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Fig. 1 Time-averaged height of free surface with
different impeller location and rotation speed:
(a) on-axis 300 rpm, (b) on-axis 400 rpm, (c)
eccentric 300 rpm, and (d) eccentric 400 rpm.
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Fig. 2 Time-averaged cross-sectional velocity
vectors generated by eccentric stirring (a), (c)
viewed from point A in Fig. 1, (b), (d) viewed
from point B in Fig. 1. The rotation speeds are
(), (b) 300 rpm and (c), (d) 400 rpm.
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Fig. 3 Snapshots of free-surface height in the
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case of on-axis stirring with 400 rpm rotation.
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Fig. 4 Snapshots of free-surface height in the

case of eccentric stirring with 400 rpm rotation.
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Fig. 1 Schematic representation of water model
experiment [4].
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Fig. 2 Mass transfer coefficient with different rotation
direction and rotation speed of impeller [4].
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Fig. 3 Distribution of turbulent kinetic energy on the
free surface: (a)-(c) CW, (d)-(f) CCW, (a),(d) 500 rpm,

(b), () 700 rpm, (c), (f) 1000 rpm [4].
Top

Fig. 4 Velocity distribution on the free surface: (a)-(c)
CW, (d)-(H) CCW, (a),(d) 500 rpm, (b), (¢) 700 rpm, (c),
(f) 1000 rpm [4].
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Figure 1. (Top) Schematic of CVD processes
considered in Ref. [4]: Adsorption of precursors,
migration of adsorbates and desorption of
by-product. (Bottom) Polaron (excess electron)
simulated in this study at the anatase (101)

surface.
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Figure 1. Molecular structures of porphyrin dyes.
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Figure 3. Selected Kohn—Sham orbitals for (a) ZnPNTz and (b) XW17, obtained by DFT calculations with the
B3LYP/6-31G(d) level. To simplify the calculations, alkoxy groups were replaced with methoxy groups.
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T = poy = plo] 3)

ZIT, IR, o, ZEERITHS.
ST O [E] 25 X0 BRIl % £ S IR E) 2 i T 5
728, [RFTEESRDE AWIET] T, FIRATERI NG
T = Cuyiy
when ¢ > |t],| (not sliding) %)
7,12 =(1- D)C447;2 + Sgn(?’iz)DTf
when 7¢ < |t],| (sliding) 5)

ZZT, sgnl3FFEHEBTHS.
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Unit: mm
Constraint: x
100
Displacement
y 0.5 mm

~
Interface

—

-

Round bar (416)

S

Deformed bar (D16)

Cross section

B 1: 51 & ARBROGEAK 2 B L - A BRERE TV

£ 1 MRS =%

E v k G & 7

Steel 200GPa 0.3 — — — —

Concrete 30 GPa 0.2 20 0.1 N/mm 0.0001 —

Interface 200 MPa 0.2 20 0.1 N/'mm  0.004 0.5

3 NEFEHOERM

3.1 RIS

MNEZEEOFEM 2 MGEEST 5720, HEMREOR
72 % A8 & B8R O 5k Z 5Bk & bt U 7. AR
EEETFTLEMIRT. WikeEEL, 14EF
V% TR BRI K D ERR U 72, 8k D RMEIIR %
FMIZETF AL, REIZEZ 0.5 mm ORMHHEZ
BT 7z, ' TV & BT TV O EREULH
60 ATH5. MBI A—-2%2K1IIRT. &HD
KEWIRDAEEZ, 27— ADME 2L/ L 7=,

32 fRMTRER

¥ 2, 3 1M — 2Bk & NER DRG0 &2 R T
Hil & 2L EHEBTI DA LD, JH & RILEK T
EERARMEIZENET ., £, M TSmO A
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o Round bar
40| 4 Deformed bar

Load (kN)
[N}
(=)

0.2 0.4

Displacement (mm)

X 2: 3B & ORI E T IICE T B - 20 HEFR

0y

Loading step: 60/100 (6.5 kN) Loading step: 60/100 (45.0 kN)

(a) Round bar

0.5 LLTTTTTTT TS 1 .0

Internal damage variable

(b) Deformed bar

X 3: A8l s & CREEAE T BT B NEOIEL i

PHIEL TWBDIZH L, BIEFE TIZNEO OVE
nX, SO o 72O EINE FHH T E 2.

4 BbHYIC

AT, L& BILERT D 54k = iR % ik
U7 2475 Z & T, REFEIERE ORI IR
DETMEEEZ LT, ThTNONEETD
A %2 EETE 2 L 2R U,

S 3R

[1] AHKE &N, B PR : Bl s ZE L -85
TN & BHENEMEM Rl O EEY I 2L —Ya Yy, +
KREEEFSE A2061%), Vol.74, pp.1.233-1.241,
2018.
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KLK8 (=a—m7v ) OIERRNHIRE 7258 % 52 % Loop 99 I KLK 77 I U —(2dk
L N #ESRpESH s A & Te, & b KLKS (PDB ID:Inpm)iZ 2 FOHHAFES LI-ET L
ERERT LOET V2 i UT-RESR, BESHIERRA 70\ AT~ EBHERT L 7o B 7 /L Cldfs A
NEJERDDN—TF D% & VLD, F7IT Loop 99 DFE S VML LTz, FHEERZ L TIdH
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B R E ST D 2 ENnbhote, —FH, FEIERT2Z LIk, BER Y MISHIC
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1 B

ij

HIRSD 2 2 732 EMGRT= T T D2 < 3K
BHIERG 2521 TN D, & LR D T A
1% Ser X° Thr {HBHOREEIR FITHENFEEST5 O
FEOTBE, Asn BHO T X REERIFTITHEDE
H7 5 NAHEGEWEHIMAET 5. 26 OFEHE
fifild s LR E RS, BEREUGE, ZEMERR
T om b, SRR, 5 TRk IBED
B L LTk~ 7204 L Q5 REHISARIX
RZ v 7T U NRY = A7 AADIGH, IEE~—
J1—DBA%E, FHEELHFER ETHER SN TE
0. WFIENREL A& TE 0, FHEILEE
I EL AR
SRR, MAEH CREL LAk & 72050 & DB
BRI STV S kallikrein (KLK) 77 2
V- 3R s WERRE A AT ) T T T
—PTINETIC 15 DX L0 ENRESNT
W3, KLK 77 2 V=G A MIH@E LT
171E7 % Loop 99 13ERIZ L > TEDORE X3 H e
LR EA L Y o a T T —B ok
BRERMECBIR L TS EEZX BN TND D, L
L, HIIZEDOT LRI T 4 — 5 [EAHS
FEEI DIV TR BT, e & OBLEMI5ES
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VAR Z B ST,

KLK 77 X U —iZj& %% KLK8 (neuropsin)
IEHHARCR TRILL TR, ZOX 37 ED
BEREFEEIC L 0 | FRIBRREOR R R & DBE M
DRI ST & 7o, AMWFFEIZSEN. > T KLKS &%
DOIETH D neuregulin-l DEAERDET VL
LT KLKS8 7T RET /L (FEHIZZ2 L) 2V,
IR E T T, ZORER, KLKS 0kt
ERERMRIEEOT X BRSNS, FEE
73 Loop 99 & RN ANER 21T 5 2 LN EEE
ThdHZEnbho722, N SR T HAT
OFE T > THIEFIZRKZV, Loop 99 ~Dpf
PHIEARIXERERE A LTV D Loop 99 OFED it
HAAMDZ & B T EREDRD BT G
252 RTINS,

AHFZE 1L KLKS 0 Loop 99 (2451 ) B HEERAD
FOSHA b &ZDEDOMIEIC 2 D585 R
L. 1@ (MD) FHRA VLT A1T -
77
2 Ak

t + KLKS(PDB ID:lnpm) ® Loop 99 W
Asn95 127 F LI at 2 L (GleNAe), v /
—ZAMan), #7777 b—A(Gal)n 5 k5 B



((GleNac)2Man(ManGleNacGal)2) ##EA Lz

ETNEHAEE LT BAN €7V, ZOXGGE
Y7 v W T i E L = fE 8

((GleNac)2Man(ManGlcNacGalSia)2) BAS &
T BEEHRLO WT £7 VARV, Zhbo
EF VD 20 A lokE, AL B X1
Nat& ClZfidiE L7z,

MD FH5EIZIE Gromacs? & AV, 72/ igFksL
21X amber ff14SB /735 9 B 811 1%
GLYCAMO6-j9, /Kor112id TIP3PY % FH iz,
B TR LD =R F—R MUITHR N TET /L
(AL E IR AR L72RRET 300 K £ CHHR L7,
RIZ 1 ns 2 TR 2\ THBRZ fFER L7273 5 NPT
HEAEBZ o7, 2 ns O, 100 ns O
production run #1772,

3 R

3 ODET IV E HIZ 15 ns AiiE T RMSD IHIEIE
—EEICEEL TWe, £27T 20~100 ns D
trajectory N C C « Ji-7-0 RMSF D517
ST, FNENDET MIEIT 5 bfactor % Fig.1
{29, WT 5 /LCld Loop 99 (ZHEH 35
B, BAN BT /L TIEZORL X0z HiL
Tz, — 5 TBASET/VClid Loop 99 Z5te
TEHEDERI DN —T DO ERRE L o7z,

Fig. 1 B-factor coloring of WT and two glycosylated

models.

WRICERD T EATOEHHER NV —~ v T %
TERL72& 24, WT Tl 8 DOV INEDMFE L
Tz, S OREET Loop 99 23EIZENA T
B ENDhoTz, T3 Loop 99 DFEH X2
A SR OBREE R & <22 Z Lavbio
oo FEERAIEARATAG R Tl 2 SOMMBFILR O
BEIT v FrOBEZ M O ROGE BT 5 ICI3E
TR E W 4 D23 A NRO—D TR RS
TRk ERE(1.9~2.3 A)F TH< 22> TW 2, Loop
99 DENE NTEMEMIOME AR D Z & TiEME
ZellE LTS ATREMEDS RIS S 4L D, [AlERIC BAN
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R BAS TIHFEHG T ORER, ZEh 2 2D
TRV NEDMFAE L, Loop 99 D& (Z X
D3ENTH o7z, WT &30 | HEHIHES L
TWNDET /LTI R A K 555 S FREELC
TEL D Z L3 ihrot-, BEHOAIZLY
BAN, BAS CIIAERYT v K EL 72D WT
TIHRK 2605 A3 2~ 7-D12%f L BAN, BAS
TIE 5335 A3, 4144 A3 ThH -7z,

4 F&H

WT (30Tt =7 B O BR#ED KRS AR
HiEE CIEo5< DX 80 ns IOV THY | =
L —hif B 2 IRREMIHEBIR B D &
WENRV, o, PSS ET L ORI
NS ATUFESHIEAR AR R 5.2 5 B 2D
Z iFb o, il ARG A BIA T E
DACEBIHRICITARV, BUR I3 =L —
Hi b o> FLlsElE - 72 R A& o) 7 )
VI ULNTERNWZ END, BT T
22 % T3 R A1TH 2L 2 AR E LT, 53R
T T IED—DOTHD VT hashikE A
WEFHE (REMD) k121795 Z & & L=, 300K
N5 450 K £ TOMD 70D L7V 1 & FE L,
REMD #F{THCTh D, X OIZFE Lfiftr4 i
J5Z LICE > TINSDOPEEOIER 7 v b
BTG R OREEZA b & RS HIHEI 0O BEEME D
T2,

5 BEXM

1)  Skala, Wolfgang et al. /. Biol Chem. 289,
34267, (2014)

2) VY hud MEEM, BRI Ea—2 1k
2 2017 RAAFENEERSURE S 1655
7). 160-162

3) S. Pronk, et al., Bioinformatics, 29, 845,
(2013).

4) J. A. Maier, et al, J. Chem. Theory
Comput., 11, 3696, (2015).

5) K. N. Kirschner, et al., J. Comput. Chem.,
29, 622, (2008).

6) W. L. Jorgensen, et al., J. Chem. Phys., 79,
926, (1983).



HHEEYDORMANEELE 5T KKIELRD
TR —IILANDEE

WG

WL PN SR HIE QU B RS SR Y R SR R

1 EL®HIC

#Hi b OET TN, O &R (e —hT A
7V NBR) P ATHEYIOERIZ L 5 R&TER L
Wo 728 iR OBEBERED & 0 #EZMEL TWvw 5,
IS OHRD PRI R AR T T IVOMAN
RAIRTHB, LU, ABikEY EOSKRTFHIC
&, EHEPIRE X OilE %2 U 72 S & 5 K&
NOFER YN KRBT 522 2RkDEND, R
TLFt i & 2 RS EFRICOWT, #HORE
EZRBUTNRIARTARTEHIENEETH S, L
FOEBN R DT A X ) ¥ = 3 VIZIEEITELTR
DZEMAT — VM I N WS, EHER AR iREEY
DE %R Z T 1-HIRDOZER A — Iz S % 2El 72
AW X Thbh Ty, BEEEIC & D, FEE
HHEEYOEERRETHI2EMEIDIXSDE
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MOZBEMAT =NV A~DFEZIASNZTEHI L% H
s 5, Db, GLiktxPHIZHE A EEZR Large-
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ORMEY I 2L —a v EETL, BLROZEMAT —
IV DR % 4T 5 72,

2 EtERE

FHEREEIE R G 4 km -+ A28 J51A 2.4 km T,
AOEREIX 2 m & U7z, EHRESEMNICIE Fig. 1 T
RENZEOBME T Oy 700 ELERSNT
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W5, EMEEDIES DEDHEEFNDL D, B
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1 S DFEHENR 2 & SR S Hype DLV, 23V, = 0.0
(V00), V3, = 0.5 (V05), V}, = 1.0 (V10) 725 &k 5
m7ay 7R, Tay 7 OBEERTEAR
WHR N, 13025 & LTWD, AWFSETIRIRABIR I
BIFHE RIS CERR U 7 BLIR R SR & X A L AT Y
THIZH5 AT\,

Fig 1: block layouts in the unit area of (a) V0O, (b)
V05, and (c) V10.

3 BER

LM E 2 M 3 5720, EFEBNCRT
% ejection & NREHEENZTINT B sweep % HIHI S
& U2 E %17\, ejection B & U sweep J&
D DELIRIEE DZER AT — )V 2B H U7z, ejection B
X U sweep I[JEBEHL DO KIRD Z2H-TH O H#HE)
5 % 4T D GLIRAEIE D ZE A 7 — )V OF I L 7=
Zfhe Wz 5, Fig. 2ICERARDOREI AT —)V L,
EANVHRDEE A=)V L, 25RT, HEZay
753 2D Hype — 5Hgpe DEE T, sweep & H1
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ICHAFL TRy, —J5, HET By @SR T
X, V00 TfF 5 N7z ejection 3 & W sweep JH D D L,
i, VO3 ® VIOD L, £ 0B KREL, LRMEENE
WAHRIZE EHIEEINTWBE Z B80Tz,
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Fig 2: Vertical profiles of L, and L, in (a, b) V0O,
(¢, d) V05, and (e, f) V10. EJ and SW denote
ejection and sweep, respectively. The black-solid,
-dashed and -dotted lines indicate the height of
blocks in V00, V05, and V10, respectively.

W T, ERAMNOEI AT —)V L, LBAHOE
AT =)V L, DT AR MHIZDOWTHA (Fig.
3)o TOKER, HE 7y @I EEIZEIT % ejec-
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FLEE 71y & 22 OFLIRALRIRE G d R iz & 59
MK 2R EET 52 2REBLTWS, —/,
HETay 73U TOEETIE, sweep ZHDE
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WA TZH 2 S > TV Z 2R Dh 5, T
mbB, sweep i D DR E O MIRISME 7
Oy 2ZIZEsTERLPTVWILEZRLTWS, T
i, sweep L OHEIE X FROEE) % LS 72O E
Tuy 7 EENNICEET AR L, #hEYIC
WRTDHEBMNEL L BB NERTHEEZ S
na,

4 F&O

A TIEEY G SIE S D E2E KT T AL
REEDZER AT — IV ADRIF TR D720,
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Fig 3: Vertical profiles of L,/L, in (a) V0O, (b)
V05, and (c¢) V10. EJ and SW denote ejection and
sweep, respectively. The black-solid, -dashed and
-dotted lines indicate the height of blocks in V00,
V05, and V10, respectively.
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eddy simulation 2517 U7z, £D7dIZ, ejection
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i, BLIRMREEDEMA T —VIEEIDIES D EIZ L
ST RS E R Uz, — A, HETay 75
ELATRO@EE T, HE 7oy 702 %% 5
FHANZg ML I N2 Rz R U7z,



Numerical simulation of InGaSb crystal growth under micro-gravity

onboard the International Space Station

Research on the effects of heating rate for dissolution process

Jin Xin

Osaka University

1 Introduction

InGaSb is promising semiconductor that can be
utilized for many thermal-photo-voltaic devices.
onboard  the

International Space Station can suppress all the

Micro-gravity  environment
adverse effects and offers us a Dbetter
understanding of the transport phenomenon and
crystal growth mechanism.

However, the opportunities for space
experiments are very rare and require a lot of
significant preparation and money. Therefore, it is
necessary to examine and the determined the
most favorable conditions through numerical
simulations in advance to shed light on future
space experiments.

Previous simulations have been carried out to
optimize the experimental conditions; however,
they predicted a much longer dissolution length
for the feed crystals. The undissolved feed crystals
after the experiments is necessary for the post
processing and analysis, so the over dissolution
problem of feed crystals should be discussed and
prevented for future research. Therefore, a series
of numerical simulations with different heating

rates are performed.

2 Numerical methods

Figure 1 shows the schematics of the growth
ampoule, its applied temperature and the 2D
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axisymmetric grid systems. The
GaSb(feed)/InSb/GaSb(seed) sandwich sample
was stacked into a quartz ampoule and sealed
with boron Nitride and Carbon sheets. A new
phase diagram of GaSb-InSb is utilized in current
volume averaging continuum model in
OpenFOAM. The simulation is performed under
zero gravity to save computational cost and
further details for numerical methods and
procedures can be found in our previous work
(Yamamoto et al., 2016).

In addition, for different heating rates were
adopted for current research: Case A, 3.6K/h; Case

B, 7.2 K/h; Case C, 18.0 K/h; Case D, 36.0 K/h.

(a) (b) Height (mm) (C) Adiabatic
2D-axisymmetric | 45 1 1100
BN-—. 49mm i f
T
Gash feed —. 0.281K/mm Feed 1]
26mm
InSb—; 0.815K/mm
23mm [0.840K/mm esi 54 5isa o |
GaSh seed — solution === 180
Carbon sheet_| omm T(K)
77653  801.41 ErHe] Quarz
p— Seed R
Quartz—, o 798.15 807.68 ; o
2 |_target temperature THEE
2 e Mesh
g 'S0 20 22 number

time Adiabatic
Figure 1 Schematics of (a) the growth ampoule, (b)
its applied temperature and (c) the grid system for

current numerical simulation.
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Figure 2. Time evolution of the center position of crystal/melt interfaces. Dashed lines represent feed/melt interfaces

and solid lines represents seed (or grown-crystal)/melt interface in the dissolution process in 200,000 seconds.

3 Results and discussion

Figure 2 shows the computed time evolution of
the crystal/meld interfaces during the dissolution
process at four different heating rates. The dashed
lines represent the positions of the feed/melt
interface during feed dissolution process, while the
solid lines represent the positions of seed/meld
interface during the seed dissolution process and
the grown-crystal/meld interface during the
crystal growth process. It must be mentioned that
the crystal growth process begins earlier at the
higher heating rate, as seen from Case A to Case
D in Figure 1. In addition, at the larger heating
rate we predict more seed dissolution and less feed
dissolution before the beginning of the crystal
growth process. We also note that the seed crystal
did not dissolve in Case A, being different from the
cases of B, C and D. This is because in Case A the
heating rate was so small that, before even the
seed started dissolving, the solutes species from
the feed crystal diffused through the melt and
reached the seed interface, and accumulated there
(which prevents seed dissolution) until the crystal
growth began. However, in Cases B, C and D, the
local seed interface already dissolved before the
solutes from the feed reached the seed interface.
Cases B, C and D had larger seed dissolution
lengths (1.3mm, 2.8mm and 3.3mm, respectively)
than that of Case A.
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In the crystal growth process, in all four cases,
we observed the same growth and dissolution
rates as shown in Figure 1 after the heating
process stopped. At the 200,000th second of the
simulation, in all Cases of B, C and D we observe
a complete dissolution of the feed crystal, and the
growth process already stopped due to the higher
heating rates. The dissolution duration was much
longer in Case A than that in Cases B, C and D,
due to the smaller heating rate used in Case A.
The crystal growth was still progressing at the
200,000th second. Therefore, we recommend the
use of a heating rate of 3.6 K/h or smaller in the
ISS experiments (Inatomi et al., 2015).

o

4 Conclusion

In summary, current research shows that the
heating rate is an important factor in affecting the
dissolution length of the feed and seed crystals.
Results also suggest that a heating value of 3.6K/
or smaller would be appropriate for the future

space experiments,

5 Reference

T. Yamamoto et al., Num. Heat Transfer, Part
B: Fundam. 70(5), 441 (2016)
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1 Inference of time-series of macro-

scopic variables of a fluid flow.
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E(k,t) &I k OREPHIIC K > THS NS T4
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Numerical simulation of deepwater oil blowout

Turbulent jets and droplet size distribution

Daniel Cardoso Cordeiro

PN TSNS

1 Introduction

In 2010, the largest offshore blowout in
history happened in the Gulf of Mexico, USA.
The sub-sea injection of chemical dispersants
was used to treat deepwater oil spills. However,
with only few studies prior to its application,
the overall effectiveness of this method is still
being questioned as appropriate measures of
the oil droplets were not performed in situ. The
present study investigates the droplet size
distribution (DSD) and the turbulence features
of the Dblowout oil treated with chemical
dispersants in the area near the oil release
through computational simulations. A hybrid
volume-of fluid/Euler-Euler model with a large
eddy simulation (LES) turbulent model was
used to investigate the turbulent breakup of the
oil jet into the water and the effects of surface

tension, inlet diameter and velocity.

2 Numerical Method

The governing equations solved are the
continuity (Eq. 1) and Navier-Stokes (Eq. 2)

equations.

oo,

—*4+u, Vo,=0 )

6t k k
MJF(P/((Xkuk-V)”k :*ockVp +V'(“'0“k"k)

ot )
TP g+ Fpy + Fgy + F,

v,k
where uis the velocity, ais the volume fraction,

tis time, pis the density, p is the pressure, gis

the gravity acceleration, Fix is the surface
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tension force, Fbx is the drag force calculated by
the Schiller-Naumann model, Fmkx is the
virtual mass force and the subscript k indicates
the fluid phase. An LES Smagorinsky
turbulence model was also used.

The domain was modeled based on the
experimental data [1], i e., an 1.0 m height
cuboid tank with a 0.3 m x 0.3 m width. Oil
flows through a round inlet at the center of the
tank initially filled with water. The DSD was
calculated a posteriori by isolating the droplets
in the isosurface o = 0.5, computing their
volume and calculating their equivalent
diameter considering them as a sphere.

Six cases were calculated following the
experimental Weber number (We = 11 ~ 1.8 x
109 and Reynolds number (Re = 269 ~ 1076)
given by: Re= UDAjand We= piU2D /65, where
U is the jet velocity, Dis the inlet diameter, vj is
the dispersed phase kinematic viscosity, pj is
the dispersed phase density and o is the surface

tension.

3 Results and Discussions

The volume mean diameter dso calculated by
the empirical models [2] and the present LES
results is shown in Fig. 1. The black dotted line
represents dso from the experimental data.
Prediction by the present LES model agrees
fairly well with the experimental results for all
cases, on the other hand, the empirical methods
cannot estimate dso and the differences are of

several orders of magnitude.
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Figure 1: Comparison of the accuracy of
methods for estimation of the volume mean
diameterd50.

Fig. 2a shows a positive isosurface of the
second invariant of velocity gradient ¢ which
identifies an association of Kelvin-Helmholtz
instabilities (initial ‘rings’) and hairpin vortices
that ‘peel off’ the jet core into droplets (shown in
the white isosurface o = 0.5). This process is
known as primary atomization. In Fig. 2b, the
initial orderly hairpins start to become
increasingly chaotic, enhancing the secondary
breakup of droplets.

The behavior of the average local droplet
Weber number, i.e., the one calculated using the
droplet diameter and droplet velocity, was also
studied. The curves collapse into a similar

trend when scaled by the local maximum
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l -3.0e+02 \‘Q%

10°
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L
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wut:

average Weber number, which we found to be a
function of the Brownell-Katz number (BK) or
of the We, Re and Froude number Fr= U(gD)
as shown in Eq. 3:

(We)maX =2JBK =2 We 3)
VReFr
4 Conclusion
The application of a hybrid

volume-of-fluid/Euler-Euler model with a large
eddy simulation turbulent model was effective
in modeling the laboratory scale oil blowout in a
water tank. With a relative mean error of 0.19
for the oil droplet median diameter prediction,
the model state-of-the-art

empirical models.

surpassed the

However, further investigation is necessary
to explain the behavior of the droplet Weber
number in order to better understand the

phenomenon.
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Figure 2: A positive isosurface @ (colored by the vertical vorticity) and o = 0.5 (white) for Re= 1076 and We
=179. (a) Details of the Kelvin-Helmholtz instabilities near the inlet and the hairpin vortices. (b)

Increasing disorder of the turbulent vortices.
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BOVHACHEIL, BfiREORME A GORL L
LD BN DIIZIRET D Z & THARA O R
== A0l
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1 EF /W (FEFEE: 44 5, G5280:3.05)

2 EFILK
(ESEH - 217 5, #1656 1)

ZORER, M1 LFEERDET /L - FEHTSIFC I
T, PHRAET LT X ARRBEOT— RTIE, f#
HTHEFEIAS 18 B 37 2375 2 BFiE) 11 4302 7e ), &
HIT 6 Rl @b d 5 Z ENTER. (Y 3—
EDFED L5 15 o mEd kA 5251 )

UL Eomndly, BT £ Tt £ - Tk,
ASI-Gauss {E—F DR CTH D AREZ DT E T
Fehtid 5 &, BIRITHTRE IR T 2. K1 &
[FRRDET /L TIE, AAREIMATIIREEEC 7T RE LT
DITKEL, 218 217 5, Hinidi 155
T A—H—DFT N TITH 5 RHHE 25 Z L2V
ofc. BERTIE, ¥y TEREBML, T
AN L CHEZER O N 2 a2 T\Wb. £ LT
BRI T FORE L TN D, T07), Bk
Dz — N CIIEAHIE - HfEbREE Sh o 72N,
X v v TN L, 95 RfINT TR T
FZe—InBIEDE L TWD. BLE, RS D2
PEATHIDOT |7 ) o IR EE L TN D 2 &
(TS Z EANHIBA LT, BRI, AR O
DOEEUIZE Y AHA TN S,



4 BWHEBOMHBIGERN

WSt FECH 5 ASI-Gauss 1EICIE, deED
SHIMEIRE LTHD B DD, EHiEEO RS
AT A EBL A RE 72 L & iR 9D Z E M T 7.

4.1 HEDOETIVE

RO T ITIE, HERFRS AT 2 (GIS)
ZHT=[5]. GIS X 0 15 5005 B O STARALE T
RIS T — 2 D, AT RO T VA Ak
HLT- (K3). FFET—HF0D, HEEH HATIC
MBI RETET VOB S FRETH 5.

ARFFE TG LT HEHIE, EEE AT E L.
RRROE Y, AWFIET N—T7TlL, mrntiOEH
T HOMTLCERL TS (X 4). ASI-Gauss
W% TR T AR O 7 AL S OH R R E AT
BRI, R BT & 5 2 & T, Mg -
AT 2 A0 T IO AR E G R BT~ & %
BIELTETHD.

3 mEHOHHET L

4.2 FHLEETILOEESE]

EHNTET LV OMEIIROEY Th5H. fE 7
km X 10 km, 2455 : 82,916, HEK : 43,411,162,
Hi55K : 80,295,639, T—H A X :95GB. H—
DY A THRMTCE NI E1E720A, HO
AT 244 T SE A 7201218, B0 %
BRI ) Z ENEE LV, 22T, EROHFERKIC
FHEAMN—ET 5 X OIS EI R T T2 D
Bl LT, AT s e 20 KEZHE LT
a7 (X5).

ZDOFET VO EFINT 2,170,558 (it s :
0.3%), FHIESHENT 1,514,782 (k== : 1.1 %)
Thole. FEEGEIORER, SR A fRATIRHH]
1% 28 5 28 4y (System A : 20 / —F, 68 AL v

K, 1000 A7 v 7) \Tz 5 2 LN Tx, Hifieh 5 EEITHET LAY E

7z,

61X 20 X9 5, 1 Kz rf{bL7=XT
b, BT—aLZ—FTTINOKFENEFR LT
W5, BOEMIZEERE FENTWD Z bbb,
T 6 2 X OITIER LK THD. B—o—
OOIRNFHHEINTEY, (3 BERICTET /ML
ENTWAZEDHERTE . 6 1 XD HIEE ST 5
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BT T MR TCL, 82 ISR
EEB LTMNIERESNTE T, R -}
B CRAE DB DRV ERE 2 )[R Uik 2
FETMEL TN DY, FEGKEORMNRHY,
SlEfeE e VAR ST <.

5 F&oH

AEDOIEFRIFFEIC L Y, ¥V —A 23— KD OpenMP
b, IRAENET A 7 F V) —8AE, IV L3 —
Z NSRS L L7, ZAUS kY, #i
IRD KBWEHEISEAIRATNFEBLFTRE & 72 V), AT
TERELARETD LD LTz, 41, HkeHIC
HEBROENT LT ALEZRRTHZET, &
R BEEEEEE S & &b, HmAkET Lo
EIE, WAMEEERAT LA B L, B
FRFOAREF RO A REREY I 2 L—a &
e Wk A M oY

A

ABFFEL, BURKRT: « B EREdZ, HHEE =
HEOIFEIEE L THESE W& E L.
= RFa—= T HB L TCWEREW7 LA - U
Ny e AT DFx, FloAR—FLTWEEEE
LTz REFE A T ¢ 72 o Z —BRE AL
JEHH U _EF £, 7= JSPS BHFE 17H02061 D)
WEZTCEBLE L. ZZIUE#H0OEEELE
7.
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(1] JTrshr, A, Rpsiy, —@IEns  dits
BT HERIAREME 7 V& W TR B LD =3k
G ARAT, TSRS A1 (WidE - R 157,
Vol. 72, No. 4 (M5 T304 35 %), pp.1.367-
1.377, 2016.

[2] D. Isobe: Progressive Collapse Analysis of
Structures: Numerical Codes and Applications,
Elsevier, eBook ISBN: 9780128130421, Paperback
ISBN: 9780128129753, 2017.

[3]  BIRKERR, 2w a7V ASI-Gauss JEIZ X
LHRE G 2 — BV ORI THEAEZST, BARE
FeratE R, % 600 7, pp.83-88, 2006.

[4] #ooE, BEKERS : ASI-Gauss 152 FV -GBS
EARHT 2 — R OMEREIRRE, FHE Loyl aim R
CD-ROM, #;167%, 2011.

(6] KRy, B, SR MUuRIEMTE 7 /L OB
72 B D T- O OIRICIRHBETHEDORTE, A
SRS AL (s - HUE ), Vol.70, No.4 (s
L SRR 35 %), pp. 1.1124-1.1131, 2014.



EHEEREBERICHT S
EERTFREIRRESEREREOS MR

e AR

RERS RS REFABE P T2 BRETAI A

1 &

AT, FOPHERERB 51 B B TR

ili

SyRERIfEER 2 AL (CQBEM: Convolution Quadra-

ture time-domain Boundary Element Method) O &
PEREILIC DWW T~ T4, RFBMHERILT T X
F w7 (CFRP : Carbon Fiber Reinforced Plastic)
oA —RTFA RO (58) B
M2 - T, ARSI, LHORR% 205 T
HEHZEDTWD. T LRGN, SRS
ZEBICERAEREA TS, RGOS
HUZIL, @ OSRMESE LRI, BE R
Fa# (UT : Ultrasonic non-destructive Testing) 01
HBRA LN TS, L LR, FERGHEN
JRRT, BEEBRIIEMECARIRT D 2 &b, REHR
EOETFAMESN TS, 20k, FERGE
BhE LTz, VRN E) (RSB E A TR B O
H o d) BELAT FEZ BT 5 Z Lid, UT Of
ErEIRERFGELLELTEELALND. ZO
£ 7REE G, BTVERPEND ORI ENET [1] ©
PR, WS OMTROITND. LMLRRD, JKE)
fRHT I U 7= 55 R 5375 (BEM:Boundary Element
Method) 7 I 7z 5207 PSR IR D RAR AR5 I 1)
FERTIE, 1T & A ETRbR TR,

Z 2T, A#ETIE, CQBEM #HWWT, S5k
SRR 0D & R TR 2 SRR B ST 21T 72 o
7ol %Zfar4 5. CQBEM (X, fiEsko Ry aEisdsE 5t
BWHRIELD GEHELE 2) THhHZ L THLATE
D, I, L0 RS ICE ] ST
WD BIGPEFREEEIREIC 1T 5 CQBEM O
ABISCHR 3] (CRED, LAT TIIfig < ~ & RO T
ETATOWTRHICH L7, BT 6l 2=

WK HEEA T« 7Yy — LEXREFAR [538] Vol.18 No.1 (Oct.2019) - 37

T b, T T, FERFDOA— R—a s B a—
% —T OpenMP, MPI % I\ CTFHE % Zh=Rm9I21T
o TS, BEIZ, SBORBEZEICZONTHIRA
HZEETD.

2 fRITETIL

M E LT, RIS T L9 7, MERREL S5 Mmi
PR VR X 2T L AN O £ EHGEL N E
EEZD., SHILBLAA, TUXLTEHEBEINT
WTHhEDRW., BE 20 OXZBICK L THE L
MEICAFEEZEET DL, AL XA EOME
TERIC LY, BELESREET D, oK, mEN
ug(x,t) 1% LT, LAT ORFH R R o Rl
[PARASY

ws(e.t) = x.t) = [ TuaCey.0) « sty 1S,
1)
72120, VR, ulP (x, ) 1A, Ts(x,y,t) 1
ko SR MEMER B R R 2 HE R,
[us(y, )] IZZ RO EMEZRT. APFETIE, KX (1)
DEFAIFESY * % Lubich QWA TFE/731E (CQM :
Convolution Quadrature Method)[4] TaHid%. 72
B, CQM A5 Z &z X v X (1) ORpEERAE S
B Tas(x,y,t) ZEEAHET 24213220, 77
T ARG A—=H s W Tz (x,y,s) ZaHlid 2 2
L LD, ZOD, FEROREHISEBUE R B IR LN
T L LRV R E S & CQBEM TH#TT %
ZEREREE 2D [2).
SC, A (1) ZFH & 22 BE U CRbc B b
MR, BHEMICERR AT » 71280 T Tlu] = u®
DOIFARORE G RENTIwE D, ZoRETEK



scattered wave

incident wave

1 fif <~ &R,

RS Z & T, BRMAT v FICB T2 R/ OAE
firdRib s = EWAREE 75, 7L, T, 2 (1)
DEEFFEIIT &0 R EDREATH, [u] 135 DL
BUF 5RO, o ZASEN BB RS b
NTH%.

—fREIIZ, CQBEM b & &b ] sE i S B 3415 T
%, BEREREE M TS, TIEM x M RRE
DIRBATHNE 72D, Z DT M BN REWIGELE, §f
R - FIEARPWRE 2D, BRERIEOT IV
Y X aEkUB L CEEbE BIETSAE, mE%
L (FMM:Fast Multipole Method)[5] % 0 J5 ik
EWAT D2 ERBAATRDIVTE 2R, —fkoD
RIGIERVER B OS5, AR O 2 BT 2
11729 Z &ML [2]. &2 CARIFZETIE, HIET
WAL, FFRERFORA—N—a Ea—
2 —% i\ T Open MP & MPI D/ A 77U R4
bzl 2 & T, KRRBEHE Z2=RMICHEmT 5
Ra-oTo.

3 BUEfRENTHI
DI, SRAEARAT O 2 R

3.1 fEEH

BAGRRATHI & LT, HERSEGPERVER V 2 —J7 AR
FEb > 7 2F v 7 (LUF, —J517 CFRP, K¥
J7 I % FRFARGHESTTA)) &AOE L7z, [ 1 o> & 1T
128 (7K F-J71A) x $RIELT1A) & 8k = 8 < 16) ﬂﬁl@ﬂﬁi%
FHEL L, ARSI X EREJTT = 23.0a % 7.0a DEI7
TR HRIIE U BLE L7z, & & 24403 20 fEo5EsR
HRIIHEIL TRV, SERERIT 2560( & Kk
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SEITVER BN RS9 % T8RS R o> 1.

— gS1
— qS2
4
2
° T N
° s TN
X T NG D
w_z \\* y//
-4
-6
h -8 -6 -4 -2 0 2 4 6 8
gi/co

X 3: —J51h) CFRP (259 % #EH ) kg o 45,

X1 ODERHT) DEEFREFEL = 128 x20) & L7z
F7o, RS cr At/al, crAt/a =0.01, FFERH
ATy 7EIT 256 & Lz, 772U, erp (3mEsMEDO A
FHEOWHETH L. 2D & & DORRMENL 655360(4
B R BESRH x IR A 7 78 = 2560 x 256) TH
v, BGHEMMEREIBEIC 31T D A o
KTHEZALNRNZ EHEDT, 2720 ORI
L 225, —J07, AHHE P (x,t) 1T g $ih% 1
DH AT D E L, RO XS IZ5272

ull(x,t) = —0(1 — cos2mq) (2)

2
for (0<a<l1
0 for otherwise




2T, ug FAEOZEAIRNE, N ITASE ORI
ERT. 220, Br o Eert/a=0.0 TAFEI &
THOEENI Y5 L O IR ZHE LTS, F
7=, KEiETIE, OpenMP, MPI O A 7' U » Kilf
FIBIE L AT DN TV AR EHRT H720, i
Hroet 5 A B 5 M R I 8 R R C e b i B 70l o A
ML LD, 20w, —JiH CFRP OfffT
B E ST, Cuy = 1.0, Css = 2.02 D&
ThY, TNEN Cyy THKT/ELT.

3.2 MRITHROZLUMZETI ODHERE
Hi #R

— XA, FOFUERRME IR T, MRATICSESE
B, BRI R 2 O BRI T e 2
(Z 2 CIHBEEEOER) 2RO TEL 2 & BMTH
ROZYEZRTERCTEE CTH L. BEOLD, i}
HRC WS 5 MR &, — 518 CFRP 1234 5 B
WERRE, K2, K3 IR TEL. A4
ZE G O BIFHERIMEIR BNTX 3 121 D qS2 3 (i
Ak, HR TR, X2 S HMEMEIOSA1X SH
WETHEND) THDHZ L&, BEEENRY MO
FNEND cg = /Cas/p THERT/LENT NS Z

CER SNV, K2 X0, SRR TR, P
W& SO D “HEOWENGFET S LMD
5. 22U S EIZ o MEOSE, SV ik L
SMEENCTH D SH EIZAHETEDLHOD, ENHD
WEHEHRIIF L THD. LoLens, K30
—J510 CFRP O%56, $7e 2 W shisi & 2 Ff-> = FifA
DOWEBNTFEET D Z ENDN5D. FRCHEEHEE TH
% qP WA AN R LSBT 2 L Bhbnd. £
7o, BRI O—>TH 5 qS1 1T 45 B 7 1% T
X7 B A LN BEWT 522 ERbrs. AR
TS & LTz qS2 I OREREE ik IE, AR OFE
AR Z R LTS 728, AT AICROR0m N
TEMTDHZenbnrsd. Thbb, K3 XLy, &
T DM %mﬁf% FRMT A 5 ORI HGELIE
i, 2 0M 3 TR L7 BEEUE HIRRICTE - TR L
TWRITIEELWEER SIS 2720,

3.3 HEMTHER

X4, X512, ENENEHEMEL, —Jm CFRP
V2T D EAERTRE R 2. BRI O (a),(b),(c)

(¢)150step
B4 4: 5 SPEREE o0 & SR K D MR B BOEL AR
FEfES (2)30 (b)90 (c)150 BEI 27 » FIzdsi % X
SR O M B

OFEFRIL, 2130, 90, 150 BEFfAT » 7I2H
5, R O SNE O RHE 2 AL L7
FEREATRLTWD. E£72, M OKFED [T IR
DEHERLTVD Z LIZER SNV, K4(a) &£
D, X FHDOERIC I DBER DA LZHRT D
LMTE D, 0%, MADb),(c) kb, FxHMT
DLZEBELE bR TE 5. M 4(a) FEITBWTHAE
L7-HELE 2B WD &, Bl o mm 1L R O
MOFIRE SR> TR L TWD Z ERband. 72
bbb, K4 0RERIT, HQ@%ﬁ%Hﬂtﬂ#éﬁ
T ERIC L7223 - T, B L TWA EE R
5.

—J7, 5 O—J5E CFRP (24 2 RICER T
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e

(c)150step

B 5: —J5m CFRP H o> & 2T K 5 B PEsIE
BhHEFELAEATRE S (2)30 (B)90 (c)150 KEE AT » 7
BT 2 & 2R O M S B

5eE, 4 [FIERIZ, 5(a) £V, ZRBED D HIELIK
WFAL, K5(b), (c) THLEMBALI DR % el
HIENTES., LnLansd, BAELZBILEEZ
HEEES A2 &, FEHMEMEORMRICH AT, HEL
WIS ENCRLS G L TV D2 TR TE D,
I 72, —Jih CFRP O#AOEILIIE, K3 D
qS2 WIZ BT HEEEE BRI L7223 > T, FEMIRD
Wi Z MR- TR L T DT 2R T& D 2 &
5, FPTRERIIZ Y TH D LIRS,

7ok, RATIZIERE KT D Cray XC40 % 7z,
WHUKIEL 8 /— RIZMPL 7t 2% 15924,
1/ —F68 27 ® OpenMP WHIFHZE LT7-. =
DA DN E U, 2RO ZR
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¥ 7% b B LT BRI 4 WERED 34 4y, SR 7= B 125
2 FAN AT SRS 0 B MM B 2 ok >
%=\ BE LRSI 71 BERIELEE (P AR K 32768
) Thb. NADREL, WHULHIL 3 MR
BET 5 (HIAR) Thol 2 L &£ 2T, FHns
B % KIGICHIT 5 = L S TE 2L B2 5.

4 HBHLYIC

AREELFETIE, MESNEBI AR e LR
A 357 S )R 9 2 Y i 0 R P el a5 S B
FIEDOEMEREL 21T 2 o 12, B M BRI E o
BERERIETIE, EAMNEME -, 2 OFHE
R AMETH D, A%, S5 FMM %4
LEOFRERY, BEREENLD TETHD. F
7z, RTINS 5 PR B RE A~ O PRER B 1T
ROTETHD.

HEE

AMFIENE, FEKRFICEBT DK 30 FEE T v 7T
AFEAAERFECERSNZbOTT. £, F
Jii 30 4B “EBE R UG I AL IR A - S FAFFEL
SAGERIERIIZE (FREE5-jh180049, H 51k « Ik
BB 2B 2 R BYAEAT A OB R & FERk
HRA~OIGH, BEFFEHSEE R OERIC
K 0iThebinE L.

SE Xk

(1] wEE P, [HEEGUMEIPOBEREH I 2
L—a v, FEEEERAE, vol.68, No.2, pp.78-83,
(2018).

(2] 7hkE  BEZR, TICEHARNT & REMIBEIREE R 2R 1E) | &
H %, vol.24, No.3, pp.13-16, (2019).

[3] A. Furukawa, T. Saitoh and S. Hirose, Convolu-
tion quadrature time-domain boundary element
method for 2-D and 3-D elastodynamic analyses
in general anisotropic elastic solids, Eng. Anal.
Bound. Elem., vol.39, pp.64-74, (2014).

[4] C. Lubich, Convolution quadrature and dis-
cretized operational calculus I , Numer. Math.,
vol.52, pp.129-145, (1988).

[5] V. Rokhlin, Rapid solution of integral equations
of classical potential theory, J. Comput. Phys.,
vol.60, pp.187-207, (1985).
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BERCE S MPM DB F
(L a5
CHE R S E R E RS (T 980-8572 SUR (1A i 15 55K o K 15 1 468-1)
1 [ELC&®HIC Pw = Opy 2)

LAES 2 J & B KIS L 58 o gl o 7=
DITIE, G OB E) ERFILEEUES I 2L —
vavRENRDSNDS. KRR TIE, LABEAKE
A & B EIRIRARO LI AR 2 HEA L U7
FEOERIES MPM[1,2] 2 HEXE, B D

KD RBIE R S EBI R 2 X D LER - BhEK
PHZ RIS 2 FihziRET 5. BRIIZIE, ko
FEDAH I U CTHEMENEZ KE L TW\WizZ &1z
XU, FEEHENE % K U 7z fractional-step 3% [3] 12 &
LKIEDBEFHE HEZ2EATLZ 2T, etk
shRM O EE X 5. F72, B-spline FEK B % £
3 %Z&T, MPM OEFD O & D TH 3 MK
HREFIC & B KRBUREH RIS IR 5 & FIRFIC, &
JERBLASEE L 72 B 72, FHROKE & ZEM %[
IR NS, Ve - ER - MR E W 72 30T
Pz e 7 T KR AR D ZEE) & & SR SEER 123 U
THREFEZEML, TORBMEEZMERT 5.

2 fRfFE
2.1 ZEAER

AWZETIIZABERERIZHEDE, At x g
M E BRI EL, EMHEWHE? 5725 2 O
HEHADERAEDLEL LTHE RS, WTFTIE, Hx
s, w \EEM S AR BI T 2 2 R KT, ERE K
KORFHEER pyp, £ T 5L, &%DZAEKRS
DI BEE Py, py 1B 0 Z O TIRAUZ K D &
IN5.

ps =1 -0)py (1)
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EXZHWT, [, BHOHEERFINX, ThE
NIRRT &> THRINS.

D(1 -0
PR e DoV v =0 (3)
DO
wa +9—+9pWV vy =0 (@)

2T, vev, (ZEM - WHOEEEZR T, BIx G
MDA U T LR FDERBEZE BN T H
52 eho, BRTFOIEEHMENE Doy/Dt = 0 ZARE T
5. 7z, KIZODWTHIEEHMME Do, /Dt = 0 %A
FRIZH-Z 5. LT, MK 0 Otk DREIC &
v, XQ3), @) & EHEEAKIZET 2ROk %
25,

V- [d-0ys+6vy] =0 5)

Iz, [ERE & A D S LB DR IS 07y, 0y 1
HZHERATHEZLNS.

o= o' - (1- Q)Pwl (6)

&w = —QPWI (7)

22Uz, o W ERORTESS, p, XEERD
JEH, TIZ2WDBEAT Y LTHL. KOKMIZ
DWW, B E) & 2 HOe BT & Bk U C
FEDPNS W2, —BRAIZERIES T TV TlE
AM&’%FéMTmé%@t&a?
72, M- A OER =
Alizk b 52 5%.

P = pe — pwVo ®)

p \& Darcy-Forchheime



u 175 pu6® vy —

B8 v+ L

k V150 vk 6%
D% 63
50
S 1
150(1 — 6)> (19)
2T, gldENNEE, Dso iZFEIIRPRIZBE T 58

TA—RTHD.
INo e & EE R W Z VT, [EH & A
DEFHHHEANIELXUTTEAOND.

,L_)3615=V'6's+,5xb5+ﬁ (11)

Pwtty, =V -0, +pwbw -p (12)
22T, aldEE, b3V THS.

2.1.1 #REERA

EHDZARLT >V IV FIZEARD & 5 IZ | E S
fecE s eiEd 5.

F = F°F’ (13)

T ZIZ, FeIIMMEZIRAN, FP3EnLpanec
bH5.

[EHDBRMEIGE %2 RIS 5 7212, A%ETiE Hencky

MEHMEE TV ERAT 5. BEERORBIZIE, )
IZ/R"'S Drucker - Prager DR IEHEZ T T 5.

Va(s(o")) +np = éc (14)

22T, sidmEIRS, p I XEMOEKEIRS, ol
K1, n, EVXNEREE ¢ KD E X 61%*4/\7)“—
X T# 5. Drucker - Prager € 7 IVIZDWTIE, @
BEAVA Ry —%MT 5728, —iIER
HRNWHID WS NE., F7z, REMBIZES FRE
A& B L BEROMEEZRET 272012, 5E28MH
EREL, WRITRTHEEETVEEAT S.

®(o”,c) =

K ifgc—p>0,
K= n (15)

0 otherwise.

K I3HRHMERTH 5.

7767
[N N

22 ERES
2.2.1 BSEAREDOBEESE

UTFOEAMMUIZBEWTIRREZRIIN U IR AE
mon+ 1 IERZ 1, 1,0 2B 2HE2ERT S, HE

MPM
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—— Solid Lagrange point

/ Water Lagrange point

7 Background Euler grid

X 1: EHIREES MPM 1 & A B o=

v IZET AHTEE S ZEAT I ik b, XA,

(12) XA TR NS,

prrl —yn
(1 _en)ps s S =V.0_1n_(1_9n)vpnw+1
At
+(1 —Q")Psbs"'f’% (16)
vn+1 n
0oy =" = =0"Vpl + O'puby g (D)

2T, EEAMIZEI U CRARIZR 9 S vi, vy,
za’:a?)\@“é.

(1 =60Mpv; = (1 - 60")pyv;
+ At[V -0 + (1 = 0o + P
(18)

(1—@pit! = (1 - 0"pwi — (1 - )AL (19)

0"pury = 0'puvs, + At[0"puby — Bi]  (20)
anwvnw+1 — gnpwvzv _ G”Ath"W+1 (21)

A (19), 21) ZHEfEN O ITRATEZ T, IRDE
HRTY v HBEAPNErN S,

.
+—JANM“ (22)

S Pw

V- (1—9")v:+9"v’v‘v+(1

222 ZEEHEOBEEE

ERIES MPM OFHEIZ W ODEEINT WS

B, REFETIER-1 RS LD, BEHEEHEZ R
57TV akifTREL, HEKFIZE -2
TEHEFERZHWS. ZhiZky, £YEHESIIR T
HoREIHh, 2HEFZRTICENINE Ze»



5, o HIOKTER m,, XU FTEZ 5N, ZHO
AT ETHB.

Myp = f Podv (@ =s,w) 23)
Qf,
T2, Q) BRI T OGBS TS 5. £/, &
FEX DT, [MBRERZR & ORI T ffE 2 FVW T
‘Az X Vi E N 5.

Oxap) = ) Nixep)®  (@=s5w)  (24)
I=1
ZZ c:, ny, Li%ﬁﬁ/ﬁﬁ’ Nl(x(yp) ‘i*ﬁ%){_ﬁ: 1 D (07 *E
KT p OREICB 1T BIPRII, © 3k Oy
ERT. WRBIBUISAMERE S SIS e
DEFAKDEATHS.

2.2.3 B-spline £ER%K

AWFFETIE MPM R OBUEIRE) % B3 2 7212
B-spline JEE X % # 3 5. B-spline FEEBEUL
T A — R DHREDN N TH S /v bR MUIZ &
STHEESN, —RTETIRE = (€1 oo bneps Enipri)
eEMIMND. I, ERIFHD v NERL, n
FEEBIB DR, p FLIHADRE %K. B-spline
BEBEBUTIRD & S ICHBRICERZ S NS,

1 f i S i+
MM$={ oases<an s
0 otherwise
E-§ Eivpr1 — €
N; = =N, ,_ ———Nit1 -
p(f) §i+p _fi . ](é:) " §i+p+1 _fi+1 bp l((j;)

AR TIIRM ERED /Yy N2 p+1 BENS A4 —
T ) MR MVEHWSZ LT, /85 A —R7%EH
DIEIZB W —xgsZkicky, —
72 MPM & [FIRRIZAE iz B W T T+ U 7 LB
Rethza525%.

3 EROBIREN

RETFIROKRENGE 2R T 572012, RIFER
D BT 2 KM U 7z, BURSEERIXX 2 1TRT &5
12, KBS BICERE S NN U, EBEEREIC &
DREIELMLKEEERIELHDTH Y, Wl
DYEYE - il - MR S0, BT & 78 U 72
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B 2: W 1L~ D ARST A 22 SRR D 22 B AR A

E— NV RZREIZHE EFEZ2I2&>TERLT
B, BUEFHEE TV ORILNIZEBROW ILDIIRZ
L=V K> THIE L 727 — X &2 HIZET IV
R ERET B, 72, T 10 E O HERM % 1T
DI XTI 2525, INLEICDWT
VLG G E e MIARKR 712 & > TRBLL, FEER & [k
DR ENHE - FEsEC X > TS 2B T 5. K
DEMEIE/ YAV v TER, FifldRmsEg, =
DOMDEIF A v TEHRE U, O T A —
ZIFRVITRTHED TH 5.

RS & EEFE R O 2 3 12RT. M&
0, IO —EHFEAKIZ &> THID HLS 1, FHf&IIC
THRANZEZFI K KA HMLTWB Z 2R nnd.
REHOEECEHT 2 &, WOMEBERIZWHNT
FANZKE LSRN B LD IZ0HTBD, B 2k
RUZZELTWA Z D000, Ehk & [FRkD R
MRZEEDRZ SN T WS Z AR TENG., Ih
0, BET 2 FIEIIEROMN FIETIEREDHN
T d o 7 TIKEAIROEME S KA - REIZEEH O
KEMEEEET S EZONS.
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AHZE T IR AR AR DB D KB e 22 8) 2
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B 3: AR R (BB CEEREHE (FB) DR

& 1 BT IS Nl 8T A — &

Parameter Value
Particle number / Grid 4x4x4
Density p, [kg/m?] 2700
Young’s modulus £ [MPa] 20
Poisson ratio v 0.3
Cohesion ¢ [kPa] 0.05
Internal friction angle ¢ 40°

Initial porosity 6, 0.3
Particles’ diameter Ds; [m] 1.0 x 1073
Particle number / Grid 4x4x4
Density p,, [kg/m?] 1000
Dynamic viscosity u [Pa-s] 1.0 x 1073
Gravity force [m/s?] -9.8

Grid size [m] 0.01 x 0.01 x 0.01
Time increment Az [s] 1.0x 107

B MPM ZRES B TR REL, FEBROFIRMR
Wr&d7 o7z, MGEDRER, LEREBIZH o 71l
TKDFEEIZ K > THRE) U 7 RICHER S DRk 723K
BHEn, EBRERLOBAVENHR S N, SK&IZ
+ - W OMERERANZ DWW T HEICHET 2T, FEER
DLW FEEADEHAMEZ MG U TIT<EHETH 5.
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Abe, K., Soga, K., and Bandara, S. : Material point
method for coupled hydromechanical problems. Jour-
nal of Geotechnical and Geoenvironmental Engineer-
ing, 140(3), 04013033, 2013.

Bandara, S., and Soga, K. : Coupling of soil deforma-
tion and pore fluid flow using material point method.
Computers and geotechnics, 63, 199-214, 2015.

Kularathna, S., and Soga, K. : Implicit formulation
of material point method for analysis of incompress-
ible materials. Computer Methods in Applied Mechan-
ics and Engineering, 313, 673-686, 2017.



MUWSEEAMAET S CFRP ICNT 208D EEET

H AT *

7 PX SR e T

1 EL®HIC

fr ZAAkAE R LR (Carbon fiber reinforced plastic:
CFRP) 1, €EX 0 H#E<, WM, Mg, e
PEIZENT WS, X7z, BTN B M
TTE57d, ZHHTHAIIEL TS, P
PINT IR 2 e HEPRESI N T WS, #iRIH K
FAAE E BIIEOEEGMEBL L 5728, A7 —)IVEEIC
R D RIGPAREFRPFRET S Z LD EE 0 5.
BZIE, TV TV EHWDGE, Ml — M
FIHESFEET 5. S 42D £ CFRP OJEAHIEIE %
KIFIRTEE 5. EHERKIE, HREICX5AEE
NEFHIT 5 Z VBRI NS, /oT, RfaDK
SIRMEICEGDOET, BEBE, MREGE, Xt
B ERIE S O IERIEM AL EA T T Wb, B
SHAD E T OMWEHREEENICHE S 5 kL LT
X, BEBIEVPESTHD. 22T, L=V —RKEN
KRNI U, S ROYMENBWIREZEZ T2
CCHBERERET D HEND D, FaE LU EEHK
IEEF B L XN, LY —FRIS D D\ I
74 DAAZTIVPE LI BT NG [1]. SEEERIE
N IR R B AMORIER H 8 2 W IE IR TR
570, RFBEVHBTEMEVATRETH 5.

INET, HFEOI, REBAA-—V VI Dd
D SR (Photoacoustic Microscopy : PAM) % il L
T&7. ZOPAMIE, V—¥ —LORE & EF
Bom—T2HESE 2] L2 DTH Y, WHA
EEBLEDVS, ERTREEREZETS. 20
NGB OIND 2 ER ULV o ZEREAEKL,
CFRP DWW % 3 IRJCAIC g b g 572012, FAO
BEEOI—- NERFKLTERL. 22T, /A
RT 4y 7B 2T S ROAKEEZ -2 L
THY, HTxDOFROKHHIL, CFRP D EERGVEC
RN 2 H 3D J5 kA L B OHEAY D (BA) %
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ZRUBPOEILEARTHIETHS. ZOEHK
AUER A BUEF 2 FH VN 2 A8, B354 15 & B
DHIEZRITS 72D, ARV T 7R D%
5% EIN— TGRS, [T, EEYY FHR
<, WEALEIPH DA FEIRIC 2 B 1F &, KIEBARHE
R, TOEEETIRDSNS. T ZTIX, FO
BREOI— ROF a—=V 72 LA L LTE
fEL, SHEBKZEA—/8—3 2 ¥ 2 —4& Camphor2(¥
AT I A, Cray XC40) TZDMWREMGEEZ 1T 72D T,
ZTOREERET S.

2 SAEEROFA & BREEFIE

U —H— a2 WEICIBS T 5 &, WEONFERE
> THELD B W IFIRIE 5. IRINE 7z 4
VX — THEWERCRALERERDE L 5. FEE
ZELN 7OV AT Y2 W I IRST 3 5 & Kk 12 B
BRBAEL, ZNIZXo TR EL S, ZOFHZ
FALT, MEREEOLTERZ2REIES. M
T, EERENR L INET 5720 OB
VAT LE, TOWEEGKR LU THTE MG S
A RIE DM E 2B R 5.

2.1 HNEFETEMEE (PAM)

FH#H 7S CFRP MU FHIZBYE U 7 Al 3, BERA
@ Acoustic-resolution PAM(AR-PAM]2]) ® £ fi i
HMESEZEIZLTEY, TOVATLAOME.K 1(a)
RS, V=Y —=HEH» S, 532nm & 1064nm D 2
FHEOWED L -V =2 0 BX THHT 5. ##
DK U EWEIEZ 100Hz TH Y, 7V AlE 4.0ns DFE
POVAL—=H—=ZELT\W5. =¥ =KX, 77
A NZBUTHBE L=y MIEsNT, 7F¥a
VU VRZEo T VI RR=VEEET S, VY



IRDYNE, &7 ) X% T CFRP R 1254
HENb., FEUNEERIE, K1b) ITRT LD
2, TV XLORMIEE U2 EREKIZE S
O—7ZkoTHREENS. KEHBIZT AXER
(v-y M) UTC, BEMEE1=y b2 ETREITE S
ZEIZ&-oT, ERTHEENE2ZETS. Tu—
TTRONZEBZIIINBT v I THilgx %, L
V=NTEZEIND. ISHITHEEETIEDAQ T
BTLINT, PCAEVIZHEEINTVL.

22 HOABUE (SAFT)

Z Z Tl SAFT IZ & % CFRP ¥ 3 ¥Rt R4k
TS5, HM2ITRT &5, V=Y —NOKEHD
RS A of ¥ § B, i N TL—H =A%, FEAL
B T2E LIS %E V(o t) £ 35, CFRP(Z
BT 2 IHEEP K & OEEfilE (CFRP Kifi) THik
UCTHAET DI LDBHERINT VS, RETHEE
WOFEELEZRAZt=0232L, KAt=T0
HEhX, L —Y -4 THS CFRP R THAEL
ToRE WD, NHOBEMARNP SR> T 5FTD
i & A3 Z &N T&E 5. CFRP IZMWRGME%

Q-sw. gate in

Trig. out
Scanner controller |—>| Switching circuit |—> | Q-sw Nd:YAG Laser |
T Trig. out : Microscope
ILI Beam splitter

Correction of
intensity and jitter Branched light
DAQ

RT i Signal in Photoacoustic signal
eceiver
CFRP
(a) z

Amp.

Axicon lens

Reflecting prism
(condenser lens)

Ultrasonic transducer

Confocal area

(b)

B 1: (a) FEF B EHH S 27 L OREEE, (b) SHMEE

a=v b,
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ET5DT, AEEROHRENMiZ g LT DL, R
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X (D) IZHE->T, Bt = T OHRIEE V (o, T) 1%
Al r CHRAELUZWEIZ AL, ZORIEMEZ A7
EriZh(o,r)2LTYv Y795, L—%—0D
TS A 2B LS, SALE CIRIEME h; 2 ER
Hbis.

@
ZIT, NEEROIET HH ) 2{EL,
T L B IRIEIREORHIE w 2 EET 5. ZD w3,
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IRIEME H # A%y 235, D EOHEEZE2TOHE
THELULATS. /o T, FEEMITIE, K4 R
TRINTZBRDIV—TFHEBAAL &0, (2,9, 2)
HEDOEZDB (1 ~I1,1~J1~K)FITZDIL—
TEREDIRT I IZRE. KEFZTOREME H O
HEIIMITHEHDT, T I TIRNLEEZDE L,
MPI i CHEZE2T> TS, Aa—RIZLENL—
TOHBELRED, ZTOBEBIZBWTHHET —7
NaFE—2BT 5L, FOOHPEHNPE»ZHEL,
BOGEN— T2 KT EHERHD, AEVT 7+
AN ELMT5ETHS. /-, RKIEMEH O
KRFIEHHIL OpenMP IZ & % ) X2 > a > L % £
LTWaH, fifla—RTlE, £2<0a7z{iHd
LIECFHESRMET T 5 Z L DHETH - 7.

32 WRR

SHOFER, RKRa— NOFBEREOIZE AL % H
SHDIE, ZOHRIEME H ORMFHETH D, MiEx
U CIEMZEBUMY 3 2 4MI 3 L — T8, BH AL
RS A 2 L — T DF S EIL—- TS5,
51T, ENHIOMBIZEED IF XPEENTWS.
Z D IF XDHERETIX, TDAT Y 7%
U, IRDAT v ZIZHAT (cycle LR 5 & 5127 -
TWa., YL, =Ty y i 1 IRV — T
LT, — ROt U 72 RIEMERCS] H % FWTC
AL TWD, 1RO 2 BMEMEIHEL, 3
IRTGEHANEFH L, 3EILV—TTEHETEL LD
ZH U7z, FI8a— KT EE S0 2 L —
ZUZX LT OpenMP /T MfA I T W23, 28
HE D 32— N TIERIMIDIL— FI125 L T OpenMP
BRITEHAT L LOICAFT LA, 512, OO
HPFNDE D% IF LTHIE L TV, B O #ipH
NDEDNIEE 2T - 7=,

33 MHEEtEE

HEKFEA == ¥ 2 —& Camphor2 (¥ A
T A, CrayXC40) D1/ — R EHWT, R —
R OMREMGEZ 1T > 72. 3 > /34 F 1% Cray Fortran
Compiler 8.6.5, MPI 74 75 V) | Cray MP1 7.7.0 %
HWwiz, Y275 ADEFTIZOWTIE, 27T cache
E—-RFEMHALEZ. Y070 T I LT, TrEA
Bz 2 ALy R&7 b & 512 Hybrid 47% U 72 4%
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R, 27T Flat-MPI E17 & b L HREMME T T 555 HR
%o T\, 9§75 Hybrid (b3 ARELTH - 7.
7, WHIOTa I LBWT, 1 J—KHNT 641
F, 128351, 256 iF % MIE U 74558, 64 M5 oM
REZFHEX LT, 256 WiFI TR 2 5D MEREZ /R L T
W7z, 256 W5 T DY, Intel KNL ON— K7 =
T ALY R HT) 2fi-7-54, L1 Fvyvyaz 4/
Ot 2D, L2F Yy vaz 8§ TaANnEAELTY
2HEZEZDY, MHREL UTIHELBRWERTH 5.
B LB OMREFEEIZ OWT, K5 ICkERE £ &
5. AOES S 734D a— R, JL—0s
Z I BRBEIROMREERTH S, |/ —FHAT, 7
O 2P ALy NEEZEXTEITULMER, 20
NOEHEIL 64 7O Ax 4 ALYy NOBEETH
D, BTRLTWS. Y¥a—FIZBIT 2 5#HT
B -7- 256 71 4 (Flat MPI, 16x16x1) DfER
LT 5, WRMOGEME (64 7Ht Ax 4 A
L K, 16x4x1) 135 1.77 f5oMEREA B2 72> TW»
5. 64 1% (16x4x1) DFERIZDODVWTHEHE L TAS
¥, W3 — K Ti% Hybrid 17 13MEREDME N 3 5 K5
ReoTWD, BEKTIZ4 ALY RETAT —
U TFaBRENTED, #1.81 fFoMAER L&
oTW5, 7z, [FU Flat-MPI [A £ TH# 1.92 1%
OMEREM EZ2 R Uz, 64 TR ZADEE, RERD
BORAE 249 DR 3.49 £5DMERE E & 75 72,
2/ — FEAEZAM - 72556 OMERERHIEIIZ DWW TS,
Aa— R IZHEfFEREZ LR2WDT, HARKIZT 71
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VHTREAAMTEE 21T 5 Z & D3, BRI TI/0
DOFRFENIIEE NS WH2 S, WHEE P T HIC
& % MPI-IO DRSFEBENNIE Z 1E EREIZIE AR 5 7
WwelEbnsg.

4 CFRP HERDBRIRIEH]

Z 2 TlE, CFRP ORIz DOWT, HEE %
N7z g el %2~ 3. fEEARIE 6 1R &k ST,
o g JEihETH Y, EXIX2.12mm TH 5. i
Hi2 CRUZEEEBEMER 2 HWT, BRI — NI
& % SAFT OMUs{L 217> 7=. WNERD 3 IRIcHHU&R(b
FERZX 7R, Al GUBEPEIE, 2 51 20mm, y
il 10mm D TH D, WHBEOAF ¥ v Ey F
120.02mm & U7=. Z Z T SAFT T, HHEY 1 X
13 0.025mm, ¥ —2A4/85 A —& dy=02mm & L Tz}
HEfTo7z, X7 IR0, HX (b) &&km, FX
©lFr—zWHEZELTWS. M7 OHODEREZ,
RNQDHDRKEIZRLTWVWS., ZOMENS,
KA OERRIE 715, JEERGE £ TH AP PSR
INTWVWBDNDLN5.

5 F&&bH

S RIOILFEFEZ & - T, FFIZ hybrid W51 O M:RE
M ENBEEFETH 7. THIZE>T, Ar—¢Y
TAPRKIEIZEZEI N, BPOI—-RFEDH 356



Thickness: 2.12mm

Imaging area 10mm

20mm

6: M CFRP 05 & WAL G,

EWEEEPERTE 2. SBRERLZURZRAAD
£T5461E, ~FEDFRY ARy bEigoTWw5
RiEAE H D UAAGHEAILIZ DWW TGS % 22
Db 5. BRMTIHE, ZOWHEART MVERHR
TWRWEPEREA EOHEFEERN DO -2 FEZ 56N
5. MG KIE2E SBMADBELIRD N, ki
UTHREf 24707z,

BEE: AW IZHWEEREWEZ [A—NR—a Fa—
B2 AT LIRS EZEE R ] OB, iz a—
RFa—=V IOV THEEZEIREHE N ZZ LA -
VXY A VT O BRI U BT E T

AMRICEAEY B HR:
(1) Kazuyuki Nakahata, Kazuki Karakawa, Keiji Ogi,

Koichi Mizukami, Satoshi Wada, Takeshi Namita, Tsuyoshi

Shiina, Three-dimensional SAFT imaging for anisotropic
materials using photoacoustic microscopy, Ultrasonics,
Vol.98, pp.82-87, 2019.
DOI:10.1016/j.ultras.2019.05.006.

(2) Rz, AR =, K EE— K¥wd, LILE
=, ISz, IR, A 2, e BRI & 5 kR
HERH IR R O R E FRIEED 3 Kot 1 A -V 7,
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DOI:10.1541/ieejeiss.139.142
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(c)
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[1] ks —, INEE, St & S - 1 OEAHIER % R
FA U 72 AN DR, Y67, Vol.38, No.6, pp.288-297,
2009.

[2] H. F. Zhang, K. Maslov, G. Stoica, L. V. Wang, Func-
tional photoacoustic microscopy for high-resolution and
noninvasive in vivo imaging, Nature Biotechnology,
Vol.24 (7), pp-848-851, 2006.



JI—EROEE - HiE

ORT LA BRI (20184108 ~ 201943 8 )

1) RSP D —EARIEB LU R T 05T L EERAERDL

RSFEEIHED —E AL AT DA EEF R
PRATBRAG H IR P—EAEBHARE | REEREHIN) BT H IR AR A 0 B[]
2018/10/08  9:00 | 2018/10/12 16:55 103.92 2018/11/20 15:40 | 2018/11/20  18:50 317
2018/12/06  9:00 | 2018/12/07 11:30 26.50
2019/03/27  9:00 | 2019/03/31  24:00 111.00
2) P—ERRA
S Va
AR | g ES A cPu TR
thi s IRFfE [h] IRFfE [h] IRFRE [h] /_éﬁ%( Fil=R
104 | 64008 | 20785 130,153 53,174,864 | 35,588,686 15742 | 698 %
11 A | 71683 | 24320 201,414 67,614,272 | 48,505,617 17993 | 798 %
12A | 71750 | 34942 252,345 65035363 | 45,751,924 17948 | 791 %
1H | 74400 | 31,000 251,814 71,854,980 | 53,598,300 1791 | 787 %
2H | 67200 | 17,049 182,801 64,135,474 | 47,964,320 17990 | 775 %
3H | 63300 17,619 153,333 60,698,374 | 47,870,627 17366 | 744 %
FF | 412341 | 145715 | 1,171,860 382,513,327 | 279,279,474 17500 | 766 %
J — FFIA R
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
10H 114 121 1A 2H 34

o |[SATHY = GEHROERx5H 275
o CIHIREN — N = B ONIRAED / — R A4 (10 gD 7)) v 7 —4 10 Fil)
® —FHIHR = I8/ — FIckd 52 a 70NFITEN TS ) — ROEE
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O R T L B EBERRR

1) [RRFEETAE S H— E RIS LU AT A2 L REESR AR

(2018 4E10 A ~ 201943 8 )

TRFIEEICHED Y — AR IE VAT LE AEEFEARD
PREFDHAR A I P—E AFEB H I PRAFIRFHI ] PR A B B P—EAFEE A 20 R[]
2018/10/08 9:00 2018/10/10 13:00 52.00 2018/11/20  15:40 2018/11/20 18:50 3.17
2018/12/06 9:00 2018/12/07 10:07 25.12 2019/01/30  23:20 2019/01/31 10:49 11.48
2019/03/27 9:00 | 2019/03/31 24:00 111.00
2) P—ERRH
e vars
AR pabii ESin) A CPU ﬁgﬁ J—R
hl 55 i) | WEEN) WS |, ey | FUEE
10 A 692.00 99,188 | 657,152 | 13,536,136 | 11,067,731 8308 | 715 %
111 716.83 | 198,589 | 765685 | 15,102,805 | 11,910,870 8326 | 734 %
12 A 71888 | 190,644 | 791,775 | 13954791 | 11,056,737 8217 | 695 %
1H 73252 | 171,032 | 893,723 | 15522,607 | 11,919,752 8392 | 742 %
2 A 67200 | 115571 | 753,756 | 14,083,765 | 11,086,523 8393 | 729 %
3A 633.00 52,080 | 624961 | 12,167,455 | 9,999,868 7883 | 575 %
3t | 4165.23 827,104 | 4,487,052 | 84,367,559 | 67,041,481 8253 | 698 %
J — FFIfE
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
10A 11A4 12H 14 2H 3H

® (LW = ARHELERHx A 274
o ) — N = IR ONREED / — FED AN (10 RO 7Y v 77— K0 Hit)

& /— AR = B — FiTad 5 a 7RFETINTND /) — FOEE

REARE ZMIERA T« 7>y — 2EHEFPIKR KR Vol.18 No.1 (0ct.2019) - 51




ORTLCEBERRIT (20184108 ~ 201943 8 )

1) [REFAEECAE S P — E RIS LUV AT A2 L REESR AR

IRSFERICHS P —E IR IR VAT DI A ERADRDL
PRATBHAG By FEXHBAARE | CRTRHN) P/ F PEXHERARE | FVUREN]
2018/10/08 9:00 | 2018/10/10  13:00 52.00 2018/11/20  15:40 2018/11/20  18:50 317
2018/12/06 9:00 | 2018/12/07  10:07 2512
2019/03/27 9:00 | 2019/03/31  24:00 111.00

2) F—EARE

e ST

AIRF | e e S e CcPU T

M| e | owse | e | osse |5 | AUm
10 H 692.00 3,856 29,887 242,712 236,811 158 | 433 %
11 H 716.83 2,629 21,859 281,109 245,698 160 | 475 %
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