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Table 1 Average pitch-rotational velocity and overshoot angles
Average rotational velocity 

(rad/sec)
Primary over shoot angle (°)

Standard shuttlecock 134 -48.7
Shuttlecock w/o gaps 82 -55.6

Conic shuttlecock 87 -66.7
Conic w/o gaps 69 -70.0
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Advanced Fluid Information, Sendai, (2013), pp. 108-109. 

[3]

[4]
 

 

－ 40 －



 
 

 

 
Jun Ishimoto*†, Kazuo Matsuura**, Jin-Goo Park***†† 

*Institute of Fluid Science, Tohoku University,  
**Graduate School of Science and Engineering, Ehime University 

***NEMPL, Hanyang University 
†Applicant, ††non-IFS responsible member 

 
 
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. 
 

 
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. 

Project code J13019 
Classification Conferential collaborative research
Subject area Aerospace 
Research period April 2013 ~ March 2014
Project status 2nd year 
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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. 
 

 
 
 
 
 
 
 
 

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

 
 
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%. 
 

 
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. 
 

 
 Not applicable.
 

*[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. 

 Not applicable.

Air speed at the 
air-intake: small 

Door Vent Large 

Stable buoyant jet 
Smooth exhaust

H2 dense

dilute 

Buoyant jet is disturbed 
by cross flows 
Hydrogen fills the room 
 

Air speed at the 
air-intake: small 

Door Vent Small 

－ 42 －



－ 43 －



0

1

2

3

4

5

0 1 2 3 4 5

Pr
es

su
re

 d
ro

p 
pe

r u
ni

t l
en

gt
h 

(C
al

cu
la

tio
n)

ca
l[

kP
a/

m
]

Pressure drop per unit length (Experiment) exp [kPa/m]

q = 5, 10, 20 kW/m2

+30%

-30%

Woldesemayat model

Circular
Square
Trianglar
Inverted-trianglar

0

0.5

1.0

1.5

2.0

0 0.050 0.100 0.150 0.200 0.250
Thermal equilibrium quality xeq [-]

h c
al

/ h
ex

p
[-

]

q = 5,10, 20 kW / m2

+20%

-20%

Side Top
Plug
Slug
Slug - annular
Wavy - annular
Wavy

Flow pattern

0

1.0

2.0

3.0

4.0

0 500 1000 1500

Pr
es

su
re

 d
ro

p 
pe

r u
ni

t l
en

gt
h 

[k
Pa

/m
]

Mass flux G [kg/(m2 s)]

q = 10 kW/m2

Blasius eq.

Homogenous
flow model

Separation flow model 
(Butterworth eq.)

A

B

C

0

1

2

3

4

5

6

7

0 200 400 600 800 1000

Pe
rio

d 
T

[s
]

Time-averaged mass flux G [kg/(m2 s)]

Circular
Square
Trianglar
Inverted-trianglar

－ 44 －



－ 45 －



0

10

20

30

40

0 1 2 3 4

[k
Pa

/m
]

v [m/s]

q = 0 [kW/m2]
P = 0.117-0.149 [MPa]

q = 0 [kW/m2]
P = 0.126 [MPa]

0

2

4

6

8

10

0 2 4 6 8 10

[k
Pa

/m
]

exp [kPa/m]

+30 %

-30 %

q = 20, 30 [kW/m2]
P = 0.115-0.160 [MPa]

0

2

4

6

8

10

0 2 4 6 8 10

Lc
al

[k
Pa

/m
]

exp [kPa/m]

+30 %

-30 %

q = 20, 30 [kW/m2]
P = 0.114-0.126 [MPa]

0

2

4

6

8

10

0 2 4 6 8 10

ca
l[

kP
a/

m
]

exp [kPa/m]

+30 %

-30 %

q = 20, 30 [kW/m2]
P = 0.114-0.126[MPa]

－ 46 －



－ 47 －



－ 48 －



－ 49 －



－ 50 －



－ 51 －



－ 52 －



A B

C D

－ 53 －



Contact lens

CL case

water

plasma

3 : 

Function generator

Oscilloscope

Amplifier

－ 54 －



－ 55 －



(a)                                        (b)

－ 56 －



－ 57 －



－ 58 －



－ 59 －



－ 60 －



1 Y = 0 H
(a) 

X = 0 (b)
X = 0

St for TBL

St for LBL

2 Stanton St

TBL: LBL:

y/H

x/H

-0.1 1.05

St

－ 61 －



*[1] S. Xia, Y. Ito, K. Nagata, Y. Sakai, H. Suzuki, O. Terashima and T. Hayase: DNS Study on the Development of Boundary Layer with Heat 
Transfer under the Effects of External and Internal Disturbances, Journal of Fluid Science and Technology, Vol.9, No.1(2014),13-00259.

[2] DNS 
(B ), 80 809 (2014),13-00533.

[3] T. Watanabe, Y. Sakai, K. Nagata, O. Terashima, H. Suzuki, T. Hayase and Y. Ito: Visualization of Turbulent Reactive Jet by Using 
Direct Numerical Simulation, International Journal of Modeling, Simulation, and Scientific Computing, Vol.4(2013), 1341001.

[4] 
(B ), 79 807 (2013), pp.2434-2445.

[5] H. Suzuki, K. Nagata, Y. Sakai, T. Hayase, Y. Hasegawa and T. Ushijima: Direct Numerical Simulation of 
Fractal-Generated Turbulence, Fluid Dynamics Research, Vol.45 (2013), 061409.

[6] H. Suzuki, K. Nagata, Y. Sakai, T. Hayase and Y. Hasegawa: An Attempt to Improve Accuracy of Higher-Order Statistics 
and Spectra in Direct Numerical Simulation of Incompressible Wall Turbulence by Using the Compact Schemes for 
Viscous Terms, International Journal for Numerical Methods in Fluids, Vol.73, No.6 (2013), pp.509-522.

[7]
Rotta (B ), 79 807 (2013), pp.2363-2374.

[8] N. Wu, Y. Sakai, K. Nagata, H. Suzuki, O. Terashima and T. Hayase: Analysis of Flow Characteristics of Turbulent Plane Jets 
Based on Velocity and Scalar Fields Using DNS, Journal of Fluid Science and Technology, Vol.8, No.3 (2013), pp.247-261.

[9] H. Suzuki, K. Nagata, Y. Sakai, T. Hayase, Y. Hasegawa and T. Ushijima: DNS on Multiscale-Generated Grid Turbulence Using Classical 
Grid, Proc. of the 8th International Symposium on Turbulence and Shear Flow Phenomena, Poitiers,France(2013), Paper no. HOM1E.

[10] T. Watanabe, Y. Sakai, K. Nagata, Y. Ito, O. Terashima and T. Hayase: DNS-PDF Simulation of Turbulent Mixing in a 
Reactive Planar Jet, Proc. of the 13th International Conference on Systems Simulation, Singapore (2013), pp.445-452.

[11] H. Suzuki, K. Nagata, Y. Sakai, T. Hayase, Y. Hasegawa and T. Ushijima: DNS study on Small-Scale Characteristics of 
Fractal-Generated Turbulence, Proc. of the 4th International Conference on Jets, Wakes and Separated Flows, Nagoya, 
Japan (2013), paper no. ICJWSF2013-1109.

[12] Y. Zhou, K. Nagata, Y. Sakai, H. Suzuki, Y. Ito, O. Terashima and T. Hayase: Direct Numerical Simulation of 
Single-Square Grid-Generated Turbulence, Proc. of the 4th International Conference on Jets, Wakes and Separated Flows,
Nagoya, Japan (2013), paper no. ICJWSF2013-1102.

[13] S. Xia, Y. Ito, K. Nagata, Y. Sakai, H. Suzuki, O. Terashima and T. Hayase: Study on the Effects of Grid-Generated 
Turbulence on the Initial Growth of Turbulent Boundary Layer by Direct Numerical Simulation, Proc. of the 4th 
International Conference on Jets, Wakes and Separated Flows, Nagoya, Japan (2013), paper no. ICJWSF2013-1169.

[14] N. Wu, Y. Sakai, K. Nagata, H. Suzuki, O. Terashima and T. Hayase: Effects of Initial Condition on Coherent Structure 
and Evolution of Turbulent Plane Jets, Proc. of the 4th International Conference on Jets, Wakes and Separated Flows,
Nagoya, Japan (2013), paper no. ICJWSF2013-1010.

*[15] K. Nagata, Y. Sakai, T. Hayase, O. Terashima, N. Wu, S. Xia, T. Watanabe, Y. Ito, Y. Zhou and A. Sasoh: Effects of External 
Disturbances on Spatial Development of Turbulence and toward the Control of Thermo-Fluid Dynamics (Cases of Boundary 
Layer and Jets), Proc. of the 13th International Symposium on Advanced Fluid Information, Sendai, Japan (2013), pp.154-155.

[16] S. Xia, Y. Ito, K. Nagata, Y. Sakai, H. Suzuki, O. Terashima and T. Hayase: DNS Study on Boundary Layer with Heat Transfer affected by 
Disturbances Created by a Grid and Small Cubes, Proc. of the 10th International Conference on Flow Dynamics,Sendai, Japan (2013), pp.126-127.

[17] N. Wu, Y. Sakai, K. Nagata, H. Suzuki, O. Terashima and T. Hayase: Reynolds-Number Dependency of Budget of Kinetic Energy 
and Turbulence Structure in Plane Jet, Proc. of the 10th International Conference on Flow Dynamics, Sendai, Japan (2013), pp.76-77.

[18] T. Watanabe, Y. Sakai, K. Nagata, O. Terashima, Y. Ito and T. Hayase: Characteristics of Turbulent/Non-Turbulent 
Interface in a Turbulent Planar Jet with a Chemical Reaction, American Physical Society 66th Annual Meeting of the APS 
Division of Fluid Dynamics, Pittsburgh, Pennsylvania, USA (2013). 

[19] T. Watanabe, Y. Sakai, K. Nagata, O. Terashima, Y. Ito and T. Hayase: Scalar Transfer Across a Turbulent/Non-Turbulent Interface in a Planar Jet, 
American Physical Society 66th Annual Meeting of the APS Division of Fluid Dynamics, Pittsburgh, Pennsylvania, USA (2013). 

[20] DNS
41 (2013).

[21] DNS
2013 (2013).

[22]
2013 (2013).

－ 62 －



 

*†,  **††,  **, **,  
 **,  * 

*GE **  
† ††  

 

1) 2) 
3) 3

in vitro

in vitro
 

 
 

2013 GE 3

Twinkling sign (TS) 2013 TS
2) 3)

in vitro
Poly (vinyl alcohol) hydro (PVA-H) 

1 a
PRF 1 (b)

PRF (923 Hz) PRF TS

[1]-[3] in vitro
Comwave

 
 

 
TS

 J13030 
  

 
 2013.4 ~2014.3 
 1  

－ 63 －



 

 
1 (a) PVA-H

Pulse Doppler
(b) PRF= 923 Hz

PRF  
 

 
2013

TS

TS

 
 

 
 

*[1] L. Liu, K. Funamoto, M. Tanabe and T. Hayase: Fundamental Study on Micro 
Calcification Detection Using Twinkling Sign (TS): The Effect of Stiffness of Surrounding 
Tissue on the Appearance of TS, 35th Annual International Conference of the IEEE 
EMBC, (2013), pp. 1390-1393. 

 
*[2] L. Liu, K. Funamoto, M. Tanabe and T. Hayase: In-depth Investigation of Twinkling 

Sign: Optical Observation of Ultrasound Radiation Force Driven Oscillation of Glass 
Particle, Proceedings of the Thirteenth International Symposium on Advanced Fluid 
Information, Sendai, (2013), pp. 58-59. 

[3]     : In vitro Study on Twinkling Sign of 
Microcalcification in Soft Tissue: The Effect of Particle Size and Particle Type, 
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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.  

 
 
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 m) 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 
1a), 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.   
 

 
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.  

 
 
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.     

 
 
 

*[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 (FLUCOME2013), Nara, (2013), OS5-01-3, pp. 
1-10. 

 

[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, No.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. 
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[1] Jun Ishimoto, U Oh, Tomoki Koike, and Naoya Ochiai: Cryogenic Single-Component 
Micro-Nano Solid Nitrogen Particle Production Using Laval Nozzle for Physical Resist 
Removal-Cleaning Process, ECS Transactions, Vol. 58, No. 6, (2013), pp. 231-239, 
doi:10.1149/05806.0231ecst.  
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Flux Cooling Characteristics of Cryogenic Micro-Solid Nitrogen Particles and Its 
Application to Semiconductor Wafer Cleaning Technology, Cryogenic Engineering 
Conference and the International Cryogenic Materials Conference (CEC-ICMC), Alaska, 
(2013).  

*[3] Jun Ishimoto, Guanghao Wu, and Kazuo Matsuura: Numerical Study of High-Speed 
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Miyuki Endo, Yupeng Dong, Toshiyuki Hayase and Yoshitaka Kimura: Cardiac 
evaluation of fetal mice by ECG and ultrasound, Proceedings of the Thirteenth 
International Symposium on Advanced Fluid Information, Sendai, (2013), pp. 60-61. 
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*[1] Y. Ogawa, A. Nakagawa, T. Washio, T. Arafune, and T. Tominaga: Tissue dissection 
before direct manipulation to the pathology with pulsed laser-induced liquid jet system in 
skull base surgery - Preservation of fine vessels and maintained optic nerve function, 
Acta. Neurochir, 155(10), (2013), pp. 1879-86. 

[2] Armonda R
blast-induced traumatic brain injury Annual Review  2014

( ) 4 (2014), pp. 192-198. 
 

*[3] A. Nakagawa, K. Ohtani, K. Goda, T. Arafune, T. Washio, T. Hayase, and T. Tominaga: 
Mechanism of blast-induced traumatic brain injury., Proceedings of the Thirteenth 
International Symposium on Advanced Fluid Information, Sendai, (2013), pp. 72-73. 

[4] 
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(2014) pp. 152-153. 
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31200kg/m , 3300J/kg K,pc 0.40 W/m K.k

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

31400kg/m , 3680J/kg K,pc 0.55W/m K.k
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*[1] N. Yamada, T. Yoshida, J. Okajima, and Shigenao Maruyama: In-situ Measurement of 
Upward/Downward Radiative Heat Flux in Earth's Atmosphere, Proceedings of the 
Thirteenth International Symposium on Advanced Fluid Information, Sendai, (2013), pp. 
50-51. 
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The method of quasi-particles for the two-particle kinetic equation is reduced to the following basic 
steps: 1) Initial velocities of the  quasiparticles are selected. 2)  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  on the angle , according to the 
formula: 

Angular velocity for the pair with the same quasi-particles is equal to zero, . Velocities in 
this pair are not changed. 4) As a result, each quasiparticle is divided into  fragments and transforms 
to the cloud of fragments with the "weight" . The size of the cloud in the velocity space is 
proportional to the time step . 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 . 7) The distribution function is recovered from 

the velocities , of quasiparticles by filtering out small scales. Compensation for loss of 
energy is provided by the increasing of the filtering parameter : 
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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. 
 

 
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 ( =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 90º (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 m) 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 s and intense decay occurs at t>0.6 s. 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 s. 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. 

Project code J13059 
Classification General collaborative research
Subject area Nano/micro technology
Research period April 2013 ~ March 2014
Project status 2nd year 
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(a) Channel with a cross-sectional 
discontinuity and junction of two 
channels with an additional splitter 
plate  

(c) Shock wave coordinate versus time 
for different entrance geometries: 
channel with a cross-sectional 
discontinuity (1), junction of two 
channels with a splitter plate (2), and 
junctions of two channels with a 
rounding of radius R=2·H (3) and 
R=10·H (4) (b) Rounded junction of two channels

Figure 1 : Results of DSMC computations. 
 

 
The expected results were achieved completely.  
 

 
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. 
 

 
 

Not applicable. 
 

*[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. 
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*[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] 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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To develop a program for analyzing the relation of blood flow to cell behaviors using 
LBM method. 
 

 
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.  

Figure 1 : Maximum friction coefficient ( F) in several lubricants 
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 Expected result  

 
 
To apply other tissues and bio-materials. 
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To develop a program for analyzing the relation of blood flow to cell behaviors using 
LBM method. 
 

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. 
 

 Expected result  
 

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. 
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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 a direct 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.  

 
 

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. Figure1 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 

10
1 9.56 10 S/m and relative permittivity of 

1 3.32 , respectively. We have studied 
the influence of DC electric field intensity on the speed of rotation. 

 
 

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. 

 
 
 
 
 
 
 
 
 
 
 
 
 
            (a) Diameter d of disk                  (b) Inner d2 and outer d1 diameter of  

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

 
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. 
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Fig. 1. Schematic diagram of this simulation
Fig. 2. Total viscosity coefficient of liquid 
bridge with and without surfaces.
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Fig. 1. Schematic of experimental setup
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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.

Specifications for numerical model
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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 
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