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Now, the budget can be used to buy expendables only for usage in Tohoku 
University except for the travel expenses. It is not helpful for foreign researchers 
because usually foreign researchers can stay in Tohoku University for several 
days. This means they cannot spend this budget for this collaborative research 
in their country. I hope that the budget should have more flexibility. 



6
We found this Collaborative Research projects to be useful for promoting 

international collaboration. But we hope to increase the amounts slightly, even if 
the acceptance numbers will decrease. 

I appreciate this support and possibility to do joint research with IFS greatly. 
The Collaborative Research projects are very useful for supporting 

international collaboration. I understand the overall budget must be shared 
between several projects. Nevertheless, I think the budget of accepted projects 
should not drop to small amounts, even if it means the acceptance rate must 
decrease. 
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Flow and Heat Transfer Characteristics of Cryogenic Gas-liquid Two-phase Flow in a Pipe
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LSI

Variability Mechanism Study Between Advanced Device Characteristics and LSI Patterning
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Experimental and Numerical Studies of Sonic Boom using a Two-Stage Light Gas Gun  
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Basic Investigation of Spike Neuron Devices
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Shuttlecock Aerodynamics and Dynamic Behavior during Impact
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Alternating Field Characteristics of Complex Flow in Magnet-Ferrofluid System
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Direct Numerical Simulation on the Effects of Free-stream Turbulence

on Neutral, Stably and Unstably Stratified Turbulent Boundary Layers
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Application of Deep Brain Magnetic Stimulation
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Fluid Analysis of the Mechanism of Fetal Brain Hemorrhage 
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Investigations of Reacting Flow in Micro Channels Directed to Development of 

Eco-Friendly Technologies of Energy Conversion  

Sergey Minaev*†, Kaoru Maruta**††
Hisashi Nakamura**, Roman Fursenko *, Evgeniy Sereshchenko*, 

* ITAM SB RAS,
**Institute of Fluid Science, Tohoku University

†Applicant, ††IFS responsible member

1. Purpose of the project 

The project is directed toward solving a fundamental problem of mechanics of reactive 
flows and combustion related with description of combustion waves propagating in 
micro channels with elevated temperature of the wall within an universal model. 
Solution of this problem will promote development of eco-friendly technologies of gas 
burning, energy saving and conversion on the basis of micro channel technologies. 

2. Details of program implement 

In the course of project implementation Russian project members (R.Fursenko, 
S.Minaev, E. Sereshchenko) have visited Institute of Fluid Science, Tohoku University. 
During the visit Japanese and Russian groups had fruitful discussions on the results 
obtained in the frame of the project and formulated plans of the future research. Project 
members took part in the 10th International Symposium on Advanced Fluid 
Information and Transdisciplinary Fluid Integration and presented the results of the 
project.

3. Achievements 

The objective of the present study is the formulation of the model of the flame front 
evolution that is able to capture extinction, ignition and flame as well as the 
conventional regime of flame propagation similar to the “flamelet” model. The basic 
equations constituting of the 1D thermo-diffusive model of combustion is reduced to the 
system of the two ordinary differential equations for the flame front coordinate and the 
flame temperature that determine the flame front dynamic. We demonstrate 
application of our method to solution of two different problems of non stationary 
propagation of reacting fronts. The first problem is concerned the flame propagation in 
the micro channel with variable cross section and non uniform temperature distribution 
in the channel walls. Despite of the limited range of its validity imposing by slow 
evolution approximation and weak nonlinearity, the developed models with inertial 
effects appear to be able to cover different phenomena including the flame ignition, 
extinction and the flame oscillations observed in experiments and obtained in previous 
papers by numerical simulations of full original models. The second problem is 
concerned the flame front dynamic generated by thermal instability. In this case since 
the fuel and combustion products are both solid the initial mathematical model involves 
diffusions equations for temperatures only. This type of combustion is referred to as 
gasless combustion of condensed systems. The same method as that applied to modeling 
of flame in micro channel allows derivation of the flame front evolutionary equations 
within the thermal-diffusion model of gasless combustion of condensed systems. The 
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evolutionary equations for the flame front coordinate and the flame temperature were 
obtained and these equations reproduce as stable wave as pulsating front motion. We 
think that the inclusion of the inertial effects in the frontal model of combustion like 
“flamelet” model can yields principal new possibility for simulations of the combustion 
wave in complex flows and confined systems because they allows description of flame 
extinction, ignition and the oscillatory modes of flame propagation. The nonlinear model 
with inertial effects may be considered as further development of classical concept on 
burning velocity. 

4. Summaries and future plans 

The various flame instabilities observed under gas combustion in micro systems will 
be interpreted within the frame of one theoretical approach. The proposed methods of 
derivation of evolution equation may be extended in future to the 2D or 3D cases with 
consideration of the effects of flame front curvature. Experimental data about limits of 
existence of different combustion regimes will be obtained and the physical mechanisms 
responsible for formation of these regimes will be distinguished. At the project 
implementation is planned to continue developed forms of scientific cooperation 
between Russian and Japanese research teams.

5. Research results (* reprint included) 

The novel formulation of the flame front evolution model has been suggested that is 
able to capture effects of flame initiation and extinction as well as the conventional 
regime of flame propagation similar to the “flamelet” model. The applications of the new 
model to the problem of non stationary flame propagation in microchannels have been 
demonstrated. The characteristics of radiative heat flux from micro channel were 
numerically investigated and the qualitative agreement between experimental and 
theoretical results were obtained.

1) Journal (included international conference with peer review and tutorial paper)

[1] R. Fursenko, S. Minaev, K. Maruta, H. Nakamura and H. Yang, Characteristic 
regimes of premixed gas combustion in high-porosity micro-fibrous porous media,
Combustion Theory and Modelling, 14 (2010), No 4, pp. 571-581

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[2] S.Minaev, R.Fursenko, K.Maruta, Inertial effects in nonlinear models of flame 
front evolution, Proceedings of the 10th International Symposium on Advanced 
Fluid Information and Transdisciplinary Fluid Integration, Sendai (2010), pp. 
64-65.

[3] A.V. Menschikov, B.S.Mazurok, B.S.Dolgovesov, R.V.Fursenko and S.S. Minaev,
Real Time Modeling of  Flame Front Evolution by Kinematic Model, Proceedings 
ICMAR 2010 conference, Novosibirsk, (2010), CD-ROM, 2 pages.

3) Patent, award, press release etc.



Parallel Computations on the Base of GPU for Modeling of Gas Combustion Processes 

Roman Fursenko*†, Kaoru Maruta**†† 
Hisashi Nakamura**, Sergey Minaev *, 

Aleksandr Menshchikov***, Boris Mazurok*** 
* ITAM SB RAS,

**Institute of Fluid Science, Tohoku University
*** IAE SB RAS

†Applicant, ††IFS responsible member

1. Purpose of the project 

Development of GPU oriented parallel numerical codes for simulations of 
combustion processes to facilitate design of advanced combustion technologies.

2. Details of program implement

In the course of project implementation Russian project members (R.Fursenko, 
S.Minaev, B. Mazurok and A. Menshchikov) visited Institute of Fluid Science, 
Tohoku University. During the visit Japanese and Russian groups had fruitful 
discussions on the results obtained in the frame of the project and formulated plans 
of the future research. Project members took part in the 10th International 
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration
and presented the results of the project.

3. Achievements 

All results which have been expected in the submitted project were achieved. The 
fulfillment of the project allows decreasing of computation cost and computation time 
of simulations of some combustion processes. On the base of numerical simulations 
new knowledges on dynamical behavior of lean low-Lewis-number premixed flames 
have been obtained. In particular it was demonstrated that divergent channel is a 
perspective configuration to investigate characteristics of low-Lewis number flames. 

4. Summaries and future plans 

A 3D reaction-diffusion model for lean premixed flames with radiative heat losses 
propagating in divergent channel was studied numerically. Parallel computations on 
the base of GPU allow us to reach 40 times speedup in comparison with 
computations on CPU. Effect of inlet gas velocity and heat-loss rate on flame 
structure at low Lewis number was investigated. It was found that continuous flame 
front exists at small heat losses and the separate flame balls settled within restricted 
domain inside the divergent channel at large heat losses. It is shown that the time 
averaged flame balls coordinate may be considered as important characteristic 
analogous to coordinate of continuous flame stabilized in divergent channel.
The future research will be directed towards the numerical simulations of 

nonstationary 3D flame patterns forming during premixed gas combustion of lean 
low-Lewis-number mixture in stretched flows and in confined geometry. The effective 
algorithms for GPU will be developed. Comparison of the theoretical results with the 
experimental data known from the literature, the results obtained by Prof.K.Maruta 
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group, and during “adhoc” experiments put during the course of performance of the 
project are planned.
The project has been fulfilled successfully. The project results and plans of the 

future research were discussed with Japanese group. Results of the project have been 
presented on the 10th International AFI/TFI conference and the paper reported 
these results have been accepted for publication in Combustion Theory and 
Modelling journal.

5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper)

Not Applicable

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] R. Fursenko, S. Minaev, K. Maruta, H. Nakamura: Parallel Computations on the 
Base of GPU for Modeling of Flame Balls Dynamics, Proceedings of the Tenth 
International Symposium on Advanced Fluid Information and Transdisciplinary 
Fluid Integration, Sendai, (2010), pp. 50-51.

h=0.25 h=0.5

h=0.8 h=1.0

Fig. 1. Cellular flame and flame balls in divergent channel
(equiscalar surfaces C=0.2 are depicted) calculated for V0=12.5, 
Le=0.3 and different heat-loss rates h.



Simulations of Convection-Enhanced Delivery in Rat Brain 
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*Department of Mechanical Engineering, Lafayette College, USA
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†Applicant, ††IFS responsible member

1. Purpose of the project 

The delivery of therapeutic drugs into the brain is impeded by the blood-brain 
barrier, preventing adequate treatment of tumors and other diseases of the central 
nervous system.  Convection-enhanced delivery (CED) was developed as a means to 
deliver therapeutic agents directly to the brain.  It is challenging to measure the 
resulting convective velocity in vivo, so mathematical models have been developed 
to simulate CED.  The purpose of this project is to develop a model of CED in 
realistic brain geometry that includes geometric and material nonlinearities and 
transport of the infused agent.  With this model, we plan to compare numerical 
results with experimental infusions conducted in rat brain.

2. Details of program implement

This is the second year of research collaboration between Professors Smith and 
Funamoto.  During the first year, Prof. Funamoto reconstructed a geometric model 
of a rat brain from MR images provided by collaborators at Tohoku University 
Hospital, and Prof. Smith and Mr. Lefever began improvements to an existing, 
self-written finite element code for modeling transport in deformable porous media.  
Specifically, the code was being translated from C++ to MATLAB in order to take 
advantage of the sparse matrix solvers available within MATLAB.

During the second year, Prof. Smith and Ms. Starkweather completed porting the 
code to MATLAB but determined that the translated code was too limited to be 
useful for the complexity of the problem.  Specifically, the code (1) could not handle 
meshes of density needed to successfully resolve the transport of the infused species 
and (2) would need to be revised significantly to account for material nonlinearities.  
Since September 2010, Prof. Smith and Mr. Lefever have been exploring the utility 
of FEBio, an open-source finite element program from the University of Utah that 
includes geometric and material nonlinearities and support for representing 
biphasic media.

3. Achievements 

There has only been modest progress toward the overall goal of developing a model 
of CED that includes geometric and material nonlinearities and transport of the 
infused agent.  It was believed that porting our previous self-written code to 
MATLAB, and taking advantage of the memory management and sparse matrix 
solvers within that program, would greatly increase the sizes of meshes that could 
be used.  However, after significant effort to translate the code from C++ to 
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MATLAB, this unfortunately determined to not be as significant as thought.  
Ultimately, it was decided that it would be better to explore commercially written or 
open-source finite element programs, such as ABAQUS or FEBio, respectively.

Beginning in September 2010, we have been learning FEBio and validating it 
against the analytical solutions for several simple benchmark problems in porous 
media.  Through this process, it was determined that FEBio did not have a 
compressible Ogden-type material model consistent with experimental 
characterizations of brain tissue that is consistent with their biphasic formulation.  
At the request of Prof. Smith, the authors of FEBio coded and included the 
appropriate material definition into the program in early March 2011.  Since then, 
we have been testing their formulation to determine that it works correctly.

4. Summaries and future plans 

Validation of FEBio will continue over the next two or three months.  Concurrent 
with that effort, Prof. Smith and Mr. Lefever will determine a procedure for 
developing an anatomically realistic brain mesh that can be read by FEBio.  In 
addition, as FEBio does not have capabilities to model the transport of the infused 
agent, we will explore possible approaches to use the deformation and fluid velocity 
results from FEBio as the inputs to a convective-diffusive mass transport code. 

5. Research results

1) Journal (included international conference with peer review and tutorial paper)

Not applicable.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] J. H. Smith, K. Funamoto, K. A. Starkweather, and T. Hayase: Considerations for 
simulations of infusion in realistic animal brain geometries, Proceedings of the 
Tenth International Symposium on Advanced Fluid Information and 
Transdisciplinary Fluid Integration, Sendai, (2010), pp. 96-97.

3) Patent, award, press release etc.

 (Press release)

Lafayette College Campus News. “Kathleen Starkweather ’11 Researches 
Technique to Treat Brain Cancer in Japan.”  November 16, 2010.



Numerical Studies of the Reacting Rarefied Flows in Tubes

Mikhail Ivanov*†, Kaoru Maruta**††,
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*Khristianovich Institute of Theoretical and Applied Mechanics 
**Institute of Fluid Science, Tohoku University

†Applicant, ††IFS responsible member

1. Purpose of the project 
The main challenge of the present project is to study numerically the shock, detonation and 
deflagration waves in narrow tubes and channels mainly for low Reynolds number when kinetic 
description of the flow is required. The simulations are performed mainly by the Direct Simulation 
Monte Carlo (DSMC) method, which can be considered as the method of the numerical solution of 
kinetic Boltzmann equation. This problem requires the further development and numerical 
implementation of collision models and algorithms for the description of the non-equilibrium 
chemical reactions in the DSMC method. Additionally the conventional CFD methods based on the 
solution of Navier-Stokes and Euler equations are used. 

2. Details of program implement  

A set of DSMC molecular collision models completely consistent with the macroscopic 
reaction mechanism was developed for the H2/O2 mixture and the internal structure of 
the detonation wave is numerically studied using these models. The main attention was 
paid to making the models of forward and reverse reactions consistent in terms of 
detailed balance. The temperatures of different molecular modes obtained in DSMC 
computations of adiabatic autoignition are shown in Fig. 1 and compared with a 
solution of equations of chemical kinetics. Modified models are able to accurately
reproduce the adiabatic autoignition processes with a correct ignition delay and final 
equilibrium state.

     .
Figure 1. Temperatures of different modes (left), Kin – solution of equations of chemical 

kinetics, DSMC – results of DSMC computations. Profiles of atomic hydrogen mass 
fraction inside the detonation wave front (right), ZND solution and DSMC results for 

different time instants.
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The models were used for DSMC modeling of propagation of a detonation wave 
initiated by breakdown of the diaphragm between channels with different pressures. An 
unsupported Chapman-Jouguet detonation was obtained. The simulation results on the 
internal structure of the detonation wave are in qualitative agreement with the 
Zeldovich – von Neumann – Doering theory and provide a correct equilibrium state 
downstream of the wave front. It is demonstrated in Fig. 1 where the profiles of atomic 
hydrogen mass fraction inside the detonation wave are shown.
The SMILE system was modified for modeling the flow in micro flow reactor in 
quasi-zero-dimensional formulation and numerical test were performed.
The shock wave entry into a microchannel and its propagation in the microchannel at 
M=2.03 was studied numerically with the use of the continuum and kinetic approaches. 
A significant difference between the inviscid and viscous numerical computations was
demonstrated. The numerical data obtained show that the shock wave is substantially 
amplified after it enters the microchannel. After that, the inviscid computation predicts 
shock wave propagation with a constant velocity, whereas the shock wave in the viscous 
case starts to attenuate. The results of viscous computations are in qualitative 
agreement with the experimental data, which show shock amplification after it enters 
the microchannel and its further attenuation.

3. Achievements 

The expected results were achieved completely.

4. Summaries and future plans

At current stage of the project the DSMC chemistry models were modified to obtain 
the 1D unsupported detonation with the correct conditions downstream of the wave 
front. A numerical study of the process of shock wave entering into the microchannel 
was started and qualitative agreement with experimental data was achieved.
Research plan
1. 2D computations of detonation in microchannel. The detonation wave 

propagation in microchannel will be studied in two-dimensional formulation 
at the molecular kinetic level by the DSMC method. The effects of the 
momentum and heat losses at the channel side walls on the detonation wave 
propagation will be analyzed.
2. Study of viscous and rarefaction effects on the shock entering and propagating 

in microchannel. The numerical investigations of entering of the shock wave 
into the microchannel will be continued. The viscous and rarefaction effects on 
the process will be analyzed by the validation of numerical results obtained by 
the Euler and Navier-Stokes equations with different boundary conditions 
and by the DSMC method against the experimental data. The effect of the 
channel entrance geometry will be studied.

5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper)

*[1] Ye. Bondar, K. Maruta and M. Ivanov: Hydrogen-Oxygen Detonation Study by the 
DSMC Method, Proceedings of 27th Int. Symposium on Rarefied Gas Dynamics,
Pacific Grove, USA, (2010), online-published, 6 pages.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review)

*[2] Ye. Bondar, K. Maruta, and M. Ivanov: Numerical Studies of the Reacting Rarefied 
Flows in Tubes., Proceedings of the 10th International Symposium of the Advanced 
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 
102-103.

3) Patent, award, press release etc. Not applicable.



Investigation of Hypersonic Flows about Leading Edges of Small Bluntness

Mikhail Ivanov*†, Shigeru Yonemura**††, Keisuke Sawada***, 
Yousuke Ogino***, Yevgeniy Bondar*, Dmitry Khotyanovsky*

*Khristianovich Institute of Theoretical and Applied Mechanics 
**Institute of Fluid Science, Tohoku University

***Department of Aerospace Engineering, Tohoku University
†Applicant, ††IFS responsible member

1. Purpose of the project 

In the framework of the present project the phenomena of hypersonic flow about the 
leading edges of the small bluntness are studied. Such leading edges are the elements of 
the advanced hypersonic air-/spacecraft design. Feature of the high-speed flow about 
such edges is significant effect of the rarefaction and thermal non-equilibrium even for 
such parts of the flight trajectory where the flow about the air-/spacecraft is continuum 
as a whole.  The main objective of the present project is to establish the limits of 
applicability of continuum models add assess the effects of thermal non-equilibrium for 
such flows. In the present project the extensive numerical studies based on the kinetic 
(Direct Simulation Monte Carlo method, DSMC) and continuum (Navier-Stokes 
equations, NS) approaches are conducted. The use of such combined numerical strategy 
allows the detailed investigation of the rarefaction and thermal non-equilibrium effects 
on the thermal loads on the leading edge. 

2. Details of program implement  

The flow structure and surface parameters distribution for the monatomic gas flow in 
the vicinity of the leading edge of the hypersonic aircraft are obtained for high Mach 
numbers (M>10) and in the wide range of Knudsen numbers based on the edge radius of 
curvature. The limits of applicability of the continuum approach to such flows were 
assessed. It was shown that for Knudsen numbers of the order 0.5 and lower the NS 
equations with velocity slip and temperature jump boundary conditions provides correct 
distributions of surface parameters (pressure and friction coefficients, Stanton number) 
in the vicinity of the leading edge, though the NS equations are not accurate in the 
flow-field predictions for Knudsen numbers about 0.5.
The flow of chemically reacting and nonreacting CO2/N2 mixture about the blunted 
leading edge was numerically studied in a wide range of Mach and Knudsen numbers 
(for conditions of Mars atmosphere entry) and the effects of thermal non-equilibrium 
were analyzed both at the level of gas dynamics parameters and distribution functions 
of molecular velocity, rotational energy and vibrational energy. The internal structure of 
bow shock wave can be demonstrated by the profiles of translational, rotational and 
vibrational temperature along the stagnation streamline for velocity 5400 m/s shown in 
Fig. 1. The coordinate is normalized with the mean free path in the free stream. The 
profiles of the temperatures are similar for different Knudsen numbers and coincide 
with results of 1D computation. A size of the translation-rotation nonequilibrium zone is 
close to a size of translation-vibration nonequilibrium zone. Under conditions of 
Martian entry the bow shock near the leading edge cannot be considered as a thin 
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translation-rotation shock with a thick attached zone of vibrational and chemical 
relaxation.

.
Figure 1: Translational, rotational and vibrational temperature for nonreacting flow. 

1 – Kn=0.01, 2 – Kn=0.001, 3 – 1D shock wave. 

3. Achievements 

The expected results stated in the application form of the project proposal were 
achieved completely.

4. Summaries and future plans

At current stage of the projects the rarefaction effects were investigated for the high 
Mach number flows about blunted leading edges and the area of applicability of 
continuum approach for such flows was assessed. A nonequlibrium of the reacting 
CO2/N2 flow about the blunted leading edge was studied in detail.
Future research plan
1. 3D numerical study of the high-speed flow about a delta-wing with blunted 

leading edge.
2. Study of the leading edge bluntness effects on the interaction of entropy layer 

and boundary layer.
3. Study of the leading edge bluntness effect on laminar separated flows.

5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper)

*[1] M. Ivanov, D. Khotyanovsky, A. Kudryavtsev, A. Shershnev, Ye. Bondar and S.
Yonemura: Rarefaction and Non-equilibrium Effects in Hypersonic Flows about 
Leading Edges of Small Bluntness, Proceedings of 27th Int. Symposium on Rarefied 
Gas Dynamics, Pacific Grove, USA, (2010), on-line published, 6 pages.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review)

*[2] M.S. Ivanov, S. Yonemura, Ye.A. Bondar, D.V. Khotyanovsky: Investigation of 
Hypersonic Flows about Leading Edges of Small Bluntness, Proceedings of the 10th 
International Symposium of the Advanced Fluid Information and Transdisciplinary 
Fluid Integration, Sendai, (2010), pp. 36-37. 

3) Patent, award, press release etc.

Not applicable.



Temperature Measurement of Unsteady Supersonic Flows Using Laser-Induced Thermal Acoustics
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*[1] T. Mizukaki and K. Takayama: Instantaneous and remote flow measurement using 
laser-induced thermal acoustics, Proceedings of the Tenth International Symposium on 
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 
146-147.
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Experimental Study on Aerodynamic Characteristics of a Silent

Supersonic Aircraft in Low Speed Flight
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Alloy600

Local Magnetization Process of Cr Depression Area for Sensitized Alloy600
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*[1] K. Yamaguchi, K. Suzuki, O. Nittono, T. Uchimoto and T. Takagi: Magnetic dynamic 
process of magnetic layers around grain boundary for sensitized Alloy 600, The 14th 
Biennial IEEE Conference on Electromagnetic Field Computation conference, Chicago,
(2010), p.53.

 [2] K. Yamaguchi, K. Suzuki, T. Takase, T. Takara, O. Nittono, T. Uchimoto and T. Takagi:
Local Magnetic Properties and Magnetic Particle Distribution due to Cr Depletion in 
Sensitized Ni based Alloy, The 15th International Workshop on Electromagnetic 
Nondestructive Evaluation, Szczecin, (2010), pp. 98-99.

2)

 [3] , , , , : Alloy 600
, 34 , (2010), p.384.

 [4] , , , , : Alloy 600
, 34 , (2010), p.385. 

[5] , , , , : Alloy600 Curie
, 34 , (2010), p.386. 

[6] K. Yamaguchi, K. Suzuki, O. Nittono, T. Uchimoto and T. Takagi: Magnetic Hysteresis 
Simulation of Cr Depleted Grain Boundary for Sensitized Ni-Base Superalloy Inconel 
600, Joint International Conference on Supercomputing in Nuclear Applications + 
Monte Carlo 2010, Tokyo, (2010), p.30.

*[7] K. Yamaguchi, K. Suzuki, O. Nittono, T. Uchimoto and T. Takagi: Local magnetization 
process of Cr depression area for sensitized Alloy600, Proceedings of the Tenth 
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp. 74-75.
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New Exact Solutions for Vortex Rings with Swirl and Magnetic Field 

Stefan G. Llewellyn Smith*†, Yuji Hattori**†† 
*Department of Mechanical and Aerospace Engineering, UCSD

**Institute of Fluid Science, Tohoku University
†Applicant, ††IFS responsible member

1. Purpose of the project 

The vortex ring is one of the most fundamental of the many vortical structures 
encountered in both laminar and turbulent flows.  It is a self-propagating structure 
with vorticity confined inside a compact region.  Similar eddy-like structures with 
vorticity concentrated on the boundary of the vortex exist in the presence of toroidal 
magnetic field and swirl.  The goal of the project is to obtain new exact solutions for 
steady and unsteady eddies and vortex rings, and to investigate their properties.  
Knowing exact solutions to the nonlinear equations of fluid dynamics and 
magnetohydrodynamics is always useful, as these solutions give insight into the 
fundamental physical processes at work and also can be used as benchmarks for 
numerical simulations.

2. Details of program implement

Professor Llewellyn Smith visited the Institute of Fluid Science during the periods 
August 2-August 6 2011 and November 1-November 5, 2010.  He and Professor 
Hattori both attended the ICFD2010 Seventh International Conference in Flow 
Dynamics on November.  Professor Llewellyn Smith presented a poster in session 
PS5 (IFS Collaborative Research Forum) at ICFD2011 on November 2, 2010.

During these visits, Professors Llewellyn Smith and Hattori collaborated on 
combining and extending previous results of Hattori & Moffatt (2006) and of 
Llewellyn Smith & Morin (unpublished).

3. Achievements 

We have obtained new solutions for thin-core axisymmetric vortex rings with 
magnetic field and swirl, combining and generalizing previous results.  We have 
also completely characterized steady spherical magnetic vortices with linear 
streamfunction-vorticity dependence.  Finally, we have derived a contour dynamics 
approach for axisymmetric vortex rings with magnetic field and swirl, and shown 
that a vortex may split into two similar dipolar structures that propagate away from 
each other.  We have submitted a manuscript on these results to Communications in 
Nonlinear Science and Numerical Simulation.

Figure 1 shows results from the contour dynamics approach that has been developed.  
This is a situation where swirl and magnetic field balance, leading to the formation 
of dipolar eddies.  Further elucidating the nature of the dipolar eddies is one of the 
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next goals of the project.

Figure 1: Contour dynamics simulation of initially toroidal vortex with swirl, showing 
how the vortex splits into two contour-propagating toroidal dipolar eddies.

4. Summaries and future plans 

The project has so far has led to the discovery of new steady and asymptotic eddies 
and vortex rings, and shown that a contour dynamics approach is feasible in the 
presence of both swirl and magnetic field.  Future plans include continuing to 
investigate the contour dynamics system, in particular aiming to characterize steady 
self-propagating vortices.  These are known as V-states in the literature.  A 
compelling question here is how these new V-states are related to the Norbury family 
of vortices in the case with neither swirl, nor magnetic field: do these new solutions 
exist for all values of the swirl parameter and magnetic field?

Professors Llewellyn Smith and Hattori have been awarded a continuation grant 
J11026 and SGLS will visit the Institute of Fluid Science at Tohoku University for 
ten days during the period April 2011-March 2012.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

Not applicable.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] S. G. Llewellyn Smith and Y. Hattori: Axisymmetric Steady Magnetic Vortices with 
Swirl, Proceedings of the Tenth International Symposium on Advanced Fluid 
Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 144-145.

[2] , Stefan Llewellyn Smith, swirl contour dynamics
, 66 , March, (2011).

3) Patent, award, press release etc.

Not applicable.



Experimental Study on Aerodynamic Characteristics of a Silent Supersonic Aircraft in 

Supersonic Flight
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[1] , , , , ; CFD
16-C-3-4, 217.

*[2] A. Toyoda, K. Suzuki, K. Shimizu, A. Matsuda, A. Sasoh and S. Obayashi; Low Boom 
Characteristic of Supersonic Biplane with Sears-Haack Fuselage, Proceedings of the 10th 
International Symposium of the Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp. 48-49.
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*[1] M. Shibahara and T. Ohara, Effects of the Nanostructural Geometry at a Liquid-Solid Interface on the
Interfacial Thermal Resistance and the Liquid Molecular Non-Equilibrium Behaviors, Proceedings of
the ASME/JSME 8th Thermal Engineering Joint Conference, (2011), CD-ROM, AJTEC2011-44220.

[2] M. Shibahara and T. Ohara, Effects of the Nanostructural Geometry at a Liquid-Solid Interface on the
Interfacial Thermal Resistance and Liquid Molecular Non-Equilibrium Behaviors, Proceedings of 7th
International Conference on Flow Dynamics, Sendai, (2010), pp.366-367.

*[3] T. Ohara, G. Kikugawa and M. Shibahara: Transport Phenomena at Nano-Structured Interfaces,
Proceedings of the Tenth International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2010), pp. 122-123.
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Shinkyu Jeong*†, Kwanjung Yee**†† 
Sanghyun Chae ** 

*Institute of Fluid Science, Tohoku University,  
**Department of Aerospace Engineering, Pusan University

†Applicant, ††non-IFS responsible member 

One of important issues in helicopter design is to reduce the noise generated from 
its blades and a lot of studies have been done to improve the noise performance of 
helicopter. However, most studies have been confined to parametric study. The 
purpose of this project was to develop the sophisticated optimization design method 
for a low noise and high aerodynamic performance helicopter blade.       

In this project, the high efficient design exploration method is applied to a low noise 
and high aerodynamic performance helicopter blade design. The previously 
developed optimization framework that is composed of design optimization and data 
mining were integrated under the GUI planform. This GUI-based optimization 
software is easy to use and supports multi-OS planform such as Windows, Mac-OS 
and linux system. The current version GUI-based optimization software called 
‘MEDOC’ (Multi-purpose Engineering Design and Optimization Code) supplies 
Kriging model based MOGA (Multi-Objective Genetic Algorithm) and two data 
mining tools. One is ANOVA and the other is SOM. Once user has finished design 
optimization, result of design optimization can be used to extract design knowledge 
about the problem. Figure 1-2 shows the result ANOVA and SOM, respectively. 

Fig.1 Results of ANOVA 
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Fig.2

Compared with rectangular blade, the blade designed with the current optimization 
code improved the noise and aerodynamic performance noticeably. Furthermore, the 
GUI-based optimization code improved the efficiency of design itself.    

The optimization method developed in this project will be applied to the helicopter 
blade design under the various mission condition. The GUI-based optimization 
software will be commercialized in near future.  

[1] S. Chae, K. Yee, C. Yang, T. Aoyama, S. Jeong, S. Obayashi: Helicopter Rotor Shape 
Optimization of the Improvement of Aeroacoustic Performance in Hover, Journal of 
Aircraft, Vol. 47, No. 5, (2010), pp. 1770-1783.

 [2] S. Chae, K. Yee, S. Obayashi and S. Jeong: The Development of Surrogate Model 
Based MDO Platform - MEDOC, 2010 Asia-Pacific International Symposium on 
Aerospace Technology, Xian, China, (2010), B1 Session. 

 [3] S. Chae, K. Yee, S. Obayashi and S. Jeong: Helicopter Rotor Blade Planform Design 
Using a Newly Developed MDO Platform - MEDOC, Heli Japan 2010, Saitama, 
(2010), T121-3. 

*[4] S. Chae, K. Yee, S. Obayashi and S. Jeong: Rotor Blade Shape Design Using MDO 
Platform - MEDOC, Proceedings of the Tenth International Symposium on 
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, 
(2010), pp. 38-39. 

  Not Applicable.
   Not Applicable.

  Not Applicable. 



Real-time Numerical Simulation of Reactive Non-equilibrium Plasma Jet
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*[1] H. Takana, Y. Tanaka and H. Nishiyama: Fundamental Study of Methane-Air Plasma 
Flow at High Pressure, Proceedings of the Tenth International Symposium on Advanced 
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp.56-57.
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Development of an Innovative Plasma Autoclave
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*[1]Takehiko Sato, Takeshi Furui and Kei Igarashi: Development of Next-Generation Plasma 
Autoclave, Proceedings of the Tenth International Symposium on Advanced Fluid 
Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 90-91.
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Effects of Swirl on the Stability of Vortices
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*[1] Y. Fukumoto and Y. Hattori: Normal-Mode Stability Analysis of a Helical Vortex Tube, 
Proceedings of The Tenth International Symposium on Advanced Fluid Information and 
Transdisciplinary Fluid Integration , Sendai, (2010), pp. 136-137.
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Entropy Flow in Magnetically Ordered Heusler Alloys under Influence of 

Temperature or Magnetic Field

Vladimir Khovaylo*†, Hiroyuki Miki**††, Toshiyuki Takagi**, 
Ekaterina Avilova*, Makoto Ohtsuka***, Vasiliy Buchelnikov **** 

*National University of Science and Technology “MISiS”
**Institute of Fluid Science, Tohoku University

***Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
****Faculty of Physics, Chelyabinsk State University

†Applicant, ††IFS responsible member

1. Purpose of the project

Purpose of the project is to study, both experimentally and theoretically, 
entropy change in magnetically ordered Heusler alloys NiMnX (X = Ga, In, 
Sn) caused by temperature or by an external magnetic field.

2. Details of program implement

Total entropy change upon temperature-and magnetic-field-induced structural (or 
magnetostructural) first-order phase transition in NiMnX (X = Ga, In, Sn) Heusler 
alloys has experimentally been studied. Direct measurements of the adiabatic 
temperature change related to the redistribution of entropy between magnetic and 
structural subsystems were performed under adiabatic magnetization/demagnetization 
(Figure 1: Left). Theoretical study of phase transitions, entropy change upon these 
transitions, and the adiabatic temperature change in external magnetic fields has been
performed by Monte Carlo simulations (Figure 1: Right). 

Figure 1: Left: Magnetic field dependencies of the adiabatic temperature change in 
Ni50Mn36Co1Sn13 measured upon heating protocol in the vicinity of the reverse 

martensitic phase transformation. First branch (1) corresponds to the increase of the 
magnetic field from 0 to 1.93 T whereas second branch (2) corresponds to subsequent 

decrease of the field from 1.93 to 0 T. Third and fourth branches (3 and 4) correspond to 
the application and removal of the magnetic field, respectively, for the case of the field 
polarity reversal. Right: The theoretical and experimental values of magnetic entropy 

change - Smag for Ni2+xMn1 xGa (x = 0.18, 0.20, 0.22 and 0.24) when varying the 
magnetic field from 0 to 5 T.
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3. Achievements

The main achievements are as follow
- Reversibility and irreversibility of the adiabatic temperature change and irreversible 
heat dissipation upon repeatable application of external magnetic field were observed
and linked to reversible or irreversible character of magnetic field-induced structural 
transformation.
- Factors, governing reversible and irreversible character of the adiabatic 
temperature change in NiMnX were clarified.
- Magnetic and magnetocaloric properties of NiMnX were studied by Monte Carlo
method.

4. Summaries and future plans
In summary, entropy change in magnetically ordered Heusler alloys NiMnX (X = Ga, In, 
Sn) caused by temperature or by an external magnetic field has been studied both 
experimentally and theoretically. A strong irreversibility of the adiabatic temperature 
change has been observed in the vicinity of first-order coupled magnetostructural phase 
transition. The theoretical modeling implies that magnetic entropy change 
experimentally determined with the help of Maxwell relation is overestimated.
Future plan is to establish the main factors governing behavior of adiabatic 
temperature change in conventional ferromagnetic (the NiMnGa system) and 
metamagnetic (e.g. NiMnSn or NiMnIn system) Heusler-based shape memory alloys
and to study theoretically adiabatic temperature change in the NiMnGa alloys.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

*[1] V. V. Khovaylo, K. P. Skokov, O. Gutfleisch, H. Miki, T. Takagi, T. Kanomata, V. V. 
Koledov, V. G. Shavrov, G. Wang, E. Palacios, J. Bartolomé, and R. Burriel:
Peculiarities of the magnetocaloric properties in Ni-Mn-Sn ferromagnetic shape 
memory alloys, Phys. Rev. B, 81 (2010) 214406 (6 pages).

[2] V. V. Khovaylo, K. P. Skokov, O. Gutfleisch, H. Miki, R. Kainuma, and T. Kanomata:
Reversibility and irreversibility of magnetocaloric effect in a metamagnetic shape 
memory alloy under cyclic action of a magnetic field, Applied Physics Letters 97
(2010) 052503 (3 pages).

[3] V. Khovaylo, G. Lebedev, D. Zakharov, V. Koledov, E. Perov, V. Shavrov, M. Ohtsuka, 
V. Pushin, H. Miki, and T. Takagi: Imprinting bias stress in functional composites,
Japanese Journal of Applied Physics 49 (2010) 100212 (3 pages).

[4] V. Buchelnikov, V. V. Sokolovskiy, S. V. Taskaev, V. V. Khovaylo, A. A. Aliev, L. N. 
Khanov, A. B. Batdalov, P. Entel, H. Miki and T. Takagi: Monte Carlo simulations of 
the magnetocaloric effect in magnetic Ni-Mn-X (X = Ga, In) Heusler alloys, J. Phys. 
D: Appl. Phys. 44 (2011) 064012 (14 pages).

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review)

*[5] V. Khovaylo, K. Skokov, Y. Koshkid’ko, E. Avilova, V. Buchelnikov, S. Taskaev, 
O.Gutfleisch, H. Miki, T. Takagi: Entropy Change in Heusler Alloys under Influence of a 
Magnetic Field, Proceedings of the Tenth International Symposium on Advanced Fluid 
Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 138-139.

3) Patent, award, press release etc.

Not applicable.
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pp.114-115.
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Patterns from a Continuous Inkjet, Proceedings of the Seventh International Conference on Flow 
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Non-destructive Detection of Cracks using Electromagnetic Phenomena

Jinhao Qiu*†, Toshiyuki Takagi**†† 
Tetsuya Uchimoto**, Jun Cheng*

*College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics
**Institute of Fluid Science, Tohoku University

†Applicant, ††IFS responsible member

1. Purpose of the project
With the growth of markets for green power, energy that does not create pollution, output from 

sources of nuclear power is increasing faster in the percentage terms. The cracks in nuclear steam 
generator tubes, especially those occur in the welding parts may cause the great damage in structures 
and loss in facilities. Thus the nondestructive detection and assessment of steam generator tubes 
integrity continues to be an indispensable technical support.  

Taking advantage of conventional nondestructive testing method that based on electromagnetic 
phenomena, known as eddy current testing, the related technique and theory for identifying the 
location and severity of cracks are to be enhanced in this project, by means of experiment 
observation and numerical simulation.

2. Details of program implement
Since the applicant’s laboratory has few research experience on eddy current testing before, most 

of the project works are preliminary and were done when Chinese PhD student stayed in Professor
Takagi’s laboratory from 2009,8 to 2010,2 supported by GCOE’s internship program. The works 
include the validity tests of FEM computation code and software; experiment measurement and 
numerical analysis of the stainless steel plate specimen with Inconel weld joint and EDM (Electric 
Discharge Machining) slits, guided by the team workers of Professor Takagi’s laboratory; providing 
and organizing the eddy current testing data on the testpieces with stress corrosion cracking of SCC 
round-robin test project.

There are various kinds of numerical simulation tools for ECT, the program code and practical
software based on Finite Element Method are one of the most popular categories. The agreement 
between computation signals and actual detecting values is essential to the numerical simulation,
otherwise the simulation analysis will make none sense. Figure 1 shows the comparison of numerical 
results obtained using edge-element FEM code and experiment data. In order to evaluate the validity
of the code, ECT benchmark problem concerning the SG tubes with cracks is employed. 
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Figure 1: Comparison of the signals of experiment data and edge-element FEM code
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The awareness of the positioning and quantifying accuracy of the cracks in the welding 
components using eddy current testing has practical significance for the integrity of a nuclear power 
plant. Figure 2 shows the measured signals obtained from absolute double ring coils probe with 
up-down layout on the stainless steel plate specimen with Inconel weld joint and EDM slits, and 
probe output variability due to the material composition of the specimen. The measured signals 
consist of the positional probe values by scanning along the EDM slits with different thickness from 
3mm to 20mm and the welding region. 
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Figure 2: (a) Measured signals of EDM specimen with weld joint and (b) output variability due 

to the material composition
Besides the above two kinds of works, the author also experiment detected the SCC testpieces

using ECT equipments of professor Takagi’s laboratory. The testpieces were supplied by Dr. Yusa 
of Tohoku University, he was organizing a project aiming at the enhancement of NDT&E of stress 
corrosion cracking. The testpieces were utilized for the round-robin test to measure non-destructive 
testing signals. Although the author was not very skilled in measurement, some unique
characteristics of SCC defects were observed in the experimental process.

3. Achievements 
Through this study, we had experiences of the specific process for the laboratory detection and 

numerical computation, the ECT technique for evaluation of crack information was basically set up.
We obtained the experiment results of the metal plate specimens with welding region and some 
artificial natural cracks, such as SCCs. Despite the problems faced by us and also not achieving the 
expected results, we still made the effective efforts for the numerical simulation of specimens and 
cracks with complex shape and electrical property. 

4. Summaries and future plans 
The applicant’s laboratory in China is mainly carrying out the researches related to aeronautic 

applications. On the basis of the project works of the previous year, we are planning to conduct some 
exploring studies on the aircraft advanced materials, such as conductive fibre reinforced composites, 
still using the eddy current method. 

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)
Not applicable.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 
*[1] Jun Cheng, Jinhao Qiu, Toshiyuki Takagi and Tetsuya Uchimoto: Reliability Verification of

Edge-element FEM Code for ECT Simulation of Steam Generator Tube, Proceedings of the 
Tenth International Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp. 118-119. 

3) Patent, award, press release etc.
Not applicable.
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*[3] S. Sugiyama, R. Saito, K. Funamoto, Y. Sonoda, T. Kumabe, T. Hayase, and T. Tominaga: 
Analysis of convective flow during convection-enhanced drug delivery, Proceedings of the 
Tenth International Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp.98-99.
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, 28 , , (2010).
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Blast Wave / 
Propagation Pathway and Dynamics of Blast/Shock Wave: Impact on Traumatic Brain Injury
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****Walter Reed Army Medical Center
† ††
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*[1] A. Nakagawa, GT. Manley, AD. Gean, R. Armonda, K. Ohtani, H. Yamamoto, K. Takayama, 

and T. Tominaga: Mechanisms of primary blast-induced traumatic brain injury: Insights 

from shock wave research, J. Neurotrauma, (Epub ahead of print, Feb 20, 2011)

[2] 

, Bahram Jalali

blast-induced traumatic brain injury (bTBI)

multidisciplinary team . 33 2010 pp. 60-67.

2)

[3] A. Nakagawa, K. Ohtani, H. Yamamoto, K. Takayama, T. Tominaga: Biological and 

mechanical profile of blast-induced traumatic brain injury model in rat. Scientific 

Session. Neurotrauma and Critical Care AANS 2010, 2010.5.3, Philadelphia, PA ( ). 
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Doctors Salon Los Angeles 2010 7 12 .

*[5] A. Nakagawa, T. Arafune, K. Ohtani, H. Yamamoto, T. Washio, A. Tsukamoto, T. Nakano, 
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of the skull, Proceedings of the Tenth International Symposium of the Advanced Fluid 

Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 82-83.
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Numerical and Experimental Research on Active Control of the Hole-Tone Feedback 

Problem 

Mikael A. Langthjem*†, Masami Nakano**†† 

*Graduate School of Engineering, Yamagata University,
**Institute of Fluid Science, Tohoku University

†Applicant, ††IFS responsible member 

1. Purpose of the project 

(a) With the fundamental hole-tone problem as reference, the purpose is to
investigate how the sound generation is influenced by (i) a cavity (expansion 
chamber) enclosing the jet, (ii) a tailpipe, and (iii) a combination of (i) and (ii). 

2. Details of program implement

We have implemented a boundary element model of an expansion chamber and a 
tailpipe into an existing code, based on a fully axisymmetric formulation, which 
previously has been used for the 'pure' hole-tone problem. The implementation 
includes an acoustic feedback mechanism. Based on the boundary element pressure
analysis, the acoustic velocity field is computed near the jet and added to the 
non-compressible flow field, which is computed via the discrete vortex method. 

Figure 1 : Sketch of the cavity-tone problem. We consider this as the hole-tone 
feedback problem modified to include a closed cavity and a tailpipe. The dotted 

line indicates how the surface is closed in the boundary element analysis.

3. Achievements 

We have investigated the influence of cavity- and tailpipe-geometry. The initial 
boundary element model was based on a previous thin-plate formulation which also 
made use of a multi-pole expansion of the Green's function. Some results were 

Project code J10036
Classification General collaborative research
Subject area Fundamentals
Research period April 2010 ~ March 2011
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presented at ICFD2010 in Sendai. These results are however not fully satisfactory. 
We believe the problems are due to some approximations made in the Green's 
function. A revised implementation is ongoing, based on an exact time-domain 
Green's function in axisymmetric cylindrical coordinates. This function takes the 
form

where  is the speed of sound, H is the Heaviside unit function, t is the time, and r
and z are as defined in Fig. 1. Variables with an asterisk are related to the sources, 
while those without are related to the observation point.  

With a cavity/expansion chamber in place, it is possible to make a closed surface, 
as indicated by the dotted lines in Fig 1. This makes it possible to use the standard 
boundary element formulation, rather than the more complicated thin-plate 
formulation necessary in the canonical hole-tone feedback problem (including a thin 
end-plate only). 

4. Summaries and future plans 

We wish to obtain a thorough understanding of the interaction between the unsteady 
flow and the acoustic standing waves in the expansion chamber and the tail pipe. 
Once this has been achieved in the axisymmetric case we will move on to the 
three-dimensional case and implement cavity and tailpipe in an existing 3D 
Fortran-code. Forced acoustic excitation (for flow- and sound control) will be 
considered as well. 

5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

[1] K. Matsuura & M. Nakano: Direct Numerical Simulation of a Hole-Tone Feedback 
System, CD-ROM Proceedings of 3rd Int. Conf. on Jets, Wakes and Separated Flows,
Cincinnati, (2010), pp.1-6.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[2] M. A. Langthjem & M. Nakano: The influence of a closed cavity and a tailpipe on
the hole-tone feedback cycle, Proceedings of the Seventh International Conference 
on Flow Dynamics, Sendai, (2010), pp.270-271.

*[3] M. A. Langthjem & M. Nakano: Numerical and experimental research on active 
control of the hole-tone feedback problem, Proceedings of the Tenth International 
Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp.140-141.

[4] M. A. Langthjem & M. Nakano: Analysis of the hole-tone feedback cycle: on the 
influence of a cavity and a tailpipe, 88th Meeting of the Fluids Engineering 
Division of JSME, Yamagata University, Yonezawa, Oct. 30-31, 2010, oral 
presentation.

[5] M. A. Langthjem & M. Nakano: Aeroacoustics of a silencer model, 20th Symposium 
on Flow-Induced Sound (Dai 20-kai Ryuriki-Souon Shinpojiumu), The University of 
Tokyo, Dec. 10-11, 2010, oral presentation.

.
3) Patent, award, press release etc.

Not applicable.
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[1] Y. Takeshima, I. Fujishiro, and T. Hayase: GADGET/FV:  Ontology-supported design of 
visualization workflows in fluid science, To appear in Scientific Programming, (2011). 

2)

[2] 
24 (2010), pp. 121-130.

*[3] I. Fujishiro, Y. Takeshima, Y. Seshita, and T. Hayase: Design of version tree operators for 
sophisticated visualization provenance, Proceedings of the Tenth International 
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2010), pp. 134-135.
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(2011).
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Mechanism of Radical Generation and Sterilization by a Plasma Flow at Atmospheric Pressure

*† **††
* **

† ††
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Fig. 1 Effect of frequency on H2O2

concentration.
Fig. 2 Effect of discharge voltage
on H2O2 concentration.

Fig. 3 Effect of discharge time on 
H2O2 concentration.

Fig. 4 Effects of electrode polarity 
on ORP and pH.
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Analysis of plasma flow at gas-liquid interface for 

biological interaction Morfill
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*[1]Takashi Miyahara, Takehiko Sato, Masanobu Oizumi and Tatsuyuki Nakatani: Water 
Quality Change Induced by Plasma Formation in Water, Proceedings of the Tenth 
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp.88-89.

[2]

20 2010 (2010) pp.197-198.
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Fig. 1 Experimental setup 

Fig. 2  Streamer (a) and schlieren image (b). 

(a) (b) 



Takehiko Sato, Masanobu Oizumi, Takashi Miyahara and Tatsuyuki Nakatani: 
Observation of Streamer and Bubble Generation by Plasma, Proceedings of the 10th 
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration (AFI/TFI2010), Sendai (2010), pp.150-151. 



Analysis of Plasma Flow at Gas-Liquid Interface for Biological Interaction 

Takehiko Sato*†, Gregor Morfill**†† 
Yutaka Iwafuchi***, and Tetsuji Shimizu** 

*Institute of Fluid Science, Tohoku University
**Max-Planck Institute for Extraterrestrial Physics

***Graduate School of Engineering, Tohoku University
†Applicant, ††non-IFS responsible member

1. Purpose of the project

The production and transport of reactive species in atmospheric plasma is a key 
issue to understand the interaction between the plasma and biological tissues. The 
biological tissues are often immersed in liquid. In this project, we aim to investigate 
how the produced reactive species in gas (air) are transported into water. In addition, a 
flow formation in the water was observed, which is responsible for the transport of 
reactive species onto the biological tissues.

2. Details of program implement

A dielectric barrier discharge plasma was produced between a metal pin electrode 
and water surface as shown in fig. 1(a). To the metal pin, a high AC voltage of 7.5 kV0p
was applied with respect to aluminum plate below a glass cell, electrically grounded. It 
was found by optical emission spectroscopy and measurement using a gas detector that 
reactive species, e.g. NO, NO2, O3 were produced. A high-speed Schlieren images show
that a thermal flow field from the metal pin toward the water surface was produced. 
This flow field formation was also observed by a simple smoke test that the flow was 
produced to the water surface around the metal pin electrode.

Figure 1(b) shows a time series of Schlieren images in the water. At t = 0 s, the 
discharge was ignited. A thermal field started to build up from the discharge point at 
the center along the surface due to the friction above the surface produced by the 
discharge. After 0.7 s, a circulating flow was produced. This flow pattern was also 
observed by particle image velocimetry using 5 m microparticles. 

(a)                             (b)

Figure 1: (a) Experimental setup. A plasma discharge was produced between the metal 
pin and water surface. (b) Thermal field in the water measured by Schlieren method. 
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Figure 2: Temporal change in the water 
with methyl red.

In the water by the plasma treatment, reactive species were found dissolved. The 
concentrations of H2O2, O3, and HNO2 increased with the discharge time t. To see the 
transport of reactive species in the water, a solution of methyl red was treated by 
plasma discharge. Figure 2 shows the temporal evolution of the color change in the 
solution. The color change is due to a drop in pH. Since this color change pattern closely 
resembles the thermal field shown in fig. 1(b), we believe that the reactive species were 
transported mainly by the circulating flow induced by the discharge.

3. Achievements

By the investigation in Institute of Fluid Science, Tohoku University, we clarified 
the flow formation by the plasma discharge both in the air and water. In the air around 
the discharge the production of reactive species was observed. In the water the 
circulating flow was induced and it is shown that the transport of reactive species in the 
water could by mainly by the circulating flow.

4. Summaries and future plans

The flow formation and production of reactive species were investigated in the 
dielectric barrier discharge between the metal pin and water surface. The reactive 
species were produced in the air by the discharge and the discharge could drive a gas 
flow onto the water surface. In the water, the circulating flow was induced by the flow in 
the air. This flow in the water could be mainly responsible for the reactive species 
transport.

In the next step, a planar electrode is used for the discharge to see a geometry effect. 
It is also interesting to see an effect of water depth on the diffusion velocity of reactive 
species because there is a very thin layer of water on biological tissues in many 
applications.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

Not applicable.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review)

[1] Y. Iwafuchi, T. Shimizu. G. Morfill, and T. Sato: Analysis of Chemical Species in an 
Air-Water Plasma Flow, Proceedings of the Seventh International Conference on 
Flow Dynamics, Sendai, (2010), pp.554-555.

*[2] T. Shimizu. Y. Iwafuchi, G. Morfill, and T. Sato: Analysis of Plasma Flow at 
Gas-Liquid Interface for Biological Interaction, Proceedings of the Tenth
International Symposium on Advanced Fluid Information and Transdisciplinary 
Fluid Integration, Sendai, (2010), pp.92-93.

3) Patent, award, press release etc.

Not applicable.



Mechanism of Bubble Generation and Disappearance by Plasma 

Takehiko Sato*†, Mohamed Farhat**††
Marc Tinguely**, Hidemasa Fujita***

*Institute of Fluid Science, Tohoku University,
**Lab. of Hydraulic Machines, EPFL, Switzerland

***Graduate School of Engineering, Tohoku University
†Applicant, ††non-IFS responsible member

1. Purpose of the project 

LHM, Ecole Polytechnique Federale de Lausanne (EPFL) is the one of the world 
center of research in cavitation dynamics. A generation and disappearance process of 
a bubble by plasma has not clarified yet from a view point of chemical reaction, 
although the process was already clarified by Prof. Farhat from the LHM group. Prof. 
Sato from the Tohoku University group has studied plasma in water and clarified 
generation of chemically active species. The aim of this project is to clarify the 
mechanism of reactive species generation by focusing on the bubble behavior.

2. Details of program implement

High speed visualizations of bubble collapses showed that the amount of 
microbubbles remaining after the collapse of a laser-induced bubble is smaller than 
after the collapse of a discharge bubble as shown in Fig. 1. As the remaining 
microbubbles are partially composed by gases generated during the bubble 
generation and collapse process, this result is consistent with the measurements of 
dissolved hydrogen that showed a larger concentration after the collapse of a 
discharge bubble than after the collapses of a laser-induced bubble as shown in Fig. 
2.

Figure 1 Time evolution of concurrent bubble behaviors in the process of generation, 
collapse and rebounds for the laser induced bubble (right) and the discharge induced 
bubble (left).
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Figure 2 : Concentration of dissolved hydrogen against number of laser pulses (right) 
and number of discharge pulses.

3. Achievements 

We aimed at indentifying the chemical species in the generated bubble, and 
clarifying collapse or disappearance process of micro bubble in this year. We 
assessed that the hydrogen gas was partially included in the bubble by measuring 
the dissolved hydrogen gas in the water and the residual microbubbles depended on 
the amount of dissolved hydrogen gas.

4. Summaries and future plans 

We are planning to clarify what kinds of gases are mainly composed in the residual 
microbubbles.

5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper)

Not applicable.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] Marc Tinguely, Masanobu Oizumi, Takehiko Sato and Mohamed Farhad: 
Residual Microbubbles after Collapse of Discharge-Induced or Laser-Induced 
Bubbles in Water, Proceedings of the Tenth International Symposium on Advanced 
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2010),
pp.120-121.

3) Patent, award, press release etc.  
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Study on Friction of Soft Tissue Biomodel by PVA 
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1. Purpose of the project

To find the characteristics of friction behaviors on PVA and medical metal and 
develop a methodology of biomimetic material for human soft tissues.

2. Details of program implement

Friction coefficients between metallic alloys 
and PVA-H samples were measured by using a 
ball-on-disc rotating tribometer (Fig. 1). A PVA 
sample in a petri dish was fixed on the 
rotation stage of the tribometer, and a 3 ml 
droplet of pure water was deposited on the 
surface of the PVA-H. A metallic alloy ball was 
loaded to the PVA-H sample with a constant 
normal load FN (from 0.1 to 3.1 N) at a 
distance of 30 mm from the center of the 
PVA-H disc. A PVA-H sample was rotated at a 
constant sliding speed v (from 0.5 to 600 
mm/s) in one direction for 30 seconds, and was 
turned toward the opposite direction every 30 

seconds.

3. Achievements

Stribeck curves of the friction 
coefficient of four kinds of metallic 
alloy are obtained (Fig.2). This fact 
allows us to guess that the Ti-surface 
alloys have larger polar component in 
surface free energy in comparison 
with the Cr-surface alloys. Since 
various reports indicate that elastic 
friction is governed by the interaction 
of the surface characteristics between 
contacting materials, the difference in 
the friction coefficient would be 
influenced by the surface chemical 

Project code J10042
Classification General collaborative research
Subject area Life Science
Research period April 1, 2010 ~ March 31, 2011

Fig.1 Schematic diagram of 
ball-on-disc friction apparatus

Fig.2 Comparison of friction coefficient 
between metallic alloys: ( ) 316L; ( ) CoCr; 
( ) NiTi; ( ) TiMoSn with P12 at FN = 0.1 
N (a) and 1.0 N (b). The abscissa axis is the 
Sommerfeld number, where P is contact 
pressure [Pa], and is viscosity of lubricant



composition of metallic alloys. The polar component in surface free energy can affect the 
adsorption of polymer because the solid captures lubricant in the gap between the 
substrate and gel. Therefore, friction behavior in the elastic friction can be influenced by 
the chemical characteristics of the surface of alloys. These results can serve new 
guidelines to the development and design of stent. Two phenomena, elastic friction and 
hydrodynamic lubrication, are observed in the friction behavior between PVA-H disc 
and metallic alloys used for stent. There is a difference in friction coefficient between 
the four kinds of alloys in the elastic friction. It can be influenced by the surface 
characteristics of alloys. The results obtained here can serve new guidelines for the 
development and design of stent.

4. Summaries and future plans

We will perform friction test with a complicated shape such as stent.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

[1] Keisuke Mamada, Hiroyuki Kosukegawa, Vincent Fridrici, Philippe Kapsa, 
Makoto Ohta, Friction properties of PVA-H/steel ball contact under water 
lubrication conditions, Tribology Journal, (2011), doi:10.1016/j.triboint.2010.12.014

[2] Keisuke Mamada, Vincent Fridrici, Hiroyuki Kosukegawa, Philippe Kapsa, 
Makoto Ohta, Friction Properties of Poly(vinyl alcohol) Hydrogel: Effects of Degree 
of Polymerization and Saponification Value, Tribol Lett, DOI 
10.1007/s11249-011-9768-8. 

[3] Hiroyuki Kosukegawa, Shuya Shida, Yoko Hashida, Makoto Ohta, Mechanical 
Properties of Tube-Shaped Poly (Vinyl Alcohol) Hydrogel Blood Vessel Biomodel, 
Proceedings the 3rd ASME2010 3rd US-European Fluids Engineering Summer 
Meeting and 8th International Conference on Nanochannels, Microchannels and 
Minichannels, Aug.1-5, (2010), pp. FEDSM-ICNMM2010-30892.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review)

[4] H.Kosukegawa, Y. Hashida, M. Ohta, Flequency-Dependence of Blood Vessel 
Biomodel Made of Poly(vinyl alcohol) Hydrogel, 23th European Conference on 
Biomaterials, Sep. 11-15, 2010, p. h3586.

[5] Hiroyuki KOSUKEGAWA, Vincent FRIDRICI, Philippe KAPSA, Koshi ADACHI,
Makoto OHTA, Tribological study on metallic alloy used for stent against blood 
vessel biomodel, Swiss/Japan International Seminar on Medical Emgineering 
Based on Vessel Biology, in Zurich, Swiss, Nov 15-16, (2010). 

[6] Hiroyuki Kosukegawa, Vincent Fridrici, Philippe Kapsa, Boyko Stoimenov, Makoto 
Ohta, Friction Properties on Stent Metallic Alloy and Blood-vessel-like Soft Matter, 

, 23 , 2011 1 8-9 , p.17.
[7] Makoto Ohta, Hiroyuki Kosukegawa, Syuya Shida, Kei Ozawa, Noriko Tomita, 

Chang-Ho Yu, Biomodel for Development of Intracranial Stent, SIRIC 
International Symposium 2010, July 2, (2010), pp. 126-130.

*[8] Makoto Ohta Hiroyuki Kosukegawa Vincent Fridrici Philippe Kapsa Keisuke 
Mamada:Friction Properties of PVA-H for Biomodel and Steel Ball for Medical 
Devices, Proceedings of the Tenth International Symposium on Advanced Fluid 
Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 86-87.
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1. Purpose of the project

To develop a methodology of stent design with optimization.

2. Details of program implement 

The open source software Palabos version 0.7, which provides a flexible, highly 
parallelized and publicly available environment for LB method, was used for 
computational fluid dynamics(CFD) simulation. Two-dimensional fluid structure was 
solved based on the nine velocity for the 2D study called as D2Q9 with incompressible 
lattice Bhatnagar-Gross-Krook(BGK) dynamics in this study. In LB approach, fluid 
motion was represented by simulating the time and space evolution of kinetic quantities 
as the particle distribution function f (r, t). Then LB dynamics was expressed as 

f (r + c , t + 1) f (r, t) = (f(r, t))    (1)

where was the collision operator, c was discredited velocity space and r, t 
were the discrete position and time, respectively. And the quantity was represented 
as

f (r + c , t + 1) f (r, t) = (f(r, t)) (2) 

where denoted a relaxation parameter and f was the local equilibrium as a 
Maxwell- u

and momentum flux tensor were computed as

f (r + c , t + 1) f (r, t) = (f(r, t))               (3)

The lattice Boltzmann sound speed was c  =  1/ 3 . The simulation size was 
480×168 lattice sites with a parent artery consists of 48 sites, which assumed the parent 
artery with length of 40 mm and diameter of 4 mm, and an aneurysm shape was defined 
as same to the model of Srinivas et al. (Fig. 1).
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3. Achievements

Optimization program based on LB method combined SA was developed for 2D ideal 
aneurysm. After execution of this program with four initial conditions, all stents were 
reformed and obtained over 85% reduction of average velocity inside of an aneurysm. 

4. Summaries and future plans

3D modeling will be planned as one of the future plans.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

[1] Hitomi Anzai, Toshio Nakayama, Yuriko Takeshima, Makoto Ohta, The Effect of 3D 
Visualization on Optimal Design for Strut Position of Intracranial Stent, 
Proceedings the 3rd ASME2010 3rd US-European Fluids Engineering Summer 
Meeting and 8th International Conference on Nanochannels, Microchannels and 
Minichannels, Aug.1-5, (2010), pp. FEDSM/ICNMM2010-30591.

[2] Toshio Nakayama, Shinkyu Jeong, Srinivas Karkenahalli, Makoto Ohta, 
Development of Stent Strut Pattern for Cerebral Aneurysm, Proceedings the 3rd 
ASME2010 3rd US-European Fluids Engineering Summer Meeting and 8th 
International Conference on Nanochannels, Microchannels and Minichannels,
Aug.1-5, (2010), pp. FEDSM/ICNMM2010-30592.

[3] K. Srinivas, A. Townsend, C.J.Lee, T. Nakayama, M. Ohta, S. Obayashi, T. 
Yamaguchi, Two-Dimentional Optimization of a Stent for an Aneurysm, Journal of 
Medical Devices, Vol.4, June, (2010), pp. 021003-1 - 021003-7.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

[4] Hitomi Anzai, Toshio Nakayama, Keiko Irie, Makoto Ohta, Analyzing Blood Flow in 
Bifurcated Artery with Cerebral Aneurysm Using Two Stents, Seventh 
international Conference on Flow Dynamics, Nov. 1-3, (2010), pp. 570.

[5] , , , , 3
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, 2011 1 8-9 , pp.253.
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Proceedings of the Tenth International Symposium on Advanced Fluid Information 
and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 84-85.
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Fig. 1 Geometry of 2D ideal aneurysm
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Development of Micro-Motor for MEMS utilizing Novel Smart Polymer Composite 

Masami Nakano*†, Miklos Zrinyi**††, Teppei Tsujita*
*Institute of Fluid Science, Tohoku University

**Laboratory of Nanochemistry, Semmelweis University
†Applicant, ††non-IFS responsible member

1. Purpose of the project 

Electroactive polymers (EAP) exhibit a change in size and shape when stimulated 
by electric field. The application of these materials as actuators is based on their 
ability to induce large actuation strains in form of stretching, contracting, or bending. 
EAP can be deformed repetitively by applying external voltage, and they can quickly 
recover their original shape upon reversing the polarity of the applied voltage. Due to 
this being EAPs are often referred to as artificial muscles in the field of robotics.  
Despite the great variety of strains induced by shape change, no rotary motion 
performed by electroactive polymers has been discovered as yet.
The Quincke rotation is spontaneous rotation of small non-conducting objects 

dispersed in liquid dielectrics and subjected to homogeneous DC electric field
exceeding some threshold value. Most of the cases the rotating materials are fragile 
oxides with poor fabrication possibilities.
Controllable rotation of small materials is of relevance for a range of practical 

applications, for example in micro-motors or in microfluidics. It is therefore an 
important task to find proper materials with controllable shape and size in order to 
perform reliable measurements as well as to use them for any technical applications.
The main purpose of the research is to develop electroactive polymer or polymer 
composite as possible candidate of rotor of micro sized electro-motors. 

2. Details of program implement

The basic theoretical approach of Quincke rotation for rigid spherical particles 
immersed in a dielectric liquid and a uniform electrostatic field predicts that there is 
threshold electric field strength crE at which the solid particles begin to rotate as well 
as the angular frequency does not depend on the particle size. One of our main aims
was to check the validity of this prediction.

In our previous study we have found that orthorhombic FeO(OH) particles
dispersed in linseed oil show the Quincke rotation phenomenon. We have measured 
the angular frequency, as a function of particle size. These measurements were 
carried out at three different electric field intensities (0.46 kV/mm, 0.8 kV/mm and 
0.7 kV/mm). We have concluded that despite the theoretical approach the angular 
velocity strongly depends on the particle size.

We have prepared FeO(OH) loaded polyvinyl alcohol (PVA) and gelatine based 
polymer disks. It was found that that gelatin as a host polymer for the solid particles 
provides stronger electro-rotation effect. When comparing the angular frequency of 
solid FeO(OH) particles with the filler loaded circular polymer disks, it was found 
that at the same electric field intensities the rotation of polymer disk is significantly 
faster than that of single particle, as shown in Table 1. 
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Table 1 : Comparison of angular frequency of rotating disk and FeO(OH) single 
particle. The electric field intensity is 1.5 kV/mm.

     diameter/ m      /rad/sec
polymer disk       570         35
FeO(OH)           17         0.8

We have studied the angular motion of our composite disks and have concluded 
that dynamics of the rotor is very complex. If the strength of static DC and AC field is 
accounted for, four regimes have been observed:
a) Below a threshold value, ( o crE E ) of the electric field, the disk does not show 

any motion. 
b) At close to the threshold value and slightly above ( o crE E ), the disk begins to 

rotate, but the angular displacement was found to be less than 2 .
c) At DC field intensities much higher than the threshold value o crE E ,

continuous rotation was observed. The disk rotates around itself with an axis 
pointing in any direction perpendicular to the DC field. The speed of rotation was 
found to be constant.

d) Under AC field, electro-rotation occurs only at low frequencies 1f Hz . In this
case, the degree of rotation exceeds some 2 before alteration in the direction of 
rotation takes place.

We have studied the micro-fabrication possibilities of the filler loaded samples. The 
mechanical behaviour of the composites with particular emphasize on rigidity and 
fragility was investigated. We have found a concentration range, where both the 
electro-rotation and micro fabrication possibilities meet. It was found that the best 
mass ratio for FeO(OH) and gelatine is 2.67. 

3. Achievements 

We have presented the first experimental demonstration of the development of 
novel electroactive polymer composites and pure polymer which perform controllable 
rotation in uniform DC and AC electric fields. 

4. Summaries and future plans

We plan to prepare electroactive polymers with different size and geometry and 
study their electrorotation characteristics. Based on our preliminary results, it is 
possible to prepare polymers without filler particles showing intensive 
electrorotation effect.

5. Research results(* reprint included) 

1) Journal (included international conference with peer review and tutorial paper)

Not applicable.
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] M. Zrinyi, M. Gadhvi, M. Nakano, T. Tsujita : Study on Mico-motor Utilizing 
Quincke Rotation of Novel Smart Polymers, Proceedings of the Tenth International 
Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp.132-133.

[2] M. Zrinyi, M. Gadhvi, M. Nakano, T. Tsujita : Development of Micro-motor for 
MEMS Utilizing Novel Smart Polymer: II From Single Particle Rotation to 
Rotating Polymer Disk, Proceedings of the Seventh International Conference on 
Flow Dynamics, Sendai, (2010), pp.284-285.



Viscosity Reduction of Complex Fluid with Suspended Particles

Masami Nakano*†, Rongjia Tao**††, Enpeng Du**
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†Applicant, ††non-IFS responsible member

1. Purpose of the project 

Recently, based on the basic physics of viscosity, the collaborative researcher Prof. 
Tao developed a new technology, which utilizes an electric or magnetic field to change 
the rheology of complex fluid to reduce its viscosity, while keeping the temperature 
unchanged. The method will be universal and applicable to all complex fluids with 
suspended particles in nano-meters, sub-micrometers, or micrometers. 

In this research, we propose to apply this novel technology to reduce the viscosity 
of diesel and bio-diesel fuels to improve the fuel injection. Small devices will be 
introduced just before the fuel injection for the diesel engine, producing strong 
electric field to reduce the fuel viscosity. It will result in much smaller fuel droplets in 
atomization and also lead to cleaner and more efficient combustion.  

2. Details of program implement

The proposed project covers the following different aspects of rheology.
(1) Development of a capillary-type rheometer with two metallic meshes as 

electrodes which produce strong electric field in testing fluids, in order to 
measure the viscosity reduction of various complex fluids with suspended 
particles.

(2) Study the reducing viscosity of the various diesel and bio-diesel fuels under 
strong electric field by using the hand-made capillary rheometer.

3. Achievements 

Here we extend the physics principle of reducing viscosity to refinery fuels. In fact, 
refinery fuels, such as diesel and bio-diesel fuels, are made of many different 
molecules, 75% small molecules and 25% large molecules. In addition, it contains 
other nano-particles such as sulfur. Therefore, diesel fuel can be regarded as a liquid 
suspension. Under a strong electric field, the large molecules aggregate into small 
clusters, yielding a lower viscosity. As the diesel fuel flows to pass the electric field, 
the suspended particles are polarized and aggregate into short chains, leading to a 
lower viscosity. 

In order to do the test, we made a capillary-type rheometer as shown in Fig.1.
Inside a container, we placed two metallic meshes to serve as electrodes. During the 
test, the device is placed vertically. Then we close the flow switch first and fill the 
container with testing fuel to cover the upper electrode mesh. After the fuel sits in 
the container still, we apply an electric field for a selected time interval, and then we 
turn off the electric field and open the switch to let fuel flow down along the capillary 
tube and measure the flow rate on an electric balance. The comparison of the flow 
rate determines the viscosity
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For diesel with high sulfur level, 
application of an electric field of 
1kV/mm for 2 seconds can produce 
significant viscosity reduction. 
However, with ultra low sulfur diesel (ULSD), we have to apply much higher electric 
field. When we apply an electric field of 2 kV/mm for 5 seconds, the flow rate 
increased about 30%, indicating that the viscosity of treated diesel is reduced by 
about 30%. However, this viscosity reduction does not last very long. In about 4 
minutes, the flow rate of treated diesel and untreated diesel become almost the same, 
indicating that the viscosity returns to the original value. 

As seen in Fig.2, for a bio-diesel fuel with low sulfur level produced by Akita Bio 
Diesel Fuel Council, we have to apply a high electric field of 2 kV/mm for 11 seconds 
to increase the flow rate up to 26 %, indicating that the viscosity is reduced by about 
26%. However, this viscosity reduction does not last very long. In about 20 minutes, 
the increase of the flow rate becomes about 10%. 

4. Summaries and future plans 

The ultra low sulfur diesel fuel’s viscosity is reduced by about 30% by applying an 
electric field of 2 kV/mm for 5 seconds. However, this viscosity reduction does not 
last very long. In about 4 minutes, the viscosity returns to the original value. For a 
bio-diesel fuel, the viscosity is reduced to 26% by applying an electric field of 2 
kV/mm for 11 seconds. This viscosity reduction lasts for 6 minutes, and becomes 
10% in about 20 minutes.

In the next stage, we will apply this novel technology of reducing fuel viscosity to 
improve the fuel injection. 

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable.
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] R. Tao and M. Nakano: Viscosity Reduction of Diesel Fuel for Improving Fuel 
Atomization and Engine Efficiency, Proceedings of the Tenth International 
Symposium on Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp.70-71.

3) Patent, award, press release etc.

Not applicable.

Figure 2 : Viscosity reduction of bio-diesel 
fuel by applying strong electric fields.
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Figure 1 : Developed capillary rheometer 
with two metallic mesh electrodes and 
measurement of flow rate.
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1. Purpose of the project

Innovative Me-DLC films having good electrical conductivity, exhibiting low friction 
and wear characteristics and high durability under extreme environment – such as that 
for space applications – will be developed and characterized.

2. Details of program implement

The tribological behavior of optimum Cu-DLC coating has been investigated as a 
function of theoretical Hertz contact pressure and of environment, which both are 
known to strongly affect friction coefficient of pure DLC films. The transient evolutions 
are quite different between ambient air and ultra-high vacuum, with significantly 
higher transient friction in the latter case. Moreover, the behavior of this tribofilm 
seems to control the coefficient of friction. Indeed, under high contact pressure in 
ambient air, a lower coefficient of friction of about 0.13 is observed. SEM images of 
tribofilms are presented on figure 1 for ambient air experiments. These images clearly 
evidence a different evolution of the tribofilm: at low contact pressure, the tribofilm 
looks quite thick, with copper pads remaining within the apparent contact area, 
whereas at high contact pressure, copper seems to flow out of the apparent contact area. 
The latter reveals the ability of this tribofilm to be easily sheared, accounting thus for a 
lower coefficient of friction.
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Fig. 1: SEM micrographs of tribofilms formed on steel balls after 2000 cycles of 
sliding against Cu-DLC nanocomposite coating under 0.5 (left) and 10 N load (right).



3. Achievements

Cu-DLC coatings don’t exhibit very low friction coefficients, however they seem to be 
relatively insensitive to contact pressure and environment. The friction coefficients 
seem to be controlled by metal-rich tribofilm grown on the steel counterface. 

4. Summaries and future plans

Based on previous results, we continue the study of these Metal/DLC nanocomposite 
films. In order to control the friction coefficient with these materials, the choice of the 
metal has been considered as critical. Nevertheless, the deposition rates of metals vary 
quite significantly, and growth conditions for the DLC phase must be adjusted in order 
to keep a small size and quantity for the metal inclusions. Pure and metal-containing 
DLC will be deposited at IFS with and without underlayers and characterized for 
optimization and the tribological behavior of the best films will be further studied in 
various environments and load conditions.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review)

[1] H. Miki, T. Sugawara, M. Ruet, K. Ito, T. Takeno, J. Fontaine, M. Belin, T. Takagi:
Tribological behaviour of nanocluster silicon-containing diamond-like carbon 
coatings under different load conditions, 5th International Conference on Surfaces, 
Coatings and Nanostructured Materials, NANOSMAT-5, (2010), CD-ROM.

*[2] T. Takeno, J. Fontaine, M. Goto, M. Ruet, T. Le. Mogne, H. Miki, T. Takagi, M. 
Belin: Tribological behavior of Cu-DLC nanocomposite coatings in ultra-high 
vacuum, 5th International Conference on Surfaces, Coatings and Nanostructured 
Materials, NANOSMAT-5, (2010), CD-ROM.

*[3] Julien Fontaine, Michel Belin, Toshiyuki Takagi, Hiroyuki Miki, Koushi Adachi, 
Takanori Takeno, Minoru Goto, Kousuke Ito: Triboloical Behavior and Electrical 
Contact Resistance of Metal-Containing DLC Coating for electrically Conductive 
Tribo-Elements, Proceedings of the Tenth International Symposium on Advanced 
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2010), pp. 
106-107.

[4] F. Palazon, T. Takeno, H. Miki, T. Takagi: Evaluation of adhesive strength of 
tungsten-containing diamond-like carbon films On NiTi shape memory alloy using 
film-cracking technique, Proceedings of Seventh International Conference on Flow 
Dynamics, Sendai, 2010.11.2, pp.530-531.
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on flow dynamics, 2010.11.2.
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1. Purpose of the project

The purpose of this project is (i) to clarify the effect of various kinds of discharge 
modes on the plasma flow characteristics with the consideration of chemical 
reactions; and (ii) to explain the innovative applications to combustion enhancement, 
decomposition of exhaust gas and polluted water and the biological effects by 
enhancing the chemical reactions.

2. Details of program implement 

In this research, the innovative discharge modeling of the RF APGD with the 
integration of kinetic model and fluid model has been developed in order to reveal the 
complex physical-chemical processes in an APGD plasma source.
For a radio-frequency, atmospheric-pressure glow discharge produced by a 
planar-type plasma generator, the discharges region can be divided into two 
sub-regions along the direction normal to the electrode, i.e., the sheath (Reg. #1) and 
the quasi-charge-neutrality (Reg. #2) sub-regions, as shown in Fig. 1.

Figure 1: Schematic 
diagram of a RF APGD.                   

Figure 2: Spatial profiles of the time-averaged number 
densities of net charges, electrons, ions, and electron energy.

The assumptions used in this hybrid model are as follows: (1) although macroscopic 
gas flow exists in the discharge region, the influence of the gas flow on the sheath 
behavior can be neglected, i.e., the coupling between the sheath and the 
quasi-charge-neutrality sub-regions is one-way; (2) inside the sheath (Reg. #1), all 
the chemical reactions [1] are considered, and the plasma is in non-local chemical 
and thermodynamic equilibrium (Non-LCE/LTE) state with deviations from charge 
neutrality condition; (3) in the quasi-charge-neutrality sub-region (Reg. #2), only 
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three species (electrons, ions and atoms) are involved, and the plasma is in LCE state 
but deviates from LTE state with the consideration of the gas flows.
Based on the preceding assumptions, the kinetic model and two-temperature fluid 
model are models employed Reg. #1 and Reg. #2, respectively. In this research, the 
physical parameters inside the sheath are clarified in detail, in order to decide the 
boundary conditions for the fluid modeling in Reg. #2., as the first step.
Based on the preceding 1-D kinetic model, the calculated time-averaged spatial 
distribution of the number density of the net charges is shown in Figure 2(a), where 
the two dashed lines represent the sheath edge, which is defined as the position 
where the following relationship is satisfied, i.e., nnet 0.1max(nnet)j, where nnet is the 
local number density of the net charges, while max(nnet) is the maximum value of 
nnet throughout the discharge space. Thus, the predicted sheath thickness is ds=0.56 
mm. The corresponding values used as the boundary conditions for the 2-D fluid 
model can be obtained from the 1-D kinetic simulation. The time-averaged spatial 
distributions of the number densities of the electrons, ions and the electron energy 
are shown in Figure 2(b). It can be seen that the number density of ions is higher 
than that of the electrons at the vicinity of the electrodes, while they are almost 
equal in the quasi-charge-neutrality sub-region. And the electron energy in the 
sheath region is also much higher than that in the quasi-charge-neutrality 
sub-region, as shown in Figure 2(b).

3. Achievements

Establishing a simplified kinetic-fluid model for simulating the time-averaged, 
thermodynamic and chemical non-equilibrium features occurring in an 
atmospheric-pressure glow discharge system.

4. Summaries and future plans

From April, 2010 to March, 2011, we have established the physical-mathematical 
models for the kinetic and fluid simulations in the plasma sheath and flow-affected 
regions, especially the inner boundary conditions at the sheath-plasma interface; and 
obtained the 1-D kinetic modeling of the plasma sheath. At the present time, we are 
doing the integrated modeling with the consideration of the sheath-bulk region 
coupling, as well as the corresponding experimental measurements.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

Not applicable.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review)

*[1] Pei-Si Le, Zhi-Bin Wang, He-Ping Li, Cheng-Yu Bao, Hidemasa Takana, and Hideya 
Nishiyama: Simulations on a Radio-Frequency, Atmospheric-Pressure Glow 
Discharge Using an Integrated Kinetic-Fluid Model, Proceedings of the Tenth 
International Symposium on Advanced Fluid Information and Transdisciplinary 
Fluid Integration, Sendai, (2010), pp. 142-143.
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1. Purpose of the project 

   One of the members of this project, Vladimir Saveliev, presented the Boltzmann 
collision integral in a divergence form in exact manner. Therefore, the collision integral 
can be treated as a force term with collision force Fcoll (Kinetic Force). This allows 
considering a distribution function f (v) as a density of quasiparticles which are 
moving under influence of the sum of external force F and kinetic force Fcoll along 
smooth trajectories in the phase space (Kinetic Force Method). 
   The DSMC method has been dominant numerical method for solution of the 
Boltzmann equation for the last 40 years. But, the DSMC method requires a huge 
number of simulation particles to decrease fluctuations and a very small time step to 
treat molecular collisions. In Kinetic Force Method, there is no collision integral in the 
governing equation, and the number of quasiparticles can be significantly reduced 
having the distribution function much smoother.
   The target of this project is to develop Kinetic Force Method and to obtain the new 
effective algorithm for 2D/3D numerical simulations of rarefied gas flows. 

2. Details of program implement

   A new development of Kinetic Force Method application for modeling rarefied gas 
flows was suggested. It is founded on a new kinetic equation for auxiliary two-particle 
distribution function of quasiparticle pairs. One-particle distribution function satisfying 
the classical Boltzmann equation can be obtained from the auxiliary distribution 
function by a simple integration. The using of quasiparticle pairs instead of single ones 
guarantees energy and momentum conservation in the course of the rarefied gas flows 
modeling automatically. Comparison of the results obtained by Kinetic Force Method 
and DSMC method is carried out on the examples of the homogeneous relaxation to the 
equilibrium and the vacuum pump micro flows simulations. The vacuum pump consists 
of two horizontal plates: one semi-infinite plate is disposed above another infinite plate 
on the distance h . The lower infinite plate is moving with the speed u 10m/s in the 
right direction. Figures 1(a) and (b) present the evolution of the distribution function 
f (vx ) to equilibrium obtained by DSMC Method and by Kinetic Force Method. Figures 

2(a) and (b) present the results of numerical simulations of the air pressure and number 
density in the vacuum pump obtained by DSMC Method and by Kinetic Force Method.
These results are coinciding well enough.
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Figure 1. Homogeneous relaxation of hard sphere molecules mixture having two different 
temperatures in the initial moment. The velocity distribution functions at the times ( t = 0.0, 2.0, 4.0, 
…) obtained by (a) DSMC and (b) by Kinetic Force Method. 

Figure 2. The averaged over (a) pressure and (b) number density along the channel . Solid lines are 
obtained by DSMC Method;  Dotted lines are obtained by Kinetic Force Method. The Knudsen 
number Kn / h 0.1.

3. Achievements 

   This collaborative research project is planed to achieve its objective in 3 years.  In 
the second year, this project has been practiced successfully.
4. Summaries and future plans 

   The improvement of Kinetic Force Method on the bases of a new two particles kinetic 
equation have been developed. In the future we will do:
1. Further theoretical substantiation of the Kinetic Force Method for 2D/3D numerical 
simulations of rarefied gas flows.
2. The further development and testing of the algorithm.
3. We will perform the DSMC simulations of the same problems to compare with the 
Kinetic Force Method. We will feedback results and improve the Kinetic Force Method.
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper)

   Not applicable.
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 
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Boltzmann Gas Mixtures and Equation of Motion for Quasiparticle Pairs, Book of 
Abstracts of 27th International Symposium on Rarefied Gas Dynamics, Pacific 
Grove, California, USA , (2010), p. RGD 224.

[2] V. L. Saveliev, S. A. Filko, K. Tomarikawa and S. Yonemura, Kinetic Force Method 
with Quasiparticle Pairs for Numerical Modeling 3D Rarefied Gas Flows, Book of 
Abstracts of 27th International Symposium on Rarefied Gas Dynamics, Pacific 
Grove, California, USA, (2010), p. RGD 227.

*[3] V. L. Saveliev, S. A. Filko, K. Tomarikawa, S. Yonemura, Kinetic Force Method with 
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Proceedings of the Tenth International Symposium on Advanced Fluid Information 
and Transdisciplinary Fluid Integration, Sendai, (2010), pp.154-155.
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Fig 1. Saturation lines for some fluids.
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Nano-Scale Modeling of Confined Liquid Films and Bridges 
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1. Purpose of the project 

In lubricated contacts, when the lubricant supply can be insufficient to fill the gap 
between the solid surfaces, or when the wettability conditions are bad, the film can 
fractionate into disjointed liquid bridges. This phenomenon occurs at many places in
practical applications. The analysis of the liquid bridge lubrication phenomena is 
thus very important. Especially, if the width of liquid bridge, or the gap between 
surfaces, is of nanometer scale, interfacial effects cannot be neglected and therefore 
the response of the liquid bridge cannot be analyzed from a macroscopic basis.
Similarly in molecular lubrication problems, lubricants are confined to molecular 
scale thicknesses. Experiments have shown that in such confinements the structure 
and dynamics of lubricants are greatly influenced by the nature of the confining 
surfaces. The well-organized surface structure is reflected, through the interfacial 
interactions, by a set of potential valleys that lubricant molecules are attracted to 
occupy. Any surface, no matter how geometrically smooth, manifests a sort of a 
foot-print over the neighboring lubricant layers. 
The aim of our research is to investigate the dynamic behavior of liquid bridges and 
to analyze the effect of surface interaction on the lubrication phenomena by the 
Molecular Dynamics method.  

2. Details of program implement

In this year, two Si walls were 
excluded from the simulation system 
and the simulation system is 
simplified. The system is shown in Fig. 
1. Momentum flux was generated in a 
liquid bridge by controlling the 
velocity of a part of the liquid bridge. 
Using the velocity gradient of the 
liquid bridge and the momentum flux, 
viscosity coefficients of the liquid 
bridge were obtained. We analyze the 
dependence of the width of the liquid 
bridge on the viscosity coefficient and the differences of the viscosity coefficients 
between liquid bridges and bulk water were confirmed. The results showed that 
when the width of liquid bridge decreases, the viscosity coefficient of the liquid 
bridge decreases because the effect of the interfacial region is relatively large. Next 
the flux is divided into those in bulk region and interfacial region. The results 
showed that the viscosity coefficient in interfacial region is 1/3 of that of liquid water.

Project code J10054
Classification General collaborative research
Subject area Nano/micro technology
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Fig. 1 : Schematic Diagram of Simulation



On the other hand, a simple method to 
quantify interfacial effects was
proposed. It is inspired by the need for 
quantitative measurements of 
adsorption and corrugation potentials. 
A surface interaction energy scanning 
method was introduced which allows 
characterizing and comparing the 
adsorption and corrugation potentials 
of different surface types. The method 
was applied to five realistic surfaces 
with different densities, crystalline 
structures, and interaction parameters. 
The results showed that some surfaces 
may have a strong adsorption potential 
with small corrugation and vice-versa 
(Figure 2).

3. Achievements 

In this year we analyzed the dependence of the width of the liquid bridge on the 
viscosity coefficient in detail. Moreover, we completed to make the simulation 
program to analyze the momentum transfer in bulk region and interfacial region.
On the other hand, we succeeded to evaluate the adsorption and corrugation 
potential of a surface. We think the goal of this year was achieved.

4. Summaries and future plans 

Next year we will introduce the Leeds-Edward method to accelerate the program and 
make the large scale - large step simulations possible. Moreover, we will analyze the 
relation between the viscosity coefficient and the radial distribution function in bulk 
and interfacial region. Moreover, there is a clear need to improve both the 
determination of the Lennard Jones potential between fluids and solids, the kappa 
value and thus to become able to model metal to metal contact and wear in the future. 
Similarly we are interested in generalizing the concepts based on absorption &
corrugation components to other lattices, probably would require the redefintion of 
the corrugation potential (commensurability).

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

    Not applicable.

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] T. Tokumasu, H. Berro, M.-H. Meurisse, N. Fillot and P. Vergne: Molecular Analysis 
of Momentum Transport Phenomena in a Nanoscale Liquid Bridge, Proc. Mechanical 
Engineering Congress, 2010 Japan (MECJ-10), pp.77-78 (in Japanese).

*[2] Berro H., Tokumasu T., Ohara T., Kikugawa G., Fillot N. and Vergne P., Assessment 
of different thermostating techniques in the simulation of molecular lubrication, 
Proceedings of the 10th Advanced Fluid Information and Transdisciplinary Fluid 
Integration, Sendai, (2010), pp. 128-129.

3) Patent, award, press release etc.
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(a) Downward radiative intensity (b) Upward radiative intensity

Fig.3 Enhancement ratio of nondimensional wall-normal radiative intensity
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Experimental Analysis of Droplet Impact Process onto Rough Substrate  
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1. Purpose of the project 

The project investigates the splats formed from the impact of molten tin drops 
on the stainless steel surfaces comprising micro grooves. The role of drop inertia 
and surface groove geometry on the splat solidification is examined.

2. Details of program implement

Solidified tin splats were obtained by carrying out experiments of the impact of 
molten tin drops on grooved stainless steel surfaces kept at ambient temperature in 
an experimental apparatus with argon as the ambient gas. The roughness factor, r of 
grooved surface, defined as the ratio of the actual surface area to the projected flat 
area of grooved surface, and the solid fraction, of grooved surface, defined as the 
fraction of the flat projected area occupied by the pillar posts of grooved surface, were 
estimated from the geometrical parameters. The measured geometrical parameters 
of the grooved surfaces are given in Table 1.

Table 1. Geometrical details of the grooved surfaces
Grooved 
surfaces

Groove 
width
w

Pillar 
width
b

Groove 
depth
d

Pillar 
angle r

GR1
GR2 
GR3

49
17
65

251
231
236

77
53
53

51
50
50

0.16
0.07
0.22

1.24
1.20
1.16

P
profilometer were used to characterize the top and bottom surfaces of collected splats.
The photographs of tin splats formed from the impact of molten tin drops with 
different impact conditions on the grooved surfaces show that the impact of molten 
tin drops on the grooved surfaces develops elliptical splats compared to an 
axisymmetric splat formed on the smooth surface. Figure 1 shows the images of the 
bottom surface of splats. For the images, the groove direction is from left to right. 
The bottom surface of splats given in Fig. 1 reveals two regions: a bright zone 
confined in the central region of the splat, and a relatively darker region surrounding 
the central bright region. The three dimensional view of surface topography pattern 
of the bottom surface of splats clearly shows the presence of periodic ridges of 
solidified tin on the central region of the bottom surface of the splats. The bright 
patches seen in the SEM images (Fig. 1
the inclined surface portions of valleys present in the central region of splats. 

Figure 2 shows the comparison of equivalent splat diameter, Ds,eq between the 
splats formed on the grooved surfaces and those on the smooth surface. The 
impacting molten tin spreading over the grooved surface GR2 undergoes a slower 
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drop solidification due to the lower value of . As a result, the impacting molten tin 
recedes after reaching the maximum spreading diameter on the grooved surface and 
forms smaller splats as seen in Fig. 2. The grooved surface with larger  (GR3
develops a faster solidification, thereby limiting the receding of molten tin on the 
grooved surface and forms larger splats. 

3. Achievements 

The impact of molten tin drops on the grooved surface develops non-axisymmetric 
drop flow which resulted in the development of eccentric tin splats. The grooved 
surface with lower solid fraction parameter develops smaller splat. 

parating the ridges in the central 

4. Summaries and future plans 

The solidified tin splats formed from the impact of molten tin drops on the grooved 
surfaces were characterized using SEM and optical surface profilometer. The grooved 
surface with lower solid fraction parameter develops smaller splat compared to those 
formed on the smooth surface owing to the receding of molten tin. A detailed study on 
the impact of tin drops with varying surface temperature will be carried out.

5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable.
2) International and domestic conferences, meeting, oral presentation etc. (included

international conference without peer review)  

*[1] D. Sivakumar, K. Katagiri, T. Nakajima, H. Takana, and H. Nishiyama: 
Investigation on Splats Formed from the Impact of Molten Tin Drops on Grooved 
Surfaces, Proceedings of the Tenth International Symposium of the Advanced Fluid 
Information and Transdisciplinary Fluid Integration, -105. 

3) Patent, award, press release etc.

Not applicable.

Figure 1 : The bottom surface of tin splats 
formed from the impact of tin drops with Do

2.75 – 3.01 mm and Uo = 1.29 m/sec on the 
grooved surfaces. The groove direction is 

SEM images of the splat central region.      
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Figure 2 : The comparison of Ds,eq/Do
with Uo for the splats formed from 
the impact of molten tin drops on the 
grooved surfaces with those on the 
smooth stainless steel surface.    
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1. Purpose of the project

Surface/sub-surface degradation caused by environmental factors or surface 
treatments, decarburization and etc drive the initial cracks that become crucial 
problems and contributors to the failure of structural components. From the 
preliminary study, we found that ultrasonic and electromagnetic parameters have 
relation with degree of degradation. So, more study for evaluation of surface/sub-surface 
area of structural components are needed in order to find relation between degradation 
and coating conditions and develop novel NDE methods.
Thus, major objective of this project is to establish relation between ultrasonic and 

electromagnetic parameters and changing material properties of surface/sub-surface of 
decarburized steel of structural components degraded with severe operation condition.

2. Details of program implement

For evaluation of sound velocity and attenuation at surface and/or subsurface area 
using minimum reflectivity phenomena, “minimum reflection profiles” were measured 
using the specially designed experimental system as shown in Fig. 1. And, six stainless 
steel specimens with different composition were fabricated to verified proposed methods. 
The specimens called as “A1, A2, A3, A4, A5, and A6” in this paper.

Pulser/Receiver

Acquisition & Control
Computer

TransmitterReceiver

Specimen

TransmitterReceiver

Specimen

Fig. 1 Fabricated system for measuring reflected signals in a pitch-catch immersion 
setup

Fig. 2 (a) shows calculated angle of incident corresponding to Rayleigh angle of the 
each specimen based on Snell’s law and measured sound velocities. And Fig. 2 (b) shows 
measured angle of incident corresponding to minimum reflection signals obtained from 
the specimens using the experimental system. As shown in Fig. 2, measured incidence 
angles using minimum reflection profiles are agree with estimated one.
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(a)                                  (b)

Fig. 2 Estimated incidence angle using measured sound velocitites and (b) measured 
incidence angle corresponding to Rayleigh angle of each specimens 

Fig. 3 (a) shows measured attenuation ultrasonic at 20 MHz using conventional 
method. As shown in Fig. 3 (a), attenuation of ultrasonic for the A4 specimen is larger
than the other ones, because the A4 specimen has different composition in C, Ni and Cr. 
And, Fig. 3 (b) shows measured energy of reflected signal at Rayleigh angle. As shown 
in Fig. 3 (b), energy of the reflected signal obtained from the A4 specimen is the smallest. 
From this phenomenon, we found that attenuation of ultrasound and energy of reflected 
signals at Rayeleigh angle has reciprocal proportion.

      
(a)                                  (b)

Fig. 3 Measured (a) attenuation of ultrasound using conventional method and (b) 
minimum value obtained from the minimum reflection profiles of each specimen 

3. Summaries and future plans

In this work, incident angle corresponding to Rayleigh angle and energy of reflected 
signals at Rayleigh angle were proposed for detection and evaluation of degraded 
components in nuclear power plants. Using the stainless steel specimens with different 
composition, attenuation of ultrasound and minimum value obtained from minimum 
reflection profiles have reciprocal proportion. However, evaluations of degraded 
materials in the layered structures are not easy at all using the developed methods.

Therefore, major objective of this project will be sifted to the development of 
nondestructive methods including sensors, signal interpretation techniques, and etc 
using EMAR (Electromagnetic Acoustic Resonance) method and PEC (Pulsed Eddy 
Current) method, since EMAR and PEC were claimed that those methods have strong 
potential for evaluation of CUI, coating, and so on.

4. Research results
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