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The effect of nickel powder mixing on CoNiCrAlY coatings has been investigated. The CoNiCrAlY 
coatings, which have resistance of high temperature oxidation and hot corrosion, are commonly 
applied with low pressure plasma spray (LPPS). Recently, cold spray has been considered as a new 
coating process for making CoNiCrAlY coatings. In this study, in order to reduce the production cost 
and to improve the deposition efficiency of CoNiCrAlY coatings, pure nickel (Ni) was mixed to the 
CoNiCrAlY, and then this powder was sprayed using cheap nitrogen (N2) gas. Nickel-based 
superalloy Inconel 738LC was used as a substrate. The bond coats of 100  diameter in thickness 
were deposited by cold spraying, using CoNiCrAlY powder particles in a spherical shape and pure Ni 
power mixing on CoNiCrAlY powder. The ratio of CoNiCrAlY and pure Ni is 9:1 wt.%. During cold 
spraying, the bond coat was manufactured using N2 gas with gas temperature and pressure of 600oC 
and 4.0 MPa respectively. Cross-sections of the specimens were prepared for the oxidation testing. 
These samples were then subjected to isothermal oxidation at 1000oC for 1, 10 and 100h. After each 
oxidation test, cross-sections of the specimens were prepared. Samples for SEM observation from the 
oxidation tests were mounted in a phenolic resin and manually polished to a mirror-polished. The 
cross-sections of coating were examined by FE-SEM. The EDX analysis was carried out to evaluate 
the local elemental distributions in the coating layer. The micro-hardness value of the coatings was 
measured using Vickers indentation at a loading of 0.98N during the 10s. It was successful to 
fabricate CoNiCrAlY/Ni coating by cold spray using N2 gas. The coatings compose two major regions: 
the dark area composed primarily of CoNiCrAlY phase and the light area composed of Ni phase. As 
can be seen from Fig. 1(a), it was difficult to fabricate a homogeneous mixture of CoNiCrAlY and Ni 
particles due to large hardness difference. For this result, deposition efficiency of CoNiCrAlY is lower 
than that of Ni around 52~55% by image analysis technique. Also, a significant level of CoNiCrAlY 
powder was encapsulated in the coating. The boundary between two powders was clearly observed, 
also, voids were observed in junction of powders between CoNiCrAlY and Ni. 
 
 

  
1 Microstructure of the as-cold sprayed composite coating (a, b) microscopic image 

The cross-sectional microstructure of the oxidized mixed powder coatings exhibited remarkably 
different oxidation behavior in process of heating time, as shown in Fig. 2. The number of pores was 
grown down in accordance with increasing heating time, however, the expansion of pore size was 
observed. After heating for 100h, most of the pores were disappeared in the coating layer; also, it was 
observed oxidation parts at the interface, as shown in Fig. 2(c).
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2 Microstructure of the cold sprayed composite coating after heat treated at 1000oC: (a) 1h (b) 10h (c) 100h

The hardness of as-cold sprayed coatings was approximately similar to LPPS sprayed CoNiCrAlY 
coating. However, the standard deviation of the coatings was extremely different. This can be 
considered as a result of the differences in hardness between CoNiCrAlY and Ni parts of the coatings. 
After heating for 1h, the hardness was decreased by formation of pores with oxidation. After heating 
for 10h and 100h, it was observed to increase hardness in accordance with increase heating time. 
Furthermore, the standard deviation of hardness was stable compared with 1h, because of 
movement of elements by diffusion.  Pre-oxidation of the bond coats without YSZ layer was carried 
out through heat treatment. In as-cold sprayed coating, the boundaries of CoNiCrAlY and Ni were 
clearly observed. However, it is gradually mixed by diffusion of powders. After heating for 100h, 
almost the whole parts are mixed; therefore, it is not observed any boundaries and agglomerative 
parts.  The effects of Ni powder mixing of cold sprayed CoNiCrAlY coating were investigated. It 
was more easily possible to fabricate CoNiCrAlY coating with Ni powder by cold spray using N2 gas. 
In this experiment, it was found that CoNiCrAlY/Ni coatings do not perform as well, however, if it 
can be increased in the content of CoNiCrAlY more than Ni powder by adjusting the content and size. 
As a result, further cost reductions will become possible. 
 
 

 
3 Results of Vickers hardness test 
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The effect of nickel powder mixing on CoNiCrAlY coatings has been investigated in this present 
study. CoNiCrAlY coatings, which have resistance of high temperature oxidation and hot 
corrosion, are commonly applied with low pressure plasma spray (LPPS) and high velocity 
oxygen fuel (HVOF). Recently, cold spray has been considered as a new coating process for 
making CoNiCrAlY coatings. However, expensive helium (He) gas has to use for CoNiCrAlY 
coatings. In this study, in order to reduce the production cost and to improve the deposition 
efficiency of CoNiCrAlY coatings, pure nickel (Ni) was mixed to the CoNiCrAlY, and then this 
powder was sprayed using cheap nitrogen (N2) gas. As the results, the CoNiCrAlY containing 
nickel power can be produced by cold spray using N2, as well as deposition efficiency is also 
increased. The microstructural characterization and phase analysis of feedstock powders and 
as-deposited coatings were carried out by scanning electron microscope (SEM) and 
energy-dispersive X-ray spectroscopy (EDX). As-spread coating was clearly observed the 
boundaries between nickel and CoNiCrAlY. Also, significant level of CoNiCrAlY powder was 
encapsulated in the coating. After heating at 1000 , most of boundaries were disappeared and 
many pores were generally observed in the coating layer by diffusion of powders. However, the 
oxidation continues, most of pores were moved toward the top of coating. Therefore, the porosity 
was decreased, as well as the hardness was increased. Moreover, for comparison with other 
methods such as LPPS, high temperature oxidation behavior of the obtained coatings was 
evaluated.  

1. Kang Il Lee, Kazuhiro Ogawa, “Effect of Nickel Powder Mixing on the Deposition Efficiency of 
Cold Sprayed CoNiCrAlY Coatings”, The Japan Thermal Spray Society, O-35, Osaka, Japan, 
(Nov. 2013) 
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Fig. 1 Single particle impact system 
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(a) Evaluation of critical velocity                   (b) SEM image of Al on Al 

Fig. 2 Deposition behavior of Al particle impinged on various substrates 
 
 

Table 1 Hardness of Al particle and various substrates (HV0.1) 
Particle Substrate

Al Al Cu Ni Ti SUS304
19.0±0.4 25.1±0.7 60.8±1.8 126.7±3.4 151.7±13.1 175.4±7.7
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(2006), pp. 271-282. 
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Fig. 1 Very Large Scare Motion VLSM
in boundary layer [1] : schematic diagram 
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Fig. 2 Two-point spatial correlation Cuu
(left: measured in streamwise section, right: measured in cross-section)

Fig. 3 Spatial correlation Cuu (left: streamwise distribution, right: spanwise distribution) [1]

Fig. 4 Two-point spatial correlation Cuu, Air jet,
left: streamwise section (upper: reference point at boundary layer, bottom: reference point at jet) 

right: cross-section at x/dj = 4, reference point at jet
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Wu Lianlian

With the accelerating industrialization and social modernization prevailing all over the world, 
energy consumption, the engine of this process which predominantly comes from fossil fuels, has 
been exploding during the past several centuries. As a consequence, emission to atmosphere 
increased unprecedently, threatening the sustainable development of the whole world. For the sake 
of a more comfortable environment for human living and more eco-friendly economic world, every 
and each class, from top government officials to ordinary company staff, from greatest and smartest 
scientists and engineers to elementary teachers, are working hard on rebuilding a green planet. One 
of the naturally logical measures is to replace fossils with new energy resources with less or little 
emission, and one of the highly potential substitutes is thermal energy, viz.Earth’s heat which is 
stable and indefinitely, and has enormously less impact on environment. In order to make use of this 
energy, a geothermal power plant must be maintained integrated and properly managed. The 
integration of a geothermal turbine, which is the hardcore of the geothermal power plant, largely 
depends upon the mechanical strength and corrosion resistance of turbine blades. That is why my 
research is concentrated on candidate mateiral PH17-4(Table 1) based on the work of Cr12[1], Cr13[2] 
done by previous researchers. 

 
Table 1 Composition, mechanical properties and microstructure of 12Cr, 13Cr and PH17-4 

Mat. C Si Mn P S Ni Cr Cu Al 

Cr12 
Com

position
0.12 0.32 0.51 0.03 0.015 0.32 11.5 

Cr13 0.21 0.3 0.65 0.023 0.002 0.39 13.22 

PH17-4 0.04 0.31 0.54 0.025 0.001 4.54 15.2 3.54 0.01

 
Yield 

Strength(Mpa) 
Tensile 

Strength(Mpa)
Hardness 

(HBW) 
Microstructure 

Cr12 

M
echanical 

Pro perties

479 683 161 

Martensite Cr13 687 850 321 

PH17-4 760 900 
 
 
The major corrosion problems encountered during operation of turbine blades are corrosion fatigue 

(CF), stress corrosion cracking (SCC), and erosion-corrosion [3]. Present research is focused on the 
corrosion fatigue properties of candidate materials. The experiment condition is as shown in Table 2. 
In Figure 1 and Figure 2, the microstructure of PH17-4 is martensite, and the main crack 
mechanism is transgranular in air. In Figure 3, generally speaking, the crack growth rate has no 
defined variation with mechanical strength. In Figure 4 and Figure 5 Time Domain Analysis of 
Environmental Contribution to Corrosion Fatigue Crack Growth RateFigure 5, the environmental 
contribution to crack growth rate of PH17-4 is positive in terms of crack growth by cycle, but 
negative by crack growth each unit time although positive regarding Cr12 and Cr13, this may be due 
to crack closure in PH17-4.  
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Table 2 Mechanical loading and solution condition for fatigue tests in air and corrosion fatigue tests in solution 

Solution 
condition 

Cl- SO42- Temperature 
1800 ppm 50 ppm 90  

Mechanical 
condition 

Kmax(MPa•m0.5) 50/70 

Loading ratio 0 / 0.5 / 0.7 / 0.8 / 0.9 / 0.95 / 0.97 
 

 

     
Figure 1 Microstructure of PH17-4(a) metallography (b) EBSD phase analysis 

       
Figure 2 Optical microscope of crack growth in air(c)Kmax=70MPa•m0.5(d)Kmax=50MPa•m0.5 
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Figure 3 Fatigue Crack Growth Rate in air of Cr12, Cr13 and PH17-4 

a b

c d



－ 37 － 
 

1 10 100

1E-7

1E-6

1E-5

1E-4

1E-3

da
/d

N
(m

m
/c

yc
le

)

K(MPa m)

 Kmax=70MPa m_1Hz_solution
 Kmax=50MPa m_5Hz_air
 Kmax=70MPa m_5Hz_air

 
Figure 4 Crack Growth Rate of PH17-4 in solution and air 
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Fig.1 Cross-sectional SEM images of type 316L CS coatings 

 (a)as sprayed and (b)after heat treatment at 1000  
 

 
Fig.2 IPF maps obtained by EBSD analysis 
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Fig.3 Relationship between temperature of heat treatment and 

(a)Vickers hardness (b)ratio of elastic work to total work 
at nano-indentation tests 

 

 
Fig.4 Relationship between current density for maintaining passivity 

and temperature of heat treatment 
 

40 m 

(a) (b) 



－ 40 － 
 

 
ICG-EAC annual meeting 2013 in JAPAN 
International Cooperative Group on Environmentally-Assisted Cracking of Water 

Reactor Materials 
   

2013.5.19  2013.5.24 
 

 

1
700

2

1.  
SUS316L  

 M&M2013  CD-ROM OS1408
(2013.10.12-14) 

2. Yuji OZAWA, Kazuhiro OGAWA, Yoichi TAKEDA 
Cracking characteristics of cold sprayed stainless steel coatings during slow strain rate testing in 
high temperature water 
International Symposium for the 70th Anniversary of the Tohoku Branch of the Chemical Society 
of Japan (2013.9.28-30), p.310 

  2013 9 30  
   
   

 



－ 41 － 
 

Ni CM247LC
Ni CM247LC

60
600s CM247LC

60s 1 60s
CM247LC

 

1/tf f (Creep ductility)
tH T p 2 3

[1] 3 2
2 1 2

[2] co-dimension of a bifurcation, 2 bifurcation theory
[3] 2

[4]
 

Fig. 1  In-situ observational results of CM247LC under the creep-fatigue interactive condition 

Frequency f,Hz

In
ve

rs
e v

alu
e 

of
 cr

ac
k 

gr
ow

th
 li

fe
 1

/t f
, s

ec
-1

CM247LC
965oC, 200MPa

Triangular wave
Trapezoidal wave

Time Depemdent Cy
clic

Dep
ende

nt

Creep 0.001 0.01 0.1 1 10
10-8

10-7

10-6

10-5

10-4

10-3

Frequency f,Hz

In
ve

rs
e v

alu
e 

of
 cr

ac
k 

gr
ow

th
 li

fe
 1

/t f
, s

ec
-1

CM247LC
965oC, 200MPa

Triangular wave
Trapezoidal wave

Time Depemdent Cy
clic

Dep
ende

nt

Creep 0.001 0.01 0.1 1 10
10-8

10-7

10-6

10-5

10-4

10-3

CM247LC 965
Creep-Fatigue

t/tf=0.99

t/tf=0.99

t/tf=0.96

t/tf=0.96

t/tf=0.86

tH=2500s tH=600s tH=60s

tH=10s

Creep

100 m100 m20 m20 m 100 m100 m100 m100 m100 m100 m

D2 
  

Ni
  



－ 42 － 
 

 
Fig. 2  Three-dimensional curved surface representation of load frequency characteristic of fracture life 
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Fig. 3  Three-dimensional two planes curved surface representation of 
load frequency characteristic of fracture life [2]

[1] A. T. Yokobori Jr., K. Akaishi, R. Sugiura and D. Kobayashi, Theoretical Representation of a 
Characteristic Curved Surface for the Life of Fracture under the Condition of High Temperature 
Creep and Fatigue Interaction Based on Non-equilibrium Science, Strength, Fracture and 
Complexity An Int. J. 22 (2004), 35-45. 

[2] A. T. Yokobori, Jr., Non Linearity Characteristics of Crack Growth Life under High Temperature 
Creep and Fatigue Conditions Based on Non Equilibrium Science, Int. Sympo. for the 70th 
Anniversary of the Tohoku Branch of the Chemical Society of Japan, 2013, P129, Sept.28-30, 
Tohoku University, Sendai, Japan. 

[3] P. Berge, Y. Pomeau, Ch. Vidal, Chaos No Nakano Chitsujo, trans. Y. Aizawa, Sangyo tosyo ,1992. 
(in Japanese) 

[4] Mehmanparast, A, Davies, C. M. and Nikbin, K. M., Evaluation of the Testing and Analysis 
Methods in ASTM E2760-10 Creep-Fatigue Crack Growth Testing Standard for a Range of Steel, 
ASTM STP. 1539, A. Sarena and B. Dogan, eds., (2011), 41-66. 

1. Ni
2.

2
Time dependent (TD)

Cycle dependent (CD)

Interaction region

Ni-base superalloy
CM247LC 900-965oC
IN100        800-900oC
IN738LC   720-850oC

SUS304   600-700oC
P92  580 630oC

Cr-Mo-V  520 538oC

CD(+TD)

TD(+CD)

Cr
ee

p
du

cti
lit

y

H
old

tim
e

Te
m

pe
ra

tu
re

p

In
ve

rs
e 

va
lu

e 
of

 c
ra

ck
 g

ro
w

th
 li

fe
, l

og
 1

/t f

Frequency, log f

2
Time dependent (TD)

Cycle dependent (CD)

Interaction region

Ni-base superalloy
CM247LC 900-965oC
IN100        800-900oC
IN738LC   720-850oC

SUS304   600-700oC
P92  580 630oC

Cr-Mo-V  520 538oC

CD(+TD)

TD(+CD)

Cr
ee

p
du

cti
lit

y

H
old

tim
e

Te
m

pe
ra

tu
re

p

In
ve

rs
e 

va
lu

e 
of

 c
ra

ck
 g

ro
w

th
 li

fe
, l

og
 1

/t f

Frequency, log f

Cr
ee

p
du

cti
lit

y

H
old

tim
e

Te
m

pe
ra

tu
re

p

In
ve

rs
e 

va
lu

e 
of

 c
ra

ck
 g

ro
w

th
 li

fe
, l

og
 1

/t f

Frequency, log f



－ 43 － 
 

1. Go Ozeki, Ryuji Sugiura, A.Toshimitsu Yokobori,Jr., Yoshiko Nagumo, Hiroaki Takeuchi and 
Takashi Matsuzaki 
Effect of Material Microstructure on Creep Damage Formation Behavior for Ni-base 
Directionally Solidified Superalloy 
Proceedings of the ASME 2013 Pressure Vessels & Piping Division Conference, 2013, 
PVP2013-97808 

1. Go OZEKI, A. Toshimitsu YOKOBORI, Jr., Ryuji SUGIURA and Takashi MATSUZAKI 
Damage Formation Behavior under Creep-Fatigue Interactive Condition for Directionally 
Solidified Ni-base Superalloy 
International Symposium for the 70th Anniversary of the Tohoku Branch of the Chemical 
Society of Japan, Sendai, Japan, (2013.9.28-30)) 

2. Go Ozeki, A Toshimitsu Yokobori, Jr., Ryuji Sugiura and Michifumi Ito 
Law of Fracture Life under Creep-Fatigue Interactive Conditions for Ni-base Directionally 
Solidified Superalloy based on Non-Equilibrium Science (The Effect of Stress Holding Time) 
6th International 'HIDA' Conference, Nagasaki, Japan, (2013.12.2-4) 
 



－ 44 － 
 

 1 
mm 

 
MXH10/Mo-lpr/lpr [1]  13 mm 

 ( 1) [2]  
MRL/KM-Luc 

 ( 2)

 [3]

 

 ( 3)
 [4]

 

1 MXH10/Mo-lpr/lpr 

D1 

 



－ 45 － 
 

2 Dox AL US 
intravenous  ( ) ** P < 0.01

3 Dox AL US  
intravenous  ( ) * P < 0.05 

[1] L. Shao, S. Mori, Y. Yagishita, T. Okuno, Y. Hatakeyama, T. Sato, T. Kodama, J Immunol Methods, 
389 (2013) 69-78. 
[2] L. Li, S. Mori, M. Kodama, M. Sakamoto, S. Takahashi, T. Kodama, Cancer Res, 773 (2013) 
2082-2092. 
[3] T. Kodama, Y. Tomita, K. Koshiyama, M.J. Blomley, Ultrasound Med Biol, 332 (2006) 905-914. 
[4] Y. Ueno, S. Sonoda, R. Suzuki, M. Yokouchi, Y. Kawasoe, K. Tachibana, K. Maruyama, T. 
Sakamoto, S. Komiya, Cancer Biol Ther, 112 (2011) 270-277. 

1  (In vitro) 

in vitro  MTT assay 

 
2  (In 

vivo) 

 



－ 46 － 
 

 
3  

1. Okuno T, Kato S, Hatakeyama Y, Okajima J, Maruyama S, Sakamoto M, Mori S, Kodama T. 
Photothermal therapy of tumors in lymph nodes using gold nanorods and near-infrared laser 
light. 
J Control Release. 2013 Oct 19, 172(3): 879-884. 

1. Kato S, Shirai Y, Mori S, Kodama T. 
Enhnaced of fluorescent molecules into the lymph node via the lymphatic vessel with nano/micro 
bubbles and ultrasound. 
Ths 8th International Workshop on Biomaterials in Interface Science. Innovative Research for 
Biosis-Abiosis Intelligent Interface Summer Seminar 2013. August 29, 30, 2013 Sansa-tei, Zao, 
Miyagi, Japan [Oral]

2. Shigeki Kato, Yuko Shirai, Shiro Mori, Tetsuya Kodama. 
Development of a method for doxorubicin delivery through lymphatic vessel into a metastatic 
lymph node using nano/micro bubbles and ultrasound 
The 7th East East Asian Consortium on Biomedecal Engineering, 18-20 November, 2013. [Oral]

3. , , , ,  
 

2013 DVD (DVD-ROM No.13-1).  
( , 2013.9.8 11). [ ]

4.

2013 DVD (DVD-ROM No.13-1).
( , 2013.9.8 11) [ ]

2013 11 19  
Oral presentation award 
The 7th East Asian Consortium on Biomedical Engineering 



－ 47 － 
 

2
RBCC(Rocket 

Based Combined Cycle)
15

[1] 2
Large-eddy Simulation

(tandem) (twin) 2
(

1) Q

( 2) 2 twin
twin

 
twin 4

 

 
 
 

(a)  (b)  
1  (a)tandem (b)twin 

D2 
  

2  



－ 48 － 
 

(a)  (b)   
2 ( ) Q ( ) (a)tandem (b)twin 

 
 

(a)  (b)  
3 ( ) (a)tandem (b)twin 

 
 

 
4 twin Q ( ) 

 
 
[1]D.Papamoschou, D. G. Hubaard, and M. Lin, AIAAPaper, 91-1723 

1. 2 2  
2

Large-Eddy Simulation

 



－ 49 － 
 

25  
” ”

SiC
C

 

2 2

[1]

 

[2]

[3] SiC

3 4
5 nm

 
5

30 0.5 N
5 SiC

6.0 N

20 N

[4] 6

 
 

  

D2

 



－ 50 － 
 

 
[1] J. M. Coles, D. P. Chang, S. Zauscher, Molecular mechanisms of aqueous boundary lubrication by 

mucinous glycoproteins, Curr. Opin. Colloid Interface Sci., 15, 6 (2010) 406–416. 
[2] K. Rechendorff, M. B. Hovgaard, M. Foss, V. P. Zhdanov, F. Besenbacher, Enhancement of 

protein adsorption induced by surface roughness., Langmuir, 22, 26 (2006) 10885–10888. 
[3] , , , 57, 12 (2012) 802–807. 
[4] 2 5 (2010) 95-100. 
 
 

25  

The 10th International Conference on Flow Dynamics 
 The 9th International Students/Young Birds Seminar on Multi-Scale Flow Dynamics 

  
   

2013.11.25  2011.11.26 
Co-organizer 

  

1 2

3 4

5 6 



－ 51 － 
 

25  
 

1.  

 
2.  

 
3. SiC C  

QCM 0.5 ng/cm2

SiC C
C  

1.  
 

2013   
2.  

 
2013   

3. Koki Kanda, Hirotsuna Sato, Keiichiro Kaneshima, Takayuki Miyakoshi, Tomoya Kitano, Hideki 
Kanebako, Koshi Adachi 
Sealing Properties of Mechanical Seal for Ventricular Assist Device 
World Tribology Congress 2013, Torino, Italy  

4.  
 

5  
5. Koki Kanda, Hirotsuna Sato, Keiichiro Kaneshima, Takayuki Miyakoshi, Tomoya Kitano, Hideki 

Kanebako, Koshi Adachi 
Protein Adsorption onto Silicon Carbide and Carbon  
The 5th International Conference on Manufacturing, Machine Design and Tribology, Busan, 
Korea 

2013 5 21  
 

 
 
 
  



－ 52 － 
 

(SOFC)
SOFC SOFC

SOFC
 

SOFC

Ni/YSZ YSZ Ni

YSZ
ScSZ Ni Ni/ScSZ

(Ni )
Ni/ScSZ

Ni/ScSZ

 

Tenth International Conference on Flow Dynamics 
 

   
2013.11.25  2013.11.27 

 
 

1.
2.
3.

1. Jingxiang Xu, Ryota Sakanoi, Yuji Higuchi, Nobuki Ozawa, Kazuhisa Sato, Toshiyuki Hashida, 
and Momoji Kubo "Molecular Dynamics Simulation of Ni Nanoparticles Sintering Process in 
Ni/YSZ Multi-Nanoparticle System" J. Phys. Chem. C 22013, 117, 9663 9672. 

2. Jingxiang Xu, Yuji Higuchi, Nobuki Ozawa, Kazuhisa Sato, Toshiyuki Hashida, and Momoji 
Kubo "Theoretical Study on the Effect of Three-Dimensional Porous Structure on the Sintering of 
Nickel Nanoparticles in the Ni/YSZ Anode" ECS Trans. 22013, 57, 2459-2464. 

 
 

 
D2



－ 53 － 
 

1. (Oral)Jingxiang Xu, Yuji Higuchi, Nobuki Ozawa, and Momoji Kubo, "Effect of the 3D Porous 
Structure on the Sintering of Ni Nanoparticles in the Ni/YSZ Anode: A Molecular Dynamics 
Simulation Study", 2014 TMS Annual Meeting & Exhibition, San Diego, , California, USA 
(February, 2014). 

2. (Oral)Jingxiang Xu, Yuji Higuchi, Nobuki Ozawa, Kazuhisa Sato, Toshiyuki Hashida, and 
Momoji Kubo, "Theoretical Study on the Effect of Three-Dimensional Porous Structure on the 
Sintering of Nickel Nanoparticles in the Ni/YSZ Anode", 13th International Symposium on Solid 
Oxide Fuel Cells (SOFC-XIII), OB-36, Okinawa, Japan (October, 2012). 

3. (Poster)Jingxiang Xu, Yuji Higuchi, Nobuki Ozawa, Kazuhisa Sato, Toshiyuki Hashida, and 
Momoji Kubo, "A Multi-Nanoparticle Molecular Dynamics Simulation of the Sintering Process in 
Porous Material", International Symposium for the 70th Anniversary of the Tohoku Branch of 
the Chemical Society of Japan, 3P231, Sendai, Japan (September, 2013).  

4. (Oral)       

81 2G07 2014 3   
5. (Poster)    Ni/YSZ

2013 1P16
2013 10  

6. (Oral)     
112

1J02 2013 9  
7. (Oral)      

Ni/YSZ 2013 J061012
2013 9  

 
  

25  
 



－ 54 － 
 

3
Reh

[1]
r0

[2] Reh

Reh [3]

44 Hz 1 1

1
|U|=0 1

|U|=0 100 6%

17%

44Hz
2 20 100 200 Hz

Reh

 

 
 

1(a) (b) R

8x107

6

4

2

0

R
 ( 

Pa
·s

/m
4 )

1.510.50
|U| (m/s)

  mesh No.100
 mesh No.60 
 mesh No.30

Ar, 0.45MPa(a)
8x10

7

6

4

2

0

R
 ( 

Pa
·s

/m
4 )

1.510.50
|U|  (m/s)

He,0.45MPa mesh No.100
 mesh No.60
  mesh No.30

(b)

D1

 
 

 



－ 55 － 
 

2 R

[1] Tanaka, M., Yamashita, I. and Chisaka, F. (1990): “Flow and heat transfer characteristics of the 
Stirling engine regenerator in an oscillating flow”. Japan society of mechanical engineers 
International Journal, Vol. 33, pp. 283-289. 

[2] Ueda, Y., Kato, T., and Kato, C. (2009): “Experimental evaluation of the acoustic properties of 
stacked-screen regenerators”. Journal of the Acoustical Society of America, Vol. 125, pp. 780-786. 

[3] Obayashi, A., Hsu, S. H. and Biwa, T. (2012): “Amplitude dependence of thermoacousic properties 
of stacked wire meshes”, Journal of the Cryogenic Society of Japan, Vol. 47, pp. 562-567. (In 
Japanese) 

 
 

1. Shu han HSU, Tetsushi BIWA 
Experiments on thermoacoustic properties of stacked mesh screens 
Transaction of 24th International Symposium on Transport Phenomena, (2013), pp.130-132 

4x107

3

2

1

0
R

 ( 
Pa

·s
/m

4 )
1.510.50

|U|  (m/s)

Rv f=200 Hz
Rv f=100 Hz
Rv f=44 Hz
Rv f=20 Hz
Rv Emprical Equation

Ar,0.45MPa

mesh No.60



－ 56 － 
 

/

 

2 1
1a

1b

2

 
2

3

 
 
 
 
 
 
 
 
 
  

D2

 
 1  



－ 57 － 
 

 

Students / Young Birds Friendship Night 
           ( within The 10th International Conference on Flow Dynamics ) 

 
   

2013.11.25 
 

1  

 

1. Noritsugu Kubo, Atsuo Murakami, Kenji Kudo, Sadatake Tomioka 
Comparative Study of Combustion Characteristics of Hyper-Mixer and Aeroramp Injectors 
for Scramjet Engine 
Asian Joint Conference on Propulsion and Power 2014, Jeju Island, Korea 2014.3.5-8,  

2. ,  
M2.5  

2014 15  
2014.3.10-11,  

2  
      

3  
  



－ 58 － 
 

2
rfx

rfy
rnz

rFh

3

 

1 2

D3



－ 59 － 
 

1.

2.

3.

3

1. “
” 31 RSJ2013 2013  



－ 60 － 
 

Sendai virus PEG

(Giant Unilamelar vesicle ; GUV) 
[1] GUV  

GUV HeLa
 

GUV Water in emulsion [2]
HeLa

GUV
GUV GUV ( 1) 2

GFP plasmid GUV
plasmid 5

 
200nm, 

500nm, 1um, 2um ( 3) 3 1um
2um

( 4)
4 1um

nm
[3]

GUV
  

D1

-GUV



－ 61 － 
 

1 -GUV  

2 -GUV  GFP plasmid 



－ 62 － 
 

3

4

[1] Terasawa Hidetoshi, et al., PNAS, VOL 109, 2012 
[2] Pautot S, et al., PNAS, VOL 100, 2003 
[3] Rejman J, et al., Biochem J, VOL 377, 2004 



－ 63 － 
 

1.
GUV

-GUV  
2.

-GUV
 

3.

1. Akira C. Saito, Tsubasa S. Matsui, Masaaki Sato, Shinji Deguchi  
Aligning cells in arbitrary directions on a membrane sheet using locally formed microwrinkles 
Biotechnology Letters, Vol.36, Issue 2, pp.391-396 (2014). 

2. Shinji Deguchi, Yohei Nagasawa, Akira C. Saito, Tsubasa S. Matsui, Sho Yokoyama, Masaaki 
Sato  
Development of motorized plasma lithography for cell patterning, Biotechnology Letters, in 
press. 

1. Akira C. Saito Satoshi Murata Shin-ichiro M. Nomura 
Introducing micro size objects into living cells mediated by GUV-cell electrofusion 

 2013, No. 14 (2013.12.13). 
 

1. Akira C. Saito, Toshihiko Ogura, Shinichiro M. Nomura 
GUV  

51 2P217 (2013.10.28-30) 
2.  M.  

GUV  
 6.0 45  (2013.11.14-15) 



－ 64 － 
 

TU-Heliac

TU-Heliac
 

TU-Heliac  = 0.5 m = 3

( )  
1 RMach( )

(w/ Island) TU-Heliac LaB6

2
 = 0 - 0.38 IE ( )

RMach (w/o Island)
(80 < Z < 90 mm)

 

1.

2.

 
25  

D2 

1
2 

LaB6



－ 65 － 
 

 

 
SEM Image (Fig.1 )

1 2 SEM (Fig.2 )
1

2 1 2
1

2 1

2
 

EDX
EDX

(Fig.3 )
EDX Fig.4 Fig.4(b)

Fig.4(b)
 

 

Fig.1 SEM images for surface and fracture surface of places Fig.2 . Crack Initiation point on cross section of sample  

Crack Initiation point

Table1. Information from crack initiation point of each sample 

concaveconvex

 D1 
  

 



－ 66 － 
 

1.
 

2.

 

1. J. H. Lee, C. M. Shim, B. S. Lee, Graphene in Edge-Carboxylated Graphite by Ball Milling and 
Analyses Using Finite Element Method, International Journal of Materials Science and 
Applications. Vol. 2, No. 6, 2013, pp. 209-220 

Fig.6 Data of Vickers hardness test with samples of (a) As received and (b) After experiment  
(a) (b)

Fig.5   places of points on the cross section of the 
sample with hardness test 

concave

convex

2mm



－ 67 － 
 

[deg] [deg] [deg]
298.0849 25.1717 45.0968
297.9279 25.6494 43.5818
-0.1570 0.4777 -1.5150

50kg RISING-2

OS

(FM)
(EM)  

1

PC PC

 

1  
 

 

D1

[deg] [deg] [deg]
298.0849 25.1717 45.0968
298.0359 25.1977 45.2257
-0.0490 0.0260 0.1289

1  

2  



－ 68 － 
 

RISING-2

RISING-2

2
3

4deg
1

 

 

2  3  

0

20

40

60

80

100

120

140

0 10 20 30

A
ng

le
 er

ro
r 

[d
eg

]

Time [min]

-2

-1

0

1

2

0 10 20 30

R
at

e 
er

ro
r 

[d
eg

/s]

Time [min]

x
y
z



－ 69 － 
 

1.   
 
 
 

 
2.  RISING-2  

Hardware in the Loop  
 

 

1. Nobuo Sugimura, Kazufumi Fukuda, Yoshihiro Tomioka, Masato Fukuyama, Yuji Sakamoto, 
Toshinori Kuwahara, Tetuya Fukuhara, Kazuya Yoshida, Yukihiro Takahashi, “Ground test of 
attitude control system for micro satellite RISING-2”, System Integration (SII), 2012 
IEEE/SICE International Symposium on 16-18 Dec. 2012, pp301-306  

2. Toshinori Kuwahara, Yoshihiro Tomioka, Kazufumi Fukuda, Nobuo Sugimura, Yuji Sakamoto, 
“Radiation Effect Mitigation Methods for Electronic Systems”, System Integration (SII), 2012 
IEEE/SICE International Symposium on 16-18 Dec. 2012, pp307-312  

3. Toshinori Kuwahara, Kazuya Yoshida, Yuji Sakamoto, Yoshihiro Tomioka, Kazufumi Fukuda, 
Masato Fukuyama, Nobuo Sugimura, Hiroo Kunimori, Hideki Takenaka, Morio Toyoshima, 
Tetsuharu Fuse, “Satellite-to-ground optical communication system on Low Earth Orbit 
micro-satellite RISESAT” System Integration (SII), 2012 IEEE/SICE International Symposium 
on 16-18 Dec. 2012, pp 939 – 944 

4. Nobuo Sugimura, Kazufumi Fukuda, Masato Fukuyama, Yoshihiro Tomioka, Toshinori 
Kuwahara, Yuji Sakamoto, Kazuya Yoshida, Yukihiro Takahashi, “Attitude control for Earth 
observation microsatellite RISING-2”, 9th International Symposium of the International 
Academy of Astronautics (IAA) symposium on small satellites for Earth observation, 
IAA-B9-0603, 8-12 April, 2013, Berlin, Germany 

5. Yuji Sakamoto, Yuta Tanabe, Hitoshi Yagisawa, Nobuo Sugimura, Kazuya Yoshida, Masanori 
Nishio, Tomoyuki Nakajo, Hiroaki Akiyama, “Operation Results of Cubesat RAIKO Released 
from International Space Station”, the 29th International Symposium on Space Technology and 
Science, 2013-f-13, 2-9, June, 2013, Nagoya, Japan 

6. Kazufumi Fukuda, Toshinori Kuwahara, Yoshihiro Tomioka, Nobuo Sugimura, Kazuya Yoshida, 
“Dynamic Test Table with Spherical Air Bearing for Microsatellite”, the 29th International 
Symposium on Space Technology and Science, 2013-f-32, 2-9, June, 2013, Nagoya, Japan 

7. Yoshihiro Tomioka, Kazuya Yoshida, Yuji Sakamoto, Toshinori Kuwahara, Kazufumi Fukuda, 
Nobuo Sugimura, “Establishment of the Ground Testing Environment for Verification and 
Integration of Micro-satellite”, the 29th International Symposium on Space Technology and 
Science, 2013-f-35, 2-9, June, 2013, Nagoya, Japan 

8. Toshinori Kuwahara, Kazuya Yoshida, Yuji Sakamoto, Yoshihiro Tomioka, Kazufumi Fukuda, 
Nobuo Sugimura , Junichi Kurihara, Tetsuya Fukuhara, Yukihiro Takahashi, “Constellation of 
Earth Observation Micro-satellites with Multi-spectral High-resolution Telescopes”, The Small 
Satellite Conference, SSC13-IV-7, 12-15, August, 2013, Utah, USA 

1. Hitoshi Yagisawa, Yuji Sakamoto, Yuta Tanabe, Nobuo Sugimura, Toshinori Kuwahara, Kazuya 
Yoshida, “System Description and Result of Ground Test for Cubesat RAIKO," Proceedings of the 
UN/Japan Workshop and The 4th Nanosatellite Symposium (NSS), Nagoya, Japan, Oct. 10-13, 
2012, paper: NSS-04-0310 
 



－ 70 － 
 

2. , , , , , , , “
”, 55 , , 

2011.11.30  
3. , , , , , , , ,“

RISESAT / ”, 20 , 
, 2012.1.26 

4. , , , , , , “
RAIKO ”, 56 , , 2012.11.20 

-22  
 

  2013 3 27  
   
   

 
  2013 4 12  
  HONORABLE MENTION 
  9th IAA symposium small satellite for Earth observation(STUDENT CONFERENCE) 

 
2014   2015  

(** )  
( . . ) 2013 2 8  

 



－ 71 － 
 

Spring-Mass

 
Spring-Mass

1 8 Spring-Mass

2 3 4 5 2
3 4

2 3 4
5

 
Spring-Mass

2

 
 

 
1 Spring-Mass  

D3

 



－ 72 － 
 

 

2 3  

 

4 5  
 

 

5

3 4

 

6
 



－ 73 － 
 

 
(a)       (b)

6 

1. Spring-Mass  
Spring-Mass

 
 
2. Spring-Mass  

Spring-Mass

 



－ 74 － 
 

25

1
(EA)

 
2 MPa

2

 

 
 

 

 
EA

EA

3
EA

 

D1 

1



－ 75 － 
 

3 5.0 V
0.5 1.0 V

(2.0 MPa)

 

1.

2 1  3



－ 76 － 
 

/
DT-ALPHA

1
PRF ~ 900 W, p ~ 4 Pa

1 y = 0, 10 mm
21S - n1P (n = 4, 

5), 23P - n3D (n = 8, 9, 10) 2 n
2

(y ~ 10 mm)

DT-ALPHA

[1] RF
3, 4

EEPF 3 RF EEPF
EEPF EEPF

Te = 3 eV
4 p = 5.7, 2.9 Pa EEPF

y = -10 mm y = -5 mm
n3D (n = 8, 9, 

10)  

D2

1 DT-ALPHA 2
 



－ 77 － 
 

[1] I. D. Sudit and F. F. Chen, Plasma Sources Sci. Technol. 33, 162 (1994). 

The 10th International Conference on Flow Dynamics 
 

   
2013.11.25  2013.11.27 
Floor Leader 

1.  

RF

 
 

Plasma Fusion Res. (in press)  

1. H. Takahashi, A. Okamoto, T. Kumagai, A. Daibo, T. Takahashi, S. Tsubota and S. Kitajima, 
“Electron energy distribution in a divertor simulating device with an RF source”, 23rd 
International Toki Conference on Large-scale Simulation and Fusion Science, (

) November, 2013 
2. ” DT-ALPHA

” 2013
( ) 2013 9  

 

3 
EEPF  

 

4
EEPF (a)p ~ 5.7 pa, (b)p ~ 2.8 Pa  



－ 78 － 
 

NGUYEN TRUONG THANH

In order to get an approach to cooperative tasks of a MOMR system through haptic device, a haptic 
collaborative virtual environment (HCVE) system is developed shown in Figure 1. In graphic 
interface module, Open Inventor library is used for showing the virtual scenario to operators. In the 
simulation, the simplified model parts of robots and objects are designed in SolidWorks and exported 
into our virtual environment. Inputs of this module are received from physical engine library and 
haptic interface under control of human operators. For creating and updating the virtual scenario 
that the end user can interact with, the Open Dynamics Engine (ODE), which is an open-source 
physical engine for simulating articulated rigid body dynamics in real time, is used. We use ODE as 
a module of simulation program to handle the interaction of rigid bodies. With the same parameters 
of models from SolidWorks, physically-based robot and object models are built up with ODE. The 
haptic rendering module is a bridge between virtual environment and haptic interface. It is 
developed by C++ program in Linux environment. The admittance control module receives force data 
from the physical engine and convert to velocity for control of haptic motors. Finally, the driver is the 
linkage between the haptic device and the haptic rendering module. Therefore, drivers are totally 
dependent on the hardware and are specific for each particular device and operating system. The 
compact 6-DOF haptic driver is implemented in a control board that runs on real time operating 
system called Vx-Works to control motors and read data from encoders and sensors. 
 
 

Fig. 1: The setup of system 
 
For implementation of experiment, two operators teleoperate two virtual manipulators to try to 
approach and capture a common object by pushing it from two opposites ends. After both 
manipulators hold the object, they will move cooperatively to place the object in a desired position. 
Interaction forces in slave side calculated from physical engine library are compared to the feedback 
forces on master side for human operators received from sensors of haptic interface, as shown in Fig. 
2.  

D3

Cooperative Control for Multi-Operator Multi-Robot Teleoperation
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Fig. 2: Force results of left and right arms. 
 
In conclusion, a collaborative haptic interaction in virtual environment based on physical engines is 
implemented and analyzed. For next research steps, some cooperative tasks will be implemented in a 
real experiment system with assistance of virtual environments in estimation and predicting.  

1. A haptic collaborative virtual environment using Open Dynamics Engine library for MOMR 
teleoperation is developed  

2. Physical behaviors of virtual objects with multi-contact interactions during cooperative works 
are researched. The dynamic and kinematic information of virtual environment, that is 
calculated in simulation, is displayed in real-time on haptic interface to assist operators to 
control manipulators easily.  

3. Cooperative human interaction can be implemented and studied in this system through the 
force feedbacks on haptic interfaces.
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      ZHANG Mingzi 

During the half year, the main job of my research is to develop a optimization method for stent 
structure of intra-cranial aneurysms, which is a suitable method for the later manufacture stage. So 
far, some achievements have been made which is listed here as an reference. 
 
Background: Intracranial Aneurysm is a vascular disorder that could result in subarachnoid 
hemorrhage due to its rapture. Endovascular treatment such as flow diverter (FD) placement was 
proved to be an effective and non-invasive way to decrease the rapture possibility. Our previous 
researches [1] discovered the possibility of combining Simulated Annealing (SA) and Lattice 
Boltzmann (LB) method that solved the main concerns: mesh generation and handwork process, but 
the FD generation algorithm remained at the preliminary stage, which made the optimized stents 
not likely able to be manufactured due to their idealistic structures. In this study, we present a 
manufacture-oriented stent generating method based on each strut lattice that automatically 
updated at each step with maintaining the porosity 80%. 

Fig. 1 The geometry of the idealistic intra-cranial aneurysm 
 

Material and Method: An idealistic 3D geometry of aneurysm (sphere, D1=8mm, neck plane 
R1=2mm) with parent artery (tube, D2=4mm, L=60mm) was set up. The D3Q9 topology of LB model 
was applied and the spatial discretization was chosen as 1/20 mm, which gave the aneurysm neck an 
80*80 lattices plane. The neck plane was divided as 16 sub-domains, each with 20*20 lattices. One 
sub-domain was chosen as the mask, based on which the structure optimization performed. During 
generating, the mask could duplicate itself to the whole neck plane according to the given algorithm. 
The main concept of strut generation was to make sure that all struts connected to ensure the 
manufacture possibility. Two strut generating methods were concerned: M1. Given an initial strut 
structure, randomly select one lattice that could be removed, then move it to a randomly selected 
position. M2. Given a random set of struts, then connect those struts with randomly selected route. 
Both the methods could maintain the stent porosity by controlling the struts number inside a certain 
area. For M1, CFD was carried out after every 5 steps shift and for M2, CFD ran each step followed 
by a SA process. Palabos v1.4 was applied in this study. 
 
 

 D1 
  

Manufacture-oriented struts structure optimization of flow diverter 
for intra-cranial aneurysm 
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Fig. 2 The examples of judgments and duplications           Fig. 3 The flow chart of strut alteration 

Result and discussion: For M1, the longest simulation was 73 times CFD computations (365 steps of 
strut shifts) and results showed that the random shift process would significantly decrease the 
average velocity inside aneurysm from 2.39e-3 to 1.13e-3 and 0.56e-3 (m/s). (Without stent, with 
initial stent, with best optimized stent, respectively) Comparing the optimized strut structures, the 
dispersal tendency of stent strut was easy to be observed, which could be a main reason accounting 
for the flow reduction inside aneurysm. For method 2, the results will be reported later since the SA 
is a long process even running with 128 cores in our case. Method 2 seemed able to create any kinds 
of strut structure following the given strut-growing algorithm between any 2 positions. Local Grid 
refinement technology around the neck plane may contribute a lot in reducing SA time. 

Fig. 4 The pre-research results of strut alteration processing  

[1] H. Anzai, M. Ohta, J. Falcone, B. Chopard. Optimization of flow diverters for cerebral aneurysms. 
Journal of Computational Science 3(2012) 1-7 
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1. The set-up of the idealistic intra-cranial aneurysm geometry with applying ProE. 
2. The numerical simulation of aneurysms geometry with stent struts in the neck plane. 
3. The evaluation method of the optimization process. 

1. Mingzi ZHANG, Hitomi ANZAI, Youjun LIU, Makoto OHTA, 
A study on Multiscale Model in the presence of Systemic-to-Pulmonary Shunt utilizing 
LBM-LPM 
5th Asia Pacific Congress on Computational Mechanics, 11th – 14th, Dec, 2013, Singapore. 
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[1] S. Koike, M. Sato, H. Kanda, T. Nakajima, K. Nakakita, K. Kusunose, M. Murayama, Y. Ito, and 
K. Yamamoto, “Experiment of Vortex Generators on NASA SC(2)-0518 Two Dimensional Wing for 
Buffet Reduction,” The 2013 Asia-Pacific International Symposium on Aerospace Technology, 
Takamatsu, Japan, 2013. 
[2] Engineering Science and Data Unit (ESDU) 93024, “Vortex Generators for Control of 
Shock-Induced Separation Part 1: Introduction and Aerodynamics,” 1993. 
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1. N. Namura, S. Jeong, and S. Obayashi, “Surrogate-Based Multi-Objective Optimization and 
Data Mining of Vortex Generators on a Transonic Infinite-Wing,” 2013 IEEE Congress on 
Evolutionary Computation, Cancun, June, 2013. 

2. N. Namura, S. Obayashi, and S. Jeong, “Efficient Global Optimization of Vortex Generators on a 
Super Critical Infinite-Wing Using Kriging-Based Surrogate Models,” AIAA Science and 
Technology Forum and Exposition 2014: 52nd Aerospace Sciences Meeting, National Harbor, 
January, 2014. 

1. N. Namura and S. Jeong, “Parametric Study of Vortex Generators on a Super Critical 
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Hari Krishna Chilukoti  

Characterization of thin polymer films ranging from 1nm to 1000nm helps to explore the 
next-generation coating/membrane technology and plays an important role in understanding of 
adhesion, lubrication and coating. Generally, thickness of polymer film is in nano scale, the transport 
phenomenon in these films is affected by interfaces. Using computer simulations we can study these 
films in microscopic point of view. Molecular dynamics (MD) simulation is one of the computer 
simulation techniques and can be used to study transport phenomenon in thin polymer films at 
microscopic level.  

In this fiscal year, we studied structure, mass and heat transport characteristics at the 
solid( -quartz) -liquid interfaces of alkanes. The united atom NERD force field and all atom Lopes et 
al. force field were used to model the alkanes and -quartz wall. To examine the influence of -quartz 
surface topology, obtained properties in the interface region were compared among (001), (011) and 
(100) crystal planes. These substrate surfaces were terminated with OH- or H- groups, which gives 
hydrophilic and hydrophobic characteristics, respectively. The properties of liquid alkanes near -H 
and -OH terminated surfaces were compared to examine the effect of surface termination type. 
Equilibrium molecular dynamics simulations were performed to investigate the structure and mass 
transport characteristics at interfaces and nonequilibrium molecular dynamics simulations were 
performed to investigate thermal energy transfer characteristics.   

In the last year, structure and transport properties at liquid-vapor interfaces were 
calculated based on the averaged interface and intrinsic interface definitions. We observed the 
oscillatory nature in the intrinsic density profile which indicates layering structure at free surface 
which is not observed in the density profiles obtained based on the averaged interface. When the 
ordering parameter calculated based on the intrinsic interface is examined, it is observed that the 
liquid molecules are more parallel to the interface. Einstein relation was used to calculate 
self-diffusion coefficient of alkanes parallel to the interface from MD simulation. It was found that 
the variation of self-diffusion coefficient in the liquid-vapor interface region is much steeper when it 
is calculated based on the intrinsic interface than that on the Gibbs dividing surface. 

In this fiscal year, influence of crystal planes on the structure and mass transfer characters 
in the liquid-solid interface was investigated. The layering structure of liquid molecules is different 
according to the crystal plane of solid surface and termination type. This is the most obvious in the 
case of methane. For long chain alkanes, influence of crystal plane and termination type on layering 
of molecules is less significant. The parts of alkane molecules that enter into cavities on the 
OH-terminated side of (100) crystal plane are in the direction perpendicular to the interface whereas 
the parts of the molecules that enter into the cavities on the H-terminated side are in the parallel 
direction. The variation of radius of gyration across the interfaces suggests the molecular shape is 
remarkably flattened in the z-direction in the layers close to the wall. It is observed that 
self-diffusion is lower near the wall and reaches to the bulk liquid value away from the walls. It is 
shown that molecules in touch with the smoother surface (001) migrate faster than the molecules in 
touch with rough surfaces (011) and (100). It was found that the in-plane diffusion characteristics in 
the adsorption layer are anisotropic in nature and this is the most noticeable for the (001) crystal 
plane. 

D3

Heatand mass transport in polymerthin film
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 Fig.1 Thermal conductivity distribution of methane    Fig. 2 Kapitza resistance between 
liquid methane and liquid                      -quartz substrate for different crystal planes 

 
Thermal conductivity of liquid alkane in the solid-liquid interface region and Kapitza 

resistance between -quartz substrate and alkane liquid has been calculated. Fig. 1 shows the 
distribution of thermal conductivity of liquid methane between the solid walls terminated with 
H-groups. It was observed that thermal conductivity of liquid methane in the vicinity of -quartz 
substrate varies in an oscillatory manner according to the oscillation in the density profile. To 
the best of the author’s knowledge, this phenomenon in the solid-liquid interface has never been 
reported in literature. It suggests that thermal conductivity is strongly influenced by the 
structure of liquid in the interface region. Fig. 2 shows the thermal resistance between liquid 
methane and the -quartz for (001), (011) and (100) surfaces terminated with H- and OH- 
termination types. It is observed that the interfacial thermal resistance between the liquid 
methane and -quartz substrate terminated with OH-groups is significantly higher for the (100) 
crystal plane than the other two crystal planes. On the other hand, thermal resistance between 
liquid methane and -quartz surface terminated with H-groups for (100) crystal is considerably 
lower than the other crystal planes. It can be concluded that the Kapitza resistance is strongly 
depends upon the structure of liquid in contact with the solid substrate.  

Future research focuses on structure, mass and thermal energy transport 
characteristics of binary liquid alkane mixtures in bulk phase and at solid-liquid interfaces. 
 

1. H. K. Chilukoti, G. Kikugawa, T. Ohara, A Molecular Dynamics Study on Transport 
Properties and Structure at the Liquid-Vapor Interfaces of Alkanes, International Journal of 
Heat and Mass Transfer, April 2013, Vol. 59, 144-154. 

2. H. K. Chilukoti, G. Kikugawa, T. Ohara, Investigation of Interfacial Properties at 
-Quartz/Alkane Interfaces Using Molecular Dynamics Simulations, International Journal 

of Advanced Research in Engineering & Technology, April 2013, Vol. 4(3), 68-76. 
3. S. C. Mishra, R. Singh, P. Agarwal, H. K. Chilukoti, Analysis of Radiative Transport in a 2-D 

Cylindrical Participating Medium Subjected to Collimated Radiation, Numerical Heat 
Transfer, Part A, 2014. (in press) 
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In this year, I have been focusing on vascular smooth muscle cells (SMCs) responses to fluid shear 
stress (SS) in a co-culture model system. SMCs are lying in the tunica media layer outside the 
intimal endothelial cell (EC) monolayer, and can regulate vessel diameter to control blood pressure 
and flow. Former studies conducting EC SMC co-culture experiments have revealed that ECs 
exposed to a physical level of SS affect unsheared SMC functions associated with the development of 
atherosclerosis through cellular interactions [1,2]. Recently, Meng’s group [3] explored that SMCs 
could respond to high SS and play a role in the formation of cerebral aneurysms. As for better 
understanding of the relationship between the local hemodynamics and blood vessel pathology, it is 
important to explore SMC behaviors under different SS conditions. Therefore, I constructed an 
EC-SMC co-culture model with phenotype-controlled SMCs (Fig. 1), which is similar to normal 
healthy arterial walls. The co-culture model was then exposed to SS and the production of MMP-2 
and MMP-9 from SMC was observed using PCR method. 
  Figure 2 showed the result of MMPs production from SMC in the co-culture model after 
flow-exposure experiment. Compared with SMC cultured in serum-free medium for 15 days (q15), 
both MMP-2 and MMP-9 production from SMC cultured in co-culture model for 72h (static) 
increased. After 72h exposure to different magnitude of SS, MMPs production from SMCs changed 
differently. A SS of 2 Pa contained MMPs production same to q15, which is similar to former report 
[4]. While a high SS of 10 Pa induce higher MMPs production from SMC compared to q15. Since 
overexpression of MMPs is thought to be crucial during the initiation of cerebral aneurysms, this 
result may suggest how high SS influence blood vessel remolding during the formation of cerebral 
aneurysms. Our former researches have revealed that the phenotype of q15 was a contractile state, 
characterized by low proliferation and a high level expression of contractile myo lament proteins. 
However, a low or high SS could induce a tendency of synthetically phenotype change of SMCs. Thus, 
the change of MMPs production from SMC under different SS conditions could be caused by the 
function change of SMCs. And the present result also showed that compared to q15, MMP-2 
production after exposed to a low SS of 0.2 Pa increased while MMP-9 production decreased. This 
could be due to different functions of MMP-2 and MMP-9, and the detailed mechanisms need further 
experiments. 
  In conclusion, we constructed an EC–SMC co-culture model and explore MMPs production by 
SMCs in the co-culture model under different SS conditions in the present experiment. Application of 
a high SS of increased MMPs production by SMCs, and this result suggested that SMCs could 
response to SS conditions, and influence blood vessel remodeling during cerebral aneurysm’s 
formation. 
 

Fig. 1 A diagram of the co-culture model of EC-SMC 
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Fig.2 Effect of SS on MMPs production from SMC in co-culture model. Both MMP-2 and MMP-9 were 
detected by PCR method by q15 SMC, static cultured SMC in the co-culture model or exposed to 
shear stress for 72 h. Levels of the MMPs by SMC are normalized to those of q15. 
 
[1] Tsai, M. C., L. Chen, J. Zhou, Z. Tang, T. F. Hsu, Y. Wang, Y. T. Shih, H. H. Peng, N. Wang, Y. 
Guan, S. Chien, and J. J. Chiu, Circ. Res. 105(2009), 471–480. 
[2] Wang, H. Q., L. X. Huang, M. J. Qu, Z. Q. Yan, B. Liu, B. R. Shen, and Z. L. Jiang, Endothelium 
13(2006), 171–180. 
[3] Meng, H., Z. Wang, Y. Hoi, L. Gao, E. Metaxa, D.D. Kolega, Stroke, 38(2007), 1924-1931. 
[4] Sakamoto, N., T. Kiuchi, M. Sato, Annals of Biomedical Engineering, 39(2011), 2750–2758. 
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Figure 1.  Schematic illustration of the electrochemical cell with its cross-sectional SEM image. 
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Figure 2.  Co K-edge XANES spectra of the porous 
La0.6Sr0.4CoO3-  electrode under cathodic overpotential of 
-0.14 V in P(O2) = 10-2 at 873 K. x expresses the distance 
from the electrode/electrolyte interface. 

Figure 3.  Distribution of P(O2)eff in the porous 
La0.6Sr0.4CoO3-  electrode under cathodic overpotential of 
-0.14 V as a function of the distance from the 
electrode/electrolyte interface. The dashed line indicates 
atmospheric P(O2), 10-2 bar. 

Figure 4.  AC impedance spectra of the porous 
La0.6Sr0.4CoO3-  electrode in P(O2) = 10-2 bar at 873 K 
under OCV and simulated impedance spectra by using 
transmission line model. 

Figure 5.  The ratio of the calculated Faradaic current jF
at the each position in the LSC64 electrode to the total 
current through the electrode/electrolyte interface. 
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Riyan Achmad Budiman 

Reduction of cathodic over potential is one of the important issues for the commercialization of 
the Solid Oxide Fuel Cells (SOFC). To overcome this problem, workers has been devoted the works to 
understand the factor limiting the cathode reaction, and also exploring the new cathode materials [1]. 
Recently, composite material which has two different phases becomes candidate as cathode material 
of SOFC [2,3]. Encouraging results on electrochemical and transport properties has been reported on 
mixed ionic and electronic conductor (MIEC) which mixed with an electrolyte material [3]. On our 
preliminary results on LaNi0.6Fe0.4O3-  (LNF) mixed with Ce0.9Gd0.1O1.95 (GDC) shows large 
enhancement of interface conductivity compared to LNF cathode [4]. Many studies show that 
electrochemical performance enhances on MIEC composite. However, the mechanism of 
enhancement has not been fully understood so far.  

If the electrochemical performance of LNF is enhanced by mixing with GDC, it might be not only 
due to the extension of triple phase boundary because LNF itself has sufficient ionic conductivity to 
reduce the oxygen at some portion of the electrode surface. The reason of enhancement MIEC 
composite has the possibility of enhancement of catalytic activity which has been reported [5]. In 
order to clarify the enhancement of catalytic activity by presence of GDC, the electrochemical 
performance of a dense LNF film electrode coated with GDC particles has been compared with the 
bare dense film electrode.  

The impedance spectra of LNF film – GDC porous and LNF film electrode at GDC electrolyte 
showed a single arc, as shown in Fig. 1. The peak frequencies of the arcs were very low, which were 
in the range from 1Hz to 0.01 Hz, resulting in the large capacitances. From our analysis on LNF film 
electrode, such large capacitances are considered due to the oxygen nonstoichiometry changes of 
LNF and the rate determining step attached to the surface reaction [6]. As shown in Fig. 1, coating 
GDC porous layer on LNF surface film can substantially reduce the polarization on the LNF film 

2

Fig. 1. Comparison of impedance spectra of LNF film – GDC porous with LNF film electrode at 973K and p(O2)

= 1 bar. 
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electrode. This result indicated that there might be high possibility of increasing catalytic activity by 
GDC porous layer because the GDC layer does not contribute to the extension of triple phase 
boundary. In this case the oxygen surface exchange kinetics might be enhanced due to the GDC 
supplies additional free oxygen vacancy for the surface exchange reaction. 

Another measurement has been done by isotope depth profile technique (IEDP) using secondary 
ion mass spectrometry (SIMS). The bare LNF film was compared to the LNF film – GDC porous with 
same condition of isotope exchange treatment. Before the isotope exchange treatment, both of 
samples were pre-annealed for 3 hours at 973 K under 10-1 bar oxygen partial pressure. After that 
the atmosphere immediately changed into 18O2 and the samples were treated for 10 minutes before 
quenched into R.T. The depth profile of 18O2 traced by SIMS and both of samples were compared 
their oxygen reaction exchange rate (k*). The LNF film – GDC porous has higher k* compared to the 
bare LNF film which indicate that GDC effect enhanced the oxygen reduction process on the LNF 
film surface. Both of Measurement (impedance spectroscopy and isotope depth profile technique) 
indicated that GDC porous layer enhanced the catalytic activity of LNF film surface, however the 
mechanism of GDC porous layer hasn’t been understood so far. 
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Fig. 1. Comparison of isotope depth profile of LNF film – GDC porous with LNF film electrode at 973K and 
p(O2) = 1 bar. The LNF film – GDC porous has higher k* than bare LNF film which indicate there is 
enhancement of catalytic activity due to the GDC particles. 
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Project #1 : Determination of oxygen reduction process in mixed ionic and electronic conductor for 
SOFC cathode 

Mixed ionic and electronic conductor (MIEC) is a class of the materials which has high 
performance cathode of SOFC. Although the thermodynamic and transport properties of it has been 
studied and understood over last decade ago, knowledge of reaction mechanism on the cathode is 
limited so far [Adler et al., J. Catalyst, 245 (2004) 93; Fleig, PCCP 2 (2006) 2027]. One challenge is to 
make model of electrode reaction for MIEC in order to understand the reaction mechanism on the 
cathode as an aid to design high performance SOFC cathode.  

Project #2 : Exploring high performance cathode material for cathode SOFC  
Reducing the overpotnetial is one of the key issues to be solved for pratical uses and it is essential 

to develop cathode with high performance for IT SOFC. There are two alternative way to reduce 
overpotential which have been studied so far. First pathway, previous study on hetero surface of 
(La,Sr)CoO3 and (La,Sr)2CoO4 shows that the oxygen exchange rate is enhancing significantly [Sase 
et al., SSI, 178 (2008) 1843]. As second pathway to improve the electrode performance, we propose to 
make composite cathodes consisting of multiphase materials. 
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Efforts to find eco-friendly generation system having high efficiency have grown in importance 
more and more due to fast exhaustion of natural resources from industrialization. Fast 
industrialization also leads to break out the serious pollution such as water, air and ground 
pollutions and so on for several decades. Solid Oxide Fuel Cells (SOFCs) are attractive field kind of 
fuel cell applications among the scientists due to their high efficiency and pollution-free operation 
process [1-2]. 
 Yttria-stabilized zirconia (YSZ) having fluorite-type lattice structure was considered as typical 
electrolyte material of SOFCs due to high ionic conductivity and excellent stability at high 
temperature. However, this high operating temperature as 800-1000ºC causes rapid decrease of cell 
stability due to unexpected surface reaction between electrodes and electrolyte and it can be a reason 
of cell efficiency, finally [3-4]. To solve this problem, the research about decreasing operating 
temperature to intermediate temperature (IT-SOFCs) range as 600-800ºC is considered as solution.  
 Calcium titanate, CaTiO3 will be a good alternative for electrolyte candidate due to high ionic 
conductivity and structural stability. 
 In this research, Sc was selected as dopant element into CaTiO3 to extend ionic conduction range. 
Conductivity of CaTi1-xScxO3-  (x=0.05, 0.1) was measured systemically depending on temperature 
from 1000ºC to 800ºC as function of PO2 to analyze electric charge carrier. Based on the results of 
conductivity measurement, fitting process was performed to investigate the ionic transference 
number behaviors from defect chemistry point of view for mixed-conductor. 

 Fig. 1 shows conductivity behavior of CaTi1-xScxO3-  (x=0.05, 0.1) depending on temperature as 
function of PO2. The values of total conductivity were observed increased behavior with increasing 
temperature in both contents of Sc addition. In addition, conductivities were increased both at high 
PO2 and low PO2 region because hole conduction was be a dominant electrical charge carrier at high 
PO2 region (p-type conduction) and electron conduction was be a dominant electrical charge carrier at 
low PO2 region (n-type conduction) with increasing temperature. It lead also contraction of ionic 
conduction domain with increasing temperature both cases of Sc addition. This phenomenon was 
considered as typical mixed ionic electronic conductor. Although ionic conduction domain was 
observed most narrow at 1000 C, it was supposed still showing wide ionic conduction range. 10% Sc 
doped-CaTiO3, CaTi0.9Sc0.1O3-  was showed higher conductivity values at all range of temperature 
compare with 5% Sc doped-CaTiO3, CaTi0.95Sc0.05O3-  however, similar values were observed between 
CaTi0.9Sc0.1O3-  at 800 C and CaTi0.95Sc0.05O3-   at 1000 C. Especially, conductivity values were 
dramatically improved than YSZ was observed in CaTi0.9Sc0.1O3-  at 1000 C [8].  

Fitting process as shown solid lines was carried out to obtain the partial conductivities including 
elec, ion and hole conductivity parameters which confirming dominant electric charge carrier to 

contribute total conductivity. In this research, this fitting equation was performed as below: 
 

 
 
Fitting processes were well matched with whole range of temperature in CaTi0.95Sc0.05O3- , 

CaTi0.9Sc0.1O3-  system. It was confirmed that ionic conductivity was main contribution parameter of 
total conductivity.  
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Fig. 1. Total conductivity of CaTi1-xScxO3-   
(x=0.05, 0.1) and their fitted conductivity 

Fig. 2 shows ionic transference number ti of CaTi1-xScxO3-  (x=0.05, 0.1) as a function of PO2. Ionic 
transference number also showed also similar behavior compare with conductivity result as shown in 
Fig. 1 which showing having narrow PO2 region behavior with increasing temperature. The oxygen 
partial pressure region which kept as flat state was decreased with increasing temperature both of 
CaTi0.95Sc0.05O3- , CaTi0.9Sc0.1O3-  system. Analysis of ionic transference numbers can be a obvious 
evidence that lower temperature had more wide oxygen partial pressure region describing 
contribution of ionic conduction from total conductivity in this research. Moreover, this result also 
related with total conductivity as shown in Fig. 1 because ionic transference number means 
proportion of ionic conductivity from total conductivity as below: 
 

 

Even behaviors of ti were observed getting narrow PO2 region with increasing temperature across 
the board, the values closed 1 which means pure ionic conductor were shown both CaTi0.9Sc0.1O3-  and 
CaTi0.95Sc0.05O3-  at whole temperature. 
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Fig. 2. Ionic transference number of CaTi1-xScxO3-  (x=0.05, 0.1) 

 
These behaviors also have differences with Hashimoto et al was reported. In previous study [7], ti of 

CaTi0.9Sc0.1O3-  measured by a concentration cell increased with increasing temperature. However, 
the ti values in this study shows decreasing with increasing temperature. Over potential that 
occurred at concentration cell in the previous study probably caused lower estimation of ti at lower 
temperature. Although the values of ti were decreased with increasing temperature, it was showed 
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high values compare with other types of mixed-conductor. Relatively high ionic conductivity and ti at 
800oC suggest that CaTi1-xScxO3-  series have potential as SOFC electrolytes. 
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[2] P. Plonczak, M. Joost, J. Hjelm, M. Lundberg, P. V. Hendriksen, M. Sogaard,  J. power sources,  
196,  1156-1162 (2011)  
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1. scandium (Sc) was selected as dopants material to improve conductivity properties by 
substitution of Ti site in unit lattice. Conductivity was improved by increasing Sc addition and 
showed typical mixed ionic electronic conductor existing p-type, n-type conduction at high and 
low oxygen partial pressure (PO2), relatively. Ionic conduction region was observed getting 
narrow with temperature increased due to dominant of hole and electron conduction as function 
of PO2. Ionic transference number, ti was showed analogous behavior with conductivity results. 

2. Sc-doped CaTiO3 system, CaTi1-xScxO3-  series are suitable for SOFCs materials especially, 
electrolytes requiring high ionic conductivityscandium (Sc) was selected as dopants material to 
improve conductivity properties by substitution of Ti site in unit lattice. Conductivity was 
improved by increasing Sc addition and showed typical mixed ionic electronic conductor existing 
p-type, n-type conduction at high and low oxygen partial pressure (PO2), relatively. Ionic 
conduction region was observed getting narrow with temperature increased due to dominant of 
hole and electron conduction as function of PO2. Ionic transference number, ti was showed 
analogous behavior with conductivity results. 

3. Sc-doped CaTiO3 system, CaTi1-xScxO3-  series are suitable for SOFCs materials especially, 
electrolytes requiring high ionic conductivity 
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(a)Static pressure distributions (b) Pitch angle distributions

Fig. 1 Comparison of experimental results and computational results 

Table 1 Flow conditions 
 Inlet total pressure 

[MPa] 
Inlet total temperature

[K] 
Inlet wetness 

[%] 
Pressure ratio 

[ - ] 
CASE 1 0.330 384.301 0.0 1.901 
CASE 2 0.330 394.301 0.0 1.901 

CASE 1 CASE 2 

Fig. 2 Instantaneous condensate mass fractions at the mid span[1] 
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Fig. 3 Time-averaged P-T curves of CASE 1 and 
CASE 2 at the mid span 

Fig. 4 Time series of condensate mass fractions at 
the outlet of third-stage rotor [1] 
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LI YUJIE

During this year, the research is about the numerical simulation of cerebrovascular diseases, 
which is a hot debated topic recently. The research background, purpose, results and related 
information are introduced as following.  

Cerebrovascular diseases, such as aneurysm and stenosis, are significantly involved with the top 
leading cause of death worldwide. Computational fluid dynamics has gained many results and 
significance in studies of stenotic artery and aneurysm, while little research focus on the case with 
them happened simultaneously in the same artery. In previous published research, the deployment 
of flow-diversion has increased the intra-aneurysmal pressure by 20 mmHg in the case with a 
pre-aneurysm stenosis and the treatment resulted in aneurysm rupture [1]. The purpose of this 
study is to learn the different hemodynamics in the complicated geometry with both stenosis and 
aneurysm and study the influence to the aneurysm when a pre-aneurysm stenosis exists which may 
threaten people’s health and life even more severely. 

To learn the different hemodynamics in the geometry with both stenosis and aneurysm and 
study the influence to the aneurysm when a pre-aneurysm stenosis exists, idealized models of 
straight and curved blood vessels with both aneurysm and pre-aneurysm stenosis were established 
to study the complicated disease, as shown in Fig. 1. The focuses were set in different geometric 
parameters by altering the degree of stenosis, the distance between stenosis and aneurysm and the 
curvature of parent arteries. Flow pattern inside aneurysm and intra-aneurysmal pressure change 
were studied. The present study emphasizes the abnormal phenomenon in flow pattern and increase 
of intra-aneurysmal pressure change affected by the existence of pre-aneurysm stenosis. 

Observing the flow pattern of all models, the reattachment length increases as the degree of 
stenosis increases, as shown in Fig. 2. Dominated by inertial force, reattachment flow in curved 
vessel is obvious smaller than that of straight vessel, and it tends to decrease as the curvature of 
parent artery increases. As to artery with severe stenosis and short distance between stenosis and 
aneurysm, the flow pattern may become multi-vortexes flow pattern when the reattachment flow 
extends to the aneurysm neck.  

Because of the existence of stenosis, the intra-aneurysmal pressure shows a trend of decrease. 
As the degree of stenosis becomes severe, the decrease of intra-aneurysmal pressure increases. In 
other words, the treatment of pre-aneurysm stenosis may create higher pressure condition to the 
aneurysm which should be taken into consideration in further studies as well as clinical researches.  

Fig. 1 Sketch and parameters of geometry with stenosis and aneurysm 

D1

Hemodynamics in Artery with Aneurysm and Stenosis with Different 
Geometric Configuration 
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Fig. 2 Recirculation and reattachment at different degree of stenosis (direction of flow is 
from left to right) 

[1] Cebral J. R., Mut F., Raschi M., Aneurysm rupture following treatment with flow-diverting 
stents: Computational hemodynamics analysis of treatment, AJNR Am J Neuroradiol, Vol. 32, No. 1 
(2011), pp. 27-33.  

1. The establishment of the idealized models in different shape of blood vessels, which suffered both 
stenosis and aneurysm, by altering the degree of stenosis, the distance between stenosis and 
aneurysm, and the curvature of the parent artery. 

2. Doing numerical simulation of different models with same settings of hemodynamics 
environment similar to human body, and also same settings for solver control. 

3. Display the results in different simulations, and analyze the changing trend in hemodynamic 
parameters, such as the reattachment point, the velocity, the flow pattern and intra-aneurysmal 
pressure.   

4. Summarize the influence to the aneurysm when a pre-aneurysmal stenosis exists in the artery. 
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and Makoto OHTA. 
Simulation of Hemodynamics in Artery with Aneurysm and Stenosis with Different Geometric  
Configuration.  
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