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Koji Abe, Tomoya Maruyama, Toshinori Kouchi, Goro Masuya, and Keisuke Asai.
Quenching and Absorption of Toluene-LIF by Acetone
The 10th International Conference on Flow Dynamics
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The effect of nickel powder mixing on CoNiCrAlY coatings has been investigated. The CoNiCrAIY
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 738L.C was used as a substrate. The bond coats of 100 #n 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 600°C
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 1000°C 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.

‘> Dark arca

Light area %

SUTO X% Ony w1 208 POBSECP)

o Wi
X1 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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X 2  Microstructure of the cold sprayed composite coating after heat treated at 1000°C: (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.
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[1] M. Sone, H. Fukanuma, R. huang, N. Ohno (2012). 2012 ASM Int. Therm. Spray Conf. and Exp.,
pp. 283-286.

[2] A. Manap, A. Nakano and K. Ogawa (2012). Journal of Thermal Spray Technology, 21(3-4), pp.
586-596.

[3] D. Seo, K. Ogawa, Y. Nakao, H. Miura, T. Shoji (2009). Surface & Coatings Technology, 203, pp.
1979-1983.

[4] Masakazu Okazaki, Satoshi Yamagishi, Yasuhiro Yamazaki, Kazuhiro Ogawa, Hiroyuki Waki,
Masayuki Arai (2013). International Journal of Fatigue, 53, pp. 33-39.

[5] Ku-Hyun LEE, Jin-Hyuo PARK and Kyung-Hwan YE (2006). Journal of the Korean Physical
Society; 48, pp. 1691-1695.
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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 Nz, 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°C, 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.

(EfF=E - 2= - FWER~ORR (EHELGL)]
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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1. Sangwook Lee, Toshinori Kouchi, Kenichi Takita, Goro Masuya
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The 21st International Symposium Air breathing Engines (2013-10121)
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TMEHN 2R ETDHZ EHHME LTV D,

AAEE 2V, BEER Imm O Al K% 25 Hb b2 S B2 A O S E2SEE (2B DA E O A 8
ELOETT T, MOERICAE Lok SEM 44 Fig. 2 1077, B S £ TORETIL, ALK
Al FERT I 1T B i O S 1350 440m/s. ALK F/Cu FebH 238 1) 5 i FUs 1% 300~350m/s & Al <
toitAMH%ﬁ%M BT D i FOHE 1% 380m/s LL T, ALK F/Ti Hebf & OY AL Ki-/Ti Fphic B L <

%ﬁﬁfi5mm@uif@5%®&ﬁménéo::f Table 1 (Zhi+ & O OB & )&k F

TT ARFRERIZ X o TRHl S N7 B R L & SR EEORE S 2o\ T, MHBIMEIRRFICRE O Bz, o
D Z LT HEMER A E M DO TR EE A B TE RV I L ZRR L TV, BEOE T, KM
PRI, FRIC BRI LI O IR RED B SO TR & 72 B % KU L TV D AIREME DR @ 2 E AR STV D,
Stk RO HARIBILIEZ RRJET 7 X< &> CEIT L IR % 28 S B 7258 O FURFE %
HEL, SROFRE HEREITH) TETH D,
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e I ——.
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- :

Substrate

Oscilloscope

Detector

(a) Schematic illustration (b) Appearance
Fig. 1 Single particle impact system



Al on SUS304 X WMKX

AlonTi > 3 KX
. ® Deposit
Alon Ni o0
® X Rebound
AlonCu X oG o0 @ O

AlonAl X X XK@ @

300 350 400 450 500 550 Al substrate
Particle Velocity (m/s)

SU70 20.0kV x50 SE(M)
(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 (HVo.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
TR 25 FEDHARER
€5 EASES)|
1. WES T A< - 3 — 0 KA 7 L— Rz oo B i 5t o 3%
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0 | OBESLEVILEE | P~ R CIEM 2 B S, @WK S AR5 2 L ITEkEh LT,
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7o RUAT KA, BEx 72 BHT DU THE SR FE ORI E A BB DBIERZE 2 SIS TV, R
SR AT TRBHA 1 DR E 25 # 5,

[(EFARX (B EERSBRXKEET)]
1.

K. Ito, K. Ogawa, Effects of Spark-Plasma Sintering Treatment on Cold-Sprayed Copper
Coatings, Journal of Thermal Spray Technology, ASM International, Vol. 23(1-2), pp.104-113,
2014

(Eff&E - & - FHEEAORR (EHGL)]
1.

K. Ito, K. Ogawa, Effects of Spark Plasma Sintering Treatment for Cold-Sprayed Metallic
Coatings, The 2013 International Thermal Spray Conference & Exposition, CD-ROM, Republic
of Korea, 5/2013
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ST ST DIFFEICY — IV RHRARD Y I 2 b—3 3 > LB SO RE AR DL I 2 L—3
a VD _HTh D,

s U=V RHAFY I 2 b—va v

RS 1 HCHBICEDREZELY b O —/L R H RRNOFHEZ21T 5 BRiL, BUEED 720 OFERI 72
TIY ALEMABAT VIR’ S5, Z 2 TIESPHKL D EFEZ IR E OIS & T 22 EE T L& v,
S DI R % —EOFRPHIZIND 5 72D 1-53E] - @G OWLBRZ N % TEWZIET VT XA Z R LT,
M4 ZAFTA ANZED I —FIVBEEDRE LEDEITH —F VRN —ED L EIZDBIERIHTH Y,
PREAEIZTDHER LEDEDOMICKE Y DAL, R FZEENARELE L eoTz, TNEMIET
L7202, BRI HOWTEHBEORL 155 RD L IOk HH DI —F VR TR ok -5 %
EXLBRBTEVWHI FCRIFHMAEERZ RS Z L Lic, HILWAWIET LI U XAIZL -
TBEZ A FORE LEEOEIEZEL T ARNETFET D2 LI L,

Temperature (K): Density (kg/m”3):
300 2840 5380 7920 10460 13000 0 1

‘l'. i i Y Al ok l.. a0 v o’

0 5 10 15 20 25 0 b 10 15 20 25

X1 Y=V FRHTAFEY I 21—y a r TEOLNRERERSLORER. EXOEES CIIBURGTEN SR &
2oTRY, ST IBESENARICEHNA TV,

- BRI S ORTE AT DO I 2 L—a v

TARBARRRICILER & il 2RO BHERA NG END, Lo TR - [ - ) =M o BEfiiRir
FRZBIT DRI DOIRDTENERZ DD LD RREESIOHEFENLEL 725, R IETIHIREN
RERNET L LV EORNELFEET, FRCEROBEAIREZ I % 5 7= OICHETIEOL BB
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[(EFERX (EFRfAZEREBERXELZSD)]
1. Masumi Ito, Masaya Shigeta, Seiichiro Izawa, and Yu Fukunishi:
Numerical Simulation of Shielding Gas Flow in Arc Welding System Using SPH Method,
The 14th Asian Congress of Fluid Mechanics, Hanoi-Halong, Vietnam, (October 15-19, 2013),
pp.389-392, CD-ROM.

(Eff=EE - = - FWER~ORR (EHLGL)]

. Masumi Ito, Masaya Shigeta, Seiichiro Izawa and Yu Fukunishi: 33 : 1k
SPH Simulation of Liquid Droplet Behavior on a Water-repellent Surface,
Tenth International Conference on Flow Dynamics, Sendai, Japan, (November 25-27, 2013),
pp.630-631, USB Memory.

2. OHEE RUE, KW IEsk, OH# KBS, @t ERE PR

FEIEAMENE SPH 2 MW @R EOWRKOEIEFENIIRET 528ES I 2L —2a v,

55 91 ] H AR 7 3 U A o7 0 PR 23 m SCER, (2013-11), GO306, USB A E V.
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TR 25 FEICE T HAEHBLRITHT HEY A

AL IR D HMNEETT T L— 9 VBT —T VO SREMOIRENC L A5 HEIS OB 21T -
T T VR ANEE A FERT AIES T T L—a v AT —TF A HOERS AT AEREE L (1K 1),
Jeui OIEFE I3 LT, Fii IR A ER S D, IREIOZEEZfEIH Lo Wiz, iR ins
PELVW, £ZTC, PIV FEZHAWVWTRY AT AIN T —T VO OFIUT BRI & #ER T
72 (M2, AVATAZHOCTEFTREICH L TRAUC L2 BEBERI-, b7 — T Vi 13k
NHEEOHEK L & HITEK T2 77, #lifk (PVA) WESOIEFE XN OB L Z 1T 7o S B L7z (K 3,
X 4), ZOX D RERITTATHIRE —F L, R AT 20FAMZRL[1,2],

WITIRNARICRBIT DIREN D T — T M L BIREOEE 27, EIE 0.5mm, IREK 0Hz (JREhE
L). 31Hz & 63Hz ORENGEMET, 0~0.1m/s DE72 HFIEHE TT 7 L —3 3 O el & R NE
DIRFERE 24T > 72, FFENES 2mm OMZEIZBW T, 60 B DR Tlx 63Hz 1% 0Hz L ¥ 5C< HW»
KT L7, # ERIEE D 25°CITEE S, FHRRPNERIZ 6 L CHElR B OIRENC & 2 A/ NS W S B L
7= (M 5), BYRTdh 2B MOIRENT L > T, BJITHEMNE FEXLE) 7O 2 & N RE
DIRFTHHRANZEBZBND, DT H 0.5 mOIEE CHEMED HEJIOBEIT/ X<, 68H TH5H
REVCH B oD, BRPBEN D Z L IC L DIREEL O BN NINWEEEZLND, el
IZBWT, FERIE 2 2O s (K 6), iR WEE (0~0.04mm/s) . JoliafEM O X
63Hz<31Hz<O0Hz Tk %5, Ziudk, WMEMRNGA ., eimmMmoORENC X 2mAREN A b5, £
EWEREIZEWVWEAADREATRT, HEAEH WSS (0.04~0.1mm/s) . 4 4 T O IR X
63Hz=31Hz=0Hz T& %, OHz (FIREHEL TH Y | WWILUZ L DFE LOMFE E LRV, JRAVOIRFEEDHIK
&l bz, FeREmII LRI X D2 WM EIE SR T 5, O RITIREENIC X M AR R A LR |
RENZ XD EN R o< 25, fERE LT, K 0Hz (RENE L), 31Hz & 63Hz I&[F UiREIC
2%, EENC X DM AR ORI ITEMELOFNSRENC L > TERL &, ZOE SN iuULEmRD
BAEE©, BEZTTF2EB2005, BERENEL R, BLENAWN LML D, I E O
BEEIENTEDHEEZOND, 2NHDOZE LY KRUAT AIHES 2mm OREE EH X5 EH
RECEMOEEEZROZENARETH DI ENRBRIN, TNETOT T L—r a7 —T /&R
FIENH D Z LR ENT,
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[1] Cao H., Vorperian V. R., Tsai J. Z., Tungjitkusolmun S., Woo E. J., and Webster J. G., 2000,
“Temperature measurement within myocardium during in vitro RF catheter ablation.,” IEEE Trans.
Biomed. Eng., 47(11), pp. 1518-24

[2] Cao H., Vorperian V. R., Tungjitkusolmun S., Tsai J. Z., Haemmerich D., Choy Y. B., and Webster
J. G., 2001, “Flow effect on lesion formation in RF cardiac catheter ablation.,” IEEE Trans. Biomed.
Eng., 48(4), pp. 425-33.

TR 25 FEDHARER

€N ES)

. B ARNEEAERTAEDT L — a v T — T VDO ER S AT A DR
WE)T 7 v—2a U T —T VOBEI R ERGET 5720, PVA-H ZFVEBEAMGE S LT, BiK
KBIRHEZH TR T 7L — a v BT —T VHOF Y AT L EMEE LT, PIV FEZHWTE
T =T NVEH OB Z T T2,

2. JEUREMRIIXT L CTHRIVC X DI HEIZ R OMRGE
K AT DEHWTERRATESIETT 7 L—3 g o RSeui@Em & RN 2mm OIRFEHIE 217
STz, BT —T VR ITMAVGEE OB K & & IR T 25—, Mk (PVA) WNEOIRE X5
NORELEZ T I L,
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3. WRAVART & X TEmEMIZXT L CTIRENC X A BEIZN R OMREE
PEME 0.5mm, HEENEX OHz (JEREHE L), 31Hz & 63Hz OIRENIS/: T, 0~0.1m/s D72 B iiidvR
TT 7 b—v a R OSem &N ORERE A2 1T 70, EIMEWEE . iR ORENZ X
HIWHNER LI, ElomWERBIIERWE RV R 2R, TN WSS TEH OB E DR
&L BT, eI LTIV LD WmA RN R L, £ ORRITIREIC L 2 mH R % LA
V. IRENZEDED oD,

(ESZARX (ERMEZERSERXRZED)]

1. Kaihong Yu, Tetsui Yamashita, Shigeaki Shingyochi, Kazuo Matsumoto, Makoto Ohta, “PIV
ANALYSIS OF THE FLOW PATTERN AROUND AN ABLATION CATHETER TO OBSERVE
THE FLOW EFFECT ON THE ELECTRODE”, Proceedings of ASME 2013 International
Mechanical Engineering Congress and Exposition, IMECE2013-62791

(Eff=EE - 2= - PWEF~ORE (EHLL)]
EERaE, ABFE, Aaibb
1. Kaihong Yu, Tetsui Yamashita, Shigeaki Shingyochi, Kazuo Matsumoto, Makoto Ohta, “PIV
ANALYSIS OF THE FLOW PATTERN AROUND AN ABLATION CATHETER TO OBSERVE
THE FLOW EFFECT ON THE ELECTRODE”, ASME 2013 International Mechanical
Engineering Congress & Exposition, San Diego, America, Nov. 2013.

ERRiE, RAX—3E, AL

2.  Kaihong Yu, Tetsui Yamashita, Shigeaki Shingyochi, Makoto Ohta, “The Effect of Vibration of
Ablation Catheter on the Temperature of the Electrode”, 10th International Conference on Flow
Dynamics, Sendai, Japan, Nov. 2013.

ENTa, DEEFE, &l

3. T B, IWF WL BTN R, KE B 77—y a v b T —T VO EBIREFMH Y AT
LDOBRFE |, HAMTES 260N A A D=7 U v E#ES, e, 20144E1H 121

4, HPEIEKRRR, mEME—X, BEMPE, TE, KEGE, &G, TMWENDIT—T LV TA RV
o L— X O (IEETVNTOY A YO =RIGEHN) |, HAEH S FHeE M 4o o=7
Vo ri RS, A, 2014517 12H

_26_



K4 EE Zve

'Fﬁ)% TE B FAF TR RHME ISR R - D1

:ﬁﬁmﬁ%%ﬁ
:HGA7&??v—&mﬁﬁéf%u%ﬁﬁi@tw®%~&E%A—
I R o = 72 A e
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AEET, T X EMEEEOA N —AZHEAT 572007 VTV X LAOBRFN LT N—R T =T O
BREE - EEAIT o2, ZHUCE Y, BEHBEEAHEROWIE AR L, SHEEREOM EEK S, —i
B, ABFZEICRB W CT — 2 EfiN— R =7 O fAxg E LTS KEFHFEIL. BROEKERFD,
ZNENOMEZERAN RN OHEEITY, A RN —LAFHEEZITI = R =7 Tk, FEEITHERIE O
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HVENET D, 22T, AEMFEITEMHEEPREECA N — A XV 2T 57D, £ARY —A
W6t LCL R ATREA i A [ E L CEID M TAH Z L, iNROFEHORMEN S ARFRETH D,

ZOREICH LT EBEDOIEMET — % A MY — A ZH—@EKIC L W EET 5 TEE LT, ECF (extra
code free) FF 5t FIEZIRRE LT, ZIVUTEMEROENA N Y — A BRI S/, B0 DA R
— LFEDOMMELTDRNTZD, IRCIENGT — % 2 ZBELRETH D, Lo, »— Ru T ik
DEMES D, BMEREEOM ERRETHL EVIRELH D ERbhrotz, Zhucx LT, +4
IRHIIMER HIVE, A N —AFSZOMINC LD EMBIERTOEELMZ ONALZ END, AN —A
BT 5 FEEREL, ~N— Ry =7 O%E (K 2) KOMERERHE (K 3) #1T7->7-, BEREMEL
IXEVMEZ B U0, BB EESIEFICRE S R LMENAE U, R EEZ K& <HET 2 ko
BRELE, "R =T OFFPHEEOREL 7o T D,
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2. =a—INXy NT—IDONN— Ry T EIE LT 4 —TF T —= T 5058
FPGA ZH\W/n— R =7 77U r—3 g 0%, Bl EL2IEEICREDT —Z 1Tx LT D
WLATH) EVHMRICTHE L TWD, FDH, =a2—F /LRy NT—7 OEREZITWN, T4 —TFF
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[(EFwRX (BT ZERSBRXEZIT)]

1. Kentaro Sano, Yoshiaki Kono, Hayato Suzuki, Ryotaro Chiba, Ryo Ito, Tomohiro Ueno, Kyo
Koizumi and Satoru Yamamoto, Efficient Custom Computing of Fully-Streamed Lattice
Boltzmann Method on Tightly-Coupled FPGA Cluster, Proceedings of International Symposium
on Highly-Efficient Accelerators and Reconfigurable Technologies (HEART2013)

(ERRE - F2 - FHEE~AORE (EHELZL)]

1. BRHEFBEFSY a7 40Xy T TN AT AMES, “GET—% 2 N — A8k Fo- o
DJEAN— R = 7 OFEHE LT, @RS RESUbA—L, 201345 H 20-21 H

2. BIHEHBEFREY 2L 74Xy T I RAT AIGEE, “EIEA N —AD7= D OESRTERE N— R
U= 7 OFLEE LTI, BISERBKRY: BES v 2 A, 2014451 H 28-29H
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TR 25 FEICETHAEMBLRITHT HEY A

AAEFE 1L, R & ERTHICB T 2BEOREICONWTHERT D720, Hlll SN FHHEE 20 %.
90 % DI FES P H R 2 (afk S, O THELT & Bk 4 T S8 2 ERIFTE 21T 72,

7 1 ITHRHZE 20 %, 90 % COERTHR B 55 LW EICEIT 5, KRKBEIEE X O S |
VIR, BRI OEMERZAEZRT, 22T b ER DR &I, HRRKEREIED 10 %225 90 %~%
b 2DICEST L TH D, F7o, BIERFM &I, BRI BAEL THOHRERKIBREIED 10 %D+ i
IZBIET D E TORRITH D, 90 %DAHXHEE & bl LT, 20 % OFIXHBEIZ 1 2 i R gLk L O
BEREE T, ST HIC L o TR T D& N REL LoTz, —J7, b BNV EFEICEI L TiE, 90 %D
FARHBE D/RT D& D20 % L 0 #ETHM L7,

F 2 \THXHEEE 20 %3 Z V90 %IZBIT 2 ELEIR 27, ELIR TR WIEAIZEBIT 5, £t
DIBEZHZB O CH SN EEE TR LM TH 5, BIERERICE L Cid, WIS X 2L R I0E
WAE o 727203 2 1TITFEH L T2y, 25 BN 0 R X O KB REIE Tk, 90 %D AH%HE
JE & LRl LT 20 % DOAHRHEEE 1) DAL R DKL 72 oz, 22Ty B B Y BERICBIT 5 L%
R, A THICE 0 EENINT 2HETH D, o, KOBRIEICET 2R &1, &Lk
THRIZ XL 0 EEN DT 2HETH S, BLAE TIIRNESESERA T — LB TR SN TEY
B L SR TSR W I, ERE Lo TSN Z 5, EEREA E TW DB, BRI EICE
J DEEW S - BT ORBAEIC L > THEDRENEN L, ZOKRS - FfOEREDL D Z & T
AR B KIFT (1], b BRI LT, @i L e U RIS Tk, Rz X
DANLH B30 RN T 57202, 3], BBEOE I NI LIi2hd, 2F 0, EREOEINHEL
TR E BT, R - BTN L2 & T, 20 %DOFEXHEES TIXELIR EME T L
mrEILND, —FH, HRBEREIEIL, KEESICBW T TR X B+ 58], Bk
IZBWT, FRWERYE (R KEBREEA V) SR TET 254, OB THEEOEE B R 3 %A
L. JENERICEADAET 5 4], HEgi55 W EEBY (R R EIE M) 22 2ifl 058 S B3R OLE T
1. EHOERERE A ITIRE LR, KEBRTIZ. 20 %OMIHLESIZBW T, BRI L0 &
KIBREIMET L, Z OIROJED TOBER R NS ICRAE LR o220, ELRSIEMET L &
Ezohb,

ARERAER LY | EER EELR TSI W TRES DAL KIFT 2 MR TE, TRl &M
SnElol, 90 %OFXHEE & Hlk LT, 20 %D AEXHEE 2B 1T 5 R RKamE+ R X OFERE Tk,
LR T IC Lo TN T &N K&EL o7, 72720, Vb ENVIFRIOANTOX TG T/ NS o7,
SEH EAN Y B3 I O KBTI E O SEEE S 38U N T 90 % DARGHEE & Heilke LT, 20 % DFEHEE DELIRE
HEMEL F2 o7,

# 1 FHXHEE 20%3 L OV 90% I 88T A 1= Ha R 2=

Relative humidity w/o turb w turb
0,
Overpressure P [kPa] 38 0//3 882 812
T 20 % 0 0.6
Rise-time 7 [us] 90 % 0.1 0.9
o 20 % 0.001 0.003
Avrrival time t, [ms] 90 WE 0.001 0.002
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[1]

[2]

# 2 20%3 XN 90% DAHXHEE G I I 1T 5 Sl h

Relative humldlty Tmean/’[meanwo turb Pmean/PmeanWO turb
20 % 3.7 0.74
90 % 4.0 0.72

J. L. Ellzey, M. R. Henneke, J. M. Picone, E. S. Oran, “The interaction of a shock with a vortex:
Shock distortion and the production of acoustic waves,” Physics of Fluids, 7, 172 pp. 172-184
(1995).

P. V. Yuldashev, M. V. Averiyanov, V. A. Khokhlova, S. Ollivier, Ph. Blanc-Benon, “Nonlinear
Spherically Divergent Shock Waves Propagating in a Relaxing Medium,” Acoustical Physics
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iDevelopment of New material for Thermal Turbine Blade
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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, Cr132!
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
Cri2 Q 0.12 0.32 0.51 0.03 0.015 | 0.32 11.5
B8
Crl3 § 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 Tensile Hardness )
Microstructure
Strength(Mpa) | Strength(Mpa) (HBW)
Criz |§ = 479 683 161
o o
Crl3 E g 687 850 321 Martensite
PH17-4 3 & 760 900

The major corrosion problems encountered during operation of turbine blades are corrosion fatigue
(CF), stress corrosion cracking (SCC), and erosion-corrosion [3l. 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.



Table 2 Mechanical loading and solution condition for fatigue tests in air and corrosion fatigue tests in solution

Solution Cl SO42 Temperature

condition 1800 ppm 50 ppm 90°C
Mechanical Kmax(MPa-m0-5) 50/70

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

Gt Sz g T wnamt

[

Figure 1 Microstructure of PH17-4(a) metallography (b) EBSD phase analysis
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Figure 3 Fatigue Crack Growth Rate in air of Cr12, Cr13 and PH17-4




T
1E3 L —=—K__=70MPasVm_1Hz_solution _:
—e—K__=50MPaeVm_5Hz_air E
—4—K__=7T0MPaes\m_5Hz_air

1E-4 b 4

5 E
o
>
2

£ 5L 4

£ 1E-5
z
K=}
3
©

1E-6 | 4

1E-7 | 4

| n n n n PR

1 100

10
AK(MPae\m)

Figure 4 Crack Growth Rate of PH17-4 in solution and air
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Figure 5 Time Domain Analysis of Environmental Contribution to Corrosion Fatigue Crack Growth Rate
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Fig.1 In-situ observational results of CM247LC under the creep-fatigue interactive condition
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[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. 2 (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.
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Society of Japan, Sendai, Japan, (2013.9.28-30))
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[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, 73 (2013)
2082-2092.

[3] T. Kodama, Y. Tomita, K. Koshiyama, M.J. Blomley, Ultrasound Med Biol, 32 (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, 12 (2011) 270-277.
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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.
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Kato S, Sh1ra1 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]
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. [Orall
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[1] I. D. Sudit and F. F. Chen, Plasma Sources Sci. Technol. 3, 162 (1994).
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- \Cooperative Control for Multi-Operator Multi-Robot Teleoperation
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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.

Slave Side

Virtual Interface ¥

]

1

I Graphics Interface

1

1 |

1 Physical Engine Library

R

1
[ |

i
1
AY

Haptic Interface

________________

o

Master Side

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.



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.

TR 25 FEDHREE
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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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Manufacture-oriented struts structure optimization of flow diverter
for intra-cranial aneurysm
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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 (LLB) 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%.

* Parent Artery: L=60mm, D=4mm
* Aneurysm: R=4mm, Dneck=4mm

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.
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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.

L IRARIRAKA

Without FD With initial FD Ssteps 50steps 100steps+
FA=0.002385 FA=0.001135 FA=0.000918 FA=0.000691 FA=0.000655+
FM=0.031051 FM=0.010514 FM=0.008882 FM=0.008347 FM=0.00808+

...... +
150steps 200steps 250steps 300 steps+’
FA=0.000636 FA=0.000675 FA=0.000623 FA=0.000637 !
FM=0.008322 FM=0.008882 FM=0.007655 FM=0.007823+

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.

(EffRE - 2% - PliE~ORR (EHELGL)]

. 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.

1
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Characterization of thin polymer films ranging from Inm 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(a-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 a-quartz wall. To examine the influence of a-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 zdirection 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 1s
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.
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Fig.1 Thermal conductivity distribution of methane Fig. 2 Kapitza resistance between
liquid methane and liquid a-quartz substrate for different crystal planes

Thermal conductivity of liquid alkane in the solid-liquid interface region and Kapitza
resistance between a-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 a-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 a-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 a-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 a-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.
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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 myofilament 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.

SMC Space Ring
Membrane EC

filter ]
\

N

Y

Collagen gel Culture dish

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.
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Figure 1. Schematic illustration of the electrochemical cell with its cross-sectional SEM image.
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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 LaNiosFeo4Oss (LNF) mixed with Ceo9Gdo10195 (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.

-30H T T T T T

Impedance Spectra at 973K 1 bar P(O,)
25 | [LNF film - GDC porous @ =)
LNF film ©

2"l
]
T
I

U

Fig. 1. Comparison of impedance spectra of LNF film — GDC porous with LNF film electrode at 973K and p(O,)
=1 bar.

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
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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.

1F T T g
Gasphase | liepp at 973 K, 10 bar ]
- |===LNF film + GDC porous
[ |==LNF film
018 . 18 16 | =
£ 0/(*°0 + "°0) LNF film + GDC porous =
= i 1.5E-9
2 001 '
o U 0/("®0 + ®0) LNF film
T :
0.001 | | | 1y
Eo : Natural
E : 1 abundance
L7 : 1
0.0001 & A ! ' | 4
0.0 ko.z 0.4 0.6‘ 0.8
Sub surface layer Electrode X/um Electrolyte

Fig. 1. Comparison of isotope depth profile of LNF film — GDC porous with LNF film electrode at 973K and
p(O,) = 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.

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! bar oxygen partial pressure. After that
the atmosphere immediately changed into 1802 and the samples were treated for 10 minutes before
quenched into R.T. The depth profile of 1802 traced by SIMS and both of samples were compared
their oxygen reaction exchange rate (¥%. 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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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)Co0s 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.

(215 - EFIEF &EFEHY)]

1. R. A. Budiman, S. Hashimoto, K. Yashiro, K. Amezawa, T. Kawada, “Electrochemical
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57 (1), 1873-1878, (2013).
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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 800-1000°C 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 600-800°C is considered as solution.

Calcium titanate, CaTiOs 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 CaTil-xScx03-5 (x=0.05, 0.1) was measured systemically depending on temperature
from 1000°C to 800°C 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 CaTii-xScxOs-s (x=0.05, 0.1) depending on temperature as
function of Fos. 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
Poz and low Poz region because hole conduction was be a dominant electrical charge carrier at high
Pozregion (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-CaTiOs, CaTio.eSco.103-s was showed higher conductivity values at all range of temperature
compare with 5% Sc doped-CaTiOs, CaTio.955¢0.0503-s however, similar values were observed between
CaTi0.95¢0.103-5 at 800°C and CaTio.es5c0.0503s at 1000°C. Especially, conductivity values were
dramatically improved than YSZ was observed in CaTio.9Sco.10s-5at 1000°C [8].

Fitting process as shown solid lines was carried out to obtain the partial conductivities including
Oelec, Oion and oOnole conductivity parameters which confirming dominant electric charge carrier to
contribute total conductivity. In this research, this fitting equation was performed as below:

_ +1/4 -1/4
Otot = O—holePoz + Gelectronpoz + Oion

Fitting processes were well matched with whole range of temperature in CaTio.955c0.0503-5,
CaTio0.9Sc0.103-s system. It was confirmed that ionic conductivity was main contribution parameter of
total conductivity.
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Fig. 1. Total conductivity of CaTii-xScxOs-s
(x=0.05, 0.1) and their fitted conductivity

Fig. 2 shows ionic transference number # of CaTii-xScxOs-5 (x=0.05, 0.1) as a function of Pos. Ionic
transference number also showed also similar behavior compare with conductivity result as shown in
Fig. 1 which showing having narrow Foz region behavior with increasing temperature. The oxygen
partial pressure region which kept as flat state was decreased with increasing temperature both of
CaTi0.955¢0.0503-5, CaTio.95¢c0.103-s 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:

_ Oion

L Otot

Even behaviors of t; were observed getting narrow Foz region with increasing temperature across
the board, the values closed 1 which means pure ionic conductor were shown both CaTio.9Sco.103-5 and
CaTi0.955¢0.0503-5 at whole temperature.
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Fig. 2. Tonic transference number of CaTii-xScxOs-s (x=0.05, 0.1)

These behaviors also have differences with Hashimoto et al was reported. In previous study [7], # of
CaTio0.9Sc0.103-s measured by a concentration cell increased with increasing temperature. However,
the # 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 # 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 # at
800°C suggest that CaTii-xScxOs-s series have potential as SOFC electrolytes.

[1] K. C. Wincesicz, J. S. Cooper, J. Power Sources, 140, 280-296 (2005)
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196, 1156-1162 (2011)
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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 POq. Ionic transference number, ti was showed analogous behavior with conductivity results.
2. Sc-doped CaTiOs system, CaTil-xScxO3-6 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 (F0s2), relatively. Ionic
conduction region was observed getting narrow with temperature increased due to dominant of
hole and electron conduction as function of ADz. Ionic transference number, t; was showed
analogous behavior with conductivity results.
3.  Sc-doped CaTiOs system, CaTii-xScxOs3-s series are suitable for SOFCs materials especially,
electrolytes requiring high ionic conductivity

1
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Fig. 1 Comparison of experimental results and computational results
Table 1 Flow conditions
Inlet total pressure  Inlet total temperature Inlet wetness Pressure ratio
[MPal [K] [%) [-]
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 Fig. 4 Time series of condensate mass fractions at

1.

CASE 2 at the mid span the outlet of third-stage rotor [1]
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1.

Miyake. S., Yamamoto. S., Sasao. Y., Momma. K., Miyawaki. T., Ooyama. H.,

Unsteady Flow Effect on Nonequilibrium Condensation in 3-D Low Pressure Steam Turbine
Stages, Proceedings of ASME Turbo Expo 2013, June 3-7, 2013, San Antonio, USA,
GT2013-94832(2013)

Eulerian-Lagrangian Numerical Simulation of wet steam flow through Multi-Stage Steam
Turbine,

Sasao. Y., Miyake. S., Okazaki. K., Yamamoto. S., Ooyama. H.,

Proceedings of ASME Turbo Expo 2013, June 3-7, 2013, San Antonio, USA, GT2013-95945(2013)
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1. Yuto Moritake, Yoshiaki Kanamori, and Kazuhiro Hane
Numerical study on Optical Metamaterials with High Quality Factor Composed of
Asymmetric Double Bars

9th International Conference on Optics-photonics Design & Fabrication (accepted, February,
2014).

2. Yuto Moritake, Yoshiaki Kanamori, and Kazuhiro Hane
Demonstration of Fano Resonance in Metamaterials Composed Asymmetric Double Bars in
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5th International Conference on Metamaterials, Photonic Crystals and Plasmonics (accepted,
May, 2014).
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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.
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Fig. 1 Sketch and parameters of geometry with stenosis and aneurysm
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Fig. 2 Recirculation and reattachment at different degree of stenosis (direction of flow is
from left to right)
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. 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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