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Study on Flight Stabil ity of Badminton Shuttlecocks for Impulsive Change of Angle of Attack
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NREIV by brvay 7 ORAEKE L TOLEEORAZITY). ZNET
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BOREMEIZ Y vy PV ORBRIZREL B2 22 Ebbhotz. LdL, ¥ ¥ bb
R P IC A EEE L, &6 A 87 MEICITRAM A (HEEER) 2
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fiEH 3 5.

2. HEBREORE

AWFETIX, A N NERIZBT DHEFRE, 221 LEMEICONT, vy Mray 7o
IR AETRELZH ST 572012, v M ZETAPNICRE LFEBREI T 7.
EEUIRAL T D oy Moy 7 2HTER LIRS, 20RO EERATHOTIE/eL, 1
EEEZBDPBIRATNL. ZOY v My 7 OA 37 b LT E#ROREAAZELh o
TIHA 7 = X LZfRAT 25 2T, RKIAZEICBIT 5% Mvay 7 OEFE TR 231E L
7o Fl2vx Moy 7 OFRZENMHOT 7o —F £ LT, vy MVOBRBIES, IHRE
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(d)Conic w/o gaps & FHE L, WAEIIREDIER 21T 72, X1 ICEH8 TOH IR G, BL
IR Co Oy F o 7= A MBI Cy2nd. By Frre—Ar MEEIZBWT,
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Fig.1 Aerodynamic characteristics for the shuttlecocks versus angle of attack at Re=1.3x10°



HZENHERTE . £, MO v F S E— A FOLH EXNY OEE L, WEEY
¥ MBR—FRE L, BEZeL, H9Wey MLOIEIZZ>TWA. 20 0°EEIZLIZE Y
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TWHUE, T MUDEHERE L, RIC 0°Z2 A — "= 2— F L7ZBRIC S, 0°~DRED 5 S
DIEND. Flz, WTHNDOT Y RV TH 180 (I TlEE v F 2 7 E— A OED /NS,
AR NEBD YV v MVOZETREM TR D82, v MVIEESR (Z74h) JEVIZk
BT v MVREHERER D [ E ORIEZIT o7, fERAFE LIRS, "M AE— R A T
ZOCTHRE LT-Hi{&0 D S o ORMZITo72. EREHT Re=1.7x105(Us=40
m/s), AT a=150°L Liz. ZOFEE, @ T v ML OBRRERE ) i b K& VSR & 72
ST v MUTHERERRE, 0N ZET DRNCAED A — N~ a— "R 5. ZDhky
¥ MU, ENA— = a— R I LR 5 0L ET H. ZDA— 13— 22—k
DA, HTWo v MAREROREIVEERE ST, ZOF— "~ a— MR E VL
B2 % FTORINL, @ v MB—FED -7z, DFD, BHE v MLVKEHRERR
MOLEERE. 5L, AT — M HFARIZRERH D Z & T, v v MUIHFERL Bl
L, PRITEETHZ LT, A== a— RN TWAHEEZ 5.

Table 1 Average pitch-rotational velocity and overshoot angles

Average rotational velocity w Primary over shoot angle a (°)
(rad/sec)
Standard shuttlecock 134 -48.7
Shuttlecock w/o gaps 82 -55.6
Conic shuttlecock 87 -66.7
Conic w/o gaps 69 -70.0

3. MIEZBEZEDERIKR
¥ Mbay 712 U DHHRERGOZE 12BN OV, SRED Y R LA AL
BEEORE & A—N— 2 — M & DOBURIZHOWTIRR-. v ML — MHFAROR
B, PURERD > v MAVOEBIAIZKIT DEITTNCFTFE L, EWENLREEZ LA L TND
ZERbmoT. T MHERERFOIEEF FHAN AT T, ¥ MLV OFT L EWEENE
WECD AN =X LETIIFATE 2> 72 b D0, G110 HAE I ER T& 72

4 FLHESHDFE
NEIV hovy bvay 7 DA X7 MeORIMIREEZEA I D DR EMEIBUN T,
Ty bvay 7 OPURES, A — MPTRORRRE B L T\ D Z ERbhoT. RS,
PR LR A ES L7z v ML TIE, BEEICENLZENEILT 5. 5%ILT v MVREE
J1, WG AEER L, v MLVORE & 22 ) ZEME OB A I, v MLasE
WIRFIZEEME A R A I = X AIZOWTIFH LTV S8 ) Th 5.
5. WIRAR HIBIRIHY)
1) S EHROTERRE BRFZEV) 7L
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*[1] Kenichi Nakagawa, Hiroaki Hasegawa, Masahide Murakami, Shigeru Obayashi: Study
on Flight Stability of Badminton Shuttlecock for Impulsive Change of Angle of Attack,
Proceedings of the Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 2-3.
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Fig.1 Difference pressure and lift coefficient curve

(Re=1.5x10°, VR=12)
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Fig.2 Variation of lift coefficient curve
(Re=1.5x10°, VR=12)
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1. Purpose of the project

e To determine the diffusion coefficient through the porous, rigid membrane of a
diatom to examine the influence of the pore shape and structure on the
transport of matter through the silica membrane.

e The results of the above research could possibly lead the way to apply diatoms
(or the principles diatoms use) for more energy efficient synthetic filtration
devices (microfluidic devices and water filtration).

2. Details of program implement

This research is being conducted using the interferometry setup developed by Prof.
Maruyama and Prof. Komiya from Tohoku University. PhD student James Herringer
spent one month carrying out expermients. The phase-shifting interferometer will now
be used at RMIT to measure the mass diffusion field through the diatom pores. These
experimental results will be used to validate a computational model.

3. Achievements
Late 2013:

e Preliminary experiments measuring the diffusion (4 x magnification) of saline
(3.5 wt%) through a hole (80 ym 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.
The beginning of 2014 has been used to:
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e Setup the interferometer equipment in labs at RMIT University, Australia
(Figure 2) with the assistance of Prof. Komiya.

Figure 2: a) Side view and b) Top view of the interferometry setup in RMIT University
labs (equipment from IFS collaborators at Tohoku University).

e Obtain approval from the OH&S department at RMIT to allow safe use of the
class 3B semi-conducting laser integrated into the interferometer setup.

e Manufacture a polydimethylsiloxane (PDMS) gasket to minimise the amount of
secondary diffusion through gaps between the glass plate and the walls of the
cuvette apparent from previous experiments (Figure 3).
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Figure 3: 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.

a)

e Overcome difficulty in setting up the CCD camera component in the
interferometry equipment.

4. Summaries and future plans

Preliminary experiments have been conducted to examine the diffusion through a
diatom membrane. 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.Once the safety documents are approved experiments to measure
the diffusion coefficient can begin over the coming months, scheduled for May, June and
July (2014).

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.

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

e (Complete computational simulation to be validated by the experimental results.

5. Research results (x reprint included)
Not applicable. Research ongoing.
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*[1] T. Morie, H. Liang, Y. Sun, T. Tohara, M. Igarashi, and S. Samukawa: A Silicon Nanodisk
Array Structure Realizing Synaptic Response of Spiking Neuron Models with Noise
(Invited Paper), The 19th Asia and South Pacific Design Automation Conference
(ASP-DAC'), Singapore, (2014), pp. 185-190.
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*[2] T. Morie, T. Tohara, K. Endo, M. Igarashi, and S. Samukawa: Intelligent Information
Processing Circuits Using Nanodisk Array Structure, Proceedings of the Thirteenth
International Symposium on Advanced Fluid Information, Sendai, (2013), pp. 98-99.
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[1] Y. Takahashi, S. Ueno, and M. Arita: Multi-Functional Logic Gate by Means of Nanodot
Array with Different Arrangements, Journal of Nanomaterials, Vol. 2013, Article ID
702094, (2013), Tpages.

[2] Y. Takahashi, H. Takenaka, T. Uchida, M. Arita, A. Fujiwara, and H. Inokaw:
High-speed operation of Si single-electron transistor, “ULSI Process Integration 8”, C.
Claeys, et. al., Eds, ZCS Transactions, Vol. 58, No. 79, (2013), pp. 73-80.

[38] T Uchida, M. Arita, A. Fujiwara, and Y. Takahashi: Double-quantum-dot Si
single-electron transistor with multiple gate electrodes fabricated by PADOX,
Proceedings of the 2013 World Congress on Advances in Nano, Biomechanics, Robotics,
and Energy Research (ANBRE13), (2013), pp. 498-503.
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[1] T. Uchida, H. Takenaka, I. Yoshioka, M. Arita, A. Fujiwara, and Y. Takahashi:
Double-dot Si single-electron transistor with tunable coupling capacitive by the number
of electrons in the dot, 2013 Silicon Nanoelectronics Workshop (SNW-2013), Workshop
Abstracts, Kyoto, (2013), pp. 59-60.
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~— h 7 aA%a5E, Vol. 2, No. 5, (2013), pp. 206-212.
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Vol. 6, No. 6, (2013), pp. 1-9.
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*[3] T. Kaizu and T. Kita: Fabrication of InAs Qantum Dots on Nitrided GaAs (001) Surface,
Proceedings of the Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 102-103.

[4] T. Kita: Carrier Dynamics in InAs/GaAs Quantum Dots for Intermediate-Band Solar
Cells, High-efficiency materials for photovoltaics, Imperial College London, (2013),
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[5] Y. Harada, T. Maeda, and T. Kita: Intraband Carrier Dynamics in Self-Assembled
Quantum Dots for Infrared Optical Devices, EMN Fall Meeting, Florida, (2013), (Invited
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1.

Reconstruction of Wall thinning from Pulsed ECT Signals

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

Purpose of the project

Based on the researches in the former two years, the aims of the third year
project is to investigate the efficiency of PECT for the nondestructive evaluation of
plastic deformation in austenitic stainless steel, a typical material in Nuclear Power
Plants. Both simulation and experiments are conducted based on the codes and the
experimental setups constructed in the last two years.

Details of program implement

To clarify the feasibility of PECT for evaluation of plastic deformation, the major
works performed in the third year project are as follows: 1) Enhancement of the 3D
numerical PECT signal simulator for evaluation of damage in structures of magnetic
material; 2) Fabricate test-pieces with plastic deformation, and conduct PECT
measurements using the smart PECT prototype systems established last years. 3)
Investigate the correlation of the applied plastic deformation and the signals of
PECT to clarify the validity of PECT for plastic deformation evaluation. 4) Measure
the permeability with B-H analyzer and compare the measured PECT signals with
that of simulation obtained with the measured permeability.
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Fig. 1 Dependence of PECT signals on residual strains

In practice, 9 specimen of 304 stainless steel are fabricated and residual strains
of various scales are introduced with a material testing machine. The target residual
strains are 0%, 1%, 2%, 3%, 3%, 5%, 7%, 10%, 15% respectively. The TR type PECT
probe is utilized in PECT experiment. During measurement process, experiments
have been repeated 5 times on both sides of each specimen, and the averaged signal
1s taken as the final measurement results. Figure 1 shows the dependence of the
measured peak value of PECT signals on the residual strains where signal of 0%
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strain specimen is taken as reference. It can be found that there is promising
relationship between PECT signal and residual strain. The PECT signal is
monotonically increasing with residual strain even if the plastic deformation is
smaller than 5%. In addition, the good repeatability of signals of two 3% strain
specimens in Fig.1(b) shows that the variability of PECT signal is quite small.

The thicknesses of all test-pieces are measured after tensile tests. The PECT
signal caused by only thickness variety of specimen is predicted by using the
numerical solver developed in this project. It is found that the PECT signal changes
due to the thickness variety are much smaller than the total signal amplitude.
Simulation results also show that there is still a clear relationship between the
signal change and the residual strain, and reveals the feasibility of PECT for plastic
deformation evaluation.

3. Achievements
The results in this work reveal that the PECT is feasible for evaluation of plastic
deformation in 304 austenitic stainless steel even for a residual plastic strain of
relative small value. The thickness change of specimens does not give significant
influence on the PECT signals. In addition, the dependence of the electromagnetic
material properties on the plastic deformation is also significant.

4. Summaries of the three years project

A fast numerical code for efficient simulation of PECT signals has been
developed in the first year project, and it was used for the wall thinning
reconstruction with neural network method and the conjugate gradient method. In
the second year project, reconstructions of defect are conducted by using the genetic
algorithm, the simulated annealing and the tabu search method aiming to clarify
their validity and efficiency for practical applications. In the last year, the feasibility
of PECT for evaluation of the plastic deformation in austenitic stainless steel has
been investigated through experiments and numerical simulation.

5. Research results (* reprint included)

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

*[1] Shejuan Xie, Yunfei Li, Zhenmao Chen, Toshiyuki Takagi, Tetsuya Uchimoto,

Yasuhiko Yoshida: A Numerical Method for Simulation of Nonlinear Eddy Current
Testing Signals based on Transient Ar Formulation, Materials Transaction, Vol. 54,
No. 6, (2013), pp. 964-968.

[2] Li Wang, Shejuan Xie, Zhenmao Chen, Yong Li, Xiaowei Wang, Toshiyuki Takagi:
Reconstruction of Deep Stress Corrosion Cracks Using Signals of the Pulsed Eddy
Current Testing, Vol. 28, NDTE, (2013), pp. 145-154.

[3] Shejuan Xie, Zhenmao Chen, Xiaowei Wang, Toshiyuki Takagi, Tetsuya Uchimoto:
Sizing of Wall Thinning Defects Using Pulsed ECT Signals Based on a Hybrid
Inverse Analysis Method, JEEE Trans. Magn., Vol. 49, (2013), pp. 1653-1656.

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

[4] Zhenmao Chen, Shejuan Xie, Xiaojuan Wang, Tetsuya Uchimoto Toshiyuki Takagi:
Evaluation of Cavity Defect in Metallic Foam with DCPD Method, Proc. 1st Int.
Symp. Smart Layered Material and Structures for Energy Saving, 0S8-12, (2013),
pl-2.

[5] Shejuan Xie, Zhenmao Chen, Toshiyuki Takagi, Tetsuya Uchimoto: Evaluation of
Wall Thinning in Carbon Steel Piping Based on Magnetic Saturation Pulsed Eddy
Current Testing Method, Proc. ENDE’2013, (2013), pp. 61-63.

*[6] Zhenmao Chen, Shejuan Xie, Xiaojuan Wang, Tetsuya Uchimoto Toshiyuki Takagi:
Reconstruction of Wall Thinning from Pulsed Eddy Current Testing Signals,
Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 28-29.

3) Patent, award, press release etc. Not applicable.
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1.

The Continuous Spectrum in the Moore-Saffman-Tsai-Widnall Instability

Stefan G. Llewellyn Smith*{, Yuji Hattori**1¥, Makoto Hirota**
*Department of Mechanical and Aerospace Engineering, UCSD
**Institute of Fluid Science, Tohoku University
tApplicant, $1IFS 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 12—16, 2013. During this visit, Professors Llewellyn Smith and Hattori
discussed stability results related to Professor Hattori’s simulations of Taylor—Green
vortex instability and the link with pseudospectra. Professor Llewellyn Smith gave a
seminar and discussed stability criteria with Dr. Hirota.

Achievements

Professor Hattori’s student Gau studied the MSTW instability of the
two-dimensional Taylor-Green vortices. The linear transient growth was studied by
non-modal stability analysis, and it was found that its mechanism for small
optimization time is the stretching near the hyperbolic stagnation points. For large
optimization time, the transient growth is controlled by the strain field around the
elliptic stagnation points. The evolution of localized disturbances in the Taylor-Green
vortices was then studied by direct numerical simulation: the transition from the
linear stage to the weakly nonlinear stage proceeds gradually compared to the case of
the elliptical flow. These results give insight into the evolution of vortices in strain
(“expected result” in the application form).

Professor Llewellyn Smith computed pseudospectra to compare with these
simulations. He has also been working on the initial-value problem for the evolution
of disturbance on Rankine vortices. The recent paper of Roy and Subramanian has
clarified some of the previous work on the subject, and its relevance to the MSTW
instability is under investigation.
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Figure 1 : Time evolution of a localized disturbance in 2D Taylor-Green vortices. (Top)
energy of the disturbance; (middle) instantaneous growth rate; (bottom) averaged
wavenumber. Left: single wave packet, right: averaged wave packet.

4. Summaries and future plans

One of the problems in vortex stability is the limited number of known exact
solutions to Euler’s equations that are used as basic states (these are usually limited
to circles or ellipses with constant vorticity). A promising family of more general
solutions to use as basic states is that obtained in Lagrangian variables by
Abrashkin and Yakubovich. The stability of these states has not been extensively
investigated previously, although geometrical stability calculations have been
carried out. The mapping technique use by Professor Llewellyn Smith to look at
hollow vortex stability will allow these exact solutions with non-trivial geometry and
vorticity to be considered.

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

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

*[1] Yuji Hattori and Stefan G. Llewellyn Smith: The continuous spectrum in the
Moore—Saffman—Tsai—Widnall instability, Proceedings of the Thirteenth
International Symposium on Advanced Fluid Information, Sendai, (2013),
pp. 152-153.

3) Patent, award, press release etc.
Not applicable.
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(1] ALRH, GHE, KA, 715 2 BREE b 7= OFAE S & B RSB Tl R
Ll R A, THFERE, B217, (2013).

[2] M. Kubota, T. Itoh: A Linked Visualization of Explanatory Variable and Objective
Function Spaces for Multi-objective Optimization, NICOGRAPH International 2013, .
IR, (2013).

*[3] M. Kubota, T. Itoh, S. Obayashi, Y. Takeshima: EVOLVE: A Linked Visualization
Environment for Explanatory Variables and Objective Function of Optimization
Problems, Cyberworlds 2015, Poster Session, BEEFEZAAT:, (2013).

*[4] T. Itoh, M. Kubota, S. Obayashi, Y. Takeshima: EVOLVE: A Linked Visualization
Environment for Explanatory Variables and Objective Function of Optimization
Problems, Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 26-27.

[5] M. Kubota, T. Itoh, S. Obayashi, Y. Takeshima: EVOLVE: Explanatory Variables and
Objective function Linked Visualization Environment, IEEFE Pacific Visualization 2014,
Poster Session, BEEFFKE, (2014).
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[1] Best Poster Award (by image corp.), “EVOLVE: A Linked Visualization Environment for
Explanatory Variables and Objective Function of Optimization Problems”, M. Kubota, T.
Itoh, S. Obayashi, Y. Takeshima, 2013.10.23, Cyberworlds 2013.

[2] Best Posters Award, “EVOLVE: Explanatory Variables and Objective function Linked
Visualization Environment”, M. Kubota, T. Itoh, S. Obayashi, Y. Takeshima, 2014.3.7,
IEEE Pacific Visualization 2014.
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Cavity Formation Mechanism in a Cavitation Process

Takehiko Sato*}, Mohamed Farhat**+{+
Marc Tinguely**, Kiyonobu Ohtani*, Daisuke Yoshino*
*Institute of Fluid Science, Tohoku University,
**Ecole Polytechnique Federale de Lausanne (EPFL)
tApplicant, fnon-IFS 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

Effect of non-condensable gases in cavitation bubbles on the collapse process is still
unknown and remains a big issue in this field. There are possibilities of existence of
non-condensable gases such as oxygen and nitrogen due to their dissolution in water.
However, the detection of those dissolved gases is very difficult because the amount of
generated gases must be very small compared with the natural dissolved gases. In this
year, we focused on the dissolved hydrogen generated by a spark or a pulsed laser.

We previously measured that the laser- or spark-induced cavitation bubble dynamics
as shown in Fig. 1 and the dissolved hydrogen in water at bubble initiation. In this year,
we have found that the mass of dissolved hydrogen was proportional to the potential
energy of the rebound bubble for both laser and spark methods as shown in Fig.2.
Nevertheless, hydrogen concentration was found 2.7 times larger with the spark. Our
discovery raises questions about the use of point-like plasma for experimental
simulation of hydrodynamic cavitation bubbles.

1 F A& Laser
e Spark
08 | & 3 — Rayleigh
f & Rebound bubble

£ 06 |y *

= . . .

R 04 Figure 1 : The time evolution of the
R ¥ - reduced radius of bubbles for the
02 r Rebound both cases, and comparison with
o . =4 Rayleigh theory.
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Figure 2: Potential energy of rebound bubble vs. the mass of dissolved H2 per pulse in the
case of the laser (a) and the spark (b). The error bars denote standard error.

3. Achievements

We aimed at understanding the effect of dissolved gas on cavitation bubble dynamics
in 2013. The tasks for this aim have been sufficiently achieved because the discussion
about the phenomenon led to the conclusion that the hydrogen gas involved in the
induced bubble governed the dynamics of the rebound bubbles.

4. Summaries and future plans

In this year, it was found that the potential energy of the rebound bubble increased
proportionally with the mass of hydrogen and the rebound bubble potential energy was
proportional to the mass of dissolved hydrogen in both the laser and spark cases. These
results are evidence of the presence of hydrogen molecules in the bubble and contribute
to the widely discussed question regarding the difference between ‘hydrodynamic’ and
laser- or spark-induced cavitation bubbles.

We continue to understand the collapse process by microscopic visualization of the
collapse process of a laser induced bubble and emission spectrum analysis with the gate
time of 100 ns. We also plan to submit the results to a journal.

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

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

*[1] Takehiko Sato, Marc Tinguely, Masanobu Oizumi and Mohamed Farhat: On
Hydrogen Generation by the Collapse of Cavitation Bubbles, Proceedings of the
Thirteenth International Symposium on Advanced Fluid Information, Sendai,
(2013), pp. 146-147.

3) Patent, award, press release etc.
Not applicable.
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Fx BT =3 COYEN, IHMEFRERZHOIEAOOE DL, ATV =y 7 %y
BT = a ML D ERIES S 5. HERT A ADY A= L A THERN RO T
WIS, ANV =y 7 Xy BT = a NILDPFA D= ALER| LN D ENEETSH
%. X ZTARIETH, Bl R 2 b—a b 20T, AFY =y 7 Fy BT —va itk
DUGFA I =X LZfRIAS H 2 L Z AR E T 5.

HRBERONE

AT = VT PEII BT DRI EA I = X LEADT-DIZ, AN Y = 7 OH—%K
TEBORMEY 2 2 L— 3 V2T, AH Y = 782 K D KIAOIREZFECZ IO HH
RN IIRIR E A D52 LEVEE LT, B LI E OB AR D1 TH 5
primary Bjerknes force |Z L 2 WEEE D S 1A123 8025 L5, TEFER O K aEE) O R A
HIARETHD Z & 2R LI2(X 1). & HICKIOYHINE 2SE S EER OE<CIEI T L
BTHD L, KIADOWHEEEI DN/ NS L 70D 2 &, KIOYHIN BEDBEmTE THh 5 &, BEH &
DOTFHO T DIZHIHERIC B D 50 BE T 7 AN HESESY 5 L\ ) 2 & b7z,
AT = 7 W OMEFT IR & KA BER & 7% 72358 OBER T ORI D =R ey 2 =
L— 3 2BV TE, KUEDIEERIIEENZ L BRER A BEIT5 2 &, 20RO
DIZBEINZEENE L TWND Z EibioTz

TR OYFRZARDYSE « HTHO T2 D OIRENGHH OKIADORE T %, rectified diffusion &
EEBIZOWTHRDL DI, RIS E AW 21772, Zhic k> T, EFMO
rectified diffusion |2 25JADOMKEITRIAOIEESC K X 705 88% KT T2, HEHOR
VIRENFHEL D X 5 2R OB O T, rectified diffusion ORI/ NSWZ & BHEET
7.

A% BAZDZERURR
AT = 7R OKID ZIRTEAE Y R 2 L —3 a U FREEMESE L, rectified diffusion
12 L DRVEE DOKINFB DB OV TIRET L, AT Y = 7 it DRI 1ERE A
T = X LREAD T D DI AL D Z LIS TE T2,
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5 HIREE HIHREEHY)
1) Fixess EHROSEFERE MSFEaT
[1] Naoya Ochiai and Jun Ishimoto: Numerical Study of Single Bubble Dynamics in
Megasonic Field for New Physical Cleaning Method, ECS Transactions, Vol. 58, Issue 6,
(2013), pp. 77-85.
2) EF=E - BERESR - IR% - QERRF
*[2] Naoya Ochiai, Jun Ishimoto and Jin-Goo Park: Computational Study of Bubble Behavior
in Semiconductor Cleaning, Proceedings of the Thirteenth International Symposium on
Advanced Fluid Information, Sendai, (2013), pp. 108-109.
[38] &EIER, AAE, Jin-Goo Park: A XY = 7ZITIR1T K708 B D 5dmfidT, H
AIRFFEFE RS R Y Y 42013, KB, 8 H9-11 H, (2013).
[4] &GERk, ARE: ATY =y 75280 5 B—5aF@ B4 28 ks I 2 1—
val, AUEIERAERMES 2013, SEER, 9 A 27, 28 H, (2013).
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Project code J13019

Classification Conferential collaborative research
Subject area Aerospace

Research period April 2013 ~ March 2014

Project status 2nd year

Development of Frontier Energy Using Reactive Multiphase Flow

Jun Ishimoto*t, Kazuo Matsuura**, Jin-Goo Park***t+
*Institute of Fluid Science, Tohoku University,
**Graduate School of Science and Engineering, Ehime University
***NEMPL, Hanyang University
tApplicant, ttnon-1FS responsible member

1. Purpose of the project

Safety is one of the most important issues facing the promotion of hydrogen use.
Accompanying the more extensive usage of hydrogen is the increased possibility of
accidental release in various situations. In particular, research on leaking hydrogen is
important for preventing accidental ignition and setting safety margins for leakage due
to embrittlement, incomplete sealing, system degradation and/or human error.
Therefore, to ensure the safe use of hydrogen, the development of risk management
strategies for hydrogen leakage and dispersion is necessary.

In terms of theory and numerical simulation, the authors have proposed a novel
real-time sensing-based risk-mitigation control of hydrogen dispersion and
accumulation in a partially open space with low-height openings by forced ventilation.
In this study, we aim at realizing the proposed system, and also developing a
risk-mitigation method of higher-fidelity based on the reality-coupled computation
combining physical computation and hydrogen dispersion computation.

2. Details of program implement

The annual research meeting of “Sustainable integrated frontier energy using
reactive multiphase flow” has been organized, and two topics of special lecture meeting
by experts of multiphase field has been held in IFS Tohoku University in May 17th,
2013.

"Mono-Size Alloy Droplets - Production, Characterization and Applications”
Prof. Teiichi Ando
Department of Mechanical, Industrial and Manufacturing Engineering,
Northeastern University, Boston, Massachusetts, 02115 USA.

"The conductivity change with respect to temperature of the filler dispersion polymer"
Prof. Hideo Horibe
Department of Applied Chemistry, Kanazawa Institute of Technology,
Kanazawa, Japan

In order to develop a risk-mitigation method of higher-fidelity based on the
reality-coupled computation combining the physical computation and hydrogen
dispersion computation, we conducted the present study by diving it into the following
three groups of problems and obtained results.

a) Stabilization of the dispersion path of leaking hydrogen.
When outside air is taken in accompanying hydrogen ventilation, the air currents
disturb buoyant jets and might promote hydrogen dispersion in the room (Fig. 1).
In this study, we clarified conditions for space shape, such as air-intake areas,
necessary for stabilizing the dispersion path of leaking hydrogen using a theoretical
model that consists of two stages, i.e., a non-Boussinesq buoyant jet and hydrogen
accumulation near the ceiling.
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b) Development of a physical computing platform and validation of numerical
simulation regarding hydrogen ventilation
So far, there have been few reports on the experimental results of hydrogen
dispersion in case of forced ventilation. In this study, we develop a physical
computing platform assuming forced ventilation, and conduct validation of
numerical simulation experimentally measuring dispersion and accumulation
behaviors of leaking hydrogen. In this year, we made a projection for the future
regarding the feasibility of the study mentioned above. In this year, we also clarified
the effects of installing a ceiling lattice that holds sensor arrays.

T Door Vent Large| T Door Vent Small

Stable buoyant je Buoyant jet is disturbed
Smooth exhaust

szense

by cross flows
Hydrogen fills the room

dilute

Air speed at the

Air speed at the
air-intake; small ar-intake: small

Fig. 1 Effects of the air-intake areas on the dispersion path of leaking hydrogen

¢) Integration of the physical computation and the hydrogen dispersion computation
Arranging information types and data amounts obtained by the physical
computation, we made a projection for the future regarding the compatibility and
combination with the hydrogen dispersion computation.

3. Achievements

By the simple theoretical analysis, we could partially derive conditions for space
shapes, such as air-intake areas, required for high-fidelity risk mitigation related to
stabilizing the path of leaking hydrogen. We made a projection for the future regarding
the development of the platform necessary for realizing reality-coupled computation
uniting the physical computing and the hydrogen dispersion computation, the
validation of hydrogen ventilation computations, and the data integration between the
physical computation and the hydrogen dispersion computation. Thus, we have
obtained results gradually for each group of problems, and the achievement level of the
whole study is 70%.

4. Summaries and future plans

We clarified conditions for the space shape required for stabilizing the path of leaking
hydrogen. We made a projection for the future regarding the development of the
physical computing platform for the hydrogen forced ventilation, the experimental
measurement and the validation of hydrogen dispersion computations. We also made a
projection for the future regarding the compatibility and the method of unification
between the physical computation and the hydrogen dispersion computations. Our
future work is to advance the risk-mitigation of leaking hydrogen of much
higher-fidelity based on reality-coupled computation.

5. Research results (x reprint included)

1) Journal Not applicable.

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

*[1] Jun Ishimoto, Naoya Ochiai, and Kozo Saito: Ultra-High Heat Flux Cooling
Characteristics of Cryogenic Micro-Solid Nitrogen Particles, Proceedings of the
Thirteenth [International Symposium on Advanced Fluid [Information, Sendai,
(2013), pp. 134-135.

3) Patent, award, press release etc. Not applicable.
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Flow Instabilities of Boiling Nitrogen in a Horizontal Pipe
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2. HIRBREOAR
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27 7, BRIRUE, BRRIRO AR PgIRE S & — o MBI S, mEERE (10 kW/m2
PLE) 128\ T, Ledinegg M AZEEWE) (LLF, B AR L. B4 REFHEIC
Butterworth, Woldesemayat 250 9 & VN =3Bk 7 /L O E S iHE IR E & SERE %
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0 B 217 T K O ICBMREROHEEREEE D3 ) 35 EEREDME DAL E20%FRE) .
3 LB CEETUROZML & RN 1 JFH i< v—7" (ABCA) %~
B G HD) @ 4 F5RREE D R RIS E IR CEIN 5 . £ 72, H & ARIE 100~1000 kg/m2-s
ERELSEH L, BUHIRIEREIZ & > CTBumy & 72 5. E &R — L KD AtEAR &
72 DAEENEIBIIFEIEE T RE TH D (FT7 7%, AT TMNBEREREEZZLND).
4 X =ARE, MNE, EAE, EAREOBBRICK T 5 A EER & A G
~T7 BB OBRTHS. 4 FEOE IR FEEZ R L TERY, FRIkcidel, it
g - [REV R T M Ko TR E R & JEORIRINRE STV D,
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*[1] H. Watanabe, K. Ohira, K. Miyata, K. Takahashi, H. Kobayashi, H. Taguchi, M. Hongoh,
T. Kojima: Flow Instability of Boiling Nitrogen in a Horizontal Pipe, Proceedings of the
Thirteenth International Symposium on Advanced Fluid Information, Sendai, (2013), pp.
6-17.

*[2] T. Morishita, R. Sakata, K. Ohira, K. Miyata, K. Takahashi, H. Kobayashi, H. Taguchi,
M. Hongoh, T. Kojima: Experimental Study on Flow and Heat Transfer of Boiling Liquid
Nitrogen in a Triangular Pipe, Proceedings of the Ténth International Conférence on
Flow Dynamics, Sendai, (2013), pp. 674-675.

[3] R BsFs: MMEIRSUR FAVRIR, EE _MRIR (R T v =) OFE) - 284, R -
R 2013 ARG 2 IVl (2013) . (HEfTRAE)
[4] KF¥ BsF [UR AR ERB L OR T v 28R (R ) OBENEE) - (B8R, 3
RK—JAXA tEEHEHE 55 3 [mIFgES (2013) . (FAFFRETEH)
3) O (FEF, ZE YR IERH)
4FER) TR A OFEEFHAE R O AR ae HZEE ) /MRELE, B AFHZ2, PRk ias
JAXA), gt (RRERARS), REBF GRAERS), FiE 2013-111961, 2013.5.28 HifH
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Pressure Drop of Vapor-Liquid Two—Phase Nitrogen Flow in a Corrugated Pipe
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*[1] H. Watanabe, 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 Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 8-9.
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Air—Leakage Detection System for Space-Debris Impact Using Mechanochromism Metal Complex
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29th International Symposium on Space Technology and Science, Nagoya, (2013).

*[2] Nemoto, K., Takahashi, R., Ohtani, K., and Makihara. K.: Fundamental Study of
Air-Leakage Detection System for Space-Debris Impact using Mechanochromism Metal
Complex, Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 10-11.

(3] AR, Mok, 1LFeResE, SEREA, RS, BReS, BRR)IEE A v v i
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Z2)11, (2014).
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Advanced LES of Aircraft Wake Vortices

Shigeru Obayashi*t, Thomas Gerz**j+t
Frank Holzéapfel**, Anton Stephan**, Takashi Misaka***
*Institute of Fluid Science, Tohoku University,
**Institute of Atmospheric Physics, German Aerospace Center (DLR)
***Frontier Research Institute for Interdisciplinary Sciences, Tohoku University
TApplicant, tinon-IFS 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 IF'S, that is, the
simulation of an entire landing phase until touch down (Fig. 1), and wake vortex roll-up
with jet exhausts (Fig. 2). During the research period, Dr. Holzépfel visited IFS for a
meeting and he gave us a seminar entitled “Aircraft Wake Vortex Research at German
Aerospace Center (DLR) — Challenges, Activities, and Achievements.”

Figure 1 : Aircraft landing with roll-up, approach, touchdown, plate line, and developing
end effects. Iso-vorticity surface colored with vorticity in the span-wise direction [5].
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Figure 2 : Iso-surface of vorticity magnitude obtained from the compressible
Building-Cube Method (BCM) code, where vortical structures such as wing-tip vortex
and exhaust jet are well preserved until downstream [3].

3. Achievements

We have developed numerical codes for simulating entire landing phase until touch
down and wake vortex roll-up with jet exhausts. Expected results were obtained during
the collaboration period.

4. Summaries and future plans

Future work would be further improvement of the developed numerical codes. As an
additional development, the two-way coupling of near-field simulation around an
aircraft and far-field LES of wake vortex can be considered, which was planned but not
conducted during the current period. The impact of environmental conditions such as
atmospheric turbulence on a flying aircraft is a possible application of such simulation.

5. Research results (x reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] A. Stephan, F. Holzipfel, T. Misaka, R. Geisler, R. Konrath: Enhancement of
Aircraft Wake Vortex Decay in Ground Proximity — Experiment versus Simulation,
CFEAS Aeronautical Journal, DOI: 10.1007/s13272-013-0094-8.
[2] A. Stephan, F. Holzdpfel, T. Misaka: Aircraft Wake-Vortex Decay in Ground
Proximity — Physical Mechanisms and Artificial Enhancement, Journal of Aircratfst,
Vol. 50, No. 4, (2013), pp. 1250-1260, DOI: 10.2514/1.C032179.

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

[3] T. Misaka, S. Obayashi, A. Stephan, F. Holzépfel, T. Gerz, K. Nakahashi: Numerical
Simulation of Jet-Wake Vortex Interaction, AIAA 52nd Aerospace Science Meeting,
SciTech 2014, National Harbor, (2014), ATAA Paper 2014-0927.

[4] F. Holzapfel, A. Stephan, T. Misaka, S. Korner: Wake Vortex Evolution during
Approach and Landing With and Without Plate Lines, AIAA 52nd Aerospace
Science Meeting, SciTech 2014, National Harbor, (2014), AIAA Paper 2014-0926.

[5] A. Stephan, F. Holzépfel, T. Misaka: Towards Realistic Simulation of Wake Vortex
Evolution during Landing with Flat and Complex Terrain, 8th International
Symposium on Turbulence and Shear Flow Phenomena, TSFP-8, Poitiers, (2013),
AERI1A.

*[6] T. Misaka, S. Obayashi, A. Stephan, F. Holzdpfel, T. Gerz, K. Nakahashi: Toward
Numerical Simulation of Jet-Wake Vortex Interaction, Proceedings of the
Thirteenth International Symposium on Advanced Fluid Information, Sendai
(2013), pp. 12-13.

3) Patent, award, press release etc.
Not applicable.
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Mechanism on Thermodynamic Effects in Micro-Bubble Cavitation
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*[1] Kazuki Niiyama and Yuka Iga: Thermal Effects in Bubble Clouds of Cavitation,
Proceedings of the Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 80-81.

(2] Sz, SRR, FFEL—, YR, ARREL, R RIS R R ORI
FAETDF v BT — T a OB, HABTE SR E B ERTE 43 BIEA B ASENT
JesAs, Eil, (2014), 0103.

3) T (FEF ZE YR IERFH)

PATAS

52



AR J13025

X757 — RIS
PSR | TA T A = R
eI 2013.4 ~2014.3
kAL 34EH

NA T+ T4 IVLEERIZKHT 5 TS XIREICET 580K
Anti-Bacterial Effect of a Glow Discharge Plasma against
Biof i Im-Producing Gram Negative Bacilli
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1 : Al control, B: 77 A<t 3 min, C: [F] 5 min, D: [F] 10 min.
Magnification: x5000

53



3. MIEBEZDERIKR
WMEAEE TORBCIY, AT 2 L ARD K 5 2 CEREE R 215G LTS 47 4 )V BEAH
2R L, 7T A~ IEEOBEN TR E R HER SN2, FEFICRBNY @i Ch o7
TR, COREEE 27 LU RTSIT S 2 8 R AT BT, 7T A~
FEEE O/ MU Z G L, BATOa 27 b Lo R A — 2 CEA L AT 7 (X
2) OBIRIZRIN L=, &6, ZNEAWVWTH AT U L RRRD & & & FREOFRFE N R iR
-

Amplifier

4. FLHESHOEE
a B "L X EO biofilm pEE P aeruginosa % 10 3 CRE AIRECH -T2, %
DFRHEDATI = A LE LT, FTAVHEICLVEASNIZ0, HO, NO,, bLIL Eh
HIZED pl OZERREE LTS EEXBNEN, EDRFA biofilm PEAREDKEITE
B RIETONRBACE oot 5%I1E, /N LT= 7T A< B L ARE A T
ZALIZONT, AT L TETHD.

5. WIRER HIBIRIHY)
1) Zfiiis EHROTERFERE RRFZEE0)

(1] PEPA, R, PeidEE, SRR, R Biofilm PEA: Pseudomonas aeruginosa
\ZkDar s s MU RGYET IS 57 T A~ R ETE DR, 5 47 Bl
YYERFZEFOEEE, (2013), pp. 119-123.

2) EFsE - BRFES - RS - OEERSE
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the Thirteenth International Symposium on Advanced Fluid Information, Sendai, (2013),
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The Mechanism and the Control of the Unsteady Three-dimensional Wake Structure of
Road Vehicle

Chenguang Lai*f, Shigeru Obayashi**{F, Yuting Zhou***, Chao Man*, and Xun Liu*
*Chongqing Institute of Automobile, Chongqging University of Technology
**Institute of Fluid Science, Tohoku University
***Institute of Chemical Engineering, Chongqing University of Technology
tApplicant, §FIFS responsible member

1. Purpose of the project

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

2. Details of program implement

Numerical simulation is carried out to conduct the external flow field of an
Ahmed model with 25° back slant angle in the Fluent. Firstly several
common turbulence models are used for steady simulation. These results are
compared with the existing experimental data to find out the most suitable
turbulence model for steady simulation. Then the DES (Detach Eddy
Simulation) method is used for transient simulation. And compare the result
between it and the steady simulation. Table 1 show the comparisons of the
drag and lift coefficients in different simulation methods and wind tunnel
test, and Figurel shows the difference between the steady and transient
simulations of the external flow field.

Table 1: Drag and lift comparisons of the simulation and W-T test

Turbulence mode | simulation | W-T test Error(%)
Standard k-¢ 0.3724 30
. RNG k-e 0.2980 4.5
Darg comparison Realizable k¢ 0.2889 0.2850 1.37
DES 0.272 4.56
Standard k-e¢ 0.3056 23.6
. . RNG k-¢ 0.3552 11.20
Lift comparison Realizable k- 0.3750 | 94000 6.25
DES 0.312 22

3. Achievements

The unsteady three-dimensional wake structure was constructed based on
the transient simulation, and the comparisons between different simulation
methods and different turbulence models were carried out, which supplies
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important references for the further study of the characteristics of the
vehicle external flow field, especially to clarify the wake structure and
formation mechanism of the wake vortices of the road vehicle.

Figure 1: Comparison of distributions of the turbulence kinetic energy in different
equidistant (400mm) longitudinal section utilizing RANS method (left) and DES
method (right) respectively

4. Summaries and future plans

Summaries: Realizable k-eturbulence model is better to numerically evaluate
the aerodynamic drag of a car-like shape; there is less turbulence model can
exactly simulate the vehicle aerodynamic lift, but the realizable k-
turbulence model is relatively better; there is no large difference between
RANS and DES methods to evaluate the time-averaged values of vehicle
aerodynamic performance, but DES method can better catch the energy
structure and reflect the wake characteristic.

Future plans: Use the numerical and experimental methods 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.

5. Research results (x reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] X. Liu and C. Lai: Numerical Simulation Research of External Flow Field on
Ahmed Model, Journal of Chongging University of Technology (Natural Science),
Vol. 27, No. 9, (2013), pp. 3122—127. (in Chinese)

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

[2] C. Man, C. Lai and K. Wen: Numerical Study of the Vehicle Aerodynamic
Performance During Acceleration and Deceleration, Proceedings of the Tenth
International Conference on Flow Dynamics, (2013), pp. 142-143.

[3] K. Wen, C. Lai and C. Man: The Influence of Airflow Uniformity over the Duct
Outlet on Cooling Performance of Vehicle Air-condition, Proceedings of the Tenth
International Conference on Flow Dynamics, 2013. pp. 640-641.

*[4] C. Lai, X. Liu, C. Man and Y. Zhou: Numerical Simulation Research of External
Flow Field on Ahmed Model, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 30-31.

3) Patent, award, press release etc.
Not applicable.
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*[1] J.F. Torres, D. Henry, A. Komiya, S. Maruyama and H.B. Hadid: Three-dimensional
continuation study of convection in a tilted rectangular enclosure, Physical Review E, 88
(2013), 043015.

2) EF=iE - ERNFER - RS - QBERRE

[2] J.F. Torres, D. Henry, A. Komiya and S. Maruyama: Instability of Natural Convective
Flows inside Tilted Cubic Cavities, 2013 Annual ELyT Workshop Abstract Book, Zao
To-o-gatta, (2013), pp. 128-129.
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(2013), pp. 570-571.
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Project code J13031

Classification General collaborative research
Subject area Fundamental

Research period April 2013 ~ March 2014
Project status 2nd year

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 fabricate and characterize new magnetorheological
(MR) materials, including MR shear thickening fluids and MR shear stiffen
elastomers. The properties of these smart materials exhibit dual functions that their
properties can be controlled by either magnetic field or speed/frequency. In this study,
mechanical or rheological properties of these materials will be investigated and their
novel application potential will be explored.

Details of program implement

We fabricated new MR shear thickening fluids (MRSTF) and investigated their
visocoleastic properties through both experimental and modeling approaches. We
also designed and developed a linear damper working with MRSTF. The performance
of the MRSTF damper was experimentally evaluated. Representative results are
summarized as below.

(a) Viscoelastic properties of MRSTF: First of all, the shear thickening fluid base
with a weight fraction of 25% was formed by dispersing silica particles (14 nm) in the
Ethylene glycol solvent. Carbonyl iron particles (5 um) were then mixed with the
base to form MR shear thickening fluids. Figure 1 shows the relationships between
the storage modulus (G’), the loss modulus (G”) versus driving angular frequency at
a constant magnetic field of 220 mT. For a small strain amplitude of 0.05% (Figure
la), the MRSTF exhibit linear viscoelastic properties. However, for a large strain
amplitude of 1% (Figure 1b), it behaves as nonlinear viscoelastic properties where
two critical frequencies of were found. In this study, a 4-parameter phenomenological
model was proposed to precisely predict MRSTF viscoelastic properties under
dynamic loading conditions.
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Figure 1 : Viscoelastic Properties of MRSTF under small and large amplitudes.
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(b) MRSTF linear damper: A prototype semi-active linear MRSTF damper was
designed and manufactured and its dynamic performance was experimentally
evaluated. The damping force increased steadily with the increase of the coil current,
which exhibit obvious MR effect. It also exhibits a distinct characteristic that the
effective stiffness depends on magnetic fields. The application of such various
stiffness and damping devices is an exciting research field.

3. Achievements
In the second year, two novel MR shear thickening materials, MRSTF and MRSSE,
were fabricated and their mechanical properties were experimentally studies. The
developed fabrication technique is much faster than conventional methods for
fabrication of MREs. The MRSTF damper was prototyped and its performance was
experimentally evaluated. The pioneering research on the development MRSTF
devices will generate impact research.

4. Summaries and future plans

Summaries: We conducted excellent research in fabricating and characterizing novel
MR shear thickening materials. The rheological and mechanical properties of PDMS
based MREs were investigated. The joint-paper was published in the international
journal of Smart Materials and Structures. Another joint-paper was accepted for
publication in Korea-Australia Rheology Journal. We recently submitted one more
joint-paper to Rheologica Acta for review.

Future plan: In the third year of the collaborative research, the following three major
tasks will be conducted: (1) Study of dynamic properties of MRSTF under flow mode,
which will provide guidance for developing flow mode MRSTF devices; (2) design,
optimization, prototyping and evaluation of novel MRSTF dampers; and (3)
joint-supervision of research students and junior research staff.

5. Research results (* reprint included)

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

*[1] W.H. Li, and M. Nakano: Fabrication and characterization of novel PDMS based
MR elastomers, Smart Materials and Structures, Vol. 22, No. 5, (2013), 055035 (7
pages).

[2] W.H. Li, M. Nakano, and G.R. Peng: Viscoelastic properties of MR shear thickening
fluids, Proceedings of the Twelfth International Conference on Fluid Control,
Measurements and Visualization (FLUCOMEZ2013), Nara, (2013), OS5-01-3, pp.
1-10.

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

[3] M. Nakano, W.H. Li, A. Totsuka and C. Sato: Magneto-Rheological Effects of
Shear-Thickening MR Fluids, Proceedings of JSME Fluid Engineering Division
Conference, N0.0806, (2013), pp. 1-2.

*[4] W.H. Li, and M. Nakano: Viscoelastic properties of MR shear thickening fluids,
Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 172-173.

[5] T.F. Tian, W.H. Li, and M. Nakano: Design and evaluation of a linear damper
working with MR shear thickening fluids, Proceedings of the Tenth International
Conference on Flow Dynamics (ICFD2013), Sendai, (2013), pp. 440-441.

3) Patent, award, press release etc.

Not applicable.
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Project code J13032

Classification General collaborative research
Subject area Energy

Research period | April 2013 ~ March 2014
Project status 2nd year

Investigation of Subsonic—Supersonic Hybrid-Stabilized Argon-Water Electric Arc with
Inhomogeneous Mixing of Plasma Species

Jiri Jenista*y, Hidemasa Takana**, Hideya Nishiyama**{+, Milan Hrabovsky*
*Institute of Plasma Physics ASCR, v.v.i., Czech Republic
**Institute of Fluid Science, Tohoku University
tApplicant, 7TIFS 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 under subsonic-supersonic plasma flow
regimes. Investigation of mixing of plasma species within the discharge volume and in
the near-outlet region of the arc. A detailed comparison with our former numerical
results and with available experiments.

2. Details of program implement

Calculations of turbulent effects have been carried out in the hybrid-stabilized electric
arc for currents 300-600 A and for 22.5-40 slm (standard liters per minute) of argon.
Turbulence is modelled by Large-eddy simulation (LES) using the Smagorinsky
sub-grid scale model (C; = 0.1, Pr, =0.9). A Van Driest damping function is applied to
suppress turbulence near the walls. Three numerical grids were applied to study
grid-independence and the appropriate resolution of the LES with 38553 (Gridl),
115018 (Grid2) and 193914 (Grid3) grid points. Results between turbulent and laminar
flow assumptions have been compared.

3. Achievements
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Figure 1. Space average relative difference in per cent (%) between turbulent and
laminar models calculated for several physical quantities in the nozzle- and near—outlet
regions (Grid3). The space average relative difference for a given physical quantity Xis

67



calculated at each grid point as A% = abs (X,

= X )/ [ 0.5% X | +] Xp| ], then all 47
are summed over the grid points and averaged by an arithmetic mean. Here “¢urd” and

“Jam’” stand for the turbulent and laminar values of X, respectively.

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

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

e Maximum relative difference between the laminar and turbulent simulations of
each of the monitored physical quantities calculated within the volume of the discharge
and in the near-outlet region, reaches less than 2% for the finest grid.

e Even though the original grid provides nearly grid-independent results at the
nozzle outlet, it is still a rare grid for the exact resolution of turbulent effects (the eddy
viscosity) calculated by LES.

e The tendency for the convergence of differences to their limiting values is obvious
for the two finest grids.

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

(¢) Comparison with available experimental data demonstrates very good
agreement for radial temperature profiles near the outlet nozzle.

4. Summaries and future plans

The results of the project demostrate quasi-laminar flow within the volume of the

discharge and in the near-outlet region of the hybrid-stabilized arc.

Our future plans include:

e the study of mixing of hydrogen, argon and oxygen plasma species within the
discharge region of the hybrid arc by the combined diffusion coefficients method.

5. Research results (* reprint included)

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

*[1] J. Jenista, H. Takana, H. Nishiyama, M. Bartlova, V. Aubrecht and P. Ki-enek: The
Influence of Turbulence on Characteristics of a Hybrid-Stabilized Argon-Water
Electric Arc, Journal of Thermal Science and Technology, Vol. 8, No. 2, (2013), pp.
435-447.

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

*[2] J.Jenista, H. Takana, H. Nishiyama, M. Hrabovsky and T. Kavka: Investigation of
Subsonic-Supersonic  Hybrid-Stabilized Argon-Water Electric Arc With
Inhomogeneous Mixing of Plasma Species: Parametric Numerical Study of
Turbulence. Proceedings of the Thirteenth International Symposium on Advanced
Fluid Information, Sendai, (2013), pp. 38-39.

[3] J. Jenista, H. Takana, H. Nishiyama, M. Bartlov4, V. Aubrecht and P. Kienek:
Parametric Numerical Study of Turbulence in a Hybrid-Stabilized Argon-Water
Electric Arc Under Subsonic-Supersonic Plasma Flow Regimes. Proceedings of the
12th International Symposium on Fluid Control, Measurement and Visualization
(FLUCOMEZ2013), Nara, (2013), on USB Flash Disc, paper 0S13-05-1.

[4] J. Jenista, H. Takana, H. Nishiyama, M. Bartlov4, V. Aubrecht and P. Kienek:
Turbulent Effects in a Hybrid-Stabilized Argon-Water Electric Arc: A Parametric
Numerical Study. Abstracts of 40th IEEE International Conference on Plasma
Science, http:/ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6634896.

3) Patent, award, press release etc.

Not applicable.
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Fig. 1: Behaviors of massless particles seeded from the neighborhood of the end plate hole
edge (obstacle: inner diameter: 71 mm, height: 5 mm, Zim* 50 mm)
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1. BB

Silicon-on-insulator (SOI) is the promising platform that enable highly dense device
integration on a chip. One of the critical factors for the optical devices is the precise control of
the resonant wavelength. However, wavelength offset from the original design is inevitable,
since the errors during the fabrication process are always incurred. Neutral beam technology
is a low damage treatment for high performance devices. Here, we report an investigation of
silicon waveguide trimming based on microring resonator structure by the approach of
Neutral Beam Technology, aiming at the effective trimming of silicon waveguide.
2. HIRFERORE

In the experiment, we employed the SOI wafer with 250 nm top silicon for the fabrication
of silicon microring waveguides. The width of rib waveguides were designed as 500 nm and
600 nm, and the slab thickness was 100 nm, as shown in Fig.1 (a). Before NBO treatment,
the sample surface was cleaned by NF3 gas to revmove the surface native oxidation layer.
During the NBO process, a vertical oxygen neutral beam with the energy of 1eV was
generated and the process of NBO was operated at room temperature. The thickness of
around 5 nm NBO layer is achievable using this NBO method and the thickness can be
adjusted by the NBO treatment time. To check the trimming effect, the transmission spectra
of the silicon microring resonators were measured before and after NBO treatment.

]'0_, neutral beam

‘ ]

Fig. 1 Schematic of the silicon rib waveguide and the NBO processing.
Generally, for an optical resonator, the resonance shift 44 due to the change of refractive

500 nm

index An.scan be expressed by,

AL Anyy

A Pogr 1)

Based on Equation (1), the resonant peak should shift with the change of NBO thickness
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since the effective refractive index of the waveguide varies.

Fig. 2 is the result of NBO trimming effect on the silicon waveguides based on the
transmission measurement of the microring resonators. Obviously, with the increase of NBO
layer thickness, the shift of resonance peak is enhanced, which matches the indication by
Equation (1). According to the data plotted in Fig. 2, one nanometer change of NBO layer
leads to about 1 nm shift of resonance peak. This results indicate that by changing the NBO
thickness, i.e. changing the NBO treatment time, the control of cavity resonance peak shift
can be achievable. Therefore, the rough trimming of silicon waveguide is possible by using the
NBO technology. However, it should be noted here that due to the difficulty of controlling the
formation of very thin NBO layer, e.g. 0.5 nm NBO, the deviation of NBO trimming on the
waveguide increased.

1.5 i
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R | & ; s ¢
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2 e & S00nm-r2
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NBO thicknass (nm)

Fig. 2 the correlation between the resonance peak shifts of the silicon microring resonators
and the NBO layer thickness
3. HIERBERDERKR
The NBO technology was successfully used in this work for the investigation silicon
waveguide trimming. The results show that the resonance peak of silicon microring resonator
can be adjusted by using the NBO treatment.

4 FLHESERDFEE

It has been demonstrated that the neutral beam technology can be introduced to the
rough trimming of silicon waveguides. Further improvement of NBO treatment on the silicon
waveguide trimming should be implemented when a thin NBO layer is needed for the more
precise control of the trimming on waveguides.
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*[1] Jingnan Cai, Tomohiro Kubota, Seiji Samukawa and Kazumi Wada: Trimming of Silicon
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Characteristics, Proceedings of the Thirteenth International Symposium on Advanced
Fluid Information, Sendai, (2013), pp. 158-159.
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Analysis of the Combined Mode Heat Transfer in Complex Materials
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1. 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, study of
temperature field in hyperthermia treatment of lung cancer using laser and
inhalable nanoparticles has been studied.

2. Details of program implement

Effect of gold nanoparticles NPs on spatio-temporal temperature distributions has
been studied for a hemispherical tumor seated on a hemispherical tissue (Figure 1).
The gold-silica nanoshell is provided at the interface of the two hemispheres. The
diameter of the nanoshell is 20 nm, and the diameters of the tissue and tumor are 1
um. Properties of the tissue and the tumor are constant. The tissue surface is
subjected to external heat input in form of temperature equivalent that a pulse laser
irradiation with Gaussian temporal profile will have. With core body temperature as
boundary condition, for the geometry shown in Fig. 1, the governing energy equation
1s given by

or
pcPE:V~(kVT)+Q+QbiU )
where T,t,k,p,c,,QandQ,, are temperature, time, thermal conductivity, density,

specific heat of the tissue, distributed volumetric heat source due to spatial heating
and metabolic heat generation rate, respectively.

In biomedical applications, short-pulse

laser with Gaussian temporal profile in

both spatial and temporal domains are

used. The Gaussian nature of temperature

as a function of time can be expressed as:
(0

r(r)=—2e 202 where T, 1s the

2o
maximum input temperature to the
model, o is half of the pulse width, and _
uis the mean. The time of temperature .-

input was taken as 4 ms with a step of

0.25 pus. The maximum temperature Figure 1. Schematic of the 3-D
Tinax Was taken as 1100 K. tissue-tumor geometry with gold-silica

nanoshell at the center.
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3. Achievements

For the lung tissue and tumor, the temperature distributions at 1.0 ns, 0.25 us
and 40 ms are shown in Figs. 2a-c, respectively. For these results, the values of

parameters for tissue are: p=1200kg/m’, ¢, =3300J/kg-K, k=040 W/m-K.

000

wiia ik
L2 LELY

(a) Time=1.0ns (b) Time = 0.25 ps (c) Time =40 ms

Figure 2. Temperature distributions (x-z plane) in the tissue-tumor at (a) 0.0 s, (b)
0.25 us and (c) 40 ms.

For the tumor these are p=1400kg/m’, ¢, =3680J/kg-K, k=0.55W/m-K. It seen from

Figs. 2a-c that in the early state (¢ = 1.0 ns), the temperature rise is sharp and is
confined to a narrow region. As time progresses, temperature comes down and its
spread is more. In the tumor region, the temperature rise is more.

4. Summaries and future plans
Temporal temperature distribution in a tissue-tumor assembly with gold-silica
nanoshell at the interface was studied. The nanoshell was subjected to a pulse heat
input. Initially the temperature rise was high in the narrow region, and with
passage of time (in 40 ms), it spread to a wider region in the tumor.

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] R. Singh, J. Okajima, S.C. Mishra, S. Maruyama and U. Barman: Hyperthermia
Treatment of Lung Cancer using Laser and Inhalable Nanoparticles, Proceedings of

the Thirteenth International Symposium on Advanced Fluid Information, Sendai,
(2013), pp. 94-95.

[2] R. Singh, K. Das, S.C. Mishra, J. Okajima and S. Maruyama: Minimizing Skin
Thermal Damage Using Surface Cooling During Laser Induced Thermal Therapy -
a Numerical Study, 22nd National and 11th ISHMT - ASME Heat and Mass
Transfer Conference, 11T Kharagpur, (2013).

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 the
Planck’s theory when the distance between the two bodies comes close to the mean
wavelength of thermal radiation given by the Wien’s displacement law. This distance
regime 1is called the near field regime. The variation from the classical thermal
radiation comes from two effects of different origins in opposite ways. The one i1s an
enhancement of radiative heat flux due to evanescent waves and the other is an
interference of thermal radiation leading to a decrease of radiative heat flux.

In the transition regime from the far field to the near field regime, these two effects
on the radiative heat flux are on the same order of magnitude. In addition, these effects
depend on a distance, a material and its temperature. Thus, it is expected that a
decrease of radiative heat flux would occur by manipulating the condition.

The aim of the project is to experimentally measure the reduction of radiative heat
flux due to interferences of thermal radiation. For that purpose, we begin with
numerical simulations of the radiative heat flux between two semi-infinite parallel
plates to find optimized conditions.

2. Details of program implement

Numerical simulations of radiative heat flux between two semi-infinite parallel
plates are conducted for several combinations of materials. We consider aluminum and
gold as metal, silicon carbide and cubic boron nitride as dielectrics. Figure 1 (a) shows
the net radiative heat flux between two semi-infinite aluminum plates at 400K and
300K as a function of the distance. In this figure, the radiative heat flux is normalized
by the one in the far field. The propagative radiative heat flux starts to become smaller
than the one in the far field at the distance below 20um and shows the reduction of 85%
at around 2um. However, the enhancement of the radiative heat flux by the evanescent
waves overrides the reduction of the propagative radiative heat flux. Thus as the total
radiative heat flux a few percent of the reduction is observed. Numerical simulations for
other combinations of materials make clear that a highly reflective material is
obligatory to obtain a reduction of propagative radiative heat flux.

Figure 1 (b) shows the total radiative heat transfer coefficient normalized by the
far-field radiation as a function of the distance for several temperatures in the case of
Al-Al. The radiative heat transfer coefficient is defined as the temperature derivative of
the radiative heat flux. As seen from the figure, the reduction of the radiative heat flux
1s not observed for the temperatures higher than 300K because the enhancement of the
radiative heat flux by evanescent waves overrides the reduction of the propagative
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radiative heat flux. However at lower temperatures, it is shown that the reduction of
the radiative heat flux occur just before the increase due to the evanescent waves. It has
been considered that the temporal coherence length of thermal radiation and the
distance where the evanescent waves appear are the same order of magnitude. However,
this is not the case especially at low temperatures where the interferences of thermal
radiation become important at longer distances before the evanescent waves appear.
This difference of the distances led to the reduction of the radiative heat flux.
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Figure 1: (a) Normalized radiative heat flux as a function of the distance between two
semi-infinite parallel plates made of Al at 400K and 300K
(b) Normalized total radiative heat transfer coefficient as a function of the
distance for several temperatures in the case of Al-Al

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

4. Summaries and future plans

It is concluded that a highly reflective material and a low temperature lead to a
reduction of radiative heat flux. Thus, it is preferable to conduct an experiment at low
temperature employing metals as materials to measure the reduction of radiative heat
flux.

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] Y. Tsurimaki, P-O. Chapuis, R. Vaillon, J. Okajima, A. Komiya and S. Maruyama:
Reducing thermal radiation with interferences, Nanoscale Radiative Heat Transfer,
Physics School Les Houches, (2013).

[2] Y. Tsurimaki, P-O. Chapuis, R. Vaillon, J. Okajima, A. Komiya and S. Maruyama:
Reducing thermal radiation with interferences, Proceedings of 7 International
Symposium on Radiative Transfer, RAD13, Turkey, (2013).

[3] Y. Tsurimaki, P-O. Chapuis, R. Vaillon, J. Okajima, A. Komiya and S. Maruyama:
Reducing thermal radiation heat transfer with interferences, Conference program of
the 4th ASMFE Micro/Nanoscale Heat & Mass Transfer International Conference,
Hong Kong, (2013), pp. 24.

[4] Y. Tsurimaki, P-O. Chapuis, R. Vaillon, J. Okajima, A. Komiya and S. Maruyama:
Interference effects in thermal radiation exchanged between two closely-spaced
bodies, Abstract book of 2014 Annual Elyt Workshop, France, (2014), pp. 50-51.

3) Patent, award, press release etc.

Not applicable.
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Temperature/humidity sensor
Pyrgeometer & Pyranometer

Thinfilm radiation flux sensors
(IR rad. & Solar rad.)

Highly-reflective mirror
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*[1] M. Tanabe, E. Tagomorl, L. Liu, K. Funamoto, M. Nishimoto and T. Hayase: Numerical
Simulation of Ultrasound Imaging for Detection of Microcalcification in Soft Tissue,
Proceedings of the Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 62-63.
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[1] Yuji Hattori and Takashi Ishihara: Dynamic Geometrical Analysis Of High-enstrophy
Structures In Isotropic Turbulence, European turbulence conference 14 (ETC14), Lyon,
(2013).
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KFERE, R, (2013).
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*[1] D. Sasaki, Y. Kojima, T. Kuroda, T. Akasaka, M. Okamoto, K. Shimoyama and S.
Obayashi: Cartesian-based CFD Solver for Low-Reynolds Number Airfoils, Proceedings
of the Tenth International Symposium on Flow Dynamics, Sendai, (2013), pp. 234-235.

*[2] T. Kuroda, M. Okamoto, D. Sasaki, T. Akasaka, K. Shimoyama and S. Obayashi:
Unsteady Fluid Dynamic Forces measurements on Airfoils with Heaving and Feathering
Oscillations at Very Low Reynolds Number, Proceedings of the Thirteenth
International Symposium on Advanced Fluid Information, Sendai, (2013), pp. 16-17.
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Project code J13054

Classification General collaborative research
Subject area Energy

Research period | April 2013 ~ March 2014
Project status 1st year

1.

[gnition Studies of Gaseous Pre-Mixtures in Turbulent Flow

Roman Fursenko*t, Kaoru Maruta**f+
Evgeniy Sereshchenko*, Dmitrii Mazurok*, Hisashi Nakamura**, Koichi Takase**,
Onishi Takakazu**
*Far-Eastern Federal University, School of Engineering, Vladivostok, Russia
**Institute of Fluid Science, Tohoku University
tApplicant, $IFS responsible member

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

Investigations of ignition processes in turbulent flow have fundamental and practical
importance. Minimum ignition energy is an important property for safety standards
as well as for the fundamental understanding of the ignition process of combustible
mixtures. Furthermore, the deep understanding of ignition processes is crucial for
optimization of ignition systems especially when ignition of lean premixed mixtures
under turbulent combustion is considered.

The ignition process in prescribed flow field modeling turbulent flow was
investigated in the frame of 2D thermal-diffusion model. The dependencies of
minimum ignition energy on turbulence intensity and eddies size in the flow field
consists of time—independent, space—periodic array of large—scale vorticities were
obtained (see Fig.1 and Fig.2). The numerical results shows that in large-scale eddies
flow the minimum ignition energy (see curves k= 0.025, k= 0.05in Fig.1.) is almost
constant until the turbulent intensity exceeds some critical value, then the abrupt
linear increase of ignition energy is observed. It was found that in the case of fixed
value of flow—intensity, there is a critical eddies size corresponding to the maximal
ignition energy (see Fig.2). The ignition process in the flow field which is
pre—calculated in the frame of the two—dimensional Euler equation for freely
decaying turbulence was also studied. It was found that behavior of the minimum
ignition energy/turbulent intensity curves strongly depends on the location of the
igniting hotspot. At some initial conditions, these curves resemble the dependencies
previously obtained within the model with spatially—periodic vortical flow. 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.
At the same time the further investigations directed toward the adequate description
of the turbulent flow field during the spark ignition is necessary.
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 13tk International AFI conference and presented the results of the project.
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Fig. 1. Dependencies of minimum Fig. 2. Dependencies of minimum
ignition energy on flow—intensity ignition energy on wave number
calculated for different wave numbers. calculated for different flow—intensities.

Achievements

All results which have been expected in the submitted project were achieved. 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.

Summaries and future plans

The ignition process in prescribed flow field modeling turbulent flow was
investigated. Analysis of time-dependency of maximal gas temperature allows 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 dependencies of minimum ignition energy on Lewis number, turbulence
intensity and stretch rate in the flow field consists of time-independent,
space-periodic array of large-scale vorticities and in the normal and tangential
stretched flows will be obtained. The effect of igniting hot spot characteristics (size,
temperature, spatial location) on minimum ignition temperature will be studied as
well. Mathematical models describing distinctive features of ignition process in
turbulent flow will be proposed. These investigations will facilitates development of
effective non-polluting combustion technologies.

Research results (x reprint included)
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] Sereshchenko, R. Fursenko, S. Minaev, S. Shy: Numerical simulations of ignition in
turbulent flow, Proceedings of The International Colloquium on the Dynamics of

Explosions and Reactive Systems, Taipei, (2013), CD.

*[2] R. Fursenko, S. Minaev, E. Sereshchenko, S. Shy, K. Maruta, H. Nakamura:

Ignition Studies of Gaseous Pre-mixtures in Array of Large-scale Vorticities,
Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 46-47.

3) Patent, award, press release etc.

Not applicable.
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Project code J13055

Classification General collaborative research
Subject area Energy

Research period | April 2013 ~ March 2014
Project status 1st year

Kinetic Modeling of Energy Transfer in Nonequilibrium Nanosecond Pulse Discharges
in Air and Fuel-Air Mixtures

Hidemasa Takana*t, Igor Adamovich**§+
*Institute of Fluid Science, Tohoku University,
**Department of Mechanical and Aerospace Engineering, The Ohio State University
tApplicant, Tfnon-IFS responsible member

1. Purpose of the project
The proposed research will provide critical insight into mechanisms of molecular
dissociation, chemically active radical species formation, and chain processes of fuel
oxidation in nanosecond pulse discharges. The model predictions will be validated
using measurements by psec Coherent Anti-Stokes Raman Spectroscopy (CARS) and
Two-Photon Absorption Laser Induced Fluorescence (TALIF).

2. Details of program implement
Details of kinetic model development and experimental validation have been
discussed during Prof. Adamovich’s visit to Tohoku University in June 2013. The
results of the present work have been presented at major international conferences.

3. Achievements

The results of kinetic modelling calculations provide key new insight into the kinetics
of vibrational excitation of nitrogen and plasma chemical reactions in a nanosecond
pulse, “diffuse filament” discharges in nitrogen and dry air at a moderate energy
loading per molecule, ~0.1 eV/molecule. The results demonstrate that the apparent
transient rise of N2 “first level” vibrational temperature after the discharge pulse is
due to net downward V-V energy transfer in N2-N2 collisions, which increases N2
(X12,v=1) population. Finally, comparison of the model predictions with the
experimental data shows that NO formation in the afterglow occurs via reactive
quenching of multiple excited electronic levels of nitrogen molecule, N2*, by O atoms.
The results of the modelling calculations are compared with psec CARS
measurements of N2 vibrational level populations in Fig. 1 (a), and with [NO], [O],
and [N] measurements by LIF and TALIF in Fig. 1 (b), showing good agreement.

4. Summaries and future plans
During the performance period, the main focus of kinetic modeling calculations
performed at Ohio State was on (i) incorporating key molecular energy transfer
processes into the kinetic model, such as reactive quenching of electronically excited
N2 molecules by oxygen atoms resulting in formation of NO, and (ii) model validation
using recent measurements of N2 vibrational levels populations and of absolute
species concentrations.

The focus of the current and future work is on (i) modeling nanosecond pulse
discharges in Hz-air and CzHs mixtures, and (ii) use of the insight obtained from the
quasi-one-dimensional model to develop truly predictive two-dimensional model of
these discharges.
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Figure 1 : (a) Experimental (symbols) and predicted (curves) N2 vibrational level
populations during the nanosecond pulse discharge and in the afterglow in air. (b) N, O,
and NO number densities, and gas temperature in air at P=100 torr, discharge gap 1 cm,

peak voltage 16 kV, discharge pulse duration 200 ns.

5. Research results (x reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] H. Takana and H. Nishiyama: Computational Simulation of Highly Reactive DBD
Plasma for Combustion Enhancement, Proceedings of the 12th International
Conference on Fluid Control, Measurements, and Visualization (FLUCOME 2013),
Nara, Japan, (2013), 0S13-02-1, USB (5 pages).

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

[2] I. Shkurenkov, D. Burnette, W.R. Lempert, and I.V. Adamovich,: Excited States and
Radicals Formation in Nanosecond Pulse Discharge and Their Evolution in
Afterglow, Bulletin of the American Physical Society, 66th Annual Gaseous
Electronics Conference, Prinston, USA, (2013), FT 7.

*[3] I. Shkurenkov, D. Burnette, W.R. Lempert, I.V. Adamovich, H. Takana, and H.
Nishiyama: Kinetics of Excited States and Radicals in a Nanosecond Pulse
Discharge and Afterglow in Nitrogen and Air, Proceedings of the Thirteenth
International Symposium on Advanced Fluid Information, Sendai, (2013), pp.40-41.

[4] H. Takana and H. Nishiyama: Numerical Simulation of High-Energy Nano-Second
Pulse DBD for Combustion Enhancement in Internal Engine, Proceedings of the
31th International Conference on Phenomena in Ionized Gases (ICPIG-2013) ,
Granada, Spain, (2013), USB.

[5] H. Takana and H. Nishiyama: Numerical Study on Nano-Second Pulse Dielectric
Barrier Discharge for Plasma Assisted Combustion, Proceedings of the 2I1st
International Symposium on Plasma Chemistry, Cairns, Australia, (2013), ID585.

*[6] D.D. Burnette, I. Shkurenkov, I.V. Adamovich, and W.R. Lempert: An Examination
of Nitric Oxide Kinetics in a Plasma Afterglow with Significant Vibrational Loading,
Proceedings of the 52st AIAA Aerospace Sciences Meeting (SciTech 2014), National
Harbor, USA, (2014), ATAA Paper 2014-1034.

3) Patent, award, press release etc.
Not applicable
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Project code J13056

Classification General collaborative research
Subject area Fundamentals

Research period | April 2013 ~ March 2014
Project status 2nd year

Improvement of Numerical Scheme and Theory for Kinetic Force Method

Vladimir Saveliev®f, Shigeru Yonimura®*ft, Svetlana Filko®
*Institute of lonosphere, NCSRT, Kazakstan,
**Institute of Fluid Science, Tohoku University
tApplicant, 1¥IFS responsible member

1. Purpose of the project

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

. 1 2
angular velocity Q(v,,v,) = f[f('vl)f(vZ)] Qf(vl)f(%).
2. Details of program implement
The method of quasi-particles for the two-particle kinetic equation is reduced to the following basic

steps: 1) Initial velocities of the N quasiparticles are selected. 2) N? pairs of quasiparticles, which
include pairs with the same quasi-particles, are constructed. 3) The velocities of a pair are rotated relative
to the velocity of the center of mass at the angular velocity €2 on the angle Qdt, according to the
formula:

v (t+dt)=v + l(l - cos(th))Q g? ait sin(th)% 9%
QxQx Q x|y — v,

v, (t + dt) =, — (1 — cos(th)) o + sin(th)? ,

Angular velocity for the pair with the same quasi-particles is equal to zero, Q(v,v) = 0. Velocities in
this pair are not changed. 4) As a result, each quasiparticle is divided into N fragments and transforms

to the cloud of fragments with the "weight" N !'. The size of the cloud in the velocity space is
proportional to the time step dt¢. 5) The center of mass of each cloud of fragments is calculated, and a
new quasiparticle is placed there. 6) Replacement of cloud of moving fragments by the quasiparticle,
moving at a speed of center of mass of the cloud, results in a decrease of energy of the system of

quasiparticles. Energy decreasing is proportional to (dt)?. 7) The distribution function is recovered from

the velocities v,, 1 < i < N of quasiparticles by filtering out small scales. Compensation for loss of
energy is provided by the increasing of the filtering parameter & :

[o-v,] N

f(v)~§67 e /f(tert):H(t)+§2[v?(t)fvf(t+dt)}.

i=1
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(b) © @

Figure 1 : One step of the algorithm: (a) velocities of N quasiparticles at the initial
moment in the velocity space; (b) velocities of clouds of quasiparticle fragments and the
new velocities at the centers of mass of the clouds; (c) velocities at the at the initial and
final moments of the time step; (d) cloud of fragment velocities for a single quasiparticle

from (b); @ initial velocities of quasiparticles @ final velocities; « velocities of
quasiparticle fragments; total number of quasiparticlesis N = 64.

3. Achievements

Using the method of quasiparticles for the two-particle kinetic equation, we have shown
that the energy of quasiparticles in case of the plain Method of Kinetic Force for the
Boltzmann equation is always decreased. We have also shown that the compensation of
the energy deficit by changing the filter parameter of small scales is physically correct.

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 (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] Vladimir Saveliev, Svetlana Filko and Shigeru Yonemura: A View on Kinetic Force
Method from Two-Particle Kinetic Equation, Proceedings of the Thirteen International
Svmposium on Advanced Fluid Information, Sendai, (2013), pp. 160-161.

3) Patent, award, press release etc.
Not applicable.
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Project code J13058

Classification General collaborative research
Subject area Aerospace

Research period | April 2013 ~ March 2014
Project status 2nd year

Numerical Studies of Rarefied Chemically Reacting Flows
about Space Vehicles

Mikhail Ivanov*¥, Shigeru Yonemura**+f+
Yevgeniy Bondar*, Alexander Shevyrin*, Pavel Vashchenkov*,
*Khristianovich Institute of Theoretical and Applied Mechanics,
Siberian Branch of Russian Academy of Science,
**Institute of Fluid Science, Tohoku University
tApplicant, $1IFS responsible member

1. Purpose of the project

The main goal of the project is developing a new technique of modeling of ionization
processes for rarefied chemically reacting flows about space vehicles and radiation heat
load estimation using DSMC software tool.

2. Details of program implement

The goal of the project was development of the SMILE++ DSMC software system for
studies of high-enthalpy flows about reentry space vehicles with account for the effects
of ionization and thermal radiation. Development of molecular models of ionization
processes (including associative and by electron impact) as well as kinetic model of
spacecraft plasma environment was carried out. Validation of the models was performed
against experimental data. An example of such validation presented for the conditions
of 1onization blackout studies along the reentry trajectory of the RAM C-II capsule in
Fig 1. DSMC computations of electron density compared with measurements by
reflectometers for a wide range of altitudes.

Software module for computation of thermal radiation of the gas on the spacecraft
surface including contribution of different emission processes (neutral gas species
spectra as well as Bremsstrahlung in field of charged particles of gas) coupled with the
SMILE++ system was developed. It was applied to the case of aerothermodynamic
characteristics of ORION space vehicle. The effect of radiation processes on distributed
heat flux was analyzed for different angles of attack and Mach number values at the
example of parameters of Earth atmosphere reentry at 80 km altitude. The radiative
heat flux slightly lower then convective heat flux was obtained, as shown in the table 1.
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Figure 1 : Electron number density along the capsule surface for 77 (left) and 73 km
(right). Comparison of the DSMC results with RAM-C II flight measurements.
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3. Achievements
All of the expected results were achieved.

4. Summaries and future plans

The results of these comparisons prove good agreement between the DSMC simulations
and RAM C-II measurements and high sensitivity of the calculated electron density in
the shock layer to taking into account thermal nonequilibrium in models of chemical
reactions. It is demonstrated that reactions of dissociative recombination of ions and
electrons should be taken into account for RAM capsule flight altitudes lower than
77 km. At the flight altitude of 81 km, these reactions exert a minor effect on the
electron density. The radiative heat flux for ORION capsule geometry for different
parameters (Mach number and angles of attack) compared with convective heat flux.
Large contribution of the thermal radiation phenomena to heat of the capsule surface
obtained for M = 20 and 30, while for M = 10 this contribution was very small.

The further development and numerical implementation of collision models and
algorithms for the description of these phenomena is planed. Investigations of high
enthalpy flows with the use of kinetic description (DSMC method) will be held using
developed models of ionization processes. This activity will allow analysis of super
orbital space vehicle reentry aspects to be done.

. 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, Mikhail Ivanov, Yevgeniy Bondar, Pavel Vashchenkov, Shigeru
Yonemura: Numerical Investigation of Ionization and Radiation Processes in
Rarefied Reentry Flows, Proceedings of the Thirteenth International Symposium
on Advanced Fluid Information, Sendai, (2013), pp. 18-19.

[2] Pavel Vashchenkov, Yevgeniy Bondar, Alexander Shevyrin, Shigeru Yonemura, and
Mikhail Ivanov: Numerical Study of High-Altitude Aerothermodynamics of the
RAM-C II Hypersonic Flight Experiment, Proceedings of Tenth International
Conference on Flow Dynamics (ICFD), Sendai, (2013), pp. 146-147 (on flash drive).

[3] Mikhail Ivanov, Alexander Kashkovsky, Pavel Vaschenkov, Anton Shershnev:
Parallel Implementation of DSMC Method on Graphic Card for High Altitude
Aerothermodynamics of Space Vehicles, Proceedings of Tenth International
Conference on Flow Dynamics (ICFD), Sendai, (2013), pp. 208-209 (on flash drive).

3) Patent, award, press release etc.

Not applicable.
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Subject area Nano/micro technology
Research period April 2013 ~ March 2014
Project status 2nd year

Investigation of Shock Waves Propagation on Microscales

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

1. Purpose of the project

The main challenge of this project is 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 Kinetic
description of the flow is required. Process of the entry of the shock wave (generated in
conventional shock tube) into the microchannel is studied in detail.

2. Details of program implement

The main goal for this year was to consider the influence of the microchannel entrance
shape on subsequent propagation of the shock wave with allowance for viscosity, heat
conduction, and rarefaction effects. The numerical simulations of the entry of a shock
wave with the Mach number Mis=2.03 into a microchannel and its further propagation
were performed for a diatomic gas (y=1.4) at the Knudsen number Kn=8:10-2. We
considered four designs of the microchannel entrance: channel with a cross-sectional
discontinuity, junction of two channels with an additional thin separating plate, and
rounded junction in the form of a sector with an angle of 90° (quarter of a circumference
with the rounding radii R=2-H and R=10-H, where H is the microchannel half-height).
The Mach number contours at the same time moment (t=0.575 um) for different
geometries of the microchannel entrance are compared in Fig. 1a, b. The time t=0 is the
instant when the shock enters the microchannel. “S” points location of the shock
propagating over the microchannel. The boundary layer is formed on the microchannel
walls, which is usually ignored in inviscid approach. Figure 1c shows the shock wave
coordinates inside the microchannel as functions of time for all considered cases.
Microchannel entrance corresponds to xs=0. The solid line illustrates the shock wave
propagation with a constant velocity equal to the incident wave velocity, and the dashed
line shows propagation of the sonic wave. The dash dotted curve corresponds to inviscid
solution in accordance with the quasi-one-dimensional model (Salas, 1991). It is clearly
seen that the shock wave in the case with geometry 4 propagates faster than in all other
viscous cases. In the case 4 small amplification of the shock wave is observed until the
time instant t=0.6 ps and intense decay occurs at t>0.6 us. No amplification of the shock
wave is observed in cases with geometries 1, 2, and 3. Note that the wave velocity
becomes close to the velocity of sound in the quiescent gas at t>1.2 ps. As a whole, we
can state that inviscid solution predicts amplification of the shock wave, while viscous
computations give the shock wave attenuation, because of the influence of heat losses
and viscous friction on the walls.
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Figure 1 : Results of DSMC computations.

3. Achievements
The expected results were achieved completely.

4. Summaries and future plans

The results of viscous simulations reveal intense attenuation of the shock wave to a
velocity close to the velocity of sound in a quiescent gas. It is demonstrated that the
shape of the microchannel entrance can be used to affect further shock wave
propagation. At the next stage of the project numerical study of the shock wave
propagation in microtube (viscous shock tube problem) based on continuum approach
will be performed for conditions corresponding to available experimental data
(published by Duff). Numerical and experimental results will be compared. Effects of
flow rarefaction and dissipation on shock wave propagation also will be analyzed via
comparison with classical (inviscid) gas dynamic solution.

5. Research results (x reprint included)

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

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

*[1] G. Shoev, Ye. Bondar, K. Maruta and M. Ivanov: Viscosity Effects on Shock Wave
Propagation in Microchannels, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 114-115.

3) Patent, award, press release etc.

Not applicable.
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Classification General collaborative research
Subject area Life Science

Research period | April 2013 ~ March 2014
Project status 1st year (progressing)

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

Tetsuji Shimizu*¥, Takehiko Sato**§+
Gregor Morfill*, Daisuke Yoshino**, Masashi Hara***
*Max-Planck Institute for extraterrestrial physics/ terraplasma GmbH
**Institute of Fluid Science, Tohoku University
***Graduate School of Engineering, Tohoku University
tApplicant, $1IFS responsible member

1. Purpose of the project

Disinfection and sterilization in public spaces are of increasing concern because of
the growth of hospital infection as well as the increase of antibiotic-resistant strains. It
is necessary and important to develop a new bactericidal system to prevent infections.
Recently, it has been shown that cold atmospheric plasmas have a strong bactericidal
property. In this project, we aimed at observing cold atmospheric plasma flow in large
area as a first step. The key issue is the production and transport of chemical species
both in gas and liquid phase since they are responsible for the inactivation of
microorganisms. A new set-up has been built up using an insulator-coated wire and the
characteristic of the new set-up is discussed.

2. Details of program implement

As reported previously, a plasma discharge was generated between a pin electrode
and water surface by applying high voltage. The produced plasma develops flow in both
gas and liquid phase. The gas flow was driven via collisions between accelerated ions
and neutrals and this induced gas flow generates a liquid flow by the friction between
moving gas molecules and the water surface. Using the pin electrode, the plasma
application is limited in a small area since the plasma discharge was local. In order to
enlarge the plasma application area, an insulator (polyimide) coated wire placed
parallel to the water surface was used as a powered electrode and a plasma discharge
was produced toward the water surface.

The wire electrode of 0.2 mm in diameter was placed 1 mm above the surface of
water in a glass cell whose size was 10 X 10 X 8 mm3. Below the glass cell there was a
metal plate. By applying a high voltage of 7.5 kVop with 5 kHz frequency, a dielectric
barrier discharge was produced homogeneously between the wire electrode and water
surface. Used water was pure water, so that the electrical conductivity before the
plasma discharge was high.

By Schlieren observation, we confirmed that the gas flow was driven also by the
wire electrode. Since the gas flow was generated from the wire, the generated flow
profile in water was close to simple movement from top to bottom. This is different from
the flow pattern by the pin electrode. By the pin electrode, the formed water flow was a
circulating flow. In order to evaluate the effect on water property by the plasma
discharge, the change in pH was monitored. The dissolved species in water is important
for bactericidal effect. To compare with the previous wire electrode, the changes in pH
for both the wire and pin electrodes are shown in figure. The reduction of pH is mainly
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by the production of nitric acid in gas. The produced nitric acid in gas dissolves in water
and pH decreases. This result shows that the productions of chemical species by the
both electrodes are similar. This result is supported by the measurement of NOx and O3
in water.
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Figure: Change of pH in water by both the wire and pin electrodes.

3. Achievements

We have developed a larger electrode system using the insulated wire and confirmed
that a homogeneous plasma discharge was produced. The gas flow as well as water flow
was monitored by Schlieren visualization. The dissolved species in water by the plasma
discharge were measured and it is shown that the dissolved species were similar to
those generated by the previous pin-electrode system.

4. Summaries and future plans

The plasma discharge produced between the insulated wire electrode and water
surface develops a gas flow. By this plasma discharge, we can have a plasma application
for 10 mm, which is larger than the plasma application by the previous pin electrode.
There are several chemical species dissolved in water, e.g. NOx and ozone. Those species
are important to characterize the bactericidal property in water. This result is
important because large area plasma treatment could be achieved by this wire electrode
system.

For the next step, it 1s important to optimize the plasma discharge for biomedical
applications, for example, disinfection. Through the optimization process, the relation
between the plasma property (especially gas flow formation and chemical species
production) and bio-application can be revealed clearly.

. Research results (* reprint included)

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

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

*[1] T. Shimizu, G. Morfill, N. Kishimoto, M. Hara, D. Yoshino, T. Sato: Flow Formation
in Atmospheric Plasma Discharge between Pin Electrode and Water Surface,
Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 70-71.

[2] M. Hara, D. Yoshino, T. Shimizu, T. Sato: Characteristics of Chemical Species
Generated by a Gas-Liquid Plasma Flow Using a Wire Electrode, Proceedings of the
Tenth International Conference on Flow Dynamics, Sendai, (2013), pp. 642-643.

3) Patent, award, press release etc.

Not applicable.
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Numerical and Experimental Research on Active Control of Self-Sustained Flow
Oscillations with Sound Interaction

Mikael A. Langthjem*¥, Masami Nakano**+
*Faculty of Engineering, Yamagata University,
**Institute of Fluid Science, Tohoku University

tApplicant, §FIFS responsible member

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 have investigated self-sustained flow oscillations in a hole-tone system with a
tailpipe. In particular, we have investigated 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. Boundary integrals are discretized via
the boundary element method. To this end, we have developed a Galerkin-
type marching-in-time boundary element method, which represents the
hole- tone system. This has been coupled with an analytical solution for
the standing-acoustic waves in the tailpipe.

Achievements

(a) We have found that the use of a discrete vortex method in combination with the
theory of vortex sound and the boundary element method is an efficient and
computationally simple approach for simulation of flow-acoustic interaction
problems, like the hole-tone/pipe resonance problem considered here.

(b) We have found that the employed time-domain boundary element method can be
made numerically stable; but (physical, pipe) resonances within the closed boundary
domain trigger instability problems. Use of the analytical solution for the acoustic
pipe oscillations cures the numerical stability problem. It also reduces the
computational costs considerably.

(c) We have found that the numerical model can display lock-in of the self-sustained
flow oscillations to the resonant acoustic oscillations.
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4. Summaries and future plans
To sum up, in the fiscal year 2013-2014 we have developed a mathematical/
numerical model of a simple axisymmetric silencer-like model, consisting of a
hole-tone feedback system equipped with a tailpipe. It is demonstrated though
numerical examples that this numerical model can display lock-in of the
self-sustained flow oscillations to the resonant acoustic oscillations.

In the fiscal year 2014-2015 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.

At the same time, we wish to investigate “smarter”, more analytically based,
modeling approaches. In particular, we wish to investigate the following approaches
for taking into account the scattering of sound from the end plate: (1) a Born-
approximation approach, (2) a compact Green’s function approach, and (3) an
approach based on Curle’s equation.

Finally, we wish to study a more efficient formulation of the discrete vortex
method for simulating the unsteady sound-generating flow, namely the Brown &
Michael formulation.

5. Research results (* reprint included)

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

*[1] M. A. Langthjem and M.Nakano: Application of the time-domain boundary element
method to analysis of flow-acoustic interaction in a hole-tone feedback system with
a tailpipe, CMES: Computer Modeling in Engineering & Sciences, Vol. 96, No. 4,
(2013), pp. 227-241.

[2] M. A. Langthjem and M.Nakano: Application of the time-domain boundary element
method to analysis of flow-acoustic interaction in expansion chamber silencer
models, Advances in Boundary Element & Meshless Techniques XIV (A. Sellier,
M.H. Aliabadi, Eds.), EC Ltd., UK, (2013), pp. 280-285.

[3] M. A. Langthjem and M.Nakano: Flow-acoustic interaction in expansion chamber
silencer models. Proceedings of the 4th International Conference on Jets, Wakes,
and Separated Flows, Nagoya, (2013), 6 pages.

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

[4] M. A. Langthjem and M. Nakano: Numerical analysis of flow-acoustic interaction in
a hole tone system with a tail pipe, Proceedings of the Tenth International
Conference on Flow Dynamics, Sendai, (2013), pp. 168-169.

*[5] M. A. Langthjem and M. Nakano: Numerical and experimental research on active
control of self-sustained flow oscillations with sound interaction. Proceedings of the
Thirteenth International Symposium on Advanced Fluid Information, Sendai,
(2013), pp. 162-163.

3) Patent, award, press release etc.
Not applicable
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*[1] A. Rinoshika and M. Nakano: Study on Flow-induced Vibration of Soft Fins, Proceedings

of the Thirteen International Symposium on Advanced Flow Information, Sendai,
(2013), pp. 164-165.

*[2] gnARERt, AR, TEFEE . ZONT 4 COIRENC K DFEF Lcith o niiie, A

3)

{bIEHAERERZ, Vol. 33, Suppl. No. 2, &7, (2013), pp. 225-226.
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Study of Thin Films and Ribbons of Heusler Alloys for the Use in Energy Saving
Magnetic Refrigeration Technology

Vladimir Khovaylo*¥, Hiroyuki Miki**, Toshiyuki Takagi***+,
Anna Kosogor*, Maria Lyange*, Makoto Ohtsuka**** Sergey Taskaev*****,
Valeria Rodionova******
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**+**Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
*****Chelyabinsk State University
w#****Physical-Technical Institute, Immanuel Kant Baltic Federal University
TApplicant, §1IFS responsible member

1. Purpose of the project
The project is aimed at the study of thin films and ribbons of Heusler alloys, specifically
stability of their properties and performance under aging, thermo- or magnetic

field-cycling, for the potential use in the energy efficient magnetic refrigeration
technology.

2. Details of program implement

The heat flow during martensitic transformation (MT) has been studied in both
experimental and theoretical ways. The influence of aging on MT temperatures is
analyzed; the emphasis was made on the evaluation of the two-phase temperature range.
The MT strain ¢,, and the volume change v,, accompanying the MT of crystals with

defects can be found from the minimum condition for the Gibbs potential of deformable

. . 1 1 1 1
crystal lattice affected by the internal stress G(T,n :5C1V2 +7G (T)e* +§C3€3 +ZC484 (1)

+Cve? +3C, Qe + PO (1w - (1)e,

130 . where v is volume change, ¢
Experiment . .
is shear strain, C,_s are the
—~ 1201 . .

S elastic modules and Q 1is a
8 1104 dimensionless constant
2 prescribing the value of volume
= 100 change that accompanies the
S 90 spontaneous  shear  strain

T occurring in the course of MT.
80+ The entropy change during MT
70 can be calculated from the
510 520 530 540 550 560 partial derivative of the Gibbs
Temperature (K) potential §=-0G/oT . If the
Fig. 1. Experimental (solid line) and theoretical (dashed martensitic . t'ransformatlon
line) temperature dependencies of the heat flow during ~ témperature 1s higher than thp
reverse MT. Curie temperature, the elastic

127



(non-magnetic) part of entropy change can be found from the Eq. (1). As long as the heat
evolution is equal to 8@ = Sd7, the entropy change can be related to the experimentally
measured heat flow during MT. The heat flow measured during the reverse MT of a
Ni-Mn-Ga alloy is shown in Fig.1 in comparison with theoretical temperature
dependence computed using Eq. (1). Figure 1 is plotted for zero value of internal stress.
The heat flow peak is related to the MT and the linear temperature dependence is taken
into account according to the experimental conditions. The integration of the heat flow
results in the value of entropy change during MT AS ~ 1.7x102 J/gK. The values of
characteristic temperatures of austenite start 7,; and austenite finish 7, can be

found from Fig. 1. A reasonable agreement between theoretical and experimental results
is achieved for the internal pressure P’ =0.7GPa and the axial stress &'’ = -7 MPa.

3. Achievements

The main achievements are as follow

- Both internal pressure and axial stress noticeably contribute to the influence of aging on
the width of the two-phase temperature range.

- The combination of two mechanisms of defect reconfiguration with different rate points
to a possibility of non-monotonous dependence of characteristics temperatures on the
axial stress value.

4. Summaries and future plans

In summary, a model that allows one to link the entropy change during martensitic
transformation in the NiMnX alloys with temperature derivative of shear elastic modulus
and the internal strains has been developed. Future plans is to evaluate the stability of
functional properties and performance of thin films and ribbons of NiMnX under cyclic
action of temperature or magnetic field and to study magnetic and transport properties of
these materials.

. Research results (* reprint included)

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

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

[1] V. Khovaylo, B. Hernando, V. Koledov, H. Miki, D. Kuchin, V. Shavrov, and H. Miki:
Structural and magnetic properties of Ni(Fe)-Mn-Ga melt-spun ribbons, Program and
Book of Abstracts of 215 Soft Magnetic Materials Conference (SMM-21), Budapest,
(2013), p. 57.

[2] V. Khovaylo, V. Rodionova, K. Chichay, E. Gan’shina, G. Zykov, M. Ohtsuka, R.Y.
Umetsu, A. Okubo, and R. Kainuma: Magnetic, magnetooptical and
magnetotransport properties of Coz(Fe, T1)Ga thin films, Program Book of 58%
Annual Conference on Magnetism and Magnetic Materials (MMM-58), Colorado,
(2013), p. 230.

*[3] A. Kosogor, V. Khovaylo, H. Miki, and T. Takagi: Modeling of heat flow and entropy
change at martensitic transformations in the framework of landau theory,
Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 166-167.

3) Patent, award, press release etc.

Not applicable.
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Stability Analysis of Vortices with Axial Flow based on Energetics and Its Application
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5 BIREE HIHREEHY)
1) Ziiess EHROTERERE BHRFZET)
*[1] Yuji Hattori and Yasuhide Fukumoto: Modal stability analysis of a helical vortex tube

with axial flow, Journal of Fluid Mechanics, Vol. 738, (2014), pp. 222-249.

2) EF=E - BERZER - R% - QERRF
*[2] Yasuhide Fukumoto and Yuji Hattori: Stability Analysis of Vortices with Axial Flow

based on Energetics and its Application, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 168-169.
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Fabrication of Ti/Al Composite Material by Compression Shear ing Method at Room Temperature
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*[1] Shota Sakagami, Masaomi Horita, Noboru Nakayama, Hiroyuki Miki, and Hiroyuku

3)

Takeishi: Effect of Titanium Content Ration on the Mechanical properties of Ti/Al
Composite Material Formed by Compression Shearing Method at Room Temperature,
Proceedings of The Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 118-119 .
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Analyses of Nano-Scale Surface Damages Generated during Plasma Etching Processes
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*[1] Kazuhiro Karahashi and Satoshi Hamaguchi: Ion beam experiments for the study on
plasma-surface interactions, J. Phys. D-Appl. Phys., Vol. 47, (2014), 224008(15page).

[2] Keita Miyake, Tomoko Ito, Michiro Isobe, Kazuhiro Karahashi, Masanaga Fukasawa,
Kazunori Nagahata, Tetsuya Tatsumi, Satoshi Hamaguchi: Characterization of polymer
layer formation during SiO2/SiN etching by fluoro/hydrofluorocarbon plasmas, Jpn. /.
Appl. Phys., Vol. 53, 03DD02, (2014).

[8] Tomoko Ito, Kazuhiro Karahashi, Song-Yun Kang, and Satoshi Hamaguchi:
Characteristics of silicon etching by silicon chloride ions, /. Vac. Sci. Technol., A 31 (3),
(2013), 031301 (5page).
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Energy Release Dynamics in Porous Media

Nickolay Lutsenko*¥, Kaoru Maruta**§¥
*Far Eastern Federal University, Vladivostok, Russia
**Institute of Fluid Science, Tohoku University
tApplicant, $1IFS responsible member

1. Purpose of the project

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

2. Details of program implement

A lot of catastrophes results in appearance of energy-release zones, such centers of heat
often arise in porous media. The obstructions of the ruinous buildings, rocks, soils, peat
are porous media in terms of mechanics. The centers of energy release in porous media
arise, for example, during the explosions at atomic and industrial facilities, in
underground explosions and fires in places of the extraction of natural resources. The
example of the exploded unit of the Chernobyl NPP showed that the gas (air) cooling of
such energy-release zones may be the only available counteraction method of the
disaster.

In the present project the gas flow through the porous objects with energy release
zones has been numerically investigated when the object's outlet is partially closed. The
gas flows through the solid motionless porous heat-evolutional object, which is bounded
of impermeable non-heat-conducting side walls, opened at T

the bottom and partially opened at the top (Fig. 1). ﬁ U
Mathematical model is constructed within the framework of
the model of two interactive interpenetrative continua and
includes the continuity equations, the momentum
conservation equations, the energy equations and the
equations of state for each phase (solid and gas). The
distinctive feature of the concerned model is that the flow
rate and the gas velocity at the porous object inlet and outlet
are unknown and must be calculated by solving. The original
numerical method have been developed, which is based on a
combination of explicit and implicit finite-difference schemes,
for investigating unsteady regimes of the gas cooling of the
porous objects with heat sources. Modification of this method
has been successfully used for modeling the combustion of Figure 1: Porous object
porous media.

Axisymmetric unsteady problems of the gas cooling of porous energy-releasing objects
with partial closure of the object's outlet have been solved. It is shown that the cover on
the outlet of the porous object significantly reduces the object cooling, the greatest
heating occurs in the vicinity of the cover. When the size of the cover increases, the
outflow of heat from its vicinity decreases and the temperature significantly increases
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in this area. It can lead to local melting and destruction of an object when temperature
in the rest of the object isn't high. The gas dynamics within the porous object is shown to
be complex. For example, two peaks of vertical gas filtration velocity can arise.

In the course of project implementation Russian project member (Nickolay Lutsenko)
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 13th
International Symposium on Advanced Fluid Information and presented results of the
project.

3. Achievements

The results which have been expected in the present project were achieved. The gas flow
in the gravity field through the porous objects with energy release zones, which may
arise from natural or man-caused disasters, was numerically investigated when the
object's outlet is partially closed. The mathematical model and original numerical
method, based on the combination of explicit and implicit finite difference schemes,
were developed for researching the time-dependent regimes of the gas flow through
two-dimensional porous objects with energy release zones.

4. Summaries and future plans

Axisymmetric unsteady problems of gas flow through porous heat-evolutional objects
with partial closure of the object's outlet were numerically investigated with various
diameters of top cover and diameters and heights of the heat-evolutional zone. It has
been shown that the gas flows inside of the porous object are rather complex; the
greatest heating occurs in the vicinity of the top cover. When the height of the
heat-evolutional zone is equal to the height of the porous object, the closure of the zone
of heat evolution by means of the top cover is allowed only when the size of
heat-evolutional zone is small. When the process of heat evolution does not occur near
the outlet of the porous object, the closure of the heat-evolutional zone by means of the
top cover is allowed when the size of the heat-evolutional zone is rather large.

The investigation of some interesting preliminary revealed features of time-dependent
processes of heterogeneous combustion in porous media under free convection will be
finalized.

5. Research results (x reprint included)

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

[1] N.A. Lutsenko: Numerical modeling of unsteady gas flow through porous
heat-evolutional objects with partial closure of the object's outlet, International
Journal of Heat and Mass Transfer, Vol. 72, (2014), pp. 602-608.

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

*[2] N.A. Lutsenko: On Dynamic Processes in Porous Energy Releasing Objects with
Partial Closure of the Object's Outlet, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 52-53.

[3] N.A. Lutsenko: Numerical Modeling of Axisymmetric Unsteady Gas Flow through
Porous Heat-Evolutional Objects with Partial Closure of the Object's Outlet,
Proceedings of the 4th Asian Symposium on Computational Heat Transfer and
Fluid Flow, Hong Kong, (2013), 10 pages.

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**
Philippe Kapsa**tt, 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
To develop a program for analyzing the relation of blood flow to cell behaviors using
LBM method.

2. Details of program implement

In order to investigate the tribological behavior of medical devices in contact with tissue,
friction tests for four kinds of medical metallic alloys (316L stainless steel, CoCr, NiTi
and TiMoSn) on soft tissue—mimicking poly(vinyl alcohol) hydrogel (PVA-H) biomodel
were carried out at low normal load. XPS analysis and wetta- bility tests for them were
prepared to understand the dif- ference in friction. According to the surface oxide
compositions, these alloys can be divided into two groups: “Fe/Cr-oxide-surface alloys”
for 316L and CoCr, and “Ti-oxide-surface alloys” for NiTi and TiMoSn. From the
wettability test, Fe/Cr-oxide-surface alloys show lower polar components of surface free
energy than Ti-oxide- surface alloys. Fe/Cr-oxide-surface alloys show higher friction
coefficients in the elastic friction domain than those of Ti-oxide-surface alloys, while
there was no significant difference in the hydrodynamic lubrication. Since elastic
friction is governed by the adsorption of hydrogel polymer on counterbody, the surface
characteristic of alloys plays an important role in friction. A tentative explanation for
this tendency is expressed by linking two different theories describing the adsorption
force of hydrogel and wettability of counter material.
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Figure 1 : Maximum friction coefficient (uF) in several lubricants
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3. Achievements
Expected result

4. Summaries and future plans
To apply other tissues and bio-materials.

5. Research results (x reprint included)

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

*[1] Hiroyuki Kosukegawa, Vincent Fridrici, Philippe Kapsa, Yuji Sutou, Koshi Adachi,
Makoto Ohta: Friction Properties of Medical Metallic Alloys on Soft
Tissue—Mimicking Poly(Vinyl Alcohol) Hydrogel Biomodel, 7ribo Letter, (2013), DOI
10.1007/s11249-013-0165-3.

[2] Ding Ma, Travis M.Dumont, Hiroyuki Kosukegawa, Makoto Ohta, Xinjian Yang,
Adnan H.Siddiqui, Hui Meng: High Fidelity Virtual Stenting (HiFiVS) for
Intracranial Aneurysm Flow Diversion: In Vitro and In Silico, Arnnals of Biomedical
Engineering, Vol. 41 No. 10, (2013), pp. 2143-2156.

[3] Yasutomo Shimizu, Ashkan Javadzadegan, Toshiyuki Hayase, Makoto Ohta: Flow
observations in elastic stenosis biomodel with comparison to rigid-like model,
Technology and Health Care, Vol. 21, (2013), pp. 1-10.

[4] Ashkan Javadzadegan, Yasutomo Shimizu, Masud Behnia, Makoto Ohta:
Correlation between Reynolds number and eccentricity effect in stenosed artery
models, 7echnology and Health Care, \Vol. 21, (2013), pp. 357-367.

[5] Kaihong Yu, Tetsui Yamashita, Shigeaki Shingyochi, Kazuo Matsumoto, Makoto
Ohta: PIV ANALYSIS FOR FLOW PATTERN AROUND ABLATION CATHETER TO
OBSERVE THE FLOW EFFECT ON ELECTRODE, ASME 2013 [International
Mechanical Engineering Congress & Exposition, (2013), IMECE2013-62791 (1-8).

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

[6] Ashkan Javadzadegan, Yasutomo Shimizu, Masud Behnia, Makoto Ohta:
Correlation between Reynolds number and stenosis morphology in eccentric and
concentric artery models, P/V 2013 Conference, (2013).

[7] Yasutomo Shimizu, Masanori Kuze, Ashkan Javadzadegan, Masud Behnia, Makoto
Ohta: Comparison of flow patterns around stenotic area in elastic PVA-H model
and in rigid-like silicone model, P/V 2013 Conference, (2013).

[8] Hiroyuki Kosukegawa, Vincent Fridrici, Emmanuelle Laurenceau, Makoto Ohta,
Philippe Kapsa: Friction of Medical Materials on PVA Hydrogel in Physiological
Lubrication, World Tribology Congress 2013, (2013).

[9] Masashi Ohtake, Kei Ozawa, Ken Nakajima, Makoto Ohta: Development of
Visualization System for Injection Molding by using PVA, The 10th ICFD, (2013).

*[10] Makoto Ohta, Kei Ozawa, Vincent Fridrici, Philippe Kapsa: Research of Friction
and Drilling on Bio-composite Model, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 78-79.

3) Patent, award, press release etc.
Not applicable.
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Project status 1st year (progressing)

Development of a Program for Blood Flow and Cell| Behaviors based on LBM Method

Makoto Ohta*t, Bastien Chopard**tt
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K. Srinivas***** Hitomi Anzai******

Guy Courbebaisse******* Yyuki Yoshida****** Sho Matsumoto****
* Institute of Fluid Science, Tohoku University
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***Hirslanden Hospital
****Graduate School of Biomedical Science, Tohoku University
*xxF*xUniversity of Sydney
**x*x**Graduate School of Engineering, Tohoku University
*******I NSA_ Lyon
tApplicant, fTnon-1FS responsible member

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.

3. Achievements
Expected result

4. Summaries and future plans
Thrombus formation will be included as a objective function.
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Figure 1. The relationship between the number of strut (related to porosity) and the
flow reduction.

5. Research results (* reprint included)

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

*[1] Hitomi Anzai, Bastien Chopard, Makoto Ohta: Combinational optimization of strut
placement for intracranial stent using a realistic aneurysm, Journal of Flow
Control, Measurement & Visualization, Vol. 2, No. 2, (2014), pp. 66-76.

[2] Yujie Li, Hitomi Anzai, Toshio Nakayama, Yasutomo Shimizu, Yukihisa Miura,
Aike Qiao and Makoto Ohta: Simulation of hemodynamics in artery with aneurysm
and stenosis with different geometric configuration, Journal of Biomechanical
Science and Engineering, Vol. 9, No. 1, (2014), pp. 1-11.

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

[3] Hitomi Anzai, Jean-Luc Falcone, Bastien Chopard, Makoto Ohta: Application of
optimization for design of intracranial stent with blood flow reduction as objective
function, World Congress on Structural and Multidisciplinary Optimization, (2013).

[4] Yuuki Yoshida, Hitomi Anzai, Makoto Ohta: Optimization of stent design to
increase the porosity, /CS 2013, (2013).

[5] Makoto Ohta, Hitomi Anzai, Han Xiaobo: Optimization of blood flow for
intracranial stent, International Workshop on Flow Dynamics related to Energy,
Aerospace and Material Processing KTH, (2013).

[6] Makoto Ohta. Hitomi Anzai, Toshio Nakayama, Xiaobo Han, Noriko Tomita:
Optimized Stent, The 10th ICFD, (2013).

*[7] Makoto Ohta, Bastien Chopard, Hitomi Anzai: Development of a Program for Blood
flow and Cell Behaviors Based on LBM Method, 7he Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 80-81.

[8] M. Zhang, H. Anzai, Y. Li, M.Ohta: A Study on Multiscale Model in the presence of
Systemic-to-Pulmonary Shunt utilizing LBM-LPM, The 5th Asia Pacific Congress
on Computational Mechanics (APCOMZ2013), (2013).

[9] VY. Li, H. Anzai, T. Nakayama, Y. Shimizu, Y. Miura, A. K. Qiao, M.Ohta:
Hemodynamic Numerical Simulation in Artery Complicated with both Stenosis and
Aneurysm in Different Shape and Position, 7he 5th Asia Pacific Congress on
Computational Mechanics (APCOM2013), (2013).

3) Patent, award, press release etc.
Not applicable.
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Behaviors of Nano—-Channel of Membrane Protein
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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

Pore-forming proteins on cell membrane will be applicable for developing a channel as
an engineering application such as biosensing, sequencer, hygiene, or blood cell model.
The properties such as dynamics, robustness, and thermal stability related to the
structure are necessary for development of the applications. On this year, the
electro-physiological properties of three proteins on lipid bilayers including cell
membranes are measured for the characteristics of channel. Our collaborations will
show novel characteristics and structures of the proteins for development of mechano
and functional channels. We selected Ply, y-hemolysin, FhuA for this project and
behaviors of endothelial cells on biomaterial were observed.

Staphylococcal y-hemolysin (Hlg) is a two-component cytolysin, which consists of LukF
(Hlg1) and Hlg2. The structure contains two-component cytolysins of LukF and Hlg2.
Tomita et al. revealed that HIg2 and Luk form ring-shaped structures with an
inner/outer diameter of 3/9 nm on their target membranes and that they act as a
transmembrane pore with a functional diameter of ca. 2 nm.

FhuA (Ferric hydroxamate protein uptake component A) is well known as a
ligand-gated channel in the outer membrane of Escherichia coli, which is formed of
monomeric 22-stranded B-barrel protein. Based on the versatile properties of the FhuA
channel, including dynamics, robustness, and thermal stability, its application as a
stochastic biosensing elements has been focused on and actually several engineered
FhuA proteins have been created. However, electrophysiological properties of the FhuA
channel in channel gating with conformational change, e.g. voltage-dependency and
mechnosensitivity, which is affected by the lipid bilayer environment, have yet to be
elucidated. Several studies using lipid bilayers and vesicles consisting of various kinds
of lipids as well as molecular dynamics simulations, have revealed that the activities
and structures of membrane channels are affected by the structures and properties of
the lipid molecules surrounding the proteins.

Pleurotolysin (Ply), a novel sphingomyelin-specific two-component cytolysin from the
basidiocarps of Pleurotus ostreatus, and demonstrated the pore-forming properties of
the cytolysin. Ply consisted of non-associated PlyA (17 kDa) and PlyB (59 kDa)
components. The PlyA was purified from the basidiocarps of P. ostreatus as described
previously. In the case of PlyB, to avoid cleavage between noncovalently associated two
fragments, mature form of recombinant PlyB was used by purified as described
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previously

Also, to investigate the effect of shape and surface treatment of Ni-Ti wire for stent
under flow on endothelialization on implanted stent, we measured the density of
endothelial cells on and around the wire which was implanted on cultured EC under
shear stress (SS) environment. Cross-section shape of the implanted wire effects on the
cell density of the area just before the wire and the positions that EC adheres on the
wire.

These activities show the several roles of proteins for the nano-mechano functions.

Figure 1 : Endothelial cells on biomaterial

3. Achievements
Expected result

4. Summaries and future plans
To apply the characteristics to design of biomaterial

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

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

[1] Noriko Tomita, Liviu Movileanu, Stephan Wilkens, and Makoto Ohta: Microbial
Pore-Forming Protein Properties Depended on Lipid Environment, NIH-Tohoku
University JSPS Symposium, (2013).

[2] Noriko Tomita, Liviu Movileanu, and Makoto Ohta: Electrophysiological properties
of engineered FhuA AC/A4L protein nanopore affected by lipid bilayer environment,
The EMBO meeting 2013, (2013).

[3] Sho Matsumoto, Han Xiaobo, Makoto Ohta, and Noriko Tomita: Density change of
smooth muscle cells in co-culture model under shear stress with spatial gradient
related to the development of cerebral aneurysm, 7he EMBO meeting 2013, (2013).

*[4] Sho Matsumoto, Han Xiaobo, Hisatoshi Kobayashi, Noriko Tomita, and Makoto
Ohta: Influence of Ni-Ti Wire under the Shear Stress Environment on
Endothelialization, 7The 10th ICFD, (2013).

[5] Noriko Tomita, Liviu Movileanu, and Makoto Ohta: Membrane Channel Dynamics
Depended on Lipid Environment, 7he 10th ICFD, Sendai, (2013).

*[6] Makoto Ohta, Liviu Movileanu, and Noriko Tomita: Channel properties of
membrane proteins on lipid bilayers, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 82-83.

3) Patent, award, press release etc.
Not applicable.
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1. BB
PRI - B — Ay F U 2 Ko THERL L 7S O BRAIEY & T Ry ME, @Rk
HEER L — PR B E~DISANIRFE SN TN D, 2 HDT /3 AFEBDT-9HI213,
fll 2 DEA R SOMENT R EAA L, 2ol 281 Ky MEOBE RSN E
<HEIENTWDMENSH D, AWFEIE, MEFENOHEL, Ry MG OFREEE LT,
FZEA b~ A 7 Z WS DEIING X % B SR o flErEom B2 B s

2. HIRBEEDAS
InAs/InP &1 Ky b E&EBDvarF A FFAZEMEE GeaSbeTes (LA T GST), HHW\E
GeTe (LLF GT) THEV, 522D EIC SiO AT 5. GST I3kEsH & 7EL 7 7
AR Z SEENEN & 0 AL b S D 2 LN TE D, TEAZ 7 MUz E 725 T
) 10%DIEFEIZIRNE LD Z ENFHNTEY, ZOERBERIZ L > TE T Ky b Jaan
WIS EEINT 5. 7EAT 7 2, fEbicdHiz>TUIY T  Bo LA L—3 Kk
532 nm) ZEHL, 7NV RAEWUNIERET HZ LIk D, BRI O D A]
HETHD. T7ebb, w, M OAEEEOISIIHNINARETH 5. HIEIIXBEET A
TLER, ML A TL—YREENTHZEICL Y, 300 nm FEE ORI A BIRAIC
ML EED (77 7 AMESEBIIERIN S NS WO T, SR D & L CHEERET D).
EHL Y T4 A A% > FHRICREESN, 10K B OIRE CHIEZ B 27~ 7-.
TR T BN T 7 ZMERIZET Ry b DOFRIERE (22 Ky b ORIOFRME)
vy BT UIFERDIK 1 Th D, BIAWEIISEFAIB N & UTHEIEL CW AT 'L
7 MUK TH D, FT, 7TENAT 7 AMEEEROESFE (A), FRE8 (B), JEE (C)
WZAHET D Ry b3EnZEN, 7TEALZ 7 AMUCE bl TEDL I —r7 v 7 Mz
LI EHER L= & 2 A, BERECIET Lv—2 7 h, PRETlILy R 7 RRRON, JE
W TIIZA IR SR o T, ET0, ZHOF—ET Ry MR LT, R L v —
77 NEOHBEEZFE LI-AERSK 2 Tha., HIBTIET N7 7 AMEEITHAI LT,
Ly RU7 EEEETWAD Z ERALNE 7o T2
7 MOFANEIET Ry MIHINS A EKITIS )] & —lES I ORE OTRED,
FREFEBR TR DIVIRERIE, TR T 7 AESEIA OIS I R OATREREY I 2 L—T g
COREREBR—ELT.
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B Ny hOZRVF—IEAH— Ny LYV THEICHIET 5 FEE LT, AL
BIOBRFZAIZ & b 72 D ISHEINEZBRFE L, 7 Fm& RE S ZMNZICHIEFTRETH 5
ZEEIHELT.. ARITFRS KA LIcET By FRICH L TRFHEZEAL, MHAEH O
HOIERENLETH S,
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FHE EROTERRE BHRFZE)

N. Tsumori, M. Takahashi, Nurrul Syafawati Binti Humam, P. Regreny, M. Gendry, and
T. Saiki: Near-infrared nano-spectroscopy and emission energy control of semiconductor
quantum dots using a phase-change material, Journal of Physics: Conference Series 471
(2013), pp. 012007/1-8.

Nurrul Syafawati Binti Humam, Yu Sato, Motoki Takahashi, Nobuhiro Tsumori and
Toshiharu Saiki: Redshifted and Blueshifted PL Emission of InAs/InP Quantum Dots
upon Amorphization of Phase Change Material, Optics Express, submitted.
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(3]

N. Tsumori, M. Takahashi, Nurrul Syafawati Humam, Y. Satoh, and T. Saiki:
Spectroscopy and Emission Energy Control of Individual InAs Quantum Dots Using a
Phase Change Optical Mask, Collaborative Conference on 3D & Materials Research
(CC3DMR 2013), Jeju, Korea, (2013), (Invited).
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Development of a Micro-Motor for MEMS Utilizing Smart Polymer
Fabricated by Photolithography

Masami Nakano*t, Miklos Zrinyi**tt
*Institute of Fluid Science, Tohoku University
**|_aboratory of Nanochemistry, Semmelweis University
tApplicant, Ttnon-1FS responsible member

Purpose of the project

Electroactive polymers (EAP) exhibit a change in size and shape when stimulated
by electric field. Controllable rotation of EA polymer is of relevance for a range of
practical applications, for example in micro-motors or in microfluidics. It is therefore
an important task to find proper materials with controllable shape and size in order
to perform reliable measurements as well as to use them for developing micromotors.
The main purpose of this research is to find electroactive polymer as possible
candidate of rotor of micro sized electro-motors.

Electrorotation is the circular movement of an electrically polarized micron sized
particle or material. In our previous work, development of novel electroactive
polymer composites have been reported. As adirect continuation of this research work, our
intention was to replace polymer composites to pure polymers that can be fabricated by
photolithography instead of polymer composites.

Details of program implement

Epoxy based polymer has been developed for novel electric micro-motor
construction. The polymer hardens in a pre-defined 3D shape upon illumination with
focused laser light. Disks, hollow cylinders and gearwheels as rotors, were prepared
with variable diameter and thickness. The diameter was varied between 100 to 500
microns with thickness of 20-40 microns. Figurel shows the photo of three main
rotor forms.

(a)Disk (b)Hollow cylinder (c)Gearwheel
Fig.1 Polymer rotors prepared from epoxy based polymer.

Electrorotation was studied in oil mixture containing substantial amount of
triglicerid of oleic-, palmitic-, and linoleic acids, with conductivity of
01:9_56.10408/m and relative permittivity of  =3.32, respectively. We have studied

the influence of DC electric field intensity on the speed of rotation.
Achievements

Figure 2 shows the dependences of rotational speed on the electric field intensity
for disk shaped (a) and hollow cylinder (b) polymer rotors. These results indicate that
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there is a significant size effect on the speed of rotation. At the same electric field
intensity, the smaller disk (100 micron) performs the most intensive rotary motion. It
is also seen that the speed of rotation linearly depends on the DC electric field intensity. We have
also studied the rotation phenomena of hollow cylinders and gearwheels.

3500 2500 ‘
— 3000 = ) 4 -
g d [um] /6-‘ 2000 | di/dy[um] ;
52500 " 400 / > © 500/200 /
T 2000 - =300 5 A B 1500 I mao0r160
& //
2’ 1500 f 4100 B 1000 e
c c y_J
S e / 2
= 1000 3
5 S 500
¢ 500 « e E:|
t=38 [um] o t=38[um]
o bt 0
0 05 1 15 2 25 0 0.5 1 15 2 25
Electric field intensity E [kV/mm] Electric field intensity E [kV/mm]
(a) Diameter d of disk (b) Inner & and outer di diameter of

hollow cylinder

Fig.2 Dependences of rotational speed N on polymer rotor sizes as a function of electric field intensity E.

4.

2)

Summaries and future plans

We have presented the first direct observation of DC electric field induced rotation
of epoxy based chemically cross-linked polymer rotors. Polymer disks, hollow
cylinders as well as gearwheels of different size perform very intensive rotation in
uniform DC electric field. It was found that within the experimental accuracy the
speed of rotation linearly depends on the DC electric field.

In order to evaluate the motor characteristics of the polymer disks and gearwheels,
the rotational torque of the polymer rotors of different size and shape will be
measured. A novel method will be worked out in order to determine the torque. The
shape (circular cylinder and gearwheel) and size.(diameter, thickness) of rotating
polymer device on the torque will be systematically investigated. These
measurements provide fundamental information on micro-motor characteristics
which is important for further micro-engineering development.

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] M.Zrinyi, and M. Nakano: From bending deformation to electrorotation, 7raining

School on lonic Artificial Muscles, Cartagena, Spain, (2013), (Invited lecture).

[2] M. Zrinyi, R. Bauer, L. Kelemen and Masami Nakano: Novel Electroactive Polymer

for Micro-motor Development, Proceedings of Tenth International Conference on
Flow Dynamics, Sendai, (2013), pp. 432-433, (Invited lecture).

*[3] M. Zrinyi, R. Bauer, L. Kelemen and M. Nakano: Development of a Micro-motor for

3)

MEMS Utilizing Novel Electroactive Polymer Fabricated by Photolithography,
Proceedings of Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 144-145.

Patent, award, press release etc.
Not applicable.
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1. BIRE™M

RESMHEIORE % A VRIS B LT i Cl, W a Nz 5 & vaa U—REn b5~ 7
T b LA ro—3hE (Magnetorheological effect, MR %) 23FH4 5. MR ZhFITREEEIINC
Ko TSNS BGHR 1T = — A4 @RS (SRR 5728, SHhi - ORI
TEEL & MR R OBHRZBET 5 & & b, b T = — S E RN E 2.5 2 L idmEiae7e
VR JRARDBRFI BRI R L0 5.

AW TIE, 7 v oA XOFRLAOMRFRIR~DOERT /i OIRIDERANFHEL S LD HRL
FTF == HEIER D ONIMRNRADEZ A NI T 5 & &b, iRt/ - ~A 7 vkt
IRAFRMRIEAZBET 2 2 2 AR E 5.

2. HIREEOAR

~A 7 akif-L U CHAR=ERRI - (CIP CS 6.6um, BASF Japan) Z, F/Ki{-& L CHGS
ONT =20 7T XL TER L8/ Ki 1 (89100nm) 2 AV, 20k 23 ) a—2 4 A
IV (KF96-50cs, (UL ITIRADIT D2 &2k, 7/ «~A 7 mhi HREAAMRTAZ AR L
7o, BRI T OEARRRES I X10vol%—E & L, $kF / Ki-oiRA (FE&LL) %20, 25% 50%, 75% 100%
& UT-5FREOFRBIE B LT, 7ods, RBHMERUZ TR MR EOFBERBIFIXEH LT,

PERRGEIARD & ) S O Z2MREER ORNE - FHMICIE, B R0mmOD2H DA TR
ZFEE | ICHUINC X DEAHIEEE (B,=1.0 T at /=0.5 A, 14W, ZE3LK5HE - MR-101N) %
95 ERSE LA A —# [RS-150, HAAKE] Z FV =, %77, BEREICHR SR -F = — 4
DORMUVITIE, WEREINEE 2 2 727 1 P X~ A 7 a Za—72 25 A Hirox KH7700) %
W, HEMREAE AT T A MR EIZRI10umDIE SR, 2 OB TIThESS 2 FIN L 725412
TER S D RIAF = — U iEZdmtg & U Cllss - sifk L7z,

HUTRT L D1E, BEGZHN(B0.3 T) L7ZBRICITREAIC X o Tt i IRk & < Br 5.
Nano25%, 50%CliX, o>t DI L CTH AWRRE DT 2k CHAMIS N E L REL 2D,
Microl100%, NanolOO%DMRFEMAIZEL U TR CRIIGRE R X 7ofiiz nd. IRA 2 ol Ziiigd
HTLIZEY, mEAWRERE I E TR E A AWIS ) AT HIRAR SRR AR A2 AT 5 =
CINTEDZ LHFBL TS, Nano2s%, SO%DMRIEIAZS, FINIREHESFEBDAFEN T, ot
DIZHE L TE L K& B AMISHERIET D Z Lvbnnd. KRIORT X 91, T/ hif0iR
B HEA25% K OB0%DEEAIZIT L 0 KU VR 7T = — UAEIE DR S, — OREISIERRIC X - CTMR%)
ERmELZEEZDLND. ZOEEII 7 a YA XOERRIT-F > N T—27 ZEiE LTED
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3. WIRBRDERIKR

T e A7 BRIARER MR FUAICIRWT, A 7 aRh 2627 SRR OIRA HAS
25%, 50%0D MR WiADSE TR THI 2 fEFRE DB/ MR BRom L2 R Z LnTE, 27
1 YA XD MR FAAITHK 100nm OEET K- 2 RIS 2R AR TF = — ARG DEN ) 5 B
BINNCTHIENTELRE, BHIOMERIEZ IR TE T

4. FLHESHDEFE

<A 7 ORI DT SRR ORI L > TELL R #hZm T 5 2 & 2R
TX, I7vrPA XD CLRA MR FRARISK 100nm Ok 2 R 12N 2882 50T 5
ZENTE A1, ZO8T 2RI L D3RI HOWT L Ve T 7 e —F 2 a4 5.
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*[1] H. Abe and M. Nakano: Steady and Dynamic Magnetorheological Responses of Iron-Based
Hybrid MR Suspensions, Proceedings of the Twelfth International Symposium on Fluid
Control, Measurement and Visualization, Nara, Paper No. 0S5-01-4, (2013), pp. 1-10.

2) EFRE - ENFER - RS - OERRF
[2] H. Abe and M. Nakano: Synthesis and Magnetorheology of Iron-based Bidisperse Fluids,
Proceedings of Tenth International Conféerence on Flow Dynamics, Sendai, (2013), pp. 442-443.
*[3] H. Abe and M. Nakano: Particle Structural Formations of Colloidal MR Fluid and Their
Influences on Magnetic Rheological Response, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 174-175.
[4] s, PERECH, FBRIE, B8, BB - BV A g COREETERL &
SRR, AIBUEIE R (RERER R ) , Vol. 33, Suppl. No. 2, (2013), pp. 241-242.
[5] HEFELE, BRBiEd . F /) -~ A 7 w5k MR IiADHIEER E~ 7% LA ey —
S, JFPS “Fk 25 4Rk 7 L— KR — U A7 KGR SCEE, (2013), pp. 115-117.
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Development of a Forensic Visualization Lifecycle Management System
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1. ®ZEEM

ERFFRIG Y, BEPIRSEE A O b L EHEME D M) A2 X 5 FHRVERNF7 8 (computational
forensics) (2T, FHHIDE L E W IWND R TUIHFEZDOEEMNER SN TETWA.
UL, SPRFSRS b, ERMRHIC A T ¢ TR OEMZOT v kY — 3 v ZITHER 2N E N D
REBRFEZIZ TND. ETTAIFETIE, HAFHERSE Y 27 vy I ab— gy, YR
FED eI IEREH AN S L, #HEDEPNCEDERET A 7V A 7 MW CRIRE
fifl 2 DN — AFINTIERRE T — 2 b2 2 ik v, sz Wb L, BIEAREcEd
5D EINTE DIERSEAE T A 7 A 7 VEFY 2T DT 5.

2. HIEBREORAR

RETHERFETRULT A 7V A 7 NVEPR AT A%, ALY AR Y - HAEHE, vva
T alb—ay, HWIEREOREL 3 OOEEHMNOEEINS. DI, EHEEFT L
(2 F DEFFER SR OG22 i 5 .

AL ARD R - HBEE RG22 L3 51208, HI&SSED MEDOFEFSIIMZ, K
EaEEDEY & OMBAERZIRVIL D Z EBAMERAR 72D, & 2 THEREAUEA Y b a
D—HERDOE L LT, 1CROWEIS A b a2 %, s T R— 5 X9 Ik
EL, USRS GRS 7' 25 4 VIDELICET OfgeZ R L7=[3]. B 1@) L, S 7Y
a4 ¥ MIBINADEAAY MVERTRITT 22k (£ L) Ik LT, faft& 7 ) 7R RENHE
BEN, ST ERNEERICEI TSN TWAEET (B 2 RLT05. ELICFEKTO
2 B, ROy —27 7n—% bk —VFEENR I A Z A XL, FSmoWim Loz
KL W BB T 7 —FF AL L TV DR 2R LTV,

ESa7ILoIal—oay: SPHIEZFIA LT, BGOSRk M SR m b 27T
WS BIGZHELL, MROREAI K HEEEBE L TR BIRORHII 72352 % Atk 3
HED 2T N 2 L—F R LT [4]. ZOHMHIERNE, YEaE L, =RE & oz X
HE LA EE LT MBROFEICHS. Bl (D) I8 2T Vv = b—y 3 Y OFE TR~

RARIRE DN A T=v—H R a8 SETAHZEZ VT, JRIECHSOFH Y — 28
W | D) O FERER TTEE L, EEOTI D OBUEREEZ TREICT S 1y PV AT A
BEZEL72[1]. B 1) 1%, B AT 2% HWT, 8~ %% 06 LI G ae 2 el S8 5
=2, B ERTHETE CWDAEETERL TN,
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LROONLIREEHITHZ ENTEEN, £/ 7 b =T 2B X8, KKEHRy 2T
LA EHD E TITIEE > TV,

4. F&H

A TIE, EHERENORBCH & U CRHRIERE B ORI EEMICER L, 2O b
TATHA I NEREERT 5V AT LFRBITETF L. FIFEEOEHSHIRSRZ S T BLERE T
ANFEILFRFZE L LTI — BT L, WREENDIL, BMELENRSH T 5B BARIFZE (A)
26240015 (Fpk 26-28 A-RE, AFFERERFE R —H) IS5 EHRANT, BistomFgE4 Ik L Tur<
TETHD.

5. BAEREER KITRIRIBHY)
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[1] A. Sugiura, M. Toyoura, and X. Mao: Forensic CG video generation with augmented
reality technology, The Journal of the Society for Art and Science, Vol. 12, No. 1, (2013),
pp. 57-67.
[2] Y. Takeshima, I. Fujishiro, and T. Hayase: GADGET/FV: Ontology-supported design of
visualization workflows in fluid science, Scientific Programming; to appear.
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*[3] Y. Takeshima and I. Fujishiro: Ontology-based support of visualization workflow design
for structural analysis, Transactions of 22nd International Conference on Structural
Mechanics in Reactor Technology (SMiRT-22), San Francisco, (2013), No. 816.

*[4] 1. Fujishiro, K. Ueda, X. Mao, M. Toyoura, A. Sugiura, Y. Takeshima, and T. Hayase:
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Proceedings of the Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 88-89.
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<UZ, MUEERURMEIRE O MATENREICSWT, ZOREEA LN L. T72bb, &R
B ED IS C &> 5 NERENIR- L T SRAENIR MR AL L 72 idEhiRRg 10 Biliz->u T o
ITENREMFITAE RS, R 20 W VR 2 AIBERYIMEI IR Z 3\ CU, i SAMEN R
FEENSIRAL, IR VRS2 Z L AR L (X).

157



3. HMIRBEEZEDEMKR
300 BT —H N— 2% GkAE HIEL L CE20, R T FIEOERE 2B b, £
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Neurosurgery, (2013), pp. 767-776.
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Tominaga: Stagnant blood flow in intracranial aneurysms: A possible association with
atherosclerosis, 7énth International Conference on Flow Dynamics, Sendai, (2013).

*[3] S. Sugiyama, T. Nakayama, M. Ohta and T. Tominaga: Hemodynamic analysis of
sidewall type intracranial aneurysms, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 84-85.
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1. BB
MR 7 DRI R, BRI O ARMBEINENRE S R SN OSPRE L Tn s, £
D L 5 IR ARMERINENREZ OV, MATENRE A ffHT 95 Z & TREROMZ Y X7 23 L,
AFRHGBIROMEIG L 9 & T 2RAVMRENC RSN TS, Lo, TERDEERIA SIS
FENTIZ BN CIERE AT A AS 5 720121, MRS & W ) BLAIRE 2 M L 4 5.
AR, FEBLIAY CIERMEZ 2 AMENIRIE O A TENREREAN 7% & LT Magnetic resonance
(MR) FHEIEA Y S = L—a ] OFIREZENE TS,

2 HREREONE
HE B 4E F 272 2014 4EEEI, FRROAREUHBIIRAHER] 350 CEARE MR 2V C
B L7=7 =5 &, AYGHEITETT -7 (K1), SbIC, Fk07—4 20T, MR
FHRIBLAS S 2 L— 3 LT ORI TSR RIE LT (M2).
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Proceedings of the Thirteenth International Symposium on Advanced Fluid Information,
Sendai, (2013), pp. 86-87.
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Project status 2nd year

Momentum Transport Phenomena in a Liquid Bridge under Shear

Takashi Tokumasu*¥, Philippe Vergne**{+
Marie-Helene Meurisse**, Nicolas Fillot**
*Institute of Fluid Science, Tohoku University,
**LaMCoS, INSA-Lyon
TApplicant, fnon-IFS responsible member

Purpose of the project

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

Details of program implement

A schematic diagram of the simulation system is shown in Fig. 1. During the
simulation, momentum of ¢ was added to the upper surface every step to keep the
velocity of the surface. This momentum was transferred from upper surface to lower
surface in a liquid bridge. Finally this momentum was removed to lower surface
every step to keep the velocity of the surface. (3)

In steady state, these values have to be converged to the same values. We
confirmed that these values are converged to the same value and the system reaches
to a steady state.

Using the momentum mentioned above, the shear stress acting on each surface, 7,
1s obtained by

r=t 9
S SAt

From 7z and velocity gradient, dv/dz, the total viscosity coefficient of liquid bridge
1s obtained.

Firstly the dependence of surface velocity on total viscosity was analyzed. 6 cases
of simulations were performed by changing surface velocity to V=25, 50, 75, 100, 125
and 150 m/s. These results are compared with the results without surface at the
same condition. The results are shown in Fig. 2. As shown in this figure, with
surface case, the total viscosity coefficient decrease with the increase in surface

@)
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Fig. 1. Schematic diagram of this simulation Surface Velocity, V" [m/s]

Fig. 2. Total viscosity coefficient of liquid
bridge with and without surfaces.

velocity, which means the shear thinning effect. However, the shear thinning does
not occur without surface case even in the same condition. For further analysis, the
cause of the shear thinning has a strong relation with the velocity slip of the system.
We will focus on the relation between velocity slip and shear thinning in the future.

3. Achievements
In this year we analyzed the momentum transport phenomena of liquid bridge
with surfaces and the results were compared with those without surfaces. We found
out the difference between the two cases and therefore we think the goal of this year

was achieved.

4. Summaries and future plans
We continue to analyze the momentum transport phenomena of liquid bridge with
surfaces. Next we analyze the momentum transport phenomena under shear whose
direction is vertical to the periodic boundary condition.

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

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

*[1] T. Tokumasu, M.-H. Meurisse, N. Fillot and P. Vergne: Momentum Transport
Characteristics in a Water Liquid Bridge between Si1 Surfaces, Proceedings of the
Thirteenth International Symposium on Advanced Fluid Information, Sendai,
(2013), pp. 140-141.

[2] T. Tokumasu, M.-H. Meurisse, N. Fillot and P. Vergne: Molecular Dynamics Study
of Lubrication Phenomena of Nanoscale Liquid Bridge between Surfaces, 40t
Leeds-Lyon Symposium on Tribology & Tribochemistry Forum 2013, Lyon, (2013),
pp. 193.

[3] T. Tokumasu, M.-H. Meurisse, N. Fillot and P. Vergne: A Molecular Dynamics
Study for Momentum Transport Phenomena in Nanoscale Liquid Bridge, World
Tribology Congress 2013, Torino, (2013).

3) Patent, award, press release etoc.
Not applicable.
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Transport Phenomena of Substances in Electrolyte of Solid Oxide Fuel Cell

Takashi Tokumasu*¥, Jeongmin Ahn**++
*Institute of Fluid Science, Tohoku University,
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tApplicant, $fnon-IFS responsible member

Purpose of the project

One approach proposed for developing combustion technology is combining the
strengths of both Solid Oxide Fuel Cell (SOFC) and Chemical Looping Combustion
(CLC) systems while also avoiding many of their problems. Unique membrane
processes show promise in their ability to combine reaction and separation to
provide solutions to the previously described problems. In this technique, a hollow
fibre membrane fabricated from a single ceramic material, which has high ionic
conductivity and good stability, and is able to be impregnated with catalytic
materials, is important.

The aim of this research is to analyze the transport phenomena of Oz ion in the
electrolyte of solid oxide fuel cells by both simulation (quantum calculation and
molecular dynamics simulation) and experiment. From these results, we suggest a
new concept for an electrolyte which has high ion conductivity and hardness.

Details of program implement
2.1. Experimental Analysis

The composite oxide which is prepared by a combined EDTA-citrate complexing
method will be synthesized and characterized. The phase structure, the microscopic
features of the prepared powders and the specific surface areas are observed
through the use of an X-ray diffractometer (XRD), an Environmental Scanning
Electron Microscope (ESEM) and N2 adsorption method separately.

For the proposed membrane materials, the key properties are electronic and
oxygen ionic conductivity at various conditions (temperature, oxygen partial
pressure, fuel partial pressure). The total electronic conductivity will be measured
by using the four-terminal DC technique over bar-shape samples. For ionic
conductivity, the electrolyte will be investigated with a symmetrical or complete cell
configuration by the AC impedance method using an Electrochemical Impedance
(EIS) workstation.

The ceramic hollow fibre membranes
will be extruded from the plastic mass
which is created by mixing ceramic —
powder with polymer binder and lubricant. E] 8 ' '
After drying, the tubes will be cut to A5
length and then pre-fired to various '
temperatures to remove all organics. The
pre-fired hollow fibres will then be further
sintered at various high temperatures to
allow fusion and bonding to occur.

[

Fig. 1. Schematic of experimental setup
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2)

Particular efforts will be made to establish methods for controlling the pore size and
structure.

The sintered hollow fibre membrane, then applied as hollow fibre membrane
reactor, will be used to study its performance for the reaction of hydrocarbon
oxidation using the experimental setup shown in Fig. 1.

2.2. Numerical Analysis

First, the simulator to analyze the transport phenomena of oxygen ion in a
ceramic membrane is constructed. As shown in this figure, there are many processes
for oxygen ion to transfer to a vacancy. Moreover, there are various kinds of
molecules which construct ceramic. We calculate the energy barrier (4E) for
transport by Density Functional Theory (DFT). The probability for oxygen ion to
transfer to a vacancy is obtained by

P= exp(— %) (1)

where k& and 7 is the Boltzmann constant and temperature of the system,
respectively. By using the energy barrier and Eq. (1), large scale simulations of
transport phenomena of oxygen ions in a ceramic membrane will be performed.
From this technique, we will analyze the effect of the combination of materials
which construct ceramic. Moreover, we perform the reaction phenomenon between
oxygen molecule and membrane surface by first-principle molecular dynamics
simulations. As a result, we can obtain the phenomena that an oxygen molecules
changes to an oxygen ion.

Achievements

In the first year we made an experimental apparatus and simulation program
separately and are ready to make a collaborative research. Therefore we believe the
goal of this year was achieved.

Summaries and future plans

This year we worked on and completed an experimental apparatus and simulation
code separately. Next year we will first simulate the ion transport phenomena in a
typical case and start to discuss the material. Finally we will analyze the
characteristics of the membrane which has high ionic conductivity.

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] T. Tokumasu and J. Ahn: Transport Phenomena of Substances in Electrolyte of

3)

Solid Oxide Fuel Cell, Proceedings of the Thirteenth International Symposium on
Advanced Fluid Information, Sendai, (2013), pp. 138-139.

Patent, award, press release etc.
Not applicable.
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Project code J13097

Classification General collaborative research
Subject area Energy

Research period | April 2013 ~ March 2014
Project status 1st year

Optimization of Artificial Islands Arrangement for Reduction of Tsunami Damage

Fumiya Togashi*f+, Shinkyu Jeong**
Rainald Lohner*** Shigeru Obayashi****¥
*Senior research scientist, Leidos, USA
**Kyung Hee University, Korea
***College of Science, George Mason University, USA
****Institute of Fluid Science, Tohoku University
tApplicant, $fnon-IFS responsible member

Purpose of the project

The objective of this study is to explore the possibility of diminishing the future
huge tsunami energy by installing artificial islands on the ocean and to research the
optimized island locations using Multi-Objective Genetic Algorithms (MOGA) to
maximize the effectiveness of tsunami energy diminishing.

Details of program implement

Our in-house general purpose CFD code, FEFLO has a capability of calculating 3D
Tsunami flow as shown in Fig.1. We optimized an artificial island arrangement to
diminish Tsunami damage by multi-objective genetic algorithm software, which was
developed at IFS. The artificial island configuration in this study was shown in Fig.
2.

Twelve sample arrangements were prepared before the optimization. The distance
range from the land (=x in Fig. 2) for the sample arrangements were from 2.3 m to
11.4 m. The distances between the islands (=d in Fig. 2) were from 0.6 to 3.27 m. The
peak water heights (objective 1) were measured at the center front of each building
and impulse (objective 2) values were measured at 1.2 m height of each building.
The average values of the sample arrangements were shown in Table.1.

The optimization software gave us the optimized location: x=6, d=0.75. The objective
values obtained were also shown in Table 1. All the values were decreased compared
with sample averages. It means that Tsunami damage was successfully diminished.

Figure 1 : 3D Computation of Tsunami by FEFLO
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Figure 2 : Configuration for an optimization

Table 1. Average and optimized peak water heights and impulses.
Obj.Func. 1:Water height of building 1(Top), 2:Water height of building 2(Middle),
3:'Water height of building 3(Bottom), 4:Impulse of building1, 5:Impulse of building2,
6:Impulse of building3
Obj.Func. 1 2 3 4 5 6
Sample Ave. | 2.75|2.76 | 2.77 | 15.51 | 17.94 | 16.61
Optimization | 2.69 | 2.71 | 2.73 | 13.01 | 16.03 | 14.81

3. Achievements
We successfully performed an optimization simulation of an artificial island
assignment to diminish Tsunami damage by our in-house CFD code, FEFLO
and multi-objective design optimization code.

4. Summaries and future plans
An optimization of artificial island locations to diminish the tsunami energy was
investigated. The multi-objective design optimization code developed at IFS was
applied to this optimization simulation and showed good improvement (15% of
damage reduction). Our future plan is to develop this model to more practical and
realistic artificial island model. This year model was simple cylindrical shape and
2-D location arrangement. We would like to apply the new code to more practical
shape i1slands and to explore more effective arrangement.

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

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)
*[1] F. Togashi, S. Jeong, R. Lohner, and S. Obayashi: Optimization of Artificial Small
Islands Arragnement for Tsunami Diminishing using Design Exploration,
Proceedings of the Thirteenth International Symposium on Advanced Fluid
Information, Sendai, (2013), pp. 56-57.

3) Patent, award, press release etc.
Not applicable.
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Effects of Temporal and Spatial Oxygen Heterogeneity on Cell Processes

Kenichi Funamoto*¥, Ioannis K. Zervantonakis**, Roger D. Kamm***{+
*Institute of Fluid Science, Tohoku University
**Department of Cell Biology, Harvard Medical School
***Department of Mechanical Engineering, Massachusetts Institute of Technology
TApplicant, fnon-IFS responsible member

1. Purpose of the project

Both 1n wvivo and in vwvitro 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 developed a microfluidic device, which allows for 3D real-time observation of
cellular phenotypes under controlled oxygen tensions. In this project, the effects of
oxygen heterogeneity on cell migration, endothelial permeability regulation and
angiogenesis are investigated by using the microfluidic device.

2. Details of program implement

1.Z. originally planned to visit Institute of Fluid Science for the 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 cellular experiments and face-to-face
discussion at MIT and Harvard Medical School from Mar. 9, 2014 to Mar. 19, 2014.
During the research period, discussions about cellular experiments were done by email
or Skype as appropriate.

In this project, the following topics have been investigated by cellular experiments
with a microfluidic device:

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

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

3. Cell-cell interactions between cancer cell/fibroblast and endothelial cell
In this fiscal year, we conducted preliminary cellular experiments about the
above-mentioned topics #1 and #3. Collagen type I gel was placed in the gel channel of
the microfluidic device, and normal human umbilical vein endothelial cells, HUVECs,
were seeded in the right-hand side media channel in the device. Formation of
endothelial monolayer on the gel surface was investigated by trial and error (topic #1).
As for the co-culture of different cell types (topic #3), fibroblasts of NIH Swiss mouse
embryonic fibroblast cell line (NIH/3T3 fibroblasts) and HUVECs were seeded and
cultured in the collagen gel and in the media channel, respectively.

3. Achievements

A method to form an endothelial monolayer on the gel surface in the microfluidic
device was established. In addition, co-culture of fibroblasts and endothelial cells in the
same device was achieved (see Fig. 1). The techniques necessary for cellular
experiments were successfully obtained, but cellular experiments under hypoxic
conditions have not carried out yet.
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No cells HUVECs HUVEC monolayer

Phase-contrast image Fluorescent image

blue: nuclei
NIH/3T3 fibroblasts green: VE-cadherin

in 2 mg/ml collagen type | gel

Figure 1 : Microscopic images of co-cultured cells in a microfluidic device: an overview of
the channels (left) and a magnification of an interface of the collagen gel in the device
(middle and right).

4. Summaries and future plans

We established how to form an endothelial monolayer in our microfluidic device and
how to culture fibroblasts and endothelial cells in the same device. As the next step, cell
culture under hypoxic conditions will be conducted to quantify permeability change of
the endothelial monolayer and cell viability due to hypoxia. In addition, the effects of
hypoxic conditions on cell behaviors and cell-cell interactions will be investigated.

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

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

(1] AR fdt—: ~A 7 afiifkT A R & HW Ml OIREERIGE OBIEE, H A2
2013 A=A R OR 22T R SC4E, (2013), W271005, No. 13-1, (CD-ROM).

*[2] Kenichi Funamoto, Ioannis K. Zervantonakis, Kiyoe Funamoto, Takuya Ito,
Yoshitaka Kimura, Roger D. Kamm: Effects of Temporal and Spatial Oxygen
Heterogeneity on Cell Processes, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 92-93.

[3] K. Funamoto, I.K. Zervantonakis, R.D. Kamm: Development of a Microfluidic
Device for a Three-Dimensional Cell Culture under a Controlled Hypoxic
Environment, Proceedings of the Thirteenth International Symposium on
Advanced Fluid Information, Sendai, (2013), pp. 184-185.

[4] A fE— REER ~ A 7 QiR T S A AT, & 11 RIS A & A R¥ T RS,
(2013).

3) Patent, award, press release etc.
Not applicable.
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Development of Bio-Template Process for Realizing Etching Mask
of 2D Ordered or Dispersed Array of Nanoparticle
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Control of 3-D Boundary-Layer Transition on a Swept Wing
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Fig.3 Flow visualization
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Fig.4 Surface temperature visualization by Fig.5 Mean velocity w/U(U=28[m/s])
using infrared camera
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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. 5. Effect of flotsam (lumber) mixing with tsunami on impact force for the
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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.

L]

A flotsam 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
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.

L]

ST L Density | ickges
SPH element : 943,950 Lt
Total nodes : ] — (kg/m?) (mm)
316,400 Emall tank 1038.31 N/A
Large tank 7850.0 20
Water column:
6.7mx 12m x 20m
Rigid body or
o Elastic-plastic body model
Rigid body model 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.
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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

(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).
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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: 7
'

Buoyancy: |F, = Apgl’

i v

2.2
Inertia: F=p,— Pl
4

Similarity law:

A ENYAS . ,
7, =—|—>|~"—| (Froude number of flotsam mixed tsunami)

F, | |Apgl

V2
T, = = — (Froude number of single-phase tsunami)

g
o z—’" — (Effect of flotsam mixing on tsunami damage)
T, Ap

where Ap is the density difference between flotsam and seawater, Pn s 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 1/1000t 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 1/1000th scale model generated tsunami.

tsunami was roughly correlated by the #rnumber scaling although the source term was not
scaled, since the full scale data was not available at that time. This is another surprise for
validity of this simple scale model experiment.
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1. Purpose of the project

It is known that near-limit low-Lewis-number flames sometimes taking form of
spatially localized combustion spots that is result of flame self-fragmentation near
flammability limits. In spite of recent years significant progress in modeling of gas
combustion the problems of premixed combustion near the flammability limits are still
not well investigated. The main problems are associated with lack of knowledge on the
joint influence of diffusion processes, radiative heat losses and chain reactions on the
structure of the spatially non-uniform combustion waves. The main objective of the
project is development and generalization of fundamental theory of non-stationary
behavior of self-fragmented (sporadic) premixed flames near the flammability limits
caused by heat losses, transport processes and flow non uniformity.

2. Details of program implement

Although there exist extensive literatures on flammability limits of stretched premixed
flames, comprehensive picture of the near-limit behavior of low-Lewis-number flames
are not fully elucidated. The results of microgravity experiments and theoretical
investigations of stretched premixed flames with general Lewis numbers are widely
presented in literature [1]. At the same time there is a lack of fundamental knowledge
on dynamical behavior of low-Lewis-number stretched premixed flames. In the recent
work of the authors [2] the characteristic combustion regimes of lean counterflow flames
were investigated experimentally and numerically. It was found that 3D
thermal-diffusion model with single-step Arrhenius kinetic is capable to describe the
main features of near-limit low-Lewis-number stretched flames observed in
microgravity experiments. Since the 3D numerical simulations of the reactive flows
with detailed chemistry demands extremely large computation time the use of reduced
model seems to be reasonable for qualitative investigation of the complex flame
behavior in the wide range of parameters.

The 3D configuration considered in the present study is back-to-back
counterflow premixed flames. In this configuration the air—fuel mixtures are issued
from two opposed burners placed in positions y=+L; forming two flames near the
stagnation plane y=0. A conventional reaction-diffusion model [3,] is employed

T +VNT=V’T-WT*-c*)+(1-c)W(T,C) (1
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C,+VNC=Le'V’T -W(T,C) 2
Here 7 is the scaled temperature in units of 75 the adiabatic temperature of
combustion products; Cis the scaled concentration of the deficient reactant in units of
Cy, its value in the fresh mixture; (a/2x, -ay, a/22) is the dimensionless velocity vector in
rectangular coordinates normalized by adiabatic flame speed Ur a 1is the
non-dimensional stretch rate; o = 7o/Th» where 7p is the fresh mixture temperature;
W(T, C)is the chemical reaction rate.

The following inlet boundary conditions are applied

Inlet (y=tL,): T=0; C=1 (3)

The boundary conditions on the other sides of computation domain are given as
x=*Ly, 7=tL; T=0; C=0.

The set of governing equations (1)-(2) was solved numerically by explicit
finite-difference scheme. Five sets of the orthogonal grids of 256x192x256, 320x240x320,

Fig.1. Equiscalar surfaces C=0.15 (a-c) and the slices of concentration
distributions (d-f) in z=0 plane, corresponding to planar, cellular and sporadic
counterflow flames, respectively. Figures 1 (g-i) are experimental photos of
counterflow flames for a=4.2, ¢ =0.4 (g), a=1.038, ¢ =0.47 (h), a=1.038,

$=04 (.
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384x288x384, 400x304x400 and 416x320x416 were employed. Convergence tests
showed that the results of calculations for the three last-named finer grids are
qualitatively the same and quantitative difference in flame speed V=ayr of adiabatic
flame (h=0) was less than 0.2%. The solutions presented below correspond to the
384x288x384 grid and they were evaluated for Le=0.5, 0 =0.2, N=10.5.

The parallel computations of 3D problem on the base of GPU were realized that allows
significantly decrease computation time.

In the present study the characteristics of lean counterflow premixed flames
with radiative heat losses are studied numerically. The big variety of flame patterns
were revealed in simulations of lean low-Lewis-number stretched premixed flames. The
planar and cellular continuous flames, sporadic combustion wave and worm-like
flames exist in the certain ranges of problem parameters. Equiscalar surfaces for
concentration (C=0.15) typical for planar, cellular and sporadic combustion waves
are shown in Fig. 1. The slices of concentration distributions in z=0 plane are shown in
Fig. 1 as well (see Fig.1 d-f). Flow direction is shown by arrows, the stagnation plane is y
=0 plane and the z= 0 plane is shown by dashed lines in figures (a-c). Figures 1 (g-i) are
experimental photos of counterflow flames for a=4.2,¢ = 0.4 (g), a=1.038, ¢ =0.47 (h),

a=1.038, ¢=0.40).

The locations of the different combustion regimes at the equivalence
ratio/stretch rate plane were determined. Numerically obtained regime diagram is
compared with available experimental data obtained during the parabolic flight
experiments providing microgravity conditions.

It was found that the planar counterflow flame was observed for the
respectively high stretch rates and equivalence ratios (see Fig. 2a). Decreasing of the
stretch rate leads to the flame front cellularization. In this case, the flame represents by
continuous surface separating unburned gas and combustion products and it is possible
to determine the mean flame front position [2]. As one would expect, continuous flame
consumes the deficient reactant completely. Interestingly that the border between these
two combustion regimes represents in non-dimensional variables by the line

“llll*illlr::h:h rate (1/s) a 1T stretch rate (1/s) b
Planar flame
Planar
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Fig. 2. Numerical (a) and experimental (b) regime diagrams in equivalence ratio /
stretch rate plane
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corresponding to the constant stretch rate a=const. It may be assumed that the effect of
the flame strain suppress the influence of thermal-diffusive instability.

In the range of respectively small equivalence ratios and stretch rates, the
flame front structure gradually changed. With decreasing of equivalence ratio, the cell
size increases at first, after that the cellular flame suffers local extinction at some of its
cusps accompanied by a noticeable escape of the unconsumed reactant through the
emerging gaps. For sufficiently lean mixtures, the cellular flame disintegrates into a
group of nearly identical cells resembling flame balls. Their mutual arrangement
however is not frozen but involves fluctuations, sporadic detachments of the leading cell
from the others, followed by its disintegration and formation of the secondary cells that
are nearly identical to the primary one. As a rule after the splitting, one of the ball-like
flames 1s moved downstream with the flow and eventually disappears due to gradual
depletion of the mixture. However, the time averaged y-coordinate of the flame balls
remains almost constant. This fact allows determining the mean flame position (y¢) even
the continuous flame front does not exist.

Sporadic flame regime described above is observed at low values of equivalence
ratios and stretch rates lies beyond the flammability limits of 1D planar stretched flame
(see Fig. 2a). This fact may be explained by reduction of the total radiative heat losses
from the combustion products and the flame curvature effects being peculiar to the
flame ball-like structures. The significant fuel leakage is observed during sporadic
regime of combustion. It may be concluded that thermal-diffusion instability of
low-Lewis-numbers flame leads to formation of sporadic combustion regime and
extension of flammability limits. Numerical and experimental results reveal that with
decreasing of equivalence ratio, the flame cell size decreases, whereas the gap between
the cells increases. In order to compare characteristic size of the cells forming sporadic
combustion wave, the average cells size was estimated from 2D flame representation.
The characteristic size of ball-like flames observed in numerical simulations is
estimated as 1-2.5 cm that roughly corresponds to the experimental observations.

Figure 2b shows the regime diagram plotted on the base of available
experimental results. As it is seen experimental observations of lean low-Lewis-number
counterflow flames demonstrate the same tendency of the flame structure variations.
Namely, for respectively high stretch rates and equivalence ratios, the planar flames
stabilized near the stagnation plane, are observed. Decreasing of the stretch rate and
equivalence ratio leads to the flame front cellularization and further to the
disintegration of continuous flame front on the separate cup-like fragments.

In order to investigate quenching limits of sporadic combustion wave, the
change of the counterflow flames’ structure with reducing equivalence ratio was
examined at fixed value of the stretch rate. The value of equivalence ratio initially
placed in sporadic combustion regime region is linearly decreases with time. The
simulations with variable mixture content reproduce experimental procedure.
Numerical simulations show that qualitative behavior of the counterflow flames is
independent on the slope of ¢ =¢@(¢) line. The typical evolution obtained for Le=0.5

and a=0.2 s1is presented in Fig. 3. At first, two flames located near the stagnation
plane move closer together with decreasing of equivalence ratio (Fig. 3 a-c). At this stage,
the flames are asymmetrical. Further, at some equivalence ratio the flames merge,
forming one or more prolate worm-like flames, each of which is located almost
symmetrically around stagnation plane as depicted in Fig. 3 d-f. These flames have been
moving near stagnation plane during relatively long time (up to 2-7 sec) and then they
have blown out from the computation domain along the stagnation plane. The diameter
of each worm-like flame is almost constant during the whole period of evolution while
the length and form may significantly change.
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Fig.3. Typical evolution of the flame structure (equiscalar surfaces 7=0.43 are
depicted) in the course of the decreasing of equivalence ratio under the fixed
stretch rate condition.

In the course of project implementation Indian (S. Kumar) and Russian (R.
Fursenko, E. Sereshchenko and S.Minaev) project members visited Institute of Fluid
Science, Tohoku University. During the visit Japanese, Indian 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 13th International AFT conference
and presented the results of the project.

[1] K. Maruta, et al., 26th Symp. (Int.) Combust. (1996), 1283.
[2] R. Fursenko, et al., Proc. Combust. Inst. 34 (2013), 981.
[3] L. Kagan, G.. Sivashinsky, Combust. Flame. 108 (1997), 220.

3. Achievements

All results which have been expected in the submitted project were achieved. The
fulfillment of the project allows to investigate characteristics of the self-fragmented
flames propagating in the counterflow configuration. The dependencies of flame
propagation velocity, average flame cells size and their density on the heat losses
intensity and Lewis number have been obtained. The effects of transport and flow
properties, radiative heat losses and others on the self- fragmented combustion wave
structure was investigated numerically.

4. Summaries and future plans

Numerical simulations and experimental observations of low-Lewis-number stretched
premixed flames under the microgravity conditions reveal the essential variety of
combustion regimes. The planar and cellular continuous flames, sporadic combustion
wave and worm-like flames exist in the certain ranges of problem parameters. A new
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combustion regime with relatively long but finite lifetime was determined. One or
several moving worm-like flames characterize this regime numerically and
experimentally. The regions of existence of different combustion regimes in equivalence
ratio/stretch rate plane were determined. The extension of flammability limits
associated with existence of sporadic combustion regimes has been detected. The
numerical results qualitatively coincide with experimental observations that justify the
use of reduced model and allow us to distinguish the main physical processes governing
flame behavior. We assume that the diffusive-thermal instability could have a profound
impact on dynamic behavior of low-Lewis-number counterflow premixed flames.

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

5. Research results (k reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] R. Fursenko, S. Minaev, H. Nakamura, T. Tezuka, S. Hasegawa, K. Takase, X. Li, M.
Katsuta, M. Kikuchi, K. Maruta: Cellular and sporadic flame regimes of
low-Lewis-number stretched premixed flames, Proceedings of Combustion Institute,
Vol. 34, Issue 1, (2013), pp. 981-988.

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

*[2] S. Minaev, K. Maruta, R. Fursenko, S. Kumar, B. Mazurok: Flammability limits of
low-Lewis-number premixed flames, Proceedings of the Thirteenth International
Symposium on Advanced Fluid Information, Sendai, (2013), pp. 178-179.

3) Patent, award, press release etc.
Not applicable.
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(1) Electrostriction of filled EAP

The main idea at the origin of filling EAP comes from the critical increase of the
dielectric constant when reaching the percolation threshold of electrically conducting
fillers [1].

Such a behavior has been observed in various systems, and an example is given in
Fig.2. It exhibits the complex conductivity modulus |o’| as a function of frequency. For
comparison, the straight curve with the lower |o| corresponds to pure polyethylene (PE)

which 1s known to be almost non polar.
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Fig.2: Complex conductivity modulus versus frequency for pure PU and PU filled with
increasing volume fraction of carbon black (CB). The lowest curve corresponds to pure
PE (see text for details)

It appears that pure PU exhibits a constant conductivity at low frequency, which may
correspond to ionic conductivity. At increasing carbon black content |o'| increases first
slightly and above 1%, much more rapidly. By plotting |o'| versus the carbon black
volume content, vce, and comparing the experimental data with the curve of the
universal percolation equation, it is possible to determine the percolation threshold
(here around 1.25%) and the exponent close to 3 (Fig.3). This rather good accordance
indicates that CB particles are randomly dispersed in the matrix. However, it must be
pointed out that this unusually low threshold for spherical particles is classical for CB.
It corresponds to the fact that CB elementary particles (of few nm in diameter) form
aggregates with a lot of included matrix inside with average diameter of few pm. The
percolation threshold of these aggregates is around 20vol%, as expected.

At this point, it is of interest to test the electrostrictive behavior as performed above
on pure PU. Fig.4 clearly shows a regular increase of the slope M of —Sz versus E2 at
increasing CB content up to 1.25vo0l%. Above this value, electrostriction starts to behave
in a different way (following not anymore a linear behavior) and moreover decreases
with CB vol%. Fig.4(right) exhibits the variation of the electrostriction coefficient M as a
function of the CB content below and above the percolation threshold. Two different
behaviors are displayed. At first, below the percolation threshold v., where the direct
current (DC) conductivity remains small, the behavior can be understood through eqn.3
where CB aggregates play the role of high dielectric constant
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Fig.4: Left: Electrostriction strain versus E> for various CB content below and above the percolation
threshold. Right: Electrostriction coefficient M versus CB content.

domains with high stiffness and the matrix appears to be much softer with a lower
average dielectric constant. On the other hand, at CB content above ve, the DC
conductivity becomes dominant and most of the electrical energy is lost by Joule effect.
Thus electrostriction is less and less efficient.

To conclude this part, it appears that electrostriction is much more efficient in
heterogeneous EAP, whatever the origin of heterogeneities. They may result from phase
separation like in segmented polyurethanes or from addition of particles like in filled

elastomers.

(2) Energy harvesting

Among the domain where lightening is of crucial importance, aerospace is probably
the best example. For sake of security, the use of non-destructive control or evaluation is
strongly challenging. It is based on the use of sensors and requires signals treatments
and analysis. One hard to overcome barrier is to transmit the data from the sensors to a
computer dedicated of these treatments: the use of wires would be prohibited because of
the weight increase it should lead to. Thus the use of radio transmission is the only way,
but it requires local power supply, as light as possible. The solutions actually
investigated are based on local energy harvesting. Such energy should be used at 2
different steps, (i) the active or passive sensors circuitry power supply and (ii) the data
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Piezoelectric materials are classically used to convert mechanical vibration into electric
power [4], but more recently the use of EAP is under investigation. The largest
difference between both system is the need of a polarization potential (with a relatively
high voltage ~ few V/um for films of about 10 to 100pm), which asks the question of
starting the energy conversion process. The group headed by Guyomar at INSA-Lyon
focused a large part of its activity on this subject since several years.

Fig.5 shows a general setup to evaluate the capability of EAP subjected to vibrations
(produced by an electromechanical exciter) which simulates the mechanical vibrations
available in the area where energy harvesting is desired.

It is interesting, as summarized in Table 1, to notice that a large increase of the power
harvested was reached by dispersing fillers and clearly, the optimization of the choice of
both the matrix and the fillers requires further theoretical works, and the above
described approach should be a good starting point in this view.

Table 1: example of energy harvested with different EAP with or without conducting
fillers (from [1]).

Type of EAP e Y (MPa) Power harvested (pW/cm3)
PU pur 4.8 21 0.4
PU 0.5%SiC 6.2 39 0.8
PU 1%CB 8.2 24 1.3
P(VDF-TrFE-CFE) 41 242 9.3
P(VDF-TrFE-CFE)1%CB 72 261 16
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Moreover, Guyomar et al. [3,4] demonstrated that not only the active elements (EAP
in this case) should be optimized, but also the electrical circuit which is connected to it.
They developed a technic so-called "synchronized switch harvesting on inductor" (SSHI)
and designed various types of circuits. They showed that by choosing the right time of
connection and disconnection of a self, they could improve a lot the harvested energy.
This is schematically reported in Fig.6, where the efficiency of their system is given by
the area under the different curves.
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Fig.6: Normalized power for SSHI methods (circle and squares) compared to the
conventional case (without switching, diamond). Lines corresponds to theoretical
calculations, whiles dots are experimental data

Though these results are very promising, still now, the energy available is too small to
allow measurements and data transfer by radio transmission. However, the power
required for these two tasks decreases with the increase of circuit efficiency. Thus EAP
appear to become attractive materials for such applications.

(3) RFPPEITE=FV) TR H
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inductively coupled plasma (ICP)
gas:Cl, 20sccm, 20mTorr

source power: 1000W (13.56MHz)
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