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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

The time-averaged wake structures of notchback and fastback models have
been numerically and experimentally studied. As shown in Figure 1, at large
rear diffuser angle, due to the low pressure in the separation area, the
spanwise pressure gradient increases sharply in the middle part of the rear
diffuser front edge. This large pressure gradient brings a spanwise flow on
the rear diffuser plane, and drives the underflow moving from lateral to
center. The left and right underflows converge into the center part of the
model rear end, and form a vertical flow. When the underflow enters the wake
region, the spanwise and vertical flows roll up into counterclockwise and
clockwise lower trailing vortices on the left and right, respectively.

Figure 1: Pressure distributions and pressure gradient in spanwise direction at the
front edge of the rear diffuser plant of passenger vehicle

To better understand the wake structure of two-wheel road vehicle,
numerical simulations are performed on two detailed commercial motorcycles
to observe the aerodynamic performance on unoccupied vehicle and
rider-vehicle assembly system (Figure 2). The results show that the form and
construction of the luggage rack largely influence the wake structure of the
vehicle, proper design of the attack angle of the luggage rack and the opening
in it can effectively reduce the drag and lift.



Figure2: Stream lines and velocity distribution in the longitudinal symmetry plane of
a detailed commercial motorcycle

3. Achievements

This project is scheduled for completion in 3 years. The stage goal of the first
year 1s achieved about the time-averaged simulation and experiment. In
addition, numerical simulations of the aerodynamic characteristics on two
detailed motorcycles were carried out to better understand the wake
structure of two-wheel road vehicle.

4. Summaries and future plans

Summaries: Different rear diffuser angle and shape of passenger vehicles
have significant influences on the wake structures. The flow separation on
the rear diffuser may generate a pair of “Lower trailing vortices” in the wake,
which largely alter the traditional wake structure constructed by Ahmed. For
motorcycles, the form and construction of the luggage rack largely influence
the wake structure of the vehicle, proper design of the attack angle of the
luggage rack and the opening in it can effectively reduce the drag and lift.
Future plans: On the basis of the time-averaged results, the typical cases will
be selected for the unsteady simulation and experiment to investigate the
unsteady characteristics of the wake structures. The simulations will be
mainly carried out in Chongqing University of Technology, and the
experiments will be carried out in the Low-turbulence Wind Tunnel of IFS,
Tohoku University.

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: Experimental and Numerical
Investigations on the Influence of Vehicle Rear Diffuser Angle on Aerodynamic
Drag and Wake Structure, Int. J. Automotive Engineering, Vol. 2 (2011), pp.47-53.

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

*[2] C. Lai, S. Obayashi, Y. Zhou and H. Xing' Numerical Simulation of the
Aerodynamic Characteristics on a Detailed Motorcycle, Proceedings of the Eleventh
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2011), pp.42-43.

3) Patent, award, press release etc.
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Study on the Magnetic Stimulation for the Peripheral Nerve
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Temperature Measurement of Unsteady Supersonic Flows using Laser-Induced Thermal Acoustics

AT R, A P
SRR T, IR RrET
P, HITRISHSE

1. ®AZEmM

SR VEFER TS0 ) R VIRERRRR 72 &, SRVOIEEFETEE A T A E S OIRE &,
L — ViR EE 2, (Laser—Induced Thermal Acoustics: LITA) ZFIA U7-FiR B o
FE R BB Vs & BUS S RI2 560  EERHMINE 2 /N9~ 5. fEROBEE HIEE Fii
MG OIREFHNA L HERETRR m AR e o R EERE L, T 5 L D% <,
PR B EBEO NS OFHIIIREECH 5. MELFHIAL, RO EAE O
JE % FERE D ORI (10 7/ FPLLF) CRHEIS 2 FETH Y, mddEE s BisalliE
IZHBRTZ 5.

2. HIREROAR

AEEOIIEE LT, OffEZHH U msdeEwia s g S (CUF, gtk
WE) OFREREIOIEREOIMYR, 72 b ONC@EVEESE (LITA) RS ROHER
FHE SN L7z, BARRNAEIC OV CELFIORT .

EAEEE (Fig. 1) OFIMIE/HPA/PL (BIEEF CAIE P4, IKESETET)PL) L34
R Mach X Ms OBIE HIFR OB SF6 KL OB 4 I CFAE SV D IRELE T2/T1 (IREEER
FE T, FEFERIGASHIEIE T2) OHEE A I L7i=fER, P4/P1-T2/T1 BEERERINE ST~

T IR OAE R & AR S N ORE T~ O FHAPE OB AR X OWEN & O 7
EICWEDORMN S5 Z LEAVHIA LT, & 2T, 2RO SO & R S 8 (4
Arad vy« 2T7—) [ZEEL, Bt 7o—7HKEo—#Heibmb Lz, o2 e T
WEERERE /I L, RAZOEERRECE & Le (Fig 2) . 7o, FHReiR% vk
ET D0, Ty R R—REOEFRE2E L, EEREEET~ON RO B HE
iEL.

Fig. 1 Schematic diagram of shock tube for LITA measurement.



Fig. 2 Schematic diagram of shock tube for LITA measurement.
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Experimental Study on Aerodynamic Characteristics of a Silent Supersonic Aircraft in Supersonic Flight
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1. HMEEH

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, are significantly
downgraded. The Neutral Beam Technology provides the possible low damage approach for
high performance silicon photonic devices. In this project, we will introduce the Neutral Beam
Technology for fabricating the low damage silicon photonic devices, aiming at the high
performance of silicon photonic/optoelectronic devices.

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

Vertical sidewall of waveguide is preferred in practice of photonic devices. In this work,
the Neutral Beam Etching (NBE) condition was investigated for the silicon waveguide
fabrication. Fig. 1 shows the typical SEM images of silicon waveguide’s cross-section under
different NBE conditions. Clz is used for reactive ion etching and it was selected as the main
etchant in this experiment as well. The ICP power with bottom connecting to ground can etch
the 260nm silicon layer and form the strip shape of waveguide in 23 minutes. The sidewall is
only about 80 degree. In order to obtain vertical sidewall, a higher ICP power of 1000W and
additional bottom potential of 10W were applied. The result shown in Fig. 1(b) indicates that
this optimized NBE condition creates a close to 90 degree sidewall of silicon waveguide, which
is 1deal for optical propagation. The etching rate of silicon using the optimized condition is 14
nm/min.

€) icP- 500w (b) ichLTooow

Top: -100V Top: -100V
Bottom: GND Bottom: 10W

PR ~350nm \ Photo resist

Si ~260nm I

I Si: ~260nm

Si02

BB3618 5.8 kV X58.8K '589nn

S-5200 5.0kV -0.2mi SE 500nm

Fig.1 Cross-section SEM photos of fabricated Si waveguides under different etching
conditions. (a): unoptimized; (b): optimized.



Fig.2 Typical photoluminescence spectrum of the silicon ring resonators fabricated by
neutral beam etching process. Inset is SEM photo of the silicon microring.

(2) Fabrication of silicon microring resonators using neutral beam etching

Using such an optimized condition, we fabricated silicon microring resonators and
characterized the photoluminescence (PL) of the as-fabricated samples. Theoretically, narrow
resonant peaks due to Purcell effect should be observed for a silicon microring resonator. Fig.
2 shows the typical PL spectrum of NBE formed silicon ring resonators. Clear and sharp
resonant peaks with quality factor of ~103 can be obtained, indicating that the ring
waveguide etched by the neutral beam technology can be available for the processing of
silicon photonic devices.

3. HIRBEDERINR

The neutral beam etching condition for silicon waveguide fabrication was optimized. The
SEM observation shows an ideal vertical sidewall of waveguide. The trial of silicon microring
resonators fabrication was successfully performed.

4. FEHESHRDRE

The neutral beam technology can be introduced to the fabrication of silicon photonic
devices. Since this technology is a low damage process and can be available for silicon and
germanium materials, application of quantum effects in low damage Si/Ge photonic devices
could be a possible way for novel photonic/optoelectronic devices.
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*[1] Jingnan Cai, Seiji Samukawa and Kazumi Wada: Low Damage Fabrication of Si
Photonic Devices by Neutral Beam Technology, Proceedings of the Eleventh
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2011), pp. 112-113.
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Fabrication of Composite Material by Compression Revolution Shearing Method under Room
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*[1] N. Nakayama, S. Kato, H. Takeishi, and H. Miki: CONSOLIDATION OF Ti POWDER
BY A COMPRESSION ROTATION SHEARING SYSTEM AT ROOM TEMPERATURE
-Effect of pivot rotation speed on consolidation-, Advanced Materials Research, Vol. 4091,
(2012-1), pp. 3-8.
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*[2] Sou Kato, Noboru Nakayama, Hiroyuki Miki, Hiroyuku Takeishi : Consolidation of
Ti-6Al-4V Powder by a Compression Rotation Shearing Method at Room Temperature,
Proceedings of the Eleventh International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2011), pp. 114-115.
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Background-Oriented Schlieren &EZF A= BERERL & S ARDRIREFAIRLEDIHE
Global Flow Visualization around Supersonic Projectiles using Background-Oriented
Schlieren Method
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Fig. 1 Visualization of reflected shock waves on a 49 degree wedge at 340 us time interval

Incident shock Mach number is 1.3.
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Fig. 2 Visualization of shock waves around a spherical model flying at Mach 1.3.
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Schlieren, Proceedings of the Eleventh International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.36-37.
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Reconstruction of Wall Thinning from Pulsed ECT Signals

Zhenmao Chen*7, 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

The aims of the project is to bridge the gap between theoretical modeling and
experiments of PECT in an effort to realize: (1) Fast and accurate computation of
forward problems of Pulsed Eddy Current Testing (PECT) via analytical modeling
and Finite Element (FE) modeling; (2) Analytical/FE model based inverse analysis of
PECT for wall thinning reconstruction; (3) Smart PECT systems in conjunction
with sensor arrays etc for real time evaluation of critical components and structures
in industries particularly Nuclear Power Plants (NPP).

Details of program implement

Sizing of wall thinning defect is very important for the safety guarantee of key
structural components of nuclear power plant. As one of the works of the project, a
neural network approach was developed for the reconstruction of wall thinning
defect from Pulsed PECT signals. A code of frequency domain summation method
was adopted to generate PECT signals necessary for network training, and a
principal component analysis procedure was used for signals pre-processing to
improve reconstruction results. The wvalidity of the proposed scheme was
demonstrated through wall thinning reconstruction from simulated PECT signals.

(a) Simulated PECT signals (b) Reconstruciton results
Figure 1: Numerical results of Neural network for wall thinning reconstruciton

As the second work, the signal of PECT is applied to the reconstruction of deep
Stress Corrosion Cracks (SCC) based on the multilayer reconstruction strategy in
order to improve the sizing accuracy of SCC. The shape profiles and conductivity of
the crack at different depth are reconstructed step by step by using harmonic
components of different order of the PECT signals. The profiles of several cracks are
reconstructed from simulated signals of conductive notches of an artificial SCC. It is
demonstrated that the PECT signals are applicable for the reconstruction of SCC.
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a) Extracted signals from PECT b) Example of reconstruction results
Figure 2: Comparison of extracted ECT signals from PECT response and an example of
reconstruction results with used of multi-frequency inverse analysis strategy

3. Achievements

A fast numerical code for efficient simulation of PECT signals has been
developed in the first year project, and it was used for the wall thinning defect
reconstruction with neural network method and a deterministic method — conjugate
gradient method. Experimental setups of PECT systems have also established in
both Xi’an Jiaotong University and Tohoku University, and are both ready for PECT
signal measurement.

4. Summaries and future plans

Based on the researches in the first year, the aims of the second year project is to
evaluate the efficiency of several inverse analysis methods, both deterministic and
stochastic, for the reconstruction of wall thinning defect from pulsed eddy current
testing signals in view of the practical application to the in-service inspection of pipes
in the nuclear power plants.

. 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] Zhenmao Chen, Shejuan Xie, Xiaowei Wang, Yong Li, Tetsuya Uchimoto, Toshiyuki
Takagi, Reconstruction of Wall thinning from pulsed eddy current signals,
Proceedings of the Eleventh International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.158-159.

[2] Zhenmao Chen, Shejuan Xie, Li Wang, Tetsuya Uchimoto and Toshiyuki Takagi,
Reconstruction of Stress Corrosion Crack with multifrequency ECT signals,
presented in 8th ICFD, 0S8-12, (2011).

[3] Shejuan Xie, Zhenmao Chen, Xiaowei Wang, Li Wang, Toshiyuki Takagi and
Tetsuya Uchimoto,Three Dimensional Wall Thinning Defect Reconstruction from
Pulsed Eddy Current Testing Signals, 8th ICFD, 0S8-14, (2011).

[4] Li Wang, Shejuan Xie, Zhenmao Chen, Yong Li, Xiaowei Wang, Toshiyuki Takagi,
Reconstruction of Deep Stress Corrosion Cracks Using Signals of the Pulsed Eddy
Current Testing, COMPUMAG’2011, Sydney, Australia, July, (2011), CD-ROM.

3) Patent, award, press release etc.
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Analyses of Nano-Scale Surface Damages Generated during Plasma Etching Processes
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Massively Parallel Integrated Computation of Micro-Atomizing Spray Mechanism
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Shuttlecock Aerodynamics and Dynamic Behavior during Impact
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(a) Ordinary shuttlecock (b) Shuttlecock without gap

Fig.1 Density map of vorticity for the shuttlecock with rotation (Re=2.1x10°)



(a) Ordinary shuttlecock (b) Shuttlecock without gap
Fig.2 Schematic representation of flow field.
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Fig. 1 Numerical and experimental result Fig. 2 Numerical result under the condition that

(acceleration tube length: 3500mm) acceleration tube diameter is 10.0cm
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Development of High Performance Strained—Ge Channel Device
Utilizing Neutral-Beam Oxidized Film
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Basic Investigation of Spike Neuron Devices

AR Py, I Gk
PR e % SR T - A
PN TEERFPAMB TR, AAR AR 2 FEAT
THEE, THRTNXHCHEE

HEEM

BEfFOD 2 0 B o — 4 I UM 2 SR 95 720D, 38K 2 A X v 7 CIREHILEE %
ITOBRFHENIASRL T =a—nr (IFN) OF A MERLEND. ZOET VT,
Za—u IR T2 —n U HERET 5 T 7 AOEPIERTH Y, > F 7 ARIFEOiE
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TR E~OISHPIRE SN TN D, DX DT 3 RFEBOT=0I21E, Hx DT Ky b
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2. HEBREROAR

AWFETIE, 2WRIcEAIE T Ry RISk LT FDTD {# (Finite-difference time-domain
method) ZH\W\T, T2 L7 ¢ U —FHBRAZEE, EAIREBOT L — RO R %
BIolo. FHURERMEA /AT DIWEB O JREMC I = RORIZER L, Ny MR
LRy YA ZOARL N ED X 9 70 A 5.2 B EEE LT

ARETUILLFOL HICRE Lz, ERRIEREIN-B&T Ky F 2251, Ry MA XX
9~11nm & L, FHEMFEEAIZ 10X10=100 HOE - K> FEESI LIz, N TJEloxrd 558
WA Ty bz pLX— HTIADKRT U ¥L) (50meV EMELZ. & Ry MIFAL
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L, =\ ROMEITEA =RV —OKRKEEF/MEDZEE L TERT H.
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TG TI =N R ENRD. -, O 7y heREL T35 &, WBIERRORA
LAVINEL R, RS2 R0 EELZ L bR LT,
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*[1] Nurrul Syafawati Binti Humam, Nobuhiro Tsumori, Motoki Takahashi, Toshiharu Saiki,
and Seiji Samukawa, “Numerical Simulation of Electronic States of Regularly Arrayed
Si Quantum Dot System”, Proceedings of the Eleventh International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.
122-123.
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Classification General collaborative research
Subject area Energy

Research period | April 2011 ~ March 2012

Investigations of Reacting Flow in Micro Channels Directed to Development of
Eco-Friendly Technologies of Energy Conversion

Sergey Minaev*f, Kaoru Maruta**{+
Hisashi Nakamura**, Roman Fursenko*, Evgeniy Sereshchenko®,
*ITAM SB RAS,
**Institute of Fluid Science, Tohoku University
TApplicant, $¥IFS responsible member

1. Purpose of the project

The objective of the project is to work on the models of non stationary flame propagation,
ignition and extinction in micro channels with elevated walls temperature within an
universal approach. Solution of this problem will promote development of eco-friendly
technologies of gas burning, energy saving and conversion on the basis of micro channel
technologies.

2. Details of program implement

In the course of project implementation Russian project members (R.Fursenko,
S.Minaev, E. Sereshchenko) visited Institute of Fluid Science, Tohoku University.
During the visits project participants had fruitful discussions on the formulation of the
problems, methods of solutions and experimental results. Project results were presented
at the 11th International Symposiums on Advanced Fluid Information and
Transdisciplinary Fluid Integration.

3. Achievements

The basic mechanisms of gas combustion in a micro systems can be elucidated from
study of gas combustion in a narrow channel with controlled walls temperature.
Experiments on gas combustion in a radial channel with a streamwise temperature
gradient in the walls have revealed a plurality of flame structures: stable and unstable
cylindrical flame; structures that remind the Pelton turbine with one, two, or many
blades; rotating spiral flame and other structures. The allocation of the regions of
instability responsible for formation flame repetitive extinction/ignition (FREI) in
straight micro channel and rotating flame patterns in radial channel was found by
stability analysis and numerical simulations (Figure 1). In particular, a gas flow rate
interval corresponding to rotating spiral patterns (HD instability) was found by 3D
numerical simulations. Spiral patterns have long been observed in excitable media,
such as the Belousov—Zhabotinsky reaction, however, only a few experimental
observations of such patterns have been reported before for gaseous combustion. A new
formulation of the flame front evolution inclusive extinction, ignition and the
conventional flame propagation was proposed. The model takes into account inertial
effects in the combustion wave and it can yields principal new possibility for
simulations of the combustion wave in complex flows and confined systems.

4. Summaries and future plans

The main result of project implementation is creation of verified by experiments and by
numerical simulations of general model of flame instabilities allowing the description of
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Figure 1. Regions of flame instability at the diagram of stationary solutions expressed
in nondimensional variables. 1-stable circular flame, 2-spiral flame, 3-travelling
waves, 4-turbine like flame.

big variety of flame patterns observed in micro channels. These investigations will
facilitates development of effective micro channel based energy conversion technologies
with stable gas combustion. Experimental data about limits of existence of different
combustion regimes were obtained and the physical mechanisms responsible for
formation of these regimes were distinguished. It is planned to continue developed
forms of scientific cooperation between Russian and Japanese research teams in future.

5. Research results (* reprint included)

Experimental data about regions of existence of different combustion regimes occurring
in micro channels were obtained and the physical mechanisms responsible for formation
of these regimes were distinguished. The effective parallel algorithms adapted for GPU

have been created for simulation of gas combustion within frame of reaction-diffusion
models.

1) Journal (included international conference with peer review and tutorial paper)
[1]S.S.Minaev and R.V.Fursenko, Inertial effects in nonlinear models of flame
evolution, Combustion Explosion Shock Waves, Vol. 47 , No.4, (2011), (9 pages).

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

international conference without peer review)

*[2] S. Minaev , R. Fursenko, E. Sereschenko, A. Fan, S. Kumar , K. Maruta, Oscillating
and rotating flame patterns in microchannels, Proceedings of the FEleventh
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2011), pp.20-21.

[3] S.Minaev, Modeling of flame instability and flame patterns in microchannels,
Proceedings of Thirteenth International Conference on Numerical Combustion,
Corfu, Greece, (2011), p.132.

3) Patent, award, press release etc.

Not applicable.
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New Exact Solutions for Vortex Rings with Swirl and Magnetic Field

Stefan G. Llewellyn Smith*t, Yuji Hattori**{+
*Department of Mechanical and Aerospace Engineering, UCSD
**Institute of Fluid Science, Tohoku University
TApplicant, $¥IFS responsible member

1. Purpose of the project

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

2. Details of program implement
Professor Llewellyn Smith visited the Institute of Fluid Science during the period
March 12-March 16, 2012. During this visit, Professors Llewellyn Smith and Hattori
collaborated on extending the results published in Llewellyn Smith and Hattori
(2012).
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Figure 1: Motion of a magnetic eddy with uniform vorticity.

3. Achievements
Results from Year 1 were published in Llewellyn Smith and Hattori (2012). These
included calculations for thin-core vortex rings and spherical vortices, as well as



contour dynamics simulations. We have since continued the numerical simulations
and included the effect of vorticity inside the eddy. Without swirl and magnetic field,
these solutions propagate as vortex rings, but we see again that they can split into
dipoles that move away from each other (Fig. 1). The dipoles are well described by
an analytical solution obtained by perturbation expansion. For strong vorticity
inside the eddy, however, the eddies move as single vortex rings.

A formulation based on previous work on vortex patches has been developed to obtain
steadily-propagating structures (V-states). These should reduce to Norbury’s family
in the absence of magnetic field

Bibliographic research has revealed some older papers on steady solutions in the
presence of poloidal field and we have compared these results with ours. The
formulation of Vladimirov, Moffatt and Ilin (1997) has proved useful in obtaining
conserved quantities for the flows under investigation and in starting to examine
their stability.

Finally the effect of stratification has been studied. The Boussinesq limit (small
density differences essentially) leads to a simple formulation. It is particularly
interesting because the conservation properties of the system are changed.

4. Summaries and future plans
V-states will be found using a combination of previous algorithms and the contour
dynamics code. The possibility of bifurcations from that family will be investigated.
The stability of these states will be examined, using geometric optics methods and
contour dynamics to access the nonlinear regime.

The effect of more general density differences will be examined. It is not clear yet
whether this will lead to tractable calculations. If time permits, an implementation
of contour dynamics with helical symmetry will be developed. This has possible
implications for the calculation of wakes behind rotating propellers, which is of great
interest in the field of wind energy.

5. Research results (x reprint included)
1) Journal (included international conference with peer review and tutorial paper)
*[1] Llewellyn Smith, S. G. and Hattori, Y: Axisymmetric magnetic vortices with swirl,

Communications in Nonlinear Science and Numerical Simulation, 17(2012), pp.
2101-2107.

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

*[2] Yuji Hattori and Stefan G. Llewellyn Smith: New Exact Solutions for Vortex Rings
with Swirl and Magnetic Field, Proceedings of the FEleventh International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2011), pp. 144-145.

[3] AREL# ], Stefan Llewellyn Smith, swirl % & DA ER D contour dynamics & % D
—iib, BARMHEESE 67 [A4R K(2012).

3) Patent, award, press release etc.
Not applicable.
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*[1] Takuya Ito, Kenichi Funamoto, Kiyoe Funamoto, Kaori Tanabe, Ai Nakamura, Toshiyuki
Hayase and Yoshitaka Kimura: Rheological Analysis of the Mechanism of Fetal Brain
Hemorrhage, Proceedings of the Eleventh International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp. 86-87.
[2] Takuya Ito, Yoshitaka Kimura, Kaori Tanabe, Ai Nakamura, Kiyoe Funamoto, Kazuyo
Sato, Tetsuro Hoshiai, Kaori Suenaga, Junichi Sugawara, Satoru Nagase, Kunihiro

Okamura and Nobuo Yaegashi: the 7th World Congress on the Developmental Origins of
Health and Disease, Portland, (2011).
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Classification General collaborative research
Subject area Energy

Research period | April 2011 ~ March 2012

Visualization, “Real Time” Algorithms and Parallel Computations of Reacting Flows

Boris Mazurok*{+, Sergey Minaev**, Aleksandr Menshchikov*, Kaoru Maruta***j+
Hisashi Nakamura***
* JAE SB RAS, Russia
** ITAM SB RAS, Russia
***[nstitute of Fluid Science, Tohoku University
TApplicant, T1IFS responsible member

1. Purpose of the project

The project is oriented to development of effective “particle method” based numerical
codes for simulations, visualization and control of reactive flows to promote
development of advanced combustion technologies.

2. Details of program implement
Project results were presented at the 11th International Symposiums on Advanced Fluid
Information and Transdisciplinary Fluid Integration.

3. Achievements

Nowadays the simulations of the premixed ﬂamle evolution in the practical devices having complex
geometry and nonstationary gas flows is issue of the day. This project dealt with creation of effective
parallel algorithms of simulations of gas combustion on the base of “particle method”.
This method dealt with representation of the continuous medium by set of discrete
particles. It was assumed that flow characteristics could been obtained from “on line”
data acquisition equipment or from preliminary conducted simulations of complex flow
field. The algorithm of real time simulations of flame evolution within frame of “flamelet” approach was
created to model shape of flame front propagating in the given non stationary gas flow fields appearing in
the combustion chambers with complex geometry [1]. The algorithms of visualization of
temperature, concentration, flow field and 3D flame interface were developed as applied
to facilitate representation of numerical simulations of complex structure of stretched
flames. (Figure 1.)

Figure 1. Counterflow flame shapes plotted by different data compression
algorithms. Low resolution sampling (left) and adaptive grid algorithm (right).



4. Summaries and future plans

An effective parallel algorithm of numerical simulations based of “particle method” was
developed for real time simulations of flame front propagation in prescribed flow field.
The visualization of temperature, concentration, flow field and flame interface in 3D
case was performed. Future plans include continuation of investigation on improvement
of algorithms of visualization of temperature, concentration, flow field and 3D flame
interface to facilitate representation of numerical simulations of noncontiguous
combustion waves. Comparative assessment of application of multiunit processor with
programmable logic to increase computation speed of numerical simulations of
combustion problems will be considered. It is planned to continue developed forms of
scientific cooperation between Russian and Japanese research teams in future.

5. Research results (* reprint included)
The effective numerical codes have been created for simulations, visualization of
reactive flows on the base of GPU to promote advanced combustion technologies.

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] B. Mazurok, A. Menschikov, B. Dolgovesov, R. Fursenko, S. Minaev, K. Maruta,
Real Time Modeling of Flame Front Evolution by Kinematical Model, Proceedings of
the FEleventh International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2011), pp.80-81.

3) Patent, award, press release etc.
Not Applicable.
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Parallel Computations on the Base of GPU for Modeling of Gas Combustion Processes

Roman Fursenko*t, Kaoru Maruta**{+f
Sergey Minaev*, Fedor Palessky *, Hisashi Nakamura**
* Institute of Theoretical and Applied Mechanics, SB RAS, Novosibirsk, Russia,
**Institute of Fluid Science, Tohoku University
TApplicant, $1IFS 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 not only to complex interaction of transport, chemical
processes and radiative heat losses, but also to complicated spatial structure of
combustion wave. Therefore the effective and fast numerical codes are necessary for
both fundamental investigations and engineering calculations. The parallelism
provided by Graphics Processing Unit (GPU) is modern and powerful tool to speed up
numerical computations. In the course of project implementation the effective
GPU-based algorithms for 3D simulations of low-Lewis-number premixed flames
were elaborated and their performance was studied. It was shown that speedup of
the GPU implementation over the conventional CPU version is about 40 times in
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Figure 1. Equiscalar surfaces C=0.15 (top) and concentration

distributions in z=0 plane (bottom) calculated for Le=0.3 and h=0(a);
h=0.6(b); h=0.8 (c). Flow direction is shown by arrows.



average. General recommendations of effective use of GPU for simulations of
combustion problems have been formulated. The numerical results on dynamical
behavior of low-Lewis-number stretched premixed flames were compared with
results of microgravity experiments performed by Prof. K. Maruta group (Tohoku
University). The experiments and the numerical simulations coincide with
conclusion that decreasing of equivalence ratio results in decreasing of average
distance between flames. Another coincidence displays in shrinking of separate
flame cells constituting flames with decreasing of equivalence ratio. Numerical and
experimental results 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 (see Fig.1b,c).

In the course of project implementation Russian project members (R.Fursenko
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 11th 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 some combustion processes. On the base of numerical simulations
and microgravity experiments new knowledge on dynamical behavior of lean
low-Lewis-number premixed flames have been obtained.

4. Summaries and future plans

Dynamical behavior of the low-Lewis-number lean premixed flames with
radiative heat losses propagating in stagnation-plane flow has been investigated
numerically. In order to speed up numerical computations the GPU-based parallel
numerical code has been developed.

Dependencies of the flame structure, flame position, flame speed and
concentration of unconsumed reactant on the heat losses intensity, mixture contents
and stretch rate were obtained.

The future research will be directed towards the detailed numerical and
experimental investigations of different combustion regimes of counterflow
low-Lewis-number premixed flame. The further developments of GPU-based
effective algorithms to simulate complex structure combustion waves are planed.

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

[1] R. Fursenko, S. Minaev: Flame balls dynamics in divergent channel. Combustion
Theory and Modelling (2011), Vol. 15, Issue 6, pp. 817-825.

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

*[2] R. Fursenko, S. Minaev, K. Maruta, H. Nakamura: GPU-based Parallel
Computations of Low Lewis Number Stretched Premixed Flames, Proceedings of
the Eleventh International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2011), pp. 82-83.
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*[1] N. Takahashl, T. Mlyazaki, N. Hatakeyama and Y. Hattori: A Numerical Study of the
Effect of Large Deformations of a Trailing Vortex on Its Breakdown, Proceedings of the
FEleventh International Symposium on Advanced Fluid Information and
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*[1] S. Jeong, H. Kim: Analysis and Optimization for Multi-Hull Ship, Proceedings of the
FEleventh International Symposium on Advanced Fluid Information and
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Blood Flow Analysis in the Left Atrium
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SR AF p—value
Age 66.4+6.6 66.4+7.4 1.000
Diastolic dimension
Length 38.14+£5.2 43.16%+6.2 0.205
Width 31.92+8.8 32+8.9 0.989

Thickness 18.2+54 21.34+3.7 0.320
Systolic dimension

Length 253+27 38.2+23 <0.0011t
Width 17.7+29 27.2+12.3 0.131
Thickness 10.8+1.5 18.1+43 0.016F
Shortening ratio

Length 33.4+3.9 10.2+12.6 0.012F
Width 424+13.6 16.8+23.1 0.074
Thickness 36.7+189 142+19.2 0.099
Volume 85.8+6.7 54.6+23.8 0.0411
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*[2] M. Shibata, T. Yambe, T. Yamaguchi, R. Koizumi, K. Funamoto, T.
Hayase: Left Atrial Vortex, Proceedings of the FEleventh International

Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2011), pp. 88-89.
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Development of Bubble Generation Method by Plasma
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*[1] T. Sato, T. Miyahara and T. Natanani: Observation of Bubble Formation and Collapse
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Precess by Generating a Plasma, Proceedings of the Eleventh International Symposium
on Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2011),
Pp.66-67.
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Effects of Swirl on the Stability of Vortices
AR #RETef, A B
*FHACKRTFUREFTEHT, **TUNKF~ A « 74T - A 2 H A N U BHERT
THEES, T bHGGEE
1. HEE/

JEE - EL A 32 DA & B i 2 IS O EME XA O EAREDO—>TH
5. ARFFEIZBWT, bivbiUuIitE DL EME BT 2 IE M OB RSy @) (2L 5%
REMAL, ZIUCX 0 iEEOB ) ACHT- MR EMET D L & BT, WL O BRI
FAUCOWCEHT 22 L2 BNET 5.

2. WIRBEEDASE

IEEOLEEE LT & iR e E B Lz, MR e T v I E LR
ZHo/RT A LB DA ZEMNTH Y, #2230 2 6O b HiliiiiE 5 2w 2 > T)
O THFEIRENT- (Fukumoto & Hattori, 2005; Hattori & Fukumoto, 2003). #7230 12hnz
THRY 2 H O L H A HOW TR B ZEMERITIC L A5 (Hattori & Fukumoto, 2009) (%
BHILTODN, T— NEEMIITIC X DREFIIIRERIC LOE BTV, 512, [FiRE
W2 e B0 B IRl A 0. £ CTET, MEEEIS X —RICETE b oL EA
DRI R 22 BT 2D 7=, REREESS O N e N EETERE R ORI 72 =202 VG, il &
RO OFIZONWTEREITo7o. TOME, iiOSIT 0© (SRR Tk
IV FVINKDREENEE LT, EERZEE LR USRI ThH LD Z LRtz
ZHUCK Y, KRR LZERERIRE /5. £72 0@ 12RO T E AR OFEE%)
BodHobindZ Ebbholz.

WIZ, E— NLEMITICE Y, —IZiEE &2 B AMMIONT, R EMEIT T
AR ONRAFNT=. REERERONIEIC L 272 RD, ZEFH L TRZENED 0@
IZBWTIEIRERARLEME & 2 ) 4 Y REZEEORIG R ERG ORI D Z 2R LIz, E6IT,
0@ IZBWTAREEMRERDEIEE L THE IR OFREEIRRH Hbd Z E LML
7. EBNIARLEREROZALEEBAERINR D, I ERIR TR B2 EERITIC L AR5 & —
BT 52 L aiE»DT.

1V IZHIRAE M ET DA O RLERE R 2~ T. REEMHTEE 1 825 2 Ho Kelvin
BT % & X2 (FTbb it O sz 0) 832 5. L KITERREH 52O T,
RN RIZKE WV principal mode (ZOWWTAREEREFRD 0@ BILOOE@DIEEZR LT
HOTHD. 06, O & HITTHR TR SN B RZEMMNTIZ L DI T 5 00 R T
X 5.



1

14

12

1
0.8
0.6

04 |
0.2 |

)}

0 1 1 1
0 10 20 30

k

40 50 60

0.7
0.6

05
04
03

0.2

0.1
ok
-0.1

0 10 20 30 40 50 60

k
1 @ NLEMMNTIC LD RLERESE. /£ : 00, £ : O

3. HIREEDZERRR

AWITEL, SRR O i a L L, £ OIS & U THtAEhg - I & OREREE) b
S B DL EVE T DB ORIR 2 EERNTH BN 5 2 &, BT, RNEELH%R L

ZDBROFNOIRED, NDSIHZED L IIHRFT 22T L Z LIic kY, T

JREE DR b, BEEARIROIRE 2 5 A0 Z LA RRE LTS, SFEONIEICL Y, [FHsE
ST T VT 2 HEAMITOWT, iililifia & D8 a OZEMMT ORI EZ 155 Z L3 TE T
R R ZEMRRT OFEFITBIERFRT Ch Y, B— NZEMMITORR b IFERT CH 2.

U TR e/ LB 5.

4 FEHESEDEE

[EHRZLIMOE T LTl 2 HEARMDHIZALZEPEZ OV TR Y ORI L it DR 2 F~7z.
—HRIZHE 2 & OB, IR LET & B — FEMRITIZ LV, St Rds LU

DIRY OFEENRZIFA LT, 5%, T— NEMRITIZ BT 288 R0 &R

T2 b=y a TRV IR R o T A OB B BN T D ZE B TH D.

5 HARAR HIAFRHY)
1) Fiss (EHROEERRE,

*[1] ARED ], A B DR ARMOBIEZEVERT « / —~ VB — N &R R AT OB

fEEREZEST)

FRITHR RS MRN T Ze AT 8% No. 1749 (2011), pp. 205-216.
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*[2] Yasuhide Fukumoto and Yuji Hattori: The Instability of a Helical Vortex Tube with Axial
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Flow, Proceedings of the Eleventh International Symposium on Advanced Fluid

Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.144-145.
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(2011).

b

(4] ARES #AW], EA FES: filid o bR AlBDE— RECEVERRNT, HAYFSE 2011 TR
K22, (2011).

[5] Yuji Hattori and Yasuhide Fukumoto: Stability of a helical vortex tube with axial flow,

APS 64th Annual DFD Meeting, (2011).
[6] Yuji Hattori: Instability of a Helical Vortex Tube with Axial Flow, Hot Topic Workshop on

Fluid Dynamics : Vortex Dynamics, Biofluids and Related Fields (f#5:#iE) , (2011).
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A Study of Light Transport and Heat Transfer in Biological Tissue using Radiation Element Method
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3)

Biological Tissue Exposed o Laser Irradiation, Proceedings of the Eleventh International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2011), pp. 162-163.

O (4FF, FE, YR IERRSH)
A=Y



AR J11037
X5y —fxILIEIFSE
e ) B TRV
WFFEHAH 2011.4 ~2012.3
BHRIZE T HIET— ) TIREMET
Non-Fourier Heat Transfer in Complex Materials
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Database of Intracranial Aneurysms with Hemodynamic Analysis
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Numerical and Experimental Research on Active Control of the Hole-Tone Feedback

Problem

Mikael A. Langthjem*}, Masami Nakano**{f

*Graduate School of Engineering, Yamagata University,
**Institute of Fluid Science, Tohoku University
TApplicant, 71IFS responsible member

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

Details of program implement

A mathematical/numerical model for analysis of flow-sound interaction in a simple
silencer model has been developed. A sketch of the basic configuration is given in Fig.
1(a). The unstable shear layer is modeled via a discrete vortex approach, based on
axisymmetric vortex rings, as depicted in Fig 1(b). The aeroacoustic model is based
on the Powell-Howe theory of vortex sound. The boundary integrals, which represent
the scattering by the cavity and tailpipe inner surfaces, are discretized via the
boundary element method.

Figure 1 : (a) The silencer model with a closed cavity and a tailpipe. The arrow
indicates the direction of the flow. (b) Illustration of the discrete vortex
model, showing a “slice' of the startup vortex.

The simulations in the examples to follow have been carried out with a closed
cavity of length (gap length) d; (i.e., equal to the nozzle diameter) and diameter 4d,.
The fundamental (hole-tone) frequency is f, = 158 Hz.

Figure 2 shows sound pressure spectra at a position (r, z) = (10d,, 10d,), measured
from the end pipe exit, for the case with end-pipe length 31d,. This gives resonance
frequencies of f, = 110n Hz, where n is the mode number. Mode number n = 1
corresponds to a half wave, while n = 2 corresponds to a full wave. Part (a) is for the
case without acoustic feedback from the end-pipe, while part (b) is with acoustic



2)

feedback. Resonant end-pipe oscillations are recognized in the spectra. These are too
weak to alter the fundamental (hole-tone) frequency; yet the acoustic particle
velocity field they generate has a clear influence on the power spectrum (Fig. 2 (b)).

Figure 2 : Sound pressure spectrum at a position (r, z) = (10d,, 10d,). (a) Without
acoustic velocity feedback from the end-pipe. (b) With acoustic velocity feedback.

Achievements

We have developed a computationally efficient method for the time-domain
analysis of flow-sound interaction in axisymmetric geometries. Scattering from the
solid surfaces is accounted for via the boundary element method (BEM).
Time-domain BEM is known to suffer often from poor stability properties. Numerical
stability has been a real challenge in the present project too; but we have succeeded
in developing a stable methodology. Another challenge (related to the BEM) has been
the evaluation of singular boundary integrals. We have succeeded in deriving
compact (approximate) analytical results which retain the most important retarded
time properties of the original equations.

Summaries and future plans
A journal paper summing up the results is being written up at present. In the next
step we wish to follow the original plan to extend the model to a full
three-dimensional one that can account for non-axisymmetric flows and sound fields.
A previously developed three-dimensional hole-tone feedback model will serve as
basis.

Research results

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] M. A. Langthjem & M. Nakano: Self-sustained flow oscillations and sound

generation in a simple silencer model, Proceedings of the FKighth International
Conference on Flow Dynamics, Sendai, (2011), pp.232-233.

*[2] M. A. Langthjem & M. Nakano: Numerical and experimental research on active

3)

control of the hole-tone feedback problem, Proceedings of the FEleventh
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2011), pp.150-151.

Patent, award, press release etc.

Not applicable.
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Research on Detection Method of Calcification in Soft Tissue
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*[1] L. Liu, K. Ozawa, K. Funamoto, M. Ohta, T. Hayase and M. Ogasawara: Detection of
Microcalcification in Soft Tissue Employing B-Flow "Twinkling" Sign, Proceedings of the
Eleventh International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2011), pp. 94-95.

(2] 2 %, /NS FE, AR f—, K 15, B9 fies, /9 B3¢ “Twinkling Sign” %)%
U 72 8GR ik P9 B0 A KA B 2 B 2 AR A B9 AF 98 Fundamental Study of
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2 E84REAEES . Supplement (2011), S324.
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Subject area Nano/micro technology
Research period | April 2011 ~ March 2012

Non-Destructive Detection of Cracks using Electromagnetic Phenomena

Jinhao Qiu*t, Toshiyuki Takagi**{+}
Tetsuya Uchimoto**, Jun Cheng*
*College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics
**Institute of Fluid Science, Tohoku University
TApplicant, T¥IFS responsible member

1. Purpose of the project

In the recent years, aeronautical and other applications of Carbon Fiber Reinforced
Polymer (CFRP) are on the increase. CFRP is a very strong and light laminated
composite material which is very effective in weight saving in aeronautical components.
This project aims to develop effective strategies for nondestructive evaluation of CFRP
structures by using eddy currents.

2. Details of program implement

Chinese project member Jun Cheng visited Institute of Fluid Science during the period July
10-20, 2011. He prepared a piece of CFRP specimen and carried out some experimental
investigations with the help of the staff members of Professor Takagi’s lab. During the visit Chinese
member and Professor Takagi discussedabout the achievements already made and future plans.
Project member attended the 11th International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration and presented the research results.

3. Achievements

The electrical properties of CFRP were investigated. CFRP naturally shows very low and
strongly anisotropic conductivity. The conductivity of each ply depends on the type, the volume
fraction, and the orientation of the fibers in the lamina.

A piece of impact-damaged CFRP plate was prepared for detection.The fibre volume fraction in
the plate was measured to be about 49.5%. The fibre orientation can be detected by revolving eddy
current probes. Fig. 1(a) shows signal amplitude as a function of the angular position of the probe.
From the figure we found that the plate was made from layers of CFRP prepregs with [0°, £45°,90°]
sequence.

We used several different types of eddy current probes to inspect the impact damage in the
CFRP specimen. The eddy current image characterizes the shape of damaged zone, as shown in Fig.
1(b). The detection sensitivity of eddy current probes was compared by analyzing the testing signals.
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Fig.1Results of the air-cored pancake coil probe: (a) fibre orientation detection, (b) eddy current
image of animpact-damaged specimen
Additionally, we also conducted eddy current testing simulations for CFRP using an
edge—element FEM software.The coil impedance variations due to the fibre orientation and cracks in
CFRP plate with unidirectional ply are computed. Fig. 2 shows the calculated eddy currents in CFRP
plies with fibre orientations.

Fig.2 Eddy currents path in the CFRP plies with different fibre orientations

4. Summaries and future plans

We set up an experiment system for CFRP inspection. The electrical properties of CFRP
werestudied and crack detection signals were obtained. We are aiming to analyze the damage
modesin the CFRP composites qualitatively and quantitatively, but the multilayer structure and high
electrical anisotropy of CFRP make eddy current evaluation very difficult. The next step is to
perform enhanced study of ECT technique for CFRP components by signal processingand probe
optimization. The rapid FEM computation code will also bedeveloped.

5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)
Not applicalble.

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

[1] Jun Cheng, JinhaoQiu, Toshiyuki Takagi, Tetsuya Uchimoto, Ning Hu: Numerical Evaluation
of Carbon-fibre Reinforced Polymer by Finite Element Method, Proceedings of The 15th
International Symposium on Applied Electromagnetics and Mechanics, Naples, Italy, (2011),
pp-307-309.

*[2] Jun Cheng, JinhaoQiu, Toshiyuki Takagi, Tetsuya Uchimoto, Fuqiang Wu, Ning Hu: Detection
Accuracy Analysis of Several Eddy Current Probes on the Impact Damage of Carbon-Fibre
Plastic Composite, Proceedings of the Eleventh International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.166-167.

3) Patent, award, press release etc.
Not applicable.
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Minoru Goto, Julien Fontaine, Sandrine Bec, Kosuke Ito, Takanori Takeno, Maxime
Ruet, Hiroyuki Miki, Michel Belin, Thierry Le Mogne: The role of tribofilm growth on
the frictional behavior of copper-diamond-like carbon nanocomposite coating,
Proceedings of 35th Leeds-Lyon Symposium on Tribology, Lyon France (2011),
SESSION XXVIII : MECHANICAL PROPERTIES - T3(USB).

Minoru GOTO, Natacha RUTY, Vincent DE CHILLAZ, Julien FONTAINE, Takanori
TAKENO, Hiroyuki MIKI, Michel BELIN: Silver-diamond-like carbon nanocomposite
coatings: tribological behavior and electrical capabilities, Proc. ITC Hiroshima 2011,
Hiroshima (2011), E1-01 (USB).

Minoru Goto, Kosuke Ito, Hiroyuki Miki, Takanori Takeno: Study of Contact Alignment
for The Slider Specimen of Tribometer, Proceedings of the FEleventh International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2011), pp. 126-127.
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Project code J11047

Classification General collaborative research
Subject area Nano/micro technology
Research period | April 2011 ~ March 2012

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

Julien Fontaine*¥, Toshiyuki Takagi**j+
Hiroyuki Miki**, Takanori Takeno***,
Koshi Adachi****, Sandrine Bec*,
Michel Belin*, Thierry Le Mogne*

*Laboratoire de Tribologie et Dynamique des Systéemes, Ecole Centrale de Lyon
**Institute of Fluid Science, Tohoku University
***International Advanced Research and Education Organization, Tohoku University
**¥&*Faculty of Engineering, Tohoku University
TApplicant, T¥IFS responsible member

1. Purpose of the project

Electrically conductive hard carbon films, Me-DLCs, will be indispensable smart
materials for innovative mechanical elements thanks to their mechanical and electrical
properties, which can be controlled by the type and quantity of additional elements. In
this study, innovative Me-DLC films having good electrical conductivity, exhibiting low
friction and wear characteristics, and high durability under extreme environment —
such as that for space applications — will be developed and characterized.

2. Details of program implement

Me-DLC nanocomposite coatings are deposited at Tohoku University by a hybrid
process, combining RF-PECVD for the DLC matrix and magnetron sputtering for the
metal inclusions. Several metals are considered in this joint project: tungsten, copper,
iridium, platinum, silver... Tribological behavior of these coatings is characterized at
Ecole Centrale de Lyon with ambient air and ultra-high vacuum (<106 Pa) pin-on-flat
reciprocating tribometers. The rubbed surfaces are further investigated by means of
surface analysis (XPS or AES) and of nanoindentation.
For example, the deposition of Cu-DLC coating has
been performed with a power of 50 W on sputtering
target, and a flow rate of 0.7 sccm for C2H2 precursor
gas. This Cu-DLC coating was then studied with
above-mentioned tribometers, with reciprocating
motion of 3 mm at a sliding speed of 2 mm/s, during
2000 cycles. For ambient air experiments, 52100
bearing steel balls (diameter: 6 mm) were used under
normal load of 0.5 N and 10 N. The theoretical
maximum contact pressure is then respectively about
0.5 GPa and 1.4 GPa. For ultra-high vacuum
experiments, hemispherical 52100 bearing steel pins o o
were used under a load of 3 N, with radii of 8 and 1.5 ﬁ'lct}on fo?r .optlmlzed C}l‘DLc
mm, in order to achieve similar contact pressures of coating sliding under different

respectively 0.5 and 1.4 GPa. (Fig. 1) contact pressures and different
environments.

Fig.1 : Evolutions of coefficient of



3. Achievements

Among the metal studied in this joint project, Cu-DLC coatings are today the most well
known. Although they don’t exhibit much lower friction coefficients compared to pure
DLC, they seem to be relatively insensitive to contact pressure and environment, two
drawbacks of pure DLC coatings for tribological applications.

4. Summaries and future plans
The friction appears to be controlled by metal-rich tribofilm grown on the steel
counterface, thanks to a selective transfer process. The flowing abilities of these
tribofilms are thus critical, and are now at the focus of our joint project. The nature of
the metal and its mechanical behavior could then allow to control the tribological
behavior of Me-DLC coatings.

5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] Takeshi Ohno, Takenori Takeno, Hiroyuki MIKI, Toshiyuki Takagi: Microstructural
design for fabrication of strain sensor utilizing tungsten-doped amorphous carbon
coatings, Diamond & Related Materials, 20 (2011), pp. 651-654.
[2] Toshiyuki Takagi, Takanori Takeno, Hiroyuki Miki, Yun Luo: Metal-containing
DLC: toward a smart coating on smart materials, Materials Science Forum,706-709
(2012), pp. 2014-2019.

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

[3] T. Takeno, J. Fontaine, M. Goto, K. Ito, H. Miki, K. Adachi, M. Belin, T. Takagi
(INVITED): Design and Deposition of Amorphous Carbon Nanocomposite Coatings
for Tribological Application, International Conference on Metallurgical Coatings &
Thin Films 38 ICMCTF, San Diego, USA (2011. 5.2), p. 5.113.

[4] Toshiyuki Takagi, Takanori Takeno, Hiroyuki Miki, Yun Luo (INVITED):
Metal-containing DLC: toward a smart coating on smart materials, International
Conference on PROCESSING & MANUFACTURING OF ADVANCED MATERIALS
Processing, Fabrication, Properties, Applications, Quebec, CANADA (2011.8.1-5).

[5] Minoru Goto, Julien Fontaine, Sandrine Bec, Kosuke Ito, Takanori Takeno, Maxime
Ruet, Hiroyuki Miki, Michel Belin, T. Le Mogne: The role of tribofilm growth on the
frictional behavior of copper-diamond-like carbon nanocomposite coating, 38t
LEEDS-LYON SYMPOSIUM ON TRIBOLOGY, Lyon, FRANCE (2011.9.6-9) 118.

[6] Takanori Takeno, Takeshi Ohno, Hiroyuki Miki, Toshiyuki Takagi: Evaluation of
metal-containing diamond-like carbon coatings as a vibrating sensor, I15th
International Symposium on Applied Electromagnetics and Mechanics, Napoli,
ITALY (2011.9.7-9).

[7] Minoru Goto, Natacha Ruty, Vincent de Chillaz, Julien Fontaine, Takanori Takeno,
Hiroyuki Miki, Michel Belin: Silver-Diamond-Like Carbon Nanocomposite
Coatings: Tribological Behavior and Electrical Capabilities, International Tribology
Conference Hiroshima 2011, (2011.10.30-11.3).

*[8] Julien Fontaine, Michel Belin, Sandrine Bec, Thierry Le Mogne, Toshiyuki Takagi,
Takanori Takeno, Koshi Adachi, Hiroyuki Miki: Tribological Behavior and
Electrical Contact Resistance of Metal-containing DLC Coating for
Electrically-Conductive Tribo-elements, Proceedings of the Eleventh International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2011), pp. 128-129.

[9] Minoru Goto, Julien Fontaine, Sandrine Bec, Michel Belin, Thierry Le Mogne,
Kosuke Ito, Takanori Takeno, Hiroyuki Miki: Tribological Properties of Me-DLC
Containing Ag and Cu, 8t International Conference on Flow Dynamics, Sendai,
(2011.11.11), pp. 644-645.

3) Patent, award, press release etc.
Not applicable.
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Classification General collaborative research
Subject area Fundamentals

Research period | April 2011 ~ March 2012

Entropy Flow in Magnetically Ordered Heusler Alloys under Influence of
Temperature or Magnetic Field

Vladimir Khovaylo*¥, Hiroyuki Miki**{+, Toshiyuki Takagi**,
Ekaterina Avilova*, Makoto Ohtsuka***, Vasiliy Buchelnikov ****
*National University of Science and Technology “MISiS”
**Institute of Fluid Science, Tohoku University
***Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
*#**Faculty of Physics, Chelyabinsk State University
tApplicant, $IFS responsible member

1. Purpose of the project

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

2. Details of program implement

Critical analysis available in the literature experimental results on magnetocaloric
effect in ferromagnetic shape memory alloys Ni-Mn—-X (X = Ga, In, Sn, Sb) was
performed. Based on a model developed by Pecharsky et al. [Phys. Rev. B 64 (2001)
144406], it was shown that the isothermal magnetic field-induced entropy change in the
Ni-Mn—X alloys should not greatly exceed 30 J/kg K (Fig. 1). This implies that Maxwell
relation frequently used for the estimation of magnetocaloric effect is not sufficient to
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Fig. 1. Reported values of isothermal magnetic
entropy change ASn (for a magnetic field change
w(AH = 5 T) in materials undergoing first order
magnetic phase transitions: 1 — Gds(Si2Ges), 2 — Gd, 3
- NisoMns7Snis (at.%), 4 - NizMno.75Cuo25Ga, 5 —
MnFePo.45A50.55, 6 — Niss.aMnzoGaszae (at.%), 7— MnAs,
8 — La(FeossSioi2)13H15, 9 — Ni2ieMnoisGa.
Horisontal line marks maximal value of the total
entropy change at first order magnetic phase
transitions in ferromagnetic shape memory alloys

Ni-Mn-X (X = Ga, In, Sn, Sb).

evaluate magnetocaloric
properties of Ni-Mn-X and
that the main tool for
studying magnetocaloric

effect should be a method
based on the direct
measurement of adiabatic
temperature change.
Considering thermodynamics
of temperature- and magnetic
field-induced martensitic
transformations, it  was
demonstrated that a
contribution of the structural
subsystem to the
magnetocaloric effect in the
Ni—-Mn-X alloys studied so
far is irreversible in magnetic
fields below 5 T. In order to
make the magnetocaloric
effect reversible, alloys
having sharp martensitic
transformation with a
narrow temperature
hysteresis.



Performed direct measurements of magnetocaloric effect in magnetic field up to 1.85 T
in a series of Niz+xMn1-xGa Heusler alloys undergoing first-order magnestructural phase
transition and the estimation of magnetic exchange interactions in low-temperature
martensitic and high-temperature austenitic phase of these alloys allowed us to obtain
a solid experimental evidence that the adiabatic temperature change is generally
smaller than expected because magnetic field has a weak influence on the magnetic
order parameter in the vicinity of the magnetostructural transition temperature.
Manuscript devoted to this study is under preparation.

3. Achievements

The main achievements are as follow

- Critical analysis of the available experimental results on isothermal magnetic entropy
change in ferromagnetic shape memory alloys Ni-Mn-X (X = Ga, In, Sn, Sb) is given.

- Based on available in literature experimental data on total entropy change at
martensitic transformation it is shown that the isothermal magnetic entropy change in
Ni-Mn-X (X = Ga, In, Sn, Sb) should not greatly exceed 30 J/kgK.

- Considering thermodynamics of temperature- and magnetic field-induced martensitic
transformations it is demonstrated that a contribution of the structural subsystem to
the magnetic field-induced total entropy change in Ni-Mn-X (X = Ga, In, Sn, Sb) is
irreversible in magnetic fields below 5 T.

4. Summaries and future plans

In summary, it was shown that there is a fundamental limit for magnetic field induced
entropy change in magnetically ordered Heusler alloys NiMnX (X = Ga, In, Sn). It is
determined by the total entropy change at the phase transition. Solid experimental
evidence that temperature of the magnetostructural transition, 7hs, is located
(considering Ni-Mn-Ga alloys as an example) in such a way that 7cA < Tus < 7tM, where
TcA and 7eM are Curie temperature of austenitic and martensitic phase respectively.
Future plan is to study entropy change under adiabatic conditions in novel
ferromagnetic shape memory alloys Ni-Mn(Cu)-Ga and Ni(Co)-Mn-Al and the
development of a model that allows one to predict reversible and irreversible features of
the adiabatic temperature change in a variety of materials undergoing first-order
magnetostructural phase transitions

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

*[1] V. V. Khovaylo “Inconvenient magnetocaloric effect in ferromagnetic shape memory
alloys” JJ. Alloys Comp. (2012) doi: 10.1016/j.jallcom.2012.03.035.

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

[2] V.V. Khovaylo, K.P. Skokov, Yu.S. Koshkid’ko, V.D. Buchelnikov, K.I. Kostromitin,
V.V. Sokolovskiy, M.A. Zagrebin, I. Dubenko, H. Miki: Adiabatic temperature
change in ferromagnetic shape memory alloys, Book of Abstracts of Moscow
International Symposium on Magnetism (MISM-2011), (2011.8.21-25), Moscow, p.
293. (invited talk)

*[3] V.V. Khovaylo, E. Avilova, H. Miki, T. Takagi, M. Ohtsuka, V.D. Buchelnikov, K. P.
Skokov, O. Gutfleisch: Entropy Flow in Magnetically Ordered Heusler Alloys under
Influence of Temperature or Magnetic Field, Proceedings of the FEleventh
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2011), pp. 152-153.

3) Patent, award, press release etc.
Not applicable.
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Hydrodynamic Effects, Proceedings of the Eleventh International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.
48-49.
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Real-Time Numerical Simulation of Reactive Non-Equilibrium Plasma Jet
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*[1] T. Takana, Y. Tanaka and H. Nishiyama: Computational simulation of reactive species
production by methane-air DBD at high pressure and high temperature, Europhysics
Letters, Vol. 97, (2012), 25001 (4 pages).

2) EF=E - ERNESR - RS - QBERRE
[2] T. Takana, Y. Tanaka and H. Nishiyama: Physicochemical Characteristics of
Methane-Air Dielectric Barrier Discharge at High Pressure, Proceedings of the 20th Int.
Symp. on Plasma Chemistry, Philadelphia, USA, (2011), (4 pages).

*[3] T. Takana, Y. Tanaka and H. Nishiyama‘: Radical Generation During Streamer
Propagation in Methane/Air DBD Under High Pressure and High Temperature
Conditions, Proceedings of the Eleventh Int. Symp. on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2011), pp.74-75.

[4] EAFE, HPER, ELFHER &R - 8E T8 52EK - A X RAEKHDA R —~
e, HARMITT SRR 2011, (2011), pp.328-329.

[5] MARBE: @R - B FICBIT 2285 - A X ARBRKHFOA M) —<ilfEifR L 7 oA
R, 5 10 BISAMREE TS A~ Ly b u = s ZANREHEEIES, (2011),
pp.8-11.
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Numerical Studies of the Reacting Rarefied Flows in Tubes

Mikhail Ivanov*¥, Kaoru Maruta**ft, Yevgeniy Bondar*, Georgy Shoev*
*Khristianovich Institute of Theoretical and Applied Mechanics
**Institute of Fluid Science, Tohoku University
TApplicant, $1IFS responsible member

1. Purpose of the project

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

2. Details of program implement

The study of the shock wave entry into a microchannel was continued. The viscous and
rarefaction effects were investigated by comparing the results obtained at different
Knudsen numbers. It was demonstrated that increasing the Knudsen number leads to
vanishing of the amplification stage. At high Knudsen numbers the shock starts to
attenuate just after entry in the microchannel due to the losses on the side walls.
Propagation of a detonation wave over an H2/02 mixture in a 1-mm channel was
simulated in a two-dimensional formulation by the DSMC method. Conditions of
specular reflection were imposed on the both closed ends of the channel (left and right
boundaries of the computational domain). The detonation wave was initiated by the
breakdown of a diaphragm (discontinuity decay) at the point X=0 between the channels
of high (-0.001 m < X<0) and low (0<X<0.0225 m) pressure. At the initial time, both
channels were filled with the H2/02 = 2/1 mixture under the following conditions:
P=100 kPa and T=300 K in the low-pressure channel; P=3335 kPa and 7= 2000 K in the
high-pressure channel. Two types of boundary conditions for interaction of molecules
with the channel side walls were used: diffuse reflection with full accommodation of
translational, rotational, and vibrational energy (.e., with allowance for viscous and
heat losses on the walls) for the wall temperature Tw=300 K and specular reflection
(without viscous and heat losses).

After the diaphragm breakdown, a shock wave starts propagating in the low-pressure
channel; this shock wave compresses and ignites the gas. In about 1 ps after the
breakdown, an unsupported detonation wave is formed. Propagation of the detonation
wave along the 1-mm channel in the 2D case with diffuse boundary conditions is
illustrated by the pressure flowfields at different time instants shown the left part of
Fig. 1. The detonation wave becomes weaker during its propagation due to heat and
viscous losses on the channel walls. It is also seen that the detonation-wave front
becomes curved near the channel walls. Note that the computation predicts no unsteady
structures behind the wave front.
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The wave-front position as a function of time for the one-dimensional and
two-dimensional cases with different boundary conditions is shown in the right part of
Fig. 1. The detonation wave propagates exactly with the Chapman-Jouguet velocity
(2841 m/s) both in the one-dimensional case and two-dimensional case with specular
walls. For the two-dimensional case with diffuse boundary conditions, the wave
propagation velocity is noticeably lower due to viscous and heat losses on the walls.

Figure 1. Pressure flowfields for different time instants (left). Time dependence of the
detonation-wave-front position (right). Theory — wave with the CJ velocity (2841 m/s).
DSMC 1D - 1D DSMC computations, DSMC 2D Specular — 2D DSMC computations
with specular reflection conditions, DSMC 2D Diffuse — 2D DSMC computations with
diffuse reflection conditions.

3. Achievements
The expected results were achieved completely.

4. Summaries and future plans

The propagation of the detonation wave in the narrow channel was simulated by the
DSMC method and the effect of the viscous and heat losses on the walls was
investigated. For the problem of the shock-wave entry into the microchannel it was
demonstrated that the viscous and rarefaction effects lead to qualitative differences
in the process of entry and propagation. At the next stage of the project numerical
study of the shock wave amplification in a microchannel via entrance geometry
variations is planned as well as comparison of computational results with the
quasi-one-dimensional model of Salas.

5. Research results (x reprint included)

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

*[1] Ye.A. Bondar, K. Maruta and M.S. Ivanov: Numerical Study of Gas Detonation by
Direct Simulation Monte Carlo Method, Proceedings of 15th International
Conference on Methods of Aerophysical Research, Novosibirsk, Russia (2010),
CD-ROM, Paper No. 161 (This paper was actually published in March 2012).

[2] G.V. Shoev, Ye.A. Bondar, D.V. Khotyanovsky, A.N. Kudryavtsev, K. Maruta, M.S.
Ivanov: Numerical study of shock wave entry and propagation in a microchannel,
Teplofiz. Aeromekh. 2012, Vol.19, No.1, pp.19-34 (In Russian).

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

international conference without peer review)

*[3] Ye. Bondar, G. Shoev, K. Maruta, and M. Ivanov: Numerical Studies of the Reacting
Rarefied Flows in Tubes, Proceedings of the Eleventh International Symposium of
the Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai,
(2011), pp. 84-85.

3) Patent, award, press release etc. Not applicable.
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Optimization of Droplet Formation of Continuous Ink Jet
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*[1] M.NAKANO, T.NAKANISHI and HTUNOKAKE: Optimization of Ink Viscosity of a Continuous

Inkjet by Experiment and Numerical Simulation, Proceedings of the Eleventh International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.130-131.

[2] TNAKANISHI, M.NAKANO and H.TUNOKAKE: Droplet Formation of a Continuous Inkjet with

Different Viscosities: A Comparison of Experiment and Numerical Simulation, Proceedings of the Eighth
International Conference on Flow Dynamics, Sendai, (2011), pp.236-237.
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Subject area Aerospace
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Experimental Analysis of Droplet Impact Process onto Rough Substrates with
Solidification (Chemical Reaction)

D. Sivakumar*t, H. Takana**, H. Nishiyama**{+
*Department of Aerospace Engineering, Indian Institute of Science,
**Institute of Fluid Science, Tohoku University
TApplicant, $¥IFS responsible member

1. Purpose of the project
The project investigates the splats formed from the impact of molten tin
drops on the stainless steel surfaces comprising micro grooves. The role of surface
temperature on the splat solidification needs to be examined.

2. Details of program implement
The experimental setup was modified to examine the role of surface temperature on
liquid drop impact process. In the start, the role of surface temperature of grooved
surfaces on the impact dynamics of water drops was examined. A high-speed video
imaging system was used to capture the dynamics of drop impact on three heated
grooved surfaces (GR1, GR2 and GRS3). The Weber number of impacting water drop
was kept in the range of 6-10 and the target surface temperature was varied in the
range 30-224 °C. Figure 3 shows high-speed image sequences of the impact of water
drops on the smooth and grooved surfaces with surface temperature, 7su» ~ 130 °C.
The parameter ¢is the time lapse from the start of impact process. Owing to higher
Teub, as seen in Fig. 1, the t=1ms 10 ms 20 ms 40 ms 80ms 160 ms
impacting liquid drop boils for ()
all the impact cases. However,
the surface topography of the
grooved surfaces significantly
influences the impact dynamics.
On the grooved surface GE1, as
seen in Fig. 1(b), the impacting
drop liquid boils much earlier (g
than that on the smooth
surface.
Figure 2 shows the temporal
variation of D, (drop contact @
diameter in the direction
perpendicular to the grooves)
and D)| (drop contact diameter —_—

in the direction parallel to the . . . 3 mm
grooves) obtained for the Figure 1 : Image sequences showing the impact

impact of water drops on the of water drops on the grooved surfaces with 7sus
grooved surface GR3 with ~ 130 °C, D, = 2.6 mm, and U, = 0.47 m/s. (a)
different 7w In the regime of Smooth surface, (b) GR], (C) GRZ and (d) GRS3.

kinematic drop spreading, re.,

< 1, the impacting drop on the grooved surface does not show any influence of Zsus
as seen in Fig. 2. Nevertheless, as seen in Fig. 2(a), the substrate temperature

(b)
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1)

2)

influences the drop receding process in L. At lower Zsus, the drop liquid spreading in
1 reaches the maximum spreading diameter and pins with the posts of the grooved
surface. The impacting drop on the grooved surface with 7w = 175 °C does not
exhibit any contact line pinning and freely recedes on the surface as seen in Fig. 2(a).

2.0 . . - - 2.5
; TSUb=30 CofsceieyIrnse 7 &DDDDDDDDDDD%D%]D
AAAOOOO Sl
2.0
1.5
1.5+
o’ 1.0
a 1,044
i
0.5-
0.5 # Grooved surface - GR3
Grooved surface - GR3 Vge ~ 10-0-010.4 .
~7.3- o T =30°C o 88°C 2 128°
0.0 . . WeI 7.3-8.1 . 0.0 . . ; :
0 1 2 3 4 0 1 2 3 4 5
(a) T (b) T

Figure 2 : Effect of 7tus on the temporal variation of D, and Dy for the impact of
water drops on the grooved surface GRS3.

An increase in 7su» may be relaxing the pinning of drop contact line at the pillar
posts of the grooved surface, thereby allowing the impacting drop liquid to recede on
the grooved surface. From the available measurements, it is observed from Fig. 2(b)
that the variation of D) is not influenced by Zsus.

Achievements

Experimental data on drop impact dynamics were collected for impacting liquid
(water) drops with varying speed on target surfaces (smooth and grooved surfaces)
kept at surface temperature in the range 30-224 °C. The approach can be adopted to
carry out the works on the impact of molten tin drop at varying surface temperatures.

Summaries and future plans

It is observed from the experimental data that the impacting drop on the grooved
surface undergoes liquid boiling much earlier compared to that on a smooth surface.
Data suggests that the dynamic Leidenfrost phenomenon observed at higher target
surface temperature is also influenced by the groove texture. The impact of molten
tin drops with varying 7sus will be carried out soon in the laboratory.

Research results (¢ 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] D. Sivakumar, K. Katagiri, T. Nakajima, H. Takana, and H. Nishiyama: Impact of

3)

liquid drops on heated grooved surfaces, Proceedings of the Eleventh International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai , (2011), pp. 132-133.

Patent, award, press release etc.

Not applicable.
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Development of a Force Balance and its Application to a Silent Supersonic
Biplane Model in the Low Speed Wind Tunnel
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*[1] Hiromitsu Kawazoe, Hiroshi Suemura, Gouji Yamada, Takashi Matsuno, Sigeru Obayashi: Development
of Force Balance for Its Application to a Silent Supersonic Biplane Model in the Low Speed Wind Tunnel,
Proceedings of the Eleventh International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2011), pp. 56-57.
[2] ARAIHEE, VAT, (LHERG, B KW, JIRREDE, AV - 88 - Z2fli7eHE 3 73K
FROBAZE, FAME -2 T EVUE A 50 W2 SR ERR3C CD-ROM, (2012), No. 1118, pp. 1-2.
3) i (FEF, RE, YRAIAIHERF) L
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Effect of Electron Behavior front of Shock Wave on Thermal and Chemical Reaction Process
after the Shock Wave

JUHR FRIExF, KBRSt
HITE WG, BB
*ISIBORE, AR ER AR A SE AT
THRE, TIATNXTIGEER

1. BIREH
FHIBES KRR ZEA T 2 BRI ITATT I Z5RY EERR 233828 U ORI ik LW 2
2T 5. & ZTHENMTEOMESGTOBLN DI, BRI OB 2R L T
22 TIENA ERE S TS D B0 5. ZAVE TONFEIC X 0 BRI IS D8 F D%
AR DMEEE RS 2 OB BRI SR 2 MUT T Z LV RIE STV D, LN LR b Z o84
(ZOWTIATBIZERN A2 <, ERRRA IR E LTIRON TV, £ 2 TARE
O HENIE AT TAERR SN D B DME R R OBMEEE I T TR AT~ D
ETHD.

2. HIREREOAR

ALFPE I TS AT TER SR 2 A5 9~ 2 A B A B A D BHPRS & Rtk e 2 L 7=, XN 1
(2B U 7o WA T i it i OB X 2o~ ANEPERIAE X E B R b U BRENR O i i
ThHY, BERTKE, EiEe, REE, B2 7 hbIER STV 5. mErSEITEE
R BIHR SN EZN TSNS, IFKHENOZBFRNH 2 Lick b, FEEREN
JEMEE PNICRRIE SV BB E R FOFEIEHT 5. MEERICE VB IA-ARHE X
R ATEMEENAEEITL, EMEPICHRESNIEAY AR ENT 5. EiE & e 138k
FARLOBEC L > THEISNTEDY, HEE A M AL AFHEC L VT 5. BR8]
AP X 25 BEBIMEOIR F 28T 272012, MR ZRE I TR O GRT TR
0, B OBRIIIE TN > CERICHESS 2. BB CH 2 IREE I IBRAARA T S N,
WEREOMERZ I 0 B AR T 5. AT X 44X 44mm QRN CTH Y, AW
MHEDENETEDTI2DICT VI = AEER L o> TH D, RIEEO PRI IZATEEN
FRIE SIT-BUE2 DV, FRIE2 D 2300mm RIS E STV D, 2 ONE L P
B ORI EERRD 40 fFREETHDH Z L 2EZE L TREL TV D, FEIEOIRTE /) %
5 72 OIZJEREE FINCIZEEREEN IR 1T 6T A, F8IIEIZ I =20
TGy T4 NEAA— RERE LT, BREEH%ORIEEFIIT S 2 Lok v g
WA IS5,

X 2 1 Zhk 4 7252 S ORaIEZ VN CRER U 7- R s O FHANE & SEFR OIS AR TEREE &
Tl U7 2 m g, 2 d 0 B U 7R i | T 0O FRZE ATRA TER BRIt L7z
EEEE 2 o0 /ED B D MREA A L CVD Z LS T 5.

— 113 —



X1 i R A ORI

4 2 R AP ERE R R

3. HIRBEZEDERIKR
AL IR & U CIFZE AT TERBE 2455~ 2 72 WO At 5l T B N A D BR % % St
L7z, ZO7 b HFEEICRE L TR~ oY = U Z—iE % AW CERIE Rt O EBERRED
FHANI SR LI T2 TETH 5.

4. FLHESHBDEE
AL IR AFA TERBE A A5 9~ 5 7 6O Ot i B 4 4 BH%E U CHERERRBR 2 3206 L 7=
B U 7o A | SHEEFE ) D DO FZE AT T & L TIRER R A— 2 % MLORS TERBE
EHOICHBTEAMEREA L TWVD 2 EPMER CTX 7. A% U=l s 2 v C
BRI RIS T 2 BEERAE ORI A T 5.

5 HWAEEER IEAEIRIHY)
1) ZFiR EHROTERSE RRFEEL) L
2) EFE=E - ERNZES - RS - OERRFE
*[1] Gouji Yamada, Shota Ago, Singo Otsuta, Takashi Matsuno, Hiromitsu Kawazoe, Sigeru
Obayashi: Effect of Electron Behavior in front of Shock Wave on Thermo-Chemical
Process Behind the Shock Wave, Proceedings of the Eleventh International Symposium
on Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2011),
pp. 54-55.
(2] BHSEER, ILERNG, JIEEYE, R SR RK[EARITHINN L4 B L LRt
SRIEERE OB, 5 42 [R5 E B ACERT e RS, (2012), S1308-pp.1-2.
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Development of High Reliability Numerical Simulation Code for Next Generation Low Noise

Rotor Design

M Fdet, 25 Adeeepy, 25 AR
STACREFABIERIZERT, Il T2
THEEH, TSRS

5 EASL)
BENTAREEE R A RO 277 u—Z ORGHIIIAR % IR 2Rl d~ 5 72 &
BFFAEDBEHDMME T D % . AWFFED B BYTER % 2R OBIEE 17— & OVERE 2 %h=R I < G
T DI eI T LT Y X LAEBRTHZETHD.

HRBERDONE
AT LT AT AN F L 21872 5.
(1) Generation of X-ray (Fig. 1(a))
(2) Search of pierce points
(3) Generation of virtual surface (Fig. 1(b))
(4) Search of virtual pierce points (Fig. 1(c))
(5) Search of hole points (Fig. 1(d))
Z OFET virtual surface & virtual pierce point (2B L 7= %0 B MIBEFD object
Xrays  FHELRICTHSD. Virtual  surface 1L Xrays (IARFET D pierce
point ZF|H L TAERKT D, IR EZ 72 5 D70 Xrays OFETERILT 572D F 0 hole

searching DARETHD. FT-, MXBEIOLAIIRCAR ST virtual
surface LTz s¥T hole searching AT I T8
(4) & B) B EZ MR K3 Z & CRHARMDNEME S D, AFZETIE, B hole

point ZH5I19% Z & T hole searching #E % [H] FL7-.

b) Virtual surf:
(a) X-ray (b) surface

(¢) Virtual pierce points (d) Hole points
Fig. 1 Procedure of novel hole searching algorithm.
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2 W BZAMK o A5, A7 v VU X A FBEHF O object
X-rays FELY 36. S8UCE SN BEREMERE A 1S D = LT T2 (Fig. 2).
Tz, ~Varro—2RICEA LR, Figo 3 OX91 v—2K7HNEO  hole
points 2L ODFEEREVIRL THHFFCX DO MRTE D, ZHUZL-T hole
searching 7 /L2 U X ADOBERIEE DR T 7-.

(b) Hole points
comparison between

(a) Results of hole search .
initial steps and last

Fig. 2 Hole searching time comparison steps
between the present algorithm and Fig. 3 Hole searching on the 4 bladed rotor system.
object X-ray method.

4. FLHESHDFE
Bz I8 a — 2 IR 2R LD Z LN TEX HDEAK T TIEORBEIT- 1.
A, B LT T XAEHAWTAAY a7 % OFitER X OVUN— Y > IR T O %
IO TETHD.

5 HAEREER IIAERHY)
1) 2t EROTEEFERE BRFZE0)
L
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*[1] S. Lee, S. Chae, S. Jeong, K. Yee: Development of Efficient Hole Searching Algorithm of
Overset Grid System for Helicopter Rotor Analysis and Design Framework, Proceedings
of the Eleventh International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2011), pp. 46-47.
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Mechanism of Plasma Thermo—Fluid Dynamics in Water
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THDHN, (1) 20T, KHFA N —~OBZIIEEI LT D 78 BRI LT
5. (2) (3) IZ2o0WTIE, BIERERAITT THY, L VFEMRIRE T 20ENH DR
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FLHESHDEE
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*[1] H. Fujita, S. Kanazawa and T. Sato: Streamer Propagation Mechanism in Water,

3)

Proceedings of the Eleventh International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2011), pp.60-61.
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Transport Phenomena at Nano-Structured Interfaces
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1. HAEE/

BRI IZR T AlnkBis:, L b, B —3fimzmEd 248551k, MEMS,

NEMS, k7 703N SIVTZIRIR, AERNOREER L, F /) A7 — /L OWRIE— ERR D R~
B2 PR LRk 2 -0 O BEELRRETH D, 1EkD~ 7 a BGRB8 TE, i
21T 2B A BRI 5 720 OES & LT, RSB DIREY v 7 LR &
Dt E LTHEZLNABEHNA VSN TE 72, BER—BEERAmcsSW IR mil s %
TN & LTI K< BIgR &S, 7, JHFE CIRER — IR R mI s 38 € b B
PUOE» 72t OXR E 720, ZOEEMNLLSFTERSIN-255. ZOHAIE, EIIR—[H
RS &R Y, BEUR—RIEE T G DOBEE A T = A MII ATy FEELDH T &N
FTL725 EEZZBIVTNAD, FOSTENIF L ILD A T =R NIRRT 2L R EMT
PIVTWARN. ABFFRIZIBWTIE, T/ 27—V OREE % & OEARRER R — KRR O E T %
X —WGE A fRNT S D728, (1)) A— bR r— L OREE DR, Q)0 A7r—=
FEAS T A — VO 2 HOFE, O b Z OREICT 7'r—F %Rl 7. (1) T,
F 7 INTAC & Bt S & 2 ORIFR FUH TR O = L X — s i - M B A D
720z, VM FEN)F I 2 Lb— 3 (NEMD) #HWC, FErffo=r1¥—(x
TBEE P~ £, T/ NTHEICREEEZI T 7258 2 E LT, BRET &Ry
TR ENEIRE DL LT E ORI HOWT bill<72. Q) TlL, L& T DfEHA
FEABIZ BT DR RMEIEL IR 2 O TV h AT L TSN 2 RIS TR - SEEh Rl
KA ET 5 NEMD 2% L, FERFEICET DAY v 7R EEMH IO 2 3425 &
T, T BHESCEIRZR I OE HBEMEHU KT 5B A i LT,

2. HAEREORNE

WF /SR A RIS T, BERRS X OWEEM ORBRR 7121L, ZEhuks 1, 8RR
T OEEAHT 5 12-6 Lennard-Jones K. 1 ZE L, PATICHLE S A7z [EAE Tl iAmEE %
FRA TR T VA W, i)/ AEGERNE L & TR 5 =X — RSO
BRO—fl&X 11 xd. ZoKEY, R/ HEERE L ICEk->C, REifEo= Ly
—HEEN LT DGR H Y, F OlnEEO IR m T/ GO 7Rk —
S EDOZLIZEITER L TWD EEZBND Z ERGMD.

QfEbts i FCC1)if (Wall A), (100)if1 (Wall B) K& ON110)if7s 4 FEOESE 7 /L
1 AR HE LT RIC3WT 2 DOEIREER 2 Z 1V E U ST HEE S, Z OO fitm
Ze a3 A BV OSEE 2 500 L7z, (110)EIZ OV TIREMRFED R 72 5 2 HRNGFET D
CPEAETEMA : Wall C, FHEM : Wall D). [X] 2 [ ZFEAEER & i c B iz R Lz b
DTH 5N, FCC THRHHWER THSH Wall D ICBWTH—EDAY vy IFRREAEL, 0

— 119 —



(x10%)
3F . .
o~ ot AT ] oo molecular motion
E 25¢ 1 —=— molecular interaction
= 2'_ 11— Liquid—-Liquid
x Wall-Liquid
= 15§ 1 —v—  Nano-Liquid
5 1L ] —+—  Nano—Nano
o —»—  Wall-Nano
S 05% 1
N A .
0O 05 1 15 2 2573
L nm

1: i/ GG L & Fimifso = 2oL X —(afEEE OBFR

RKEZNIDFOEHENRRKREWITIEREL D
DA Zhu, (LLO)EICIEET DG
¥ A — )V DT E o T2 iRy - D3
WZH & SN DHERN, SHEOHRK LR
KRBHBZLEIZEDbLDEEZBNS.

3. HAREZDERKR
[T R N BRI
BIZSNT, FALREE - KR D T 7
NWEN OB BT RN 2 DD R r— L ; ]
AT A 33D, FNENO A — BT 5 K -5 0 ? 10

|
K- & HEEZ B SN LT, ABFZED B4 2 Solid  Liquid Solid
LoD %. Position z/ 0 ¢y,
4. FEHESKRORE 2: [EPRFS 2 & AT LT > DRI

ABILEAR IS & BT SR A SIS D ER R m kL
ZRALEALINCT B T, R — L DZE L
WD LA T = X BDIERI OV TEIR A TRD T,

5 HBIRBE HIARHY)
1) Ziies EHROTERRE MRFEZE0)

[1] M. Shibahara and T. Ohara, Effects of the Nanostructural Geometry at a Liquid-Solid Interface on the
Interfacial Thermal Resistance and the Liquid Molecular Non-Equilibrium Behaviors, Journal of
Thermal Science & Technology, Vol. 6, No. 2, (2011), pp.247-255.

[2] S. Murakami, M. Shibahara and T. Ohara, Molecular Dynamics Study on the Influences of
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Conference, (2012), USB-Memory.
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Investigation of Supersonic Hybrid-Stabilized Argon-Water Arc for Biomass
Gasification
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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
(slm) of argon have been focused on the influence of reabsorption of radiation in colder
arc regions (arc fringes) on arc performance. Results omitting reabsorption in arc
fringes (net emission coefficients — Method1) and taking it into account (partial
characteristics - Method2) have been compared.

3. Achievements

Figure 1. Left: Radial profiles of temperature, divergence of radiation flux and radiation
flux for 600 A and argon mass flow rate of 40 slm inside the discharge chamber at the
axial position of 4 cm; partial characteristics (Method2). Right: Reabsorption of
radiation for different currents and argon mass flow rates.

The main results of the project can be summarized as follows:

(a) Method2 gives lower temperatures at the arc axis near the outlet nozzle, but in
most cases higher outlet velocities and the Mach numbers, compared to Method1.

(b) The results for fluid, thermal and electrical characteristics exhibit the relative
difference below 15% for the two radiation methods.

— 121 —



(c) Radiation losses obtained by Method1 is, compared to Method2, higher in major
part of the discharge volume for 500 and 600 A, for other currents it is lower in the axial
region and higher in arc fringes.

(d) Reabsorption of radiation in arc fringes (Method2) ranges between 31-45 %; it
decreases with current and slightly decreases with argon mass flow rate.

(e) Method1 provides somewhat better agreement with experiments for the average
relative difference of temperature (i.e. the arithmetic mean of the difference over the
radius) 2 mm downstream from the nozzle exit - maximum relative difference between
the calculated and experimental temperature profiles is below 5 % for Methodl and
below 10 % for Method2. The partial characteristics (Method2) give on the other hand
somewhat better agreement for the velocity profiles.

4. Summaries and future plans
The results of the project demostrated impact of reabsorption of radiation in colder arc
regions on the hybrid-stabilized arc parameters.

Future plans include:
(a) Mixing of plasma species (hydrogen, argon, oxygen) within the discharge region of
the hybrid arc by the combined diffusion coefficients method.
(b) Clarification of small differences between turbulent and laminar flow regimes.

5. Research results (x reprint included)

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

[1] J. Jenista, H. Takana, H. Nishiyama, M. Bartlov4, V. Aubrecht, P. Kienek,
M. Hrabovsky, T. Kavka, V. Sember and A. Maslani: Numerical Investigation of
Hybrid-Stabilized Argon-Water Electric Arc Used for Biomass Gasification, in:
Progress in Biomass and Bioenergy Production, July 2011, Editor: Syed Shahid
Shaukat, INTECH, ISBN 978-953-307-491-7, pp. 63-88.

[2] J. Jeni$ta, H. Takana, H. Nishiyama, P. Kienek, M. Bartlovd and V. Aubrecht:
Computer Modeling of Radiative Transfer in Hybrid-Stabilized Argon-Water
Electric Arc, IEEE Transactions on Plasma Science, Special Issue - Images in
Plasma Science 2011, Vol. 39, No. 11 (Part 1), November 2011), pp. 2892-2893.

*[3] J. Jenista, H. Takana, H. Nishiyama, M. Bartlova, V. Aubrecht, P. Kienek,
M. Hrabovsky, T. Kavka, V. Sember and A. Maslani: Integrated parametric study
of hybrid-stabilized argon-water arc under subsonic and supersonic plasma flow
regimes, J. Phys. D: Appl. Phys., Vol. 44, No. 43, (November 2, 2011), 435204
(20 pages).

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

international conference without peer review)

*[4] J. Jenista, H. Takana, H. Nishiyama and M. Hrabovsky: Investigation of
Supersonic Hybrid-Stabilized Argon-Water Arc for Biomass Gasification: The Role
of Radiation Transfer Method Used in Computer Simulation, Proceedings of the
Eleventh International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, Japan, (2011), pp. 76-77.

3) Patent, award, press release etc.

Not applicable.
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Mechanism of Blast-Induced Traumatic Brain Injury
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Simulation Analysis on the Change of B-H Curve Pattern for Sensitized Alloy 600
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1) Fiifis EROTEERE MBHRFEaT)

*[1] Katsuhiko Yamaguchi, Kenji Suzuki, Tsugiko Takase, Osamu Nittono, Tetsuya Uchimoto,
Toshiyuki Takagi: Hysteresis properties for local magnetic sites distribution on grain
boundary, Physica B: Condensed Matter, Volume 407, Issues 9, (2012), pp.1420-1423.

2) ERF=E - ERNFER - RS - QBERRE
[2] K. Suzuki, K. Yamaguchi, T. Takase, O. Nittono, T. Uchimoto, and T. Takagi:
Temperature dependence of magnetic properties for sensitized Alloy 600, Proceedings of
18th International Conference on the Computation of Electromagnetic Fields, Sydney,
Australia, (2011), PD7.1(ID649), p.81.
[3] gaAfdEs], (LRFLE, EEOEF, AFEHE: JRRTHIREMERL - HCR 7 7 A # — OREKUFHE
VR ab—yay, 35 B H AR FEFINEEBEEAE, (2011), 30aC-6, p.350.

*[4] K. Yamaguchi, K. Suzuki, T. Uchimoto and T. Takagi: Simulation Analysis on the Change
of B-H Curve Pattern for Sensitized Alloy 600, Proceedings of the Eleventh International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2011), pp.154-155.
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Molecular Study of Thermodynamic/Transport Properties of Liquid Hydrogen
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*[1] H. Nagashima, T. Tokumasu, S. Tsuda, N. Tsuboi, M. Koshi and A. K. Hayashi: An
Estimation of Thermodynamic and Transport Properties of Cryogenic Hydrogen using Classical
Molecular Simulation, ASME-JSME-KSME Joint Fluid Engineering 2011, AJK2011-36005.
(11 pages)

2) ERF=E - ERNFER - RS - QBERRE
*[2] Shin-ichi Tsuda, Masato Tomi, Nobuyuki Tsuboi, Hiroki Nagashima, Takashi Tokumasu
and Mitsuo Koshi: A Classical Molecular Dynamics Study on Thermodynamic Properties
of Cryogenic Hydrogen/Oxygen System, Proceedings of the Eleventh International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2011), pp. 136-137
[3] 7k Evitsf, fMESE, EEEM—, FEHh=s, #oRS, Mot— B s s AVCARIR
IKFE OBV, 5 48 1Bl H A{LEA AR YT A, (2011), pp. 503-504.
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April 2011 ~ March 2012

1.

Nano-Scale Modeling of Confined Liquid Films and Bridges

Takashi Tokumasu*7, Philippe Vergne**+j+
Nicolas Fillot**, Marie-Héléne Meurisse **
* Institute of Fluid Science, Tohoku University
** LaMCoS, INSA-Lyon
TApplicant, fnon-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, the flow phenomena of
nanoscale liquid bridges were
investigated by Molecular Dynamics
simulations without surfaces. Water
was used as lubricant. Lees-Edwards
method was introduced to calculate
Coulomb potential. The viscosity
coefficient was estimated from the
shear stress and the cross section
obtained by the density distribution.
The results are shown in Fig. 1. As
shown in this figure, the viscosity T T T
coefficient is constant at larger width Width of liquid bridge, 2x, [A]
but decreases when the width of
liquid bridge was  decreased.
Moreover, the momentum flux was divided into two parts. One is the momentum flux
through boundary region and the other is through bulk region. In this analysis we
found out that the momentum flux in boundary region is from one-fourth to one-third
of that in bulk region.

To go further in analyzing the surface interaction on the behavior of lubricant thin
films by the MD method, we derived a new methodology to quantify as accurately as

6.5x10° T T T
bulk (MD)

6.0x10™*

55x10™*

Viscosity coefficient [Pa-s]

Fig. 1 : Schematic Diagram of Simulation
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possible its effect. The competition between the
effective viscosity of the Ilubricant and the
tangential momentum transfer capability of the
surface leads to two possible states. In the first
one, the maximum shear stress that the wall can
transfer is not sufficient to overcome the internal
cohesion of the lubricant. Hence, the fluid is not
fully sheared and wall slip occurs. On the other
hand low viscosity fluids or surfaces with high
momentum transfer capability lead to a
reduction or to the absence of interfacial slip.
The shear stress, i.e., the stress that a given wall
can transfer to a lubricant molecule must be
characterized: 1t 1s linked to a surface
interaction parameter, which is representative of
the wall-fluid interaction energy and commensurability, and is obtained through a
scanning technique as shown in Fig. 2. This method could be useful in predicting wall
slip in MD simulations and thus to estimate friction at the interface.

Fig. 2 Fe203 [001] surface and
the corresponding Lennard
-Jones potential from the
scanning technique

3. Achievements
In this year we made a model of momentum transport of liquid bridge of water and
analyzed the difference of momentum transport between bulk and boundary region
quantitatively. We developed an original technique that allows an accurate
quantification of the wall/molecules interaction.
We think the goal of this year was achieved.

4. Summaries and future plans
As for the research of liquid bridges, we will perform the simulation using very
simple (L-J) model and compare the simulation results with macroscopic theory of
momentum transport. As for the confined lubricant thin films, our goal is propose a
model to predict wall slip and thus to extend it to different molecular and solid wall
materials.

5. Research results (* reprint included)

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

*[1] H. Berro, N. Fillot, P. Vergne, T. Tokumasu, T. Ohara and G. Kikugawa: Energy
dissipation in non-isothermal molecular dynamics simulations of confined liquids
under shear, J. Chem. Phys., 135(2011), 134708 (10 pages).

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: A Molecular Dynamics Study of
Momentum Transport in a Nanoscale Liquid Bridge, Proceedings of the Eleventh
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2011), pp.138-139.

[3] T. Tokumasu, M.-H. Meurisse, N. Fillot and P. Vergne: A Molecular Dynamics Study of a
Nanoscale Liquid Bridge under Shear, 38th Leeds-Lyon Symposium on Tribology, Lyon, France
(2011)

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

(Press release) Not applicable.

— 130 —



ESeriass J11064
X5 — i ILFEIATSE
FRE S BT T e ~A 7 uhly

W] 2011.4 ~2012.3

KFHy hT—UEICHE TS T0 b VA EOfRH

Investigation of Proton Transport in Liquid Water Network
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*[1] Nobuya Miyoshi, Ikuya Kinefuchi, Takashi Tokumasu, Shu Takagi and Yoichiro
Matsumoto: Proton Transport in Hydrogen Bond Network of Confined Water,
Proceedings of the Eleventh International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2011), pp. 140-141.
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Analysis of Plasma Flow at Gas-Liquid Interface for Biological Interaction

Takehiko Sato*t, Gregor E. Morfill**{+
Tetsuji Shimizu**, Naoya Kishimoto ***
*Institute of Fluid Science, Tohoku University,
**Max-Planck Institute for extraterrestrial physics
***Graduate School of Engineering, Tohoku University
TApplicant, fnon-IFS responsible member

1. Purpose of the project

In order to apply and optimize cold atmospheric plasmas for biological applications, it
is necessary to understand the generation and production mechanisms of relevant
chemically reactive species from the plasma source to the objects. Since the biological
materials are often covered by liquid, we applied the plasma discharge onto water for
observing the transport of reactive species at the gas-liquid interface.

2. Details of program implement

We have reported the transport of reactive species in water using a pin electrode
(see reference [1,2]). In this case, by the discharge there was a gas flow produced and
this flow induced a circulating flow in the plasma-treated water. This water flow was
found to be a main mechanism of the reactive species transport in the water. Since a
large area treatment is often required in biomedical applications, a cold atmospheric
plasma electrode with a much larger surface area was prepared in this program. Figure
1 shows the photos of the used electrode and a plasma discharge. On this electrode a
plasma discharge was produced by applying 5.5 kV with 5 kHz in frequency.

Figure 1 : Plasma electrode in this project and the produced discharge on the electrode.

A glass cell was placed below this plasma discharge. The cell has a volume of 1.6 ml
and the water surface (10 mm X 20 mm) was completely covered by the electrode. For
observing the chemically reactive species transport in liquid phase, a methyl red
solution was poured in the glass cell. Moreover, one of the reactive species, NO2-
concentration in the treated water was measured by a digital water analyzer.

Figure 2 shows a time evolution of the plasma-treated methyl red solution. With 30
s of plasma irradiation (¢is plasma-on time), the color at the upper layer of the solution
was changed to red, becoming acidic. This color change was propagated to lower part of
the cell almost homogeneously. At £= 210 s, the whole solution was most red. This color
propagation profile is different from that using the pin electrode. With the pin electrode,
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Figure 2 : Temporal change of methyl red solution treated by the plasma discharge.

a circulating flow was generated in the liquid and by this flow the reactive species were
transported. The electrode in this study gives the transport in more diffusive way. This
1s due to the discharge mechanism. With the pin electrode, the discharge was produced
between the electrode and water surface, while on the electrode in this study. The
measurement with the digital water analyzer showed that nitrous acid was produced in
the plasma treated water. This is an evidence that the plasma could produce chemically
reactive species in the water.

3. Achievements

By the measurement in Institute of Fluid Science, Tohoku University, we could
observe the transport of chemically reactive species in the water using the flat planar
electrode. This electrode design with larger surface is important for many biomedical
applications. Furthermore, one of the relevant reactive species in the water, nitrous acid
could be measured in the plasma-treated water.

4. Summaries and future plans

In order to optimize the cold atmospheric plasma depending on purpose, the
transport of reactive species was monitored. The used plasma electrode system is simple
and scalable, so that it is possible to apply for many kinds of biomedical applications.
The measurement of nitrous acid in the water showed that the plasma treatment could
generate the reactive species in the liquid.

In the next step, the plasma discharge is modified to have a stronger effect onto
liquid. The discharge will be produced between the electrode and water surface with a
large area. Using this electrode design, more reactive species concentrations are
expected and the charged particles can also play a role in physics as well as chemistry in
the liquid.

5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] T. Shimizu, Y. Iwafuchi, G. E. Morfill and T. Sato: Formation of thermal flow fields
and chemical transport in air and water by atmospheric plasma, New J. Phys.,
Vol.13, No.5, (2011), 053025 (10 pages).
[2] T. Shimizu, Y. Iwafuchi, G. E. Morfill and T. Sato: Transport mechanism of
chemical species in a pin-water atmospheric discharge driven by negative voltage,
J. Photopolym. Sci. Technol., Vol.24, No.4, (2011), pp.421-427.

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

*[3] N. Kishimoto, T. Shimizu, G. E. Morfill and T. Sato: Analysis of Plasma Flow at
Gas-Liquid Interface for Biological Interaction, Proceedings of the FEleventh
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2011), pp.68-69.

3) Patent, award, press release etc.
Not applicable.
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Investigation of Hypersonic Flows about Leading Edges of Small Bluntness

Mikhail Ivanov*{, Shigeru Yonemura**ft, Keisuke Sawada***,
Yousuke Ogino***, Yevgeniy Bondar*, Pavel Vashchenkov*
*Khristianovich Institute of Theoretical and Applied Mechanics
**Institute of Fluid Science, Tohoku University
***Department of Aerospace Engineering, Tohoku University
TApplicant, FIFS responsible member

1. Purpose of the project

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

2. Details of program implement

Effects associated with leading edge bluntness in a hypersonic laminar separated flow
around a cylindrical body with a conical flare were studied by means of the numerical
solution of the Navier-Stokes (NS) equations with slip and temperature jump boundary
conditions on the surface and by means of the Direct Simulation Monte Carlo (DSMC)
method. The DSMC and NS results were found to be in qualitative agreement with each
other. The influence of leading edge bluntness on thermal nonequilibrium of the flow
around this model was studied. In particular, DSMC computations revealed a noticeable
difference of the translational and rotational temperatures behind the shock wave up to
the cylinder/flare junction. It was demonstrated that an increase in the leading edge
bluntness radius leads to a noticeable decrease in the separation region size, which is
caused both by the downstream shift of the point of incidence of the bow shock wave
onto the cylinder flare and by the appreciable change in flow parameters in the entropy
layer. The difference in the flowfields and the size of separation region for cases of sharp
and blunted leading edge is demonstrated in Figure 1.

The numerical study of the 3D flow with Mach number M=10 about a delta wing with
blunted leading edge was performed and the rarefaction effects on the flow structure
were studied. In the range of Reynolds number from 250 to 62000 no separation was
observed.

The computation of the chemically reacting non-equilibrium flow about a cylinder with
blunted edges was performed by continuum and kinetic approach for the conditions of
the Martian entry in the wide range of Knudsen numbers. It was shown that continuum
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approach significantly underpredict the heat flux of the surface for Knudsen numbers
higher than 0.01 due to thermal non-equilibrium of the flow.

Figure 1: Hypersonic flow about hollow cylinder, cases of sharp (upper) and blunted
(lower) leading edge. Mach number flowfields and selected streamlines.

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

4. Summaries and future plans

The structure of the rarefied hypersonic three-dimensional flow about a delta
wing was studied in detail with the DSMC method. The rarefaction effects for the
flow with translation-vibration nonequilibrium and chemical reactions were
analyzed by the comparison of the DSMC and NS results. The hypersonic laminar
flow about a hollow cylinder with flare was numerically studied and the effects of
the leading edge bluntness on the flow structure were assessed.

Future research plans:

- 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 approach (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.

5. Research results (x reprint included)

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

*[1] M..S. Ivanov et al., Proc. 15th ICMAR, Novosibirsk, Russia (2010), CD-ROM, Paper

No. 68 (This paper was actually published in March 2012).

[2] M.S. Ivanov et al., Teplofiz. Aeromekh., (2011), Vol.18, No.4, pp.543-551 (Russian).
[3] Ye.A. Bondar et al., Shock Waves, Springer, (2012), Vol. 1, pp. 215-220.

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

*[4] M.S. Ivanov et al., Proc. 11th AFI/TFI, Sendai, (2011), pp. 50-51.

3) Patent, award, press release etc. Not applicable.
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Cavity Formation Mechanism in a Cavitation Process
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Purpose of the project

A cavity formation mechanism in an initial stage of a cavitation process has not
clarified yet, 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. In this year, we aimed at clarifying the wall effect of a neighboring solid wall on
generation of residual microbubbles after collapse of a laser-induced bubble.

Details of program implement

Figure 1 shows the bubble generation and collapse process near the rod. When the
initiation point was far enough from the tip of the rod, the cavitation bubble behaves like
in infinite water volume. As the initiation point gets closer to the tip of the rod, the
expanded bubble attached to the rod and the volume of the microbubble cloud increased.
The amount of the residual mirobubbles was roughly proportional to the surface area of
the steel rod in the bubble at its maximum radius. We believe that this is due to the gas
trapped within the rod roughness, which migrates in the liquid bulk as the bubble
cavitation shrinks. This observation suggests that the wettability of the solid surface
must play a key role in this process. Further tests with different physical and chemical
properties of the solid wall are required.

Achievements

Aims of this project are that (1) describe how the micro jet induced by bubble
deformation increases the residual microbubbles and (2) validate a new measurement
technique. As we clarified the increase of the residual microbubbles by the effect of
neighboring solid wall, we achieved the term of (1).

Summaries and future plans

The amount of the residual mirobubbles was roughly proportional to the surface
area of the steel rod in the bubble at its maximum radius when the laser-induced bubble
generated near the steel rod. We also tried to observe an initiation process of cavitation
formation at the edge of an airfoil in the cavitation tunnel of EPFL. To observe the
process more precisely, we have a plan to prepare a new air foil model and to use a high
speed camera.
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Figure 1: Visualization of bubble generation and collapse processes near the steel
rod.
5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)
Not applicable.

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

*[1] T. Sato, M. Tinguely, M. Oizumi and M. Farhat: Effect of Neighboring Solid Wall on
Generation of Residual Microbubbles after Collapse of Laser-Induced Bubble,
Proceedings of the Eleventh International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp. 64-65.

3) Patent, award, press release etc.
(Patent) Not applicable.
(Award) Not applicable.
(Press release) Not applicable.

— 138 —



Project code J11068
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Research period | April 2011 ~ March 2012

MESstEMERE T )L DBAS

Development of Biomodel for Blood Cell

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

1. Purpose of the project

s o X7 AR L CHEs b ERE T L 2 BT 5.
2. Details of program implement
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Table 1 Probability of the subunit locating on the position of “adjacent”, “opposite”
and “other” from the negative TEM images of the Hlg pore

A location against subunit No.
S 2 3 4 5 6 7
. 27 * 21 * 24 * 20 4 10 4 184
adjacent
(22.5)  (17.5)  (20.0)  (16.7) (8.3) (15.0)
: 13 4 144 19%®)  gx@A) 34 1 *
opposite (10.8)  (1.7) (158 (158 (28.3)  (17.5)
204 25 * 174 21 * 16 & 21 *
other

(167)  (20.8)  (142)  (17.5)  (133)  (17.5)
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3. Achievements
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4. Summaries and future plans
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5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)

(1]

(2]

(3]

[4]

2)

(5]

6]

[7]

Noriko Tomita, Kazuyo Abe, Yoshiyuki kamio and Makoto Ohta, Cluster-forming
property correlated with hemolytic activity by staphylococcal y-hemolysin
transmembrane pore, FEBS Letters, Vol.585, (2011), pp.3452-3456.

Noriko TOMITA, Kazuyo ABE, Jun KANEKO, Yoshiyuki KAMIO and Makoto
OHTA, Probabilistic Study on Subunit Mismatch Arrangement in Staphylococcal
y-hemolysin Heteroheptameric Transmembrane Pore, Journal of Biomechanical
Science and Engineering, Vol.6, (2011), pp.286-298.

Keitaro Yamashita, Yuka Kawai, Yoshikazu Tanaka, Nagisa Hirano, Jun Kaneko,
Noriko Tomita, Makoto Ohta, Yoshiyuki Kamio, Min Yao, and Isao Tanaka, Crystal
structure of the octameric pore of staphylococcal y-hemolysin reveals the B-barrel
pore formation mechanism by two components, Proceedings of the National
Academy of Sciences of the United States of America, Vol.108, No.42, (2011),
pp.17314-17319.

Noriko TOMITA, Kazuyo ABE, and Makoto OHTA, Quantitative analsis of subunit
mismatch arrangement in staphylococcal gamma-hemolysin heteroheptameric
transmembrane pore, International Mechanical FEngineering Congress &
Exposition, Vol.IMECE2011, (2011), pp.63645-.

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

Noriko Tomita and Makoto Ohta, Analysis of cell adhesion on PVA-H for
developing vessel bio-model with dynamical and biological responses, 24th
FEuropean Conference on Biomaterials The Annual Conference of the European
Society for Biomaterials, Dublin, Ireland, Sep.4-8, 2011

Yoshikazu Tanaka, Keitaro Yamashita, Yuka Kawai, Nagisa Hirano, Jun Kaneko,
Noriko Tomita, Makoto Ohta,Yoshiyuki Kamio, Min Yao and Isao Tanaka, Crystal
Structure of the Octameric Pore of Staphylococcal y-hemolysin, FEighth
International Conference on Flow Dynamics, Sendai, Japan, 2011.11.9-11

Noriko Tomita, Kazuyo Abe, Jun Kaneko, Yoshiyuki Kamio and Makoto Ohta,
Characterization and image analysis of heteroheptameric structure on
staphylococcal gamma-hemolysin transmembarne pore, Fighth International
Conference on Flow Dynamics, Sendai, Japan, 2011.11.9-11, Invited

3) Patent, award, press release etc.
(Patent) Not applicable.
(Award) Not applicable.
(Press release) Not applicable.
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Optimization of Stent Design based on Blood Flow Analysis using LBM Method

Makoto Ohta*§, Hitomi Anzai**

Bastien Chopard***{t, Toshio Nakayama****
Daniel A. Ruefenacht***** K. Srinivas******
*Institute of Fluid Science, Tohoku University,

**School of Engineering, Tohoku University

***Geneva University
**#¥%*Graduate School of Biomedical Engineering, Tohoku University
*#***Hirslanden Hospital
®FFxFFUniversity of Sydney
TApplicant, $inon-IFS responsible member

1. Purpose of the project
Development of computational simulations for optimization of intracranial stent design
based on Lattice Boltzmann Method.

2. Details of program implement

A modern technique to treat cerebral aneurysms is to insert a flow diverter in the
parent artery. In order to produce an optimal design of such devices, we consider a
methodology combining simulated annealing optimization and lattice Boltzmann
simulations. Our results surpass, in terms of stent efficiency, those obtained in the
recent literature with an other optimization method. Although our approach is still in
2D, it demonstrates the potential of the method. We give some hint on how the 3D cases

Figure 1 : Evolution of the flow reduction index as number of flow simulations
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can be investigated.

3. Achievements
Excellent progress

4. Summaries and future plans
We achieved the development of program for optimization of stent under 2-D, and
find that BOI we introduced before is one of the key factors for reducing flow.

5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] Hitomi Anzai, Makoto Ohta, Jean-Luc Falcone, Bastien Chopard, Optimization of

flow diverters for cerebral aneurysms, Journal of Computational Science, 3, (2012),
pp. 1-7.

[2] H. Hayase, K. Tokunaga, T. Nakayama, K. Sugiu, A. Nishida, S. Arimitsu, T.

2)

Hishikawa, S. Ono, M. Ohta, Date 1., Computational Fluid Dynamics of Carotid
Arteries after Carotid Endarterectomy or Carotid Artery Stenting Based on

Postoperative Patient-Specific CT Angiography and Ultrasound Flow Data,
Neurosurgery, 68(2011) pp.1096-1101, Jan.6 2011.

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

[3] Toshio NAKAYAMA, Shinkyu Jeong, Karkenahalli Srinivas, Makoto OHTA,

Optimization of Stent Strut Pattern for Cerebral Aneurysm, 8th International
Interdisciplinary cerebrovascular Symposium and 11th Oriental Conference of
Interventional Neuroradiology —and 6th Fast Asian Conference of
Neurointervention, Shanghai 2011.9.8-11, pp. 132.

[4] Hitomi ANZAI, Makoto OHTA, Jean-Luc Falcone, Bastien Chopard, Development

ofthe design of flow diverters using automated optimization based on lattice
boltzmann method, &th International Interdisciplinary cerebrovascular
Symposium and 11th Oriental Conference of Interventional Neuroradiology and
6th Fast Asian Conference of Neurointervention, Shanghai 2011.9.8-11, pp. 135

[5] Yukihisa MIURA, Toshio NAKAYAMA, Hitomi ANZAI, Makoto OHTA, Study on

Effect of Blood Flow Reducing by Stent, 8th International Interdisciplinary
cerebrovascular Symposium and 11th Oriental Conference of Interventional
Neuroradiology and 6th East Asian Conference of Neurointervention, Shanghai
2011.9.8-11, pp. 206-211.

*[6] Hitomi Anzai, Jean-Luc Falzone, Bastien Chopard, Makoto Ohta: Effect of Initial

[7]

(8]

Conditions of Stent Geometry on Optimized Design of Flow Diverters, Proceedings
of the FEleventh International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2011), pp. 98-99.
Hil 5B, @5 {5, Srinivas Karkenahalli, KH {5, WMEREOBIRICE S
L AT Ol AT RSE 24 BIAA AU =T U VGRS, K
B, 201241 F 7-8 H.
ZPq g, Jean-Luc FALCONE, Bastien CHOPARD, KM 15, #1-HR/LY~ik%zH
W RENRETIE R A 7 > b ORI #E(L T 7 7T LAOB%E, B AT 24 [
NAFT V=7 o 7iEE, KR, 201241 H 7-8 H.

3) Patent, award, press release etc.
(Patent) Not applicable.
(Award) Not applicable.
(Press release) Not applicable.
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Research period | April 2011 ~ March 2012

Study on Friction of Soft Tissue Biomodel by PVA

Makoto Ohta*f, Hiroyuki Kosukegawa®,**
Vincent Fridrici**, Philippe Kapsa**{t
*Institute of Fluid Science, Tohoku University,
**LTDS, Ecole Centrale de Lyon
FApplicant, tinon-IFS responsible member

1. Purpose of the project

Study on friction behavior with soft tissues and medical metal materials using Poly
(vinyl alcohol) hydrogel.

2. Details of program implement

Various medical metallic alloys directly contact with living soft tissues in medical
fields. There are sometimes frictional problems; e.g. stents are moved from the targeted
site during early implantation. This phenomenon indicates that the friction study of
medical metallic alloys under the condition of in vivo is important for the development
and design of medical devices.

In order to investigate the friction properties of medical alloys, it is useful to use an in
vitro model with mechanical properties similar to those of real soft tissue. In this study,
ball-on-disc friction tests have been performed with medical alloys sliding on poly (vinyl
alcohol) hydrogel (PVA-H), which has the mechanical properties similar to those of soft
tissue [1]. In addition, for investigating the relationship with friction properties, the
wettability of the medical alloys was measured.

Table 1. Mean surface free energy of alloys. The unit is

mN/m (n = 5).
316L CoCr NiTi TiMoSn
v qd 38.4 37.6 34.6 349
y P 8.5 10.3 21.1 17.2

3. Achievements
Excellent progress

4. Summaries and future plans

Two characteristics phenomena (hydrodynamic lubrication and elastic friction)
were observed in the Stribeck curves. Previous studies considered that elastic
friction is governed by the adsorption of polymer chain on the surface of alloys.
Especially in the elastic friction, 316L and CoCr alloys show higher friction
coefficients than NiTi and TiMoSn alloys, while they show similar values in
hydrodynamic lubrication. On the other hand, NiTi and TiMoSn show higher polar
component of SFE than 316L and CoCr, while there is no large difference in
dispersive component in the results of wettability tests.
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5.
1)

[1]

2)

3)

Considering these results together, the difference of friction coefficient in the
elastic friction may be derived from the wettability of alloys and the adsorption of
PVA chains on metallic alloys surfaces: in the case of NiTi and TiMoSn, the
hydrophilic lubricant can easily intrude the gap between the alloys and PVA-H
because of the high polar component of SFE. That may reduce the adsorption points
of polymer and consequently the friction coefficient. We can conclude that the surface
characteristics of alloys can affect the friction behavior of medical devices.

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

Hiroyuki Kosukegawa, Chihaya Kiyomitsu, Makoto Ohta, Control of wallthickness
of blood vessel biomodel made of poly (vinyl alcohol) hydrogel by a
three-dimentional rotating spin DIP-coating method, IMECE2011, pp. 64619.

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

H.Kosukegawa, V. Fridrici and Makoto Ohta, Friction Behavior of Medical Metallic
Alloys against Biomimetic Poly (vinyl alchol) Hydrogel, 24th European Conference
on Biomaterials The Annual Conference of the European Society for Biomaterials,
Dublin, Ireland, Sep.4-8, 2011.

Hiroyuki Kosukegawa, Vuncent Fridrici, Philippe Kaspa, Boyko Stoimenov, Koshi
Adachi, Makoto Ohta, Friction Analysis of Biometal on PVA Biomodel, Proceedings
of the Eleventh International Symposium on Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2011), pp.100-101.

Hiroyuki Kosukegawa, Vincent Fridrici, Philippe Kapsa, Boyko Stoimenov, Koshi
Adachi, Makoto Ohta, Friction of Medical Metallic Alloys on Soft Tissue Biomodel,
International Tribology Conference, Hiroshima, Japan, 2011.10.30-11.3.

Hiroyuki Kosukegawa, Vincent Fridrici, Philippe Kapsa, Boyko Stoimenov, Koshi
Adachi, Makoto Ohta, Relationship between Surface Characteristics and Friction
Behavior of Medical Metallic Alloys on Soft-tissue-like Hydrogel, ElyT workshop,
2012, Mar.

Patent, award, press release etc.

(Patent) Not applicable.

oL

(Award) — REL RFFT 47 AT ¥ 2011 BEHERE T 0 7T L7 T HIX 1

(Press release) Not applicable.
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Classification General collaborative research
Subject area Fundamentals
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Integrated Analysis by Kinetic Model and Fluid Model
for Innovative Plasma Applications

Pei-Si Le*, Zhi-Bin Wang*, He-Ping Li*}, Cheng-Yu Bao*, H. Takana**{¥, and
H. Nishiyama**
* Department of Engineering Physics, Tsinghua University, P. R. China
** Institute of Fluid Science, Tohoku University,
TApplicant, +1IFS responsible member

1. 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 (PF 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.

2. Details of program implement

In this research, the innovative discharge modeling of the RF APGD with the
integration of kinetic model and fluid model has been developed in order to reveal the
complex physical-chemical processes in an APGD plasma source.

For a radio-frequency, atmospheric-pressure glow discharge produced by a
planar-type plasma generator, the discharges region can be divided into two
sub-regions along the direction normal to the electrode, i.e., the sheath (Reg. #1) and
the quasi-charge-neutrality (Reg. #2) sub-regions, as shown in Fig. 1.

Figure 1: Schematic Figure 2: Distribution of (a) electron, (b) ions and
diagram of a RF APGD. (c) metastable species in Reg. #2.

The assumptions used in this hybrid model are as follows: (1) although macroscopic

gas flow exists in the discharge region, the influence of the gas flow on the sheath
behavior can be neglected, i.e., the coupling between the sheath and the
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quasi-charge-neutrality sub-regions is one-way; (2) inside the sheath (Reg. #1), all
the chemical reactions [1] are considered, and the plasma is in non-local chemical
and thermodynamic equilibrium (Non-LCE/LTE) state with deviations from charge
neutrality condition; (3) in the quasi-charge-neutrality sub-region (Reg. #2), only
three species (electrons, ions and atoms) are involved, and the plasma is in LCE state
but deviates from LTE state with the consideration of the gas flows.

Fig. 3 Distribution of axial flow velocity in Reg. #2.

In order to decide the axial velocity at the inlet and sheath edges, the fluid flow
simulation was conducted without chemical reactions. The 2-D simulations in the
quasi-charge-neutrality sub-region were conducted by employing the values obtained
from 1-D kinetic simulation at sheath edge. Figure 2 shows the distributions of (a)
electron, (b) ions and (c) metastable species in Reg. #2. It can be seen that all the
species slightly decrease along the flow direction because of decrease in flow density
in downstream by gas heating. Figure 3 shows the axial flow velocity distribution in
Reg. #2. The thickness of boundary layer is ~ 0.8 mm and velocity gradients appear
in Reg. #2.

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

4. Summaries and future plans
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. We are now coupling the energy transfer
between electrons and heavy species and the Laplace equation for electric potential
in the flow affected region, and comparing the modeling results with measured data.

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] Z-B. Wang, P-S. Le, H-P. Li, C-Y. Bao, H. Takana and H. Nishiyama: Computational
Study on Atmospheric RF Discharge with Kinetic-Fluid Integrated Model, Proc. of
the 11th Int. Symp. on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2011), pp. 72-73.

3) Patent, award, press release etc.
Not applicable.
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Advancement of Numerical Method for Unsteady Cavitating Flows

Yuka Iga *¥, Wang Guoyu **¥+
Naoya Ochiai*
Zhang Mindi **, Huang Biao **
* Institute of Fluid Science, Tohoku University,
** Beijing Institute of Technology
TApplicant, Tfnon-IFS responsible member

1. Purpose of the project

Although some numerical method for cavitating flow field has been developed
in the world, all of those cannot predict even a time-averaged lift and drag of a
single hydrofoil in a condition of unsteady cavitation. In the present collaborate
research, applicants and IFS members will perform benchmark simulation of
cavitating flows around a same single hydrofoil. A experimental date obtained by
applicant will be used for the evaluation of the benchmark simulation. Through
the comparison between each result, we clarify the problem of the numerical
method and the model and aim to advance the numerical method for cavitation.
2. Details of program implement

In order to modify the Shinghal’s modification, apparent phase equilibrium was
assumed macroscopically in phase change in cavitating flow field. The results are shown
in Fig.1 by void fraction and apparent phase equilibrium pressure distributions. The
result, sheet and cloud cavity volumes are comparatively enlarged and the cloud cavity
is kept on the hydrofoil surface in Model 3-1.

Time averaged pressure distributions on the hydrofoil surface in the four cases in
Fig. 1 are shown in Fig. 2. Because the model constants are adjusted to the apparent
phase equilibrium pressure takes almost same value in each model, the distribution of
the four cases are almost same. In all cases, the pressure increase inside the sheet
cavity is successfully suppressed. Among the four distributions, the pressure inside the
cavity takes lowest value and that decreases in the wake region in Model 3-1. As shown
in Fig. 1(d), the apparent phase equilibrium pressure distributes in cavity surface
region and that does not exist on the surface inside the sheet cavity.

In the consequence, results are improved in a certain degree, but it is not sufficient.
In the future work, another model constant or another configuration of apparent phase
change model will be considered.

(a) Without modification (b) Model 1 (c) Model 2
(Time interval = 6 ms) (Time interval = 8 ms) (Time interval = 6 ms)
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(d) Model 3-1 (Time interval = 8 ms) (e) Model 3-2 (Time interval = 8 ms)
Figure 1: Numerical results of the aspect of cavitation by the present four type
modifications (NACA0015, Re = 1.2x106, ain= 8deg, c=1.4)

Figure 2: Time averaged pressure distribution
on the hydrofoil surface with the present four
modifications NACA0015, Re = 1.2x108, ain=
8deg, 0=1.4)

3. Achievements

In the present study, numerical simulations of cavitating flows around single
hydrofoils which are well known for benchmark simulation were performed. Through
the comparison between numerical and experimental results, directionality of
modification of numerical method was considered although it is still insufficient. And
advancement of prediction accuracy of numerical method is discussed by adopting a
modification which is based on the idea of apparent phase equilibrium in unsteady
flowfield. The result was presented in two times in international conference and is
scheduled to be presented in an international conference. I think that the expected
outcome has been achieved.
4. Summaries and future plans

We are planning to perform additional experiment about velocity variation around
sheet cavitation on a hydrofoil in order to modify the present phase change model.
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] Yuka IGA, Naoya OCHIAI, Wang GUOYU, Zhang MINDI, Huang
BIAO,“Advancement of Numerical Method for Cavitating Flow Around A
Hydrofoil,” Proceedings of the Eleventh International Symposium on Advanced
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.
62-63.

[2] Yuka IGA,“Advancement of Prediction Accuracy of Transient Cavitating Flow
around a Hydrofoil,” The Eighth KSME-JSME Thermal and Fluids Engineering
Conference, Incheon Korea, (2012) , in CD-ROM.

[3] Yuka IGA,“Phase Change Model based on the Idea of Apparent Phase
Equilibrium in Unsteady Cavitating Flow,” The 8t International Symposium on
Cavitation (CAV2012), Singapore, (2012).

3) Patent, award, press release etc.

Not applicable.

— 148 —



Project code J11073

Classification General collaborative research
Subject area Energy Research

Research period | April 2011 ~ March 2012

Quantitative Evaluation of Plastic Deformation of Structural Materials using EMAT-EC
Dual Probe

Ligiang Zhong*, Tetsuya Uchimoto**§+
Toshiyuki Takagi**, Luming Li*{
*Aerospace School, Tsinghua University
**Institute of Fluid Science, Tohoku University
TApplicant, $¥IFS responsible member

1. Purpose of the project

Evaluation of plastic deformation is one important issues of the seismic safety
evaluation of structures such as nuclear power plants and social infrastructures. The
purpose of this project is to study the performance of the EMAT-EC (Electromagnetic
Acoustic Transducer and Eddy Current) dual probe in plastic deformation evaluation
and develop the advantage of its ability to test ultrasonic velocity and inductive
reactance at the same time.
2. Details of program implement

a.  Elliptical coil b. Circular coil

Fig.1 Dual probe of EMAT and ECT

Velocity of ultrasonic waves and inductance of eddy current probe are both
available to evaluate plastic deformation. The dual probe in Fig.1 has the abilities to
test these two values together. In this project, the EMAT and EC performance of the
probe in plastic deformation testing was firstly studied by experiments independently.

The velocity variation due to plastic deformation is small and easily be covered by
the testing errors of thickness and time. So EMAR (electromagnetic acoustic resonance)
1s used to improve time testing, and the birefringence coefficient is used to avoid the
errors caused by thickness testing. As shown in formula (1), it is independent to the
thickness and the testing accuracy of ¢is improved by EMAR.

d_d
(v —vy) te ty t, —t,
B = =2 =2
(e +v)/2) "d, d “to+g
L

(1)

Figure 2 shows the velocities and the birefringence coefficient of ultrasonic shear
waves in different polarization orientations. The material is 304 austenitic stainless
steel after solution heat treatment. The results show that the birefringence coefficient is
generally proportional to the magnitude of residual strain.

However, the results of ECT using the dual probe are unstable, as shown in Fig.3,
one reason is that the coils of the dual probe is still too weak and the variation of
inductive reactance due to plastic deformation is small.
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Fig.3. Eddy Current Signals Variation Due to Plastic Deformation

3. Achievements
The main achievements are as follows:

v' The changes of ultrasonic velocity and eddy current signals due to plastic
deformation tested by the dual probe are studied independently.

v EMAR and birefringence coefficient are used to improve the EMAT testing.

v It is verified by experiments that the birefringence coefficient of ultrasonic
velocities is basically linear to plastic deformation in 304 austenitic stainless
steel after solution heat treatment.

4. Summaries and future plans
In summary, this project studied the change of ultrasonic velocity and eddy current

signals due to residual strain. The EMAT performance of this dual probe is good, but the

EC performance still need to improve so these two methods are not perform at the same

time using the dual probe.

In future plans, first, the EC performance needs to be strengthened, so the coil
structure is investigated to increase the sensitivity to plastic deformation. Second, the
plastic deformation evaluation with the new dual probe should be studied. Third, a new
testing program should be developed, so the advantage of the dual probe, which can test
the ultrasonic velocity and inductive reactance together, can make the plastic
deformation evaluation better.

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] Ligiang Zhong, Tetsuya Uchimoto, Toshiyuki Takagi, Naoki Chigusa and Luming Li.
Nondestructive Evaluation of Austenitic Stainless Steel Residual Strain with
EMAT. Proceedings of the Eleventh International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp. 156-157.

3) Patent, award, press release etc.

Not applicable.
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1. Purpose of the project

Detection and characterization of surface/sub-surface degradation caused by
environmental factors using ultrasound and eddy current were studied in the previous
research. But, evaluations of degraded materials in the layered structures are not easy
at all using the developed methods in the previous research. So, nondestructive
methods that can evaluate degraded materials in the layered structure are needed.

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

2. Details of program implement

When incident angle reaches at Rayleigh angle on a liquid-solid interface, various
phenomena is shown such as minimum reflection, schoch displacement, leaky wave etc.
At Rayleigh incident angle of the specimen, energy is concentrated in surface area and
propagated through the surface. During the propagating along the surface area, some
energy of the waves leaking to the fluid, it called leaky waves. And, there is null field,
because of interaction between reflected waves and leaky waves. Also, we have shifted
reflecting waves from the on-axis, it called as schoch displacement. In this paper, we
used to the two phenomena such as minimum reflection and schoch displacement of
various phenomena at Rayleigh angle to evaluate thin coting layers.

For measuring off-axes profile of the reflected Rayeigh waves, we have modified the
experimental system as shown in Figure 1. For verifying the proposed method, CVD
diamond coating specimens with different deposition time (2.25hr, 45hr and 6hr) as
shown in table 1.

Figure 2 (a) shows measured off- axis profiles of the reflected Rayleigh wave for the CVD
diamond coating specimen. As shown Figure 2 (a), peak amplitude and position and null
position are changed as increasing deposition time of the CVD diamond coating specimen.

Figure 2 (b) shows relation between peak position of the off-axis profiles (as shown in
Figure 2 (a)) and deposition time of the specimen. As shown in Figure 2 (b), Peak position at
the off-axs profile increase as increasing deposition time.
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Table 1: Specification of CVD diamond

specimens
Deposit Diamond Thickness
Time (hr) (um)
2.25 hr 1.17
Figure 1: Modified system for measuring off-axis 4.5 hr 3.82
profiles of reflected signals in a pitch-catch 6 hr 6.63
immersion setup.
o7 ——— 2.25hr
0.6
% 0.5
E 0.4
E 0.3
<
& 0.2
0.1
%5
(b)

Figure 2: (a) Measured off-axis amplitude profiles of the CVD diamond specimens and (b)
relation between peak position of the profiles and deposition time.

3. Achievements

Using Non-specular reflection phenomena of Rayleigh waves, quality of thin coating
layer (bonding strength, thickness and etc) can be evaluated. Especially, schoch
displacement shows proportional relation to the coating thickness. So, using
non-specular reflection phenomena can be evaluate for thin coating layer and grain
degree also coating thickness.

4. Summaries and future plans

Rayleigh waves (or surface waves) technique is one of promising method among
various nondestructive evaluation methods to evaluate very thin coating layers. At
Rayleigh angle for a fluid-solid interface, unique phenomena, such as schoch
displacement, leaky Rayleigh waves, null filed in reflected waves, can be observed.
Using these phenomena, we can evaluate bonding quality and thickness of thin coating
layers. So, in this paper, we propose an evaluation technique of thin coating layers using
non-specular reflection of Rayleigh waves.

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] Hak-Joon Kim, Sung-Jin Song, Sung-Duk Kwon, Toshiyuki Takagi, Hiroyuki Miki and
Tetsuya Uchimoto: Evaluation of Thin Coating Layers using non-specular reflection of
Rayleigh waves, Proceedings of the Eleventh International Symposium on Advanced
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2011), pp.
168-169.

3) Patent, award, press release etc.

Not Applicable.
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