calculated, 
field signal B(t) can be obtained easily by using 
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In PECT, if the excitation current is ideal repetitive square wave pulse, according to Fourier 
transformation, it can be considered as summation of a series of sinusoidal waves with different 
harmonic frequencies and corresponding amplitudes as shown in formula (4).  

1
( ) / sin( ) cos( )

N

n n n n
n

i t d T A t B t       n=1, 2, 3, ……      (4) 

Where, T is pulse period, d is pulse time in one period, n is the harmonic order, t is the transient 
time and N is the total number of harmonic order. n is the harmonic angular frequency which 
equals 2 /n T , An and Bn are the coefficients where An = (1 cos( )) /n d n and Bn = sin( ) /nd n , 
respectively.  

In equation (4), considering the single frequency sinusoidal excitation signal, if we assume that 
the excitation signal is sin( )nt , the corresponding pickup signal is Re sin( ) Im cos( )n n n nt t , 
then the pickup signal should be Im sin( ) Re cos( )n n n nt t  when the excitation signal is 
cos( )nt . Ren and Imn are the real part and the imaginary part of the pickup signal when the 
excitation is n-th order harmonic wave sin( )nt , respectively. 

Then by substituting the above corresponding pickup signal of sin( )nt  and cos( )nt  into 
formula (4), we can obtain the response signal B(t) due to current of formula (4) as shown in equation 
(5).    

1 1
( ) ( Re Im )sin( ) ( Im Re )cos( )     =1, 2, 3......

N N

n n n n n n n n n n
n n

B t A B t A B t n    (5)           

For the simulation of pulse eddy current testing signal, the detailed procedure of the FDS method 
is as follows: first, the response signal of single frequency sinusoidal excitation is calculated using 
the numerical code based on the Ar method which was developed by the authors; second, the 
response signal of pulsed excitation is obtained through the summation of response signals of 
harmonic sinusoidal waves with different frequencies and corresponding coefficients by using 
equation (5). Thus, we call this strategy as the frequency domain summation method. As the 
frequency response curve of single frequency ECT is smooth, the amplitude of the response signal of 
a given harmonic frequency can be calculated from the signals of selected frequencies through 
interpolation. The number of total frequencies for signal summation and the number of selected 
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frequencies for interpolation are important to guarantee the precision of simulation. The suitable 
number of total frequencies for signal summation and the suitable number of selected frequencies for 
interpolation are deeply discussed.    

Figure 1 shows a comparison of simulated and the measured signals due to an OD local wall 
thinning defect (length × width × depth: 100mm × 10mm × 5mm), where the square specimen is 
100mm in length and width and 10mm in thickness of austenitic stainless steel 316. Good agreement 
shows the validity of the FDS method. 

 
Fig. 1. Comparison of experimental result and simulation result 

1.2.  A FAST SOLVER FOR CONVENTIONAL ECT SIMULATION 
A fast simulator for ECT of crack has been developed by authors. As the wall thinning is of 3D 

geometry, the fast solver has to be upgraded in order to be applied to the quantitative wall thinning 
inspection. The major difference between crack and wall thinning problem is the dimension of the 
databases of the unflawed potentials and the way to establish the inverse matrix. The theory of the 
fast scheme is as follows: 

Through subtracting the governing equations with and without defect and conducting Galerkin 
FEM discretization, the following system of linear equations can be obtained, 

0
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ˆA A A0
A A A0 0

f f

f f

K K K
K K

,                       (6) 

where subscripts 1 and 2 denote the areas at the defect and at the other area, while superscripts f 
and 0 denote the potentials perturbation by flaw and that of the unflawed material. [ ]K  is the 
unflawed global coefficient matrix of FEM equations. 

From Eq.(6), one can obtain a smaller system of linear equations for solving the potential 
perturbation {A1f} and {A2f}, 
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,                     (7)  

where [H] is the inverse matrix of [K]. The equations related to {A1f} can be easily separated from 
Eq.(7) as, 

0
11 11 1 11 11 1

ˆ ˆA [ ][ ] AfI H K H K ,                        (8) 
Since coefficient matrices [H] and [K] are independent of the flaw geometry, they can be 

calculated a priori and stored as databases. In this way, calculation burden of {A1f} can be greatly 
reduced because the number of the nodes related to defect is always much smaller than the node 
number of the whole system. In present work, the region for database and shifting scheme for 
extracting [H] from the database are modified for treating the wall thinning defect, and the 
corresponding numerical code is upgraded. 

Figure 2 shows a comparison of ECT signals of 100 kHz by using the present fast solver and the 
conventional simulator for OD20% and OD60% local wall thinning defects. The very well accordant 
results verified the validity of the present fast scheme and the modified code. However, this fast 
solver only needs about 3 seconds to obtain the results while it takes more than 10 minutes for the 
conventional method by a PC using Dell OptiPlex 755: Intel Core 2 Duo E6850, 3 GHz, Memory 2 
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GB.    

 
Fig. 2. Comparison of fast solver and conventional simulator due to OD 20% and OD60% local wall 

thinning under single frequency excitation  
1.3.  FAST SOLVER FOR SIMULATION OF PULSED EXCITATION  

The fast numerical solver for simulation of PECT signals due to local wall thinning is as follows. 
At first, the ECT signals of selected frequencies due to local wall thinning are calculated by using the 
fast solver described in section 1.2. Then, the response signal due to pulsed excitation (PECT signal) 
can be calculated through the FDS method given in section 1.1. In this way, the transient PECT 
signals can be obtained within very short time.  

Figure 3 shows the comparison results of OD20% and OD60% local wall thinning defects under 
pulsed excitation by using the present fast solver and conventional simulator respectively. Though 
the results show very good agreement, the conventional method takes more than 100 times of 
computational time than the present fast solver. The development of this fast simulator gives a good 
basis for the further inversion problem study of PECT technology. 

 
Fig. 3. Comparison of fast solver and conventional simulator due to OD 20% and OD60% local 

wall thinning under pulsed excitation 
(2) New feature extraction for wall thinning evaluation 
In this work, a novel and more stable feature was extracted from the differential pick-up signal and 
was discussed for the wall thinning evaluation in pulsed eddy current testing (ECT) method. 

To simulate the large area wall-thinning on the inner surface of a pipe, six AISI316 austenitic 
stainless steel flat plates with different thicknesses were prepared in our experiments. The size of 
the plates is various thicknesses: 2, 3, 4, 5, 7mm and 10mm, 100mm in length and width. The 
thickness of a plate is to be evaluated from the top surface of the plate. 

Pulsed ECT experiment system we established consists of a function generator (WF1945, NF), a 
power amplifier (BP4610, NF), a scanning stage, an AD board and a PC etc. In the experiments, 
square wave pulse was generated from the function generator and then amplified by the power 
amplifier by which the output current could be controlled instead of the output voltage. Then the 
amplified current signal of square wave pulse was applied to the exciting coil as the exciting signal. 
A Hall sensor, one kind of magnetic sensor, is located at the bottom center of the exciting coil as the 
pick-up sensor, whose sensitivity is 5mV/G, and the manufacturer is Allegro Microsystems. Magnetic 
flux density of vertical direction is measured with the magnetic sensor.  

In the pulsed ECT experiment and simulation, lift-off is 1mm and the parameters of the 
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excitation coil are inner diameter 30mm, outer diameter 40mm, height 15mm, wire diameter 1mm 
and turns 60. In the pulse excitation current, the magnitude of the DC part is 7.8A, the period is 
0.01s, the duty is 50%. The pick-up signal collected by the Hall sensor was averaged over 100 cycles 
of the transient output for duration of 1.0s, to reduce noise. 

Typical 1-D transient outputs are obtained at the measured point. Figure 4 and Fig. 5 show the 
experimental and simulation results of the differential signal of magnetic flux density based on the 
above pick-up signals, respectively, where the reference signal is the signal measured on a plate of 
10mm thickness. Figure 6 shows the typical conventional feature extraction from the differential 
signal, that is, peak value and peak time. Peak value is the magnitude of the peak point and peak 
time is the time to the peak point.  

As we know the two conventional features extracted from the differential signal both are the 
property of the peak point, so we can simply imagine that they strongly rely on only the peak point, 
thus they should be easily affected by the occasional error in real application. Here another new 
feature was extracted from the differential signal, "area", which is the area between the differential 
signal curve and the time axis. We could imagine that even though the peak point was affected by 
the occasional error a little the area should not change a lot because it contains the information of all 
the points in pick-up signal, not only one point (peak point). 

  
              Fig. 4                             Fig. 5                              Fig. 6 
Fig. 4. Differential signal of magnetic flux density in experiments;  Fig. 5. Differential signal of 
magnetic flux density in simulation;  Fig. 6. Typical conventional feature extraction in differential 
signal 

Repeated experiments were carried out five times for every plate, the averaged signal was utilized 
as the experimental pick-up signal to avoid the occasional error which we mentioned above. The 
three features (peak value, peak time, area) were extracted from the experimental results and 
simulation results and shown in Fig. 7(a), 7(b), and 7(c) respectively. We can see that all of them can 
give us good agreements with simulation results. Thus the thickness of a plate can be successfully 
evaluated from the characteristics of the differential pick-up signal.  

 
        (a)                                (b)                             (c) 
(a). Relationship between peak value and thickness of plate both in experiments and simulation;  (b). 
Relationship between peak time and thickness of plate both in experiments and simulation;  (c). 
Relationship between area and thickness of plate both in experiments and simulation 
 Fig. 7 Relationship between features and thickness of plate both in experiments and 
simulation 

As we know, stability of the extracted features is very important for thickness evaluation in 
practical application. So here three features were extracted from the above five times repeated 
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experimental results of every plate, respectively. Results of 2mm thickness plate were investigated 
to check the stability of the extracted features. Table 1 shows the values of the three features in 
every experimental result and their errors in which the value of mean square error divided by mean 
value was applied.  

Table 1 Stability comparison of the three features in repeated experimental results 
Evaluation items Peak value 

(Gauss) 
Peak time ( s) AArea (Gauss× s)

Experiment 1 29.865 76 5182.9 
Experiment 2 29.895 73 5172.0 
Experiment 3 29.865 76 5161.8 
Experiment 4 30.011 71 5130.2 
Experiment 5 30.223 73 5161.8 

Mean square error / mean 
value 

0.51% 2.9% 0.38% 

From Table 1 we can see that the error of peak time is the biggest, so peak time is the most not 
stable feature in the repeated experimental results. Inversely, the errors of peak value and area are 
very small, so they are relative stable features. Thus we could conclude that in practical application, 
if possible, feature of peak value or area had better been applied as the characteristic to evaluate the 
defect, not peak time. 
(3). Detection of local wall thinning in two-layer specimen using new excitation mode probe and high 
sensitivity magnetic sensor  
3.1. Self-differential probe and magnetic sensor 
There are a family of magnetic field sensors, such as, SQUID (Superconducting Quantum 
Interference Device), FG (flux gate) sensors, AMR (anisotropic magneto-resistive), GMR (giant 
magneto-resistive) and Hall devices. As we know, SQUID possesses the highest sensitivity but its 
use is still limited due to practicality and some cost-related reasons. Hall sensor is not a bad choice 
when the specimen is not very thick and also the defect is not very small, but for the small defect 
detection in a thick specimen (sometimes two-layer specimen) Hall sensor is not preferred due to its 
relative big noise level (i.e. poor resolution, according to the reference and also the experience of the 
author). Thus FG, AMR and GMR sensors are good candidates for the small defect detection in 
rather thick specimen. In this study, a TMF-FG sensor, one kind of FG sensor, was employed to 
detect local wall-thinning in large diameter pipes. The manufacturer of this FG sensor is Canon, 
sensitivity 1V/G, voltage source DC 5V, offset 2.5V, measurement range about from -2.5G to 2.5G 
and resolution is about 1mG according to the manual. The circuit board of sensor and its output 
property are shown in Fig. 8(a) and Fig. 8(b) respectively. From Fig. 8(a) we could see that on the 
circuit board there are two sensors which can measure the magnetic field of two directions 
(measuring direction is parallel to the length direction of sensor). In experiments, one sensor or two 
sensors can be used at one time according to the experiment request. Figure 8(b) shows that the 
output has good linear property to external magnetic field within the measurement range. 

             
(a). TMF-FG sensor                      (b). Output property 

Fig. 8. TMF-FG sensor and its output property 
Concerning the characteristics of FG sensor, of course, high sensitivity and high resolution are its 

obvious merits, but at the same time, small measurement range is its inherent demerit, normally 
inside several Gauss. To overcome the trade off of high sensitivity and small measurement range, in 
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this study, a self-differential probe was developed which are shown in Fig. 9(a). There are two almost 
identical excitation coils, coil 1 and coil 2 whose parameters are shown in Table 2. Reverse excitation 
signal was applied to the two excitation coils and FG sensor was located at center of the two coils (see 
Fig. 9(b)).  

          
   (a) Self-differential probe                          (b) Excitation coils and FG sensor 

Fig. 9. Self-differential probe and coils 
Table 2. Parameter of excitation coils 

Items Coil 1 Coil 2 
ID 30mm 30mm 
OD 60mm 60mm 

Height 30mm 30mm 
Wire diameter 1mm 1mm 

Turn 389 387 
Impedance (at 50Hz) 1.847Ohm 1.850Ohm 

Distance between two coils 80mm (center to center) 
In experiments, magnetic field of vertical direction (perpendicular to the coil circle plane and 

surface of specimen) was measured by FG sensor. The distance from sensor to bottom plane of coil is 
6mm (The smaller, the better. 6mm is the minimum value that we can set because of the big size of 
circuit board of the sensor). To simulate the insulator outside the pipes, firstly 2mm lift-off was 
applied.  

Concerning this excitation mode, there are primarily two aspects of advantage: 
(a) FG sensor only measures the signal of perturbed field that is affected by the existence of defect 

because the direct magnetic field of vertical direction (generated by excitation current in coils) at the 
position of FG sensor could be counteracted to be zero. Perturbed field is rather small, thus the small 
measurement range of FG sensor can be satisfied. 

(b) Eddy current in specimen decreases very slowly along depth direction and deeper penetration 
depth could be expected. 
3.2. Introduction of specimen and inspection condition 

To simulate the local wall-thinning on the bottom side of a pipe which is covered by an 
enforcement plate, we prepared two AISI316 austenitic stainless steel flat plates in our experiments. 
The size of the two plates is the same, 500mm in length, 300mm in width and 8mm in thickness. One 
plate is placed on the top of the other. A rectangular slot was arranged along the center line of the 
bottom side of the lower plate in the shorter direction. The width of the slot is 10mm, and the depth 
is 1, 3 or 5mm, respectively. The slot is to be detected from the top surface of the upper plate. The 
specimen was shown in Fig. 10.       

 
Fig. 10. Double-plate specimen with a slot defect simulating local wall-thinning in two layer pipes 
Inspection condition is shown in Fig. 11. In experiments, S1 is the pick-up signal at position 1 

where sensors are far from defect (ideally S1 is 0) as the reference signal. S2 is the pick-up signal at 
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position 2 where the center of coil 2 locates at center of defect. 

 
Fig. 11. Inspection condition 

3.3. Experimental results and discussion 
Figure 12(a) shows the results of differential signal (S2-S1) of the three specimens with different 

depths of slot defect using FG sensor and Hall sensor, respectively. The results show that FG sensor 
(under differential excitation mode) is much better than Hall sensor for small defect detection in 
thicker specimen because of the big noise level of Hall device. Figure 12(b) shows the relationship 
between pick value of the differential signal and the depth of defect. We can see that local 
wall-thinning in double layer pipes could be detected and different depth of defect has different peak 
value. This also lays a good foundation for the future quantitative work. 

   
(a) Pick-up signal using FG sensor and Hall sensor    (b) Relationship between peak value and 

depth of defect 
Fig. 12. Pick up signal and relationship between signal and defect 

(4) Inverse analysis for defect sizing of local wall-thinning 
4.1. Sizing of local wall thinning (width and depth) using the self-differential probe 

Simulation was conducted using the developed simulator and the self-differential probe to detect 
the local wall thinning defect. Through analyzing the scanning signals and feature extracting from 
pulse response signals, it was found that the distance between the positive peak and the negative 
peak of the Bz (magnetic flux density in z direction) in scanning signals can be considered as a 
feature to quantify the width of defect (see Fig. 13), and the minimum time to peak of the differential 
Bx (magnetic flux density in x direction) can quantify the depth of defect (see Fig. 14).  
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                 (a)                         (b) 

Fig. 13. (a). The peak value extracted from Bz of response signals of defect with different width  
          (b). Relationship between width of defect and distance between peak of Bz 

 
Fig. 14. The time to peak extracted from differential Bx of response signals of defect with the 

same depths (two groups)  
4.2. The development of numerical code for inverse analysis of local wall thinning using PECT 
method is on the way. Features of peak value and peak time and area will be considered as the 
characteristics to conduct the defect sizing. 

(1) A very fast simulator was developed for signal prediction of pulsed eddy current testing method.  
(2) New and more stable feature was extracted for wall thinning evaluation. 
(3) A self-differential probe and high sensitivity magnetic sensor were employed for detection of local 
wall thinning in two-layer specimen. 
(4) Sizing of local wall thinning (width and depth) was quantitatively conducted. The development of 
numerical code for inverse analysis of local wall thinning using PECT method is on the way.  

(1) Development of numerical code for inverse analysis of local wall thinning using PECT method.  
(2) Perform defect sizing using experimental data. 
(3) New probe development for defect detection in carbon steel specimen. 
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13.
 

The drag reduction of a pickup truck by a rear downward flap was examined computationally and 
experimentally. The rear flap was installed on the rear edge of the roof to secure load performance of 
the bed. The flap was designed such that it can move downward in order to control the bed flow; 
therefore the bed flow was not attached to the tailgate. The rear downward flap was effective in 
reducing the drag coefficient through an increase in the flap length and the downward angle. The 
longer flap increased the cabin back surface pressure coefficient, and displaced the attachment of the 
bed flow in the streamwise direction, which in turn reduced the size of the reverse flow in the wake. 
The drag coefficient was reduced further with an increase in the downward angle. The downward 
flap also increased the cabin back surface pressure coefficient, causing the bed flow to get directed 
toward the tailgate so that the attachment of the bed flow to the tailgate was eliminated. The surface 
flow on the tailgate was not dispersed, the power spectrum density (PSD) in the wake did not consist 
of a single dominant peak, and the PSD variation became smaller. Therefore, the drag coefficient 
was reduced even though the reverse flow in the wake was enlarged. The drag reduction obtained by 
using a flap length of 0.3H and a downward angle of 12  were 0.028 (CFD, 5.6% improvement over 
that achieved with the basic shape) and 0.018 (Exp., 3.6% improvement). 

However, the drag coefficient was not reduced further when the downward angle increased to more 
than 12°. The bed flow descended further within the tailgate and increased the pressure inside the 
tailgate; this increased the difference between the pressure within and that outside the tailgate, 
leading to an increase in the drag coefficient at the tailgate. Moreover, the pressure field above the 
downward flap was lowered due to the expansion of the flow channel, leading to an increase in the 
drag coefficient at the cabin body. Hence, the total drag coefficient increased despite the higher cabin 
back surface pressure coefficient. 
In conclusion, the rear downward flap of a pickup truck plays a significant role in reducing the drag 
coefficient and therefore should be designed at the optimum downward angle to maximize the drag 
reduction.  
 

 

1  Jongsoo Ha, Shinkyu Jeong, and Shigeru Obayashi “Drag Reduction of a Pickup Truck by a Rear 
Downward Flap”, International Journal of Automotive Technology (accepted) 

2  Jongsoo Ha, Shinkyu Jeong, and Shigeru Obayashi “Flow Characteristics of a Pickup Truck with 
Regard to the Bed Geometry Variation”, Proceedings of the Institution of Mechanical Engineers, 
Part D, Journal of Automobile Engineering, Vol.224, pp.881-891, 2010 

 

1  Jongsoo Ha, Shinkyu Jeong, and Shigeru Obayashi “Investigation of the Bed and Rear Flap 
Variation for a Low-Drag Pickup Truck using Design of Experiments,” SAE 2010 World 
Congress, SAE technical paper 2010-01-0122, Detroit, USA, April, 2010 
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Fig. 3  Relation between the ensemble 
averaged velocity and the wing phase at x = 
-190 mm, y = -15 mm, z = 60 mm and 100mm. 
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Fig. 2 Effects of (a) helium gas mixture with 
different DC torch nozzle diameters and (b) 

sinusoidal central gas injection on spheroidization 
ratio. 

Spherical particles provide more homogenous and stable particle transportation by enhancing the 
powder fluidity. This allows fine control of powder feeding rate without clogging problems. Especially, 
spherical powders are preferred in plasma thermal spray processes for dense coating formation and 
thin film fabrications. Therefore, powder spheroidization process is essential for high spray 
processing performance. 

DC-RF hybrid plasma flow system with the low input electric power of 7.7 kW is utilized for 
in-flight particle spheroidization process as shown in Fig. 1. In the previous studies, the 
experimental study has been conducted with pure argon gas to obtain the optimum operating flow 
conditions for in-flight alumina powder processing for particle size and morphology controls using a 
DC-RF hybrid plasma flow system at constant low operating power based on considerations of 
correlating plasma flow characteristics. The DC-RF hybrid plasma flow system has been successfully 
optimized; however, the process efficiency, such as spheroidization ratio of alumina powder remains 
low due to low operating power. It has been pointed out from the previous studies that the 
enhancement of plasma enthalpy is necessary to improve process efficiency for this system even at a 
low input power. 

A small amount of helium gas was added to the argon main gas flow in order to enhance plasma 
enthalpy and the effect of increase of DC torch nozzle diameter on the enhancement of in-flight 
particle heating was experimentally investigated in detail. Furthermore, sinusoidal central gas of 
pure argon without helium mixture was injected to improve active mixing of DC-RF hybrid plasma 
flow with particles. The effect of sinusoidal fluctuation of DC plasma jet on spheroidization process 
was also experimentally investigated. The in-flight alumina powder spheroidization process for 
improvement of the efficiency in a low power DC-RF hybrid plasma flow system was optimized not 
only by helium gas mixture percentage with clarification of plasma enthalpy, in-flight power velocity 
and temperature for different DC torch nozzle diameters, but also by the sinusoidal frequency and 
the amplitude of central gas. 

 

 

Advancement of Alumina Powder Spheroidization Process Using a 
Low Power DC-RF Hybrid Plasma Flow System by Helium Mixture 
and Sinusoidal Gas Injection 

 

Fig. 1 Schematic illustration of a DC-RF 
hybrid 

plasma flow system. 
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Figures 2 (a) and (b) show the effects of helium gas mixture in central gas with different DC torch 
nozzle diameters and sinusoidal central gas injection on alumina powder spheroidization ratio. In 
Fig. 2 (a) spheroidization ratio improves by helium gas mixture in central gas of argon with dDC = 4 
mm. With as small as 4 % of helium gas mixture in central gas with dDC = 4 mm, the highest 
spheroidization ratio of 95 % is obtained. In fig. 2 (b) spheroidization ratio improves more by 
sinusoidal central gas injection even with pure argon, comparing with constant central gas injection. 
The highest spheroidization ratio of 99 % is obtained at fc = 2 Hz with amplitude of ± 20 %. 

The obtained results from this study can be summarized as follows: 
(1) Plasma enthalpy increases by helium gas mixture in central gas for DC plasma generation even 

under the constant input power. Higher plasma enthalpy is obtained with increasing DC torch 
nozzle diameter. 

(2) A clear increase in number percentage of spheroidized alumina particles in a low power DC-RF 
hybrid plasma flow system was shown by Ar/He gas mixture. Higher number percentage of 
spheroidization is obtained with 4% of helium gas mixing in central gas. 

(3) Effect of sinusoidal central gas injection on particle size distribution and spheroidization ratio is 
clearly observed. The highest spheroidization ratio with sinusoidal central gas injection was 
obtained at fc = 2 Hz with amplitude of ± 20 %. 

In the next stage, liquid droplets injection is proposed to introduce a new approach for in-flight 
spheroidization process. Water as a fuel can provide environmentally friendly products hydrogen and 
oxygen molecules which improve the thermodynamics of plasma flow. Small amount of micro-sized 
liquid droplets to avoid consuming amount of thermal energy to phase transition and affecting on 
plasma flow behaviors are injected in the downstream of the DC-RF hybrid torch at z = 195 mm. The 
liquid droplets are heated and evaporated in the tail of RF plasma flow then dissociated to hydrogen 
and oxygen molecules. The future research is aiming to carry out correlation between the liquid 
droplets and thermofluid flow characteristics of plasma. For the thermofluid flow characteristics of 
DC-RF plasma flow with atomized liquid, the electron temperature is estimated by the Boltzmann 
plot method and plasma enthalpy is measured. Therefore, the effect of liquid droplets atomized 
below the DC-RF hybrid torch on the powder spheroidization process is experimentally investigated 
using a low electric power DC-RF hybrid plasma flow system. 
 

1  Hidemasa Takana, Juyong Jang, Junji Igawa, Tomoki Nakajima, Oleg P. Solonenko, and Hideya 
Nishiyama, Improvement of In-flight Alumina Spheroidization Process with a Small Power 
Argon DC-RF Hybrid Plasma Flow System by Helium Mixing, Journal of Thermal Spray 
Technology, 2010, on-line 

1  Juyong Jang, Hidemasa Takana, and Hideya Nishiyama 
 ( ), pp. 49-53, 

DC-RF , , 
2010. 8. 27 

2  Juyong Jang, Hidemasa Takana, and Hideya Nishiyama 
 ( ), pp. 163-164, DC-RF

, ,2010. 10. 30 

1  Juyong Jang, Hidemasa Takana, Oleg P. Solonenko, and Hideya Nishiyama 
Proc. of 7th International Conference on Flow Dynamics (Sendai, Japan), pp. 724-725, 
Advancement of Powder Spheroidization Process Using a Small Power DC-RF Hybrid Plasma 
Flow System by Helium Mixture and Sinusoidal Gas Injection, Oral presentation, 2010. 11.2 (JJ. 
Fluid Sci. & Tech., selected paper) 
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Concepts of Super Critical Water cooled Reactor (SCWR) are high thermal efficiency and plant 
simplification. Because of those, the operating temperature will be high with high pressure, as a 
critical condition. In that condition, corrosion resistance is very important factor of plant integrity. 
 To study corrosion resistance characteristics in SCWR condition, information about materials is 
very important. In this study, surface observation and hardness test for SCWR candidate materials 
were carried out. 
 Materials were selected as 15Cr20Ni austenitic stainless steel plates, tubes, SUS316L, SUS310S 
and 30% cold worked SUS316L, 30% cold worked SUS310S. Table 1 and 2 shows the chemical 
composition of specimens. 
 
Table 1 Chemical composition of 15Cr20Ni austenitic stainless steel 

 
Table 2 Chemical composition of SUS316L and SUS310S 

 
 Specimens were prepared with mechanical polishing up to 1/2  diamond paste grid and etched 
for microstructure observation and calculation of ASTM grain size number. The calculated ASTM 
grain size numbers were as follows. 
 
Table 3 ASTM grain size numbers 

 
 Where # is Grain size number, S is standard, Ti is Ti additional, Zr is Zr additional, L is 
longitudinal, D is diametric, C is circumferential, no means no cold work and ,  means cold work 
directions. Figure 1 shows the comparison of ASTM grain size number between materials. 
 

  

Oxidation Kinetics of Candidate Alloys for Fuel Cladding of Super 
Critical Water-cooled Reactors 

－412－



 
Figure 1 Comparison of ASTM grain size numbers 

 
 Hardness test results are as follows. 
 
Table 4 Hardness test results 

 
 
 ‘no’ means no cold worked and ‘cw’ means 30% cold worked material. 
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1  Katsuto Sato, Kazuhiko Komatsu, Hiroyuki Takizawa, and Hiroaki Kobayashi, "A Runtime Task 
Reallocation Library for Heterogeneous Computational Environments," 7th International Conference 
on Fluid Dynamics, Sendai, November 2010, . 

2  Katsuto Sato, Kazuhiko Komatsu, Hiroyuki Takizawa, and Hiroaki Kobayashi, “A History-based 
Performance Prediction Model with Profile Data Classification for Automatic Task Allocation in 
Heterogeneous Computing Systems,” ISPA 2011, The 9th IEEE International Symposium on Parallel 
and Distributed Processing with Applications, 2011, . 
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The main goal of this year’s research is to study the effect of with and without stent and with 
various stent shapes on the hemodynamic properties of the flow inside an aneurysm using Particle 
Image Velocimetry (PIV) in cerebral silicone aneurysm model. PIV is a non-intrusive technique 
which allows reconstructing the velocity vectors fields in a flowing fluid seeded with particle. 

 
In order to quantity the strength of the recirculation inside aneurysm model with and without 

different stent samples shown in Fig 1, Particle Image Velocimetry (PIV) system (LAVISION GmbH 
Flowmaster PIV system, LAVISION GmbH, Germany), together with a Nd:YAG laser, was used to 
obtain the velocity information inside the aneurysms. The PIV system is capable of providing a 
quantitative two-dimensional picture of displacement of particle and velocity vector field of the flow. 
The displacement of the particles is obtained by locally cross-correlating sequential images recorded 
by a CCD camera (FASTCAM SA3, Photron co, Japan). The cross-correlation function of the two 
samples is calculated using FFT techniques. Measurements are obtained not only on the X-Y plane 
but also on the X-Z plane for all cases. The detail explanations are provided in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The dimension of three stent samples           Figure 2: Measurment area in XY plane 
and XZ plane 
 

The cerebral silicone aneurysm model with three different porosities and non-stented aneurysm 
model were used for comparing the effect of the stent porosities. Based on the stent porosity, the flow 
pattern was changed. Figure 3(a) shows that variation of the flow patterns in the non-stented 
aneurysm. The steady flow condition is used. In Fig.3 (a), vortex in the non-stented aneurysm is 
driven directly by the flow in the parent vessel. Figure 3 (b), (c) and (d) shows that the vortex size is 
reduced due to the presence of stent. This reduction of vortex size with stent porosity causes a 
reduction of wall shear rate. By the result of comparison of the flow between with three different 
stents and without stent using PIV system, the difference of inflow patterns and velocities from the 
parent vessel in all XY and XZ planes should be measured. The speed in inflow zone of without stent 
was larger than those of with all stents. The observation of the pattern in inflow zone shows that the 
stent placed out of the aneurysm neck makes the direction of the flow could be changed in Fig. 3 (b), 
(c) and (d). Figure 3(d) shows the velocity vector plots inside aneurysm silicone model with stent 3 
(C =64%), inserted inside the parent vessel at Re=300 at the 0 plane in XY plane. As shown, the 
strength of the velocities inside could be significantly reduced compared to no stent in shown Fig. 
3(a) over most of the aneurismal pouch. A similar trend for the flow has been observed for the cases 

PIV MEASURED HEMODYNAMIC STUDY WITH SEVERAL 
STENT IN A CEREBRAL ANEURYSM MODEL 
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with stent 1 and 2 inserted but with slightly higher velocities due to large porosity. Although the 
magnitude of the flow for all cases inside the aneurysmal pouch is very small, the flow pattern is still 
discernible. 

 
 
 
 
 
 
 
 
 

(a)                      (b)                     (c)                    (d) 
Figure 3: Velocity vector plots at the 0 plane in XY plane: Model with (a) no stent (C =100%), (b) 
stent 1 (C =80%), (c) stent 2 (C =74%) and (d) stent 3 (C =64%) 

 
However, all flow patterns are different with various stents at 0 planes in XY plane. The flows in 

stent 1 (C =80%) enter into aneurysm at regions around distal neck. After traveling smoothly along 
the surface of stent, the flow exits the aneurysm at region close to the proximal neck as shown Fig. 
3(b). The directions of the flow with stent 2 (C =74%) are from the proximal neck to the distal neck. 
Figure 3(c) shows the opposite direction compared to Fig. 3(b). Figure 3(d) also shows that the flow 
enter into the center of aneurysm and its flow exits the aneurysm at the region close to the proximal 
neck and the distal neck, respectively. As shown in Fig. 4, the mean velocities of without stent were 
larger than those of with stents in all XY and XZ planes. Of particular note, is to be effective in 
dampening the flow movement inside the aneurysm, C should be kept around 60% for the stents 
concerned in Fig. 4. This parameter may be useful to guide the choice of stent for a particular case. 
 
 
 
 
 
 
 
 
 
 
Figure 4: The mean velocity in XY plane and XZ plane: Model with no stent (C =100%), stent 1 
(C =80%), stent 2(C =74%) and stent 3 (C =64%) 
 

1  ChangHo YU, Hiroyuki KOSUKEGAWA, Keisuke MAMADA, Kanju KUROKI, Kazuto 
TAKASHIMA, Kiyoshi YOSHINAKA and Makoto OHTA, Development of an In Vitro Tracking 
System with Poly (vinyl alcohol) Hydrogel forCatheter Motion, Journal of Biomechanical Science 
and Engineering, Vol.5, No.1, 2010 

1  Kazuto TAKASHIMA, Kiyoshi YOSHINAKA, Toshinaru MUKAI, Chang-Ho YU, Makoto 
OHTA and Hitoshi MABUCHI, “Computational simulation of catheter motion in hepatic blood 
vessels”, The 49th Annual Conference of Japanese Society for Medical and Biological 
Engineering, Poster, 2010 Jun 25th (in Japanese)  
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1  6th World Congress on biomechanics, Simulations of Endovascular Treatment for Cerebral 
Aneurysm ,Ohta, K. Matsumoto, S. Shida, C. Kiyomitsu, H. Kosukegawa, N. Tomita, C-.H, Yu, 
H. Anzai, T. Nakayama, and Anne M. Robertson, Oral, 2010  Aug  6TH 

2  Siric International symposium 2010 (Stent developement: Present and Future), Biomodel for 
Development of Intracranial, Mokoto OHTA, Hiroyuki KOSUKEGAWA, Shuya SHIDA, Kei 
OZAWA, Noriko TOMITA, ChangHo YU, Oral , 2010 July 2nd 

3  7th ICFD, PIV Measured Hemodynamics Study with and without Stent in cerebral silicone 
aneurysm model, ChangHo YU, Shuya SHIDA and Mokoto OHTA, Oral, 2010 Nov 2nd 

4  2010 Swiss/Japan International Seminar on MMedical Engineering Based on Vessel Biology, PIV 
MEASURED HEMODYNAMIC STUDY WITH SEVERAL STENT IN A CEREBRAL 
ANEURYSM MODEL, ChangHo YU, Shuya SHIDA , Kaoru MATSUMOTO and Mokoto OHTA, 
Oral, 2010 Nov 15th 
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1  Shuya Shida, Hiroyuki Kosukegawa, Makoto Ohta, “Application of Blood-Mimicking Fluid for 
PIV Using Aqueous Mixture of Glycerol and Sodium Iodide”, Experiments in Fluid, (submitted) 

 

1  , , ,  , “ PIV
”,  2010, , 2010 7 23-24, pp.52-52,  

1  Syuya Shida, Hiroyuki Kosukegawa, Kanju Kuroki, Makoto Ohta, “Development of 
Blood-Mimicking Fluid with Adjusted Refractive Index and Kinematic Viscosity for Applying 
to Particle Image Velocimetry”, 6th World Congress of Biomechanics, Singapore, Aug.1-6, 2010, 
pp.537, Oral presentation 
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1. “International Conference on Advanced Mechatronics 2010”, “Application of the Robot Service 
by using RT Components”, oral, 2010/10/6. 

2. “2010 IEEE/SICE International Symposium on System Integration”, “Verification of the 
Versatility of the RT Modules by the Multiple Robots Platform”, oral, 2010/12/21. 

－427－



 

 

3

 
 

 

 
 

 

 

1. 
28 1O2-4 2010  

 
 

 

 
 

－428－



 

      

1. Seiichiro Morizawa, Koji Shimoyama, Shigeru Obayashi, Kenichi Funamoto, and Toshiyuki 
Hayase, 
"Implementation of Visual Data Mining for Unsteady Blood Flow Field in an Aortic Aneurysm," 
Journal of Visualization. ( ) 

1. 3  
" ", , 2010 7 26 , . 

2. 5 ,  
" ", , 2010 5 26 28 , . 

1. World Congress on Nature and Bioligically Inspired Computing (NaBIC2010),  
"Data Mining for the Investigation of Unsteady Flow Field in a Hard Disk Drive", Oral, 
December 15-17, 2010, Kitakyushi, Japan. ( ) 

2. The Seventh Internatinal on Flow Dynamics (ICFD2010),  
"Physics Mining for Unsteady Flow Field in a Hard Disk Drive," Poster, November 1-3, 2010, 
Sendai, Japan. 

3. 22nd Internatinal Conference on Computatinal Fluid Dynamics 2010 (Parallel CFD 2010), 
"Visual Data Mining for Unsteady Blood Flow Field", Oral, May 17-21 2010, Kaohsing, Taiwan, 
May 17-21 2010. 
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Fourier transform infrared (FTIR) spectroscopy has been used for the qualitative and 
quantitative analyses of liquid, solid and gaseous substances. FTIR spectroscopy is used in 
applications where multi gas detection is needed and continuous monitoring is required, such as gas 
emission and process monitoring. FTIR spectrometer with palm-size and low cost would extend 
application fields such as monitoring of environment gases for safety at various places, for example, 
at factories and chemical plants. Few groups have reported miniaturized spectrometers for gas 
detection. For the environmental gases detection, the resolution of interferometer should be higher 8 
cm-1 to monitor the environmental gases. Michelson interferometer fabricated in previous researches 
would be difficult to apply a miniature FTIR spectrometer because the displacement of the mirrors is 

not enough, particularly, for the environmental 
gases analysis. For this reason, the Wishbone 
interferometer which magnifies the optical path 
difference is chosen as an interferometer. The 
fabricated Wishbone interferometer is constructed 
with the rotary comb drive actuator, 
three-dimensional corner cube mirrors, and beam 
splitter as shown in Fig.1. This interferometer has 
the duple optical path difference compared with 
that of the previous researches because two corner 
cube mirrors are rotated at a same time. Thus, the 
rotary comb drive actuator has a considerable 
displacement of approximately 650 m. 
Furthermore, the tilting problem of the mirror was 
improved compared with the previous researches 
because three-dimensional corner cube mirror was 
applied. From these properties, this 
interferometer with the theoretical resolution of 
approximately 3.8 cm-1 can be enough applied to    
the environmental gases monitoring.  

1.   Young-min Lee, Masaya Toda, Masayoshi Esashi, and Takahito Ono, “Micro Wishbone 
Interferometer for Miniature FTIR Spectrometer”, IEEJ Trans. SM, Vol. 130, No, 7, pp. 333-334, 
2010  

1. Young-min Lee, Masaya Toda, Masayoshi Esashi, and Takahito Ono, “Miniature Interferometer 
with Corner Cube Mirrors”, IEEE SENSORS Conference, Hawaii USA, pp. 65-70, 2010 

2. Young-min Lee, Masaya Toda, Masayoshi Esashi, and Takahito Ono, “Miniature Wishbone  
Interferometer using Rotary Comb Drive Actuator for Environment Gas Monitoring”, 24th  
International Conference on Micro Electro Mechanical Systems (MEMS 2011), pp. 716-719, Jan. 
23-27, 2011, Cancun Mexico 

  

FT-IR  

 

Fig. 1. Micrograph of the fabricated miniature Wishbone interferometer.
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Introduction 
The goal of research work in this year is develop a hybrid translational XY microstage with hinge 

of better toughness and ductibility than Si. The design of hybrid microstage follows displacement 
amplification mechanism with new hinge part of carbon nanotube composite. This design comprises 
of PZT actuators mounted onto a Si base, and there are two problems in XY microstage, one is PZT 
actuators’ small stroke, the other is that Si hinge is fragile. Therefore, the design of the microstage 
must include amplification mechanism in order to amplify the PZT stroke to produce large 
displacements, and Moonie mechanism was chosen to attain large overall displacement for the 
microstage. For the solution of problem in hinge, we designed the hinge of other candidate 
microstructures of better toughness and ductibility than Si. 

 
Fabrication results  

Fabrication pocess of pyrolysis carbon, and carbon nanotbe-pyrolysis carbon microstructures 
based on silicon micromolding and pyrolysis has been investigated. Different types of 
microstructures of CNT-pyrolysis carbon have been designed and fabricated, such as both side 
bridged microstructures for measurement of applied force-displacement, crossbar rings for tensile 
stress measurement, and cantilevered microstructures for stroke measurement.  
   The fabrication process of these microstructures and microstage with hinge part of CNT-pyrolysis 
carbon starts from patterning of the Si micromolds by photolithography and deep RIE (Reactive Ion 
Etching), and resist (SU-8 50) mixed with CNTs with 1 weight percent was used as a filling material. 
Then, the CNTs/resist was filled into the Si micromolds by backside pumping, squeezing, and 
remained CNTs/resist on substrates was removed by O2 plasma. Then, the CNTs/resist in the mold 
was pyrolyzed in N2 gas during pyrolysis process, thus CNTs/resist was converted to CNT-carbon 
composite.  

Finally, hybrid silicon/composite and silicon/carbon microstructures were released by following 
photolithography and deep RIE. The 2nd pyrolysis at higher temperatures than that of 1st pyrolysis 
was performed after deep RIE to reduce the shrinkage/depression of the composite microstructures. 
The height of narrow CNT-carbon composite microstructures is almost equals to the thickness of the 
Si mold, and the maximum aspect ratio of 40 can be realized.    

  
Characterization results 

Investigation of mechanical properties of the pyrolysis carbon and CNT-carbon composite 
microstructures. 

The Vickers hardness and Young’s modulus of thin films of pyrolysis carbon and CNT-carbon 
were measured by “Thin Film Characterization System”. The resonance frequency of carbon and 
CNT-carbon cantilevers were measured by laser doppler vibrator. For the investigation of 
mechanical properties of candidate microstructures, the measurement system was designed and 
assembled to get applied force-displacement curve directly, and the Young’s modulus and fracture 
toughness of CNT-carbon microstructures can be obtained by this measurement system.  

  

The fabrication and characterization of carbon nanotube composite 
microstructures and their applications in the microstage for ultra-high 
density multi-probe data storage system 
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1  ( ) Liang He, Masaya Toda, Mamoru Omori, Toshiyuki Hashida, Takahito Ono, 2011
58  , Fabrication of carbon nanotube-carbon composite 

microstructures based on silicon molding technique, OOral, , Japan, March 24-27, 
2011 

1  Takahito Ono, Masaya Toda, Shinya Yoshida, Akiko N. Itakura, Liang He, Rüdiger Berger, 
Jochen S. Gutmann, Tassilo Kaule, Ali Golriz, JST-DFG Workshop on Nanoelectronics, 
Electronic bistable recording media for scanning multiprobe based ultrahigh-density data 
storage, OOral and Poster, Bonn, Germany, January 11-12, 2010 

2  Takahito Ono, Hidetoshi Miyashita, Masaya Toda, Yusuke Kawai, Liang He, Masayoshi Esashi, 
The 5th Asia-Pacific Conference on Transducers and Micro-Nano Technology, Integration of 
nanomaterials into microsystem, OOral, Perth, Western Australia, July 6-9, 2010 

3  Liang He, Masaya Toda, Yusuke Kawai, Chuanyu Shao, Mamoru Omori, Toshiyuki Hashida, 
Takahito Ono, Seventh International Conference on Flow Dynamics, Fabrication of carbon 
nanotube micro composite based on micromolding and pyrolysis, OOral and Poster, Sendai, Japan, 
November 1-3, 2010   

4  ( ) Liang He, Masaya Toda, Yusuke Kawai, Hidetoshi Miyashita, Chuanyu Shao, Mamoru 
Omori, Toshiyuki Hashida, and Takahito Ono, The 16th International Conference on Solid-State 
Sensors, Actuators and Microsystems, Fabrication of high aspect ratio carbon nanotube-carbon 
composite microstructures based on silicon molding technique, Beijing, China, June 5-9, 2011 
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1  M. Shimizu, T. Kawano, F. Iguchi, H. Yugami, Application of thermal radiation control by 
surface gratings to energy efficient windows, Renewable Energy 2010, Yokohama, July 2010 

2  M. Shimizu, H. Yugami, Application of thermal radiation control by surface gratings to advance 
cooling system for electronic devices, 7th ICFD, Sendai, November 2010 

3  M. Shimizu, H. Yugami, Improvement of energy system by controlling spectral properties of 
thermal radiation, 11th Korea-Japan Student symposium, Seoul, November 2010 
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1. Mohammad Saeed Sepasy Zahmaty Mizutani Koichi  Mehrdad Raisee Tsunemoto 
Kuriyagawa Akatsuka Ryo Sasaki Keiichi International Journal of Materials Sciences
Development of a micro-particle-deposition unit - creation of hydroxyapatite film on human 
tooth surface –  

1. 2010 , -
- 2010 9 27  
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2010 11 20  

1. International symposium on Micro/Nano Mechanical Machining and Manufacturing Study on 
the Removal Process of Abrasive Jet Machining Oral 18 August 2010 Guilin China  
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Both the Mechanical and Electrical Properties of Electroplated Copper Thin Films Used for 
Interconnection”, 2010 ASME International Mechanical Engineering Congress and Exposition, 
Proceedings CD-ROM, TRACK 5 Electronics and Photonics, IMECE2010-37279, (Vancouver 
Convention and Exhibition Centre, Vancouver, British Columbia, Canada, November 12-18, 
2010) 

1  Best Session Paper Award of IEEE ECTC 2010, (Las Vegas, U.S.A.,June 1,2010) 
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PHAN ANH TUAN

Metallic glasses have been extensively researched since a few decades ago. However, thin film 
metallic glass (TFMG) just has been introduced by Prof. Hata’s group since 2001 as a new MEMS 
material. Because metallic glasses possess advanced properties such as superior mechanical 
properties (strength, high elastic limit), excellent magnetic properties (low coercivity, high 
magnetization), good corrosion resistance, and good forming ability in comparison with conventional 
crystalline materials. For MEMS applications, a thin film form is suitable rather than others such as 
bulk or ribbon form due to its integrating applicability. 
In my study, Fe-based TFMG has been studied as a magnetic thin film for MEMS applications. The 
TFMG with constituent of Fe-B-Nb-Nd in which a desired composition of (Fe0.72B0.24Nb0.04)100-xNdx 
(4 x 8) is fabricated by sputtering method for the first time. With the above composition, it exhibits 
a very large supercooled liquid region ( Tx=Tx-Tg) of 117 K as shown in Fig. 1. This is one of the most 
important characteristics to distinguish metallic glass from a normal amorphous material. The 
amorphous structure of the TFMG was corroborated by transmission electron microscopy (TEM), 
electron diffraction (ED) and x-ray diffraction (EXD) method. The XRD pattern shows only a broad 
peak indicating amorphous state of the TFMG except the well-known peak of (100) silicon substrate. 
While, the TEM image shows clearly amorphous structure, and the ED pattern shows a typical halo 
ring as shown in Fig. 2. Internal stress was estimated by a curvature surface method by using the 
Stoney’s equation with different sputtering conditions. Magnetic properties of the TFMG were 
determined by VSM method, then coercivity (Hc) and Curie temperature values were found about 30 
Oe, 490 K, respectively. Hardness and elastic modulus of the TFMG were also determined about 15 
GPa, and 170 GPa, respectively. Finally, we have been successful fabricated free-standing 
cantilevers by employing micromachining methods. For future works, the TFMG will be 
continuously considered for MEMS structure, and sought its applications for sensors based on soft 
magnetic thin film such as SAW sensor or magnetic field sensor. 
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Fig. 1. DSC curve of the Fe-B-Nb-Nd TFMG Fig. 2. XRD pattern of the TFMG 
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Fig. 3. TEM image and XRD pattern of the TFMG Fig. 4. Fee-standing cantilevers made of the TFMG by 

micromachining techniques 

1  K.A. Dao, AA.T. Phan, H.M. Do, T.H. Luu, M. Falke, and M.M. Kenzie, The Influences of 
Technological Conditions and Au Cluster Islands on Morphology of Ga2O3 Nanowires Grown by 
VLS Method on GaAs Substrate, Journal of Materials Science: Materials in Electronics 2010, 
DOI 10.1007/s10854-010-0115-x, 13 pages. 

1  Phan, T.A, Lee,  S.M., Makino, A., Okamoto, H., and Kuwano, Fe-B-Nb-Nd Soft Magnetic 
Metallic Glass Thin Film Formation for MEMS, The 3rd Symposium on Micro Environmental 
Machine Systems, 2010, Sendai, 2pages. 

2  T.A. Phan, S. Lee, A. Makino, H. Okamoto, and H. Kuwano, Nanoindentation Study of 
Fe-B-Nb-Nd Soft Magnetic Metallic Glass Thin Film Prepared by ECR Ion Beam Sputtering, 
The 2nd Micro-Nano Eng. Symposium, Matsue, 2010. 

1  Phan, T.A, Lee,  S.M., Makino, A., Okamoto, H., and Kuwano, H.,  Fe-B-Nb-Nd Magnetic 
Metallic Glass Thin Film for MEMS And NEMS, The 5th Annual IEEE International Conference 
on Nano/Micro Engineered and Molecular Systems (IEEE-NEMS), 2010, pp. 541 - 544. 

2  T.A. Phan, H. Okamoto, and H. Kuwano, Evaluation of Internal Stress in FeBNbNd Metallic 
Glass Thin Films, Proceeding of The 7th International Conference on Flow Dynamics, 2010, pp. 
674-675. 

3  T.A. Phan, S. Lee, A. Markino, H. Okamoto, and H. Kuwano, Characteristics Of FeBNbNd 
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Electromagnetic Transducer, Technical digest of The 10th International Workshop on Micro and 
Nanotechnology for Power Generation and Energy Conversion Applications (PowerMEMS), 
2010, pp. 163-166.  

4  T.A. Phan, S.M. Lee, A. Makino, and H. Kuwano, FeBNbNd Magnetic Metallic Glass Thin Film 
for MEMS/NEMS Structure, Technical digest of the MEMS 2011, pp. 428-431. 

－439－



Si GaAs
 

Si 2
Si 2 2

10K 400K I-V
400K

I-V
Tauc-Plot

Si 2

Applied Physics Express 
3 (2010) 085202  

GaAs 2 GaAs
GaAs GaAs

8×1011cm-2

Applied Physics Express 4 (2011) 015202 GaAs
GaAs

 

1. M. Igarashi, R. Tsukamoto, C. H. Huang, I. Yamashita, and S. Samukawa, “Direct Fabrication of 
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Surface for Actual Quantum-Dot Superlattice”, Applied Physics Express 4 (2011) 015202 

2. M Igarashi, C. H. Huang, T. Morie, and S. Samukawa, “Control of Electron Transport in 
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Samukawa, “Novel Si Nanodisk Fabricated by Biotemplate and Defect-Free Neutral Beam 
Etching for Solar Cell Application”, Japanese Journal of Applied Physics 49 (2010) 04DL16 
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1. International Symposium on Solid State Devices and Materials, “Control of Activation Energy 
for Electron Transport in Two-Dimensional Array of Si Nanodisks”, Oral session, Tsukuba, 
Japan, September 2010. 
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Takagi, “Effect of Configuration of Micro-/Nanoscale Structure on Sliding Surface on Molecular 
Gas-Film Lubrication”, AIP Conf. Proc. RAREFIED GAS DYNAMICS: Proceedings of the 27th 
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1  27th International Symposium on Rarefied Gas Dynamics, “Effect of Configuration of 
Micro-/Nanoscale Structure on Sliding Surface on Molecular Gas-Film Lubrication”, Oral 
Presentation, July 12, 2010 

2  7th International Conference on Flow Dynamics, “Effect of Configuration of Fine Structure on 
Sliding Surface on Micro-/Nanoscale Gas-Film Lubrication”, Short oral and Poster Presentation, 
November 2, 2010 

 

－442－



1)  

 
2)  

2
 

Fizeau , 0
, 1

3 2 
2

4

 2
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(IJNM), Vol.7 , No.1 , (2011) (in press) 

2  Akihide Kimura, Koji Hosono, WooJae Kim, Yuki Shimizu, Wei Gao1 , Lijiang Zeng, A 
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Nanomanufacturing (IJNM), Vol.7, No.1 , (2011)  (in press) 
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3  Koji Hosono, WooJae Kim, Akihide Kimura, Yuki Shimizu, Wei Gao and Lijiang Zeng, Surface 
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Vol.12 , No.1 , (2011) (in press) 

1  WooJae Kim, Akihide Kimura, Koji Hosono, Yuki Shimizu, Wei Gao1, Lijiang Zeng, 
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encoders, The 2nd International Conference on Nanomanufacturing (nanoMan2010),24-26 
SEP, 2010, Tianjin, China, pp. 1-6 (CD-ROM) 
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(1) Highly c-axis oriented AlN thin films with low residual stress were deposited on Si and stainless 
steel substrates with the ECR sputtering method. The correlation between microstructure of AlN 
thin films and the deposition condition including substrate temperature, gas flow rate and bias 
voltage were elucidated. For AlN thin films grown on the Si substrate, using the optimal 
deposition conditions the residual stress was reduced one order of magnitude and the degree of 
FWHM (full width at half maximum) was reduced from 4.5° to 2.7°. For AlN thin films grown on 
the stainless steel substrate, the effect of the substrate surface roughness and seed layer on 
microstructure were revealed, and the degree of FWHM was reduced from 11° to 4.6° with 
optimal deposition conditions. Two papers and one patent based these results are writing for 
publishing.  

(2)  The patterning of AlN thin films grown on the Al/SiO2/Si substrate was accomplished with both 
wet-etching and dry-etching techniques. AlN microcantilevers for vibration energy harvesting 
were fabricated. 

(3)  Two types of AlN devices were fabricated and their energy harvesting characteristics were 
evaluated. One type of devices based on AlN/Al/SiO2/Si was fabricated with micromachining 
process, and their output power and power density of micrometer-scale device reached 1.4 W 
and 5.57 mW/cm3 at 1 g acceleration, respectively, which is comparable with lead containing PZT 
piezoelectric devices. Another kind of devices based on AlN/Pt/Ti/stainless steel was fabricated 
for low frequency application, and the output power of the device with resonant frequency of 41 
Hz reached 3.03 W at 1 g acceleration. Some of these results were reported in one domestic 
conference and one international conference. The left results were planned to be written into two 
or three papers for publication. 

1  Jinya Zhang, Ziping Cao and Hiroki Kuwano, “Piezoelectric Microcantilever without Substrate”, 
The 5th IEEE-NEMS 2010 Technical Digest, 2010, P144-144. 

2  Jinya Zhang, Ziping Cao and Hiroki Kuwano, “Using AlN thin films for electric microgenerators”, 
in submit. 

Jinya Zhang, Ziping Cao and Hiroki Kuwano, The 2nd Symposium on Micro/Nano Machining, 
“Design, Fabrication and Energy Harvesting Characteristics of AlN Microcantilevers with low 
resonant frequency”, Matsue, Japan, Oct. 13-15, 2010. 
Jinya Zhang, Ziping Cao and Hiroki Kuwano, The Seventh International Conference on Flow 
Dynamics, “Energy Harvesting from Mechanical Vibration for Powering Micro Electronic Device”, 
Sendai, Japan, November 1- November 3, 2010 

1  Jinya Zhang, Ziping Cao and Hiroki Kuwano, The 5th Annual IEEE International Coference on 
Nano/Micro Engineered and Molecular Systems, “Piezoelectric Microcantilever without 
Substrate” January 20-23, 2010. 
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High temperature solid oxide fuel cells (SOFCs) offer a clean, pollution-free technology to 
electrochemically generate electricity. SOFCs provide many advantages over traditional energy 
conversion systems including high efficiency, modularity, fuel flexibility and very low levels of NOx 
and SOx emissions. The perovskite-type (La,Sr)(Co,Fe)O3 (LSCF) is a promising cathode material for 
SOFCs due to its high conductivity of both electrons and oxygen ions than conventional (La,Sr)MnO3 
based cathode materials.  Its high electronic and oxide ionic mixed conductivity spreads the reaction 
active 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. Moreover, such an excellent mixed electronic and oxide ionic conduction of LSCF enables 
its application also to an oxygen permeable membrane.  
For the practical use of LSCF as an SOFC cathode, chemical stability under operation and 
fabrication conditions is highly required. In recent years, many researchers have been working on 
high temperature kinetics of LSCF. They often reported material stabilities under oxygen potential 
gradients at high temperatures. However, stabilities of LSCF have not been sufficiently understood 
yet. In SOFCs, the oxygen chemical potential gradient is generated in the electrode layer during 
operation, and thus the oxygen chemical potential at the cathode/electrolyte interface is supposed to 
be lower than that at the outside of the cathode. During long-term operation, the oxygen potential 
gradient may cause kinetic demixing or decomposition, leading to the compositional and/or 
morphological changes due to the difference in mobility of the cations. Such changes are considered 
to affect the material’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 SOFC. 
This work focuses on the material stability and the cation transport of La0.6Sr0.4Co0.2Fe08O3-  
(LSCF6428), which has the typical composition as an SOFC cathode, under SOFC operating 
conditions. Sintered pellets of LSCF6428 were heat-treated with and without applying oxygen 
potential gradients, and their morphology and composition were characterized. 

La0.6Sr0.4Co0.2Fe0.8O3-  (LSCF) appeared to be stable in uniform atmosphere. Oxygen 
potential gradient caused segregation of cobalt-rich and strontium-rich phases on the surface of high 
oxygen potential side, suggesting that kinetic decomposition took place. The deposited cobalt and 
strontium rich particles had different morphology and size. The bulk composition did not show 
significant change around the both surfaces. These suggested that contribution of grain boundaries 
could be important in the transport kinetics.  

1  36 , “  La0.6Sr0.4Co0.2Fe0.8O3-  ”, 
Oral presentation, Sendai, Japan, November 24-26, 2010. 

2  , “Material stability of La0.6Sr0.4Co0.2Fe0.8O3-  for 
SOFC cathode”, Poster presentation, Sendai, Japan, July 26, 2010. 

3  5 , “Investigation on Kinetic Demixing Phenomena of 
La0.6Sr0.4Co0.2Fe0.8O3- ”, Poster presentation, Sendai, Japan, March 5-7, 2010. 

4  The electrochemical Society in Japan, “Kinetic demixing of La0.6Sr0.4Co0.2Fe0.8O3-  cathode 
material under oxygen chemical potential gradient”, Oral presentation, Toyama, Japan, March 
29-31, 2010  
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1  The 11th Korea-Japan Students’ Symposium, “Stability of La0.6Sr0.4Co0.2Fe0.8O3-  cathode 
material for SOFC”, Oral presentation, Seoul, Korea, November 7~10, 2010. 

2  Seventh International Conference on Flow Dynamics, “Stability of La0.6Sr0.4Co0.2Fe0.8O3-  for 
SOFC cathode”, Poster presentation, Sendai, Japan, November 1~3, 2010. 

 
3  Asian SOFC Symposium, “Material stability of La0.6Sr0.4Co0.2Fe0.8O3-  under SOFC operating 

conditions”, Poster presentation, Kyoto, Japan, September 5~7, 2010. 
4  9th EUROPEAN SOFC FORUM,, “Durability and Reliability of a Mixed Conducting Cathode 

Interface under Operation”, Poster presentation, Lucerne, Switzerland, June 29 - July 2, 2010.  
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Solid oxide fuel cells (SOFCs) are one of the promising power generating devices due to their high 
efficiency. In order to optimize the designs and the operational conditions of solid oxide fuel cells , it 
is important to understand temperature distribution in the cell/stack. For this purpose, thermal 
properties of SOFC components should be evaluated particularly under SOFC operating conditions, 
e.g. at elevated temperatures and under various oxygen partial pressures. Although there exist 
several reports on the thermal properties of the SOFC components, most of data are limited to ones 
at room temperature in air. Thus, we aimed to investigate thermal properties of SOFC components 
as functions of temperature and oxygen partial pressure. In this work, thermal diffusivity and heat 
capacity of the perovskite-type oxides La0.6Sr0.4Co1-xFexO3-  (LSCF), which is a candidate of cathodes 
for intermediate temperature SOFCs, were investigated. Dependencies of the thermal properties of 
LSCF on temperature, oxygen partial pressure and the material composition were discussed in 
terms of oxygen nonsotichiometry and crystal structures. In this study, these oxides were 
synthesized with Co contents of 0  x 1.0 by a pechini method. The micro structure, chemical 
stability these oxides were investigated. The thermal diffusivity and thermal conductivity measured 
by laser flash method at R.T ~ 1173K in air atmosphere. The thermal diffusivity and thermal 
conductivity of LSCF was successfully measured by laser flash method and DSC. The thermal 
diffusivity was shown to depend on the temperature , Co ratio and pO2.  

1    ,  ,  ,  , “Thermal properties of perovskite-type 
La0.6Sr0.4Co1-xFexO3- ”, 2010  1E26  oral 
presentation, 2010 9  

2   , , , , ,  , Melanie Kuhn, , 
,,  ,  , , “SOFC LSCF 

”, 19  SOFC  163C  poster presentation, 2010 12  

1   Yu Cheol Shin,  Atsushi Unemoto, Koji Amezawa, Tatsuya Kawada , “Thermal properties of 
perovskite-type La0.6Sr0.4Co1-xFexO3- ” , 11th Japan-Korea students symposium, presentation No. 
20, Seoul, Korea, November 2010  

2   Yu Cheol Shin,  Atsushi Unemoto, Koji Amezawa, Tatsuya Kawada , “Thermal properties of 
perovskite-type La0.6Sr0.4Co1-xFexO3- ” , Tohoku Univ. G-COE program , Seventh International 
Conference on Flow Dynamics, Sendai, Japan, poster presentation, November 2010 
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on Mechanical Engineering Based on Vessel Biology ,Zurich(Swiss), 15th-16th of November,2010 
( ) 

2. Kei Ozawa, Koji Yamaguchi, Yukihiko Shibata, Toshio Nakayama, Yoko Hashida, Makoto Ohta 
Analysis of Mechanical Properties and Microstructure for Development of Bone-biomodeling , 
6th World Congress on Biomechanics , Singapore(Singapore), 1st -6th of August, 2010 

3. Kei Ozawa, Koji Yamaguchi, Yukihiko Shibata, Toshio Nakayama, Yoko Hashida, Makoto 
Ohta 

Mechanical Properties and Microstructure of Injected Biomodeling , Seventh International 
Conference on Flow Dynamics ,Sendai(Japan),1st -3rd of  November, 2010 

4. Yasutomo Shimizu, Kei Ozawa, Yoko Hashida, Makoto Ohta 
Development of PVA-H stenosis model for PIV measurement , Seventh International 

Conference on Flow Dynamics ,Sendai(Japan),1st -3rd of  November, 2010 
5. Lei Liu, Masafumi Ogasawara, Kei Ozawa, Kenichi Funamoto, Makoto Ohta, ToshiyukiHayase,

Detection of Microcalcification in Soft Tissue , Seventh International Conference on Flow 
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