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Fig.1 Aerodynamic performance of the NACAQO12 airfail with VGJsat Re=1.5x10°
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Fig. 1: Aerodynamic characteristics versus an angle of attack for the standard shuttlecock at Re=1.3x10°
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Fig.2: Aerodynamic characteristics versus an angle of attack for the synthetic shuttlecock.
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Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2012),
pp. 150-151.

[7] S.Inomata, S.Sudo, H.Takana, and H.Nishiyama: Micro System of Vibration Generator
of Magnetic Fluid Droplet Driven by Alternating Magnetic Field, Proceedings of Ninth
International Conference on Flow Dynamics, Sendai, (2012), pp. 362-363.

[8] M.Shinozaki, S.Sudo, H.Takana, and H.Nishiyama: Optical Characteristics of Magnetic
Fluid Hole in Alternating Fields, Proceedings of Ninth International Conference on Flow
Dynamics, Sendai, (2012), pp. 368-369.
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Investigation of a Novel Magnetorheological Shear Thickening Fluid

Weihua Li*f, Masami Nakano**}+t
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1. Purpose of the project
The objective of this project is to fabricate and characterize a novel
magnetorheological shear thickening fluid (MRSTF) which has a dual function that
its performance can be controlled by both magnetic field and speed. Both
steady-state and dynamic rheology of the new MRSTF will be investigated and its
novel application potential will be explored.

2. Details of program implement

We have fabricated two new MR shear thickening materials, PDMS based MR

elastomers and MR shear thickening fluids, and have characterized their mechanical

properties under both steady-state and dynamic loading conditions. Representative

results for the two new MR materials are summarized as below.

(a) PDMS based MR elastomers: In this study, we fabricated 4 PDMS based MR
elastomers with the iron weight fraction of 60%, 70%, 80%, and 90%. Their
mechanical performances under different magnetic fields are show in Figure 1.
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Figure 1 : Strain-stress relationship of PDMS MREs under different magnetic fields for
four samples: (a) iron 60%, (b) iron 70%, (c) iron 80%, and (d) iron 90%
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2)

(b) MR shear thickening fluids® First of all, the shear thickening fluid base with a
weight fraction of 25% was formed by dispersing silica particles (14 nm) in the
Ethylene glycol solvent. Iron particles (3 um) were then mixed with the base to form
MR shear thickening fluids. Figure 2 shows the steady state responses of the MR
shear thickening fluids under difference magnetic fields. The shear thickening effect
decreases with the increase of magnetic field.

9

g || —-B=0T Pagus

—=-B=0.10T /f.
—+—B=0.18T //
--B=0.31T /F/-
——B=0.39T [j
/

-=-B=0.51T

-

o

3}

~

w

Shear stress 7 [kPa]

N}

o /
g

Shear rate j [1/s]
Figure 2 : Rheology of MR shear thickening fluids under different magnetic fields.

Achievements

In the first year, two novel MR shear thickening materials were fabricated and their
mechanical properties were experimentally studies. The developed fabrication
technique is much faster than conventional methods for fabrication of MREs. The
new MR shear thickening materials exhibit dual functions, which will be used to
develop novel smart devices, like adaptive shock absorbers.

Summar ies and future plans

Summaries: We did pioneering work in fabricating and characterizing novel MR
shear thickening materials. The rheological and mechanical properties of PDMS
MREs were completed. The joint-paper was provisionally accepted to be published in
the international journal of Smart Materials and Structures. The research results
are expected to generate more than two journal papers soon.

Future plan: In the second year of the collaborative research, the following three
major tasks will be conducted: (1) analysis of experimental data of MR shear
thickening fluids and submission of our work to international journals and
presentation of the results in international conferences; (2) development of adaptive
shock absorbers using the developed MR shear thickening materials; and (3)
joint-supervision of research students and junior research staff.

Research results (x reprint included)

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

International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] W.H. Li, and M. Nakano: Rheology of Magnetorheological Shear Thickening Fluids,

3)

Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisplinary Fluid Integration, Sendai, (2012), pp. 152-153.
Patent, award, press release etc.

Not applicable.
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1. #IRE/

Optical waveguiding medium, especially silicon waveguide plays an important role in
photonic applications. However, due to the damage generated during device fabrication, the
performance of silicon waveguide-based devices, e.g. microring resonators, is significantly
downgraded. The Neutral Beam Technology provides the possible low damage approach for
high performance silicon photonic devices. In this project, we have applied the neutral beam
etching (NBE) method for fabricating low damage silicon photonic devices, aiming at the high
performance of silicon photonic/optoelectronic devices.

2. BIRBERORE
(1) Optimization of neutral beam etching condition for silicon waveguide fabrication

In practice, vertical sidewall of waveguide is preferred for the fabrication of photonic
devices. In this work, the NBE condition of silicon waveguide etching was investigated. Clz is
used for the etching of silicon in this NBE process. Figure 1 shows typical SEM images of the
cross-sectional silicon waveguides fabricated under various NBE conditions. In the worse
case, the sidewall is about 80 degrees from the horizon, i.e., 10 degrees off from the right
angle. The optimized NBE condition realizes nearly vertical sidewalls. The SEM image in Fig.
1(b) indicates that our optimized NBE condition creates ~90-degree sidewall of silicon
waveguide, which is an ideal shape of a channel/rib silicon waveguide for optical devices.

Fig. 1 Cross-section SEM photos of fabricated Si waveguides under different etching
conditions. (a): unoptimized; (b): optimized.
(2) Photoluminescence (PL) spectra of silicon ring resonators fabricated by reactive ion
etching (RIE) and Neutral Beam Etching (NBE) methods
In order to check the low etching damage effect of the NBE method, we performed the PL
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measurement to examine the resonances of the silicon microrings. The radius of the
microring resonators was 0.5um and the microrings were fabricated using our typical RIE
and the optimized NBE methods to study the difference in resonance peaks. Figure 2 shows
the typical PL spectra of the silicon microring resonators. The PL result shows an
enhancement of broad PL peak of the NBE-proceed sample, which provides a hint of defects
suppression by the NBE process. This result demonstrates that the NBE technology is an
effective way for low damage fabrication. However, the peak enhancements are slightly lower
than the one of RIE made microrings. This should be induced by attenuation by sidewall
roughness of the microrings. Further optimization of the NBE condition should be required to
get a higher enhancement of resonance peaks.

Fig. 2 Photoluminescence spectra of the silicon microring resonators fabricated by RIE (black
line) and NBE (red line) methods
3. HIRBEEZEDERKR
The neutral beam etching condition for silicon waveguide fabrication was optimized. The
SEM observation shows an ideal vertical sidewall of waveguide. The PL result indicates that
the sample etched by NBE shows stronger luminescence intensity, which could be attributed
to the low damage fabrication process by NBE.

4 FEHESERDRE

It has been demonstrated that the neutral beam technology can be introduced to the
fabrication of silicon photonic structures. Since this technology is a low damage process and
the process is possible to be well controlled, the neutral beam technology could also be applied
for the post-process such as silicon waveguide trimming.

5. BIERAE HIBIRIHY)

1) 2 EHROTERRE BRFZEV)
L

2) EFRE - ENER - iRK - OBERRE

*[1] Jingnan Cai, Seiji Samukawa and Kazumi Wada: Management of Light by Si/SiO2 Stack
Photonic Band Gap Structure for Neutral Beam Technology based Tandem Solar Cell,
Proceedings of the Twelfth International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 106-107.
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1. Purpose of the project

The objective of this project is to construct the theoretical models for the
mechanism of the road vehicle wake structure by using numerical and
experimental methods. Basing on these theoretical models, the methods of
controlling the structures of the wake vortex and restraining the vortex
excited vibration will be further studied in the research.

2. Details of program implement

As an important device influencing the wake structure, the rear spoiler
modifies the rear shape of the vehicle and disrupts, or spoiling, air movement
across the vehicle while in motion. To better understand the wake structure
of road vehicle, the rear spoiler was installed in a notchback model (model 1)
with different attack angles on the rear end of the trunk (Fig. 1), and the
numerical simulations were carried out on these models.

Fig.1 The rear spoiler was installed with different attack angles
As can be seen from Table 1, the rear spoiler can effectively improve the
traveling stability of the road vehicle but may deteriorate the fuel economy,
and the attack angle of the spoiler should be considered to obtain a favorable
drag and lift.
Table 1: Results of the drags and lifts for different models

Drag (N) Ca | Lift (N) Ci
Model 1 209.16 0.329 78.06 0.123
Model 2 248.69 0.391 | -131.98 | -0.207
Model 3 252.69 0.397 | -155.27 | -0.244
Fig. 2 and 3 show that after installing the rear spoiler, the energy of the
trailing vortices in the wake increases largely, and the “separation bubbles”
becomes more perceptible. They are the main reasons for the increase of the
drag. On the other hand, the rear spoiler with an inverted airfoil shape
disrupts the air movement across the rear part of the vehicle, which generals
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a large down force in the spoiler surface, and also raises the position of the
trailing vortices in the wake. This position change is in favor of the inrush of
the underflow to the wake region, and may largely reduce the induced lift.

Fig. 2 The dynamic pressure in the wake Fig. 3 The stream traces in the wake
region section of 0.1L

3. Achievements

This project is scheduled for completion in 3 years. The stage goal of the
second year is achieved by observing the influence of detailed rear shapes of
the road vehicle, including the rear diffuser angle and the rear spoiler, on the
wake structure. The time-averaged wake structure was constructed based on
the numerical and experimental research of a sedan and motorcycle models.
And some unsteady simulations were also carried out to better understand
the wake structure of the road vehicle.

4. Summaries and future plans

Summaries: The rear spoiler can effectively improve the traveling stability of
the road vehicle but may deteriorate the fuel economy; the attack angle of the
spoiler should be considered to obtain a favorable drag and lift; the rear
spoiler increases the energy of the trailing vortices and also raises the
position of them in the wake.

Future plans: The experimental research of the influence of the rear spoiler
of road vehicle on the wake structure is planned to carry out in the wind
tunnel. And on the basis of the former results, some typical cases with Ahmed
model will be selected for the unsteady Large Eddy Simulation (LES) to
investigate the unsteady characteristics of the wake structures.

5. Research results (x reprint included)

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

*[1] C. Lai, Y. Kohama, S. Obayashi and S. Jeong: Influence of cooling exit flow on
aerodynamic performance with different outlet layouts, Int. J. Vehicle Design, Vol.
59, No. 4, (2012), pp. 331-349.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

[2] C. Lai, Y. Zhou, H. Xing and L. Fu: The Influence of Air Inlet of Indoor Substation
on Cooling and Ventilation Effect, Proceedings of Ninth International Conference
on Flow Dynamics, Sendai, (2012), pp. 148-149.

*[3] C. Lai, Y. Zhou, L. Fu, and S. Obayashi: Numerical Investigations on the Influence
of Rear Spoiler of Road Vehicle on Wake Structure, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2012), pp. 48-49.

3) Patent, award, press release etc.
Not applicable.
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[1] K. Tanaka, T. Hira, R. Fukui, H. Kobayashi, R. Akiyama, M. Nakano, S. Enami, and A.
Totsuka: Development and Micro-Gap Flow Evaluation of Electro-Rheological
Nano-Suspensions, Colloid Polym. Sci., published on-line, (2012),
DOI:10.1007/s00396-012-2849-x, pp. 1-8.
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*[2] K. Tanaka, T. Hira, R. Fukui, H. Kobayashi, R. Akiyama, M. Nakano, S. Enami:
Development and Micro-Channel Flow Evaluation of Electro-Rheological
Nano-Suspensions, Proc. of the 12th International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 108-109.

*[3] K. Tanaka, H. Kobayashi, R. Akiyama, and M. Nakano: Electro-Rheological Properties of
Nano-Suspensions based on Titanium Dioxide Nano-Particles, Proc. of the 9th
International Conference on Flow Dynamics, Sendai, (2012), pp. 360-361.
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[2] Akira Wada, Rui Zhang, Shinichi Takagi, and Seiji Samukawa: High Quality
Germanium Dioxide Formation Using Damage-Free and Low-Temperature Neutral
Beam Oxidation Process, Extended Abstracts of Solid State Devices and Materials,
Kyoto, (2012), pp. 16.
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5 & ORI OF T BT D IEEEME Y 2 = L— a3 b, B AR S B
62 Hikess - S S, (2013), pp.127-128.
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X 10) (TR THA AT, 7— M 80nm ZEL THEY I 2l —rarvadbl, 7—
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[ B
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©
L:NDA-FinFET ==2—1m 5 /31 A (a) #EY I 2 L—& TIER L7273 2, (b) 5
23 AW EARE L= A X, (¢) FinFET EDNDA {ERLDZ-8D 7 = U T 4 VS FOHE
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FinFET &7 5 4 A2 7 LA & E RS LIZBIART S ZBUWED T2 D 7 1 ARk 24
LoD, RIEEHED TE . IRETRIEDE T LooH Y, KEELYNIHULT A AH5E
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ML, EHIGRIEEZED TV FETHD.
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FinFET &) /5 4 A0 T L ARG EFES UTZHIRT S ARG R R L, Tl
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*[1] T. Morie, H. Liang, T. Tohara, K. Endo, M. Igarashi, and S. Samukawa: Intelligent
Information Processing Circuits Using Nanodisk Array Structure, Proc. of the Twelfth
Int. Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2012), pp. 112-113.

(2] HUs & 9 e, g FZ, B R, I BT, BRI, AL BE FInFET &/ 7
A AT T VAREEREG LTcma—a U TN R, 5 60 [EG B A SR Z AN RS,
(2012), p. 09-075.
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HEMEIZBE U CRl S FHE & BRI L DR ARSI 21T 72, T ORE, SN2 kirn
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3. HIRBEDERIKR
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[1] Jun Ishimoto, U Oh, Daisuke Tan: Integrated Computational Study of Ultra-High Heat
Flux Cooling Using Cryogenic Micro-Solid Nitrogen Spray, Cryogenics, Volume 52, Issue
10, October, (2012), pp. 505-517. (Top 25 Hottest Articles in Cryogenics, July to
September 2012, 15th).

[2] Jun Ishimoto, Daisuke Tan, Hiroto Otake and Seiji Samukawa: Thermomechanical
Resist Removal-Cleaning System Using Cryogenic Micro-Slush Jet, Solid State
Phenomena, Vol. 187, (2012), pp. 145-148.
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*[3] Naoya Ochiai, Yuka Iga, Motohiko Nohmi, Toshiaki Ikohagi, Jun Ishimoto and Kozo
Saito: Numerical Prediction of Cavitation Erosion Using a Coupled Analysis of
Cavitating Flow Field and Bubbles, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2012), pp. 50-51.
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[1] Jun Ishimoto: Innovative Nano-Device Cleaning Technology Using Cryogenic Spray
Flow of Micro-Solid Nitrogen, Painting Technology Workshop (PTWZ2012), Lexington,
Kentucky, USA, (2012). (Invited).

[2] Jun Ishimoto: Thermomechanical Resist Removal-Cleaning Technology Using Cryogenic
Micro-Nano Solid Nitrogen Spray, Center for High-rate Nanomanufacturing Fall
Seminar Series, College of Engineering, Northeastern University, Boston, USA, (2012).
(Invited).

[38]U Oh, Naoki Harada and Jun Ishimoto: Innovative Wafer Resist Removal-Cleaning
Technology by Using Smart Cryogenic Spray Flow of Solid Nitrogen, Technical Congress
of Progress and Innovation for Smart Materials and Related Technology (PI-SMART),
Hirosaki, April 24, (2012). [in CD-ROM].

*[4] U Oh, Jun Ishimoto and Jin-Goo Park: Thermomechanical Nano Device Resist
Removal-Cleaning Technology by Using Cryogenic Spray Flow of Solid Nitrogen,
Proceedings of the Twelfth International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 114-115.
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(1] R —HE IRIEOKFEOYAZAERIHIENZ RS D09E, A AR5 161014 — T F A AR’
FAALZ A —7 LG, farl, (2012).

*[2] Jun Ishimoto, Guanghao Wu and Kazuo Matsuura: Super Computational Study of
High-Speed Droplet-Vapor Flow and LDI Erosion, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 52-53.
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Generation Mechanism of Rising Film Flow along the Rotating Conical Outer Surface

and the Subsequent Atomization Characteristics

SENL AL, RAM ERE*, AT
B VoA, Bk e
SRR, P HULCEMRRIERTERT, ¥ 7 2 b K%
THFES, HETAXHEEE

1. HEE®

M WADTEA Z TIC L CKICR LRSS 2 LT, AT WRONARmE RS LS L,
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*[1] Matsuda, K., Adachi, T., Ryu, Y., Okajima, J., and Akinaga, T. : Generation
Mechanism of Rising Film Flow along the Rotating Conical Outer Surface and the
Subsequent Atomization Characteristics, Proceedings of the Twelfth International

Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 158-159.
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*[2] Shun Takahashi, Mizuki Yamate, Takeshi Sumita, Yoshihiro Tajika, Norio Arai: Study
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Designing of Microfluidic Device to Temporally and Spatial ly Control Oxygen Tension
for Cellular Experiment

Kenichi Funamoto*¥, Roger D. Kamm**{+, Ioannis K. Zervantonakis*¥*,
Yuchun Liu***, Christopher J. Ochg****
* Institute of Fluid Science, Tohoku University,

** Department of Mechanical Engineering, Massachusetts Institute of Technology
*** Department of Mechanical Engineering, National University of Singapore
**** Singapore-MIT Alliance for Research and Technology
tApplicant, Tinon-IFS responsible member

1. Purpose of the project

Both in vivo and in vitro studies have demonstrated that the hypoxic tumor
microenvironment with temporal and spatial oxygen gradients regulate cancer
metastasis. Although a conventional multi-gas incubator can create hypoxia condition
for cell culture, it requires time to achieve stable low oxygen tension due to equilibrium
and it’s difficult to create a spatial oxygen tension gradient. In this project, we design a
microfluidic device which can temporally and spatially control oxygen tension for 3D
cell culture. Then, effects of oxygen heterogeneity on cancer/endothelial cell processes
(migration, endothelial permeability) are investigated.

2. Details of program implement

The improvement of temporal and spatial controllability of oxygen tension in the
microfluidic device was investigated by performing numerical simulations. As the result,
the optimal combination of gas and media flow rates to control the oxygen tension was
obtained (see Fig. 1). A series of experiments was performed to optimize experimental
conditions (cell seeding density, extracellular matrix properties) by coculturing
fibroblast and endothelial cells in the device. Dr. I.K. Zervantonakis stayed the Institute
of Fluid Science from Jan. 7, 2013 to Jan. 21, 2013 for the cellular experiments, and he
gave a one-hour lecture in the IFS life science cluster seminar.

3. Achievements

The original target of this project was almost achieved. The developed microfluidic
device enabled us to conduct 3D cellular experiments to investigate cellular responses,
such as cellular morphology, gene expression and cell-cell interactions, under controlled
oxygen conditions. Preliminary experiments showed that the device would be a powerful
tool for investigations of metastasis of cancer cell and for those of endothelial cell
damage due to ischemia/reperfusion. Some of the results obtained through the project
were published in a journal paper.

4. Summaries and future plans

We developed a microfluidic device to control oxygen tension under 3D cell culture
conditions, and have investigated the controllability of oxygen tension. Also, we
conducted preliminary experiments to culture different cell types inside the device to
demonstrate the ability of investigating cell-cell interaction.
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Oxygen gradient 0%

(a) (b)
Figure 1 : (a) The experimental setup for hypoxia studies with cell culture by using
the microfluidic device, and (b) the controlled oxygen tension in the device.

Our future study reveals the effects of hypoxic conditions on cellular behaviors and
cell-cell interactions. The following topics are investigated by cellular experiment with a
microfluidic device:

1. Effects of chronic/acute hypoxia exposure on endothelial permeability.

2. Migration of cell in the extracellular matrix under hypoxic conditions.

3. Cell-cell interactions between cancer cell/fibroblast and endothelial cell.

5. Research results (k reprint included)

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

*[1] K. Funamoto, I.LK. Zervantonakis, Y. Liu, C.J. Ochs, C. Kim, R.D. Kamm: A Novel
Microfluidic Platform for High-Resolution Imaging of a Three-Dimensional Cell
Culture under a Controlled Hypoxic Environment, Lab on a Chip, 12(2012), pp.
4855-4863.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

[2] K. Funamoto, I.LK. Zervantonakis, Y. Liu, R.D. Kamm: Oxygen Tension Control in a
Microfluidic Device for Cell Culture, Proceedings of the Ninth International
Conference on Flow Dynamics (ICFD2012), (2012), pp. 724-725.

*[3] K. Funamoto, I.LK. Zervantonakis, Y. Liu, C.J. Ochs, R.D. Kamm: Computational
Simulation to Create Low Oxygen Tension in a Microfluidic Device for Cell Culture,
Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 88-89.

[4] A fd#E— 1.K. Zervantonakis, Y. Liu, R.D. Kamm: K% FHlEBRO =D D~ A
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4, No. 12-55, (2012), pp. 77-78.
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DD~ A 7 iR T A ZADFEREE, COMSOL Conference Tokyo 2012, (2012).
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Non-Destructive Detection of Cracks Using Electromagnetic Phenomena

Jinhao Qiu*¥, Toshiyuki Takagi**f+
Jun Cheng*, Tetsuya Uchimoto **
*State Key Laboratory of Mechanics and Control for Mechanical Structures,
Nanjing University of Aeronautics and Astronautics
**Institute of Fluid Science, Tohoku University
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Purpose of the project

The recent large quantities usage of carbon-fibre reinforced composites (CFRP) in
the aeronautics engineering has suggested a new application trend for the eddy
current testing. Composite materials, however, are inherently anisotropic, which
means that the classical ECT technologies for isotropic metal materials are no longer
applicable. This study will carry out the new analysis to develop effective strategies
for using eddy currents in quantitative NDE of carbon-fibre reinforced composites.
The electromagnetic characteristics of the material as well as the properties of the
ECT signals will be studied, using experiment and numerical simulation methods.

Details of program implement

The anisotropic electrical property and eddy current path in CFRP are analyzed. A
laminated CFRP sample has three electrical directions: longitudinal direction of
fibres, transversal directions of fibres and thickness direction. Fig.1 shows the
variations of normalized impedance in the three electrical directions as function of
frequency. According to the figure, the impedance in the longitudinal direction
mainly depends on the properties of the carbon fibres. The fibre-contact-network and
capacitive couplings at high frequencies produce electrical conductance in the other
two directions.

--longitudinal direction
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Figure 1: Normalized impedance-frequency characteristic in the three directions of
CFRP.

Based on the experimental investigation, eddy current is expected to flow along
fibres and from one fibre to another via the contact points. At high frequency region,
due to the capacitive coupling, the current path across the resin matrix is also a
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favorable path. As the eddy current spreads in the laminate instead of circulating in
individual fibres, the integrated modeling of CFRP laminate with equivalent
anisotropic conductivities is effective in the finite element simulation.

The reduced magnetic vector potential (A;) formulation using edge-element finite
element method is proposed to enable the 3D electromagnetic simulation of
anisotropic medium. In the modeled system, the conductivity and permeability of
CFRP region are represented by tensors in order to take into account electrical
anisotropy. The A: formulation and way to calculate the pickup signals are derived.
The usage of edge elements guarantees continuity of electric field on the interface
between two plies of CFRP laminate. To validate of the developed simulation code, a
comparison is conducted between the numerical signals and experimental results of
surface cracks in a CFRP sample, which indicates the code can predict ECT signals
with good precision.

3. Achievements
(1) The anisotropic impedances in the three electrical directions of CFRP material
are measured.
(2) Eddy current path in the CFRP is obtained on the basis of the measuring results.
(3) A numerical solver based on A:formulation and edge based finite elements is
developed to simulate the eddy current in CFRP laminate.
(4) The validity of the solver is proven.

4. Summaries and future plans

From April 2012 to March 2013, we worked on the electromagnetic properties and
interface behaviors of CFRP laminate. It turned out that the electrical conductance
of CFRP is directional, and its conductivities in the three electrical directions are
distinct from each other. We managed to establish the finite element model for the
simulation of eddy current in CFRP laminated composite and ECT signals. The eddy
currents in the layers and on the interfaces are obtained. At present we are
analyzing the eddy current perturbation caused by the delamination in CFRP, and
optimizing the probe configuration and test frequency for the identification of
delamination and impact defects with the help of numerical simulation.

5. Research results (* reprint included)

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

*[1] Jun Cheng, Jinhao Qiu, Toshiyuki Takagi, Tetsuya Uchimoto and Ning Hu:
Numerical analysis of correlation between fibre orientation and eddy current
testing signals of carbon-fibre reinforced polymer composites, International Journal
of Applied Electromagnetics and Mechanics, 39 (2012), pp. 251-259.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] Jun Cheng, Jinhao Qiu, Toshiyuki Takagi, Tetsuya Uchimoto and Ning Hu:
Development of Numerical Solver to Calculate Eddy Current Testing Signals for
Anisotropic Laminated Epoxy-Carbon Fibre Composite, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2012), pp. 174-175.

3) Patent, award, press release etc.
Not applicable.
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[1] N. Okamoto, T. Yoshida, K. Iwahori, Y.S. Yang, I. Yamashita: Bio Panning of Silicon Oxide
Specific Peptides for Si Nanowire Transistor, Taiwan-Japan Workshop on Nano Devices
2013, Hshinchu, Taiwan 5th March 2013.

[2] T. Yoshida, N. Okamoto, K. Iwahori, Y.S. Yang, I. Yamashita: Si Nanowire Specific
Binding Properties of the Newly Developed Peptides, Taiwan-Japan Workshop on Nano
Devices 2013, Hshinchu, Taiwan 5th March 2013.

*[3] 1. Yamashita, S. Samukawa: Development of a Filed Effect Transistor with Channel
Surface Covered by Probe-Biomolecules with a Newly Developed Aptamer, Proceedings
of the Twelfth International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2012), pp. 176-177.
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*[1] Kentarou Sawano, Masato Watanabe, Arata Komatsu, Hiroshi Nohira, Akira Wada, Seiji
Samukawa: Development of High Performance Strained-Ge Channel Device Utilizing
Neutral-beam Oxidized Film, Proceedings of the Twelfth International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp.
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Project code J12031

Classification General collaborative research
Subject area Energy

Research period | April 2012 ~ March 2013
Project status 3rd year

Paral lel Computations on the Base of GPU for Modeling of Gas Combustion Processes

Roman Fursenko*{, Kaoru Maruta**{+
Sergey Minaev*, Fedor Palessky*, Evgeniy Sereshchenko*, Hisashi Nakamura**
* Institute of Theoretical and Applied Mechanics, SB RAS, Novosibirsk, Russia,
**Institute of Fluid Science, Tohoku University
TApplicant, §FIFS responsible member

1. Purpose of the project
Project oriented to development of effective algorithms of numerical simulations of
near limits combustion waves that will promote design of lean burn and eco-friendly
gas combustion technologies.

2. Details of program implement
Increasing interest for clean and effective combustion technologies encourages
investigations of lean premixed flames due to less pollutant emission and higher
efficiency. Difficulties arising in the fundamental investigations of near-limit lean
premixed flames are attributed to complex interaction of transport, chemical
processes and gas flows. Modeling of these processes demands development of
effective methods of simulations.
The GPU-based numerical algorithms of two different fundamental models underlie
more complex combustion models have been elaborated. 3D reaction-diffusion model

(a) | (b)

- -
(@) (d)

- h o
Fig. 1. Typical flame structures Fig. 2. Spatial distributions of vorticity w
(equiscalar surfaces 7=0.6 are field at time 120

depicted) of planar (a), cellular (b),
sporadic (c) and spiral-like (d)
counterflow flames.

for lean stretched premixed flames with radiative heat losses (Fig.1) and 2D
hydrodynamic model of turbulent flow (Fig.2) were examined. Flammability limits
and regions of existence of different combustion regimes (see Fig.1) of the
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low-Lewis-number lean premixed flames with radiative heat losses propagating in
stagnation-plane flow have been investigated. In particularly, it was found that the
low-Lewis-number counterflow flames can exist beyond the flammability limits of 1D
planar flame in the form of sporadic combustion wave. The 2D hydrodynamic
simulations emphasized on modeling of evolution of large gradients of vorticity in
turbulent flows. In contrast to the first model the thermo-diffusion effects are
ignored in this simulation. The 2D hydrodynamic simulations show that the
Kraichnan type with fall-off k'3-spectrum is appeared due to the formation of sharp
vorticity gradients (see Fig.2). The performance results show that GPU gives a
significant facilitation for computations of both examined problems.

In the course of project implementation Russian project members (R.Fursenko, E.
Sereshchenko and S.Minaev) visited Institute of Fluid Science, Tohoku University.
During the visit Japanese and Russian groups had discussions on the results
obtained in the frame of the project and formulated plans of the future research.
Project members took part in the 12th International AFI/TFI conference 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 fundamental models underlie more complex combustion models. On
the base of numerical simulations and microgravity experiments new knowledge on
dynamical behavior, flammability limits and regions of existence of different
combustion regimes of lean low-Lewis-number premixed flames have been obtained.

4. Summaries and future plans

Flammability limits and regions of existence of different combustion regimes of the
low-Lewis-number lean premixed flames with radiative heat losses propagating in
stagnation-plane flow has been studied numerically. The comprehensive regimes
diagram was obtained. The evolution of vorticity in 2D turbulence was investigated
in order to study the energy spectra of vortex motion. It was found that the spectrum
coincides with the theoretical direct cascade of the Kraichnan type with fall-off
k3-spectrum.

The future research will be directed towards the development and generalization of
fundamental theory of non-stationary behavior of self-fragmented (sporadic)
premixed flames near the flammability limits caused by heat losses, transport
processes and flow non uniformity.

5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] R. Fursenko, S. Minaev, H. Nakamura, T. Tezuka, S. Hasegawa, K. Takase, X. Li, M.
Katsuta, M. Kikuchi, K. Maruta: Proceedings of Combustion Institute, 34/1, (2013),
pp. 981-988.
[2] A.N. Kudryavtsev, E.A. Kuznetsov, E.V. Sereshchenko: JETP Letters, 96, (2013), p.
783.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[3] R. Fursenko, E. Sereshchenko, S. Minaev, K. Maruta, H. Nakamura: Parallel
computations on the base of GPU for modeling of gas combustion processes,
Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 54-55.

3) Patent, award, press release etc.

Not applicable.
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Investigations of Sporadic Regimes of Gas Combustion

Sergey Minaev*f, Kaoru Maruta**yt
Evgeniy Sereshchenko*,Dmitrii Mazurok*, Nakamura Hisashi**,
Takase Koichi**
*ITAM SB RAS, Novosibirsk, Russia,
**Institute of Fluid Science, Tohoku University
TApplicant, §FIFS responsible member

1. Purpose of the project
The objective of the proposed project is to develop tractable nonlinear model of
spatially non uniform combustion waves that is capable to describe collective
dynamics of localized in space hot spots.

2. Details of program implement
The most distinctive feature of combustion waves is its ability to assume the form of
a self-sustained reaction wave propagating at a well-defined speed. Generally the
flame front is considered as continuous surface although it can possesses cellular
structure in some cases. Formation of flame cellular structure is result of
development of thermo-diffusive instability. The instability is most prominent in
weak near-limit low-Lewis-number premixtures sensitive to radiative heat losses.
The combustion wave in this case represents an array of separate flame-ball like
objects in the state of permanent chaotic motion. Such combustion wave may be
termed as “sporadic combustion wave” to distinguish its special structure being
different from conventional continuous flame structure. One of the unusual features
of sporadic combustion wave is incomplete burning of fuel which remains in the
combustion products. This incompleteness is caused by fuel leakage through the gaps
among ball-like flames. The uncertainty in evaluation of total heat release related
with incompleteness of combustion as well as complex spatial-temporary structure of
reaction zone create difficulties in estimation of propagation velocity of sporadic
combustion waves. The present study is an attempt to estimate propagation velocity
and to distinguish general parameters determining dynamics of sporadic combustion
wave. We suggested that propagation velocity of sporadic combustion wave is close to
maximal velocity of a single ball-like flame propagating in the tube. To estimate this
value we conducted 2D numerical simulations of gas combustion in the rectangular
channel with different diameters to select optimal diameter of the channel
corresponding to maximal propagation velocity of ball-like flame. The set of
governing equations [1] describing flame propagation within thermo-diffusion model
was solved numerically. It was demonstrated that in very narrow channel the flame
1s extinguished after ignition. The combustion becomes possible if the channel
diameter exceeds a certain critical diameter. With increase of channel diameter a
single fast moving flame cell is formed Figure 1 (a). In the wider channels the
initially continuous flame fronts quickly break into disconnected flames that are
convex toward the fresh gas and are separated by narrow, extinguished regions
Figure 1 (b)-(e). These cells extinguished in some cases, but division of the leading
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cells typically replaces lost cells. The numerical simulations revealed that maximal
propagation velocity of flame ball is attained in a channel with near critical diameter
when the flame propagates without quenching. With increase the heat loss
parameter the flame balls velocity decreases. This conclusion coincides with
theoretical and experimental results on sporadic flames in counter flow geometry [1].
In the course of project implementation Russian project members visited Institute of
Fluid Science, Tohoku University and took part in the 12tk International AFT/TFI
conference.

Figurel. Temperature distributions in the
channels with combustion of lean low
Lewis number premixture evaluated at
different diameters of the channel.

3. Achievements
All results which have been expected in the submitted project were achieved. The
results of this project demonstrated possibility of entering concept on flame front of
sporadic combustion wave even in the case when the combustion wave is constituted
of separate ball-like flames being in the state of chaotic motion. The method of
evaluation of propagation velocity of a sporadic combustion wave consisted of
separate ball-like flames is proposed.

4. Summaries and future plans
The future research will be directed towards the verification of theoretical results in
future experiments on lean low-Lewis-number premixed gas combustion and further
development of analytical theory of sporadic combustion regimes.

5. Research results (x reprint included)

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

[1] R. Fursenko, S. Minaev, H. Nakamura, T. Tezuka, S. Hasegawa, K. Takase, X. Li, M.
Katsuta, M. Kikuchi, K. Maruta: Proceedings of Combustion Institute, 34/1, (2013),
pp. 981-988.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] S. Minaeyv, E. Sereshchenko, D. Mazurok, R. Fursenko, H. Nakamura, K. Takase, X.
Li, T. Tezuka, K. Maruta: Investigations of Sporadic Regimes of Gas Combustion,
Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 56-57.

3) Patent, award, press release etc.

Not applicable.
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Visualization, “Real Time” Algorithms and Parallel Computations of Reacting Flows

Boris Mazurok*t, Kaoru Maruta**yt
Minaev Sergey***, Boris Dolgovesov **, Nakamura Hisashi**
*IAE SB RAS, Novosibirsk, Russia
**Institute of Fluid Science, Tohoku University
*** TTAM SB RAS, Novosibirsk, Russia
TApplicant, 1IFS responsible member

1. Purpose of the project
Development of effective numerical codes for simulations, visualization and control
of reactive flows on GPU to promote advanced combustion technologies.
2. Details of program implement

Nowadays rapid developments of computation facilities give rise specific problems
connected with large data storing and visualization of complex 3D objects. Although
storing of all computed data in simulations allows extracting exact value of computed
variables at any point of computation domain, it requires extremely large disc space
and makes problematic visualization of process during long time evolution. In some
applications it is important to change point of observation of computed 3D objects in
the course of visualization. Large volume of storing data makes impossible to realize
this opportunity. To overcome these difficulties one can apply special algorithms of
data compression. We developed two algorithms, one is based on uniform data
sampling with following post-processing steps allowing picture quality improvement
and another is based on adaptive grid method. These algorithms were applied to the
data obtained in the course of back-to-back counterflow premixed flames simulations
[1]. In this configuration the isosurfaces of temperature or concentration forms
complex spatial-temporal pattern is composed of 3D objects resembling liquid drops.
In order to speed up numerical computations the GPU-based parallel numerical code
has been developed. In many applications the qualitative analysis of dynamical
behavior of examined objects provides insight into the process and detailed
quantitative analysis of the simulation results is necessary only for some special
cases. Besides, the most problems demand a number of preliminary computations
not required to be storage in detail. Data compression by uniform sampling is a
suitable method for these purposes. However, improving of the visualization quality
seems to be necessary. In order to obtain smooth and adequate representation of the
compressed results the data were transformed into 3D textures by 3D accelerator.
These textures were rasterized by raycasting algorithm and antialiased by hardware
trilinear filtering based on eight nearest texture elements. Combination of uniform
data sampling compression and smoothing algorithm makes possible fast and high
defined qualitative visualization of 3D objects during long-term evolution. The
potential of changing of view point during the animation is realized as well. In order
to preserve quantitative information in stored data the compression algorithm based
on adaptive grid concept was elaborated. Proposed algorithm compresses computed
data by merging neighboring grid nodes with close values of independent variables
into one bigger node. In Figure. 1 in addition to the equscalar surfaces of



4.

2)

temperature the temperature distributions and compressed grid in two
perpendicular slices are presented. Proposed algorithm allows to control compression
ratio and data loss level to gain optimal relationship between compression and
accuracy of stored data.

In the course of project implementation Russian project members visited Institute of
Fluid Science, Tohoku University and took part in the 12th International AFI/TFI
conference. During the visit Japanese and Russian groups discussed on the results
obtained in the frame of the project and formulated plans of the future research.

Achievements
The fulfillment of the project allows to develop effective algorithm for visualization of
complex 3D structure objects that gives optimal relationship between compression
and accuracy of stored data.

Figure. 1. Equscalar surfaces of temperature,
two perpendicular slices with temperature
distributions and compressed grid.

Summar ies and future plans

The developed algorithms on the base of GPU allows to decrease of computation cost
and time of engineering simulations of combustion processes with complex
spatial-temporal structure of reactive flows and to create informative visualization of
the 3D flame structures. The future research will be directed towards the
development of new effective algorithms of temperature, concentration, flow field
and 3D flame interface visualization to facilitate representation of numerical
simulations of combustion processes.

Research results (x reprint included)

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

International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] B. Mazurok, D. Mazurok, B.Dolgovesov, R. Fursenko, S. Minaev, H.Nakamura, K.

3)

Maruta: Visualization, “real time” algorithms and parallel computations of reacting
flows, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 58-59.
Patent, award, press release etc.

Not applicable.



1.

2.

AR J12034
X5y — L EFE
AR BT TRILF—S5E
WA 2012.4 ~2013.3
FTEEEAL 14:H

KRR RERR 2 M L9 55 < (FAHEREmDOBHR
Development of the Heat Transfer Surface with Micro—Pits
to Enhance the Critical Heat Flux in Nucleate Boiling

B A, B SO, KT B
SHACREETRIEIIIE, SN R L2507
HGIH, TSR

SIEAS]:)

RIS A WAL, W EMRERAKEBIT 5 5EE LT, EHEAIFIHTE S
RBEARCEURI B DR L CW D E TR T OHBENCEN TH 5. BbEmIEIz 0y
T AR C & DIRRBR R &) b &85 2 S IXEEREIHRRECH 5. (EkDifsE
%, v~ 7 a7 0 URZIVERE RO TR R A E3 5 2 AR LTS 5T,
S B D RFBGEH ) EORHAA /3RS TND Z & AR L TS,

IRAREGE o &[] 3 B 72010, sl b CRAT D RKIA OB & B ~DIIR Dt
WEMIAT O LEN DD, AWFFETIE, BMYRERO @ TR 7B B ICBMRE RO
FEEFC AR 7208500 = AT < I EAZTERK LT mBm 28U E L, RIRERE VT — L il
BREERHEORIEZTT> T, OB & [RRER R A_EOR 2 FEHET 5.

AT SIS
AIFFE THRYE U7 ACBGRBRE O 2[4 112753, (SEVEIS, MERRsifioME (E/% 25
mm) T, O, 7 = AN EEIRICECE S 72 AR 25 mm O SUS304 flooj
WZEBNT, EEMEROREZIT-7-. SUS WRAEENA RICEW T2 2 1R
T ZAERO—IAOR Z13 2.5mm, SROMAHMOMFEYENT 0.06 mm, AT HROME
1£0.2mm, HEIZ0.1mm THD. £z, LD, SUS M E D2\ - O
EMREER G MIE Lz, BBRIAICIE, KREE FOmRIKESR % -,

OFC Heat transfer surface

\ @25.0
ﬁl y of P/ Sy
um . m
v 7|
SUS304
Heater
Temperature sensor

[mm]

X 1 : =BG X 2 : (BN DB R

_73_



TR DN BB E R, BURH g L BEREEVEAT ORIRCX 3 £XIC, BYRER h
LB q DEIMR T 3 AR, BFITiE, < IEAMF & m(Pitted) & - HI(Smooth) D
RO L THIER L TWA. £, £, RABWR g DEZ R L TV,

BUNRT &L 91, <IFEAF X REER OFRAETRIL, amIc~<7T, $120% M EL7-.
AEAF E T CUBISIRE D LIS | B LIRS 2 BIEE Lo & 2 5, ZARKIECED
TN DD LIFEH OIS EDIHT, SUS EBIik & OB A>Tz, 37205,
SUS i, AKIEOREITIHFS Lenbon, @R FThike: Oz,
~ORBHEZE LT, BRABWEROM FIZHF 5 L& 5.

72, JEAMFEEOBMRERIL, BUTRAAT 5200, FEHL D b REL 25,
PR BT AT O WS ORI & Ll 5 &, SR OEE, (AEVEERE 25 mm & [FFEED
ERDRKIANEENRAE LD L, <IFATEEDOEE, BT 250 =maE <1
B EFEDORE SOEENE Do T, Tibb, IFANEENT 2 5KiaE2 ML L T\ 2
EMRDIoT. KIEHIMET 5728, ZFICE T DAEENE ORI AR SR L, B
RERNEL ol EZBND.

3. HIRBEDOZERR
FEZE U7 < A\Z A EASENE ORI BGI IS, PRI ~THY 20 %l B L, ABFED
ARTER S .

4 FLOLSERDERE
AR, BRABFTARIA LD A T =X D23 T L, il ITHOFRIERRE S 25 <
ZLEWEETHD.

5 HIEAE IHIRIHY)

1) Fiiis EH2SERERE BHFEa0) 2L

2) EfF=E - BERER - iR% - QOBEERF

*[1] K. Miyata, H. Mori and K. Ohira: Development of the heat transfer surface with
micro-pits to enhance the critical heat flux in nucleate boiling, Proceedings of the Twelfth
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Project code J12035

Classification General collaborative research
Subject area Nano/micro technology
Research period | April 2012 ~ March 2013
Project status 1st year (progressing)

Investigation of Shock Waves Propagation on Microscales

Mikhail Ivanov*¥, Kaoru Maruta**++
Yevgeniy Bondar*, Georgy Shoev*
*Khristianovich Institute of Theoretical and Applied Mechanics
**Institute of Fluid Science, Tohoku University
tApplicant, TFIFS responsible member

1. Purpose of the project

The main challenge of this project is a numerical study of shock wave propagation in
microchannels for different Knudsen (Reynolds) numbers. Shock propagation is
considered for low Kn numbers when CFD methods are still valid and aso for high
Knudsen numbers when a kinetic description of the flow is required. The process of the
entry of the shock wave (generated in aconventional shock tube) into the microchannel
is studied in detail.

2. Details of program implement

The main goal for this year was a numerical study of the shock wave entry and
propagation in microchannels. The calculations were performed for a diatomic gas (y=1.4)
at different Knudsen numbers Kn=8-103, 8102, and 8-10'l. The case with Kn=8-103
corresponds to the conditions of the experiment performed by M. Brouillette, 2009.

A typical flow pattern of the shock wave entry obtained in numerical simulations is
presented in Fig. 1 (left), which shows the Mach number flowfield at the time instant
t=0.2 ps. The time t=0 is the instant when the shock wave enters the microchannel. It is
clearly seen that the Mach reflection of the shock wave is formed in the plane of
symmetry out of the microchannel. The boundary layer is formed on the microchannel
walls. Multiple reflections of the shock wave inside the microchannel just after the
entrance are also observed.

Figure 1 (right) shows the shock wave position inside the microchannel as a function of
time obtained in NS/DSMC simulations at different values of Kn, experiment, analytical
1D Salas model, and Euler computation. The solid line shows the trajectory of the shock
wave with a constant velocity equal to the velocity of the initial shock wave before it
entered the microchannel. The dashed line corresponds to propagation of the shock
wave with the Mach number M=2.42 in accordance with the analytical 1D Salas model
(details can be found in Salas, 1991). This model allows us to calculate the shock wave
Mach number behind the cross-sectional discontinuity ignoring viscosity and heat
conduction. It is seen in the figure that shock wave acceleration (amplification) occurs
behind the microchannel entrance in the inviscid case; after that, the shock wave moves
with an almost constant velocity. At the Knudsen number Kn=8'103, small
amplification of the shock wave is also observed, but the wave attenuates during its
further propagation, which agrees with experimental results. At the Knudsen numbers
Kn=8-102 and Kn=8-101, the results of numerical simulations reveal intense
attenuation of the shock wave to a velocity close to the sonic speed. No amplification is
found for these Knudsen numbers.

The study of the shock wave amplification via entrance geometry variations is
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continued. To understand the role of the high pressure region in front of the
microchannel entrance, we carried out Euler computations with an additional splitter
plate on the junction of the channels. Inviscid 2D computations show that the shock wave
velocity is affected by this high pressure region. For example, it has been already found
that, at Kn=8-102, the use of a rounded junction of two channels (one quarter of a
circumference with the rounding radius R=2-H, where H is the microchannel half-height)
leads to adelay of the instant when the shock velocity becomes close to the sonic speed.

Figure 1 : NS and DSMC computations at Mis=2.03, Kn=8-103, and y=1.4. Left: Mach
number contours. Right: (t, xs) diagram.

3. Achievements
The expected results were achieved completely.

4. Summaries and future plans

The entry and propagation of a shock wave in a microchannel has been numerically
studied with the use of kinetic and continuum approaches. It has been shown that one of
the main criteria determining the dynamics of shock wave propagation inside a
microchannel is the Knudsen number (or Reynolds number). The results obtained allow
us to conclude that there exists a certain critical value of the Knudsen number Kn,, that
alters the flow pattern in the microchannel. At Knudsen numbers Kn<Kn, the shock
wave propagates with a supersonic velocity. At Kn>Kn,,, the shock rapidly attenuates to a
velocity close to the velocity of sound. At the next stage of the project, it is planned to
perform viscous simulations for modified entrance geometry, e.g., junction of two channels
with an additional thin splitter plate and rounded junction of two channels (with variations
of the rounding radius). Theimpact of the shock Mach number will also be considered.

5. Research results (x reprint included)

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

*[1] G. V. Shoev, Ye. A. Bondar, D. V. Khotyanovsky, A. N. Kudryavtsev, K. Maruta and
M. S. Ivanov: Numerical study of shock wave entry and propagation in a
microchannel, Thermophysics and Aeromechanics, Vol. 19, No. 1, (2012), pp. 17-32.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

[2] G. Shoev, A. Kudryavtsev, M. Ivanov: Shock wave propagation at microscales,

Proceedings of the 20th International Shock Interaction Symposium, (2012), pp. 179-182.

*[3] G. Shoev, Ye. Bondar, K. Maruta, M. Ivanov: Numerical study of shock wave
entering and propagation in microchannel, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, (2012), pp. 130-131.

3) Patent, award, press release etc.
Not applicable.
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Project code J12037

Classification General collaborative research
Subject area Aerospace

Research period | April 2012 ~ March 2013
Project status 2nd year

Development of High Reliability Numerical Simulation Code
for Next Generation Low Noise Rotor Design

Shinkyu Jeong*t, Kwanjung Yee**{+
Sanghyun Chae**
*Institute of Fluid Science, Tohoku University
**Department of Aerospace Engineering, Pusan University
tApplicant, Tinon-IFS responsible member

Purpose of the project

In helicopter aerodynamics, the accuracy of the vortex capturing determines the
prediction qualities of vortex interaction noise as well as the precision of the
helicopter performance estimation. In this paper, the adaptive wavelet method is
presented as an efficient way for the structured grid system. The adaptive wavelet
uses the interpolating wavelet transformation including decomposition and
threshold to construct an adaptive dataset to a solution. Then, fluxes are calculated
only at the points within the adaptive dataset, which enhances the computational
efficiency.

Details of program implement
The implementation of wavelet method is composed of the following steps.

Step 1. Wavelet Decomposition: To construct the adaptive dataset, decomposition is
conducted by interpolating wavelet transformation.

Step 2. Flux Evaluation: After constructing the adaptive dataset, the flag values of
the data set determine whether the flux values are to be evaluated or not. 5th order
WENO scheme is used to evaluate the conservative variables in selected cells.

Step 3. Residual Interpolation: Residual on the excluded cell is interpolated as
same way of the interpolating wavelet method. On the cell in the adaptive dataset,
residual is calculated by the way of existing CFD code.

Step 4. Time Integration: After organizing the residual distribution in the whole
computational domain, time integration is performed. 4 stage Runge-Kutta is used to
achieve high accuracy of time domain for precise wake capturing.

Achievements

As interim results, a 2-D transonic airfoil-vortex interaction problem was
investigated, because this situation can be occurred as blade vortex interaction of
helicopter rotor and shows the vortex conservation capability of the adaptive wavelet
with 5th order WENO scheme. Figure 1 represents the variation of lift as a function
of the instantaneous streamwise position of the vortex. The variation of lift of WENO
schemef(filled circle symbol) and WENO scheme with the wavelet method(solid line)
is in reasonably good agreements with those of other Euler and Navier-Stokes
investigations[1-3]. The calculation efficiency of 5th order WENO scheme with the
wavelet method is compared with that of 3rd order MUSCL scheme in Fig 2. Figure 2
highlights that the adaptive wavelet reduced calculation time of 43% with 3rd order
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4.

MUSCL and 24% with 5th order WENO. However, the adaptive wavelet method with
5th order WENO scheme improved calculation time as the level of 3rd order MUSCL
scheme while the high accuracy of 5th order WENO scheme.
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Summaries and future plans

The efficient calculation using the adaptive wavelet with 5th order WENO scheme
has been developed for the analysis of helicopter rotor. As interim results, the
present abstract suggested capability of the present method to solve the 2-D
airfoil-vortex interaction problem that requires the high accuracy scheme to conserve
the vortex strength. The adaptive method with 5th order WENO scheme shows the
physical characteristics of airfoil-vortex problem clearly, and reduces 24% of the
computational time of no adaptive wavelet case, while the accuracy of WENO scheme
is retained. This method will be extended to 3-D application of helicopter
aerodynamics, and its usability will be enlarged.

References

2)

[1] Sankar, N. U., and Malone, J. B., “Unsteady Transonic Full Potential Solutions
for Airfoils Encountering Vortices and Gusts,” AIAA Paper 85-1710. 1985.

[2] Srinivasan, G. R., McCroskey, W. J. and Beader, J. D., “Aerodynamics of
Two-Dimensional Blade-Vortex Interaction,” AIAA Journal, Vol. 24, No. 10, pp.
1569-1576, 1986.

[3] Oh, W, Jo, K., and Kwon, O., “Two-Dimensional BVI Revisited Using
Unstructured Dynamic Meshes,” American Helicopter Society 58th Annual Forum,
Montreal Canada, June 11-13, 2002.

Research results (x reprint included)

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

International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] S. Chae, S. Jeong, K. Yee: Implementation of Adaptive Wavelet Method for the

3)

Efficient Design of Helicopter Rotors, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2012), pp. 32-33.

Patent, award, press release etc.

Not applicable.
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Project code J12039

Classification General collaborative research
Subject area Fundamentals

Research period | April 2012 ~ March 2013
Project status 3rd year

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
TApplicant, $1IFS 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

We consider the motion of axisymmetric magnetic eddies with swirl in ideal
magnetohydrodynamic flow. The magnetic field is assumed to be toroidal, while the
velocity field has both toroidal and poloidal components. The contour-dynamics
formulation by Hattori and Moffatt (2006) for the case without swirl is extended to
include swirl velocity so that the cross helicity does not vanish in general. The strength
of the vortex sheets that appear on the contours varies with time under the influence of
the centrifugal force due to swirl and the magnetic tension due to the Lorentz force.
Numerical simulation using the contour-dynamics formulation shows that there exist
counter-propagating dipolar structures whose radius is given by a balance between the
centrifugal force and the magnetic tension. These structures are well described by the
steady solutions obtained by perturbation expansion. The effects of vorticity inside the
eddy on the motion of eddies are also investigated.

3. Achievements

Our objectives were to pursue new exact solutions for steadily-propagating eddies in the
presence of magnetic field and to give further insight into these solutions, which should
also prove valuable for their possible use as benchmarks for numerical simulation and
for modeling coherent vortical structures, by numerical calculations. This year we
have obtained solutions that describe the counter-propagating dipolar structures
observed in numerical calculation by perturbation expansion. We have also clarified
the role of cross helicity in the time evolution of hydrodynamic and magnetic energy.
Thus we have surely achieved the objectives of our project.

4. Summaries and future plans
The motion of magnetic eddies with interior vorticity in the presence of swirl is studied
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Figure 1 : Time evolution of eddy and energies. Top: contours at the initial and final
instants; the dotted lines show the equilibrium radius. Bottom: time evolution of total
energy, hydrodynamic energy, magnetic energy and poloidal component of
hydrodynamic energy; the dotted lines show the bounds for hydrodynamic and magnetic
energy.

by contour dynamics simulation. First, the bounds for hydrodynamic and magnetic
energy determined by cross helicity are checked by numerical simulation. Starting
from the values close to the bounds, both energies become close to a half of the total
energy as the eddy approaches the equilibrium radius where the Lorentz and
centrifugal forces balance.

Next, the effects of vorticity inside the eddy are investigated. Depending on the
magnitude of the Lorentz and centrifugal forces two types of motion are observed. For
small forces the motion of the eddy is similar to that of a vortex ring; it propagates with
constant speed with its boundary or contour oscillating. For large forces the eddy
splits into two counter-propagating rings.

5. Research results (x 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] Yuji Hattori and Stefan G. Llewellyn Smith: Contour Dynamics of Vortex Rings
with Swirl and Magnetic Field, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 166-167.

[2] Y. Hattori and S. G. Llewellyn Smith: Motion of axisymmetric magnetic eddies with
swirl, [UTAM Symposium on Topological Fluid Dynamics, Cambridge, UK, (2012).

[3] ARER#F], Stefan Llewellyn Smith: swirl Z & SREAIMERD contour dynamics & %
D—fAfl, BARPERFENE 67 [HHER RS, HE, (2012).

3) Patent, award, press release etc.
Not applicable.
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Evaluation and Analysis of Atmospheric Radiative Energy Transfer
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Measurement of Radiative Properties Controlled-Film
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Analysis of the Combined Mode Heat Transfer in Complex Materials
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A Study of Light Transport and Heat Transfer in Biological Tissue Using Radiation Element Method
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Nonlinear Dynamics of Flame Front Instability in Two-Dimensional Radial Microchannels
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Global Flow Visualization around Supersonic Projectiles Using Background-Oriented
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Fig. 1 Visudization of vortex rings using projection-type BOS, a shock Mach number 1.50+0.01, O.E., Open-end of shock
tube; SW., Shock waves.
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Fig.2 Transformetion of compressible vortex.
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*[1] T. Mizukaki and S. Obayashi: Quantitative Visualization of Flow Field around
High-Speed Projectiles by using Background-Oriented Schlieren, Proceedings of the
Twelfth International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2012), pp. 162-163.
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Temperature Measurement of Unsteady Supersonic Flows Using Laser—Induced Thermal Acoustics

1.

2.

AKE Faf*f, KBRS
FHRHERZ AR, ARG AR TR
THRRE, THHPHCEE

SIEAS]:)

FRV VEFER AT 0 ) R VERERRFR 7R £, TROIEEFEMEE R A E AT ORI &,
L —YFEEEEEY  (Laser—Induced Thermal Acoustics: LITA) ZFIH L7-FiA g o
TR R BB s & B SR 235D HREERHMME 2 ML 3 5. (eSO E HIEE F it
AUV OIREEF AN, AR mIC B R 7 EARE L, FHE T2 o<,
PERER) SR OGS OFHINIREE CH 5. MeketiiEs, WEROEEMEOR
JE % JEREA D ORGEIRERE] (10 - / FPLAR) CRHIFT 2 FETH Y, mdidEE FHEaE
IZHBRCE 5.

HARBERONE

FEEF R OB Z LITA CTEERT D121, HERIE N CRA L= ERg 235
TEEMCRIET DR & G L — Y ORKNKEL~ A 7 e A CRII S 2 0 ERH 5. —
e R TR A | X R TSRS — ORI AR E L, SEER TAED LRI B
IR d> DT, =— /L7 8 & Bl CRaleze £ 2 CH ST, s w 5.
BARIEIE T, BREE IS X ME T, BRI Mach 2o v I URSEEDME L, &
FHHTIE, BEEREEEE 2 BIEENICRE T ALERH Y, VOGS TIY, EEE
KEOVIR IROVEIGZBHEFERTNICHO DD Z &, £z, BEENEZEET DR
BREREE & T L, BN EEMHCT 2 RENH 5. 2T, AL TR % 1E Wi
/AR A LY, ERE SRS SRR NSO PIEE A RE L, BT ORI
(Rl ARRE L=, BRI, PEROFE CAELZEEE, KERMOEHZEOHHE &
L, mE-HERMESZE (=PES-REEMENZE) 2N ERIDWMIEEA2E3 50
B RV =FLy - TL7&Lb—h) Z2FEHT5. kY, FEEEDEZ2EIEET
5T LT, MEEEAHEAYT, [CERNCIRTREE 72D, T, BRIRECAFET D
JENDIX SO ETHEEZ T RWHIEN AREE 725 728, MIEROMEEN Mach $80f v K
LKHEZmD D Z ENAfREL 7o Tz,

BRI (Fig. 1) OFMIESLL PA/PL (BIESFLCAJE P4, KERFESPL) R4
B Mach £t Ms O EAIFR OG5 L OMEERIS 12 I ZF5 L SV HIRFELE T2/T1 (IRE=RIR
FE T, MEFERGIGHIEIE T2) OHEE A FEH LI-kEH, P4/P1-T2/T1 BIEMERIE S 7=

MEAED PRFEBRRE R D, HEEEREE N ORIEE~DOFHADEOE AT K OVEIENE D
FIRCUGEORMN S D Z VI LTz, £ 2T, NFRDOGHEEO % I KSR s
B (XA raA4 7« IT7—) IZEEL, Bt e T —7 RO LRk ERET L,

_99_



3.

4.

5.
)]

2)

AR CFR DU EEAT S T2

Fig. 1 Schematic diagram of shock tube for LITA measurement.
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*[1] T. Mizukaki and S. Obayashi: Shock Induced Temperature Measurement using

3)

Laser-Induced Thermal Acoustics, Proceedings of the Twelfth International Symposium
on Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2012),
pp. 36-37.
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Researches on the Suppression Control of Hole Tone Phenomena
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(a) Experimental system with an (b) Measured sound pressure levels for h=0, 2, 3, 5
obstacle mm (=35.5 mm, 7=40.5 mm)
1 : Effects of the proposed control method of the hole tone with an obstacle on the
downstream end plate
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*[1] K. Matsuura and M. Nakano: A Throttling Mechanism Sustaining a Hole Tone Feedback
System at Very Low Mach Numbers, J. Fluid Mech., Vol. 710, (2012), pp. 569-605.

2) EF=E - BRESR - RS - QERKRSE

*[2] K. Matsuura and M. Nakano: Researches on the Suppression Control of Hole-Tone
Phenomena, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 164-165.

[3] K. Matsuura and M. Nakano: Flow Structures under Passive Control in a Hole-Tone
System, Proceedings of the Ninth International Conference on Flow Dynamics, Sendai,
(2012), pp.346-347.

(4] ANH—HE, PEPEE - R—L b= BB Oy T RN RIS DT, 5 32 B ER T
VARY Y AT, SEL, (2012), No.16.
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*[1] H. Mori, T. Takagi, S. Izumi, H. Kanetaka, E. Suzuki, K. Mori, R. Sasaki and T. Abe:

Study on the Biological Actuation with the Magnetic Stimulation. Proceedings of the
Twelfth International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2012), pp. 90-91.

*[2] B AT, HWGR—, i« e SV ARSI & D AR~ D BEEURIENC B9 D TS,
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Numerical Studies of Rarefied Chemically Reacting Flows
about Space Vehicles

Mikhail Ivanov*¥, Shigeru Yonemura**¥+, Yevgeniy Bondar*, Alexander Shevyrin*
*Khristianovich Institute of Theoretical and Applied Mechanics
**Institute of Fluid Science, Tohoku University
TApplicant, F1IFS responsible member

1. Purpose of the project

This project is aimed at solving an wurgent problem of high-altitude
aerothermodynamics: development and application of an effective numerical approach
for studying hypersonic flow around space vehicles with allowance for rarefaction
effects and thermochemical nonequilibrium of the flow. The main tasks of the project
are

- development and improvement of models and methods, as well as software tool
for numerical investigations of chemically reacting hypersonic flows with the
use of kinetic description (DSMC method);

- study of aerothermodynamics of high-altitude flight of promising space vehicles,
including those with leading edges of small-radius bluntness, with allowance for
nonequilibrium physical and chemical processes and analysis of their influence
on distributed (pressure, friction, and heat flux) and integral (drag force, lift
force, heat transfer, pitching moment, etc.) aerothermodynamic characteristics
along the hypersonic segment of the flight trajectory.

2. Details of program implement

A model for DSMC computations taking into account high-temperature nonequilibrium
chemical reactions in the air mixture was developed and implemented in the SMILE++
software system. The vibrationally specific cross sections of chemical reactions are
obtained as functions of the sum of translational and rotational energies on the basis of
the known two-temperature reaction rate constant K(7, T). The reaction cross-sections
are found numerically as an approximate, but stable solution of the integral equation
containing this reaction rate constant. The model provides DSMC reaction rates for
nitrogen and oxygen dissociation, which reproduce two-temperature kinetics under
conditions of rotational-translational equilibrium and the Boltzmann distribution of
vibrational energy. For a hypersonic air flow under typical re-entry conditions, the
application of the new model yields a lower nitrogen dissociation rate behind the wave
than the TCE model, which leads to a higher temperature of the flow (which is
manifested in the form of more intense heat fluxes on the body surface) and to a greater
stand-off distance of the shock wave. This fact is demonstrated in Fig.1, where the
translational temperature flow fields for the 2D flow about a cylinder at typical re-entry
conditions for different chemical models are shown. The models were validated against
experimental data on shock-wave structure in oxygen. It was demonstrated that the
new model provides significantly better agreement with experimental data than
conventional DSMC chemical models as TCE.
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Nonreacting New model TCE model
Figure 1: Flow fields of translational temperature (Knudsen number Kn=0.01).

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

4. Summaries and future plans

New collisional models and procedures have been developed for study of rarefied
chemically reacting high-enthalpy flows, and implemented in the SMILE++ software
system. Study of different gas flows has been carried out: the nitrogen flow about a
wedge, the air flow about a cylinder and the flow about a blunted plate. The application
of the new model leads to significant increase in surface heat flux in comparison with
conventional DSMC chemistry models. The model has been validated against the
experimental data on shock wave structure in oxygen. The application of the new model
improved the agreement with the experimental data.

Future research plans:

1. Development of the model for associative and electron-impact
ionization of the gas molecules and the kinetic model of the spacecraft
plasma environment and their implementation into the SMILE++
software system.

2. 2D/Axisymmetric computations. Validation against available experimental data
and computational results.

5. Research results (x reprint included)

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

*[1] M..S. Ivanov, D.V. Khotyanovsky, A.A. Shershnev, A.N. Kudryavtsev, A.A. Shevyrin,
Sh. Yonumura, Ye.A. Bondar: Rarefaction effects in hypersonic flow about a blunted
leading edge, Thermophysics and Aeromechanics, December 2011, Vol.18, Issue 4,
pp. 523-534. — in fact was published in 2012 during the report period.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] Alexander Shevyrin, Mikhail Ivanov, Yevgeniy Bondar and Shigeru Yonemura:
Numerical Studies of Rarefied Chemically Reacting Flows about Space Vehicles,
Proceedings of the Twelfth International Symposium of the Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 38-39.

3) Patent, award, press release etc.

Not applicable.
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*[1] S. Sugiyama, K. Funamoto, T. Hayase, H. Shimizu, and T. Tominaga: Magnetic
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resonance fluid dynamics for intracranial aneurysms, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 118-119.
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*[1] S. Sugiyama, M. Ohta, T. Nakayama, H. Shimizu, and T. Tominaga: Oscillatory and
stagnant flow in intracranial aneurysms: possible association with atherosclerosis,
Proceedings of the Twelfth International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 120-121.
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Research period | April 2012 ~ March 2013

Project status 1st year

1.

3.
1)Micro—-fabrication of polymer rotors: We have succeeded in

Development of a Micro-Motor for MEMS Utilizing Smart Polymer
Fabricated by Photolithography

Masami Nakano*}, Miklos Zrinyi**++
*Institute of Fluid Science, Tohoku University
**Laboratory of Nanochemistry, Semmelweis University

TApplicant, Tfnon-IFS responsible member

Purpose of the project

As a direct continuation of our previous research work, we have proposed to study
the electrorotation phenomena of pure photo polymers and polymer composites. Our
intention was to develop highly cross-linked epoxy based photoresist polymers
designed for micromachining and other microelectronic applications. This polymer
should undergo electrorotation in DC field. It was also our intention to study the
torque as well as load bearing capacity of polymer rotors.

Details of program implement

The advantage of using photoresist as base material for micro-motor lies either in
the photolithographic technique which makes possible easy microfabrication.
Photolithographic technique allows us to transfer geometrical patterns from a
photomask to a light sensitive resin which then engraves the exposure pattern into
material in the desired pattern. The photopolymer we intend to use is most
commonly exposed with conventional UV radiation and may also be exposed with

e-beam or x-ray radiation. It has been widely employed in the fabrication of MEMS
devices.

Achievements

preparation of photoresist polymer disks, hollow cylinders
and gears with variable size, which were fabricated by
photolithographic technique, as shown in table 1 and Fig.1..

Tablel: Geometrical parameters of polymer microrotors. 500 jum
SHAPE SIZE (in pm) THICKNESS (in um) (a) Disk: D=500 pm;
Disk 120X 130 | 220 X 264 372 X 348|515 X 461| 600 X 620 38 t=38mm
O 120X 130 | 220 X 264| 372 X 348 515 X 461 600 X 620 py)
120X 130 | 220 X 264| 372 X 348| 515 X 461 600 X 620 16
Hollow cylinder R 100 200 300 400 500
r 40 50 60 70 80 38
R | 100 200 300 400 500
r 40 50 60 70 80 2 500 pm
R | 100 200 300 400 500
r 40 50 60 70 80 16 (b) Gear: Size=500 pm,
Similar to gearwheel 100 200 300 400 500 38 t=38mm
100 200 300 400 500 22 Figure 1: Photos of
100 200 300 400 500 16 fabricated microrotors.
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2)Measurement of rotational speed and torque: A home made device was developed in
order to measure the rotational torque of the polymer rotor. The toe of a nylon fiber
connected to the shaft of a DC motor is fixed perpendicular to the center of the rotor.
When the DC motor rotates the rotor disk immersed in the oil between two electrodes
under DC electric field, a torsional angle between two fibers (a distance between two
fibers is 10mm) adhered perpendicular to the nylon fiber shaft is measured by
recording on a high speed camera. The rotor torque is calculated from a relationship
between the applied torque and the torsional angle of the nylon fiber shaft. The
representative measued results of polymer composite rotors are shown in Fig. 2.

1600 7 T T
g 1400 I 6 E (kV/mm) —
) t(mm) / ——133
£ 1200 5
2 1000 —+0.20 / £, —B-167
= 4 —
i 800 —m}0.30 E, . =he=2.00 ]
2 P O fluctuation
% e00 0.60 Vd . N\,
E /¥ : \:\ AN
g 400 — 1 \\:\\\
=
Z 200 0 I‘\\
| A
0 -1
0 05 1 15 2 25 0 200 400 600 800 1000
Electric fieldintensity E (kV/mm) Rotational Speed N(rpm)
(a) D=1.5 mm, t=0.6 mm (b) D=2.0 mm, +=1.0 mm

Figure 2: (a) Dependence of rotational speed N on DC electric field intensity E and
rotor thickness ¢, and (b) changes of torque 7T vs. rotational speed N with applied
electric field intensity F.

4. Summaries and future plans

We have prepared several smart polymers showing intensive rotation under DC
electric field. The polymer samples can be divided into two groups. One group
includes polymer composites that electrorotation phenomena were already
intensively studied. The other group contain pure photopolymers that can be
fabricated by photolithography. Rotors of different shape and size (disks, hollow
cylinders, gears...) were prepared. The next plan refers to the study of electrorotation
of photoresist based materials. Not only the rotation speed as a function of DC
electric field intensity, but also torque characteristics are planned to study.

5. Research results (x reprint included)

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

*[1]M. Zrinyi, M. Nakano, T. Tsujita: Electrorotation of novel electroactive polymer
composites in Uniform DC and AC electric field, Smart Materials and Structures, Vol.21,
No.6, (2012), pp.1-6.

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

[2IM. Zrinyi, M. Nakano: Novel electroactive polymer composites that performs
rotation in uniform DC and AC electric field, 2nd International Conference on
(E]ectgomechanica]]y Active Polymer (EAP) Transducer and Artificial Muscles, Potsdam,
2012).

[8IM. Zrinyi, M. Nakano: Colloidal Particles that Make Polymers Smart, International
Association of Colloid and Interface Scientists, Sendai, (2012).

*[4] M. Zrinyi, M. Nakano: Towards Development of Micromotors Based on Electrorotation of Smart
Polymers, Proc. of Twelfth Int. Symp. on AFI/TFI, Sendai, (2012), pp.132-133.

[5] M. Nakano, T. Okumura, M. Zrinyi: Micro-Motor consisting of Electro-Active Polymer
Composite Rotor in Dielectric Liquid, Proc. of JFPS Autumn Conference on Fluid Power
Systems, (2012), pp.37-39. (In Japanese)

3)Patent, award, press release etc.

[6] The 27th issue of the WW-EAP Newsletter: M. Zrinyi and M. Nakano: Novel
electroactive polymer composites performing rotation in uniform DC electric field, (2012).
URL: http://ndeaa.jpl.nasa.gov/nasa-nde/newsltr/WW-EAP_Newsletter14-1.pdf
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Metal-Containing DLC: Toward a Smart Coating

Julien Fontaine*¥, Toshiyuki Takagi**j+
Takanori Takeno, Koshi Adachi***,
Michel Belin, Sandrin Bec, Thiery Le Mong*
Hiroyuki Miki****
*Laboratoire de Tribologie et Dynamique des Systémes, Ecole Centrale de Lyon,
**Institute of Fluid Science, Tohoku University
***School of Mechanical Engineering, Tohoku University
****Center for Interdisciplinary Research, Tohoku University
TApplicant, $1IFS responsible member

1. Purpose of the project

DLC coatings are widely used as protective coatings to improve the surface
properties of structural materials; for example, to increase hardness and chemical
stability. A new type of smart coatings based on metal-containing diamond-like
carbon (DLC) is proposed in this study. With the addition of metal clusters into DLC
coatings, good electrical conductivity, exhibiting low friction and wear, and high
durability under extreme environment appears. A novel smart coating will be
developed and characterized.

2. Details of program implement

The evolution of friction coefficient for experiments stopped at 5, 35, 100 and 1000
cycles is plotted on figure 1, with optical images of the corresponding tribofilms
formed on the ball counterface in inset. For less than 50 sliding cycles, the friction
coefficient increases from about 0.12 to 0.15. Although a tribofilm can indeed be
observed as early as 5 cycles, it is not covering the entire contact area. However, after
about 50 sliding cycles, the evolution of the friction coefficient is rather slow and
increasing very slowly from 0.15 to 0.2. The tribofilms after 100 and 1000 cycles look
both smooth and continuous, covering the entire apparent contact area.

Nanoindentation experiments were then conducted on the tribofilms obtained after
100 and 1000 cycles. In order to improve the processing of the load-displacement
curves, AFM was also performed on the tribofilm, in an attempt to evaluate the
tribofilm thickness and in order to measure piling-up around the indents. Indeed, it
is paramount to check the contact area between the berkovich indenter and the
probed material to properly compute Hardness and Young’s modulus.

As the tribofilms consist mostly of copper, it is not surprising that their hardness is
lower than the nanocomposite Cu-DLC itself. Nevertheless, the hardness measured
on the tribofilms is 3 to 4 times larger than the value expected for pure copper, which
would be about 0.4 GPa. Interestingly, the tribofilm after 100 cycles is thicker than
after 1000 cycles, while its hardness is significantly lower. Such increase in hardness
could thus account for the increase in friction, and could be explained by
shear-induced hardening.
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Fig. 1:  Evolution of coefficient of friction for a Cu-DLC coating and optical
observations of the tribofilms formed on the ball counterface for 5, 35, 100 and 1000
sliding cycles.

3. Achievements
Innovative metal-DLC (Me-DLC) nanocomposite coatings are developed, and their
tribological behaviour is investigated under various contact conditions. We have
achieved most of our purpose.

4. Summaries and future plans
The tribological behavior of Me-DLC strongly depends on the growth and evolution
of a metal-rich tribofilm formed on the counterface. In the case of Cu-DLC, an
unusually hard copper-rich tribofilm is found on the counterface. Its hardness
evolution seems correlated with the friction evolution.

(Future plan)

Metal/DLC nanocomposite films will be evaluated as a sensor. Vibration fatigue
testing and tribological testing under atmospheric conditions, and nanoindentation
testing have been planned. The experiments lead to show the possibility of smart
sensor using of Metal/DLC nanocomposite films.

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] P. Wang, T. Takeno, J. Fontaine, M. Aono, K. Adachi, H. Miki, T. Takagi: Effects of
substrate bias voltage and target sputtering power on the structural and
tribological properties of carbon nitride coatings, The Ninth International
Conference on Flow Dynamics (ICFD 2012), (2012), pp.764—765.

*[2] H. Miki, T. Takagi, T. Takeno, K. Adachi, J. Fontaine, M. Belin, S. Bec, T. Le Mogne:
Metal-Containing DLC: Toward a Smart Coating, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2012), pp. 178-179.

3) Patent, award, press release etc.
Not applicable.
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Inactivation of Virus by a Plasma Flow at Atmospheric Pressure
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*[1] Yuji Kudo, Michiko Okamoto, Takehiko Sato, Daisuke Yoshino, Akira Suzuki and Hitoshi
Oshitani: Inactivation of MDCK Cell Viability by Exposure to Plasma-treated Medium,
Proceedings of the Twelfth International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 92-93.
(2] TRkrER, EREE, $aARES, M 77 A~z k5 MDCK Alao &L, 5 22
[FIBREE TARE S R Y 7 4 2012, (2012), pp. 205-206.
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Thermal Resistance between Nano-Structured Surfaces and Liquids
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*[1] S. Murakami, M. Shibahara and T. Ohara: Molecular Dynamics Study on the Influences
of Nanostructure Geometry on the Energy Transport and Local Non-equilibrium
Behavior at Liquid-Solid Interfaces, Proceedings of 23rd International Symposium on
Transport Phenomena, (2012), USB-memory.

2) EF=E - BERER - IRE - OERRF

*[2] M. Shibahara, T. Ohara and G. Kikugawa: Thermal resistance between nano-structured
surfaces and liquids, Proceedings of the Twelfth International Symposium on Advanced
Fluid Information and Tansdisciplinary Fluid Integration, Sendai, (2012), pp. 134-135.

[3] A EHH, ZIREIEEE, /NEHR  IHIEEIC K CEB S 7 R A A R R = R L
W RAE T, 28 49 A A AMBEN AR Y T Ak SURE, (2012), H212.
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Observation of Hypoxia Cellular Response by Using Microfluidic Devices
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*[1] S. Fukushima, R. Maehara and K. Funamoto: Observation of hypoxia cellular response
by using microfluidic devices, Proceedings of the Twelfth International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp.

122-123.
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Fabrication of Ti/Al Composite Material by Compression Shearing Method
at Room Temperature
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EATO7201201%, ABELE ST, FIR T CEREITHIMNERHD.
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5. WIRAR
1) Ffiijis EROTERRE MBRFEEaT)

(1] S fFE, Hil R, =K B2, miR ZaE, A PEE ERTHEE AUMNEIC K0 RO L7s TYAL
HR DT [IRFFEICRIET X U o VRO, YN T, ¥ & T, Vol. 54, No. 625, (2013), pp.
181-185.

2) EF=iE - ERNFER - iR% - QBERRSE
* [2] Syou Takeda, Noboru Nakayama, Masaomi Horita, Shintaro Abe, Hiroyuki Miki and Hiroyuku
Takeishi: Fabrication of Ti/Al Composite Material by Compression Shearing Method at Room
Temperature, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 136-137.

[3IM. Horita, N. Nakayama, N. Saito, H. Miki, H. Takeishi, H. Mugishima, T. Suzuki: Mechanical
Properties of Ti Composite Material by Compression Shearing Method at Room Temprature,
5TH EUROPEAN CONFERENCE ON COMPOSITE MATERIALS, Venice, (2012), USB.

[4] YEARFEL, FRILS, AR, BATHE  FIREME AWNEIZ X 0 BOE L7- Ti 9 AL ZSE SRR
BIROOVEE,  HAMEIN T2 Pk 24 4RI TAZGERE, (2012), pp. 213-214.
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Mechanism on Thermodynamic Effects in Micro—Bubble Cavitation
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(8) Water (290K , = 0.0121, = 0.159) (b) Nitrogen (77.64K, 0.1221, = 0.128)
Fig. 2 Time evolution of the agpect around three-blade cyclic cascade at AOA=7°
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(a) Iso-thermal calculation (b) With smplified- thermal effect mode

Fig. 3 comparison of time averaged cavity volume and cascade head at77.64 K and 88.64 K
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*[1] Yuka IGA and Kazuki NIIYAMA: Mechanism of Thermal Effects in Micro-bubble
Cavitation, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 40-41.

*[2] G, FHL—#  WEET ML DBRIETAT OREE DV ICRET HF Y BT —
¥a CORERNT, Xy BT —a VT AV ART T L (16 [R) EEGRSUE, IR,
(2012), No. S1-6, pp. 1-6, in CDROM.
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*[1] Y. Hattori and Y. Fukumoto: Effects of axial flow on the stability of a helical vortex tube,
Phys. Fluids, 24, (2012), 054102 (15 pages).
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*[2] Yuji Hattori and Yasuhide Fukumoto: Modal Stability Analysis of a Helical Vortex Tube
with Axial Flow, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 168-169.

[3] Yuji Hattori and Yasuhide Fukumoto: Effects of Axial Flow on the Curvature Instability
of a Helical Vortex Tube: Modal Analysis, The Twenty third International Congress of
Theoretical and Applied Mechanics ICTAMZ2012), Beijing, (2012).

(4] ARERT], WEARES e b O L EAMORELENE, 5 61 BIHEGECH IFEES, H,

(2012).
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[1] Minoru Goto, Julien Fontaine, Takanori Takeno, and Hiroyuki Miki: Tribological
Properties of Ag-DLC under Various Loading Conditions, Proceedings of the Ninth
International Conference on Flow Dynamics, Sendai, (2012), pp. 19-21.

*[2] Minoru Goto, Kosuke Ito, Hiryoyuki Miki, Takanori Takeno, Toshiyuki Takagi: Study of
Contact Alignment for the Slider Specimen of Tribometer, Proceedings of the Twelfth
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Entropy Flow in Magnetically Ordered Heusler Alloys under Influence of
Temperature or Magnetic Field

Vladimir Khovaylo*t, Toshiyuki Takagi**{+, Hiroyuki Miki**,
Ekaterina Avilova*, Makoto Ohtsuka***, Vladimir Sokolovskiy****,
Vasiliy Buchelnikov****
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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
In Ni2Mni1«xCuxGa, the magnetostructural transition occurs just above room
temperature, e.g. at Tm =~ 308 K for the x = 0.25 composition. Recently, a giant
magnetocaloric effect (MCE) with ASmag =~ -64 J/(kgK) for the magnetic field change of 5
T has been reported for NisMno.75Cuo.25Ga at 308 K. This temperature is very suitable
for the purpose of the room-temperature magnetic refrigeration. Therefore, there is a
strong motivation for a detailed investigation of MCE and magnetic properties of the
Ni2Mn1-xCuxGa alloys.
We performed experimental and theoretical studies of magnetocaloric effect and the
exchange interactions in
NizMn1-xCuxGa Heusler
alloys by the direct
measurements of MCE and
the ab initio and Monte Carlo
calculations. We employ
first-principles electronic
structure calculations in
conjunction with a
Heisenberg model to compute
the sublattice specific
pairwise exchange
interactions. The knowledge
of the exchange interactions
in NizMni-xCuxGa helped to
construct, both qualitatively
Fig. 1. Theoretically calculated vs experimentally and quantitatively, a correct
measured adiabatic temperature change in picture of the magnetic
Ni2aMno.75Cuo.25Ga for the magnetic field change from interactions in this system.
O0to1.83 T Also, it allows one to track
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the trends in magnetization and to calculate the main characteristics of MCE which
then can be compared with the experimentally measured ones.

The ab initio study of the influence of the Cu excess x on the strength of magnetic
interactions revealed that Cu weakens Mn-Ni interaction and has a complex impact on
the Mn-Mn interactions. Theoretically calculated magnetic phase diagram of
Ni2Mn1-xCuxGa is in a good agreement with available experimental data. Calculated by
the Monte Carlo method the isothermal magnetic entropy change ASmaz in a
Ni2Mno.75Cuo.25Ga alloy is significantly smaller around the coupled magnetostructural
phase transition temperature than the reported earlier experimental ASmae. This
discrepancy is ascribed to an overestimation of the experimental ASmas at the
magnetostructural phase transition. Theoretically determined adiabatic temperature
change ATaq in Ni2Mno.75Cuo.25Ga agrees well with AThq measured experimentally by a
direct method.

3. Achievements

The main achievements are as follow

- Magnetic exchange constants and magnetocaloric properties of NisMni-xCuxGa
Heusler alloys were calculated by ab initio and Monte Carlo methods. Theoretical
magnetic phase diagram of the system is in a good agreement with experimental one.

- Adiabatic temperature change ATad in NizMno75Cuo2sGa  was measured
experimentally by a direct method. Theoretically calculated ATa:q is in a good
agreement with the experimental one.

4. Summaries and future plans

In summary, magnetic exchange constants of Ni2Mni-xCuxGa Heusler alloys were
calculated from the first principles. Magnetocaloric properties of a representative of this
alloy system, NiaMno.75Cuo.25Ga were studied theoretically by a Monte Carlo method
and experimentally by direct measurements of the adiabatic temperature change.
Calculated by the Monte Carlo method the isothermal magnetic entropy change ASmag
in a NizsMno75Cuo25Ga alloy 1s significantly smaller around the coupled
magnetostructural phase transition temperature than the reported -earlier
experimental ASmae. This discrepancy is ascribed to an overestimation of the
experimental ASmae at the magnetostructural phase transition. Theoretically
determined adiabatic temperature change ATaq¢ in NisMno.75Cuo.25Ga agrees well with
AT.d measured experimentally by a direct 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] V. Khovaylo, K. Skokov, H. Miki, O. Gutfleisch: Dependence of the magnetocaloric
effect in ferromagnetic shape memory Heusler alloys on measurement protocol,
Program and Abstracts Book of 19th International Conference on Magnetism
(ICM-2012), Busan, (2012), p. 63 (oral talk).

*[2] V. Khovaylo, K. Skokov, E. Avilova, V. Sokolovskyi, V. Buchelnikov, S. Taskaev, H.
Miki, T. Takagi: Magnetic Field Induced Entropy Change in Ni-Mn(Cu)-Ga Heusler
Alloys, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 170-171.

3) Patent, award, press release etc.

Not applicable.
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1. Purpose of the project

Numerical simulation of the hybrid-stabilized argon-water electric arc for broad range
of operational parameters for subsonic-supersonic plasma flow regimes. Investigation of
characteristics and processes in the discharge and near-outlet regions of the arc for
homogeneous/non-homogeneous mixing of plasma species within the discharge.
A comparison of the calculated results with available experiments.

2. Details of program implement

Further calculations of processes in the hybrid-stabilized electric arc and interpretation
of the obtained results for currents 300-600 A and for 22.5-40 standard liters per minute
(sIm) of argon have been focused on the influence of turbulence within the discharge and
near-outlet regions of the arc. Turbulence is modelled by Large-eddy simulation using
the Smagorinsky sub-grid scale model with the constant values of the Smagorinsky
coefficient (C, = 0.1) and the turbulent Prandtl number (Pr, = 0.9). To suppress

turbulence near the walls we applied a Van Driest damping function near the walls.
Results between turbulent and laminar flow regimes have been then compared.

3. Achievements

Figure 1. Average relative difference in per cent between turbulent and laminar models
within the volume of the discharge and the region downstream of the nozzle exit for
temperature, velocity and pressure.
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The principal results of the project can be summarized as follows:

(a) Turbulence is not significant phenomenon in the discharge and near-outlet regions of
the hybrid-stabilized argon-water electric arc:

e Maximum relative difference of each of the monitored physical quantities calculated
at the arc axis, along the radius near the outlet nozzle and within the volume of the
discharge and near-outlet region is less than 10 %.

e Difference generally increases with current; the maximum value of the difference
occurs for the Reynolds number. The maximum value of the Reynolds number is about
13 000.

(b) Turbulent effects are stronger in small regions near sharp edges of the outlet nozzle
and in the transition region between hot plasma and surrounding atmosphere in the
near-outlet region with high radial temperature and velocity gradients (shear layer).

(c) Comparison with available experimental data demonstrates very good agreement for
radial temperature profiles.

4. Summaries and future plans
The results of the project demostrate relatively weak influence of turbulence on
performance of the hybrid-stabilized arc.
Our future plans includes mainly:
e the study of mixing of hydrogen, argon and oxygen plasma species within the
discharge region of the hybrid arc by the combined diffusion coefficients method.

5. Research results (x 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] J.Jenista, H. Takana, H. Nishiyama, M. Hrabovsky and T. Kavka: Investigation of
Subsonic-Supersonic  Hybrid-Stabilized Argon-Water Electric Arc With
Inhomogeneous Mixing of Plasma Species: Role of Turbulence and Radiative
Transfer Method, Proceedings of the Twelfth International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Information, Sendai,
(2012), pp. 68-69.

[2] J. Jenista, H. Takana, H. Nishiyama, M. Bartlova, V. Aubrecht and P. Kienek: The
Influence of Turbulence on Characteristics of a Hybrid-Stabilized Argon-Water
Electric Arc, Proceedings of the Ninth International Conference on Fluid Dynamics,
Sendai, (2012), pp. 698-699.

[3] J. Jenista, H. Takana, H. Nishiyama, M. Bartlova, V. Aubrecht and P. Kienek: The
influence of turbulence and radiative transfer method on characteristics of a
hybrid-stabilized argon-water electric arc, Scientific Program & Abstracts of the
Twelfth European Plasma Conference (HTPP-12), Bologna, (2012), on USB flash
disc.

3) Patent, award, press release etc.
Not applicable.
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[1] J.F. Torres, A. Komiya, E. Shoji, J. Okajima and S. Maruyama: Development of
phase-shifting interferometry for measurement of isothermal diffusion coefficients in
binary solutions, Optics and Lasers in Engineering, Vol.50-9 , (2012), pp. 1287-1296.

2) EFERE - BNFER - RS - OBERREF

[2] J.F. Torres, D. Henry, /Neri#csf, FILEE: Instability Analysis of Natural Convection
inside a Tilted Cubic Cavity, £f 49 [0l A ARE S R 0 AGEEGR SCHE Vol. TI+ITL, (2012),
675-676 H.

[3] J.F. Torres, A. Komiya, D. Henry and S. Maruyama: Mearsurement of Soret Coefficients
in Binary Solutions by Phase-Shifting Interferometry, Abstracts of 10th International
Meeting on Thermodiffusion, Brussels, (2012), CD-ROM.

*[4] J.F. Torres, A. Komiya, D. Henry and S. Maruyama: Instability of Rayleigh-Benard
Convection: Comparison Between Experimental and Numerical Approaches,
Proceedings of the Twelfth International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 70-71.
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[1] J.F. Torres, A. Komiya, J. Okajima and S. Maruyama: Measurement of the Molecular
Mass Dependence of the Mass Diffusion Coefficient in Protein Aqueous Solutions,
Defects and Diffusion Forum, Vol.326-328, (2012), pp. 452-458.
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[2] A. Komiya and J. Chevalier: Experimental Trial to Active Control of Protein Mass Flux
in Hindered Diffusion Field, Proceedings of the 23rd International Symposium on
Transport Phenomena, Auckland, (2012), CD-ROM 268.

3) i (FEF ZE YRAIIHERFH)

(FEF) L
(%E) 7L
(RROZHK) 7L

- 136 -



A 5 J12066
X

o7 — RIS
AT | A T A = AN
eI 2012.4 ~2013.3
kAL 2 4-H

Blast wave / EIEKIC &k xS fZER
Mechanism of Blast-Induced Traumatic Brain Injury

Il B, KA THM, FE ety
FifR BEEET, R Rlpmii G ey
W e N STHESE S PR iR A S ot I SR AN SN B S S
TP R PR T L RFFER), o pE e bk S bIF et
**%%*Photonics Laboratory, Department of Electrical Engineering University of California,los
Angeles
THEEE, TR E

1. HEREM

FRJIEZ L D AMEMERHRES (blast-induced traumatic brain injury: bTBI) @95 %, fE#E
ZERE T HERIC L DREEIE, W OSHIME & ITa B D, DivhbiUT@m 2%
7= BN MR 336 259~ DREEARIA D 7= 0D, H8 A B —F A (BURDBEE L 35#HD
&) OBURFT I o TR DR & 72 HDBIGUZIER U, R E B IO O
FEEE % T SRR SRS A AT > TN DR BRI RN BRI 36 1 2 IR 5 1A i
BHZAT > C& 7~ ARFEEIL, EERENT2— 8 ANSYS®RAUTODYN®Z VT, Jeodhysz
BRICIIT D225 T A ST VSR EIBER 2 7 7 U VIPENCERR S, IKE T
SHTZ NI OV TOBUEFEE 1TV, BN OIE M aREEENCBE LTt L 7.

2. HIEBRONAE

BT UT DU MBS B ET B & Mo T iZEE 2 ANSYSRAUTODYN®Z vy,
Euler Y/ 3—%dH L7- 2 IRGCEIRIFRET L CRT 21T o 7. AT CIY, 7 v RO
PRI IS A IS B N e VM TZ T OB T L & LT, fEFTAEIRIE 14 mm X 70 mm T, x
fhaxFre Uiz, B U Oy IMBREIRER ) D 3us FTOMZ 0.0Imm/cell D
IFE T wedge JRD 10mm OFPHZFHERE, U~y 7 FHECE ST, 0.1mm/cell DZEHNE
TR RHRER CRHARE I To /2. BERE FELE T 27 U VERB KON ARE L 7- 8
FF (20wt%) FECE U7~ fEMTRERICINTE T L OBERIOZEET, IMET ANORF TR
ITAEICENRE R AR T2 BT L L LT, 2250, B 1.225X10-2g/cm3, HEt
1.4 oBERAERESFERALZ L, Mo s LTE 7T 20wt% 2 87E L T,
AUTODYN W7 A 77 U —DOKRDIRAEFFEX, Mie-Gruneisen % Shock Hugoniot
KEFERXZHNTEI TV ICHEL CES L. £, ZREETTFUITREE

(101.3kPa) Z&E L CREKAT/-L7=. 77 VL (%) 1%, Mie-Gruneisen 7 Shock
Hugoniot fREESFFEXE L, #UuIVEIE (AgN3) 12k LTI, JWL REGREAZEH L.

) TR I1T 27 7 U IVHIIGE N2 m#E T 2 0 @SR E BRI 258 o L7 i b
ILEFEIR (A X WNT A KT, MME-250, €U T v/ A) &HRE LIy 2l —1
R TTRIAYE L, EEE A A Z (IMACON200, DRS Technologies, Inc, fifd4 ) 1200pixel
X 980pixel) & AV TRtk L7-. AL CIX M 7 < IR E RTEZR RIS DHEIE % F

- 137 -



7o, BB bus/ 7 L— A, BEERERIE 0.5ps THREZIT o7, BUvIMESRIZT bR~ L
v b (AgNS8, Wfne)E T2, 10.0+10.1mg) Z R UEBRE A2 R84ESHE. 7 v FOMICE
M BENZT 7 VVEESRE EEOFBENLET (45mm) (ZEHZHE (model 603B,
Kistler) Z 5% L CIRIRFHIE U 7-. i OFREIC K 2 fIE 0 B — 2 13 FE T 354kPa,
T 7 VVEH TR 1428kPa Th o7z,
T ) NVE R LT INESE T DR OMME T LSS E OB A, )
RE A ORI L Z AT L= & 2 A, (D). 7 AR g U CORAE LT iBRgn 7T 7 U v
ENBECR LN DR L, ET/UCTH, Q). HREO— IR L, —INET
NNE AR, Q). IET L (BT F ) OFENEY OZERLVEND, METVER
0 2 TN 322 5 H O SRR A 1 5 TR 50T L CHNTE O SCRHIl £ TR, (). X
KTHTE CRIE UMY, 58S B X U RADEIT Lo THAE, Rk L 72> TRETL,
HLEh ORI CIGR L, ZO®%EAEL, BIEERAEL TV, ZEXHNET LD
ELRT & ET VNICERIE L 7o ES L COE) ORFHBIED O &, ERIROINET VIN%E
TR DMERE T 2 BRI IR R B8 A~ 2 L vbno T,
3. HIRBRDERKLR
AWFZECIE, Blast Injury Z82EIC% 59 D ERNOEERSREDIG 2 G T 57280,
AR E & - 7 VBRI SR AT o 1. AEHT S 7o T 7 V& O T et R
I, B ERAE R relevant 72 b O TH U, AEEOREIIMINER L2 b D B2 b,
4. FLHESHDEFE
AFEERF LN HELZ S DI T, YAREIIHRERIEIT S 5 5 R OBHFR 2 DT
TFETHS.
5 HAEBE *IEHRIHY)
1) it E&R-OETERERE MBaRFEEaT)
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Mechanical Investigation and Preliminary Experiment in Swine. Dig Endosc. (2012).
[Epub ahead of print]
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Integrated Analysis by Kinetic Model and Fluid Model
for Innovative Plasma Applications

Zhi-Bin Wang*, Pei-Si Le*, Xiao-Fei Zhang*, Qiu-Yue Nie*, He-Ping Li*¥,
Cheng-Yu Bao*, Hidemasa Takana**{¥, and Hideya Nishiyama**
*Department of Engineering Physics, Tsinghua University, P. R. China
**Institute of Fluid Science, Tohoku University
tApplicant, $1IFS responsible member

Purpose of the project

The purpose of this project is (i) to develop an innovative discharge modeling of a
radio-frequency atmospheric-pressure helium glow discharge (RF APGD) with the
integration of the kinetic and fluid models; (ii) to clarify the effects on the plasma
flow characteristics with the consideration of different chemical reactions; and (iii) to
investigate the mechanism of the innovative applications to biological effects,
decomposition of exhaust gas and polluted water by enhancing the chemical
reactions.

Details of program implement
In this project, the 2-D simulations with the consideration of the non-equilibrium
effects in the quasi-charge-neutrality sub-region of a radio-frequency
atmospheric-pressure glow discharge (RF APGD) plasma are conducted based on a
kinetic-fluid integrated model.
For a RF APGD 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. On one hand, the kinetic model and fluid model are employed in the sheath
and quasi-charge-neutrality sub-regions, respectively; on the other hand, the
quasi-steady assumption is employed in Reg. #2, which requires the time-averaged
values of the electron and heavy-particle temperatures, electron and heavy-particle
number densities as the boundary condition at the interface between Reg. #1 and
Reg. #2.
The assumptions used in this hybrid model are
as follows [1]: () only the influences of the
sheath behavior on the core region of the
discharge is considered, that is to say, the
influences of the gas flow on the sheath
behavior are negligible; (i) the sheath
thickness does not change along the flow
direction; (iii) only three species (electrons,
ions and atoms) are involved in the chemical
reactions in Reg. #2, and the plasma is in LCE
state but deviates from LTE state with the
consideration of the gas flows.

Figure 1: Schematic of a RF APGD
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2)

Figure 2: Distributions of (a) axial flow Figure 3: Number density distributions of
velocity, (b) gas temperature and (c) electron (a), ions (b) and metastable
electron temperature in Reg. #2 species (c) in Reg. #2

The calculated distributions of the axial velocity component, gas temperature and
electron temperature in Reg. #2 are shown in Figures 2(a)-(c), respectively. It is
shown that the plasma flow is accelerated due to heat addition by Joule heating. The
gas temperature increases from 300 K to 400 K, and the electron temperature is
lower in the boundary layer. Figure 3 shows the number densities distributions of
electrons (a), ions (b) and metastables (c) in Reg. #2. As found from these figures, the
excitation and ionization are enhanced in the boundary layer due to the longer
reaction time, which results in the lower electron temperature in the boundary layer
as shown in Figure 3 (c).

Achievements

Establishing a simplified kinetic-fluid model for simulating the time-averaged,
thermodynamic and chemical non-equilibrium features occurring in a RF APGD
plasma system with considering the energy exchange between electrons and heavy
species.

Summaries and future plans

We have established the physical-mathematical models, including the governing
equations and the boundary conditions, for the kinetic and fluid simulations in the
plasma sheath and flow-affected regions of a RF APGD plasma system with the
supporting of this international collaborative research project.

Research results (x reprint included)
Journal (included international conference with peer review and tutorial paper)
Not applicable.

International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] Hidemasa Takana, Hideya Nishiyama, Zhi-Bin Wang, Pei-Si Le, He-Ping Li and

3)

Cheng-Yu Bao: Studies on Non-equilibrium Feature of Radio-frequency Helium
Plasma Flow at Atmospheric-pressure, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 78-79.

Patent, award, press release etc.
Not applicable.
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Next Generation Sensors for Super-High Temperature Envioronment and Theie
Industrial Applications, Proceedings of the Twelfth International Symposium on
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*[1] Hiroshi Suemura, Kouhei Takishita, Gouji Yamada, Takashi Matsuno, Sigeru Obayashi,
Hiromitsu Kawazoe: Development of a Compact Three-Component Force Balance and Its
Application, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp. 42-43.
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*[1] S. Ago, G. Yamada, Y. Kubo, T. Matsuno, H. Kawazoe and S. Obayashi: Shock Tube Study
for Electron Behavior in the Shock Layer, Proceedings of the Twelfth International
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Sendai, (2012), pp. 44-45.
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*[1]Y. Nakano, S. Fujimura, T. Sato : Anti-bacterial Effect of a Plasma Irradiation against
Biofilm-Producing Pseudomonas aeruginosa and Acinetobacter baumannii, Proceedings of
the Twelfth International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2012), pp. 94-95.
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Analysis of Plasma Flow at Gas-Liquid Interface for Biological Interaction

Takehiko Sato*t, Gregor E. Morfill**+
Tetsuji Shimizu**, Daisuke Yoshino*, Naoya Kishimoto
*Institute of Fluid Science, Tohoku University
**Max-Planck Institute for extraterrestrial physics, Germany
***Graduate School of Engineering, Tohoku University
TApplicant, Tfnon-IFS responsible member
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1. Purpose of the project

The plasma flow produced between an electrode and water surface is observed and
analyzed in order to understand the production as well as transport of chemically
reactive species. They are one of the main agents relevant to biomedical reactions. Both
the production and transport are the key issues to control and optimize the reactions
depending on the purpose. A dielectric barrier discharge technique, which is often used
in the field of biomedical application using cold atmospheric plasma (Plasma Medicine),
is used in this study.

2. Details of program implement

As reported earlier, the plasma discharge generated between a pin electrode and
water surface was used and a flow formation in both gas and liquid phase was observed.
The plasma discharge induces a gas flow from the collisions between accelerated ions
and neutrals. The induced gas flow generates a liquid flow due to the friction between
the gas flow and the water surface, and this liquid flow is crucial to understand the
transport of chemically reactive species. In this project, we aimed to analyze with a
thinner water depth than the previous study that was already reported because the
liquid covers biological targets often thinly.

Figure shows time evolution of the thermal flow field in water observed by the
Schlieren visualization technique. Between the pin electrode and counter electrode
placed below a glass cell filled with water, a high voltage of 7.5 kV was applied with a
square waveform. The repetition frequency was 5 kHz and the plasma discharge was
ignited at ¢ = 0. The input power to the plasma discharge was about 0.5 W. A plasma
discharge was generated and the gas flow was produced accordingly. When the water
depth was 3mm as shown in figure (a), the water surface was pushed down at the
beginning (¢ = 0.01 s) and afterwards recovered in 0.2 s. This behavior of the water
surface is due to the change of electrical property in water. By the plasma discharge,
many kinds of chemically reactive species dissolve into water and the electrical
conductivity becomes high. We have detected nitrite and nitrate in the treated water
and pH of the water was dropped. As a result, the plasma discharge itself was changed
and the velocity of generated gas flow became smaller. At 0.2 s, the thermal flow field
expanded toward the glass cell on the water surface. The generated field started to
propagate to the bottom of the cell around ¢ = 0.5 s. After 1 s of the discharge, a
circulating flow was developed.

Figure (b) shows the temporal changes of the developed thermal flow field when the
water depth was 0.5 mm. Similar to the case with 3 mm in water-depth, the water
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surface became hollow at the beginning. Since the water is much shallower, the hollow
reached the bottom of the cell and the water height was changed all over the cell. It took
longer to recover the flat surface. At t = 1 s, a circulating flow was developed similarly.
From the result, it is shown that the width of the formed circulating flow with 0.5 mm
deep water is smaller than that with 3 mm.

(a) )]

Figure: Thermal flow field generated by the plasma discharge. (a) The water was 3
mm in depth and (b) 0.5 mm.

3. Achievements

By the plasma discharge, the circulating flow was generated even in very shallow
water. This flow formation is one of the most important factors for the transport of
chemically reactive species in water. This circulating flow is initiated by the produced
gas flow by the plasma discharge. There are many species dissolved in water, e.g. nitrite
and nitrate, and they can play a role in biological reactions. Furthermore, we have
shown the relation between the water property and the velocity of the gas flow induced
by the plasma discharge.

4. Summaries and future plans

The plasma discharge generated between the pin electrode and the water surface
can produce the circulating flow in the water through the gas flow formation. Due to the
production of chemically reactive species in the gas, the water property is changed and
the flow field is modified. It is shown that the circulating flow in water is induced even
in very shallow water. This finding is important in many possible biological applications
like a cell treatment by the cold atmospheric plasma because the biological samples are
often covered by a thin liquid film.

In the next step, it is necessary for the optimization of the plasma discharge in
biomedical applications to observe further the relation between the plasma condition
and the flow formation especially in the gas phase. The gas flow formation is a key issue
for the transport of chemically reactive species.

5. Research results (k 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] Naoya Kishimoto, Tetsuji Shimizu, Gregor E. Morfill and Takehiko Sato: Formation
of Thermal Flow Field in Shallow Water Cell by Plasma Flow, Proceedings of the
Twelfth International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2012), pp. 96-97.

3) Patent, award, press release etc.

Not applicable.
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Cavity Formation Mechanism in a Cavitation Process
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1. Purpose of the project

Laboratory of Hydraulic Machines,
Lausanne (EPFL) is the one of the world center of research in cavitation
dynamics. A cavity formation mechanism in an initial stage of a cavitation

process has not clarified yet,

Federal Institute of Technology

although there are several established

hypothesis. Prof. Farhat from the LHM group has many experiences about
the research and Prof. Sato from the Tohoku University group has developed
a microscopic observation system. The aim of this project is to clarify the
mechanism how the cavity appear and grow in a cavitation process.

2. Details of program implement

To wunderstand the effect of
dissolved oxygen on the cavitation
generation, a relationship between
cavitation conditions and the
dissolved oxygen concentration in the
cavitation tunnel was investigated.

Figure 1 shows photographs of the
test section without cavitation (left)
and with cavitation (right). The
cavitation was generated when the
wing angle was 5° and bubble clouds

were observed at the
near/downstream of the wing.

Figure 2 shows the temporal
change of dissolved oxygen

concentration in the case of with
cavitation. The time at 0 min was the
starting time of the cavitation
generation. The dissolved oxygen
concentration was 6.9 mg/l at the
initial stage, then the concentration
slightly decreased to 6.8 mg/l at the
time of 60 min and the concentration
became more stable. This result

Fig. 1

Photographs of the test section without

cavitation (left) and with cavitation (right).

Fig. 2
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implied that the deposit gas from the
water was removed efficiently by the
degassing system, then the total
dissolved gas decreased.

Figure 3 shows the dissolved oxygen
concentration for the without/with
cavitation. In both cases, the
concentration was 6.8 mg/l. This result
implies that the there is no effect of
cavitation generation on the dissolved

oxygen.
3. Achievements Fig.3 Dissolved oxygen concentration for the cases
1. The dissolved oxygen concentration of without cavitation and with cavitation.

did not change in the both cases of with
and without cavitation though the
visible bubbles by naked eyes increased significantly with cavitation.

4. Summaries and future plan

To understand the effect of dissolved gas on cavitation bubble dynamics, we are
planning the following topics will be covered in 2013.

1. Microscopic visualization of the collapse process of a laser induced bubble

2. Discussion about the phenomenon in the bubble at the bubble collapse

5. Research results (x reprint included) Journal (included international conference
with peer review and tutorial paper)

*[1] Takehiko Sato, Marc Tinguely, Masanobu Oizumi and Mohamed Farhat: Evidence
for hydrogen generation in laser- or spark-induced cavitation bubbles, Applied
Physics Letters, Vol. 102, Issue 7, (2013), article no. 074105 (4 pages).

1) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] Naoya Kishimoto, Takehiko Sato, Marc Tinguely, Matthieu Dreyer and Mohamed
Farhat: Effect of Cavitation Generation on Dissolved Oxygen Concentration in the
Cavitation Tunnel Downstream, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 140-141.

2) Patent, award, press release etc.
(Patent) Not applicable.
(Award) Not applicable.
(Press release) Not applicable.
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BEAONTWe, AWFRICEY, TR 1RA M) =~ Th D Z LA THD TH LM
L7z, 26 ORI, Journal of Applied Physics (24l S 417-.

2: BRRICERT KPP 1IRA N —~ kT
3. W BZEDZERIKR
ARG TIE, KFIZBITD 1IRA N —~OFEHI7aE RS 2B SN2 L, S4IEHE L <
W AKHIZERT B A b Y —~ ORI & O il 2 2Rk L7z,

4. FEHESHDERE
A%, 2IRA B —~DOERBEIC OV CGEINCHRET L, BB TARL W PE
ThD.

5 BIRBE HIHREHY)
1) Fiias EHROTERRE BHRFZEE0)
*[1] Hidemasa Fujita, Seiji Kanazawa, Kiyonobu Ohtani, Atsuki Komiya and Takehiko Sato:

Spatiotemporal analysis of propagation mechanism of positive primary streamer in
water, Journal of Applied Physics, Vol. 113, Issue 11, (2013), article no. 113304 (7 pages).

2) EF=E - ERNFER - RS - QBERRE

*[2] Hidemasa Fujita, Seiji Kanazawa, Kiyonobu Ohtani, Atsuki Komiya and Takehiko Sato:
Development of Visualization Methods of Streamers in Water, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 142-143.

[3] Hidemasa Fujita, Seiji Kanazawa, Kiyonobu Ohtani, Atsuki Komiya and Takehiko Sato:
Propagation Process of Streamer Discharge in Water, Proceedings of the Ninth
International Conference on Flow Dynamics, Sendai, (2012), pp. 166-167.

(4] FERAESEEL, SEERGE], KM, INEBUE, EEEE: K77 A<D N —vERGHER,
5 22 [AlEREE T AT 7R A 2012, (2012), pp. 209-210.

(6] Veflins, PR, BisaRa], KNG, /INEEd: KPR ) —<EEafEo gk, H
A2 2012 FFEEFRORES, (2012), ##HE 75 S055012.

(6] Vefeiniz, HRMmSRE, Sian], KRG, /INESWE KPR N U —~ Oy NRFZERTE HA,
5 36 [l PR RERE, (2012), pp.103-104.

(7] BEHSEE, VERREE, SEEE], KRG, NEBW: K77 v DR N —~< i EEE,
BRFRT T A~ « 7V ART —A[AIFFES, (2012), pp. 21-24.

(8] FeHZEEE, GIEE], KRG, INEEUS, iz KR 1IRA Y —~ OEEERE, AAR
AR 7 AL SCRER 48 MR 2y - R, (2013), pp. 88-89.
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Project code J12076

Classification General collaborative research
Subject area Energy

Research period | April 2012 ~ March 2013
Project status 1st year

Development of New Energetic Materials Using Design Exploration

Shinkyu Jeong*t, Fumiya Togashi**{+t
Rainald Lohner***
*Institute of Fluid Science, Tohoku University, **SAIC
***College of Science, George Mason University
TApplicant, tinon-IFS responsible member

1. Purpose of the project
To model an effective material composition for a confined situation using the
Multi-Objective Design Optimization methodology

2. Details of program implement

The multi-objective genetic algorithms based on the Kriging response surface model,
which has been developing Dr. Jeong at IFS, was applied to the determination of the
heavily aluminized energetic material composition. The Kriging model estimates
function value and its uncertainty at unknown points simultaneously. Based on these
values, an exploration of the optimum point can be performed efficiently.

Figure 1 shows the computational domain and pressure measuring stations for this
study. The objective functions were the peak pressure value and the impulse value. The
compositions of the energetic material were x% of high explosive, y% of aluminum
particles, and 100-x-y% of oxidizer where the range of x was from 5 to 100%.

Fig. 1 Computational domain and pressure measuring stetions

Eight sample compositions and one benchmark composition were prepared before the
optimization as shown in Table 1. The peak pressure value and impulse value at the
closest location (station#2) and at the furthest location (station#9) were shown in Table
2.

Table 1. Eight sample compositions and one benchmark composition

Al (%) HE (%) Oxidizer(%)
Samplel 35.71 9.242 43.04
Sample2 49.12 4.632 34.25
Sample3 4.894 4452 38.59
Sampled 25.67 24.73 37.60
Sampleb 13.29 43.59 31.12
Sample6 20.74 64.98 2.275
Sample7? 33.86 18.61 35.52
Sample8 61.98 25.66 0.36
benchmark | 33 25 30
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Table 2. Peak pressure and impulse values of sample and benchmark compositions.

Peak pressure (st2) Impulse (st2) | Peak pressure (st9) | Impulse (st9)

Samplel 25.857 0.815 9.622 0.379
Sample? 27.545 1.078 11.336 0.459
Sample3 28.364 0.374 6.042 0.209
Sample4 25.764 0.547 7.084 0.278
Sampleb 30.473 0.505 7.651 0.268
Sample6 29.133 0.631 8.705 0.316
Sample7 26.791 0.808 9.437 0.370
Sample8 25.857 0.815 9.622 0.379
benchmark 26.806 0.826 9.418 0.382

Table 3 shows the optimized compositions obtained from the multi-objective design

optimization code. Table 4 shows the peak pressure and impulse values of three
optimized compositions. Figure 2 shows the pressure impulse histories. The peak
pressure values of station #2 don’t shows great improvements, however, the peak
pressure at station #9 and impulse values at both stations were significantly improved.

Table 3. Optimized compositions

Optimizationl 44 40 4
Optimization2 48 30 10
Optimization3 45 33 10

Table 4. Peak pressure and impulse values of optimized compositions

Peak pressure (st2) | Impulse (st2) | Peak pressure (st9) Impul se (st9)
Optimizationl 28.232 1.134 12.539 0.480
Optimization2 28.592 1.163 12.062 0.481
Optimization3 29.562 1.137 12.084 0.481
3. Achievements
A Soft-coupling of developing CFD code and an evolutional optimization code in this
study will be able to be applied to various types of practical energetic materials. This
research result shows the possibility of shortening a development time and reducing
the cost exceedingly.
4. Summaries and future plans
The optimization of the heavily aluminized energetic materials was investigated.
The multi-objective design optimization code was applied to this optimization and
showed significant performance improvement. The future plan is to develop this
model applicable to various energetic materials and conditions such as
cased/confined.
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

*[1] F. Togashi, S. Jeong, and R. Lohner :

3)

international conference without peer review)

Optimization of a Heavily Aluminized
Energetic Material, Proceedings of the Twelfth International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendali,
(2012), pp. 82-83.

Patent, award, press release etc.

Not applicable.
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Project code J12077

Classification General collaborative research
Subject area Fundamentals

Research period April 2012 ~ March 2013
Project status 1st year (progressing)

Improvement of Numerical Scheme and Theory for Kinetic Force Method

Vladimir Saveliev*t, Shigeru Yonemura**+{+¥
*Institute of Ionosphere, NCSRT, Kazakstan
**Institute of Fluid Science, Tohoku University
TApplicant, T1IFS responsible member

1. Purpose of the project

Pair collisions are the main interaction process in the Boltzmann gas dynamics. To take
account of this interaction one needs to possess a two-particle distribution function. As
is well known, Ludwig Boltzmann presented it as the product of two one-particle
functions and wrote his famous kinetic equation with the collision integral in its right
part. In our earlier papers, the kinetic equation for two-particle distribution function in
gas mixtures was written by making use of exactly the same physical assumptions.
Instead of the collision integral, there is the linear scattering operator X in its right

part. The Boltzmann equation then follows from this equation without any additional
assumptions after a simple integration over the velocity and position of the second
particle. The scattering operator is simpler than the Boltzmann collision integral, and
this equation opens some new opportunities for mathematical description of the rarefied
gas dynamics. The scattering operator X acts only on angular components of relative
velocity and its main property is its invariance under the group of rotations. Using this
property, it is possible to represent the scattering operator in many equivalent forms.
The general method of the new forms construction is based on the following simple idea:
Firstly, one prepares an invariant under rotations operator with an arbitrary function.
Then the arbitrary function is specified by the demand to have the operator eigenvalues
being equal to eigenvalues of the scattering operator.

2. Details of program implement
Right inverse operators to 6>. For working with spherically invariant operators, it is
convenient to introduce right inverse operators D;! of an operator of differentiation:

Iz
Bri(w) = [ams(m),  D=gn DB =1 DD =1 as(n)= (o).

In respect to the inner product (&, f) = j@(u)f(u)dm (@Bf)= (é@J), the couple of right inverse

operators f)a’l and D;l have remarkable property: one operator is the transpose of another with
1 2

opposite sign D= —Dl‘l . When Cazimir operator &2 acts on function, which depends on angles only
@ ay

V'V0
vV

2

via cosine p = with the arbitrary vector v, operator &° is reduced to the second order

0

ordinary differential operator &2 = ai(l —u? )83 = D(l —u? )ﬁ . Legendre polynomials are the
1 It
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eigenfunctions of this operator 6”F, (p) = —I(1+1)F,(u). If we take a, = —1and a, =1 then the

operators 6,2 = ﬁfl(lf 1 )7 Dt 671 = ﬁjll(lf;ﬁ) D~} are right inverses to the Cazimir

operator &2:
A A
66,2 =1 636" =1—(£1), (£1)f(u)=f(=£1).
Under a transposition, right inverses 6} transform one into another 6.} = 6-3. Operators &;” and

67 act on Legendre polynomials as follows:

A

L 1—(+1)

(1 + 1)

6. 1h (1) =

- 2
P(u), 1=0, 651= ln[liu]

Factorization of scattering operator y . Making use of right inverses &, and 6?7 we

factorize eigenvalues of scattering operator in the following way:
1 1

A= 2m [dpb[ B () =1] = ~i(1+1)2r [du B 67b.
-1 -1
The factorization of eigenvalues corresponds to the factorization of scattering operator y on two factors

62 and y :

o 1 (L+m)(1=m)
2 / 2
X=06%_, X F(v)= | b (u)F), b (1) == | dpy b pty ) In 77—
/ 2‘[1 R (e ey
3. Achievements
We developed a new technique for factorization of the scattering operator. This

technique provides the most easy way for exact transformation of the Boltzmann
collision integral to the Landau-Fokker-Planck like form.

4. Summaries and future plans

We made one more step for theoretical substantiation of the Kinetic Force Method for
2D/3D numerical simulations of rarefied gas flows. In the future we try:

1. To improve theory for the Kinetic Force Method.

2. To develop the efficient numerical scheme for calculation the Kinetic Force on
each time step.

3. To perform the DSMC simulations of the same problems to compare with

Kinetic Force Method. We will feedback results to the theory and numerical
scheme for the Kinetic Force Method.

5. Research results (x reprint included)

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

*[1] V. L. Saveliev and S. Yonemura: New forms of two-particle and one-particle kinetic
equations, 28th International Symposium on Rarefied gas dynamics, AIP
Conference Proceedings, Vol. 1501, (2012), pp. 175-182.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] Vladimir Saveliev and Shigeru Yonemura: Two-Particle and One-Particle Kinetic
Equations in Landau-Fokker-Planck like Form, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2012), pp. 172-173.

3) Patent, award, press release etc.
Not applicable.
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An Analysis of Effect of Quantum Nature on the Thermodynamic/Transport Properties of Liquid

1.

Hydrogen Using Molecular Dynamics Method

BT S, BRSO, R M KR VR, B EAR
SR SFTRARETIT, UM THRF TR, SR T
FREEE, ISR

SIEAS]:)

73781775 (Molecular Dynamics : MD) V5% FNZ/KSED T ) A — )V OENRENRFE DT
1%, KBELZEDONBRELS AT HDICE THLERETHS. L LKFRITD TFEINNE
W2, RO ANEEMENRKE 720, WlF O HAZRE FODBEE L. Z 2 TR
TlE, ZOKFBOETNFREI AT FENIFEEZ T, & 1R OB GREN
\CHZ DB EMRIAT 52 L2 HME LTS, k24 FEE, FHTKIEKFED~ 7 alsfh
TIRRFEICIER L, BRI ha A R 7Eh /15 (OD) 34 VW THRIR KSR OB T
21TV, ZOBFNEDKEOBWNEC G2 DL ZD AN =X LEZHLENITHZ &
ZHE L.

AT SIS

BANRDIKFEOBWINEIC G- 2 D55 D 7-0IZ, O 15 EfERO W MD 1£% VT
TRIAK B DB 21T > 72, FHRITIRIAVEE - BT, ARIEKZEOIRRE T2
(EOS) Z-1Epk L FEBAME & Il 21T o 72, S BITAEHI E0S K W RS S ZEH L, O
Z T EOS Mot L, ST RO EMRSEEZ I~ £ ORER, i WD 5 CI3RE
- BEAIFIRAX 2 E BN BT E T, BRURE 2 KE < AL AEmA R oz, —J, OD
EORERITFERE L EEACR WA R L. 510, BAUE CERITH 21T o TSR
(K DIk LT, HHMD E TR EARICERED TR T 2 Y VRN T ¥ LR T

[

[
=
o

seeneee 14K fitting results

" 1
1.0 g : I. '-_ ---- 25K fitting results
ur i --=- 100K fitting results
ool o 4| Silvera-Goldman potential | |
= ) = 2r 1
o 0.8 § & o
5 { ] N ] oL
T o7 ——CMD with SG Ao, T
3 - - - Classicd MDwithSG| 3% s Ar
& 06f | -~ CMDwithL] 5N £ -6l
il I — Classicd MD with LJ A, 5 8f
05 « Exp.(NIST) %t a0k . . , ]
0.0 05 10 15 20 25 30 3 4 5 6 7
Density [olp,] Intermolecular distance [A]
1 : ERSRcloT b L fafnft. SG 2 : Force matching (2 X 0 1Bk L 7=
1% Silvera-Goldman RT3 > LOIE T IKF IR T > v L. Silvera-Goldm
H YV, LJ % Lennard-Jones DS TH 5. an AR T U v L TH B,
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A—H—%T 4T 4T LTh, WA CEREZ FH T, BELRE D M
NEON-. —J5, OD ELVEONRERT, FRIE S EEICBW—EE2 R L. Zhbo
FERLD, ERFUR TR ZIT 572 EOS ICHT 23 FRIART v v v VOB NS <, kD
WD VETITFHBRCERWERH LN E e o7z, F72, D EEZAWRERITERME B &L T
WA Z L L, EESRE CER AL AT 5 77 EOS 165 BB O MR IR X WS S 2 5.

F 7o, D {EICEBT HAKRF S FRIART v p v & iy 7e 5 TR T o vy LV E IR (X 2) 375 &,
HFEREL 220, FIBBENILL 22D 2 R0 oT-. ZhuE, BFEhEIC X v KFESFEOM
AERANEIOSE LD /S RD T EEZERLTWAD., ZHUZ LY, HH#D o5 L0 b e
UTMEIRRKREL 2D, FEREE LB 2 5.

3. HIRBEZEDOERIKR
Wk 24 FEOBEIECH Tz, IRKEO~ 7 a RBWWEI K 5 B FIROFEL Z DA T =
AT, ALY FRIZALNC S, AFETERSNIZEE A 5.

4. FLHESHBDFE

Rk 24 AFEOIFEIZ LY, B TMRMEREKFZE OB G 2 5 E &) « EMERFZEIIRE
<, WHTEOHNE CZOEREREZ BT A2 FIREH L Z Lot ot Fi,
KFEFTFERT v VO LY, &R EBET 52 & T, o FRMEEERNV NS0,
ZHUCE D B U TVEANEIM OBEE LD b RELSRDEND, BTIEE ST A T =X
LEDERIZONWT LN E o7, A%OMEE LTL, BUEOMHT CILErI 8w, >
FY pV-TEHRIZOWT DI LT TN, T OBEABIEIVKEDFOYLERMESS, M5
MR E OB INERT LT ED K 9 7o % .2 DINTOWTHIT AT 5 RS 5.

5 HARMER HIHIRIHY)

1) ZFiE &S OTERERE RHFEaT)

*[1] H. Nagashima, T. Tokumasu, S. Tsuda, N. Tsuboi, M. Koshi and A. K. Hayashi: Limits of
Classical Molecular Simulation on the Estimation of Thermodynamic Properties of
Cryogenic Hydrogen, Molecular Simulation, Vol. 38, No. 4-6, (2012), pp. 404-413.

2) EF=E - BRNFER - RS - QBERRE

[2] H. Nagashima, S. Tsuda, N. Tsuboi, M. Koshi, A. K. Hayashi, T. Tokumasu: An Analysis
of Quantum Effect on the Thermodynamic Properties of Cryogenic Hydrogen, Srd
International Forum on Heat Transfer, (2012), IFHT2012-181.

[3] H. Nagashima, S. Tsuda, N. Tsuboi, M. Koshi, A. K. Hayashi, T. Tokumasu: A Molecular
Dynamics Study on the Thermodynamic Analysis of Cryogenic Hydrogen, 9th
International Conference on Fluid Dynamics, (2012), OS 11-36.

*[4] M. Tomi, N. Tsuboi, S. Tsuda, H. Nagashima, T. Tokumasu: A Molecular Dynamics Study
on the Density Fluctuation of Diatomic Fluid around the Critical Point, Proceedings of
the Twelfth International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2012), pp. 144-145.
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(3%E) The Third International Forum on Heat Transfer, The best poster award.
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Construction of Interaction Model for Dissipative Particle Dynamics Method Based on
Molecular Dynamics Simulation

T SF, AR AR, AR BB
FHRACRFFCARAITERT,  ** BRI TSR SRR T2
THIREE, TIATBCHTTEE

1. BAE®M

FT I ORI, T T e x0T ZHBERRNIC IS DA DRIETISNE
HEHEDTWD. 778115 (Molecular Dynamics: MD) {E&5# AT 2 Z & BREE A R0
—NWVEMGLETHUIab—a kL LT, Bk 8 /)5 (Dissipative Particle Dynamics:
DPD) {EIIFEFIZAR R FETH S, LrL, RO DPDIETIF NG A—2 M lER T Ch DT
O, EHRENEDTDTDIFAT—Y  TINUETHD. JIJD/INT A=A r—1 7
T A—=ZL, WRIEROEREAECILBUREN FERE & & 0 K O ITRESNDH T2, koD DPD
BNy T XU RTFETHDL VR D, ZZTARIETHE, LY TEOI/7rraty s
FD, R NLT v 7 HRIC FEOMBELET VAT D FEERET S, Zhuckb, Big
IR A — ) TEOTFAER T Z L7, KOMBRNLCTHAUEET VEREET 5 Z L A3A]
REL 725,

2. HIEREOHNE

Kinjo and Hyodo (Phys. Rev. E, 2007) 34525 H 1152 VW CEW DT - 431 TRk
END Y T AR OELERZ RS 5t Langevin A HFAIC LT, FEvra7is
EREIC AT Bk 8 /7% (Non-Markovian DPD: NMDPD) yEi23317 % s ez w2tk
L7-. NMDPD (281} 2HE/ERET /W, ), BEED), REhhick > TlEmEns. 7
INE7 7 AZRNANER T2 HI0T o TN TR END. BEEINT Y T A X ELOIREDNL
BN OSEEE R 5. £33, ko DPD IETHWO D FEMEE TIIRL, HD)E
WEAE R R o oS T h 2 bnd. MDA (K 1@) 12BW\WT, 7 7 AX M4, B
RS, $EVIOMEA Y 7Y /452 LT, NMDPD 50 AR R AT v PR TS T
x5%.

¥ 1(b)i= NMDPD &5 /L0 P HHEE K (Y Lei & (Phys. Rev. E, 2010)? DPD &5 /L0 ViR
ZoRd. kST MD OiRE (121 K) 12HY, DPD &5 /L CIHREN DR i NHl ST
BY, LR DIREERFEL K E V. Ziud~ba 7RISz DPD BT VA
HEZRTIINEYN CTHD Z L ERLTWA, — 5T, BENREEE L7-Fk~%» NMDPD &5
UL MD OiRESA L HBLICETERY, RREZIACRT DIRERFE /NS, Ledi- T,
NMDPD FHEIZBNT, 6 E LoD /NT U AREYNZ & BTS2 Ennghnd. £z, K
1IZ7RT L 912, NMDPD (281 5 ) “RANIIMD O 0 & BRI TRV —8E R
LTEY, mIROyEEEE IE L R TE QWD 2 ERHER S,
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3. HIREZROERIKR
AAEEEOHLFEWIZEIC LV, MD IEIZ L 26 DPD ISR 2MBULET Va8 2 F
EOMSLICE L TR Z DT 5 Z N TET.

4. FLHESEDRE

B FL A kA A A2 NMDPD vEOEE) H A2 w1 L, MD % H\ T NMDPD JEDFH A.
TEHETVER LT v 7 HACHE S 2 FEZ2E L=, DPD ©7 /L CIRIRE &K OMEHFREL
23 MD (2T 0 /NS L 725 D1Z%f L, NMDPD €7 /L% MD O K& OE#teE %z X <
HHTE 7., ORI Y, NMDPD EEA Y A 75— MBI Dk Bg 2 i 5 ik L
LCIHFICHDITHS LN 2D, 5%, ATFEEZHOTOKOHIUELET VERET 52 TETHH.

5. WAEAE XAEIRIHY)
1) ZiME ESROTEESE SBaEEaET)
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*[1] Yuta Yoshimoto, Toshiki Mima, Akinori Fukushima, Tkuya Kinefuchi, Takashi Tokumasu,
Shu Takagi, Yoichiro Matsumoto: Construction of Interaction Models of Dissipative
Particle Dynamics by Coarse-graining Lennard-Jones Fluids, Proceedings of the Twelfth
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 146-147.

[2] Y. Yoshimoto, T. Mima, A. Fukushima, I. Kinefuchi, T. Tokumasu, S. Takagi, Y.
Matsumoto: Construction of interaction models of dissipative particle dynamics by
coarse-graining Lennard-Jones fluids: Investigation on the system with vapor-liquid
interfaces, Conference on Computational Physics 2012, Kobe, (2012), No. 109.

*[3] HAFEK, LEERE, @EEE, Vs, S, mARE, AR B EIC X
% Botkhi B A AR T L OfESE Lennard-Jones iAIZRE 285, 55 26 B4+
Iab—va URfes, falf, (2012), 205P.

[4] Yuta Yoshimoto, Toshiki Mima, Akinori Fukushima, Ikuya Kinefuchi, Takashi Tokumasu,
Shu Takagi, Yoichiro Matsumoto: Construction of interaction models of dissipative
particle dynamics by coarse-graining Lennard-Jones Fluids: Evaluation of
non-Markovian formulation, APS March Meeting 2013, Baltimore, (2013), A43.5.
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J12080

Classification
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Subject area

Micro/mano technology

Research period

April 2012 ~ March 2013

Project status

1st year (progressing)

1.

Momentum Transport Phenomena in a Liquid Bridge under Shear

Takashi Tokumasu*¥, Philippe Vergne**j+
Marie-Helene Meurisse**, Nicolas Fillot**
*Institute of Fluid Science, Tohoku University
**LaMCoS, INSA-Lyon

tApplicant, Tinon-IFS responsible member

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 poor, the film can
fractionate into disjointed liquid bridges. This phenomenon occurs at many places in
practical applications. The analysis of the liquid bridge behavior is thus very
important. Especially, if its width or the gap between surfaces is of nanometer scale,
interfacial effects cannot be neglected and therefore its response 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 confined thin films by the MD method.

Details of program implement

In this year, a steady momentum flux in a nanoscale liquid bridge made of water
between Si surface was generated by nonequilibrium molecular dynamics method.
The schematic diagram of the simulation system is shown in Fig. 1. The dimension of
the simulation system was set at Lx =80 A, Ly =120 A and L, =30 A in x, y and z
direction, respectively and periodic boundary condition was assumed in all direction.
Silicon surfaces consisted of 1152 Si atoms and the number of water molecules was
changed to express the difference of the width of liquid bridge. The S-W potential and
the SPC/E potential was used as an interaction between Si atoms and water
molecules, respectively. The
interaction potential between Si
atoms and water molecules were
obtained as

a0 OO

and a was changed to express the Fig. 1. Schematic diagram of this simulation
difference of wettability. Fennell

method was used to consider the coulomb interaction between water molecules. A
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cutoff distance was set at R=15 A. Time integration was performed by Velocity Verlet
method and time interval was set at At=1 fs.

Upper Si surface moved to +y direction at the velocity of V=50 m/s and the lower
surface moved to -y direction at V=50 m/s to maintain the velocity gradient. During
the simulation the temperature in the bottom layer of these surfaces were controlled
to T=300 K by velocity control. All

cases of simulations were performed 2000

200,000 steps and data were sampled 25000 [
except for the temperature control ok
region. 10000 [

By this simulation momentum oL
fluxes through liquid bridges are ~s000
obtained from the tangential force ol
acting on the surface from the liquid ~20000 |

=25000
-30000

bridge and contact area between
liquid bridge and the surfaces (as
shown in Fig. 2.). The momentum flux Time[ps]

decreases with the decrease in the Fig.2 . Friction Force acting on the liquid
width of liquid bridge. Moreover the  bridge from surfaces.

momentum flux depends on the

wettability of the surface. Comparing these results with those obtained by the
simulations without surfaces, we will obtain the effect of the surface on the
characteristics of momentum transport.

L L L L
100 200 300 400 500

Achievements

In this year we made a model of momentum transport of liquid bridge with
surfaces. We developed an original technique that allows an accurate quantification
of the wall/molecules interaction. We think the goal of this year was achieved.

Summaries and future plans

Using this simulation code, we will perform the simulation of momentum
transport with surfaces at various conditions and compare the results with those
without surfaces. From the comparison, we will analyze the effect of interaction
between liquid bridge and surface on the momentum transport phenomena of liquid
bridge.

5. Research results (x reprint included)

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

*[1] T. Tokumasu, M.-H. Meurisse, N. Fillot and P. Vergne: A Molecular Dynamics Study
of a Nanoscale Liquid Bridge under Shear, Tribo. Int. J., 72, (2013), pp. 10-16.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] T. Tokumasu, M.-H. Meurisse, N. Fillot and P. Vergne: Nano-Scale Modeling of
Confined Liquid Films and Bridges, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 148-149.

[3] T. Tokumasu, M.-H. Meurisse, N. Fillot and P. Vergne: A Molecular Dynamics Study

of Lubrication Characteristics of

Nanoscale Liquid Bridge, Abstracts for 15th

Nordic Symposium on Tribology, (2012), pp. 137.

3) Patent, award, press release etc.
Not applicable.
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J12081
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April 2012 ~ March 2013

Project status

3rd year

Optimization of Stent Design Based on Blood Flow Analysis Using LBM Method

Makoto Ohta*t, Bastien Chopard**{+¥
Daniel Ruefenacht***, Toshio Nakayama****
K. Srinivas***** Hitomi Anzai******
*Institute of Fluid Science, Tohoku University
**Geneva University
***Hirslanden Hospital

****Graduate School of Biomedical Science, Tohoku University

*****University of Sydney

*F**F**Graduate School of Engineering, Tohoku University

tApplicant, Tinon-IFS responsible member

1. Purpose of the project
To develop an optimization program for design of intracranial stent as a use of flow

diverter.

2. Details of program implement

3D optimization program is completed. After the finishing program, we analyzed the
design of stent after optimization. Then, we reached that our assumption for stent
design, “The strut will be placed on the BOI (Bundle of Inflow).” Figure 1 shows the
schematic strut placement. After optimization, the struts are placed such as figure 2.

Figure 1: Strut placement in the program

Figure 2: Stent placement after optimization and
a schematic flow pattern
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3. Achievements
Excellent progress

4. Summaries and future plans
3D optimization program was completed. A realistic patient aneurysmal geometry
will be used in the future.

5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)

[1] Chaoyang Shi, Masahiro Kojima, Hitomi Anzai, Carlos Tercero, Seiichi Ikeda,
Makoto Ohta, Toshio Fukuda, Fumihito Arai, Zoran Najdovski, Makoto Negoro,
Keiko Irie: In-vitro Strain Measurement in Cerebral Aneurysm Models for
Cyber-Physical Diagnostic, International Journal of Medical Robotics and
Computer Assisted Surgery, (2013), accepted.

[2] Keiko Irie, Hitomi Anzai, Masahiko Kojima, Naomi Honjo, Makoto Ohta, Yuichi
Hirose, Makoto Negoro: Computational fluid dynamic analysis following recurrence
of cerebral aneurysm after coil embolization, Asian Journal of Neurosurgery,Vol.
7(3), (2012), pp. 109-115.

[3] Chaoyang Shi, Masahiro Kojima, Carlos Tercero, Hitomi Anzai, Makoto Ohta,
Katsutoshi Ooe, Seiichi Tkeda, Toshio Fukuda, Fumihito Arai, Makoto Negoro,
Keiko Irie, Guiryong Kwon: A Cyber-Physical System for Strain Measurements in
the Cerebral Aneurysm Models, IROS 2012, IEEE/RSJ International Conference on
Intelligent Robots and Systems, Vilamoura, Algarve, (2012), pp. 4137-4142.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[4] Hitomi Anzai, Jean-Luc Falcone, Bastien Chopard, Makoto Ohta: Stent designs for
efficient reduction of intra-aneurismal flow with various aneurysms, The 9th
International Iterdisciplinary cerebrovascular Symposium (ICS12), Madison,
(2012).

[5] Hitomi Anzai, Jean-Juc Falcone, Bastien Chopard, Makoto Ohta: Optimum Design
of Flow Diverter Stent Associated with Arterial Geometries, Ninth International
Conference on Flow Dynamics, Sendai, (2012), pp. 414-415.

[6] Mingzi Zhang, Hitomi Anzai, Youjun Liu, Makoto Ohta: A Development of Lattice
Boltzmann Model and Lumped Parameter Model Connection for Cardiovascular
Multiscale Analysis, Ninth International Conference on Flow Dynamics, Sendai,
(2012), pp. 412-413.

*[7] Makoto Ohta, Bastien Chopard, Hitomi Anzai: Characterization of Design of Stent
Strut Positioning using LBM Method, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 98-99.

3) Patent, award, press release etc.

(Patent) Not applicable.

(Award)

[1] Intracranial Stent Meeting 2012(ICS 2012) Best Abstract Presentation (First author,
M. Ohta), “Modeling Flow Diverter Stent using Porous Media”.

[2] Intracranial Stent Meeting 2012(ICS 2012) Best Abstract Presentation (First author,
T. Nakayama), “Classification of flow Pattern in Neck Based on Parent Artery
Configuration and Optimized Stent Implantation”.

(Press release) Not applicable.
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Project code J12082
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Research period April 2012 ~ March 2013
Project status 3rd year

Development of Biomodel for Blood Cell

Makoto Ohta*t, Liviu Movileanu**+
Noriko Tomita*
*Institute of Fluid Science, Tohoku University
**Syracuse University
TApplicant, tinon-IFS responsible member

1. Purpose of the project

To develop a biomodel of blood cell used for blood cell analysis. To achieve the purpose,
at first, the physiological characteristics and the geometry of pore-forming proteins will
be performed.

2. Details of program implement

Membrane proteins have many roles to make a function on the membrane.
Pore-forming by hemolysin makes a hole on the lipid bilayer of cell and the cell loses the
medium in the cell. In case of many holes, the layer is damaged, and the
membrane-damaging activities occur. This result may show the number of membrane
protein will related to the mechanical properties of lipid bilayer. If the damage
mechanism will be revealed, the number of proteins could control the mechanical
properties of membrane. We selected y-hemolysin and FhuA for this project.

Activities and structures of membrane proteins are affected by the lipid bilayer
environment. We herein show diversity in channel properties of engineered ferric
hydroxamate protein uptake component A (FhuA AC/A4L), an outer membrane receptor
of Escherichia coli, on planar lipid bilayers consisting of various types of phospholipids.
Single-channel electrical analysis revealed that the shape of phospholipids affects the
sensitivity of the FhuA AC/A4L channel to closure under high-voltages. This study
expands the versatility of the engineered FhuA AC/A4L channel, making the channel
suitable for biosensors and nanodevices.

A D1 B
c2 & D7
D2
6
D3 C6
c4
D4 5

Fig. 1: Defined terms of measurement for mismatch of structure in the component of
y-hemolysin
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3. Achievements
Excellent progress

4. Summaries and future plans
A bigger pore-forming will be higher effect on the physio- and mechanical properties.
We will use another proteins for checking the effect.

5. Research results (x reprint included)

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

*[1] Tomita N, Mohammad MM, Niedzwiecki DJ, Ohta M, Movileanu L.: Does the lipid
environment impact the open-state conductance of an engineered B-barrel protein
nanopore?, Biochim Biophys Acta. Biomembrane, Vol. 1828(3), (2013), pp. 1057-65.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

[2] Xiaobo Han, Naoya Sakamoto, Noriko Tomita, Meng Hui, Masaaki Sato, Makoto
Ohta: Relationship between Fluid Shear Stress and the Phenotype Change of
Smooth Muscle Cells in a Co-culture Model, Ninth International Conference on
Flow Dynamics, Sendai, (2012), pp. 614-615.

[3] Xiaobo Han, ¥oriiik, =M+, Meng Hui, EEIEW, KHE : BAKIS 2 A
fif L7e 758 £ 7 AN O I R F M O TR E 24k, & 25 BN o v=7T ) v
7=, (2013).

*[4] Makoto Ohta, Liviu Movileanu, Noriko Tomita: Channel Properties of Membrane
Proteins on Lipid Bilayer, Proceedings of the Twelfth International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai,
(2012), pp. 100-101.

[5] Noriko Tomita, Liviu Movileanu, Makoto Ohta: Electrophysiological properties of
bacterial membrane channel proteins depending on lipid component and bilayer
stability, Ninth International Conference on Flow Dynamics, Sendai, (2012), pp.
432-433.

3) Patent, award, press release etc.
Not applicable.
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Project code J12083

Classification General collaborative research
Subject area Life science

Research period | April 2012 ~ March 2013
Project status 1st year(progressing)

Research of Friction and Drilling on Bio—Composite Model

Makoto Ohta*¥, Phillippe Kapsa**{t
Hiroyuki Kosukegawa**, Vincent Fridrici**
Kei Ozawa***
*Institute of Fluid Science, Tohoku University
**ECL
***Graduate School of Biomedical Engineering, Tohoku University
TApplicant, ffnon-IFS responsible member

1. Purpose of the project

The friction characteristics between medical materials and blood vessel and the drilling
affect the medical device strongly. We will find an effect of medical material on the
frictions using bio-composite biomodel.

2. Details of program implement

In order to investigate the friction properties of medical alloys, ball-on-disc friction tests
using biomimetic hydrogel called poly (vinyl alcohol) hydrogel (PVA-H) with the
mechanical properties similar to those of soft tissue were carried out under the
existence of water. For further understanding in friction, the surface characteristics of
alloys were also measured with XPS and contact angle wettability test. The significant
difference in friction between alloys having different surface energy and chemical oxides
were observed. Those results indicate that surface characteristics of medical materials
can influence friction on biomimetic hydrogel.

Analysis of friction behavior of medical materials in vivo is important in development of
various medical devices. It is, however, not easy to measure the friction properties and
to maintain the measurement condition because of instability of living tissue. Then, it is
effective to use in vitro biomimetic model (biomodel) as a counter material in friction
test, instead of living tissue. Poly (vinyl alcohol) hydrogel (PVA-H) has been developed
as a material for biomodel to have similar physical and mechanical properties to blood
vessels [1, 2]. Because PVA-H biomodel has good transparency and low friction
coefficient like in vivo tissue because of high content of water [2], it is useful not only for
training but technical evaluation of medical devices. In this study, ball-on-disc friction
tests have been performed with medical metallic alloys on PVA-H. In addition, for
further investigating the relationship with friction properties, the wettability of the
medical alloys was measured with contact angle tests and the surface chemical
components were analyzed with X-ray photoelectron spectroscopy (XPS).
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Figure 1 : Different states of hydrophilic liquid caught between PVA-H and metallic
alloy in the elastic friction.

3. Achievements
Excellent progress

4. Summaries and future plans
The surface energy has an important role for friction. The lubricant will be focused
next future.

5. Research results (* reprint included)

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

*[1] Boyko Stoimenov, Vincent Fridrici, Philippe Kapsa, Hiroyuki Kosukegawa, Makoto
Ohta: Bioengineering Materials and Conditions for Obtaining Low Friction with
PVA Hydrogels, Tribology Online, Vol. 8 (1), (2013), pp. 140-152.

[2] Yasutomo SHIMIZU, Shuya SHIDA, Kenichi FUNAMOTO, Toshiyuki HAYASE,
Makoto OHTA: Influence of plaque stiffness on change of blood vessel geometry
leading hemodynamical changes in PVA-H stenosis models, Proceedings of the
ASME 2012 International Mechanical Engineering Congress & FExposition,
Houston, (2012), IMECE2012-87073.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

[3] Kei Ozawa, Yuji Katakura, Yukihiko Shibata, Philippe Kapsa, Vincent Fridrici,
Gaetan Bouvard, Makoto Ohta: Friction and thermal Properties in Drilling of Bone
Biomodels, Ninth International Conference on Flow Dynamics, Sendai, (2012), pp.
584-585.

*[4] Hiroyuki Kosukegawa, Makoto Ohta, Vincent Fridrici, Philippe Kapsa: Tribology of
Medical Materials on PVA-H Biomodel, Proceedings of the Twelfth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2012), pp. 102-103.

3) Patent, award, press release etc.
(Patent)
Not applicable.
(Award)
Not applicable.
(Press release)
Not applicable.
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J12084
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General collaborative research
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Project status 2nd year

1.

Reconstruction of Wall Thinning from Pulsed ECT Signals

Zhenmao Chen*t, Toshiyuki Takagi**{+
Shejuan Xie**, Tetsuya Uchimoto**, Yong Li*, Li Wang*
*School of Aerospace, Xi’an Jiaotong University, Xi’an, China
**Institute of Fluid Science, Tohoku University
TApplicant, FIFS responsible member

Purpose of the project

Based on the researches in the first year, the aim of the second year project is to
evaluate the efficiency of typical inverse analysis methods, both deterministic and
stochastic, for the reconstruction of wall thinning defect from Pulsed Eddy Current
Testing (PECT) signals in view of the practical application to the In-service
inspection of coolant pipes in Nuclear Power Plants (NPP).

Details of program implement

The PECT method is a relative new NDT technique. Last year, several defect
reconstruction methods, such as the conjugate gradient method, and the neural
network method have been adopted for the reconstruction of defect profile from
PECT signals in this project. In addition, a rapid forward numerical code has also
been developed for the high efficient simulation of the PECT signals, which give a
possibility to use heuristic optimization method for the defect sizing. However, which
method is more suitable for PECT inversion is still a problem to be clarified.

In this work, reconstructions of defect depth, length, and position are conducted
based on the genetic algorithm (GA), simulated annealing (SA) and the tabu search
(TS) method. With the efficient numerical code developed last FY for PECT signal
simulation, inversion codes of GA, SA and TS are developed respectively, and
Reconstructions of wall thinning defect from both simulated and measured PECT
signals are performed to demonstrate efficiency of the developed numerical method
and the corresponding numerical codes.

Table 1 Reconstruction results with noises

Noise Level
Method

1% 3% 5% 7% 10%

-3.98 -3.97 -3.96 -4.00 -3.96

Simulated Annealing 1.96 1.94 2.05 2.13 2.11
3.10 3.16 2.94 2.74 2.50

-4.0, -4.0 -4.0, -4.0, -3.9

Genetic Algorithm 21 2.1 2.1 2.1 2.1
3.0 3.0 3.0 3.0 3.0

-3.9, -3.9 -3.9, -3.9, -3.8,

Tabu Search 19 2.0 1.9 2.1 1.9
33 3.1 4.9 3.9 3.4

From numerical results, it is found that all the 3 heuristic methods (GA, SA, TS)
can give good inversion results for simulated signals without artificial noise.
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Comparison among the convergent process is shown in Fig.1. From the figure, it can
be seen that all the algorithms have good accuracy while the genetic algorithm has
better convergent speed. On the other hand, Table 1 shows a comparison of the
reconstruction results for different noise level. One can find that the robustness of
the genetic algorithm is also the strongest against white noise. Even under noise of
10%, the solution keeps stable.

Fig.1 Evolution of residual errors

3. Achievements
Reconstructions of defect are conducted by using numerical codes of the genetic
algorithm, the simulated annealing and the tabu search method developed aiming to
clarify their validity and efficiency for practical applications through comparing their
performances. It is found that the GA method has relatively better efficiency for the
defect sizing from both simulated and measured PECT signals.

4. Summaries and future plans
Based on the researches in the former two years, the work of the third year
project will focus to investigate the efficiency of PECT for the nondestructive
evaluation of plastic deformation in austenitic stainless steel, a typical material in
NPPs. Both simulation and experiments will be conducted based on the code and the
experimental setup constructed in the last two years

5. Research results (x reprint included)

1) Journal (included international conference with peer review and tutorial paper)
*[1] Shejuan Xie, Zhenmao Chen, Toshiyuki Takagi, Tetsuya Uchimoto, Li Wang: An
Inversion Scheme for Sizing of Wall Thinning Defect from Pulsed ECT Signals, Int.
J. Appl. Electromagn. Mech., Vol.39, No.1-4, (2012), pp. 203-211.
[2] Shejuan Xie, Zhenmao Chen, Toshiyuki Takagi, Tetsuya Uchimoto: Development of
a Very Fast Simulator for Pulsed Eddy Current Testing Signals, NDT&FE Int.,
Vol.51, (2012), pp. 45-50.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[3] Zhenmao Chen, Shejuan Xie, Xiaowei Wang, Yong Li, Tetsuya Uchimoto, Toshiyuki
Takagi: Comparison of Inversion Methods for Reconstruction of Defect from Pulsed
Eddy Current Testing Signals, Proceedings of the Twelfth International Symposium
on Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai,
(2012), pp. 84-85.

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

- 174 -



i J12085

AU

X753 —fXIE[EFSE
AR TR LF 4
WFZEHIR 2012.4 ~2013.3
RS TASET 'S 14H

Alloy600 MFIFRIZE TS Cr RZ 7% & BRI SIFEOMHEE 2 aL—Y 3>
Simulation Analysis on Grain Boundaries Thought Relation
Between Cr Depletion Distribution and Local Magnetic Properties

LA SEE, R T
P T, SR

HEBRTIEY AT WA, PO R T
TR, IS EE

1. #ZEEm
Bl L7z Alloy600 (2% L CH B D HEERIA B TO Cr KZ BEOMH S AitiEE2 > 2 =
L— L, Cr RZIZE VAL D RFTRBREE T35, Zhucky, ZhETv”
22 LAVRAE SV TWRWEH LD T2, FESRRIR O E ORI RAET D0 EEFDTI Y
1 LY COMEEZ FIREIC T DI E LT 5.

2. HAREREONE

il L7= Alloy 600 TiZ, Cr BEEE/ARDE ) HiESRRIR b & fEdbhiN Tl ED
WD Z ENMOLNTEY, FERRIC Fig.l 1T & 9 IZuKerr BESUFFERIE > A7 2 ORIE
FERTIL, MR () & FE RN () CORMLIBFE DE ARSIV TV D, 20 Cr %
AR E D X DTS D%+ 5728, Cr IREESDARD R4 1T 2 J/{pT
WEEEAE L C, BEEY A MERET LD 7 T AX—EE L, ZORUMEIBREDTE T
ANy alb—arw2Tol. ZORRE, Fig2 TR RO ITHMES A FMyfilc k- T
B-H #8722 0, BaEY-o 43 & B-H #ifROxSERICHOW T OB EESD Z &M
Tz, ZOfRHTIZL Y, Cr BN X DMKRIEDE\LE TS5 Z ENFlREE 2D,
ik L 7= Alloy 600 @ Cr RZ SO ATHEE 2 BEXUREMED HHEE T 2 FTREMEZ R sH 72

Fig. 1 : Magnetic hysteresis curves measured by p-MOKE magnetometer (a):on a grain
boundary and (b):inside a grain.
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Fig. 2 : Magnetic hysteresis loops for each diffusion cluster (a) and diffusion step dependence
of magnetic coercivity and remanence (b).

3. HIRBEZEDERIKR

S L7= Alloy 600 O el o %t L CuKerr (2 K DBALHIE 21TV, EBRIC Cr RSy
Hi % b O JSFTHEB OBCEERE N Z OIE O & Bere D = L 2521 F, KEx 72 Cr JREENAR %
AE LTeBeM A MIEBCET M K 2 RPEkOBM e s I 2 L— 3 V& To 7. 20D
FEFRIZEY, SUEULOYHAIBPE CIIRET) « FREBRMEARE L, HODITL DAL
ZEAVREN, B-H #MBROFIRE Cr B4 L OXNGBHRIZOWCOmAN G ST, L
DX HIT, Sk L7z Alloy600 (25t 2 JRPTiEkORRREDIRGER X 7 1 L~V TS T
9 ENTE, WRIFIERAE OISR S DBEEEFHED D Cr RESA OIRREZ N
HIZODOHAZGH LN TET.

4. FLHESHDEFE
ﬁ&fi’ﬁ‘/l’ MIEECE T M L B JRFTEROB IEFE Y I = L— 3 v EEEEOuKerr 12X 5
BALRIEIZ LD 27 1 L~ L TO Cr BESRIZ L 2 R EORGREE T 72, A% O
= uKerr \Z K DBHMGEDRSE A mD, K OBLRICZAI LT Cr IBEDAAET VL AMEE LT
Vial—varETY, ENbLEMAGDED L TERMNMREEAIT) 2 & ThHD.

5. WIRRER (HIBIRIHY)
1) PMES EROSERRE MBEHRFEE0)
7L

2) EF=E - BRESR - RS - QBERKRSE

*[1] K. Suzuki, K. Yamaguchi, T. Uchimoto, T. Takagi: Simulation analysis on grain
boundaries thought relation between Cr depletion distribution and local magnetic
properties, Proceedings of the Twelfth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2012), pp.74-75.

[2] K. Suzuki, K. Terashima, K. Yamaguchi, T. Uchimoto, T. Takagi: Monte Carlo simulation
for Magnetic Granular System with Gaussian Distribution, JSST 2012 International
Conference on Simulation Technology, Kobe, (2012).
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