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1.

Investigation of a Novel Magnetorheological Shear Thickening Fluid

Weihua Li*t, Masami Nakano**tt
*Faculty of Engineering, University of Wollongong, Australia
**|nstitute of Fluid Science, Tohoku University
tApplicant, TTIFS responsible member

Purpose of the project

The objective of this project is to develop smart or intelligent devices working with
MR shear thickening fluids and MR elastomers. Two novel devices, including a linear
MR shear thickening fluid damper and a multi-layer MRE isolator, were designed
and prototyped. Their performance under both static and dynamic loading conditions
was experimentally evaluated. The research will lead to new applications of MR
technology.

Details of program implement

We designed and prototyped a linear MRSTF damper, as shown in Figure 1a, with a
double-ended structure. The damper is filled with 20% and 80% weight fraction of
STF and its performance was tested with a MTS machine. As shown in Figure 1b,
when the excitation frequencies are relatively small such as 0.2Hz, 0.6Hz, and 1Hz,
the hysteresis shape is more like a parallelogram which is similar to the traditional
MR damper performance, however, the hysteresis loops tend to be irregular with
some bending or pinching when the frequency grows gradually. The increase of the
excitation frequency increases obviously the peak force and the effective stiffness
which is indicated by the effective slope of the main-axis loop.

2
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(&) MRSTF damper prototype (b) MRSTF damper performance

Figure 1 : Prototype of the linear MRSTF damper and its performance.

Achievements

In the third year, two novel smart devices, MRSTF damper and MRE isolator, were
designed and prototyped. Their mechanical properties were investigated through
both experimental and modelling approaches. The research has led to three journal
articles. One journal paper was submitted and under review. Partial of the research
work was presented in the 14th International Conference on ER Fluids and MR
Suspensions, which was held in Granada, Spain in July 2014.



4. Summaries and future plans

Summaries: We have been doing excellent collaborative research for the past three
years. We did pioneering work in fabricating and characterizing MR shear
thickening fluids. We also expanded our research to novel MR elastomers and their
applications. This collaborative research has obtained excellent achievements,
including: (a) a total of 8 peer-reviewed journal articles and 8 conferences papers
were published; (b) two PhD students have got excellent joint-supervision through
this collaborative research project; (c) Prof. Weihua Li was awarded a prestigious
JSPS Invitation Fellowship. He worked at IFS a visiting professor in 2012, 2013, and
2014; and (d) Both Prof. Weihua Li and Prof. Masami Nakano won research funding
to continue their MR research.

Future plans: Both Prof. Weihua Li and Prof. Masami Nakano would maintain or
enhance their research collaboration in the MR research field. They submitted a
proposal, entitled “Development of novel multi-layer magnetorheological elastomer
isolators”, to IFS to seek support in developing novel multi-layer MRE isolators for
seismic control. The proposed collaborative research will lead to a new research
direction in smart base isolation. The achievements from this project will be
published in top international journals and significant international conferences,
and the intellectual property will be filed with patents.

5. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)
*[1] G.R. Peng, W.H. Li, T.F. Tian, J. Ding and M. Nakano: Experimental and
modeling study of viscoelastic behaviors of magneto-rheological shear thickening
fluids, Korea-Australia Rheology Journal, Vol.26, No.2, (2014), pp.149-158.

[2] W.H. Li, M. Nakano, T.F. Tian, A. Totsuka and C. Sato: Viscoelastic properties of
MR shear thickening fluids, Journal of Fluid Science and Technology, Vol.9, No.2,
(2014), 14-00059 (8 pages).

[3] T.F. Tian, G.R. Peng, W.H. Li, J. Ding and M. Nakano: Experimental and
modelling study of the effect of temperature on shear thickening fluids,
Korea-Australia Rheology Journal, \Jol.27, No.1, (2015), pp.17-24.

[4] S. Sun, H. Deng, J. Yan, W.H. Li, H. Du, G. Alici, and M. Nakano: An adaptive
tuned vibration absorber based on multilayered MR elastomers, Smart Materials
and Structures, Vol.24, No.4, (2015), 045045 (13 pages).

[5] J. Yang, S. Sun, W.H. Li, H. Du, G. Alici, and M. Nakano: Development of a linear
damper working with magnetorheological shear thickening fluids, Journal of
Intelligent  Material  Systems  and  Structures, in press, doi:
10.1177/1045389X15577653 (7 pages).

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

[6] J. Yang, S. Sun, W.H. Li and M. Nakano: Development of a novel multi-layer
MRE isolator, Proc. of the 11th Int. Conf. on Flow Dynamics (ICFD2014), (Oct.
8-10, 2014), Sendai, Miyagi, Japan, Paper ID: OS9-1, pp.390-391.

[7] T.F. Tian, G.R. Peng, W.H. Li and M. Nakano: Creep and Recovery Behaviours
of MR Shear Thickening Fluids, Proc. of the 11th Int. Conf. on Flow Dynamics
(ICFD2014), (Oct. 8-10, 2014), Sendai, Miyagi, Japan, Paper ID: 0S9-2,
pp.392-393.

*[8] G.R. Peng, W.H. Li, T.F. Tian, M. Nakano: Rheology of MR Shear Thickening
Fluids under Instantaneous Flow, Proc. of the 14th Int. Symp. on Advanced Fluid
Information (AF1-2014), (Oct. 9, 2014), Sendai Japan , pp.164-165.

3) Patent, award, press release etc.
Not applicable.
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1. Purpose of the project
The aim of this research is to evaluate feasibility of different electromagnetic
Non-Destructive Evaluation (NDE) methods for quantitatively evaluation of plastic
deformation in carbon steel used in nuclear power plants. The efficiency of the
methods are compared through experiments.

2. Details of program implement

To evaluate feasibility of different ENDE methods for quantitative evaluation of
plastic deformation in carbon steel, the major works performed in this year project
are as follows: 1) Fabrication of test-pieces with different scale of plastic deformation;
2) Establishment of experimental setups of 4 electromagnetic NDE methods, i.e.,
Magnetic Barkhausen Noise, Magnetic Incremental Permeability, Pulsed Eddy
Current Testing and Eddy Current Testing for plastic deformation measurement; 3)
Plastic deformation measurements using different methods and investigation on
correlation of the plastic deformation and the signals of NDE methods to clarify the
validity of the methods; 4) Discussion on the microstructure changed due to plastic
deformation, and extraction of a suitable way for evaluation of plastic strain.
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Fig. 1 Dependence of ENDE signals on residual plastic strains

Figure 1a) shows typical MBN signals for TPs with different level of residual
plastic deformation for the measurement points at the TP center. The other signals
measured near by the center point and from the other side are of the same feature.
The testing conditions for all the TPs are the same. From the figure, one can find
that the peaks of MBN signal decrease abruptly for TPs with and without plastic
deformation (0% to 1%). The reduction of the signal amplitudes, however, becomes
slower for a relatively large plastic deformation. For a large plastic strain such as



5.
1)

2)

3)

that over 3%, the signal reduction is very small. On the other hand, the signals
caused by the phase of cementite gradually became stronger for a large plastic
deformation. For this reason, different threshold signal values are necessary to
process the raw MBN signals and to extract the MBN feature parameters.

The MIP profiles for TPs with residual plastic strain of 0%, 1%, 2%, 3% and 5%
were measured respectively. It is found from the results that the feature parameters
of the measured MIP profiles changes regularly with the status of residual plastic
strain in the TPs. The MIP profiles of the imaginary part shows more changes than
those of the real part, and MIP of virgin material is significantly different from TPs
with plastic strain.

Figure 1 b) gives the dependence of the measured amplitudes of super-harmonic
components of MFL signals on the plastic strains. In this case, results of the
normalized average values are illustrated. Similar results are obtained with the
MFL signal amplitudes of different harmonic and the correlation can be fitted with
an exponential function for the normalized average values. These experimental
results reveal that the MFL signal measurement is also a potential way for the
plastic strain evaluation of the SS400 material. Moreover, the result of MFL method
is simple and stable, and is more robust against the surface status of the test-pieces.

Achievements

The measurement results show that the plastic deformation can cause
significant change of magnetic properties in such a carbon steel, and the measured
signals of magnetic NDE methods depend on the levels of plastic deformation. There
is a good possibility to quantitatively evaluate the plastic strain in SS400 steel by
using these methods. In addition, an integrated testing system and signal fusion of
these three methods may improve the plastic strain evaluation further.

Summary and future work

The correlations of plastic deformation in SS400 carbon steel on signals of MBN,
MIP and MFL methods are investigated via experiments in this year. The influence
of strain state (biaxial strain) on the ENDE signals will be investigated as next step.
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1. Purpose of the project

Electrorotation is the circular movement of an electrically polarized micron sized
particle or material. Wide range of applications (e.g. microscopic motor) motivates
researchers to find materials showing electrorotation with micro-fabrication
possibilities. In this research, we proposed to study the electrorotation phenomena of
epoxy based polymer rotors and so far have developed the sub-millimeter sized
micro-motors for MEMS utilizing epoxy based polymer that can be fabricated by
photolithography. Polymer rotors of different shape and size have been prepared, and
the non-load rotational properties will be investigated in uniform DC electric field.

2. Details of program implement

The epoxy based polymer rotors of three different shapes: disk, ring (hollow
cylinder), gear with asymmetric teeth(Fig.1) were made of SU8 2075 photoresists at
two different thicknesses and four different diameters by the photolithography
technique. Their diameter was varied between 100 to 500 microns with heights of 20 -
40 microns. Electrorotation was studied in oil mixture containing substantial amount of
triglicerid of oleic-, palmitic-, and linoleic acids. We have studied the influence of DC
electric field intensity on the speed of rotation by using the experimental device to
apply uniform electric field perpendicularly to the axis of the polymer rotors. The
rotation was followed by optical microscope (OLYMPUS, Japan) equipped by a high
speed camera (4500 fps, Photron, Japan). The angular frequency of the rotation was
determined by recording the spinning motion of the disk on the high speed camera.

Figure 1: Epoxy based polymer rotors. (a) disk, (b) hollow cylinder, (c) gear with asymmetric teeth.

3. Achievements

We first determined the dependence of spinning rate on the electric field intensity for
the disk-shaped rotors. In Fig.2, it can be seen that with increasing electric field
intensity, the rate of spinning significantly increases and within the experimental
accuracy the dependence is linear. Figure 2 also indicates that there is a significant size



effect on the speed of rotation. At the same electric field intensity, the rotation speed of
the thicker disk (38 micron) is higher, and the smallest disk (100 micron) performs the
most intensive rotary motion. The highest rotation speed that we were able to monitor
was around 3000 rpm.

At the same electric field intensity, the smaller hollow cylinder and gear perform
more intensive rotary motion similarly to the rotation of polymer disks. We always
observed random selection of direction of rotation for disks and hollow cylinders. The
controlled rotation direction can be achieved by using gears with asymmetric teeth. The
asymmetric teeth were shaped using different angles on the drive side and coast side of
the teeth (see Fig. 1(c)). Due to the presence of asymmetric rotor teeth, we always
observed directed rotation for these rotors.
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Figure 2: Dependence of rotational speed N of polymer disks on electric field intensity £,
(a) Effect of disk thickness t at constant diameter, (b)Effect of disk diameter d at
constant thickness.

4. Summaries and future plans

Disk, hollow cylinders and gear with asymmetric teeth of different size as prototypes
were successfully manufactured by mask lithography technique. The sub-millimeter
sized rotors perform very intensive rotation in uniform DC electric field. The
extrapolation of the observed trends suggests that motors of several micrometers
diameter could be built that could rotate with at least the rate presented here.
Regarding the driving principle of the micromotors presented here, it may open new
perspectives for their use in several MEMS applications.

5. Research results (* reprint included)

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

[1] R.A Bauer, L. Kelemen, M. Nakano, A. Totsuka, and M. Zrinyi: Fabrication and
electrorotation of novel epoxy based micromotor working in uniform DC electric field,
Smart Materials and Structures, (2015), under review.

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

*[2] M. Zrinyi and M. Nakano: Development of Micro-Motor using Electrorotation of
Smart Polymer, Proceedings of the 14th International Symposium on Advanced
Fluid Information, Sendai, (2014), pp.114-115.

[83] M. Zrinyi and M. Nakano: Novel Electroactive Polymer for Micro-Motor
Development, Proceedings of 11th International Conference on Flow Dynamics,
Sendai, (2014), pp.404-405. (Invited)

*[4] M. Nakano, T. Okumura and M. Zrinyi: Micro-Motor Consisting of Electro-Active
Polymer Composite Rotor in Dielectric Liquid, Proceedings of 11th International
Conference on Flow Dynamics, Sendai, (2014), pp.406-407.
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Researches on the Suppression Control of Hole Tone Phenomena
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*[1] K. Matsuura and M. Nakano: Disorganization of a hole tone feedback loop by an
axisymmetric obstacle on a downstream end plate, Journal of Fluid Mechanics, Vol. 757,
pp. 908-942.
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*[2]K. Matsuura and M. Nakano: Researches on the Suppression Control of Hole Tone
Phenomena, Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 166-167.

[B]1K. Matsuura and M. Nakano: Effects of a Tailpipe on Hole Tone Phenomena,

Proceedings of the Eleventh International Conference on Fluid Dynamics, Sendai, (2014),
pp. 422-423.
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Pressure Drop of Vapor-Liquid Two-Phase Nitrogen Flow in a Corrugated Pipe
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*[1] J. Ohta, K. Ohira, K. Miyata, K. Takahashi, H. Kobayashi, H. Taguchi, M. Hongoh, T.
Kojima: Pressure Drop of Vapor-Liquid Two-Phase Nitrogen Flow in a Corrugated Pipe,
Proceedings of the Fourteenth International Symyposium on Advanced Fluid Information,
Sendai, (2014), pp. 10-11

[2] KE#ERE, KEWS, BEH—w, @ffe—, AL, BRHe, RS avy— &
WIZHIT DIRIRZEFR KU —ABETJHRS, 56 90 [B] 2014 4FEHRIR T S s e
(2014), p. 207.
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[1] T. Miyazaki, Y. Shimoda, Y. Konno: Clustering and Entropy Growth of Quasi-
geostrophic Point Vortices under Periodic Boundary Conditions, Japan-Russia Workshop
on Supercomputer Modeling, Instability and Turbulence in Fluid Dynamics, Moscow,
(2015), P.28.

*[2] Masaya Ishihara, Naoya Takahashi, Takeshi Miyazaki, Nozomu Hatakeyama and Yuji
Hattori: Vortex Dynamics of the High Energy (Negative Temperature) State in
Quasi-Geostrophic Turbulence, Proceedings of the 14th International Symposium on
Advanced Fluid Information, Sendai, (2014), pp.174-175.
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Investigation of Shock Waves Propagation on Microscales

Yevgeniy Bondar*t, Kaoru Maruta**tt
Georgy Shoev*, Dmitry Khotyanovsky*
*Khristianovich Institute of Theoretical and Applied Mechanics,
**|nstitute of Fluid Science, Tohoku University
tApplicant, TTIFS responsible member

Purpose of the project

The main challenge of this project is a numerical study of the shock wave
propagation in microchannels for different Knudsen (Reynolds) numbers. Shock
propagation is considered for conditions when CFD methods are still valid as well as
for conditions where a kinetic description of the flow is required. Shock wave
propagation in a narrow cylindrical shock tube is studied in detail.

Details of program implementation
The main goal of this year was to study viscous and rarefaction effects on shock
wave propagation in a narrow shock tube at low initial pressure. The shock wave is
generated after the diaphragm rupture at the initial time instant. We performed
Navier—Stokes simulations of shock wave propagation in a cylindrical shock tube.
The flow was considered as axisymmetric. The flow parameters corresponded to the
experiments (Duff, Phys. Fluids, 2, 1959): the internal diameter of the tube was
28.575 mm, and the tube length was 7.5 m from the diaphragm to the right
boundary of the computational domain. The tube wall is at constant temperature
equal to the initial gas temperature 300 K. Argon is both the driver and the driving
gas. Boundary conditions on the wall were specified with account for velocity slip
and temperature jump. The pressure on the right from the diaphragm was fixed at
po=66.66 Pa, while the initial pressure ratio p2/po was varied. At flow parameters
considered herein (small ratio of the tube diameter to its length and low initial
pressure), the gas-dynamic characteristics of the flow are greatly influenced by
viscous effects. Note that the Reynolds number based on the tube diameter and
initial values of sound speed and gas viscosity was Reo=431 in this case.

The flow structure behind the propagating shock wave and the contact surface
is illustrated in Fig. 1. Due to the influence of flow viscosity, a thick boundary layer
develops on the tube walls behind the shock wave. As a result, the shock wave is
convex to the flow. The contact surface, which follows the shock wave, is greatly
smeared by the flow viscosity and is concave to the flow.

1

| |
it [

b
Figure 1 : Mach number (a) and pressure (b) contours at p./py = 100.



The results of the simulations show that, due to the influence of flow viscosity,
the shock wave is greatly attenuated compared to the inviscid theory. For example, the
inviscid relations predict the initial pressure ratio p2/po=11.9 for a shock wave with the
Mach number Ms=1.6. In the experiments the shock wave with Ms = 1.6 was observed in
some range of distances along the tube only at the initial pressure ratio p2/po~125,
which is higher than the inviscid value by an order of magnitude. This was confirmed in
our computations (Fig. 2a). The numerical results obtained on a sequence of grids with
varying cell sizes Ar/R are independent of the grid resolution and agree well with the
experimental values. At lower initial pressure ratios (see, e.g., p2/po=50 in Fig. 2a) the
shock wave Mach number Ms along the tube axis decreases down to the value of Ms=1,
beyond which the shock wave degenerates into a disturbance propagating with a
subsonic velocity. Our numerical results show that shock propagation in a viscous gas in
a large range of distances along the axis is maintained by the contact surface, which
follows the shock. The shock velocity exceeds the velocity of the contact surface only in
the range of distances x<1 m from the diaphragm (Fig. 2b). In this region, the shock
wave decelerates, while the contact surface accelerates. At larger distances, the shock
and contact surface propagate with approximately the same speed.

2K o Duffs experiments
\ P2/P0=125, AUR = 1/40
P2/P0=125, AR = 1/80

Shock wave

IR P2/P0=125, AUR = 1/120 18l — — — - Contact discontinuity
o P2/P0 = 50, AR = 1/60 T

1
4
X, m X, m

a b
Figure 2 : Shock Mach number (a) and variation of the shock and contact surface velocities (b) along
the tube axis.

3. Achievements
The expected results were achieved completely.

4. Summaries and future plans
Computations of shock wave propagation in a viscous shock tube demonstrate
significant shock wave attenuation in comparison with the inviscid theory. The
results of the computations at flow parameters corresponding to the experiments
agree well with the experimental 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] Dmitry Khotyanovsky, Georgy Shoev, Yevgeniy Bondar, Kaoru Maruta:
Investigation of Shock Waves Propagation on Microscale, Proceedings of the
Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp.132-133.

3) Patent, award, press release etc
Not applicable.
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1. Purpose of the project

The purpose of the project was the development and numerical implementation of collision models and
algorithms for the description of ionization and thermal radiation phenomena in hypersonic flows around
space vehicles with the use of the kinetic approach (DSMC method). A new numerically efficient
formulation of the collision models for ionization processes was proposed. Application of the models to
high-enthalpy flows is presented.

2. Details of program implementation

The main goal of the present work was the development of collisional models for weakly ionized plasma
environment beside super-orbital reentry vehicles. The high collisional frequency and the lightweight of
electrons in comparison with gas molecules deteriorate the computational efficiency of the DSMC
method. A new, energy-conserving, computationally efficient model of the reacting plasma for the DSMC
method was developed. We utilized the assumptions of local neutrality, fast maxwellization of the
electron velocity distribution function, and slow relaxation rate of electron temperature. The simulation
of electron-electron, electron-ion, and electron-neutral interactions was avoided in this model. Reactions
with an electron as one of the reactants were implemented outside the scope of the collisional procedure.
These reactions are dissociative recombination (AB* + e-> A+ B) and electron impact ionization (A+ e->
A+ + 26. The latter reaction is known for its high activation energy. Therefore, its implementation
through the collisional procedure (usual technique for the DSMC method) will bring us to an extremely
low reaction probability and, hence, a very high computational cost of the simulation.

New models for the DSMC method were constructed in order to define the reaction probability for the
reagents in the collisional cell. The reaction probability can be defined as a function of reagent energy
RE). Taking into account the normalization of the distribution functions to unity, The recombination
rate coefficient Acan be then expressed through the energy distribution function ££) as

k(T) = J;OP(E)f(E)dE.

This relation allows us to determine a particular dependence of A£) for a given function A(7). In contrast to
the traditional approach to constructing chemical models for the DSMC method, where the reactions are
usually implemented as a part of the collisional process, the proposed procedure allows us to determine the
probability of the dissociative recombination and electron impact ionization for two randomly chosen
reagents in the spatial cell. The new ionization models for the DSMC method were implemented into the
SMILE++ software system. Excellent agreement of the calculated reaction rates with given temperature
dependences was obtained during validation calculations. For the NO*+ e> N+Oand N + e> N+ +2¢e
reactions, this agreement is illustrated in Fig. 1. The DSMC calculations were performed in a homogeneous
case, where the initial reagent concentrations and temperature were assumed to remain unchanged in the
course of the reactions (equilibrium bath). Validation of an improved model of dissociative recombination
reactions against the RAM-C Il in-flight data showed that the computed electron density agrees well with the
experiment.
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Figure 1 : Comparison of the calculated rates of ionization processes with a given
reaction rate coefficient. Left: NO+ recombination; right: atom N ionization.
A series of axisymmetric and 3D computations of flows for orbital and super-orbital
velocities of reentry was performed. The plasma environment of super-orbital space
vehicles was modeled by new models. Examples of the calculated electron density for the
ORION-like capsule and Stardust reentry capsule are shown in Fig. 2.
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Figure 2 : Calculated electron density fields. Left: ORION-like capsule at 11 km/s
and 90 km altitude; right: Stardust capsule at 12.8 km/s and 80 km altitude.

3. Achievements

All of the expected results were achieved.
4. Summaries and future plans
Molecular models of ionization processes and a kinetic model of spacecraft plasma environment were
developed and implemented into the SMILE++ system. Their validation against experimental data
presented. Spacecraft aerothermodynamics for different parameters of the reentry was studied, and
plasma parameters (density and temperature of electrons and ions) were obtained. The models are
suitable for analyzing the effect of ionization and radiation processes on the flowfield, as well as
aerothermodynamic characteristics.

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] Alexander Shevyrin, Yevgeniy Bondar, Anton Shershney, Pavel Vashchenkov, Shigeru Yonemura:
Numerical studies of rarefied chemically reacting flows about space vehicles, Proceedings of the
Fourteenth Intermational Syrmposiurm on Advarnced Fluid Information, Sendai, (2014), pp. 14-15.

[2] Pavel Vashchenkov, A. Kashkovsky, A. Shevyrin, Shigeru Yonemura: Numerical Simulation of
High-Altitude Aerothermodynamics of Prospective Spacecraft by the DSMC Method, Proceedings
of the Eleventt: International Confererice on Flow Dynamics, Sendai. (2014), pp. 102-103.
3) Patent, award, press release etc.
Not applicable.
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Investigation of Subsonic—Supersonic Hybrid-Stabilized Argon-Water Electric arc with
Inhomogeneous Mixing of Plasma Species

Jiri Jenista*t, Hidemasa Takana**, Satoshi Uehara**, Hideya Nishiyama**tt, Milan
Hrabovsky*
*Institute of Plasma Physics ASCR, v.v.i., Czech Republic
**|nstitute of Fluid Science, Tohoku University
tApplicant, TTIFS responsible member

1. Purpose of the project

Numerical simulation of physical processes in the hybrid—stabilized argon—water
electric arc for broad range of operational parameters and plasma flow regimes with
inhomogeneous mixing of plasma species in the discharge. Comparison of the calculated
results with experiments.

2. Details of program implement

1) A number of new calculations of turbulent effects has been carried out in the
hybrid—stabilized electric arc for currents 300—600 A using the existing code, but for
more values of argon mass flow rates between 22.5-40 sIm (standard liters per minute).
Turbulence is modelled by Large—eddy simulation (LES) using the Smagorinsky
sub—grid scale model with a Van Driest damping function near the walls.

2) Investigation of mixing of hydrogen, oxygen and argon plasma species within the
discharge region of the hybrid arc has been started by the combined diffusion
coefficients method , including the following tasks:

a) derivation of the mass diffusion flux in the additional species equation,
including the diffusion processes due to concentration, temperature, pressure
and electric field gradients;

b) normalization of the equation terms and programming;

¢) tunning the convective, diffusive, and source terms;

d) modification of the existing code — implementation of the correct boundary
conditions, ratio of specific heats, etc.

3. Achievements
The principal results of the project can be summarized as follows:

(@) A larger number of new calculations of turbulent effects confirmed that
turbulence is not a significant phenomenon in the discharge and in the near-outlet
regions of the hybrid-stabilized argon-water electric arc. The result of this more
detailed research, published in [2], is consistent with our previous findings and
conclusions.

(b) Mixing of plasma species has been studied so far for 300-600 A and for 22.5 and
40 slm of argon. Preliminary results of our simulations show that:

e Mixing of water and argon plasma species is inhomogeneous under the all studied

conditions.

e Argon species are dominant in the central regions of the arc, water ones in arc

fringes. For higher currents argon mass fraction in the central arc region
increases.



e Temperature and concentration (ordinary) diffusions are the most dominant
contributions in the argon mass diffusion flux. Diffusion due to pressure gradients
is lower and due to the electric field is nearly negligible.

e These first results qualitatively agree with our former experiments.
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Figure 1. Argon mass fraction contours for 300 A (left) and 600 A (right) discharges.
Water mass flow rates are 0.228 g-s (300 A) and 0.363 g-s (600 A); argon mass flow
rate is 22.5 sIm for both currents. The increase of argon mass fraction in the centre of the
arc for higher current is clearly visible. Contour increments are 0.05.

4. Summaries and future plans

The results of the project confirm a) quasi—laminar flow within the volume of the

discharge and in the near—outlet region of the hybrid—stabilized arc, b) inhomogeneous

mixing of argon and water plasma species in the discharge calculated by the combined
diffusion coefficients method.

Our future plans include:

e elaboration of interpolation of all the plasma properties and combined diffusion
coefficients in the code as functions of temperature, pressure and argon mass
fraction;

e calculation of mixing for broad range of operational parameters for finer grids.

5. Research results (* reprint included)

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

*[1] J. JeniSta, H. Takana, H. Nishiyama, M. Bartlova, V. Aubrecht, P. Krenek,
Quasi—Laminar Flow Characteristics in Hybrid—Stabilized Argon—Water Arc
Discharge for Subsonic-Supersonic Regimes, /EEE Transactions on Plasma Science,
Vol. 42, Issue 10, Part 1 (2014), pp. 2632-2633.

[2] J. JeniSta, H. Takana, H. Nishiyama, M. Bartlov4, V. Aubrecht, P. Kienek,
Large-Eddy Simulation of Subsonic—Supersonic Flow and Heat Transfer in a
Hybrid Gas—Water Stabilized Arc, Journal of Physics: Conference Series, Vol. 550
(2014), 012016.

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

*[3] J. Jenista, H. Takana, S. Uehara, H. Nishiyama, M. Hrabovsky, Investigation of
Mixing of Plasma Species in the Hybrid—Stabilized Argon—Water Electric Arc,
Proceedings of Fourteenth International Symposium on Advanced Fluid Information,
Sendai, (2014), pp. 52-53.

3) Patent, award, press release etc.
Not applicable.
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The Continuous Spectrum in the Moore-Saffman-Tsai-Widnall Instability

Stefan G. Llewellyn Smith*t, Yuji Hattori**tt, Makoto Hirota**
*Department of Mechanical and Aerospace Engineering, UCSD
**|nstitute of Fluid Science, Tohoku University
tApplicant, tTIFS responsible member

Purpose of the project

High-Reynolds number flows are dominated by vortical structures. The instability of
coherent vortex structures is fundamental to the aircraft wake problem, which
affects flight operations near airports. Vortex filaments are unstable to a number of
instabilities: the long wavelength Crow instability, the short wavelength
Moore—-Saffman-Tsai—Widnall (MSTW) instability and the ultra-short wavelength
elliptical instability. We consider the initial-value problem for the MSTW instability
in the case of smooth profiles, for which the continuous spectrum is critical.

Details of program implement

Professor Llewellyn Smith visited the Institute of Fluid Science during the period
September 15-19, 2014. During this visit, Professors Llewellyn Smith and Hattori
discussed work on the two-dimensional MSTW instability using the exact solution
and unsteady vortex solutions. Professor Llewellyn Smith attended the meeting of
the Japanese Society of Fluid Mechanics held in Sendai on 15-17 September, 2014,
and presented a talk during the meeting. Professor Hattori talked about the
collaborative research at ICFD2014.

0 /2 b 0 /2 b 0 /2 b

Figure 1 : Evolution of localized disturbance in 2D Taylor-Green vortices. Contours of

the magnitude of disturbance vorticity is shown.

3. Achievements

Professor Hattori has studied the MSTW instability of two-dimensional Taylor—Green
vortices. The evolution of a localized disturbance in the form of wave packet is followed
using direct numerical simulation (Fig. 1). The 3D Navier—Stokes equations are solved by
a Fourier spectral method. The effects of shear on the linear instability have been



elucidated. Exponential growth of disturbance energy is observed from the start of
calculation when the initial disturbance is centered at the elliptic stagnation point, while
energy decays initially when the initial disturbance is off the stagnation point. There is
no clear distinction between weakly nonlinear stage and nonlinear stage, which is
observed in Hattori and bin Marzuki (2014).

Professor Llewellyn Smith has investigated the problem of the MSTW instability in the
presence of density differences. This first requires solving for the modes of the Rankine
vortex without strain, following Kelvin's original formulation. Unlike the constant
density case, there can be unstable modes: an important question then is the magnitude
of their growth rate compared to that of the MSTW modes. He has also written a new
algorithm to find steady states of vortex patches and Sadovskii vortices. This can be used
to find basic states with finite strain as in Hill's hollow vortex. Finally, he has
investigated solutions to two-dimensional vortical flows with piecewise constant density
in the presence of sinks and sources.

Summaries and future plans

Future work on the MSTW instability of the 2D Taylor—Green vortices includes analysis
of the pseudospectrum and its relation to transient growth, which will be checked by
direct numerical simulation. The effects of stratification will also be studied.

Extending the mapping technique use by Professor Llewellyn Smith to look at hollow
vortex stability to the Abrashkin—Yakubovich family of vortices and to Sadovskii vortices
in strain is the next step in examining the stability of these states, giving insight into
strain-induced vortex stability with finite strain. A key question is that of steady and
unsteady solutions for vortex sheets in the presence of density differences. The new
complex variable method should lead to exact solutions in the former case. He has also
been in discussion with colleagues in Spain and the United Kingdom about axisymmetric
vortex sheet evolution with density difference.

5. 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] Yuji Hattori, Makoto Hirota, and Stefan G. Llewellyn Smith: The continuous

spectrum in the Moore-Saffman—Tsai—Widnall instability, Proceedings of the
Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp. 178-179.

Patent, award, press release etc
Not applicable.
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[1] M. Arita, R. Tokuda, K. Hamada, and Y. Takahashi: Development of TEM holder
generating in-plane magnetic field used for in-situ TEM observation, Materials
Transactions, 55, (3), (2014), 403-409.

[2] M. Kudo, M. Arita, Y. Ohno, and Y. Takahashi: Filament formation and erasure in
molybdenum oxide during resistive switching cycles, Applied Physics Letters, 105,
(2014), 173504-1-4.

*[3] T. Uchida, M. Arita, A. Fujiwara, and Y. Takahashi: Coupling capacitance between double
guantum dots tunable by number of electrons in Si quantum dots, Journal of Applied
Physics, 117, (2015), 084316-1-6.
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[4] Y. Takahashi, H. Takenaka, A. Fujiwara, and M. Arita (invited): High-frequency operation
of Si single-electron transistor beyond cutoff by the use of rectifying effect, 7he 6th IEEE
International Nanoelectronics Conference, (2014.7/28-31, @ Hokkaido Univ,, Japan).

[5] M. Arita, Y. Ohno, M. Kudo, and Y. Takahashi (invited): Evolution of conductive filaments
in Cu/MoOx CBRAM observed by means of in-situ TEM, The 6th IEEE International
Nanoelectronics Conference, (2014.7/28-31, @ Hokkaido Univ., Japan)

*[6] Takafumi Uchida, Masashi Arita, Akira Fujiwara, Yasuo Takahashi,Seiji Samukawa:
Gate-Voltage Tunable Coupling Capacitance of Si Double-Quantum-Dots with Multiple
Gates, Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 120-121.
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The Theoretical Modes of the Wake Flow of Road Vehicles

Chenguang Lai*t, Shigeru Obayashi**tt, Yuting Zhou***, Kaiping Wen*, Zhigang
Yan*, Sujuan Yu*, Chao Man*, and Chang Luo**
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1. Purpose of the project
The objective of this project is to better understand the mechanism of the
unsteady three-dimensional wake structure and construct the theoretical
modes of the wake flow, which can provide the key theoretical direction and
basis for controlling the structures of the wake vortex and restraining the
vortex excited vibration.

2. Details of program implement

To better understand the mechanism of the unsteady three-dimensional wake
structure of the high speed road vehicle, the vehicle aerodynamic
performance and the flow characteristics during curve driving was
investigated. The dynamic mesh and User-Defined Function (UDF) in Fluent
were performed in the simulation, and the experimental verification was
carried out in Jilin University Wind Tunnel (Figure 1). A notchback Mira
model is used, and hybrid mesh technique was performed in this research. 9
boundary layers are generated around the vehicle to capture the flow
structure better, shown as Figure 2.

Figure 1: Experimental verification in Figure 2: Numerical simulation
Jilin University Wind Tunnel with a hybrid mesh technique

3. Achievements

The following conclusions were made based on the results of the transient
simulation: the transient simulation with dynamic mesh and UDF method can
simulate the vehicle aerodynamic performance and catch the wake details
during curve driving more realistic; the direction of aerodynamic drag is not
the same with the driving direction while curve driving; while curve driving,
the airflow at the outer side of vehicle head was intensified separation which
is not helpful for the airflow re-attachment; the airflow at the inner side of



vehicle head was suppressed separation which is helpful for the airflow
attachment.

I L l I

Figure 3: Some examples of the results of the transient simulation (they are the
pressure distribution, counter of velocity, streamline and airflow in wake section of the
model from left to right)

4. Summaries and future plans

Summaries: Dynamic mesh and UDF were performed in the simulation.
Through transient simulation analysis, the changes of aerodynamic
resistance, pressure distribution, vortices and flow field during steering were
obtained. The result shows that: there is an intersection angle between the
aerodynamic resistance direction and the automobile movement direction;
the vortex on the outside is larger than that on the inside; the outer lateral
vortex appears in front of the vehicle, while the inner lateral vortex is at the
end of the vehicle. This research provides a new and more real method for the
study of vehicle aerodynamic properties and vehicle wake flow.

Future plans: catch the transient topologies of the separated flow generated
on the end of the different type of road vehicles using numerical and
experimental methods; study and conceive the form of the eddy motions on
the wake of road vehicle; analyze and define the inherent mechanism and the
laws of the flow on the wake of road vehicle

5. Research results (x reprint included)

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

*[1] C. Lai, K. Wen and C. Man: Influence of Airflow Uniformity over the Duct Outlet of
Vehicle Air-condition on Cooling Performance, Hydromechatronics Engineering, \Vol.
42, No. 12, (2014), pp. 17-21.

[2] C. Lai, C. Man, K. Wen, Z. Yan and M. Duan, Numerical study of cooling

characteristics for blanking in hot stamping, Hydromechatronics Engineering, Vol.
43, No. 6, (2015), pp. 27-31.

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

international conference without peer review)

*[3] C. Lai, C. Man, and K. Wen: Numerical Study on vehicles aerodynamic
performances during straight and curve crossings, Proceedings of The Fourteenth
International Symposium on Advanced Fluid Information, Sendai, (2014), pp. 42-43.

[4] K. Wen, C. Lai, H. Sun and C. Man: Multi-objective Optimization for Intake and
Vent Grilles of Tank, Proceedings of Eleventh International Conference on Flow
Dynamics, Sendai, (2014), pp. 430-431.
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1. Purpose of the project

The main goal of proposed research is to provide critical insight into
fundamental mechanisms of molecular dissociation, rapid heating of the flow (on
sub-acoustic time scale), chemically active radical species formation, and chain
processes of fuel oxidation in nanosecond pulse, diffuse filament discharges. Such
insight is critical to predictive analysis of plasma flow control and
plasma-assisted ignition applications.

2. Details of program implement

The present approach uses (i) reduced dimensionality (1-D axial + 1-D
radial), master equation, nonequilibrium air plasma model (Shkurenkov
2014), (ii) 2-D axisymmetric N2 / air plasma model (Eckert 2015), both
developed at OSU under a collaborative project with IFS, and (iii) a 2-D
fuel-air plasma model developed at IFS (Takana 2014).

3. Achievements

Kinetic modeling of a “diffuse filament” nanosecond pulsed discharge in nitrogen at
P =100 torr, sustained between two spherical electrodes 7.5 mm in diameter and
separated by 10 mm gap was done using a 2-D axisymmetric geometry kinetic model.
The model predictions are compared with recent time-resolved measurements, showing
good agreement. The model also reproduces the effect of N2 vibrational temperature and
N2(v=1) population rise after the discharge pulse, due to “downward” N2z-N2
vibration-vibration energy exchange in the afterglow.

Kinetic modeling of reacting air and hydrogen-air plasmas, using a state-specific
master equation kinetic model, has also been conducted. The results demonstrate
that energy thermalization and temperature rise in these plasmas occur in two
clearly defined stages, (i) “rapid” heating, caused by collisional quenching of excited
electronic states of N2 molecules by Oz, and (ii) “slow” heating, caused primarily by
N2 vibrational relaxation by O atoms (in air) and by chemical energy release during
partial oxidation of hydrogen (in Hz-air).

4. Summaries and future plans

Future work includes predicting (i) time-resolved electric field and electron
density and (ii) compression wave formation due to “rapid” in air plasmas, as well as
comparison with measurements of electron density, electric field, and compression
wave speed at Ohio State.



Figure 1: Contour plots of N atoms number density in a diffuse filament nanosecond
pulse discharge in nitrogen at 100 Torr, at t=10 ps and 10 ms after the discharge pulse.
Electrode gap 10 mm.
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Figure 2: Time-resolved gas temperature, predicted N, vibrational temperature, O
atom number density, and total number density of electronically excited states of N,
during and after diffuse filament nanosecond pulse discharge in air at 100 Torr.
Electrode gap 10 mm.

5. Research results (* reprint included)

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

[1] Shkurenkov, D. Burnette, W.R. Lempert, and 1.V. Adamovich: Kinetics of Excited
States and Radicals in a Nanosecond Pulse Discharge and Afterglow in Nitrogen and
Air, Plasma Sources Science and Technology, Vol. 23, (2014), p. 065003.

*[2] H. Takana, 1.V. Adamovich, and H. Nishiyama: Computational Simulation of
Nanosecond Pulsed Discharge for Plasma Assisted Ignition, Journal of Physics:.
Conference Series, Vol. 550, (2014), p. 012051.

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

*[3] Z. Eckert, H. Takana, H. Nishiyama, and I. Adamovich: Master Equation Modeling
of a Nanosecond Pulse Discharge in Nitrogen in a Pin-to-Pin Geometry, Proceedings
of the Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp. 72-73.

[4] 1. Shkurenkov, S. Lanier, I. Adamovich, and W. Lempert: Two-Stage Energy
Thermalization Mechanism in Nanosecond Pulse Discharges in Air and
Hydrogen-Air Mixtures, 671" Gaseous Electronics Conf.,, (2014), Raleigh, NC, USA.

3) Patent, award, press release etc.
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Purpose of the project

The project is concerned with a modified version of the hole-tone problem, also
referred to in Lord Rayleigh's Theory of Sound as the bird-call. The purpose is to
investigate the influence on the sound generation of an expansion chamber
enclosing the jet, a tailpipe, and a combination of both. We hope to obtain a
thorough understanding of self-sustained flow oscillations and their
interaction with (i) acoustic standing waves and (ii) acoustic forced
excitation (e.g. via loudspeakers). At the same time, it is a goal to develop a
mathematically “elegant” and computationally fast method for aeroacoustic
analysis.

Details of program implement

We are investigated self-sustained flow oscillations in an expansion chamber
followed by a tailpipe, as shown in Fig. 1. In particular, we are investigating
how the flow oscillations can generate acoustic standing waves in the tailpipe,
and interact with them.

The unstable shear layer of the jet is modeled via a discrete vortex method,
based on axisymmetric vortex rings. The aeroacoustic model is based on the
Powell-Howe theory of vortex sound. Our approach is thus a typical ‘acoustic
analogy approach'. The acoustic problem, that is, solution with respect to
acoustic pressure and particle velocity within the cavity/tailpipe, is solved
analytically, as discussed in the next section.

Self-sustained flow oscillations

Aeoisie (Tl Pipe acoustic modes
(standing waves)
oiale O
Air flow
= Tailpipe
D e
| -

Fig. 1. An expansion chamber-tailpipe system. The red arrows symbolize acoustic
feedback from the tailpipe to the self-sustained flow oscillations in the cavity.



3. Achievements

Analytical (approximate) expressions have been obtained, via matched asymptotic
expansions, for the pressure and the axial component of the acoustic feedback
velocity in a cavity-pipe system [4]. Advantages of such an approach are (i) fast
numerical evaluations and (ii) analytical insights. As to (ii), it is found that the
amplitudes of both the pressure in the pipe and the acoustic feedback velocity
become infinite at the pipe resonance frequencies. This indicates an occurrence of
lock-in of the self-sustained flow oscillations in the cavity to the resonant acoustic
pipe pressure oscillations.

We have also, as a 'starting point', considered a very simple one-dimensional
approximation to the acoustic problem [3].

4. Summaries and future plans
The main result is an analytical, approximate solution of the acoustic part of the
problem, obtained via the method of matched asymptotic expansions [4].

In the fiscal year 2015 we will work towards the main aim of the project, namely
the study of active control. In particular, we wish to understand how external
acoustic excitation (by loud-speakers) can initiate lock-in of the self-sustained
(hole-tone) flow oscillations to the pipe acoustic resonance frequency, to the excitation
frequency itself, and to certain fractions of these frequency values. The computations
will be verified by experiments.

The recently published paper [1] is relevant to the problem of active control.

5. Research results (* reprint included)

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

*[1] M. A. Langthjem and M.Nakano: A numerical study of the hole-tone phenomenon
subjected to non-axisymmetric shape perturbations of the jet nozzle, Theoretical
and Computational Fluid Dynamics, (2015), DOI:10.1007/s00162-015-0343-z,
provisionally scheduled for Vol. 29, Issue 3-4.

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

[2] M. A. Langthjem and M. Nakano: Interaction between Self-Sustained Flow
Oscillations and Acoustic Resonance in a Cavity-Pipe System, Proceedings of the
Eleventh International Conference on Flow Dynamics, Sendai, (2014), pp. 424-425.

*[3] M. A. Langthjem and M. Nakano: Numerical and experimental research on active
control of self-sustained flow oscillations with sound interaction. Proceedings of the
Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp. 168-169.

3) Patent, award, press release etc.
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1. Purpose of the project

The objective of the present project is to develop the efficient numerical algorithms and
experimental techniques for investigating the fundamental characteristics of the
time-dependent gas flows through porous media with combustion and other
energy-release zones.

2. Details of program implement

Gravity is known to affect heterogeneous combustion in porous media; especially it is
appreciable at very low air (oxidizer) flow rates. Effect of gravity on the combustion of
porous objects includes not only the force of gravity (gravity field inside the porous
object), but also the pressure difference at boundaries of the porous object, which is
caused by the action of gravity on the ambient air, if the open borders of the object are
located at different heights.
Pmerically how the gravity fied insids the "~
porous object and the above-mentioned P e Hsﬂfﬂifu}_x
pressure difference at the object boundaries T
affect the combustion process in the object. F=gor
Using original mathematical model and F=0 2
numerical method, the one-dimensional -
unsteady combustion regimes have been
compared in the following porous objects:
the vertical (in which there are effect of the
gravity field inside the porous object and the i
pressure difference on object borders), P=ro 7
horizontal (in which there aren't effect of the

gravity field and the pressure difference on Figure 1: Porous object
object borders), the object with gravity field inside the porous object and without the
pressure difference on object borders, the object with the pressure difference on object
borders and without gravity field inside (Fig. 1). It is revealed that in the object with the
pressure difference at object boundaries and without gravity field the combustion wave
spreads in the same direction and in the same propagation mode as in the real vertical
porous object, but with a higher speed of propagation; in the porous object with gravity
field and without the pressure difference at object boundaries the combustion wave
spreads in the opposite direction or has a different propagation mode.

It is shown that a burner made from porous intermetallic Ni-Al compound in the
filtrational combustion mode provides a radiative energy efficiency of up to 70 % of the
total fuel heat capacity. The NOx exhaust is within 33+36 mg/m 3 only. Up to 30 % of the




total radiative flux of the burner is accounted for by the gas-phase radiation, while the
rest is made up by the thermal radiation from the porous material surface.

In the course of project implementation Russian project members (Nickolay Lutsenko,
Anatolii Maznoy, Alexander Kirdyashkin) 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 member took part in the 14th International Symposium on Advanced Fluid
Information and presented results of the project.

3. Achievements

The results which had been expected in the present project were achieved. It was
studied numerically how the gravity field inside the porous object and the pressure
difference at the object boundaries, which is caused by the action of gravity on the
ambient air, affect the appearance of self-sustaining heterogeneous combustion waves
in the object. A combustion mode is experimentally demonstrated, wherein the
combustion wave is localized inside the wall of the porous matrix. Under this condition,
up to 70 % of the total heat value of the fuel mixture is converted into IR flux radiated
from the surface of the nozzle, with the maximum lying within the wavelength region
3-11 pm.

4. Summaries and future plans

It is revealed that the gravity field inside the porous object and the pressure difference
at object boundaries, which is caused by the action of gravity on the ambient air, lead to
opposite effects: the pressure difference on object borders leads to the propagation of the
combustion wave in the same direction and the same mode as in the vertical porous
object, but the gravity field leads to the spread of the wave in the opposite direction or in
a different mode. In the vertical porous object the pressure difference at object
boundaries defeats the effect of gravity field inside the porous object, but the gravity
force leads to reducing the velocity of combustion wave.

The original numerical method for modeling the time-dependent 2D processes in porous
media with zones of heterogeneous combustion under both natural convection and
forced filtration will be developed and used for solving some problems. A wide variety of
porous-material products manufactured by the combustion synthesis process, which
could be applied in energy-conversion devices relying on the principle of filtrational
combustion of gases, will be designed.

5. Research results (* reprint included)

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

[1] N.A. Lutsenko, V.A. Levin V.A.: Effect of Gravity Field and Pressure Difference on
Heterogeneous Combustion in Porous Media, Combustion Science and Technology,
186 (2014), pp. 1410-1421.

[2] A. I. Kirdyashkin, A. N. Guschin, A. S. Maznoy, S. S. Minaey, F. S. Palesskiy:
Combustion-synthesized porous Ni-Al materials for radiative porous burners,
Advanced Materials Research, 1040 (2014), pp. 442-448.

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

international conference without peer review)

*[3] N.A. Lutsenko, K. Maruta: On Numerical Modeling of Some Features of
Heterogeneous Combustion Waves in Porous Media under Free Convection,
Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 58-59.
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*[1] K. Tanaka, S. Robson, K. Kitaura, H. Kobayashi, M. Nakano and A. Totsuka:
Development and Micro-Channel Flow Evaluation of Electro-Rheological
Nano-Suspensions, Proc. of the 14th International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 152-153.

*[2] K. Tanaka, H. Kobayashi and M. Nakano: Electro-Rheological Behavior and
Microstructure of Nano-Suspensions based on Titanium Dioxide Nano-Particles, Proc. of
the 11th International Conference on Flow Dynamics, Sendai, (2014), pp. 398-399.

[3] K. Tanaka, S. Robson, Y. Taniguchi, H. Kobayashi, M. Nakano and A. Totsuka:
Micro-Gap Flow Behavior and Micro-Structure of Electro-Rheological Nano-Suspensions
based on Titanium Dioxide Nano-Particles, Proc. of the 14th International Conference on
Electrorheological Fluids and Magnetorheological Suspensions, Granada, (2014), 1 page.
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Ignition Studies of Gaseous Pre-mixtures in Turbulent Flow
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Purpose of the project

The objective of the proposed project is elaboration of tractable reduced models of
pre-mixtures ignition in the turbulent flow and understanding of the main physical
mechanisms governing turbulent ignition.

Details of program implement

Flame initiation in turbulent flow is one of the most important problems in
combustion theory. It plays an important role in the performance of various energy
conversion devices with gas combustion. Investigation of ignition processes have not
only fundamental importance but also essential for a better control of fuel efficiency,
exhaust emission, and idle stability of the engine operation. Most practical
combustion devices require combustion events to be initiated at a predetermined
location and time. Furthermore, the deep understanding of ignition processes is
crucial for optimization of ignition systems especially when ignition of lean premixed
mixtures under turbulent conditions is considered.

The ignition process in ABC-flow field modeling turbulent flow was investigated
numerically in the frame of 3D thermal-diffusion model. The dependencies of
minimum ignition energy on vortexes size, velocity amplitude and Lewis number
were obtained (see Fig.1 and Fig.2). Dependencies of minimum ignition energy on
wave number k calculated for different flow intensity ¢ and Lewis number Le are
shown in Fig. 1. It was found that for the fixed value of flow-intensity U there is a
critical wave number corresponding to the maximal ignition energy (see Fig. 1).
Unlike the 2D case, in the 3D case this critical wave number depends on
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flow-intensity. The numerical results shows that in large—scale eddies flow, the
minimum ignition energy is almost constant until the turbulent intensity exceeds
some critical value, then the abrupt linear increase of ignition energy is observed (see
Fig. 2). Such behavior resembles previous experimental observations. It may be
concluded that the reduced thermal-diffusion model combined with prescribed flow
field is reasonable for qualitative investigations of the ignition in the turbulent flow.
In the course of project implementation Russian project members (R. Fursenko and E.
Sereshchenko) 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 14t International AFI conference and presented the results of the project.

3. Achievements
All results which have been expected in the submitted project were achieved. It was
shown that theoretical results obtained within reduced thermal—diffusion models
combined with prescribed flow field allows us to qualitatively explain some
experimental results on the ignition in the turbulent flow. It was found that behavior
of the minimum ignition energy/turbulent intensity curves strongly depends on the
location of the igniting hotspot.

4. Summaries and future plans
The ignition process in ABC-flow field modeling turbulent flow was investigated.
Analysis of time-dependency of maximal gas temperature allow us to give qualitative
explanation of minimum ignition energy behavior under variation of different
parameters. Reduced mathematical model allows us to decouple thermal-diffusive
and hydrodynamic processes for better understanding of dynamical behavior of the
flame after its initiation by hot spot.
The future research will be directed towards further investigations of the influence of
vortexes size, velocity amplitude, mixture contents, Lewis number and radiative heat
losses on minimum ignition energy. Ignition of pre-mixtures in ABC-flow field
modeling 3D turbulent flow will be examined numerically in the frame of
thermal-diffusion model formulated for confined domain with non-adiabatic
boundary conditions. Such simulations will contribute to the understanding of the
effect of boundary conditions on ignition processes in practical devices. Numerical
results obtained in the frame of proposed models will be verified on the basis of
experimental data available in the literature. In 2D case, the numerical simulations
in the frame of the model including hydrodynamic effects will be performed. It allow
us to estimate the influence of gas thermal expansion on ignition process at various
conditions.

5. Research results (* reprint included)

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

[1] E. Sereshchenko, R. Fursenko, S. Minaev, S. Shy: Numerical Simulations of
Premixed Flame Ignition in Turbulent Flow, Combustion Science and Technology,
\ol. 186, (2014), pp. 1552-1561.

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

[2] E. V. Sereshchenko, S. S. Minaev, R.V. Fursenko, K. Maruta, S. Shy: Numerical
studies of ignition gaseous pre-mixtures in stationary turbulent flows, "Progress in
Continuum Mechanics" International Conference dedicated to the 75th anniversary
of academician V. A. Levin, Vladivostok, (2014), pp. 442-443.

*[3] E. Sereshchenko, R. Fursenko, S. Minaev, S. Shy, K. Maruta, H. Nakamura,
Numerical studies of ignition in ABC-flow modeling 3D turbulence, Proceedings of
the 14th International Symposium on Advanced Fluid Information, Sendai, (2014),
pp. 64-65.



AR J14038
X5y —fixAL[ETSE
ey TT B AN— Ry
eI 2014.4 ~2015.3

T8 14H GER)

Le SENEIZH T2 Me-DLC R E BB O & EIR - EFEFEICET MR
Research on the Physical and the Tribological Properties of a Soft Metal Layer Originating
in Me-DLC on Sliding
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2. HEFBEOAR

FALKRFRARI AT T O PVDICVD &4 A E ChE L 72 CulDLC -/ 22 7Ry
v ha—7 427 (Cu-DLC) BEWAGDLC F/ ariRyy ha—7 47 (Ag-DLC)
& SUJ2 7Y v U EERIS LY C2700 EERER & DEEER - BERERR AT o T2, T OREE,
Ag-DLC %, Lw 2 EfATH RO SUI2 T U > FEROIGA I IR E I~
TERAFEASR E 5 DIZKT L, FHEEAMEY Y C2700 EFERDSFAITITEEEYRIL D~V THIE
IKIEMEDTE D Z &3 biroTz. L O BIfEFM OBEEmICIIRE T 35 AR T
A IVEIERCT D 2 & BV B0 T (EDS) TR L7-. —J, Cu-DLC &
SUJ2 X7 U JERE DEEBIZ W T, RO EIKEEI T CTh o7, 87
ARTANEDF ) AT T —a PEORER, e EMnET25 M TAHR7 4 VAT
KT DIHAIE SIS Z Ty ET D b T AR T 4V DITRT DHARE S LD H5 31%
FRRETEL, SRE RS ETA N IFART A NV ADESDOHIVNSNT LR TX7-. Lo
BT & FDOBEEIICER LT N TIA R T A IVDDT ) A T T —3 g VRS HBKR
& e D13 EBEBRFE O~ VY THERAFED SR E D Z E B BT o Tz

BEL—7 > M & HWT PVDICVD #E BRI EIZ L > TEJ@/DLC 7/ 2R Yy b=
—T 4 7 EIET DA, A RO 23 S5 K, T e AT AR OR{EK
FA T NCEDERY —5 v NREDIFYE N TEE LT SEREE 21557280, 73
EIRALKRZA A (BENTTEF L) OFEHIIGEC THHIRER DC HHE2 527200
X250, 2078, RO ED ANy ZFFEOEVEEE CVD-DLC OF /) R Yy
fa—7 ¢ 7 EEET 256, TP OEREAENHH U LOEWVREIZ/>TLE
)T EMmbhotz. SBOY, EDSIZL > TR » 72RO & A &13K) 68at.% Th



St FIT, RF 7% by Ay ZIEBAFH L, REOR—AZ—Fy N FICiRE
I3 Z 7Ly hERE LIZEAZY—7 Y b2 HWTEREE A &N 50at. % LL oD
Ag-DLC B LU Cu-DLC DfifiFEZRIAT-. EDRER, ANy XL RFEON—AZ—
v b RICELET % 2 7 Ly b OmERE & ATE A EYICE L SEH 2 8T, EDS (2K BT
OGRS A 8HY 24~55at.% D Cu-DLC & 54 778 26~65at. % Ag-DLC A3MERLFTHE
ThHZ LR L. BREFIHEME (TEM) ICX2EEEBEOME, nbnF
AR Yy MEE DLC « b U 7 AR E A #EITIGR U ChES: 5~20nm BREDO&E 7 7
A4 BT DT B T L MR AL, PVDICVD B A Rl L7 & B A0
WZ[FRl—DF /HEETHH Z LB LMNT T,

3. WARBEZEDERIKR

ZAVETO PVDICVD A RREEIZ L - Tl L7 Cu-DLC B8 XY Ag-DLC (2%, #r
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*[1] Minoru Goto, Kosuke Ito, Hiroyuki Miki, Takanori Takeno: Research on the Physical and
the Tribological Properties of a Soft Metal Layer Originating in Me-DLC on Sliding
Surface, Proceedings of the Fourteenth International Symposium on Advanced Fluid

Information, Sendai, (2014), pp. 142-143.
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FE# Ge-on-Insulator EARDER & T/31 RIGH
Fabrication of Strained Ge-on-Insulator and Device Application
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1. ®EEHN

IR, Si-CMOS 1327 — 1) U JBRARZ Tz o050, Si b b EBENETF v 1L &
LT N~=T A(Ge)NEH ENTWA. Geldb &b & Si DEED VI BEELZ AT 5
25, EEREERANC Lo T Ge IZAEMEAZEATH 2 LT, XL HBEE ORI
FHWRETH 5. AWFZETIL, SiHbk B2, EiE Ge-on-Insulator (GONKEEA1ERLL,
ZNEE S T-EBEIE Ge T /L MOS 73 ADB#%#1T9. GOl # L LT, Ge
TEX XY UE EIED Aot E WAL T S, S, EBEEESI R EE
E72% Ge B — MERIEIZOWT, ABFFE T, HERi -2 — 2k (NBO) JEZ R
T5H., ZHUTKY, FA—=T TV —0 Ge BV AE FIREE L, SRR B 2 KR 2K
WESET, EiERHEEERT D, Ge TEIIEAZA L TNDHA, NBO IEMEIR TOlE
{EDFIRETH D728, Ge T v RNVDELEMEF CEAFRMZIH) 35 Z &I TE,
BEBENE 29 HEH GOl F v /L MOS 7 /31 ADFKEHL A HIET.

2. HIERREOAR

PUFOFET GOl fifE A ERL L 7=, Si(100) & 11D FAR B[ @R Y — A MBE % iU C
AR 350°C CHRJE 40 nm @ LT-Ge JE Z iR S ¥ 721, ARIRE 600~800°C T 500nm
~1um O HT-Ge @&k Lz, D%, SiOSi KHEHEMA~DILY bt & EIRT v F
7 7av Ak ) GOl ZERlL7-.

VERL L 7= GOl MR DO BB 2595 Z & T, BROFERIERCT v U TIREA2 M5
ZEMTE, TS AMUCEERMREEDL ZENTE S, £ 2 THIENE, GOl ER Tk
AHID Si HA - Ge =B (Ge-on-Si) & GOl HE1EIZ W T Hall HIiEZ2 T -7, 1124
RIREED Ge-on-Si, MU GOl #1&ED Hall BBEhEE & 1EFLE R OIR FERE AR,

Ge-on-Si OBENEIZOVWT RS &, KRMEE TIE, mRERENSEW ISR, KIEFL
ETHY, FEEMENEHTHDZ E AT, —F, REMICTRIERBEEOKT, EfE
FERIRD RO, 2L, Kifa 28I ETe LT-Ge Jg@in b OERBEIEE O EALA, =RiEfHT
TREMIZHEINL, 2KL LTOBBEZKTFIE WD EEX LS. GOl EEIZRB
T, ZOLT-Ge JBIIs2IlBESND -, =T 2090 cm2/Vs DU EiEFL Hall FBEhE
AMEHNZ. 20 Hall BEIEILEME L7 Ge @ Hall BEIE L 1EE 2L, Zo GOl
REENIEFICEE THDHZ AR LTS,
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Analysis of Complex Spatiotemporal Structures of Vortices in Turbulence
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—RBREOESTHE L Lo R ba 7 —ICHEHT5 2 LT, 209
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[1] T. Ishihara: Vortical structures in homogeneous high Reynolds number turbulence, Joint
Seminar, Osaka University, (2014). (Invited)

[2] T. Ishihara: Vortical Structures in High Reynolds Number Turbulence (Re~105) by
Large-Scale DNS on K computer, Serninar at Imperial College London, (2014). (Invited)

[3] T. Ishihara: Computational science of high Reynolds number turbulence, Symposium on
Analysis for structures and singularities in fluids, Nagoya Univ., (2014). (Invited)

[4] AR & 0 =JVELROKRBUREEARET, 25 27 [B] Blaeaks o Ry w o THEGRC
e TR L EEREE),  ENIRSCRE ZJES v /3R, (2014). (Invited)

*[5] Takashi Ishihara, Yuji Hattori: Analysis of Complex Spatiotemporal Structures of
Vortices in Turbulence: Extraction of Strong Vortical Clusters in High-Reynolds-Number
Turbulence, Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 172-173.
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[1] Jun Ishimoto, U Oh, Zhao Guanghan, Tomoki Koike and Naoya Ochiai: Ultra-High
Heat Flux Cooling Characteristics of Cryogenic Micro-Solid Nitrogen Particles and
Its Application to Semiconductor Wafer Cleaning Technology, Advarices in Cryogenic
Engineering, Vol. 59, (2014), pp.1099-1106, doi:10.1063/1.4860828.
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*[2] Jun Ishimoto, Kazuo Matsuura, Kozo Saito: Numerical Prediction of Compressible
Vapor Flow with LDI Erosion, Proceedings of the Fourteenth [International
Symposium on Advanced Fluid Information, Sendai, (2014), pp. 50-51.

3) T (FEF, RE, TRXIIRKRH)
(%E) WHEC Awards for Excellence Presentation, Jun Ishimoto, Supercomputing of
Safety and Risk Assessment for Multiphase High Density Hydrogen, 7he 20th
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[1] N. Ochiai and J. Ishlmoto. Numerical Investigation of Two Interacting Bubbles Behavior
in a Megasonic Field, Pro. Eleventh International Conference on Flow Dynamics
(ICFD2014), (2014), pp. 248-249.

*[2] N. Ohciai, J. Ishimoto and Jin-Goo Park: Computational Study of Bubble Behavior for
Clarification of Particle Removal Mechanism in Megasonic Cleaning, Pro. Fourteenth
International Symposium on Advanced Fluid Information, Sendai, (2014), pp. 128-129.
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Numerical Study of Thermal and Chemical Non-Equilibrium Effects in Near-Continuum
Hypersonic Flows

Georgy Shoev*t, Shigeru Yonemura**tt
Yevgeniy Bondar*, Pavel Vashchenkov*
*Khristianovich Institute of Theoretical and Applied Mechanics
**Institute of Fluid Science, Tohoku University
tApplicant, tTIFS responsible member

1. Purpose of the project
The main challenge of the project is a numerical study of thermal and chemical
non-equilibrium effects in near-continuum hypersonic flows for conditions where
both continuum and kinetic descriptions of the flow can be used.

2. Details of program implementation

The main goal of this year was to study numerically the hypersonic flow of nitrogen
(N2) with vibrational thermal relaxation around a blunted plate. In order to carry out
such a numerical study, the development of the Fluent-neq code for the Ansys Fluent
flow solver has been started. The conservation equation of vibrational energy is solved
separately, and it is added to the system of Navier—Stokes equations by using the
option of the user-defined scalar transport equation. Translational and rotational
modes are assumed to be in equilibrium, so we distinguish only two temperatures:
translational and vibrational. The Landau—Teller model is used for vibrational
thermal relaxation. Source terms corresponding to the energy exchange are
implemented through the define source macro. The vibrational relaxation time is
calculated with the use of a semi-empirical formula by Millikan and White (1963)
coupled with the Park (1985) correction for high temperatures. The density-based
solver, specially developed for high-speed compressible flows, is used in a steady
implicit formulation with an AUSM flux type and a second-order upwind scheme.

In order to test the code being developed, vibrational relaxation of molecular
nitrogen (N2) under adiabatic conditions was computed (Fig. 1). The results of the
computations (square symbols in Fig. 1) are in good agreement with the numerical
solutions (solid curves in Fig. 1) of the Landau—Teller equation (Ye. Bondar et al.,
Proc. of 24th RGD, 2005). The results obtained show that the relaxation time
decreases as the temperature increases.

The results of the calculation of a nitrogen (N2) flow around a 2D blunted plate
at M»=22 and Knr=0.001 are shown in Fig. 2. The plate length was equal to 10-R,
where R is the leading edge rounding radius. The flowfield around the leading edge of
the blunted plate is given in Fig. 2 (left). The top picture shows the temperature
flowfield obtained in the Navier—Stokes (NS) computation for a polytropic gas with a
constant ratio of specific heats y=1.4 (ignoring excitation of vibrational degrees of
freedom). The bottom picture shows the translational temperature flowfield obtained
in the NS computation with allowance for vibrational thermal relaxation. It is
clearly seen that exchange of translational and vibrational energy modes leads to a
decrease in the shock stand-off distance. The temperature profiles along the



3.

5.
1)

2)

stagnation line obtained in DSMC (Direct Simulation Monte Carlo) and NS
computations are compared in Fig. 2 (right). The DSMC computations were
performed by a SMILE software system (Ivanov et al., AIAA, 1998). Here “NS T”
corresponds to the case of a polytropic gas and “NS Tt” and “NS Tv” correspond to the
case of a thermally non-equilibrium flow. Accounting for vibrational relaxation leads
to changes in the internal structure of the shock wave: a typical peak of the
translational temperature is observed inside the shock wave. The continuum
simulation with allowance for vibrational relaxation predicts a steeper profile of the
shock wave than the Kkinetic simulation (marked as DSMC). At the same time,
vibrational relaxation zones are approximately the same for both approaches.
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Figure 1 : Vibrational relaxation of N2 for To=5000 K (left) and To=20000 K (right),

Tvw=200 K for both test cases.
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Figure 2 : Flowfileds obtained in NS computations (left) and temperature profiles
along the stagnation line (right).

Achievements
The expected results were achieved completely.

Summaries and future plans

Computations of a hypersonic flow around a blunted plate revealed a significant
impact of thermal non-equilibrium on the stand-off distance and temperature
behind the shock wave. In the next year, it is planned to develop a code that would
allow us to take into account the dissociation rate of diatomic molecules in a
multicomponent gas mixture. Numerical simulations of a near-continuum nitrogen
(N2-N) flow over a wedge with real gas effects will be carried out in order to study the
effects of thermochemical non-equilibrium. Results of these simulations will be
compared with available experimental data.

Research results (x reprint included)

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

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

*[1] Georgy Shoev, Yevgeniy Bondar, Shigeru Yonemura: Numerical Study of Thermal

3)

and Chemical Non-Equilibrium Effects in Near-Continuum Hypersonic Flows,
Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 12-13.

Patent, award, press release etc.

Not applicable.
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Elucidation of Mechanisms of the Frictional Characteristics of Erythrocytes
under Inclined Centrifugal Force
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1. Purpose of the project

Complicated interactions between blood cells, plasma proteins, and glycocalyx on
an endothelial surface layer of a blood vessel have been extensively investigated. Our
group developed an inclined centrifuge microscope, and obtained the nonlinear
frictional characteristics of erythrocytes moving in media on a glass plate, an
endothelia-coated one, and materials-coated ones under the effect of inclined
centrifugal force. However, the mechanisms of the frictional characteristics and
behaviors of erythrocytes in the inclined centrifuge microscope are still unclear. In
this study, we perform numerical simulations of an erythrocyte moving in the
inclined centrifuge microscope by considering the deformations due to the inclined
centrifugal force and fluid-induced stresses.

2. Details of program implement

Luca Brandt visited IFS between Oct. 6th and Oct. 11th. We had a face-to-face
discussion about our collaborative research. In addition, he gave a keynote lecture in
the Second International Workshop on Fluid and Material Sciences in Cooperation
between Tohoku University and KTH, which was a special session in the
International Conference on Flow Dynamics (ICFD 2014).

In this fiscal year, IFS side did experiments using the inclined centrifuge
microscope and accumulated measurement data of the frictional characteristics of
erythrocytes moving on a glass plate and an endothelia-coated one. Moreover, a
theoretical analysis of the mechanism of frictional characteristics of erythrocytes on
the endothelia-coated plate was conducted based on the lubrication theory assuming
an endothelial glycocalyx layer (EGL) as a compressible porous medium. KTH side
considered how to apply an original simulation code for fluid-structure interaction
(FSI) simulation for deformation of an elastic membrane.

3. Achievements

Experimental results showed the nondimensional frictional characteristics of
erythrocytes on the endothelia-coated plate hardly change even if the normal force
component of the centrifugal force is increased. Theoretical analysis qualitatively
revealed that the presence of the EGL of a compressible porous medium worked for
increase of frictional force though the slope of increment was different from the
experimental data. In addition, an idea to computationally deal with a deformable
erythrocyte was obtained.



4. Summaries and future plans
In order to obtain insights about interaction between erythrocytes and
endothelium of blood vessel, frictional characteristics of erythrocytes on a glass plate
and an endothelia-coated one were investigated by measurement, theoretical
analysis, and computation. Further experiments under different conditions and FSI
simulation will be carried out in the future.

5. Research results (* reprint included)

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

*[1] Takashi Oshibe, Toshiyuki Hayase, Kenichi Funamoto, Atsushi Shirai, Numerical
Analysis for Elucidation of Nonlinear Frictional Characteristics of a Deformed
Erythrocyte Moving on a Plate in Medium Subject to Inclined Centrifugal Force,
Journal of Biomechanical Engineering, Vol. 136, Issue 12, (2014), pp. 121003-1-9.

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

*[2] Kenichi Funamoto, Luca Brandt, Akira Yatsuyanagi, Kosuke Inoue, Toshiyuki
Hayase, Elucidation of Mechanisms of the Frictional Characteristics of
Erythrocytes under Inclined Centrifugal Force, Proceedings of the 14th
International Symposium on Advanced Fluid Information (AFI1-2014), Sendai,
(2014), pp. 100-101.

[3] Akira Yatsuyanagi, Toshiyuki Hayase, Kenichi Funamoto, Kosuke Inoue, Atsushi
Shirai, Fundamental Study of Interaction between Erythrocyte and Endothelial
Cell under Inclined Centrifugal Force (Reproduction of Friction Characteristics by
Numerical Analysis Using Simple Interaction Model), Proceedings of the 11th
International Conference on Flow Dynamics (ICFD2014), (2014), pp. 296-297.

[4] HF b 3gr, B meE, A @, A3 5 HRRE OERIENC X D N EGHIIE B oo sR i
EROFEEFZRHEOFHN (BURhE O OFEELRS D) |, AR AR5 27 Bl ASA 4=
=7V o TR SR SCHE, No. 14-67, (2015), pp. 169-170.
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27 N A= =7 ) o VS GR U5, No. 14-67, (2015), pp. 171-172.
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Improvement of Numerical Scheme and Theory for Kinetic Force Method
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1. Purpose of the project

Pair collisions are the main interaction process in the Boltzmann gas dynamics. To take
account of this interaction one needs to possess a two-particle distribution function. As
is well known, Ludwig Boltzmann presented it as the product of two one-particle
functions and wrote his famous kinetic equation with the collision integral in its right
part. In our earlier papers, the kinetic equation for two-particle distribution function in
gas mixtures was written by making use of exactly the same physical assumptions.
Instead of the collision integral, there is the linear scattering operator x in its right
part. The Boltzmann equation then follows from this equation without any additional
assumptions after a simple integration over the velocity and position of the second
particle. The scattering operator is simpler than the Boltzmann collision integral, and it
is possible to represent it in a factorized form. This form allows us to simulate the
quasiparticle pair dynamics due to collisions by rotating their relative velocity with the

angular velocity Q(v,,v,) = _[f(’ﬁ)f(”z)r Qf(v1>f(v2).

2. Details of program implement

We propose a new variant of the algorithm of the Kinetic Force Method (serial recalculation of the
velocities of quasiparticles) using pairs of quasiparticles in which energy is exactly conserved in the
course of simulation. The step of the algorithm consists of the following two operations:

1) All possible pairs (v,,v,), i <k are formed, there are N, = N(N —1)/2 pairs.
2) Pairs of quasiparticles are recalculated at each fractional time step dt / Np , and the new

values of velocities in the pair (v;,v,), i <k are calculated by the formulas:

Q. dt ||, xQ, X Q. dt |, X
v, t—&-ﬂ = (t)—&-l 1—cos|——||—E—% — 4 gin| & ik {'v,.(t)—'vk(t)]7
1w, Y e N-1)] o N-1]Q, |/

Q. dt ||, xQ, x Q. dt |, %
v, t+—dt :'vk(t>fl 1 — cos|—% ik ik k k ['v.(t)f'vk(t)].
N, Y N-1)] @2 N-1] @, |

On the Figures 1-2, there are results of simulation of molecular relaxation in the velocity
space of two oppositely-oriented slightly divergent colliding beams of equal density parallel
to the Oz . The initial distribution of particles in each beam is assumed to be a normal

distribution with average velocities equal to £1.0 and with the standard deviation x = 0.1.

In each beam, there are 180 quasiparticles. The algorithm is tested at constant frequency of
molecular collisions (Maxwell’s molecules, v = ov = const, where v is a relative velocity of



colliding molecules). We used the system of units where <’u2> =1, v=1.
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Figure 1. Time dependence of the moments of the distribution function obtained by algorithm with

serial recalculation of velocities: (a) is <v4> ; (b) is <v§>§ (c) is <v§> ; Solid lines are the exact moments.
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Figure 2: Distribution function f(v ) obtained by algorithm with serial recalculation of the
velocities of quasiparticles at different time: (a) ¢=0.0; (b) ¢t=2.0; (c) t=8.0.

3. Achievements
The new algorithm of Kinetic Force Method named serial recalculation of the
velocities of quasiparticles is suggested. This algorithm automatically provides
energy conservation in the system of molecules in the course of simulation without
supplementary corrections.

4. Summaries and future plans
We made one more step for theoretical substantiation of the Kinetic Force Method for
2D/3D numerical simulations of rarefied gas flows. In the future we try:
1. To improve theory for the Kinetic Force Method.
2. To develop the efficient numerical scheme for calculation the Kinetic Force on each
time step.

5. Research results (¢ reprint included)

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

*[1] V. L. Saveliev, S. A. Filko, S. Yonemura: Kinetic Force Method and Two-particle
Kinetic Equation, Proceedings of the 29th International Symposium on Rarefied
Gas Dynamies (Xi’an, China, 2014), AIP Conf. Proc. Vol. 1628, (2014), pp. 634-639.

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

*[2] Vladimir Saveliev, Svetlana Filko and Shigeru Yonemura: A View on Kinetic Force
Method from Two-Particle Kinetic Equation, Proceedings of the Fourteenth
International Symposium on Advanced Fluid Information, (2014), pp. 180-181.

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



R J14048
X5y JLFEIFTEEE S
RS B HIENTSE 02
eI 2014.4 ~2015.3
SRy 14H

FARZ EHMPRZ2ICET 2RIEKRE - KIHEET— >3y T
International Workshop on Fluid and Material Sciences in Cooperation between Tohoku
University and KTH

P 51, Fredrik Lundell **t+t
KE 5>, WN— #rk>
*PACKFARFARITHT, ** AT = —F » FAL TRRF(KTH)
THRES, TTAT HIEE

1. WIEE/
TR E MR L O OB A BBV T, bR & KTH O3 FEFZEZ ~<— 2
E LT, MR KO I B & 5 AR OMZEE B—4Ic S L, BREMFZEOTR iEim
BITH Z LI L - ¢, HEFEOMR 2 RICE TS 2 L2 E L.

2. MIERBEEOAR

2014 £ 10 HIZhifie S5 ICFD2014 [EFEEm 0T, 2 HICE-> T L7z, ikl

EMERI R LN D ORE E 2 kG s LT, F—/ — Nl 2 14, *k?ﬁﬁ@S#

IR, F—/ — NEFEIL, TRERE BRI NG, BT OSB3 HRilE

ﬁﬁbhﬁ. —fGEEEIY, IEEWFEO FEEE 2, FALRBIRE & KTH BRE M To 7.
%LT HUEKANE, AR O R, KH, N—7219T74&8E L TREY

ﬁoﬁ (27 o TS, LR, SBAMEIETT O b2 KIE L7, KTH {1

@WD%%1$$ HD A L R—"Th 5 Lundell #EESEZN Y L7=. 2 H HIZ, core tocore 7

07T LDV URD T LEDOHNEL L, JREIEE T T OIS AT o 1=

KT —7 v ay T OBNEIL3I24 TH-7-.

3. HIRBEEDERINR
AR EMEE R KO OBE 2 BBV T, JUERY: L KTH O FpIE A2 ~— 2
L LT, HROMIIEEN IR L, BEMEORY ilmMThONz. 4%, LEIFZEDHE
FHIZREBIDS RO S, ASLFERFFEEE 20 BRI HorEk s v,

4. FLHESHDFE
AKI—7 a7 OREZLY, AR LR KO OfE /3 B33 2 HEH
ﬁ%®ﬁﬁ%ﬁ%%ﬁ%ﬁéhé&%ﬁ%%mt Ltk L0 IRV ClkeEIC Y — 27 v
a v 7 EEL, EEFEERBEISEDL ZENEETHS.

5 BARAR (HIARIHY)

1) i ESROTEESE S#BREEED)
A



2) BEfRE - BRNFR - IRR - OEERF

(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

9]

Francesco Picano, Luca Brandt: Turbulent Channel Flow of Suspensions of
Neutrally-Buoyant Particles, Proceedings of the Second International Workshop on
Fluid and Material Sciences in Cooperation between Tohoku University and KTH,
(2014), pp. 4-5
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and KTH, (2014), pp. 6-7.

Nicolo Fabbiane, Shervin Bagheri, Dan Henningson: Adaptive Control of
Finite-amplitude 3D Disturbances in 2D Boundary Layer Flows, Proceedings of the
Second International Workshop on Fluid and Material Sciences in Cooperatiorn
between Tohoku University and KTH, (2014), pp. 8-9.
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between Tohoku University and KTH, (2014), pp. 10-11.
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the Second International Workshop on Fluid and Material Sciences in Cooperation
between Tohoku University and KTH, (2014), pp. 12-13.
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Manipulation of Nano-Fibrillated Cellulose: a Key Technology for New Bio-Based
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*[1] Daiju Numata, Keisuke Asai and Kiyonobu Ohtani: Development of PSP Technique for
Ballistic Range Experiments, Proceedings of the Fourteenth International Symposium
on Advanced Fluid Information, Sendai, (2014), pp. 18-19.
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Classification General collaborative research
Subject area Aerospace

Research period April 2014 ~ March 2015
Project status 2nd year

Generation and Transport of Chemical Species in Low-Temperature Atmospheric Plasma
for Sanitization Device

Tetsuji Shimizu*t, Takehiko Sato**tt
Gregor Morfill*, Daisuke Yoshino**
*terraplasma GmbH,

**|nstitute of Fluid Science, Tohoku University
tApplicant, tTIFS responsible member

1. Purpose of the project

The usage of cold atmospheric plasma for biomedical application, so called plasma
medicine, has been studied extensively. One major application in the research on
plasma medicine is disinfection and sterilization. In public places, a new development of
anti-microbial systems is becoming more and more important because a number of
antibiotic-resistant bacteria is increased. Moreover, nosocomial infection has been
seriously reported. In this project, we aimed at understanding the flow propagation
mechanism generated by cold atmospheric plasma. In the cold atmospheric plasma,
chemically reactive species which can inactivate microorganisms are produced and
transported onto objects. Both production and transport of reactive species are
important to achieve an effective inactivation of microorganisms. The simple set-up for
plasma production was built up in the previous years and here we discuss mainly the
flow generation by cold atmospheric plasma.

2. Details of program implement

As reported previously, a plasma discharge was produced between a pin electrode
and water surface by applying AC high voltage. The pin electrode with a sharp edge was
placed 1 mm above the water surface. The water was put in a quartz glass cell whose
size was 10 x 10 x 8 mm3 and the water level was as high as the height of the cell. The
cell was placed on a metal plate which was electrically connected to the ground. A high
voltage of 7.5 kVop with 5 kHz repletion frequency, a dielectric barrier discharge plasma
was produced. With this electrode configuration, a local plasma treatment is possible
and the width of the plasma discharge was almost as same as the diameter of pin
electrode, ~0.3 mm. In this experiment, pure water was used and the conductivity of
water was 0.8 uS/cm before the plasma was ignited. Note that the conductivity of water
was increased by the plasma discharge because the plasma discharge produced several
reactive species and they dissolved into the water.

The plasma discharge drives a flow in gas phase and also in water accordingly. The
gas flow was driven by the collision between accelerated ions by the present electric
field and neutrals. Here we showed a gas flow formation by the plasma discharge as
seen in fig. 1. The gas flow was observed by Schlieren visualization technique. Signals of
the applied voltage and electrical current were also monitored. The experimental
observation showed that the gas flow was generated by the plasma discharge and its
velocity reached ~20 m/s. The produced reactive species are transported by such a
driven gas flow as well as diffusion. It was observed that the gas flow velocity strongly
dependent on the conductivity of water. The input power into the plasma discharge was
almost independent on the conductivity. It suggests that the charging on the water
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surface by charged particles in plasma could affect the gas flow formation.

A

wire
electrode

water

Figure 1 : Gas flow formation by the plasma discharge. Schlieren visualization
technique was applied. The photos were shown every 20 ps.

3. Achievements
It was observed that the gas flow was developed by the plasma discharge above the

water surface. Using the pin electrode, a local plasma treatment was achieved in a

range of 0.3 mm in diameter. The produced reactive species were transported by the

driven gas flow. We found that the charging mechanism on the water surface could be
crucial for the gas flow formation since the conductivity of water strongly affected on the
velocity of driven gas flow.

4. Summaries and future plans
The plasma discharge produced above the water surface produced a gas flow toward

the water surface with a velocity of up to 20 m/s. A local plasma treatment was possible.

The produced reactive species relevant to biomedical applications are transported by

such a driven gas flow as well as diffusion. The gas flow formation was dependent on the

conductivity of water. Our finding is important to optimize the plasma ‘inactivation’
system because the transport of reactive species is crucial for the efficacy of
applications.

In the next step, the charging mechanism on the water surface is discussed.
Charged particles in the plasma discharge play an important role in charging. Through
this investigation, the understanding of gas flow formation becomes clear and a
development of inactivation system by the plasma discharge can be achieved in more
effective way.

5. Research results (k reprint included)

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

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

[1] Tetsuji Shimizu, Naoya Kishimoto, Masashi Hara, Daisuke Yoshino, Gregor E.
Morfill, and Takehiko Sato: Gas Flow Formation by Plasma Discharge on Water
Surface, ISEHD, International Symposium on Electrohydrodynamics 2014 Book of
Abstracts, p. 27.

*[2] Tetsuji Shimizu, Masashi Hara, Gregor E. Morfill, Daisuke Yoshino, and Takehiko
Sato: Generation and Transport of Chemical Species in Low-Temperature
Atmospheric Plasma for Sanitization Device, Proceedings of the 14th International
Symposium on Advanced Fluid Information, Sendai, (2014), pp. 96-97.

3) Patent, award, press release etc.

Not applicable.
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Project status 2nd year

Advanced LES of Aircraft Wake Vortices

Shigeru Obayashi*t, Thomas Gerz**f*
Frank Holzapfel**, Anton Stephan**, Takashi Misaka***
*Institute of Fluid Science, Tohoku University,
**|nstitute of Atmospheric Physics, German Aerospace Center (DLR)
***Erontier Research Institute for Interdisciplinary Sciences, Tohoku University
tApplicant, tTnon-1FS responsible member

1. Purpose of the project

Wake vortices generated by a flying aircraft pose a potential risk for following
aircraft, especially at an airport, due to the strong and coherent vortical structure. In
this collaboration we investigate the evolution of realistic aircraft wake vortices in
ground proximity by means of an integrated approach of Reynolds-averaged
Navier-Stokes simulation of the flow around an aircraft and large-eddy simulation of
the generated aircraft wake in the ambient atmosphere. Especially, the end of wake
vortices which may appear due to the sudden decrease of aerodynamic lift just after
aircraft’s touch down is studied by the present approach. The effect of the vortex end on
wake vortex evolution and decay, i.e., “end effect”, has not been considered so far,
although the effect might be important to estimate the wake vortex life time in ground
proximity.

2. Details of program implement

We defined the following research items based on a meeting held at IFS, that is, the
simulation of an entire landing phase until touch down, and wake vortex roll-up with jet
exhausts. During the research period from April 2014 to March 2015, we invited a DLR
researcher from the Institute of Atmospheric Physics for “Leading Graduate School
Program on Global Safety Tohoku University-DLR Workshop” in Sendai. Figure 1
shows the near-field evolution of axial vorticity generated from a realistic high-lift
configuration at several downstream positions at x*=0.0 and 0.8. On the other hand, Fig.
2 shows the mid-field wake at x*=13.1 visualized by vorticity magnitude, which
indicates turbulent flow structure originated from the main wing and the fuselage.
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Figure 1: Near-field evolution of axial vorticity at several downstream positions at
x*=0.0 and 0.8, where vortices detaching from wing-tip, outboard nacelle, outboard flap,
inboard nacelle and wing-fuselage junction are shown [1].
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Figure 2: Distribution of the vorticity magnitude in the mid-field wake at x*=13.1 [1].

3. Achievements

We have developed numerical codes for simulating entire landing phase until touch
down and wake vortex roll-up with jet exhausts. Further, we have conducted validation
studies of the developed approach in this research period.

4. Summaries and future plans

Expected results were obtained during the collaboration period. Future work would
be further improvement of the developed numerical codes. The development of the
two-way coupling of near-field simulation around an aircraft and far-field LES of wake
vortex is ongoing.

5. Research results (* reprint included)

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

[1] Takashi Misaka, Frank Holzapfel, Thomas Gerz: Large-Eddy Simulation of Aircraft
Wake Evolution from Roll-Up Until Vortex Decay, A/AA Journal, (2015), doi:
10.2514/1.J053671.

[2] Anton Stephan, Frank Holzapfel, Takashi Misaka: Hybrid Simulation of
Wake-Vortex Evolution during Landing on Flat Terrain and with Plate Line,
International Journal for Heat and Fluid Flows, \ol. 49, (2014), pp. 18-27, DOI:
10.1016/j.ijheatfluidflow.2014.05.004.

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

international conference without peer review)

*[3] Shigeru Obayashi, Takashi Misaka, Anton Stephan, Frank Holzé&pfel, Thomas Gerz:
Advanced LES of Aircraft Wake Vortices, Proceedings of the Fourteenth
International Symposium on Advanced Fluid Information, Sendai, (2014), pp. 28-29.

[4] Anton Stephan, Frank Holzapfel, Takashi Misaka: Simulation of Aircraft Wake
Vortices During Landing with Decay Enhancing Obstacles, /CAS Paper 2.5.1, 29th
Congress of the International Council of the Aeronautical Scierces, St. Petersburg,
Russia, September, (2014).

[5] Frank Holzépfel, Anton Stephan, Nikola Tchipev, Tobias Heel, Stephan Kdérner,
Takashi Misaka: Impact of Wind and Obstacles on Wake Vortex Evolution in Ground
Proximity, AIAA Aviation and Aeronautics Forum and Exposition (Aviation 2014) ,
Atlanta, USA, June, (2014). (Invited)

3) Patent, award, press release etc.
Not applicable.
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Study of Thin Films and Ribbons of Heusler Al loys for the Use in Energy Saving Magnetic
Refrigeration Technology

Vladimir Khovaylo*t, Toshiyuki Takagi**ft,
Hiroyuki Miki***, Maria Lyange*, Valeria Rodionova****, Makoto Ohtsuka*****,
Sergey Taskaev****** Anna Kosogor*

*National University of Science and Technology “MISiS”
**|nstitute of Fluid Science, Tohoku University
***Erontier Research Institute for Interdisciplinary Sciences, Tohoku University
****Physical-Technical Institute, Immanuel Kant Baltic Federal University
***x*|nstitute of Multidisciplinary Research for Advanced Materials, Tohoku
University
**xxx**Chelyabinsk State University
tApplicant, TTIFS responsible member

1. Purpose of the project

Purpose of the project is the study of magnetic, transport and magnetocaloric
properties of thin films and ribbons of Heusler alloys. Dependence of these
properties on the structural state of the materials will be clarified. Special
attention will be paid to evaluation of magnetocaloric performance of thin films
and ribbons of Heusler alloys by a direct method.

2. Details of program implement

During the last year, the research was focused on the study of NizMn(Fe)Ga melt-spun
ribbons and Coz(Fe, Ti)Ga thin films.

The NizMn(Fe)Ga melt-spun ribbons has a Niz.15sMno.79Feo.06Ga nominal composition.
Differential scanning calorimentry and thermoelastic test under bending stress
revealed that martensitic phase transition temperatures are sensitive to the thermal
treatment. The annealed ribbon demonstrates ~ 0.65% bending strain upon martensitic
transformation. Magnetic hystresis loops measured at 7 = 77 K in as-prepared and
annealed ribbons exhibit a feature typical for materials with coexisting magnetically
soft and magnetically hard phases. This can be explained as caused by the coexisting
ferro- and antiferromagnetic interactions.

Magnetic, magnetooptical and magnetotransport properties of Coso.3Fez0.3Tis.sGazs.s thin
films were studied for the as-prepared as well as annealed samples. Measurements of
transverse magnetooptical Kerr effect revealed that the spectral response of the films
strongly depends on the structural ordering which can be manipulated by annealing
conditions. Peculiarities in the magnetic properties of the films were attributed to the
coexisting phases with different degree of structural disorder. Magnetoresistance of
Coso.3Fe20.3Tis.sGazs.s thin films was found to be linear in the fields above 1 T which is
typical for half-Heusler systems as well as for Heusler-based ferromagnetic shape
memory alloys.
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Figure 1 : Magnetooptical spectra of the as-prepared and annealed at 973 K for 3 h
Cos0.3Fe20.3Tis.6Gazs.s thin films.

3. Achievements

The main achievements can be summarized as follow

First, it has been found that physical properties of Ni2Mn(Fe)Ga melt-spun ribbons and
Coz(Fe,Ti)Ga thin films can be controlled by thermal treatment. In the Ni2Mn(Fe)Ga
melt-spun ribbons, a bending strain of about 0.65% was found to accompany martensitic

transformation. Magnetoresistance of the Coz(Fe,Ti)Ga thin films was found to be linear
in the fields above 1 T.

4. Summaries and future plans

In summary, influence of heat treatment on magnetic and magnetotransport properties
of Ni2Mn(Fe)Ga and Coz(Fe, Ti)Ga Heusler alloy systems was clarified. Future plans is
to study of structural, mechanical and magnetic properties of melt-spun
ribbons of XaMnAl (X = Ni, Fe) based Heusler alloys

5. Research results (x reprint included)

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

*[1] V.V. Khovaylo, V.V. Koledov, D.I. Kuchin, V.G. Shavrov, N.N. Resnina, H. Miki, J.J.
Sufiol and B. Hernando: Structural and Magnetic Properties of Melt-Spun
Ni-Mn(Fe)-Ga Ferromagnetic Shape Memory Ribbons, /EEE Trans. Magn., Vol. 50,
(2014), pp. 2501203_1-2501203 4.

*[2] V. Khovaylo, V. Rodionova, M. Lyange, K. Chichay, E. Gan'shina, A. Novikov, G.
Zykov, A. Bozhko, M. Ohtsuka, R.Y. Umetsu, A. Okubo and R. Kainuma: Magnetic,
magnetooptical and magnetotransport properties of Ti-substituted Coz:FeGa thin
films, Proc. of SPIE, Vol. 9172, (2014), pp. 91720M_1-91720M 4.

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

[3] V. Rodionova, S. Shevyrtalov, K. Chichay, E. Gan'shina, A. Novikov, G. Zykov, A.
Okubo, R. Kainuma, R.Y. Umetsu, M. Ohtsuka, A. Bozhko, V. Golub, M. Gorshenkov,
M. Lyange and V. Khovaylo: Magnatic, magnetotransport and structural properties
of Coz(Fe,Ti)Ga thin films, Moscow International Symposium on Magnetism, (2014),
p. 168.

[4] A. Kosogor, M. Lyange, M. Gorshenkov, V. Khovaylo, M. Ohtsuka, H. Miki and
T. Takagi: Structural and Transformational Properties of Niss.4Mnssslni2sCoz Thin

Films, Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 154-155.

3) Patent, award, press release etc.
Not applicable.
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[1] K. Terashima, K. Yamaguchi, K. Suzuki, T. Uchimoto and T. Takagi: Simulation for
Magnetization Process of Torus Ring Cluster using Monte Carlo Method, 16th Biennial
IEEE Conference on Electromagnetic Field Computation, France, (2014), PE3:4, p.77.

[2] K. Yamaguchi, K. Terashima, K. Suzuki, T. Uchimoto and T. Takagi: Magnetization
process under weak magnetic field fluctuation for micro-magnetic evaluation of micro
residual stresses, 16th Biennial IEEE Conference on Electromagnetic Field
Computation, France, (2014), PE1:19, p.73.

[3] K. Terashima, K. Suzuki and K. Yamaguchi: Switching between Vortex state and Onion
state of magnetic nano-torus ring cluster using weak local magnetic field, 7he 24th
International TOKI Conference, Toki, (2014), P6-48.

[4] K. Terashima, K. Yamaguchi and K. Suzuki: Simulation analysis for magnetization
process of torus ring clusters with different radius, 7he 33rd JSST Annual Conference:
International Conference on Simulation Technology, Kitakyushu, (2014), OS1.

*[5] K. Terashima, K. Yamaguchi, K. Suzuki, T. Uchimoto, H. Kosukegawa and T. Takagi:
Magnetic Simulation for Localized Structure of Stressed Stainless Steel, Proceedings of
the Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp. 78-79.

[6] SFEm—, SwAEES], IHRveZ, Wk, mABEUT: h—7 AT 7 A2 =281 %
B DU, 5 38 0] H AR AR A2, ik, (2014), 2pC-4, p. 46.
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PR JRPFTHIRERURENE, R, (2014), 4pC-7, P251.
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(%E) Student Presentation Award, Simulation analysis for magnetization process of torus

ring clusters with different radius, Kenichi Terashima, 2014.10, Japan Society for
Simulation Technology.
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Physical Insight into Mach Reflection Transition and its Hysteresis in Axisymmetric
Intakes in Continuum and Rarefied Conditions for High-Speed Airbreathing Engines

Hideaki Ogawa*t, Sannu Molder**
Evgeny Timofeev*** Hans Hornung****
Georgy Shoev***** Yevgeniy Bondar*****
Kiyonobu Ohtani******tf Shigeru Obayashi******

*School of Aerospace, Mechanical and Manufacturing Engineering, RMIT University,
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1. Purpose of the project

The air intake constitutes a key component of airbreathing engines for economical
high-speed transport including ramjets and scramjets. Thorough understanding of
intake physics and accurate prediction of the flowfield is of crucial importance for
efficient engine operation and reliable intake start. Shock wave interactions play a
primary role in intake flow compression. Our recent numerical study suggested a
drastic change in the shock structure and possible hysteresis of the shock reflection
mode in the shortening process of axisymmetric Busemann intakes (Fig. 1). New
theories are required to predict the shock behavior in the axisymmetric regime,
where the axis singularity prohibits the existence of regular reflection at the
centerline. This project aims to fill this gap by scrutinizing flowfield characteristics
and elucidating the driving mechanism in both continuum and rarefied gas regimes
by coupling theoretical, computational and experimental approaches.

8
Taylor-Maccoll equation

Figure 1 : Inviscid flowfield in full Busemann intake at M. =8 from theory and CFD.

2. Details of program implement
The intake flowfields are investigated in numerical and theoretical approaches in
the first phase of the project, focusing on Mach reflection (MR) in the light of shock
polar analysis and two/three-shock theory. In particular, the shock structures and
behavior are studied by probing into the transient flowfields in the Busemann
intake gradually stunted (contracted) and re-stretched in the axial direction in a
freestream at Mach 8. Time-accurate simulations have been performed for the
inviscid flowfield by utilizing an Euler solver in conjunction with adaptive mesh
capability for enhanced shock capturing. Particular attention has been paid to the
intake configurations and flow conditions where mode transition of the shock
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structure was observed in preceding studies between an MR with an extremely
small Mach stem (resembling regular reflection) and that with a sizable Mach disc
at the centerline. Close investigation of the transitional flowfields has revealed the
presence of a ring (toroidal) vortex downstream of a highly curved Mach stem
immediately after the onset of MR transition (Fig. 2 left) and a flat Mach stem (disk)
in a steady flowfield after transition (right), where L/Lzu denotes the instantaneous
intake length factor. The variations of the centerline pressure distributions (Fig. 3
left) indicate abrupt decrease across mode transition, as per the solutions from the
two-shock (strong oblique shocks) and three-shock theories. The time progression of
the centerline Mach number (Fig. 3 right) is indicative of the presence of a ring
vortex with supersonic recirculation followed by unsteady flow downstream.

triple point

e
triple reflected : Gt = = e o
wl shock waves -~ sliplayer
z Mach §-
Mach 7% fingvortex stem {

stem f# s i
i T T e e — — A
Figure 2 : Transitional flowfields near reflection in the stunting process of the
Busemann intake (left: L/Lnu=88.05%, right: L/Lfuu=87%).
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Figure 3: Ceﬁterline pressure distributions (left) and Mach number progression (right).

3.

5.
D)
2)

Achievements

Physical insights have been gained into the transitional phenomena and unique
flow characteristics associated with axisymmetric shock reflection and its mode
transition in the shortening process of the Busemann intake in a hypersonic airflow.
The knowledge acquired here will serve as an important basis for the development
of new criteria for MR transition and elucidation of its hysteresis (if it exists).

Summaries and future plans

New knowledge has been obtained for the attributes and transition of the Mach
reflection in the shortening process of the axisymmetric Busemann intake. Further
investigation is continued, including rarefied gas simulations and experiments in
IFS shock-wave facilities in the ongoing Multiple Collaborative Research Project.

Research results (¢ reprint included)

Journal Not applicable.

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

*[1] H. Ogawa, S. Mdlder, E. Timofeev, H. Hornung, G. Shoey, Y. Bondar, K. Ohtani, and

3)

S. Obayashi: Numerical Investigation of Wave Reflections at the Centerline of
Stunted Busemann Intakes, Proceedings of the Fourteenth International
Symposium on Advanced Fluid Information, Sendai, (2014), pp. 20-21.

Patent, award, press release etc. Not applicable.
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Purpose of the project

Both /n vivo and in vitro studies have demonstrated that the hypoxic
microenvironment with temporal and spatial oxygen gradients regulates many
critical cellular processes, including cell proliferation, apoptosis, migration and
differentiation. We have performed cellular experiments to observe cellular
phenotypes under controlled oxygen tensions by using a microfluidic device. In this
project, the effects of oxygen heterogeneity on cell migration, endothelial
permeability regulation and angiogenesis are investigated. The specific target topics
are as follows:
1. Effects of chronic/acute hypoxia exposure on endothelial permeability
2. Migration of cell in the extracellular matrix under hypoxic conditions
3. Cell-cell interactions between cancer cell/fibroblast and endothelial cell

Details of program implement

1.Z. originally planned to visit Institute of Fluid Science for our collaborative
research, but he couldn’t come to Japan because of his current work as a postdoc at
Harvard Medical School. Instead, K.F. visited Boston for experiments and
face-to-face discussion at MIT and Harvard Medical School twice (7/8-7/13 and
12/18-12/23). In addition, during the research period, discussions about experiments
were done by email and Skype as appropriate.

In this fiscal year, formation of an endothelial cell (EC) monolayer of human
umbilical vein endothelial cells (HUVECSs) was investigated as a fundamental study.
Also, measurement of the permeability of the EC monolayer was performed to obtain
a control result for elucidation of effects of hypoxic exposure.

Achievements

A method to stably form an EC monolayer on the collagen gel surface in the
microfluidic device was established. The most effective way to create the monolayer
was seeding cells twice after matrigel coating on the media channel. A firm EC
monolayer was created on the gel surface after three-day cell culture. Then,
permeability of the EC monolayer was quantified by measuring changes of
fluorescent intensity in the collagen gel after an injection of fluorescent dextran of 70
kDa into the media channel (Fig. 1). The obtained values of diffusion coefficient of
the dextran in the collagen gel and the permeability of the EC monolayer are
summarized in Table 1. Both values in the present study are similar to those in the
literature, implying validity of our experimental methods.
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Figure 1 : Experimental results: phase-contrast microscope images of gel and media
channels (left), fluorescent microscope images 40 min after the infusion of fluorescent
dextran of 70 kDa into the media channel (middle), and the fluorescent intensity
profiles (right).

Table 1 : Quantification results under normoxia

Parameter Present study | Reference*

Diffusion coefficient of 70kDa dextran in collagen gel [m2/s] 4.0x101 45x10-1
Permeability of an endothelial monolayer under normoxia [m/s] [(2.52+1.01)x107 | 2.8x107

* Zervantonakis, 1.K,, et al., PNAS, 109 (2012), 13515-13520.

4. Summaries and future plans

The techniques necessary for evaluation of permeability of EC monolayer were

established. And now, cellular experiments under hypoxic conditions are being
conducted.

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] Kenichi Funamoto, loannis K. Zervantonakis, Kento Matsubara, Kiyoe Funamoto,
Takuya Ito, Yoshitaka Kimura, and Roger D. Kamm, Evaluation of Permeability of
Endothelial Cell Monolayer under Controlled Oxygen Tension, Proceedings of the

14th International Symposium on Advanced Fluid Information (AFI1-2014), (2014),
pp. 102-103.

[2] A flt—, ERSRIREERIEE ~ A 27 iR T A 2 & VIR s8R, 5 18 [RIfE# & 1
7 AWFSEL, (2014).

[3] WAJF A, fivAS fd—, loannis Zervantonakis, fitA H24&, OHE #h8k, 1052 7%, AF
F2, R HsE, Roger Kamm: KRR~ A 7 v iitikT /A R Z 7o s W Rz
HE OWEE RO, BABMESE 27 BIAA Ao D=7 U o 7 iE
SC4E, No. 14-67, (2015), pp. 121-122.

3) Patent, award, press release etc.
Not applicable.
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Mechanical Responses of Vascular Endothelial Cells
under Fluid Shear Stress with Its Spatial Gradient
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*[1] D. Yoshino, N. Sakamoto and M. Sato: Localization of Protein Tyrosine Phosphatase in
Endothelial Cells under Shear Flow, Proceedings of the Fourteenth International
Symposium on Advanced Fluid Information, Sendai, (2014), pp. 86-87.
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756(2014), pp. 650-688.
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[3] C. Thomas, C. Y. Lee, Y. Tamura, K. Yoshikawa , A. Higo, I. Yamashita, and S.
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1. Purpose of the project

In spite of recent years, significant progress in modeling of gas combustion the structure
of near-limit low-Lewis-number flames near the flammability limits are still not well
investigated. The main objective of the project is development and generalization of
fundamental theory of non-stationary behavior of self-fragmented premixed flames near
the flammability limits caused by heat losses, transport processes and flow non
uniformity.

2. Details of program implement

Development of advanced combustion technologies such as mild combustion demands
fundamental knowledge on flammability limits and near-limit flame characteristics.
Investigations of stretched premixed flames were proved to be usable for studies of
extinction limits and ultra-lean flames behavior. Although, a number of experimental,
numerical and theoretical works on combustion of stretched flames with Lewis number
close to unity are available [1] there is a lack of fundamental knowledge on dynamical
behavior and flammability limits of low-Lewis-number flames. In [2] the
diffusive-thermal instabilities of low Lewis number flames were studied experimentally
using counterflow slot jet apparatus. Unlike the conventional axisymmetric
counterflowing jet apparatus [1] where the extensional strain occurs in both coordinate
directions parallel to the flame surface, the counterflow slot-jet apparatus provides
extensional strain only in the direction that is orthogonal to the plane of the slots. The
experimental investigations demonstrate that stretched flames can exist beyond the
extinction limits of planar flame, in the form of flame tubes [2]. Multiply flame tubes of
ultra-lean mixtures exist in almost all range of stretch rates. At the same time, there is
a lack of theoretical investigations of the diffusive-thermal instability of counterflow
flames in slot-jet arrangement.

In the course of the project implementation the characteristics of lean
low-Lewis-number flames in counterflow slot-jet burner were studied numerically in the
framework of thermal-diffusion model with one-step irreversible chemical reaction.
Numerical simulations showed that the twin planar flames, twin wrinkled flames and
multiply flame tubes are observed depending on values of equivalence ratio and stretch
rate. The placement of these combustion regimes in equivalence ratio /stretch rate plane
was determined and corresponding regime diagram calculated for Le=0.3 is shown in
Fig.1l. Inside the C-shape curve bounded extinction limits of 1D counterflow flames
(solid marked curve in Fig.1) the twin planar and wrinkled flames exist. In the range of
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Fig. 1. Regime diagram in equivalence ratio /
stretch rate plane calculated for Le=0.3

high stretch rates the planar flames are observed. At relatively small stretch rates the
flames have a cellular structure. Ultra-lean counterflow flames with mixture
equivalence ratio less than extinction limit of 1D stretched flames appear throughout
the entire range of stretch rates as a set of flame tubes. As can be seen from Fig.1 the
extension of flammability limits of low-Lewis-number flames occur (dashed curve in
Fig.1). The numerical results qualitatively coincide with previous experimental
observations [2].
[1] K. Maruta, et al., 26th Symp. (Int.) Combust. (1996) 1283-1289.
[2] C. Kaiser, J.-B. Liu, P.D. Ronney, 38th AIAA Aerospace Sci. Meeting, (2000), p.
AIAA2000-0576.
3. Achievements
All results which have been expected in the submitted project were achieved.
Characteristics of low-Lewis-number stretched flames in counterflow slot-jet burner
were studied numerically. The regions of existence of different combustion regimes in
equivalence ratio / stretch rate plane were determined. The comparison between
numerical results and the experimental data on stretched flames was done.
4. Summaries and future plans
Characteristics of lean premixed flames in counterflow slot-jet burner were studied
numerically in the frame of thermal-diffusion model. A wide variety of flame structures
were detected and regime diagrams summarizing the placement of different combustion
regimes in fuel concentration / stretch rate plane were plotted. The future research will
be directed towards the development and generalization of fundamental theory of
non-stationary behavior of self-fragmented premixed flames near the flammability
limits.

5. Research results (x reprint included)

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

[1] R. Fursenko, S. Minaev, H. Nakamura, T. Tezuka, S. Hasegawa, T. Kobayashi, K.
Takase, M. Katsuta, M. Kikuchi, K. Maruta: Near-lean limit combustion regimes of
low-Lewis-number stretched premixed flames, Combustion and Flame, doi:
10.1016/j.combustflame.2014.11.032, (2014).

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

*[2] R. Fursenko, S. Minaev, K. Maruta: Low-Lewis-number premixed flames
stabilization in stretched flow of two slot burners, Proceedings of the Fourteenth
International Symposium on Advanced Fluid Information, Sendai, (2014), pp.
68-69.
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2) ER%:E - BRFSR - RS - OEERF

* [2] Y. Nakano, S. Fujimura, T. Sato, D. Yoshino, A. Watanabe: Sterilization Mechanism of
Plasma Discharge against Biofilm-producing Pseudomonas aeruginosa on Contact
Lenses, Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 88-89.

[3] Y. Nakano, S. Fujimura, T. Sato, D. Yoshino, A. Watanabe: Anti-bacterial Effect of the
plasma discharge against biofilm-producing Pseudomonas aeruginosa. 24th ECCMID,
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Tominaga: Application of MR-Measurement-Integrated Hemodynamic Simulation to
Cerebrovascular Diseases, Proceedings of the Fourteenth International Symposium on

Advanced Fluid Information, Sendai, (2014), pp. 104-105.

3 Tt (FEF RE, YRAIIERF)
PP e Bk s2E  (ARIIEB)
AT AT IS < MERERIRE T O et & SR PHEIR~ DI
WHFEAEAE  TEKZEY] (KRR %) DR« A — - IE—RR

— 132 —



1.

2.

3.

4.

AR J14065

X5y —fixAL[ETSE
ENE | TA TV A AL
eI 2014.4 ~2015.3
SRy 14-H

IEERZRENARIR R &5 11 5 M1 TENREDAZEAT

Hemodynamic Analysis of Neck Internal Carotid Artery Stenosis

I E—RR M, K 5%

L S, ol R
*INFEIRRE, ARSI AT ST
AR TR T2
THEE, TIITPRISEE

SEASE:Y

PSRRI, B OAFFEETNE T 5. BIRAE(LDSET T T D 12Dd, A3k
282 X T3, BRI B TR S 41, ZHFRE~E T T = & CIMEgE
ERIES D (77 o— AARPERNIERE LT D). L L, PEEEomATEIAE & iMfrge
FehiE & DERRIZHOWTIE, WEERBIAERL . AR, SRR 8T A M4 T
BREA T L, Z ORI A~OE G2 Rad 2 b0 Th 5.

HEHRDORNE

SHERPASEALIC I 1T 2 A TENRE A VRIS ) PRI LT, T b, ERT—4

(3WILIER DI #H % & T DICOM DT —4) b HMSFEIRIASM 2 2 L B o —
CHHEEE L, SRS TR AREREINR (IR AR O M A AT SR
& LTiERE (BERFHER) 2177, MRS W, LEFEE & 23 LARTN
HLI=FEEZHWE (Hayase H, Tokunaga K, Nakayama T, Ohta M, Date I et al
Computational fluid dynamics of carotid arteries after carotid endarterectomy or carotid
artery stenting based on postoperative patient-specific computed tomography
angiography and ultrasound flow data. Neurosurgery 68 1096-1101, 2011). 55473
FRE R I D AR O 2, E s TS 7 S2HIE & bz L7z,

R BAZDZERIKR

SHEMREAEIC IV T, MAEPNEIZ ED X 9 et 4 U T D003, BIHNZRY
DOBH 5. 1212 L, AR AR DAL, BUEORHEET AN T 5 aTREME (Bl
TROIELE) MEEb, T OMBIE AR TH 5.

FEDHESHRDRE
A DOWNIHL, WHEOMENE L i L TRZETH D, T O ARLEMEDRHE Al
ML, MARTERRA~DORBEERHT 2. $70bb, AR ORE & EHRRITIS T 2 MRk
DAEL DHHREAT ) FTETHS.

2

— 133 —



2)

3)

EAR IELHIRSH Y )
FiiTHes (BROSERRE MESFEST)

L

A
=

i

EfE<iE - BN
L

Tt (FEF RE,

L

YA IHRE)

- RS - QERERF

— 134 —



A J14066

X7 — AL ERFSE
e ) TT 1 AAS— R B
WA 2014.4 ~2015.3
LS TRy 14-H

FARBEAW YA LY MNEEREEZEETILOE 4
Aerodynamic Characteristics of a Silent Supersonic Biplane Mode| Using a New Force Balance

JITR FExT, RAR 5Tt

I fRE>, R
N SRl BN SYNEN S 2

THGEE, TR E

1. HREH
AWIFED HEOIE, B IRRRERER 236 rTREZR A TR R ARG ] - P L, T DO%R
LUEEREMET DL THD.

2. HMIEBRREOAR
5 1 (3 R ERRER LSBT 7 SRR - BEFE LT SATEIR IR OB, 8 XV DiiE
fRpTRE R A . A EARER C IR RARENRE SRR 2 i AT L, KR T4
HRIRRME (FsL: A¥—7 47 m—FR) MEHTD. 20 FsL IZ KD RPMBEL S
T, K AUDNILERTRIIREMMT 21T - 72, SNFAOIRITT TR AER 2 1T\ iR/ N

BHE211 Lo TN,
<18, Safety factor

50,00

45832

41,67
L 3Y.50

_ 3333

29,17
I 25.00
_ 20083

_ 1E.ET

o lean

_ B33

l o
0.on
M10x1.0

(CVAVEPNERDYZIN (QFzse== ¥l
1 E R RGFRASR ] O ) RAE & 2 OFREE T

[ 2 (NIRRT R ORTEIZK T 5 OT A A2~ 7. F & Ry RO T ThE
<, REEE UCRIFRFFEZR L QWD Z ENgnD. 2 OKZBEE (< v /% M=3.8)
DOFUTHRE L7-< SOBR (M 3) 1SEH LTz, O NTd T D Ra2 X 4 1 oRd. il
(ZIFFEE R R 225N MER L, #5)0&KfEIL 36.1N (272 >7-. —J, Normal
Shock Theory (Z & 2EHliiC L AUE, M=3.8 %45 A% —F 1 71— RiL 75.8N EH#EE
END. FRTIZIZOTHNED 12 FE LS. 5%, ZOR—HOFNEFHAL, o

— 135 —



U THEE DN R ORGHER M T DN 5. FT-, ZDT-OIIdTfELx D~ >
AT HAL —T 4 70— RORE S &2 FEBRICTHERGET 2 HERS D.

14 60
12 | *Fy y=0.4188x+0.067 sp | *Fy
10

y=18504x+0.2559

uFr 0 | mg

Strain [109]

‘g
6 ]
& 10
4 ) Z
) y=00405x+0.0216 10 y=00552x+0.098
0 oW ¢ * -
2 -10
0 5 10 15 20 28 30 35 0 10 15 20 25 30 3
Load[N] Load[N]
@#7I Ry (b)) F
B2 ANHRI KOO HH5M:
40
15 <— Starting load
30
251
520
e
=10
5
0
Y N S=Rinl] 10 +
3 < éo*id: -20 0 20 40 60 50 100 120 140
Time [ms]

X4 EGFRRERER (B57))

3. HIRBEFEDERNRT
AR AR M DI R W22 72 N A TR T R 2 BA%E L BAR ARk L7z

4. FEHESHDRE
BAZE L 7= ANAIR S RN MR BB O 70 63, BB EC bl aleE7 e = & A ER L
72, 72720, BEIOFRFHIBOWTUIRBO A Y —F ¢ 7 a— NIxT L8 % 2 Tikat
L7273, SEBRRE R LAUT Z OFEHESEAGHE L TWD Z &btz 4k, v
23 M=3.8 LL FOFE A4 DS, BEZHY A L2 MBS REERES SR L35 M=1.7 ZH0IZ
FRRREE D, AX—T 47 a— ROKE & @EREEICHEERT 2 FiEEefMr L, ~NAR
FROEREERIEIC 72T ALER S 5.

5. BARALR (HIRBIRIHY)
1) s EHROTERRE BHRFEZET)
*[1] G. Yamada, S. Imagawa, K. Inoue, H. Kawazoe, and S. Obayashi: Improvement of a
Sensitivity-Adjustable Three Component Force Balance and Its Application to

Supersonic Wind Tunnel Testing, Journal of Fluid Science and Technology, Vol.9, No. 5,
(2014), pp. 1-11.

2) ERzE - BERFR - RS - OBEERF
*[2] A. Miyazaki, T. Mizuguchi, G. Yamada, H. Kawazoe, and S. Obayashi: Aerodynamic
Force Measurements in Supersonic Flow Conditions using a Sensitivity-Adjustable
Three Component Force Balance, Proceedings of the Fourteenth International
Symposium on Advanced Fluid Information, Sendai, (2014), pp. 26-27.
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*[1] G. Yamada, S. Ago, H. Kawazoe and S. Obayashi: Generation Mechanism of Precursor
Electrons ahead of a Hypersonic Shock Wave in Argon, Journal of Fluid Science and
Technology, Vol. 9, No. 5, (2014), JFST0070.
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*[2] G. Yamada, S. Maruyama, H. Kawazoe and S. Obayashi: Electron Density
Measurements behind a Hypersonic Shock Wave in Argon, Proceedings of the
Fourteenth International Symposium on Advanced Fluid Information, Sendai, (2014),
pp. 24-25.
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Cavity Formation Mechanism in a Cavitation Process

Takehiko Sato*t, Mohamed Farhat**tt
Outi Supponen**, Kiyonobu Ohtani*
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**Ecole Polytechnique Federale de Lausanne (EPFL)
tApplicant, Ttnon-1FS responsible member

1. Purpose of the project

Cavitation bubble dynamics is still a major issue for a variety of industrial
applications, including hydraulic machines, marine propellers and space rocket
inducers among others. We plan to continue our research with a focus on the last stage
of the bubble collapse to clarify peculiar phenomena that may occur within
sub-microsecond time scale. State-of-the-art instrumentation will be deployed. We
strongly believe that the complementary skills developed by the research groups led by
Prof. Farhat (EPFL) and Prof. Sato (Tohoku University) will greatly help achieving the
project goals.

2. Details of program implement
The experimental setup developed in this project is shown in Fig. 1. The bubble
is generated by focusing a high-energy laser pulse of 7 ns and 150 mJ/pulse into
ultrapure water in a cubic glass vessel with sides of 50mm. The collapse of the bubble
was recorded by a high-speed camera at a maximum rate of 200 million of frames. A
microscope lens with a maximum magnification of 500 is mounted on the camera.
Figure 2 shows the collapse of a bubble slightly elongated in the vertical direction.
The collapse is not spherically symmetric. A first shock wave (SW) is emitted from the
top of the bubble, on frame b), whereas a second is emitted 200 ns later, on frame c), on
the lower half of the bubble. The collapse occurs sequentially, first the upper half, and
then the other half. Figure 3 shows the collapse of a toroidal bubble. The single volume
of the initial bubble breaks into several smaller volumes, visible on frame d). Each small
volume then generates its own shock
wave, resulting in an intricate pattern
of shock waves. In both cases, the
collapse does not occur exactly at the
same time over the whole bubble. hubble
Some parts of the initial bubble reach
their minimum volume before others
which causes the bubble to break %
. . CW laser i
briefly into smaller volumes, each l
releasing its own shock wave. All the ° water
parts eventually coalesce back z"'l: ¥
together to form the rebound bubble
(coalescence is not shown on the
figures here). At the last stage of the
collapse, the bubble is not one single  Fig. 1 Schematic of the experimental setup.

pulsed
laser

yessel

high-speed camera

i trigger
wigral oscilloscope BE

photodicde
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bubble

Fig. 2 Vertically elongated bubble: 5 Fig. 3 Large toroidal bubble: 10 million
million fps = 200 ns interframe time, 5 fps = 100 ns interframe time, 5 ns
ns exposure, and 300x magnification. exposure, and 300x magnification.
(Width of one image = 1.22 mm). (Width of one image = 1.22 mm)

volume of gas anymore. The compression of the gas inside the bubble is not
homogeneous, which implies that the temperature and the pressure within each piece of
the bubbles are not necessarily the same.

These observations help to understand the high erosive power of toroidal bubbles
and clouds of microbubble. A surface located near those kinds of bubbles experiences
multiple high pressure events at the collapse, spanned over nanoseconds, which might
result in more damage than the effect of one single shock wave.

3. Achievements

We aimed at visualizing the last stage of the bubble collapse to clarify peculiar
phenomena. The tasks for this aim have been sufficiently achieved because the
visualization system was developed and succeeded in visualizing the process of the
collapse of bubble.

4. Summaries and future plans

In this year, the visualization system was developed with nano-seconds temporal
resolution using a specific trigger system for bubble collapse. It was shown that the
bubble was not collapsed spherically. As it will be important to clarify the shape at the
bubble collapse to know the phenomena in the compressed bubble because the
phenomenon is still unclear, the detail of the collapse shape of the bubble will be
investigated

. Research results (* reprint included)

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

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

*[1] Marc Tinguely, Takehiko Sato, Kiyonobu Ohtani and Mohamed Farhat:
Visualization of the Formation of Shock Waves at the Collapse of a Laser-induced
Bubble, Proceedings of the Fourteenth International Symposium on Advanced
Fluid Information (AFI-2014), Sendai, (2014), pp. 108-109.

3) Patent, award, press release etc.

Not applicable.
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[1] W. Sakuma, T. Nakayama, H. Anzai, M. Ohta: A Comparison of Experimental and CFD
Analyses for Permeability of Cancellous Bone, Ist [International symposium for
collaborative research between Tohoku University and Technische Universitdt
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Measurement of Diffusion Coefficient Through Artificial Micro and Nanopores

Gary Rosengarten*t, Atsuki Komiya**t+
James Herringer*,
*School of Aerospace, Mechanical and Manufacturing Engineering, RMIT University,
**Institute of Fluid Science, Tohoku University
tApplicant, TTIFS responsible member

Purpose of the project

Quantitatively measure the mass diffusion field through diatom pores using
phase-shifting interferometer equipment, the results will be supported by theoretical
analysis. Biomimetic design based on these pores will help design low energy
membranes for filtration.

Details of program implement

This research is being conducted using the interferometry setup developed by
Prof. Komiya from Tohoku University. The phase-shifting interferometer will be used
to measure the mass diffusion field through the diatom pores. These experimental
results will be used to validate a computational model.

Achievements

Preliminary experiments measuring the diffusion (4 x magnification) of saline
(3.5 wt%) through a hole (80 um in diameter) in a glass plate were completed at
Tohoku University using the phase-shifting interferometry setup. These experiments
were incomplete, however did provide encouraging initial results showing the
gradual decay in the concentration difference (Figure 1).
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Figure 1: Concentration profile micrometers directly above the hole in the glass plate.

— 147 —



e Approval has been obtained from the OH&S department at RMIT University to allow
safe use of the class 3B semi-conducting laser used in the interferometer setup.
e The PDMS gasket has been manufactured to minimize secondary diffusion through

the gaps between the glass plate and the walls of the cuvette apparent from previous
experiments (Fig. 2).

Conner hlnck:
/ s PDMS gasket

Quartz |—

| Glass nlate |

a) b)

Figure 2: a) and b) Schematic of diffusion cuvette with and without the PDMS gasket,
respectively, showing secondary diffusion (arrows) through the gaps between
the glass plate and the quartz cuvette. ¢) Fabricated PDMS gaskets.

4. Summaries and future plans

Preliminary experiments have been conducted to examine the diffusion through
a diatom membrane. These experiments were incomplete. With further testing to be
completed over the coming months we will begin to obtain complete results.

The interferometer equipment has now been successfully setup in labs at RMIT
University (Australia).

The experimental plan is as follows:
e Conduct diatom/interferometry experiments 4x and 1x magnified field of view to

determine the pseudo-diffusion coefficient as well as the detailed concentration
gradient at smaller scales.

e Conduct measurements examining the effect of particle size and pore shape on the
mass diffusion through the diatom membrane.

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] Y. Song, J. Okajima, A. Komiya and S. Maruyama : Possibility of mass transfer
control of protein by hindered diffusion, Proceedings of 14t Student Conference of

Tohoku branch of National Heat Transfer Society of Japan 2014, Sendai, (2014),
pp.11-12.

3) Patent, award, press release etc.
(Patent)

Not applicable.
(Award)

Not applicable.
(Press release)

Not applicable.
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Purpose of the project

The project is aimed at numerical analysis of combined mode conduction and
radiation heat transfer in complex materials. Towards this end, numerical
analysis of dual-phase lag heat conduction in a long cylindrical medium using the
lattice Boltzmann method has been done.

Details of program implement
With 7 as the temperature, k as thermal conductivity, g as the heat flux, £ as the
time and r as the radial coordinate, 7, as the phase lag of the heat flux and z; as

the phase lag of temperature gradient, the dual-phase-lag (DPL) heat conduction
model in an infinitely long cylinder is given by

or(r,t) O’T(r,t) (1)

talrn=-k otor

kt,

q

. oq(r,1)
ot

In the absence of convection and volumetric radiation, the governing equation
pertaining to heat transfer in 1-D cylindrical geometry is given by

pcM+M+lq(r’t) = O (2)
ot or r

where p the density and c is the specific heat. Substituting Eq. (1) into Eq. (2)

leads to the DPL heat conduction equation with constant thermal properties as

ror| \or "ortor ot ot )

where « is the thermal diffusivity and is defined asa =&/ pc.

In the LBM formulation, the governing equation corresponds to Eq. (3) is given by

AC ac [y,
2

f,-(77+el-A§,§+A§)=f,»(n,§)—{7+B}[f,~(r7,é“)—ff‘](n,é”)]—T +4yel-vx,-+3} @

V.
i

where f; is the particle distribution function, f“ is equilibrium particle
distribution function and B is the phase lag ratio.

— 157 —



3. Achievements

For a concentric cylinder (R2 = 2R1) which is initially at uniform temperature, the
temperature distributions ®in the
R-R,
R2 _Rl
different time levels ¢ are shown
in Fig.2 for lag ratio B=0.01 when
the inner surface of the cylinder is
raise to scaled non-dimensional
temperature ©(0,¢)=1.0.

Non-dimensional temperature ©
distributions for lag ratio B =0.0
have been validated in Fig. 2b for lag-ratio 0.0 against the results reported in S.C.

Mishra and H. Sahai, International Journal of Heat and Mass Transfer, 55,
7015-7023, 2012.

radial direction

n= at

Fig. 1. Radial cross section of the cylindrical geometry.
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Fig. 2. (a) Comparison of temporal temperature © distribution in the medium at different
time levels for lag ratio 0.01, (b) Validation of temporal temperature © distribution in the
medium at different time levels for lag ratio 0.0 and (c) Comparison of temporal temperature
O distribution in the medium at different time levels for lag ratio 0.01.

Summaries and future plans

A general formulation of the LBM to analyze DPL heat conduction in 1-D cylindrical
geometry was provided. It was observed that for phase lag ratio 0.0, the DPL
problem transformed into a single-phase-lag problem. Evolution of the thermal
wave fronts at different time levels including the steady-state were studied when
either the inner or the outer boundaries were thermally perturbed. LBM results for

DPL with phase lag ratio 0.0 were in good agreement with those available in the
literature.

Research results (x reprint included)

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

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

*[1] R.K. Chaurasia, S.C. Mishra, J. Okajima and S. Maruyama: Numerical analysis of

dual-phase lag conduction in a long cylindrical medium using lattice Boltzmann
method, Proceedings of the Fourteenth International Symposium on Advanced
Fluid Information, Sendai, (2014), pp. 40-41.

3) Patent, award, press release etc.

Not applicable.
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1. Purpose of the project

Radiative heat flux exchanged between two bodies differs from that estimated by
Planck’s theory when the distance between the two bodies comes close to the mean
wavelength of thermal radiation given by Wien's displacement law. This distance
regime is called the near field regime. The variation from the classical thermal
radiation comes from two effects of different origins that act in opposite ways. The first
effect is an enhancement of the radiative heat flux due to evanescent waves and the
second one is a decrease of the radiative heat flux due to interferences of thermal
radiation.

In the transition regime between the far field to the near field regimes, these two
effects on the radiative heat flux are on the same order of magnitude. In addition, these
effects depend on the distance, the materials and their temperatures. Thus, it is
expected that a decrease of the radiative heat flux would occur by manipulating the
experimental conditions.

The aim of the project is to experimentally measure the reduction of the radiative
heat flux due to interferences of thermal radiation. For that purpose, we developed an
experimental device to measure the radiative heat flux between two metallic surfaces.

2. Details of program implemented

In previous works, we have shown by means of numerical calculations that the
reduction of thermally-radiated propagative waves is greater in the case of metallic
surfaces. The aim of the experiment is to measure the radiative heat flux between two
macroscopic metallic surfaces separated by a vacuum gap in the transition regime.
Aluminum surfaces with diameter of 5 cm at ambient temperature are considered as
material surfaces and temperatures. The transition regime appears at distances on the
order of 10 um. In the development of the measurement system, two difficulties have to
be overcome. First of all, the exchanged heat flux is expected to be small for metallic
surfaces. In fact, the minimum radiative heat transfer coefficient at 300 K is expected to
be 6 X103 W/(m2- K). Second, the required parallelism between the two surfaces is the
pivotal condition so that a reduction of radiative heat flux due to interferences is to be
detected accurately.

Figure 1 (a) shows a schematic of the developed measurement system. The
measurement device employs the Guarded Hot Plate (GHP) method to precisely
measure the small net radiative heat flux. A Peltier module is located between the main
and guard plates and acts as temperature sensor between them, also enabling to reduce
heat losses. As for the distance control, a kinematic alignment stage allows the GHP
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device and the plate at bottom to move up and down. The parallelism is controlled by
manipulating three piezo-actuators independently. The distance and parallelism
between the two surfaces are monitored by three capacitance sensors attached at the
upper structure of the device as shown in Fig. 1.

Figure 1 (b) shows the measured effective thermal conductivity of Styrofoam as a
function of the average temperature of the specimen. The inset is the temperature
difference between the main and guard plates. The temperature difference between the
main and the guard plates is found within =50 uK at steady state. Therefore, thermal
conductivity of Styrofoam was precisely measured. The error bars indicate the standard
error.

(@)

Peltier module (b)

Cold plate
2z
_ % 178 ¢
Hot plate i ] E| =
. S = [
Main heater — 3¥ 176} < )
b © £ i
Guard heater — ES T T )
— ::j S 17.4 Time [h]
S
Capacitance sensor S 172 .
- &=
w
Piezo-actuator — . 170

L L L
25 26 27 28
Average temperature [°C]

[N
=

Alignment stage

Fig.1 (a) Schematic of the measurement system and (b) Effective thermal conductivity of Styrofoam at
ambient pressure with the inset showing the temperature difference between the surfaces of Peltier
module

3. Achievements
The radiative characteristics in the small gap are essential to future thermal
engineering applications. Our objectives of this year were achieved very well.

4. Summaries and future plans

The measurement system for the radiative heat flux between two parallel plates was
developed. As preliminary experiment, effective thermal conductivity of insulating material
was successfully measured. Measurement of radiative heat flux between two blackbodies is
currently conducted and the measurement between two metallic surfaces will be performed
subsequently.

5. Research results (* reprint included)

[1] J. Mayo, Y. Tsurimaki, P-O. Chapuis, J. Okajima, A. Komiya, S. Maruyama, A.
Narayanaswamy, and R. Vaillon: Thermal radiation between two plates: regime map
and analytical expressions for the net radiative heat flux from far to near field,
Eurotherm 103: Nanoscale and Microscale Heat Transfer 1V, Lyon, October, (2014).

*[2] Y. Tsurimaki, P-O. Chapuis, R. Vaillon, J. Okajima, A. Komiya, and S. Maruyama:
Reducing thermal radiation between parallel plates in the far-to-near field transition
regime, 15t [nternational Conference on Heat Transfer, IHTC15-9188, Kyoto,
August, (2014).

[3] Y. Tsurimaki, P-O. Chapuis, R. Vaillon, J. Okajima, A. Komiya, and S. Maruyama:
Radiative heat transfer between two semi-infinite parallel plates in the far-to-near
field transition regime, 277 [nternational workshop on Nano and Micro Radiative
Heat Transfer, Shanghai, June, (2014), pp. 44-45.

[4] Y. Tsurimaki, P-O. Chapuis, R. Vaillon, J. Okajima, A. Komiya, and S. Maruyama:
Radiative heat transfer between two semi-infinite parallel plates in the far-to-near
transition regime, 51st Japan Heat Transfer Symposium, H311l, Shizuoka, May,
(2014).
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for Laser Therapy, Proceedings of 14th International Symposium on Advanced Fluid
Information, (2014), pp. 46-47.
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Study on The High-Performance and High-Mobility MOS Transistor by The Neutral
Beam Process, Proceedings of the Fourteenth International Symposium on Advanced
Fluid Information, Sendai, (2014), pp. 144-145.
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*[1] Adachi, T., Matsuda, K., and Okajima, J.: Power Consumption of Rising Film Flow along
the Rotating Conical Outer Surface and the subsequent Atomized Mist Flow, submitted
to Experimental Thermal and Fluid Science.
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*[2] Matsuda, K., Adachi, Y., Okajima, J., and Akinaga, T. : Generation Mechanism of Rising
Film Flow along the Rotating Conical Outer Surface and the Subsequent Atomization
Characteristics, Proceedings of the 14th International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 158-159.
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78 & OFFELR G A T =R 5% BRI TE L RN TE R A Y T2 Z &
ZRAIETD.

HRBEERDRE

BB (FFICHMEME) oR Gy Fr 7 7et 203, BKERAEY

(Magnetoresistive RAM, MRAM) DOEALO7=DITHd TEEZN, HRMEOE MBS
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AAF IV TMEDNTEY, @RET 7 A7 me AGRERH - 72

B, FINBICXY, SEARIG E PRI B — A Z WD Z LI LV ERE RO A
A=V TV =2y F U TRARETH D E VO HEDRREIN[L]. ZAUDERSEICEEE - T
T ARGHHRL = b ) — VT AR RIS T 5 Z LIk D =y F o itk
ITT2LNIHDOTHY, IERIZBNET LWy F U7 HETH L. AL TILEREE
TR T AR AEROD, Oy F T A=A AOMHEE HfE L, AR
B - BRI T 7 0 —F A AT

FEE, YNy T TERICED, ZUoANEE =S ) — L EDORIGERE L
eV TAE—FTNEMEEL, TOBEFIRERL, BENBSIEIE SN To7. =X
V=V EE LT T VAR LR E AT T,

X112, X 1@),b), (NS, =& 2 —Li\WaE L= & v Z R tEREIC 7.6eV OER)— %
N =T FFOT VA R HMESET HRISORMEE TV (WIHIRAE, HRLIREE, #&RE) %
RY2]. TR T-OEREIC L T, =HF ) —vD OH FEOKBFRF0EE L CTH ¥
IV DIETE LGS L, U ES THE o Z M D & o 2 NV -BEFERE DO LT 2 &
3D, ZO LD IR RISHNANEE Z 2 Z A L 0 RN & o Z LD b T EEERDSERL
Ly F I PETT5EB2 65,

[1] X. Gu, Y. Kikuchi, T. Nozawa, and S. Samukawa, J. Phys. D: Appl. Phys. 47, 322002
(2014).
[2] APRES, 2014 4 5 75 [EIG B P SRR i 2 19a-S10-14
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5. BAEALR (HIRBIRIHY)
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*[1] M. Mizotani, M. Isobe, M. Fukasawa, K. Nagahata, T. Tatsumi, and S. Hamaguchi:
Molecular dynamics simulation of silicon oxidation enhanced by energetic hydrogen ion
irradiation, J. Phys. D: Appl. Phys., 48, (2015), pp. 152002 (5pp).

[2] K. Mizotani, M. Isobe, K. Karahashi, and S. Hamaguchi: Numerical simulation of
atomic-layer oxidation of silicon by oxygen gas cluster beams, Plasma and Fusion
Research, Vol. 10, 1406079(2015).

[3] K. Mizotani, M. Isobe, and S. Hamaguchi: Molecular dynamic simulation of damage
formation at Si vertical walls by grazing incidence of energetic ions in gate etching
processes, J. Vac. Sci. Technol. A, 33, 021313(2015).

2) ER%E - BERFSR - RS - OEERF
[4] Kohei Mizotani, Michiro Isobe, Satoshi Hamaguchi: Si surface damage by HBr/O2
plasma — Molecular dynamics simulation, 2ND International Symposium on
Non-equilibrium Plasma and Complex-System Sciences, Bochum, (2014).

*[5] Satoshi Hamaguchi, Tomohiro Kubota, Seiji Samukawa: Numerical study on charge
transfer by collision of particle from plasma against surface, Proceedings of the
Fourteenth International Symposium on Advanced Fluid Information, Sendai, (2014),
pp. 124-125.

[6] TS, TEEMmEL, BE—E, RO RE: BRFREOSHIEC I A7 A8 —b—
L7 v AOHAEET, STARC 2> 7R A 2015, ik, (2015).
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Particle Structural Formations of Colloidal MR Fluid and Their Influences on Magnetic
Rheological Response

BAIER ey, PR ES
FREREFEERIARIERT, ** RACK AR T 7ERT
TR, THAITNHIGEE

1. #HEEH
MR ¥ifA&(Magnetorheological Fluid)iZ, —#%IZ X 7 11 A XSGR Bk &4
ANV LT IREIR T, B a Nz 5 & LA O—Etn b5~ 7% b LAt o—5h%
(Magnetorheological effect, MR Zh%%) 3BT HHEHEMIRIA TH D, AMFFETIE, 7o
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4 FEHESHORE
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[1] M. Nakano, H. Abe : Magnetorheology of Novel Fluidic Powder, Abstract Book of the 14" Int. Conf.
on ER Fluids and MR Suspensions (ERMR2014), Granada, Spain, (2014), pp.24 (Plenary Lecture)

*[2] H. Abe, M. Nakano: Particle Structural Formations of Colloidal MR Fluid and Their Influences on
Magnetic Rheological Response, Proceedings of the 14th Int. Symp. on Advanced Fluid Information
(AFI-2014), Sendai, (2014), pp. 116-117.

#[3] HEFEE, BRENE, FHE, ERREES S - v A 7 R R SEMRIR RO AT
— R CTOMRIER MG, 55928 FAKE iR T PR S USBRl G SR, &
I, Paper No.1307 (2014), pp. 1-3.

[4] M. Nakano : MR effect enhancement of bidisperse MR fluids containing micron- and nano-sized iron
particles, Abstract of APS(American Physical Society) March Meeting 2015, Invited Session Q18, San
Antonio, Texas, USA, (2015), p. I (Invited Lecture)
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1.

Numerical Simulation for Reducing Future Tsunami Damage

Shigeru Obayashi*t, Fumiya Togashi**tt
Rainald Lohner***, Masuhiro Beppu****, Hiroshi Tatesawa*****
*Institute of Fluid Science, Tohoku University,
**Applied Simulations Inc.

***College of Science, George Mason University
****National Defense Academy of Japan
*****Bousai Consultant Co. Ltd.
tApplicant, Ttnon-1FS responsible member

Purpose of the project

To develop a computational fluid dynamics code to simulate a huge tsunami and also
to develop protecting objects to protect people and buildings from future huge
tsunami by the developed code.

2. Details of program implement

IFS and Applied Simulations Inc. conducted the numerical simulation of tsunami at
Taro-cho, Iwate prefecture. The real geographical data was provided by Bousai
Consultant Co. Ltd. The generated computational domain was shown in Fig. 1. The
computed result agreed very well with the measured data as shown in Fig. 2. The
result was presented at International Symposium on Advanced Fluid
Information 2014 in Sendai.

R e e, e 52 3 T o,

Google map

Generated mesh (All triangle 3Melems mesh)

Figure 1: Generated computational domain of Taro-cho, Iwate. The geographic data was

provided by Bausai Consultant Co. Ltd.

— 175 —



AV \ : i) N it
Figure 2: Flooded area comparison between a) the calculation: dark colored area and b)
the measured data: slashed line area. The measured data was obtained from the
geospatial information authority of Japan website. Please note that the calculated

result is superposed on the measured data.

3. Achievements
We developed a computational fluid dynamics code using the shallow water
equations. We demonstrated the code by reproducing the 2011 Tsunami of
Taro-cho, Iwate prefecture area. The computed result agreed very well

with the measured flooded area. We believe that the developed code can
help the future tsunami prediction.

4. Sumaries and future plans

We developed the code using the shallow water equations, which was very effective to
simulate flooded area of Tsunami as described in section 2. However, the shallow water
equations don't consider the fluid mass, hence it can’t handle building collapse or floating
wreckages. As a future plan, we are planning to develop the computational fluid dynamics
code using the volume-of-fluid methodology. The new code with the volume-of-fluid
methodology has the capability of handling the building collapse, floating wreckages, and
infrastructure damage with coupling a computational structured dynamics code. The new
code will be very effective to estimate real local damage by Tsunami.

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] F. Togashi, R. Lohner, M. Beppu, H. Terasawa, and S. Obayashi: Development of
CFD code for Tsunami Simulation using Shallow Water Equations, Proceedings of

the Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp. 188-189.

3) Patent, award, press release etc.
Not applicable.
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SIN 3N NSWIRILDENLZ /A X BRI 212138601 R A5 Z & 2544
HTHD. L, b bTIIRFEOHIRER (iR 30 HATHE) T—HAYIC R EOIRIEIME
TL, REOBHANEEL 725 Z LB TN D, —HFAY72 R BRI I Izl o3k
HWLIEBG L WD TV DR EREIIAHTH 5.
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R EIRIEDIK T TSN D 6 15.5 H H OG22 FOIC AR PR FE (OFIGE S, O
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AR ARIFZEEE I T HEN)
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U L 500mg/kg G- L, RIFIROZELZFEH LT-. BT OIEEREREDZ IZ O T
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JiGHn 18. 5 D~ 7 AT H [RERD IR ZAT > 7o MIFRROFE R H ATz,

Jlaln 15.5 O~ U RITHiE~ 732U LA NGNGB ITEEE 2 O CB o
Fractional shortening DA AT, BIREA CIIMEHLEX & OIRIREFHROMR 225 E
A AT 2R D B IR T - 7.
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*[1] R. Sugibayashi , T. Ito, K. Funamoto, T. Hayase and Y. Kimura: Cardiac Evaluation of
Fetal Mice by ECG and Ultrasound, Proceedings of the Fourteenth International
Symposium on Aadvanced Fluid Information, Sendai, (2014), pp. 94-95.
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*[1] S. Kaneko, H. Torii, T. Ito, M. Yasui, M. Kurouchi, A. Fukushima, T. Tokumasu, S. Lee, S.
Park, H. Takikawa, and M. Yoshimoto: Expansion of Lattice Constants of Aluminum
Nitride Thin Film Prepared on Sapphire Substrate by ECR Plasma Sputtering Method,
Jpn. J. Appl. Phys. \ol. 53, (2014), 11RA11 (4 pages).

[2] S. Kaneko, T. Ito, M. Yasui, M. Kurouchi, H. Torii, T. Amazawa, T. Tokumasu, T. Nagano,
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Sapphire Substrate by ECR Plasma, /EEE/International Conference on Advanced
Infocomm Technology, (2014), ISBN: 978-1-4799-0464-8, pp. 69-70.
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*[3] S. Kaneko, H. Torii, M. Yasui, T. Ito, S. Yasuhara, R. Sudo, and T. Tokumasu:
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Sendai, (2014), pp.136-137.

[4] S. Kaneko, Y. Shimizu, T. Rachi, C. Kato, S. Tanaka, T. Katakura, H. Takikawa, A.
Matsuda and M. Yoshimoto: Multi Graphene Grown by Irradiated Graphite on Printing
Paper using Femtosecond Laser, 7th International Symposium on Advanced Plasma
Science and Its Applications for Nitrides and Nanomaterials, Nagoya, (2015), B3-P-01.
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*[1] 1. Kinefuchi, Y. Yoshimoto, T. Mima, A. Fukushima, T. Tokumasu, and S. Takagi:
Bottom-up Construction of Coarse-grained Interaction Models from Molecular Dynamics
Simulations, Proceedings of the Fourteenth International Symposium on Advanced
Fluid Information, Sendai, (2014), pp. 150-151.
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Transport Phenomena of Nanoscale Water Droplet in a Nano Pore

Akinori Fukushima*, Takashi Tokumasu**t, Vergne Philippe***tt
*Graduate school of Engineering, Tokyo University of Agriculture and Technology
**|nstitute of Fluid Science, Tohoku University
***|_aMCoS, Université de Lyon
tApplicant, Ttnon-1FS responsible member

Purpose of the project

Recently, new functional materials can be utilized in many scientific fields. Some of
such new materials realize useful mechanical and energy devices that have small
structures in nm-order. One of important factors to determine the efficiency of these
small devices is the momentum transport. Therefore, we have focused on nanoscale
droplet shearing, which is a situation that can be seen between solids that do not
have enough lubricant between them. When the channel size is in nm-order scale,
the ratio of the liquid-vapor interface domain to the droplet volume is much larger
than that for a macroscopic droplet. Hence, the momentum transport through the
liquid-vapor interface affects on the total momentum transport, and cannot be
ignored. At this scale momentum transport cannot be predicted by continuum theory.
When a water droplet is confined between two flat walls that move along opposite
directions, momentum is transported through the water droplet from a wall to the
other one. Solid walls highly affect the shape of the water droplet. They may also
affect on the momentum transport through the liquid-vapor interface. However the
details of its effect are not known in detail. In this study, we focus on the effect of the
solid walls onto the momentum transport seen in the interfacial region. Especially
when walls move along the normal direction to the liquid-vapor interface, the shape
of the interface changes drastically and this effect will be discussed.

Details of program implement

We evaluated forces between a water droplet and solid walls using channel models
shown in figure 1(a). At first, we calculated the yz component of stress tensor
distribution on yz plane. Figure 1(b) shows the shear stress distribution along the y
direction on the lower wall in the case that the wall velocity is 40 m/s. The shear
stress at the center region of the panel is almost constant. This region can be
recognized as the bulk region. Moreover the region where the magnitude of the
shear stress is different from that of the bulk region can be seen, and it can be
recognized as the liquid-vapor interface region. Using this definition, the integrated
value of the shear stress on each region is defined as the friction force, and the
friction forces dependence on velocity is discussed. Figure 1(c) shows the friction
force dependence on velocity on each region. At both liquid-vapor interfaces, the
slope of the force against the wall velocity can be calculated as 4.4x10-13 N/(m/s).
This means that there is no difference between the dynamics along the advancing
direction and that along the receding direction in terms of the increasing rate of the
shear force at the liquid-vapor interface.
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Figure 1 : Simulation model and simulation results of shear force. Panel (a) shows the
snap shot of the simulation model, panel (b) shows the shear force distribution, and
panel (c) shows the velocity dependence of the shear force on the interface.

3.

1)

2)

Achievements

In this project, we expected to clarify the momentum transport phenomena on the
liquid-vapor interface. Considering that we can write the full paper if we obtain
some results, it can be said that we have obtained the important and sufficient
results.

Summaries and future plans

In this study, we have clarified that the shear force is not different between the
receding direction and the forward direction. Accordingly, this result indicates that
the momentum transport at the forward liquid-vapor interface is the same as that
at the receding liquid-vapor interface. In future work, we focus on the wettability
dependence of the shear force. In addition, we also focus on the shear force
dependence on the shearing direction. The shear force in the case that the droplet is
sheared along parallel direction of the contact line will be evaluated and compared
with results in this year. Thereafter, we will summarize the obtained results.

Research results (* reprint included)

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

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

*[1] Akinori Fukushima, Nicolas Fillot, Marie-Héléne Meurisse, Takashi Tokumasu,

Philippe Vergne : Molecular Dynamics Study of the Droplet Shearing by Solid Walls,
Proceedings of the Fourteenth International Symposium on Advanced Fluid
Information, Sendai, (2014), pp. 140-141.

[2] Takashi Tokumasu, Philippe Vergne : Nanoscale droplet shearing by molecular

3)

dynamics method, 2015 ElyT lab Workshop, Matsushima, (2015).

Patent, award, press release etc.
(Patent)

Not applicable.
(Award)

Not applicable.
(Press release)
Not applicable.
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Transport Phenomena of Substances in Electrolyte of Solid Oxide Fuel Cell

Takashi Tokumasu*t, Jeongmin Ahn**tt
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**Department of Mechanical and Aerospace Engineering, Syracuse University
tApplicant, tTnon-1FS responsible member

Purpose of the project

As the solid oxide fuel cell (SOFC) shows high efficiency electric power generation
compared to the other fuel cells, it has been attracted attention. It is imperative to
improve the oxygen ion conductivity in a solid oxide membrane for a high efficiency
SOFC. Therefore the aim of this research is to analyze the transport phenomena of
Oz ion in the electrolyte of SOFC by both experiment and simulation (quantum
calculation and molecular dynamics simulation). From these results, we suggest a
new concept of electrolyte which has high ion conductivity and hardness.

Details of program implement

In regard to the simulation analysis, a Molecular Dynamics (MD) simulator was
constructed for analyzing O% ion transport phenomena in an electrolyte membrane.
The interatomic potential model was derived on the basis of quantum calculation in
the electrolyte membrane of SrScxCo1-xOs3-s and Lai-xSrxCoiyFeyOsswhich have
perovskite-type structure. The structures of electrolyte membrane and
temperature dependence of diffusion coefficient were compared with those
of experimental data (simulation result of diffusion coefficient is shown in
Figure 1). From these results, we have confirmed that the MD simulator is able
to well reproduce the structure of electrolyte membrane and diffusion coefficient of
02 ion.

11k e Diffusion coefficient ]

0.14 _ 1000°
Fitted line - ] Ugg"g
12+ 4 012 i1 :
13F 4—1200°C
. 14f 0.10 1300°C
2 = "
515t ° 1 £ 008 /_.-/ /.-/
g -16} E,[eV] ] g 2
£ 70 a 1 50,064 /,‘
MD 0.59 © o il
18+ q 0.04 4 e o a .// .
-9t | Exp.| 0.62 = 2
20 ; ; " , , . 0.02+ o5 = ——
04 05 06 07 08 09 1.0 1.1 e —0 T g
i
107K 0.00

B[':}Cr 5éu 84;-0 BGID BéU 900 920 940 960
T(C)

Figure 1: Temperature dependence of
diffusion coefficient of oxygen ion in the
LaSrCoOs61 membrane. The inserted table

is a comparison of activation energy, Ea.
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Figure 2: The average conductivity of
the Lao.sSro.4Coo.2FeosOs-smembranes
sintered at different temperatures.



Impedance spectroscopy method was used to measure the oxygen ion conductivity
and four-probe D.C. method was applied to obtain the oxygen ion diffusion
coefficients of the selected materials. The typical result is shown in Fig. 2.

3. Achievements
As for the simulation analysis, the objectives which are derivation of intermolecular
potential on the basis of quantum calculation and construction of MD simulator for
analyzing transport properties of oxygen ion in an electrolyte have been achieved. It
has been demonstrated by experimental study that the test temperature has a
significant effect on the oxygen ion conductivity of SrSco.1C00.903-5 oxide [1].

4. Summaries and future plans

An MD simulator for analyzing transport phenomena of oxygen ion has been
constructed. As a future plan, the diffusion coefficient of O% ion and its temperature
dependence will be calculated in various conditions by changing parameters, and we
characterize a relation between each parameter and O2- ion phenomena. To verify
the simulation result, experimental study will be implemented to test the O2 ion
conductivity and diffusion coefficient through the selected electrolyte materials. The
effect of test temperature on the O% ion transport process through each material will
be also revealed by experimental study.

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

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

[1] R. Falkenstein-Smith, K. Wang, P. Zeng, and J. Ahn: A Ceramic Membrane Based
Methane Combustion Reactor with Tailored Function of Simultaneous Separation
of Carbon-dioxide from  Nitrogen, ASME  Conference  Proceedings,
IMECE2014-38283, (2014), pp. VO8BT10A029, DOI: 10.1115.

[2] R. Falkenstein-Smith, P. Zeng, and J. Ahn: A Ceramic Membrane Based on
Oxy-Fuel Combustion Processes, 1000 Island Energy Research Forum (TIERF),
Ottawa, Canada, (2014).

*[3] H. Nagashima, T. Tokumasu, and J. Ahn: Oxygen lon Transport Phenomena in a
Ceramic Membrane, Proceedings of the Fourteenth International Symposium on
Advarnced Fluid Information, Sendai, (2014), pp. 74-75.

[4] P. Zeng, K. Wang, R. Falkenstein-Smith, and J. Ahn: A Ceramic-Membrane-Based
Methane Combustion Reactor with Tailored Function of Simultaneous Separation
of Carbon Dioxide from Nitrogen, ASME Conference Proceedings,
FuelCell2014-6510, (2014), pp. VO01T01A001, DOI: 10.1115.

3) Patent, award, press release etc.
(Patent) Not applicable.
(Award) Not applicable.
(Press release) Not applicable.
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An Analysis of Effect of Quantum nature on the Phase Transition Phenomena of Hydrogen
Using Molecular Dynamics Method
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*[1] H. Nagashima, S. Tsuda, N. Tsuboi, A. K, Hayashi, and T. Tokumasu: A Molecular
Dynamic Study of Nuclear Quantum Effect on the Diffusion of Hydrogen in Condensed
Phase, 10TH INTERNATIONAL CONFERENCE OF COMPUTATIONAL METHODS
IN SCIENCES AND ENGINEERING, AIP Conf. Proc. 1618 (2014), 950 (4 pages).

[2] H. Nagashima, S. Tsuda, N. Tsuboi, M. Koshi, A. K. Hayashi, and T. Tokumasu: A
Molecular Dynamics Study of the Nuclear Quantum Effect on the Transport Properties
of Liquid Hydrogen, 5th International Conference on HEAT TRANSFER AND FLUID
FLOW IN MICROSCALE, O-37, (2014), (6 pages).
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*[3] S. Ikawa, T. Tokumasu, N. Tsuboi, S. Tsuda: Molecular Dynamics Study of Static and
Dynamics Density Fluctuation of Diatomic Fluids around the Critical Points,
Proceedings of the Fourteenth International Symposium on Advanced Fluid Information,
Sendai, (2014), pp. 112-113.

[4] H. Nagashima, S. Tsuda, N. Tsuboi, M. Koshi, A. K. Hayashi, and T. Tokumasu: An
analysis of nuclear quantum effect on thermodynamic and transport properties of
hydrogen using molecular dynamics method, 207TH EUROPEAN CONFERENCE ON
THERMOPHYSICAL PROPERTIES, Portugal, (2014), O_C3.15.
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Propagation Mechanism of Streamer in Water
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*[1] Hidemasa Fujita, Seiji Kanazawa, Kiyonobu Ohtani, Atsuki Komiya, Toshiro Kaneko
and Takehiko Sato: Highly Temporal Visualization of Generation Process of Underwater
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Science, \ol. 42, No. 10, (2014), pp. 2398-2399.

[2] Hidemasa Fujita, Seiji Kanazawa, Kiyonobu Ohtani, Atsuki Komiya, Toshiro Kaneko
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discharge in water, Journal of Applied Physics, \Jol.116, No.21, (2014), 213301 (12 pages).
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1. Purpose of the project
To develop a program for analyzing the relation of blood flow to cell behaviors using
LBM method.

2. Details of program implement

The conventional flow diverter stents (FD) have a risk to thrombus formation in a
parent artery. This may be because the stents have lower porosity in comparison with
the conventional stents. Then we introduced and developed an optimization method for
stent design with high porosity. The purpose of this year is to evaluate the effect of
optimization method on flow reduction.

The program of optimization we developed can construct the design semi-automatically
to avoid the hard work of engineers based on Lattice Boltzmann Method (LBM) with a
optimization method called as simulated annealing(SA). The porosity of stent was
changed from 60-90%. The computational simulation of flow in aneurysm was
performed with changing position of struts. The flow reduction in aneurysm using the
optimized struts was compared with that using a symmetric strut design.

The flow reduction of optimized struts is always higher than the symmetric strut under
the same porosity. The optimized stent has 88-95% flow reduction whereas the
symmetric stent has 85-90% flow reduction. This results suggest the optimization has a
potential to improve the flow reduction when comparison with the stent with the
symmetric struts and the same porosity. In conclusion, we confirm the effect of
optimization method to improve the stent design for reducing the flow.

In this year, we applied this method under a manufacture oriented. And we confirm a
stent of helix type has a possibility of reduction flow. In another topics, the program was
performed using another objective function such as thrombus formation. Then the stent
geometry follows the objective function.

3. Achievements
Expected Result
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4. Summaries and future plans
Several objective functions will be applied.

5. Research results (* reprint included)

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

*[1] Hitomi Anzai, Jean-Luc Falcone, Bastien Chopard, Toshiyuki Hayase, Makoto
Ohta: Optimization of Strut Placement in Flow Diverter Stents for Four Different
Aneurysm Configurations, Journal of Biomechanical Engineering, \ol. 136, Issue 6,
(2014), p. 061006.

[2] Yu Chang Ho, Makoto Ohta, Kwon Tae Kyu: Study of Parameters for Evaluating
the Pushability of Interventional Devices Using Box-shaped Blood Vessel
Biomodels Made of PVA-H or Silicone, Bio-Medical Materials and Engineering, Vol.
24, No. 1, (2014), pp. 961-968.

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

[3] Hitomi Anzai, Yuuki Yoshida, Makoto Ohta: Optimization of stent design for
intracranial aneurysm, The Fourth Japan-Switzerland Workshop on Biomechamics
(JSB2014), Shima, (2014), p. 62.

[4] Mingzi Zhang, Hitomi Anzai, Bastien Chopard, Makoto Ohta: An Optimization
Method of FD Stent for Cerebral Aneurysm facing tne Stent Design and
Manufacturing Needs, The Fourth Japan-Switzerland Workshop on Biomechamics
(JSB2014), Shima, (2014), p. 64.

[5] Mingzi Zhang, Hitomi Anzai, Makoto Ohta: Manufacture-oriented Struts Structure
Optimization of Flow Diverter for Intracranial Aneurysm, 7th World Congress of
Biomechanics (WCB2014), Boston, (2014).

[6] Mingzi Zhang, Hitomi Anzai, Bastien Chopard, Makoto Ohta: A Development of
Manufactureoriented Optimization Strategy for Flow Diverter Stent based on
Cylindrical Spirals, 11th International Conference on Flow Dynamics (ICFD2014),
Sendai, (2014).

*[7] Makoto Ohta, Sho Matsumoto, Xiaobo Han, Bastien Chopard, Mingzi, Zhang, Yujie
Li, Yuuki Yoshida, Hitomi Anzai: Development of a Program for Blood flow and Cell
Behaviors Based on LBM Method (Second report), Proceedings of the Fourteenth
International Symposiumon Advanced Fluid Information, Sendai, (2014), pp. 38-39.

[8] Makoto Ohta, Guy courbebaisse, Hitomi Anzai, Mingzi Zhang, Bastien Chopard,
Yue Zhang: Optimization of endovascular prosthesis for the treatment of cerebral
aneurysms, 2015 ELyT lab Workshop, Matsushima, (2015).

[9] Mingzi Zhang, Hitomi Anzai, Makoto Ohta: Introduction of Three Strut
Optimization Strategies towards the Design of Efficient Flow-Diverter Stents, 2015
ELyT lab Workshop, Matsushima, (2015).

[10] Yujie Li, Makoto Ohta: Comparison of intra-aneurysmal velocity magnitude in a
patient-specific model among PIV, CFD and MRI, 2015 ELyT lab Workshop,
Matsushima, (2015).

3) Patent, award, press release etc.
Not Applicable.
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Classification General collaborative research
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Research period | April 2014 ~ March 2015
Project status 1st year

Development of a Smart Material with Cellulose

Makoto Ohta*t, Fredrik Lundell**tt
Tetsuya Uchimoto*, Hidemasa Takana*
* Institute of Fluid Science, Tohoku University
**KTH
tApplicant, Ttnon-1FS responsible member

1. Purpose of the project
We will develop a new smart material based on mixture with cellulose and magnetic
fluid or polymer. The cellulose is developed by KTH

2. Details of program implement

Cellulose nano fiber (CNF) is now widely attracting researchers who work for materials
and mechanical engineering. CNF enhances the mechanical properties as an additive,
and will develop a smart material.

Ohta et al. put CNF into MMA and performed polymerization. It is the first time to
establish the polymerization with MMA and CNF (Fig. 1). In orthodontic surgery,
drilling technique for insertion of bone screw is one of the important skills for doctors.
Although a plastic or porcine bone is often used as a training model, it is difficult to
simulate realistic situations with conventional bones because the mechanical properties
of the models are too different from those of human bones. Therefore, it is necessary to
develop a bone model with realistic mechanical properties under drilling. Not a few
research works have been done about mechanical properties of bone model under
drilling, but there are few reports mentioning the relationship between materials of
bone model and mechanical properties. Understanding the relationship between
materials and mechanical properties is expected to clear the direction for development
of bone model. The mechanical properties, such as the maximum torque of bone drill,
increase in case of PMMA with CNF.

(a) (b)

10mm
Tk

Figure 1: CT images of the samples (a) first production method, (b) improved production method
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Firstly, we improved the method of mixture. Apparent bubbles are observed over the
first sample. Bubbles should be removed in order to get accurate measurements. Then,
production method is changed to have samples defoamed. Three changes have been
applied. As a first change, the mixture of powder and liquid is vacuumed in a dry oven.
As a second, the weight ratio between powder and liquid is changed to 1:1 in order to
earn the time to be vacuumed. It must be noted that mechanical properties such as
hardness and strength is also changed along the changes of polymerization degree. As a
result, the mixture is vacuumed for about 2 minutes. As a third, acrylic materials are
cooled down during all the time of production. Before production, acrylic materials are
stored in a refrigerant at -20°C. While materials are being mixed and vacuumed, the
cup containing the acrylic mixture is put in a bowl filled with ice water. After vacuumed,
the cup is put in a refrigerant at -20°C and polymerization is completed in a refrigerant.
X-ray (Micro-CT) scanning is carried out to see inner structure of samples. As the CT image
shows, quite less bubbles are observed with the sample produced in the improved method compared
with the first sample.
Kosukegawa et al. discussed the plan for the evaluation of mechanical properties using
environmental SEM.
Takana et al. performed the following research. In order to enhance the strength of the
cellulose nanofibers, the innovative method of aligning the fibers by electrostatic force
has been proposed.

3. Achievements
(Ohta) Expected Result.
(Uchimoto) Gradually progressed
(Takana) The fundamental experimental setup for generaion and control of liquid jet
by electric field has been established. The characteristic of the electrostatic liquid jet
has been experimentally clarified.

4. Summaries and future plans
(Ohta) The production method of acrylic resin is confirmed. Then, additives such as
wood powder and cellulose nanofiber, micro beads will be added to the acrylic resin.
Mechanical properties such as hardness and elasticity, insertion friction torque
under drilling will be measured to find out the characteristics of each additive.
(Uchimoto) Performing SEM.
(Takana) Experiments on the electrostatic jet generation with cellulose suspension
and the evaluation of the processed cellulose fibers will be conducted.

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

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

[1] Yuta MURAMOTO, Gaétan BOUVARD, Vincent FRIDRICI, Philippe KAPSA,
Makoto OHTA: Production and characterization of composite materials for
bones-biomodeling, 2015 ElyT Lab Workshop, Matsushima, (2015).

3) Patent, award, press release etc.
Not Applicable.
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Research of Friction and Drilling on Bio—Composite Model

Makoto Ohta*t, Vincent Fridrici**tt
Philippe Kapsa**, Hiroyuki Kosukegawa*
Kaihong Yu***
*Institute of Fluid Science, Tohoku University
**Ecole Centrale de Lyon
***Graduate School of Biomedical Science, Tohoku University
tApplicant, Ttnon-1FS responsible member

1. Purpose of the project

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

2. Details of program implement

Radio-frequency (RF) catheter ablation is a highly effective treatment for many
tachycardias. During catheter ablation, a catheter with an electrode on the tip is
inserted into the heart through blood vessels and placed at the target place which
causing the heart rhythm disorder. RF energy is introduced through the electrode to
destroy the abnormal heart tissue. High output power is necessary for ventricle muscle;
however the high power may cause complications such as thrombus because of the
excessive temperature on the electrode-tissue interface. We have proposed a new
electrode cooling by making the catheter vibrating to increase the convective cooling
from blood flow which called vibration ablation catheter. Contact force between
electrode-tissue is a major factor which may affect the electrode cooling by vibration. In
this study, we investigated the effect of contact force on electrode cooling and tissue
heating during ablation with vibration by measuring electrode temperature under
different contact forces and various vibration frequencies without flow condition.

300 Catheter —_, 200

-

A
v

F Y

50
Saline
40 30

Thermocouple
Dispersive Plate\s‘

Electronic Balance |

Figure 1: Schematic diagram of in-vitro test for measurement of temperature and movement of
ablation catheter
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The temperature at 60 s is the highest temperature during the perform time. Except the
ablation under 30 gf with 0 Hz vibration, no significant change with increasing contact
force can be seen. The result of no difference suggests that the electrode cooling by
vibration could be maintained under the increasing contact force from 10 gf to 30 gf. The
electrode cooling by vibration is happened, because the vibrations increase the
convective cooling from blood flow. Under high contact force, the vibration may still
disturb the flow around the catheter and increase the convective cooling. This means
that the friction between the ablation catheter and the PVA-H may change the vibration
mode and the flow around the catheter will be affected.

3. Achievements
Expected Result.

4. Summaries and future plans
Fretting friction will be applied. Measurement of friction coefficient will be
performed.

5. Research results (k¢ reprint included)
1) Journal (included international conference with peer review and tutorial paper)
Not Applicable.

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

*[1] Kaihong Yu, Tetsui Yamashita, Shigeaki Shingyochi, Makoto Ohta: The Effect of
Contact Force on Electrode Temperature and Internal Tissue Temperature during
Ablation with a Vibrating Catheter, 11th [International Conference on Flow
Dynamics (ICFD2014), Sendai, (2014).

*[2] Makoto Ohta, Kei Ozawa, Vincent Fridrici, Kaihong Yu, Philippe Kapsa:, Research
of Friction and Drilling on Bio-composite Model (Second report), Proceedings of the
Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp. 36-37.

[3] Kaihong Yu, Vincent Fridrici, Philippe Kapsa, Makoto Ohta: The Effect of Vibration
Ablation Catheter on the Temperature of the Electrode under 30 gf, 2015 ELyT lab
Workshop, Matsushima, (2015).

[4] Makoto Ohta: Introduction of invitro and insilico analyses for medical equipment,
1st International symposium for collaborative research between Tohoku University
and Technische Universitédt Braunschweig, Germany, (2014).

[5] Makoto Ohta: In-vitro and In-silico analyses/Developments for medical equipment,
Tohoku — Syracuse Bilateral Net-symposium, (2014).

[6] T #lB, KM [F: 77—y a7 —7 Vi, BAERPE—EINRZE L R
DU L2014, (EINRFRIHESES, (2014).

3) Patent, award, press release etc.
(Patent) Not applicable.
(Award) Best poster Award, “The Effect of Vibration Ablation Catheter on the
Temperature of the Electrode under 30 gf’, Kaihong Yu, Feb. 20, 2015, The
ElyT workshaop.
(Press release) Not applicable.
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Oshitani: Characteristics of a Plasma-induced Flow using a Mesh Electrode for Viral
Inactivation, Proceedings of the Fourteenth International Symposium on Advanced
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5. HWARAER IFREIRIHY)
1) Fiifis EROTERRE MBaFEaT)

[1] Jun Ishimoto, U. Oh, Tomoki Koike and Naoya Ochiai: Photoresist Removal-Cleaning
Technology Using Cryogenic Micro-Solid Nitrogen Spray, ECS Journal of Solid State
Science and Technology (JSS Focus Issue on Semiconductor Surface Cleaning and
Conditioning), Vol. 3, No. 1, (2014), pp. N3046-N3053, doi:10.1149/2.009401jss.

2) EF=E - BRZER - iRR - QERERF

*[2] Jun Ishimoto and Hideo Horibe: Development of Thermomechanical Resist
Removal-Cleaning Technology using Cryogenic Micro-Solid Nitrogen Spray, Proceedings
of the Fourteenth International Symposium on Advanced Fluid Information, Sendai,
(2014), pp. 130-131.
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Specifications for numerical model

+ Tsunami: Euler element (260,288 elements)
*  Water gate and prop : Lagrange element
(22,728 elements) [Concrete section : Rigid
body, Water gate : Elastic-plastic body]
* Flotsam: Lagrange elements (Rigid body,
Specific weight: 0.9, Total mass 1.1 ton)
(1,260 el elements)
* Initial velocity of tsunami: 3.0 m/s
» Size of water gate:  width: 5.0 m, height: 2.5 m

Fig. 3. Computational geometry for lumber mixed tsunami impacting a water gate.

The lumber mixed tsunami’s hydrodynamic impact behavior for a water gate

Next, the effect of flotsam mixing on the impact force of the tsunami was numerically
predicted. In the present computation, the lumber mixed tsunami’s hydrodynamic impact
behavior for a water gate was performed. Figure 3 shows the computational geometry for
lumber mixed tsunami impacting a water gate, and the specifications of computational model
items including the initial numerical conditions. For the dynamic material characteristics, it
was assumed that the concrete section had a rigid body and the water gate had an
elastic-plastic body.

Figure 4 shows the numerical results of the lumber mixed tsunami’s hydrodynamic impact
behavior on the water gate. The computation was performed with lumber and without lumber
to study differences of tsunami impact behaviors. In Figure 4, the color contours in the water
gate represent different magnitudes of stress. Interestingly, the change in flexibility and
impact stress of the water gate by the impact of lumber mixed tsunami was numerically
reproduced. Figure 5 shows the effect of flotsam (lumber) in the tsunami on the impact force
to the water gate. It was found that the impact force of lumber mixed with a tsunami was two
times greater than that of single phase tsunami (without flotsam case).
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Fig. 4. Lumber mixed tsunami’s hydrodynamic impact behavior on the water gate.
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Fig. 5. Effect of flotsam (lumber) mixing with tsunami on impact force for the water gate.

— 212 —



Computation of a flotsam mixed tsunami behavior by SPH (Smoothed Particle
Hydrodynamics) method

In the final computation, we constructed the SPH method to investigate the interaction
between a tsunami and structures, and also to investigate the damage of a flotsam mixed
tsunami on land structures. For the numerical modeling, we assumed the following mixed
tsunami flow conditions.

« Aflotsam or obstacle was carried away by the backwash of the first wave of the tsunami,

and then pushed by a second wave of the tsunami.

*  The flotsam went onto the shore and collided with the land structure.

To analyze these phenomena, we used the computational geometry which demonstrates two
small tanks impacting a large tank, as shown in Fig. 6. The tsunami wave was assumed to
break down within collapsing rectangular water column as it collided with the small tank
and began to move the small tank because of the impact force of the tsunami. These small
tanks in the tsunami wave then collide with the large tank which is fixed to the ground. The
small cylindrical tanks were assumed to be filled with oil, and were regarded as obstacles or

Structure Shal
SPH element : 943,950 (kg/m?) P
Total nodes : 316,400 Sronll tank 1038.31 N/A
Water column:
6.7m x 12m x 20m
Rigid body or

Elastic-plastic body model

L] Large cylindrical tank (land
Small cylindrical tank (obstacle or structure):
flotsam, oil inclusion): 8.0m dia. x 8.0m height
4.0m dia. x 4.0m height

Fig. 6. Computational geometry for small tank mixed tsunami impacting a land structure.

flotsam within the tsunami with a slip boundary condition relative to the ground. The large

cylindrical tank was fixed to the ground, and was assumed to be hollow (empty) with a shell
thickness of 20 mm.
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Figure 7 shows the SPH numerical results of the flotsam mixed tsunami. The flow
characteristics and behavior of its interface deformation and collision with the land

structures were clearly simulated.

(a) Small tank mixed tsunami flow characteristics and its impact behavior on a land structure

(b) Pov-RAY rendering result

Fig. 7. Flotsam mixed tsunami flow characteristics and behavior of its interface deformation and
collision with a land structure by SPH method.
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Fig. 8. Impact stress profile of land structure while flotsam mixed tsunami impingement by SPH
method (Color contour denotes the scalar magnitude of stress in land structure).

Resulting force acting on the rigid body in X—direction vs Time
Bet(7 - —tankl

Ae+0T

Flotsam mixed tsunami

&L o] (Secondary wave)
g
E
5\ 24T
3
&
é - Single phase tsunami (without flotsam,
5 leading wave)
o
Tl T T T T T T T 1
Q 1 2 2 4 3 g

Fig. 9. Effect of flotsam mixing with tsunami on the impact force with a land structure.

— 215 —



Figure 8 shows the impact stress profile of the land structure with flotsam mixed tsunami
impingement; an elastic-plastic body assumption was applied for the land structure. When
the two small tanks impinge the larger tank land structure the maximum impact stress was
100MPa, and a corresponding maximum plastic strain of 0.0015 was numerically obtained.
Figure 9 shows the effect of flotsam mixing with the tsunami on the impact force to the land
structure. In the case of a single phase tsunami (without flotsam, regarded as a leading wave),
the maximum impact force was 3.5MN. In the case of a flotsam mixed tsunami (regarded as
secondary wave), the maximum impact force reached 42MN. In other words, it was found
that the impact force magnitude of flotsam (small tank) mixed with the tsunami was over 10
times than that of single phase (without flotsam case) tsunami.

Scale modeling the effect of flotsam mixing on tsunami damage
The flotsam is accelerated by the water flow caused by the tsunami, with its motion and
hydrodynamic force dominated by the inertia of the water and flotsam and by the force of
gravity acting on the water and flotsam. The dominant physical law and similarity law for
this computational system are introduced by following formula.

Dominant physical law: ;
v=-—
Buoyancy: |F, = Apgl’ ¢
\l/ 2.2
Inertia: F=p Lz p, v
t

Similarity law:

F, ’ : .
== P (Froude number of flotsam mixed tsunami)
F | |Apgl
v2
T, = p — (Froude number of single-phase tsunami)
g
Pl (Effect of flotsam mixing on tsunami damage)
7, Ap

where Ap 1s the density difference between flotsam and seawater, Pn is the mixture

density of tsunami, g'is the gravitational acceleration, vis the velocity, /is the characteristic
length, and ¢is the time. According to the above analysis, it was found that Froude number
was suitable to evaluate the effect of mixing of flotsam on the tsunami impact damage. As the
mixture density increased, namely, the amount of flotsam became larger and the density
difference between flotsam and seawater became smaller, the damage of the mixed tsunami
to the land structure increased. The scale effect of the mixture density and the density
difference between flotsam and seawater became the dominant factors for tsunami impact
force and damage prediction.

Therefore, quite reasonable results have been obtained by the present computations in which
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the land structure received much greater damage by the impingement of a small tank mixed
tsunami as compared to that of the lumber mixing case.

Experimental approach for tsunami scale modeling

To validate the numerical results on the height and traveling velocity of a tsunami wave,
University of Kentucky students conducted the 1/1000th and 1/2000th scale model during the
ME 565 course for the Great East Cost Earthquake generated tsunami in March 2011. A
commercially available detergent was added to water to reduce the surface tension force for
the scale model to approximately satisfy the Weber number, a ratio of the inertia and the
surface tension forces. A series of color photographs including Figure 10 were taken during
the experiments, which showed the scale model tsunami shape and behavior surprisingly
similar to the full scale tsunami reported by a Japanese TV news. The moving speed of

Fig. 10. A color photo taken from side for the 1/1000™ scale model generated tsunami.

tsunami was roughly correlated by the Frnumber scaling although the source term was not
scaled, since the full scale data was not available at that time. This 1s another surprise for
validity of this simple scale model experiment.
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Scan mode Color Doppler (CD)
Frequency of CD | 5.0 MHz

Image depth 45cm

ROI depth 25cm

PRF 300 — 3200 Hz
Packet size (PS) | 8

Acoustic output | 100 % (displayed)
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1 BE—=XUED 1IQ 15561, (a) I and (b) Q-component.

— 220 —



450000

420
400000 | 200 1
< 350000 | _ g0 |
4 het
S 300000 f S 360
2 250000 2 340 ¢
§ 200000 | 9 320
[=1
8 150000 8 300
M 4
®
= 100000 £ 280
50000 f 260
0 ‘ ‘ ‘ ‘ ‘ ‘ 240 ‘ ‘ ‘ ‘ ‘ ‘
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
PRF [kHz] PRF [kHz]

cy (b)
2 :PRF L =o—Dd 5 DR (@) B —REML  (b) HEx o —EAL

(d) (e) (f)
X3 : TS OfkT. PRF: (a)300 Hz, (b)400 Hz, (c)500 Hz, (d)600 Hz, (e)1000 Hz, (f)1300 Hz.

16000 T T T T

g 4500
-
w
14000 L
o 4000 {
g t
Rl
~ 12000 3500
A
: z !
: - 3000
5 10000 I3 }
hat
“ S 2500
8000 [ w
0 o
< . w2000 F
% 6000 [ 3
-
a £ 1500
%4000 =
1000
T) N Peita,
4 2000 F T s00 |
=3
= 0 O L L L L L L
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Frame number PRF [kHz]

X4 : (a) TS OHBIHEE ORELIER T JONb) TS & PRF ORE%

3. HIRBEEDERINR
AFERE LIZHIED 5 B, FERAREHI DWW TILEREZ =R L, O/ LR

— 221 —



LTz, —F, EEEFEBRLEWITL T I 2 b—a V(79 TEThHT=D, firEiT 5 Dlct
LR 2 b— g VEATERIEA IR A 2 LN TET, BT A RENE SN o T

4. FEHESHDERE

2014 4EEL, HEIRIC K DR OWERE OB L O, BEk s~ A 71 - 2 RiF oA
YBT3 AEINCOWTIIRZITY, EOBME R A BT 5 2 LN TE. 4
#%Ix, FEAERFBR T LR Z X0 EEICARNT L, twinkling artifact OfiF1 24T 9 TE TH
5.

5. BARALR (HIRIRIHY)
1) Zis EHROTERRE BHRFZE0)

[1] M. Tanabe, L. Liu, N. Tagawa, M. Nishimoto: Fundamental Study of Numerical
Simulation of Ultrasound Wave Propagation in Microcalcification for Analysis of
Twinkling Sign, Acoust. Sci. & Tech., 36, 2 (2015), pp.164-166.

[2] M. Tanabe, Y. Naito, M. Nishimoto, L. Liu: Effect of Pulse Repetition Frequency on
Microcalcification Detection in Color Flow Imaging, Jap. J. Appl. Phys., 53(2014), pp.
07KF15-1 - 07KF15-5.

[3] L. Liu, K. Funamoto, M. Tanabe, T. Hayase: Microscopic observation of glass bead
movement in soft tissue-mimicking phantom under ultrasound PW mode scanning, J.
Med. Ultrason., DOI:10.1007/s10396-014-0565-5,(2014), 5 pages.

2) EF=E - BERER - IR% - OERRF
*[4] M. Tanabe, H. Hashimoto, K. Funamoto, Y. Chiba, T. Hayase: Investigation on Advanced
Medical Ultrasound Imaging Technology, Proceedings of the Fourteenth International
Symposium on Advanced Fluid Information, Sendai, (2014), pp. 192-193.
[5] 21, MARRE—, HEfFZ, S : Tvinkling Sign BEFEARIA OO 72 OMBFHHR RS X
DI B OICFBIER, AAET RS 5 87 [M5itEs, (2014) , S449.
[6] MRz, WEE, TAREZ, $#: Twinkling Sign OEBMENT : CF E£— NIZI1F 2 PRF
DR, BABEMIESS 58T [FirEs, (2014) , S450.
[7] Y. Naito, M. Tanabe, H. Hashimoto, T. Shimazaki, T. Jibiki, M. Nishimoto: Effect of PRF
on Microcalcification Detection in Color Flow Imaging (part2), 35 [E[#E&E—=1 7 hua
=7 ZAOHMELISHICET 5 R T T A, (2014), 3P5T.

3) i (FEF RE, YRIIERRH
L

— 222 —



1.

AR J14R03

X5y HEEANFILFEFE 7 e = 7 b
e ) B TR
eI 2014.4 ~2015.3
SRy 2-H

BIRIILX—D=ODOHMIEHMF - BiEEIZET SERELRAE
International Collaborative Research on Smart Layered
Materials and Structures for Energy Saving

Toshiyuki Takagi*t, Tetsuya Uchimoto*
Jean-Yves Cavaille**tt
Christian Boller***tt, Jinhao Qiu****tt
Julien Fontaine*****tt, Manfred Koh[******t{
Henrik Alfredsson*******tt
*Institute of Fluid Science, Tohoku University
**INSA de Lyon, ***Fraunhofer Institute for NDT
****Nanjing University of Aeronautics and Astronautics
**&&AEC Lyon, ******Karlsruhe Institute of Technology
FHkkk*KTH Royal Institute of Technology

tApplicant, tTnon-1FS responsible member

MEBEH
AMFZEL, HALKRFEE U 3 EORFELEOME 1 OFL b= 205t 8 L CRh
SNz g SEME ISR e B ORER E L TLESIT b, ITHFEEROBER E
LW LF~T U TIOVEHEREMER B L B o s o ZE T & DRI X 0, J7- e ik R o
BlEkZE B3 RrC, PRSI L AR & OMAMERIZE R LIo# LW =1L X —H6E
FHTH IO DOFFHM AR T 5. Z 0012, FALRFERSEIgE 2 b5 AL
Vay, JN)—TONERLETDHT T AT —LITNZ, o THIROMEEGR
FCOWTERBDH D FA Y « 7T 70 kh—7 7 iigetitE, PEICRIT 5 2RSS
DOHESILETH D HE - EEMZEHRREZDIND Y, FEE2IESE 5.
FREOMGE B ST DO DGR E LT, EIZLLFOT —< IO\ CTHLY fHte.
1) ' HERE L R ORIEERE 2 9 5 A~ — MEERBMHEE A E
2) A~=— MaE, R, BEHEE A AT 2 Mr ISR L OB
3) MEMZATDZEER 7 A VAL D LN R LR —TF M 2T A
INHOIKFEWFFRIZONT, FREIET D & & bICFRE T 5 729I2, 2+
\ZHEFEE I —2BMET D, Fo, BRI EORIK L ERO-DIZ, r~—R 7 —LD
B, EBSRFEEOMRE, ZREmACHEET D & L b, EHFEE ORI %8 L7 AfsE
B END . AMIEDOSIROERXK Z X 1 1RT

2. HIRBEDAR

SEHER SRR D 72 O DI JEA L « BREEIFIE, O p L —TF o MREDTZDDH
HOJERTEL « SIS ZEI B 5 L RIFZE T —~ DO EHUTHE LT, REEE U705 A

— 223 —



EZIERA LT, T o7 —< BT 2 BRI L IHMRIC DWW THEE L 7=, $£7-, F
%2 6AEFE L DHLERERT L LT A Y = —F U ENL TR Y, HLSRERT T h D bk
e ARV GEET & ORI T B RENENC B9~ 2 SRR ZE AT 295 F 9~ 2 IR 298 %
7.

AR 2 5 HEFEITAT - ToAFE D UEFIZ FeN T, B TIFGEE DSEIM R TR L L[R5
BREATH Z &IC kY, =T UEReRET D, RImfARS 0T =2 1) 7 L E bt &
A L7z RHAEAG Y R 2 L—a v ICkpilie=4 1 7L, ELRHEE Iz oW T
DOEFEMFEE FALKREE, 77 A BCL, FEMEMIZEM AR, KH IZX V7o, REHR
a—T 4 7N K DB OV T OMZEIZ OV T, £D A B = X LRI 725
LR L ECL & O3 [FRIZERR, BT L OfRE a2 ED TRV, ISHAMTEA~OBATO Bis L 2153
RS 2 W A~ — MU Zon T, #AEKS:, INSA-Lyon, 17FP, H[EIFE iZE
IR KF DM CEAEIIFTUIZ O\ T ORI 2 Fh L7, R tE2 A3 22 8ER 7 LA
2 X DHFBEEAT, Z ORI & T IOV CHIER: & 7 > & INSA-Lyon D 4E[A]
FBREFHE L, 7 A VAOEFOT-OOIAET — 2 2R Uiz, LU FICEAR 7RIz o0
CRiik 9 %.

/ SIMAPLEG \
\ Fri—TR ] _—

N IHKT MATES,

| BushewTs )

N EESRER e p—ee B2
IR

HIxEEELZEBEIL
FRTIT N DFRE LT

;/—\\
ﬁﬁ%‘%ﬁfi@

- o e ;
N AEETHEHAS

4
ls1r%BHELE \
| EREIC LR A\
\F AEELD S B B

it S s

> SR EEED
ERGA

-

X1 : AWFFEOHEAE

1) Fundamental criterion determination for metallic cold spray coatings

The cold spray technique allows high deposition rate coating which is based to kinetic energy
rather than thermal energy. Because the powder feedstock remains below its melting point, the
thermal oxidation and phase transition for the powder and metallurgical transformation for the
substrate are minimized compared with high temperature deposition method. The suitability of

materials depends on their mechanical properties like their deformation ability that depends on the
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dislocation system. Empirical approaches have been developed to determine the eligibility of
materials. Thus, materials with low melting point and low mechanical strength are ideal because
they exhibit significant softening at low temperatures. Even if the success of cold spray depends on
the correct choice of the process velocity among others, deep knowledge must involve better
coating characterizations of their microstructures and mechanical properties.

These requirements need to focus on (i) the coating homogeneities in volumes and surfaces,
the porosity and defects from the surface to the interface with the substrate with the presence of
initial cracks (orientation, length, size); (ii) the chemical composition linked to the powder purity, the
reactivity of the powder along the projection process, its role on the local chemistry distribution at
the substrate coating interface and also between deformed particle in the coating; (iii) the
microstructure, with the phase modifications from the powder to the coating (mechanical
deformation and/or phase modifications induced by the kinetic energy of the impact), the
preferential crystallographic orientation gradient among the coating and the interface at the local
scale between all the coating component. If experimental studies are already focused on the
initial stage of coating deposition (particle to substrate), mechanism of the coating built-up
(particles to particles) should be well described to control the coating volume characteristic for a
better resistance to aggressive environment. The modeling of the process, which should account for
particle plastic deformation, substrate - particle and particle - particle adhesion, etc., is developed to
provide objective and fundamental criterion to select experimental condition. This is also an
opportunity to design more complex metallic coating where mechanical and/or chemical properties

gradient need to be improved.

2) High power MEMS (Micro-Electro-Mechanical-Systems):

Vibration energy harvesters are usually resonant mechanical systems working at resonance. The
subsequent mechanical amplification results in output powers multiplied by the mechanical quality
factor when compared to non-resonant systems. The main drawback is the difficulty of matching a given
vibration frequency range to the energy harvester’s resonance frequency. Among several techniques, the
use of nonlinear mechanical resonators may enlarge energy harvester power bandwidth. When
integrated to a system, smart materials are strongly influenced by the surrounding system that may bring
its own nonlinearities, such as in MEMS. Indeed, their small size, combined with the need for sufficient
output electrical power, implies large stresses in the materials bringing them into highly nonlinear
regimes. Up to now, when restraining their use in the linear regime, their limited output power makes
them hardly suitable for self-powering embedded electronics. In order to utilize MEMS devices in their
full range of excitation levels, it is of primary importance to understand their nonlinearities and to
propose a model for fine prediction of their performances.

In addition, a new concept for electrostatic energy harvesting developed at TU utilizes ferroelectric
materials for creating dipole electrets thanks to their remnant polarization. Compared to usual high
performances electret materials, a dipole electret exhibits unusual high stored charge density on its

surfaces leading to high power energy harvesting devices. However, the high level of electric field
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induced by the polarization has a strong depolarizing effect leading to limited performance.
3) Multi-physics couplings for materials durability

When subjected to severe environments, the health monitoring of structural materials is necessary, and
smart materials and systems can provide with health monitoring capabilities. For example, the electrical
impedance of a system involving structural and smart materials depends on structural material
mechanical properties. This phenomenon is the basic principle of electromechanical impedance
spectroscopy. This emerging technology allows the definition of damage indexes based on pure
electrical measurements.

SHM techniques are usually based on additional sensors and actuators systems for evaluating the
damaging of a structure. In this subtopic, we better want to investigate the intrinsic coupling in structural
materials.

Eddy-Current Testing (ECT) is a method of locating surface or subsurface flaws in electrically
conductive materials, and evaluating such material characteristics as hardness, heat-treat condition, and
other metallurgical conditions, and also defects and remaining lifetime. In order to extend the detecting
capabilities of ECT, electromechanically induced stresses (Lorentz force and magneto-striction) generate
to acoustics waves used to further defects detection (Electro-Magnetic Acoustic Transducers or EMAT).
In order to better interpret received signals, a fine modeling of tested materials is necessary, and should
include conductivity, ferromagnetism and magneto-striction properties, including frequency dependent
properties (such as domain wall motion in ferromagnetic structural materials). Based on such models,
stresses and acoustic waves induced by EMAT would be better interpreted over a very large frequency
range.

On the other hand, all materials are fundamentally magnetostrictive and electrostrictive. Their (little)
coupling may be used as an indicator of the health or microstructure of the material. In case of CFRP, as
a long-term research topic, we aim at searching different multi-physics couplings such as electrostriction
as an indicator of their damaging complementary to their both dielectric and conductivity properties. It

may bring insights on both fibers and matrix damaging.
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