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Figure 4.2.1-2. Computational domain and grids

(3—2) fMRBLOEE
Figure 4.2.1-3 |2, BREERRN O ELTTABEALE OIREE 3 L O 555 3 (CHa, Os,) DB /34T
TR, BREWES 2 RV O RS OBRBEREIR CIIRERBIR S CRRIEL . O2REE L/ NSV, ZD
% BREREEE > OANE RN E S SN 7B LA LIRA SIS T 5 2 & T CHalTESehICEE S D Z &
MDD, Fio, @IROBREENT A%, PREEHUIBER 2> HIEAT 2 CO2 DAV T EFiEH ARE DT,
B L ORBESEERI D 52 DD WMHA CO2 12 XV BEEITEOIREME RN D Z E BT,
Figure 4.2.1-4 (2, BRBEAEE T (FE{ARE) DPRGE AT AR EHRE O BRE 040 & 7~ 37, R BERs N I 1T
TIv I a—T 4 VITPBINTEY, Z0a—7 4 7 REIRE L 725, PREBESREEIZIZE T i
MEH CO2 " AEEGR T AL TR Y . 2O T SHITHAER IZMH CO2 (T & 0 BEHIREE
PR PRI TW D2, L W &2 —E DR BN D &, MmAI CO: DRRN/NS 720 | BEH



RN E < 725 2 E b2 D, BREER TIICAT <IZ O T, EIRBET ADRENR TR L Z &
TEEHIREE S FTABMHEANR RSN D,

Figure 4.2.1-5 12, AV DR THR UIER L/b U 7o B8R 5ESs 1 1R o SERIE & o bk % 7~ 3, LES T
TR SR ERAE E B —8 T2 2 &8bnd, ZOMENS, A LES BT, FMIREERRNO
HERE RGeS D E B2 TR BN TH D & F 2 D,

(3—3) £&

ﬁﬁ%fi HETRNF = 27 LA 50MWth #ERS CO2 % — B U HRailEds FR e 2 Xkt 4
%%%ﬁ®@ R (B IA—EE ) % B8 L@ SRS O LES 2 940 L, £ OFHfE &

®%@%ﬁ9_ ZE V| K LES IENBERFAEES O THNCHD CTHERFETHDLZ LR LT,

f%ﬁf%EJ%ﬂ%Lf A LES {£% 500MWth 27 —/L (FREEHEDK) 10 D H 1) DORRBESRIZ

WH L, OGS T OREBERFOEREICHEL T TV TETH D,



e e —— e

A

nm

' — B N e s S

temperature
570.000 1110.000 1650.000 2190.000 2730.000
HEE— 20O )
300.000 840.000 1380.000 1920.000 2460.000 3000.000

—

(a) Temperature [K]

GasMasFr_CH4
0.100 0.300 0.500 0.700 0.900

0.000 0.200 0.400 0.600 0.800 1.000

(b) CH4 mass fraction

GasMasFr_02
0.020 0.060 0.100 0.140 0.180

0.000 0.040 0.080 0.120 0.160 0.200

—

(c) O2 mass fraction
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V&V Z i Lz, €D LT, A7 7t &2 i L 72,

(4—1—1) fRHr

Eulerian-Lagrangian 5.2 X % [E5 —AHX &7 O Large-eddy simulation[1,2] & Eulerian-Eulerian

(VOF) EIZ X 22 T 7 OBAEfT 2 71 > 77 ) v 7 ST [E KUK = AR TRRT 2 7 AR A r— v
FIRAT A 2t g & U CF L 7o, AFHRIZE SR M2 BV CHE— OIL PN ER S,
FOGIZAE Dt OB E A A2 ZE T2 2 ENARETH D, KAFHOELAfEAIL, EroX, EihiE
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F v — I AERISIZ DWW T, Egs. Q) ~GIZRT 02 A fk, CO2 # Ak, 3L H20 # A{tdD 3
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(a) Computational domain. (b) Computational grid.

Figure 4.2.1-6. Computational domain and grid.
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Figure 4.2.1-9. Instantaneous distributions of (a) temperature, (b) H2, (c) CO, (d) CO2 and (e)

H20 by the original code.
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Figure 4.2.1-10. Instantaneous distributions of (a) temperature, (b) H2, (c) CO, (d) CO2 and (e)
H20 by the modified code.
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Figure 4.2.1-11. Sensitivity analysis of thermal boundary condition on gas temperature

distribution.
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Figure 4.2.1-12. Sensitivity analysis of thermal boundary condition on product gas composition.
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Figure 4.2.1-13. Molten slag layer and flow formed on an inner walls and particles within
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Figure 4.2.1-14. Instantaneous distribution of gas temperature on center axis.
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Figure 4.2.1-15. Comparison of gas temperature with experiment at two axial points.
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Figure 4.2.1-16. Comparison of product gas composition with experiment.
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Table4.2.1-1. Nomenclature
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Table4.2.1-2. Sampling Temperature for Material Properties
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Figure 4.2.1-17. Interpolation of Yield Stress on Specific Temperature
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a1 H @ Newton Raphson (NR) /18 :

CAVAE:- LA

VERULOS/SN VI

BOF AT EOHS)

t+AtAfext — t+AtAf2xt + t+AtAf§xt + t+AtAf§xt
t+At _ T At AL\ rt+Atp ¢
AMr=[, B De(t+~;)a(t+~;)( T— ‘T)dv

R = t+AtAfext + t+AtAfT

#IEl NR SAE D HENOT i I 0y 2 4510~ 7 MVIZE AT 5,
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Figure 4.2.1-18. Computation Flow of Newton Raphson Iterations with Temperature Dependency
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Figure 4.2.1-19. Schematic View of Thruster Model
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Figure 4.2.1-20. Boundary Conditions for Thermal Conductivity Analysis on Thruster Model

XYZZERLEE

Figure 4.2.1-21. Boundary Condition for Thermal Stress Analysis on Thruster Model
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{REENT OWVEE % Table 4.2.1-3 (27”7 IERAFME 72 L — A OHIEM:/NT X — % % Table 4.2.1-
4. BEhE{/XT A —% % Table 4.2.1-5, 7V —7 /35 X —X4 % Table 4.2.1-6 |Z/7~x7, IREAT v 7
Sk L BUS T OIS % Table 4.2.1-7 12787,

Table 4.2.1-3. Material Properties of Thruster Model for Thermal Conductivity Analysis
BAEE[W/(mm*K)] | 6.100E-03
HEEA I/ (g*K)] 5.450E-01
# )% [g/(mm~3)] 4.430E-03

Table 4.2.1-4. Material Properties of Thruster Model for Elasto-Plastic Analysis

Y o 72 [MPal 1.100E+05
K7V 3.200E-01
BefRIe 71 [MPal 8.800E+02

T LS (MPal | 2.000E+02
iEaRfR R [1/°C] 9.900E-06

Table 4.2.1-5. Material Properties of Thruster Model for OW Model

1 2 3 4
¢ 1.540E+03 5.530E+02 1.000E+02 | 2.600E+01
r 5.844E+01 1.121E+02 3.210E+01 | 3.808E+02

Table 4.2.1-6. Material Properties of Thruster Model for Norton Model
A 2.221E-15
n 3.270E+00
m -7.338E-01

Table 4.1.2-7. Analysis Conditions of Thruster Model for Coupled OW and Norton Models

REAT v T iz D 8.000E+01
555 SR B S 44 47 [*Clstepl
AT v 7 10
Bt 7 A MR 240
1A 7 VA2 D At [s] 2.500E-01
Newton-Raphson 1.500E-06
FAG I A E Hs v
RITAVER 5 1% BDD ik
(F 7 4V FERE)

BeRIG ) DI AR 2 BT 2 %t DM/ N T A — 225UV T Table 4.2.1-8 1277,
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Table 4.2.1-8 Material Properties of Thruster Model for Temperature Dependency Problem

R

20°C 800°C
Y > 7% [MPal] 1.100E+05 | 1.100E+05
TV b 3.200E-01 | 3.200E-01
R fR I 71 [MPal 8.800E+02 | 6.600E+02
I L% [MPal 2.000E+02 | 2.000E+02
MRl R (1/°C] 9.900E-06 | 9.900E-06

(ARG SR - A=EARAT ]
REGE R DB AT v S8BT DIRESSHIE Figure 4.2.1-22 D X 5 (272 o 7=, RBEZR /> CTOIRFE
FHEPHERETE D,

Temperature
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653, 8
605
556, 2
507,58
458, 8
410
361.2
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2RE.8
215

166, 2
117.8
BB, 75
20

x

%::
Figure 4.2.1-22. A7 A ZE7 /)L (=EENT RS t=60s8240 1 7 U Ak
[FatmRs 5« BUS fET]
[REMENT DFE R A G| X, 240 4 > 7 U A2 FOBYUS RN 247y NR SEDIRT 5 Z L %27

BTE, WA 7 U A NOENSH % Figure 4.2.1-23, 0455 /1554 % Figure 4.2.1-24 | 27K
R
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Figure 4.2.1-23. Displacement Distribution of Thruster Model
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Figure 4.2.1-24. Equivalent Stress Distribution of Thruster Model
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Figure 4.2.1-25. Location of Monitoring Point for Stress Evaluation

Figure 4.2.1-25 OHSIZOWTHYIN I E A > 7 U A2 FOBMRE IS L= % Figure 4.2.1-26
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Figure 4.2.1-26. Time Evolution of Nodal Equivalent Stress on Monitoring Point
Figure 4.2.1-26 LV, A7 U A Y S EERREN BT 21250 CREKFER Lo — A1k
NTREREED O O — A THEICIPERS RDBIR AR TE 2, Zh XD, UEEORERE
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1R 1 AR 2 56b 52 & U CRIS NRHT 24T - 1=, T /L%, BHREH 1.6 8., Sk 2551
TOWMEK 1 REHZEA vV 22k 5B ST D, ATERDIEESAIL, BREERMNT Y LR
NuFD/FrontFlow Red (FFR) & X 2 B e = N O R BE i R A1 & . 5 L iR A1 > L X
ADVENTURE_Thermal (ADV) T X 5 JAAEARPEROMBERNT 285 L TRV RGO 0T
o5, FEWOIFRARARILEIREES AL A7 SR TSI L o T & &G o T A
BIEETH DD, SREIOET /L TIIHEDO OB BN G 72 DHIEHMER L 72 L SF%E THW
S5 E IR HT80 otk 2#%12, Table4.2.1-9 TR LIz fEia 5 2 7=,

AT #E O AIEAICIE LinuxPC 2 i L7, PCIZFHERE R T 7 A VA& #mik L7-#%., 351 In-situ A
Y —v LexADV_WOVis % L C 10,000%20,000 £ 7 & /L O EkEMEG 7 7 A VA& ERk LT,
ARk U7z Al LE {8 % Figure 4.2.1-27 33 X O Figure 4.2.1-28 |Z7~:79", Figure 4.2.1-27 [ X8 U 24 It
NuEta 2 L TURLIEB DT, y=0 O CYIE L TIFARRNT & RBESE K O 71534 % [FIREIC
RLIEHDTH S, Figure4.2.1-28 L2 U NALZHEZYIVH L TR LD TH D, 723, K
TEHD XL IITAZ D DIFFHEBIENC LM MERTH D, FONTIS D MITR LR EDTHY |
YA EOBYS Tt & Tt A & o T, —E ORI & DRSS S ERFTRE TH D Z & &
sl L7z,

Table 4.2.1-9. Material Properties of Coal Gasifier Model

Young’s Modulus 2.03 X 1075 [N/mm?]
Poisson’s ratio 0.3[—]
Coefficient of Thermal Expansion 1.17 x 107> [1/K]
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Figure 4.2.1-27. Thermal Stress Distribution of Coal Gasifier Model
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Figure 4.2.1-28. Closer View of Thermal Stress Distribution near Combustor
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o Z LR LTz,

(5—1—2—1) FEEHFMIT

ARV 7 HE I AR EEN T = — K ADVENTURE_Thermal & 6%k EEfENT = — K FFR-Comb
(Zxt LAESI A 72 REVOCAP_Coupler (Socket ifl) %z TG M fENT 2 £ 845, Z 2 CTH
W5 FFR-Comb (X, 4 —2—10DHED [(4) TAMEF OV I 2 L— a3 Uil Th_feFa—=
YIHIOa— RERNTWD, FRITRIG TdH AR AT AMEIEBRIFE T /L OBRBER O 1 R 1IN HE K
PR, UmARZESR, AR, WASERN OGBSI T, RERBIIN 1ETHD, ET/V
DOREEE R QN R BE iR D44 Fi % Figure4.2.1-29 } Of Figure4.2.1-30 (&, &5 St il O 5+ f % Table4.2.1-
10 (R, F o, MEMRITE T L HIC 4 FEOMEAE DSELE S TR Y . LD OftEk% Tabled.2.1-
11129, MEEMRNTE T TEE O TR S, £ OPWRNZHRIARITE 7 LAY | HEREE S
I L CEADAREDN T O D, HIEMOIMINE—EREDO KK LB L TV D, NEICIXAHE 3L
BEINTEY, TNENDPERET D,

outflow
l V&7 ZEIZ2EDY &7 ZN—F—
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Figure4.2.1-29. Coal gasification reactor model outline, and its inflow / outflow boundary
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Figure4.2.1-30. Wall boundary of coal gasification reactor model
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Table4.2.1-10. Boundary conditions of model

TEABLSR
2R FEAFEE (m/s) AR T (K)
cll 18.83101 02(10.54%) +N2(34.9%)+C02(54.54%) + 299.15
H20(0.02%) + 0k i (=28.61pm)
cl2 9.471399 02(45.58%) +N2(54.38%) + H20(0.04%) 413.14
c21 18.83101 02(10.54%) +N2(34.9%)+C02(54.54%) + 299.15
H20(0.02%) + 140k £ (d=28.61pm)
c22 9.471399 02(45.58%) +N2(54.38%) + H20(0.04%) 413.14
all 12.07626248 CO2+ 7k R (d=17.04pm) 292.15
al2 9.471399 02(45.58%) +N2(54.38%) + H20(0.04%) 413.14
a2l 12.07626248 CO2+ 188 (d=17.04pm) 295.15
a22 9.471399 02(45.58%) +N2(54.38%) +H20(0.04%) 413.14
rl 14.80662572 CO2+ 18k i (d=28.61nm) 299.15
r2 14.80662572 CO2+ 1k i (d=28.61nm) 299.15
bottom2 0 0 300.0
it SR
B O E7(Pa) H R (K)
outflow 2.0x106 306.05
BEm LR
B B S RS
bwall free slip Transfer 5, Tw=308K,
htc=10.0
bottom Log HI| Transfer 5, Tw=308K,
htc=10.0
cwall Log Il Transfer §f:, Tw=308K,
hte=10.0
throat Log Il Transfer §f, Tw=308K,
hte=10.0
rwall Log Il Transfer §f, Tw=308K,
hte=10.0
sge Log HI Transfer 5, Tw=308K,
hte=10.0
slagtap Log HI| Transfer 5, Tw=308K,
hte=10.0
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Table4.2.1-11. Cooling pipe specification

FRER MR
== 5 & = *E g
(mm) (mm)
Q) YEORTFETARSRIL $48.6 2979.218 | 1,100 I/h K
@ ZAO—RERAEIOAIL 915.3 3909.041 | 3,000 I/h K
AVNREAETALIL (A Tobf) $27.2 4708.164
(B %&i#%) (20A) 4739.958
©) 3,000 I/h 7K
(C Z#k) 4682.979
(D Z#k) 4711.397
. 2MPa n
@ RS Ay TAHIaAIL ®11 3831.471 AR
45kg/h

5T, EdRORT EREABRBERATIZ X > TH S 7z 250000~260000step (Z331F 2 FRuLil iR
A e QMR 5341 % Figure4.2.1-31~35 (2, 0O TOILERERK % Table4.2.1-12 (2773, 250000
~260000step (28T DR ALFROREMAENT Z < #ENTh D 2 & AR S i, PIHRED D+
PRRE SRS UE FRBEICRET 5 £ COMT A IER ICFITS N2 RSN,

5000
4000
3000
N
< 2000
1
1
1000 t[——250000step 252000step !
1 254000step 256000step 1
\ | =——258000step 260000step |
8 :
-1 0 1 2 3 4 5 6
z(m)

Figure4.2.1-31. Temperature distribution on the central axis in 250000-260000 step
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Figure4.2.1-32. CO distribution on the central axis in 250000-260000 step
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Figure4.2.1-33. H2 distribution on the central axis in 250000-260000 step
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Figure4.2.1-34. COz distribution on the central axis in 250000-260000 step

Yio(-)

1
D ——
0.8 : !
1 I
! 1
1 I
06 T —— 250000step 252000step !
; ——254000step ——— 256000step :
0.4 : —258000step 260000step :
1 I
! 1
| |
0.2 | :
! 1
- n
0 .
-1 0 1 2 3 4 5
z(m)

Figure4.2.1-35. H20 distribution on the central axis in 250000-260000 step
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Table4.2.1-12. Gas composition at the outlet in 250000-2600000 steps (vol%)

250000step | 252000step | 254000step | 256000step | 258000step | 260000step
H2 7.30558 7.30945 7.31329 7.31709 7.3209 7.32457
CO 29.4422 29.4382 29.434 29.4298 29.4254 29.4208
CO2 22.3096 22.3116 22.3134 22.3152 22.3166 22.3171
H20 9.65752 9.65367 9.64984 9.64603 9.64221 9.63851
CH4 6.74K-23 6.09E-23 5.29K-23 4.72K-23 4.53E-23 4.32K-23
N2 31.2841 31.2862 31.2885 31.2909 31.294 31.2981

(6—1—2—2) SEBREE & O REE

PR SEEREE R 2 Table4.2.1-13 12, FHBRAER & W7 M@ BTG R, B L OB BT & 705
TRARHEIR ORI HE S & DLl % Figure4.2.1-37, 38 (X Table4.2.1-14, 151257, 0 EIRE Y
filx FFR HLURAENT O 5 3 EERAE LV M & 72 D — 05 CL 0 ARE B RARAT D 75 73 SR AE & 3
VM & 7o Te, F7o, W7 — A L HIRE KD CO, H2 BEBRE L VK E 2 2@ mn b, 728,
Z ZCHW/E FFR-Comb 1%, 4 —2—1DHED [(4) WA DL I 2 L— a2 il | TR~/
Fa—=UTHIOa—RTHY, Fa—=07HDa—RFelndZ eick v, ModE s
%
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Table4.2.1-13. Results of the CRIEPI reactor experiment

H22NM2R3T2
AR
LN AL RE K 1814.5
I NS DR E K 1640.62
V& 2 B8R 1 K 1404.15
V& 5 B8R 2 K 1357.96
V& 5 EER3 K 1275.43
V& 5 EER 4 K 1197.56
H A R K
H2 vol% 4.650
CO vol% 19.003
co2 vol% 27.483
H20 vol% 11.388
CH4 vol% 0.633
N2 vol% 36.323
IRBER
FPN PR TR A AR % 70.62
TN A H FRFFHAMAR % 79.39
U&7 B IRFERER % 63.35
RN A BBV wet | keal/Nm3 | 779.32
07T A % 47.83
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Figure4.2.1-37. Temperature distribution on the central axis in 250000 step
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Figure4.2.1-38. Temperature distribution on the central axis in 260000 step

Table4.2.1-14. Comparison of experimental and analytical results: Gas composition at the outlet in

250000 steps (vol%)

RERIER FRATIER (GERL) fRHTHE R (FFR BifK)
H2 4.65 7.30558 8.66554
CO 19.003 29.4422 36.2898
CO2 27.483 22.3096 27.1354
H20 11.388 9.65752 10.3764
CH4 0.633 6.74E-23 6.62E-23
N2 36.323 31.2841 17.56323

Table4.2.1-15. Comparison of experimental and analytical results: Gas composition at the outlet in

260000 steps (vol%)

e SRS fEdie R GEE) [T (FFR HLER)
H2 4.65 7.32457 8.65281
CcOo 19.003 29.4208 36.3807
€02 27.483 22.3171 27.2075
H20 11.388 9.63851 10.3751
CH4 0.633 4.32E-23 6.98E-23
N2 36.323 31.2981 17.3834
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(6 —2) RUFRT—)VART AMUIFE R L LT e 7 MRS LG HR

R F R — VAR A Rt R L LT 7 AREE L B R A S0 U, SERRat I M 7= v
ﬁ%ﬁotoNV%X&—wﬁﬁﬁxmﬁ%ﬂ%&Lt%ﬁ%?w%%’%mfi PRI 53 DFENT
£5 L% VT FFR-Comb 12 K B RBERGH R 21T, IR CE D2 LR LT, £z, %ﬂ
B G Raa DFENTET M OWTIL, XU TF A — VAR AEIF OB E YT & b0 iR L
FHDEEITV, IRAT > 7 ORIF ARERSENT I AT T, BT T v & OB E T DA v v =
PN AlRe & 72 D KO\, T ET LV AREEE LT,

(56 —2—1) RUFRT—)VARH AMCIFOIRHT &7 /AL
(6—2—1—1) Av¥afEEgEoHHE
R T A — VAR A D CAD T /IZX L TA v v 2T VOEREIT T2, KA v v =2E
TINTlE, ARY AU OREEY BIREZET MR E L TWDEN, WEIV AT JTHOWTIE 5D
W 72T T b F20E LTz, €T /UAL#EPEIC OV Tl Table4.2.1-16 (239, WEIV AT LDET
JABIZOWT, AT 7 AR — VIR AEL 2 ITOTHAERROEERA v v aET VEER L, £
LIt (Table4.2.1-16 IZB 1T 5 A) OEREMITEHEIL AT LA BHIE AR DREGE MM L S 787 4
T IVIEFE LT,

Table4.2.1-16. Target of modeling

mats | AEE | AHEOETIVE
U480 Hh A (IBISfEEE{L)
U454 5B &Hh x (E7ILERL)
YA ED Hh x (E7IUERL)
UG5 TEB &Hh x (E7IAERL)
)RS B | A (IBEEEEEAL)
F471—Y Hh A (IBISfEEg L)
2= Hh O

FOMRBEE | &0 x (E7IAERL)

DNV | BRI W|N|+-

O: Ay vaETFNe UTER
VAR il - A A a2
X 1 ®T LI AT DR

(6—2—1—2) AyvadDET/MMLFE

A a®TTFAOMERFIEE LTiE, CADEF ALV LD REm Sy FE4ERR L, ElESn-Rm Sy F
EHEHLTA Y VaET VEER LI, Ay v aZET /MET2I0Hh0 ., MR ARFORTER
FOTHbEBRE L. 4\%(%°H%)kbtofyvliwmﬁwfﬁ\%ﬂ%%%%%wii
ETMMET D AT 7 AR—/VEEIDIC BT 2 HER L ORBEOET AL BE L, TR 72
ﬁ%ﬁotoEﬁéht%yV1%7W®ﬁﬁ%T%bMMj7K%?Oﬁ@%%(?ﬁxﬁ—WEﬁ
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A 2EHF) \ZBT DT IVHBE el L, A« BMEILC 3 REREOAHRE L > T D,

Table4.2.1-17. Mesh scale and degrees of freedom

=[S AR AR EPHTE
BB 124 32
B fEPE 5mm
EHH 406,317,033 | 155,999,061
Z=F5 67,112,837 25,510,852
BHEEER (BEET) 67,112,837 25,510,852
BEEE ({EEHET) 201,338,511 76,532,556

(6 —2—1—3) WAE 2GR ERMOME

WHY AT LDOET MUIZIB W T, BEEIIL AT ) 2 LN TERNWR T ZA—/EIL, GHEIR
%’E&ii‘é“f Ay aEBT NVEFERLTZD, BERELRFTRERT 4 7 a—PFRoarn"zxy Vs
K HIZER T BT EE Tl Figured.2.1-39 (s &ML 217 - 7=,

ﬁﬁ%@/%iﬂ‘/XTJA (GBHEET V) Tl BAE (24 IR ICHIEEORESEVER 258 E L T
W MAE OWEE 2 A VGRS MEBR~EE T 52 L VC%T/I/O)/#E“*%%DF:%*1¢@EQE
ﬁk??ﬂﬁ L7, &I LET v (BE, BRSEMHET V) Tk, BEERE T DTV DI ARIC

EHYOETNVEHALTND, ZORAEHLOET VL, ERFEPERETEDH LD C/Afl]”’:

@EPL\%/\%J@J: LCEAFNZ 2 @RS Ty, HEEICEMNGEM & U TR RO E 28 E
TOHILNTED, T4 7 2—PRAVANRIEO L) RBECREDO M AE R H 256 Tid, BED
FRENRETE D K ITHE ATV, REPER LTI LT, BEEZRIEFSRNVE I RET L
fbz1T -7,

il L. Figure4.2.1-40 X (" Figure4.2.1-41 |22 R AZ OB HAE L BERASHET V2R T,

TUNALTIT 4 RHOBHE (D~®@) B"ETLNTWD,

B 1 COECRRRERT
BHE COBECRRREDTE O/ :

C{ : / FA @
swA—H> @ ; BREE PRpEE

! PR PREER e @

i A =@ i
w0 ;

; g sy @ wiE2

g

M3 AA TN

DV A A
WIS AT I WIS AT I
(BREMHETI) (BREMETI)
(BE—3H7) (8RR

Figure4.2.1-39. Boundary condition (simplified cooling tube shape model)
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Figure4.2.1-40. Combustor section: Cooling tube model
X HFoO~D X, WEORAL LR TR R ERT,
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RO
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Figure4.2.1-41. Combustor section: boundary model

(5—2=2) ~UF Ry —AABH ALIFORI S
(5—2—2—1) MH&F

BERSME L LT, JFNIRE & AHIS AT AR OB DR E %47 - 7= MEMIEE % Tabled.2.1-
18 1R, FIBRBEE L OREIT AT KR DRSS % Table4.2.1-19 } Y Figure4.2.1-42
R, L. AT AR VA IS b REESR 3 — DR ERE L L,
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Table4.2.1-18. Material property value

WA il TOCAST-13L HE0152C
B (t/mm®) 7.86%X107 1.375X 107 2.65X107
B (J/ke/K) 4.76 X108 1. 6736 %X 10° 8. 368 X108
B (mW/K/mm) 58.5 4.42X10™ 1.5

<TOCAST-13L XWX HE0152C 1%, # X —fH&fEH (EEOWMHE S I1XR %)

Table4.2.1-19. Temperature configuration

AR E E T Rt | BERE (C)

U&7 2R mAEE 20.0

RBE=S 1, 000
) 30. 0

T T a—W ) 35.0
® 40. 0
) 45.0

o an @ 50. 0
® 55. 0
@ 66.0
@®

25 PR—LVEGEHE | © 20. 0
@
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V&7 HHOBEE

30C——

35C

40C——

2.000e+001
2.0006+001
2.000e+01
2.000e+001
2.000e+HI01
2.000e+I01
2.000e+001
2.000e+001
2.000e+001
2.0006+001
2.000e+01
2.000e+001
2.000e+101
2.000e+I01
2.000e+001
2.000e+001
2.000e+001

T4 72— P

55—

60C——>

T RNAHER

V&2 ZHA

4000¢4001
39334001
387504001
381364001
375004001
36324001
362504001
33634001
350004001
343804001
337504001
33134001
32504001
318204001
312504001
30634001
300064001

6.000++001
550604001
58134001
571964001
562504001
553164001
343804001
53444001
525004001
5156e4001
506304001
49694001
457504001
478104001
465804001
459404001
450004001

Figure4.2.1-42. Temperature configuration of each section

(56 —2—2—2) #fiEHrOEhE

Ay a ROBHIC AT AOMALNIE L HEET 202 BT 2720, ET L0 —HEHWTE
WEMREMNT 2 FEhi Lo, N TF R — VAR I AMUIFET KT 28T L, 7« 72 —3, =
VONAE AT TR MCBET B mEI AT A Extg s L RO ADVENTURECluster
Wz, 2T 7R AEEIL, BHESCHI M EDTRRPEHETH Y . MEAIV AT ATBWTH
BROMIBEREZAIT T2, TIEEZR < 5ET LERE SNREHREN KR I TWD Z & 26
P L7z (Figure4.2.1-43, 44), 7 4 7 a—VP R R L N ZAZETIE, %€ L7ZIREN
VAT AL LUTHERET S Z LR T 72 (Figured.2.1-43, 44), 7272 L. ZOfNTIEA v ¥ 2 O

1.000e+003
1.000:+103
1.000e+103
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Rainbow{15]
7.362e+01

Node 1D 2128483121 7.090e-+01
Coord 125,862, -300.984, 5560.139
Walue 30008401 G aITa

B.544e+01
B.272e+01
5.999e+01
5.726e+01
5.454e+01
Node |D 2128481240 5.181e+11
{Coord 193.756, -334.251, 5352.470 4 909a-+01
Yalue  3.500e+11 4 3B e
4.363e+01
4.091e+01
3.818e+01
3.545e+01

|MNode |D 2128484908 3.273e+01
{Coord 253.315, -264.946,5114.318 3.000e+01
[alue 4 DDDe1

hidas: 7.362e+11
Min: 3.000e+01

Figure4.2.1-43. Temperature distribution (diffuser: cooling system)

Rainbow(16]

1.053e+12

Coord 20,830, -451 461, 4767 813 1.015e+12

“alue  4.500e-+11

e 9777 e+

9.400e+01

9.023e+1

WSS MNode 1D 2135049201 8 G46e-+01
| Coord 19.096, -451 546, 4607 514

Value  5.000e+01 Behaail]

—_ 7.892e+01

7.515e+1
ey 7.138e+01

B.762e+01
Coord 11,457, -451.813, 4422.976
Value  5.500e+01 B.3B5e+t1

/ 6.005e+01

5.631e+1
5.254e+1
4.877e+1
4.500e+01

Node ID 2135052412
|| Coord 10.489, -451 828, 4198 368 ax 1053402

n: 4.500e+01

al 6.000e-+01

Figure4.2.1-44. Temperature distribution (combustor: cooling system)
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4-2-2. (Y7HEB) [IR-HERES S UBBOBERRRBITCL 2MMEMRHF TOEROEEL
<HERLHER - 2 PIEIE AR NS A, ENIRTFE NG R T PRAE NSLE PRSI R, NS
PARTENE - AR FERSAS >

(1) WFFERCEROREE

AP THETIEL, RO T V— 2 TEIFR T VX —EHEE & LTS TV S ERE ST
TEBRELE IS X OEREM LR B 2 g & LT, KBBZASKIE —ARIRART 24T 5 2 & CTHHY
RETT BB AEWET L L L b, BROWERD HREE(, MEH  HE OFEIRNTIZ B3 5
Ylalb—va rENERRET LI L AANE LTS,

Rk 31 (BRIILAEE) X, PEFC N O KB FHfENT, SOFC B ZE LR fiflT. PEFC &
MR REMAEYT. PEFC IEMEE SR (MEA) O/ i - BEEEMT O K 7 HE I DWW T, #%ikd
D R OICKRBIB G R o — FOEEZER L, FRROFILTo7z, o, hOEF T v Y=
7 NROFEES L 0B B X ORI TR EBR R BN I BT D AT R TT o 7,

(2) V78 B ORGHIHELE

FHTHBICB W CEBBENFE LA OV THERILE X5 Z & T, REFERZE 7t 2
D EALIZE 550K AR, B, MEA OB 2 92814 2 L CofiEA At L, £ Ok
T T2 R OR 21T o2, lx DY 2 b— a3 VlERFETER LA ST A—% THS
BNy 7V o 7 S REFEMOMEIN D B, B, 22 v 7 £ TO—EDOHMLCR S OMRE
Ze e L 7=

(3) KIKE “ARIRAITIC L 252 PEFC A X v 7 OF%EH 7 1t A DL

KRR ARTRAATIZ KL 2 FEM PEFC A% v 7 OFGHT vt A0 mIT ofat e LT, LN
H % 32k L7z,

FP. WHIRIE AR = — RO g — M AF v ZfRIT~O8H Tlk, WEFEL £ TIZBHZ L7z KB
W AR fENT 2 — K (22— R4 : PEFC-TPF) # MW\ C. Figure 4.2.2-1 ({23 & B0 | EREARE MEA
(Membrane Electrode Assembly : IEEMBEAIR) & H 2 20 BV 2 — F A X v 7 OKHR _FAVLAR
Br (HVEWREBEE 3.0 Alem?2 —ESME. BT A RV o ZTRE~OARMEBISM) 29 L7z, 7o,
FEIC L DAERKEDMAIL, BERMEEY I 2 —2a VEHEICL DAY v 7 OFBREE « KAKIHE
(BIFKZR R D E A2 HE & LT KRRy E ORI L E) ORI Uiz, BRI, KARRE &
25 1.0 LA EOFEI CREMEAKR 2354 L, SBIREEEICHEI L CTHNT 277 v 7 2L LG LTz, 20k
B, Figure4.2.2-2 |23 X912, va— hRZy 70y e/ (fiGEL) 12O CREE O
THABKEBHEIM L, B ~OZERIRARPEFE IR U % REIR T Lz, £/o, 74 KU 7~
DAMEBRE (3.0 Alem2725 0.1 Alem2 A1 OZ25GREIC 0.1 B TEID & 2) Tk, =7 ift&ORED
2 &Ko TN OBOKIFE &ML, BAM O T A O AR —MH2 —EFERF & b~ THN
L. BEEMOMEME T T2 ERO—D2 &5 Z N gholc, SHIT, AT —FTHLH0, A
BHEHEE S 2 — bR F > 7 OKIK _FARAITIC L 2 B VR ES AL & BARMEES I 2 L—2a D
I LY B ARBEOERT — ¥ 2 AR 10%UNORETHEL Lz, UEORRIZEIY, K
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BRI —FRIRARYT = — N PEFC-TPF 2 fl\ % Z & THENEHARENEROHE KR Lo 7= DRk E4
TEDORRFI A B & 72 o 72,

BT, B LUV M DB ORBE L REHEETRI~OMA Tk, 2fMtiEy I a1 —rva v
B L 72 5 SRR AR/ N T A — 2 % KRB FRGRARHT 22 5 EH UL 3l VI K 2 MEREiRGE & i
L7z, F£9. EREREOFMEALTHS JARI B Z55 L LT, WIKNOERBERG, KR E T %
HAL X[ CHFHLET 2 Z & THATIEHERBIFA BB L2 EE I 2 —ra o
Coarse Grid E7 /L L HfETX 29 A~ 27 23T A —% (KM & WA OMERHRIEZR) 12z,
& & GDL (Gas Diffusion Layer : % ALHUE) OFEIZIIT DHEKIC K 598D DB 58 L
7=, Figure4.2.2-3(@)1, JARI B/LHiHE (I—R o NL—F @ il 95° ) o7 2 b A FLb
(St) (BUSIZER Gy F M B2 78 KR ISR T 2 ) OFEWIC K 2 NIRRT OfER:, OIC=T A
b A FbbF K OVREE OBl A E M X DX E R L ERORR LR, 22T, KNP alpha I%
T AT S 72 0 OIKOBRFERE LT, =T A M FHABOEE TN S WERFEA DL TB
BTN, =T A M FHMETT 5 REHNOLEKHEMETT2) LSS LAAKL TS
T HERFGH L, SN & ET 2R N RAET D 2 Enbnd, £z, JARI BAMRKE (I—HRv
TS —& LA 957 ) CIRIRKMARER TR 15% % Tl L CRIEOMER N+ 25—
U5, VRESBEE DS BUKPEOS A ITHOK N E VI S REOPER B /NI, ZhiE, Bk E-T
KA GDL R 6l EIF b a0 RIc kb0 B2 65,
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AYLHARER DAL T A G5 L7z, Figure 4.2.2-4 25005 £ 912, ABARTESR S<0.2 Ok TIdE
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Figure 4.2.2-1. Structure and internal distributions of a short stack (20 cells).
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Figure 4.2.2-2. Two-phase flow simulation and distribution of flow rate into each cell of a short
stack.
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(a) Liquid water distributions in JARI cell for different air flow rates.
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(b) Relative permeability in flow channel and coverage on the channel/GDL surface.

Figure 4.2.2-3. Macroscopic two-phase flow parameters for different air flow rates and wettabilities

of channel wall.
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Figure 4.2.2-4. Effective gas diffusivity of gas diffusion layer.
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(b) Distributions of current density using the current scan device.
Figure 4.2.2-5. Validation of PEFC model coupled with the macroscopic two-phase flow paramaters
with expermental data of JARI cell.
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—O—cell potential —St=10 : Macro-sim.
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Figure 4.2.2-6. PEFC performance simulation by macro-meso scale coupling.
(Left: Various overvoltages by mesoscopic simulation, Right: JARI cell performance by macroscopic

simulation)
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Table 4.2.2-1. Elapse time in the major subroutines used in SOFC-PFM, measured on the K

computer (real machine) and two software frameworks provided by RIKEN.

YIN—F % 2B [sec)
FENMADOEIEIL R IDFERICH I HHERHE)
M= rE&) rE&)
HREFRIY—IL BRI SalL—4
pfm_add_squared 3.7590 1.0400 0.5700
(1) (0.27) (0.15)
pfm_calc_mu_c 0.4047 0.1015 0.1132
(1) (0.25) (0.27)
pfm_calc_mu_eta 9.2603 1.5904 1.3920
(1) (0.17) (0.15)
pfm_update_phi_ch 0.2484 0.0688 0.0604
(1) (0.27) (0.24)
pfm_update_phi_ac 6.7452 0.9680 0.8960
(1) (0.14) (0.13)
Total 20.8452 3.7687 3.0316
(1) (0.18) (0.14)

60



Current, [A/cm?]

Figure 4.2.2-7. Comparison between before and after sintering of a Ni/YSZ/pore anode: (a) the
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Figure 4.2.2-8. Iteration history of (a) electrolyte-cathode interface shape and (b) improvement

factor (the relative change in the total current in the entire domain).
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Figure 4.2.2-9. Simulated carbon black and evaluation of validity of this structure.
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Figure 4.2.2-10. Simulated carbon black and evaluation of validity of this structure.

EBIT, KFHEO V&V (FBr L OikkiEe) & LT, ftEso2RRE & okl BLO0Hh
Rtk & DR ZAT > 72, FHRAERILERIE & BAFIC B L, AFTHOZ YL L=, £7-, PEFC
JREMEAIR (MEA) OF ) HER A HLELNDET A4 ) ~—D 7 1 b AzEW L Pt Rl OWAS
KDL IR S G TRRA Y R — VIRNTIZFHEEET 5 2 & C, PLiltfEnF /2 27— )L OM MR %2 K
B S W7o EAERHM S AR & 2o 7o, LLEDRREZRA LT, Figure 4.2.2-11 12773 K 5 IZFEFED
fil S A et G LTt B & Ao o 7o, Fiz, WRHEAE oA 3 5 B ER & il & ENFR O FHEIC
FVHIREIC L, ZOEREBORMME L LT~y i (R — L EE) ISR & e o

63



776

7Oys9 A4 X 20 nm
i fBIE X 5.8 um Lo
160 x 160 x 290 0.90 Overvoltage at 0.3V
74M7JOvy 080 A\
= =070 |
AR 4.0 days %0'60 [ \ jonomer
BREREE 0% [Tu=s0c . ©:
. - 58 E 0:30 [ P.,=1atm Dissolution
W 020 LRH=80% GDLO, ™ rH+
¢ 010 | Lpe= 0.15 mg/em? Activation
e 0.00 . "
L. 000 100 200 3¢
| Current density [A/cm2] E%Eﬁgﬁ

| R %

Figure 4.2.2-11. Reconstruction and segmentation of 3D catalyst layer structure obtained by FIB-

SEM and simulation result of current density — voltage curve and the breakdown of overvoltage.
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Figure 4.2.2-12. Molecular structure of SPP-QP and segmentation for FMO-DPD simulation.
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Figure 4.2.2-14. DPD segment setting for membrane materials.
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Figure 4.2.2-15. Connectivity results of water clusters.
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Figure 4.2.2-16. Folding of a-synuclein (Blue ball indicates N-terminal residue).

Figure 4.2.2-17. DPD-simulated membrane structure of DOPC and cholesterol binary system (green

balls correspond to cholesterol.

Figure 4.2.2-18. Trials of initial setting to place two R8 moieties onto POPC membranes.
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Figure 4.2.2-19. Acceleration against MPI process increment (2,4,8) under 4 threads parallelization
for water particle systems (on twin Xeon Gold 6248 CPUs).
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Figure 4.2.2-20. Coarse-graining of a hydrated nafion system to DPD particles A-C and W (left), and
a bead spring model of the coarse-grained nafion (right). Nafion molecules with n = 2 are simulated

in this study.
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iii)

Figure 4.2.2-21. Snapshots of DPD simulations (at 100,000 step) for bulk hydrated nafion of 1 =6 (1),
and corresponding interfacial systems with a PT cube (ii) and a PT slab (iii). Coloring of DPD
particles: A(blue), B(green), C(red), W(orange), and PT(gray).

2

I‘/Lo l‘/Lo r/Lg
Figure 4.2.2-22. Distribution of nafion components for the interfacial systems with a PT cube (1= 3,
6, and 9 in (a)-(c), respectively). r: distance from the center of the PT cube (LO = 0.71 nm); p: number

density of each component in a spherical shell at r. Averages were taken over every 10,000 steps
after 50,000 step.
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Figure 4.2.2-23 Distribution of nafion components for the interfacial systems with a PT slab (1= 3,
6, and 9 in (a)-(c), respectively). z: distance from the bottom layer of the PT slab (L0 = 0.71 nm); p:
number density of each component in a layer at z. Averages were taken over every 10,000 steps after
50,000 step.
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Table 4.2.2-2. Particle diffusion in the water component network of the model structures of hydrated

nafiona

<r2>b <x2>b <y2>b <z2>b
A1=3
bulk 482 (27) 158 (18) 165 (21) 158 (24)
PT cube 465 (44) 155 (24) 157 (30) 154 (25)
PT slab 1027 (71) 489 (46) 485 (53) 52 (19)
1=6
bulk 1464 (102) | 488 (62) 493 (70) 483 (38)
PT cube 1408 (91) 456 (57) 472 (29) 480 (53)
PT slab 2078 (69) 1019 (48) 1016 (61) 43 (12)
1=9
bulk 2381 (72) | 773 (122) | 852 (129) 755 (67)
PT cube 2337 (83) 791 (84) 814 (96) 732 (40)
PT slab 2760 (89) 1334 (59) 1366 (66) 60 (32)

aMSD of W particles in 100,000 steps of simulation (in Zo2 unit), averaged over ten different
structures (standard deviations in parentheses). P <i2>= <x2>+ <j2>+ <z2>, where <72> is the total

MSD, and <x2>,<32>, and <z2>, are the x-z components.

Table 4.2.2-3. Ratios of particles A-C and W among surface particles a.

<r2>b <x2>b <y2>b <z2>b
1=3
bulk 482 (27) 158 (18) 165 (21) 158 (24)
PT cube 465 (44) 155 (24) 157 (30) 154 (25)
PTslab | 1027 (71) | 489 (46) | 485 (53) 52 (19)
A1=6
bulk 1464 (102) | 488 (62) 493 (70) 483 (38)
PT cube 1408 (91) 456 (57) 472 (29) 480 (53)
PT slab 2078 (69) 1019 (48) 1016 (61) 43 (12)
A=9
bulk 2381 (72) | 773 (122) 852 (129) 755 (67)
PT cube 2337 (83) 791 (84) 814 (96) 732 (40)
PTslab | 2760 (89) | 1334 (59) | 1366 (66) | 60 (32)

a Average over every 10,000 steps after 50,000 step (standard deviations in parentheses). Surface
particles are defined as particles A-C and W within a distance of soft potential cutoff (Lo = 0.71nm)

from some PT particles. ftalic figures are the particle ratios in the whole hydrated nafion.
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Figure 4.2.2-24. Snapshot of DPD simulations (at 100,000 step) for an interfacial system with a PT
cube on a carbon support. Coloring of DPD particles: A(blue), B(green), C(red), W(orange), PT(gray),

and carbon particles (purple).
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Table 4.2.3-1. Specifications of NREL 5MW wind turbine.

Description Value
Rating 5 MW
Rotor Orientation Upwind
Blade Configuration 3 Blades
Rotor, Hun Diameter 126 m, 3 m
Cut-In, Rated, Cut-Out Wind 3 m/s. 11.4 m/s,
Speed 25m/s
Cut-In, Rated Rotor Speed 6.9 rpm, 12.1 rpm
Tip Speed 80 m/s

Blade

Hub 5 Nacelle

Tower

Figure4.2.3-1 Schematics of NREL 5MW wind turbine.
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Fhh > B IR A TR SN AR BIEE S v, BERAIZIZRESE YV O 23T 2 T\ D &9
(R A D05, BEOTAVUIARRME TRE UESHEEL . WALV EE TERM LW o), BIZK St
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WCHER LRTHIE R 60,

(a) Flow pattern around a wind turbine

(b) Flow pattern around a turbine blade

Figure4.2.3-2. Example of large-scale wind turbine analysis with insufficient resolution grids (65M

elements)
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Table 4.2.3-2. Computational mesh for LES Simulation

Middle Grid Fine Grid
Description Blade Wake  Outer | Blade Wake  Outer
Minimum mesh size [m] 0.0035  0.05 1 0.001  0.03 1
Element type Hex Hex Hex Hex Hex Hex
Number of nodes [X106] 59 76 7 192 80 7
Number of elements [><106] 60 77 7 194 81 7
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(a) Middle grid

(b) Fine grid
Figure4.2.3-3. Surface grid around the blade tip and the hub.
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Figure4.2.3-4. Comparison of power coefficients of WT

81



Presure Coefficient C , [-]

EXP. (AOA=6 deg, Re=9.0E6) ' o

0.9 LES: Coarse Grid (AOA=5.7 deg, Re=1.0E7) i
| ¢ LES:Fine Grid (AOA=5.7 deg, Re=1.0E7) —
1 .2 | 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

XIC[-]

Figure4.2.3-5. Comparison time-average static pressure at 90% spanwise position
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(a) Bird point of view

PRESSURE
0.500

(b) Side view

Figure4.2.3-6. Flow field around a tandem arrangement wind turbines
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Figure4.2.3-7. Velocity profiles of wind turbine
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Figure4.2.3-8. Comparison time-average static pressure of tandem-arrangement wind turbines at

90% spanwise position
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Figure4.2.3-9. Flow and pressure distribution around blade of tandem-arrangement wind turbines
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Figure4.2.3-10. Time history of power coefficient of tandem-arrangement wind turbines
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Table 4.2.3-3. Growth rate of the turbulent eddies in the wake of an airfoil

Measured LES

HEME XAEBEE YARBE zZARBE XARBE YAEBH
6C-& [EEEIRMSE —% = - - 0.098 0.041
6C-RRNZEE RIS 0.065 0.030 0.027 0.069 0.047
6C-E HERIRMSE —4 0.049 0.016 0.024 0.082 0.027
11C-AFEmE#|IRMSE—% 0.080 0.028 0.035 - -
11C-m RKERERIE 0.069 0.029 0.033 - -
11C-[£ A E#|RMSE —% 0.091 0.052 0.038 — ~
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Reynolds number 4.0%x10°[]

(Chord line/Flow - E |
velocity) (C=0.15 [m]/U.=40 [m/s])

Minimum grid size
around the airfolil
(Ax, Ay, Az)
(Ax*, Ay, Az)

Grid size of wake
. . . 0.0066, 0.0066, 0.0006
(AX, Ay, AZ) ( b 0 ] )

(0.0025, 0.000025,
0.0006)
(40, 4, 10)

Number of 207 million
elements
Angle of attack
(Inflow angle) 9[deg]
Time increase 1.00 x 104[-]

Figure4.2.3-11. Numerical conditions of simulation for estimation of the growth rate of turbulent
eddies
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Figure4.2.3-12. Iso-surface of the second invariant of the velocity gradient tensors in the wake of an

airfoil
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Figure4.2.3-13. Numerical domain for evaluation of airfoil performance in grid turbulence
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Figure4.2.3-15. Distribution turbulence intensity behind a turbulence grid
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Figure4.2.3-16. Decay tendency of turbulence intensity in mainstream direction
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Figure4.2.3-17. Streamwise profiles of diagonal components of anisotropy tensor
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Figure4.2.3-18. The turbulence triangle and possible states of turbulence in invariant coordinates,
—II vs. III
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Figure4.2.3-19. Flow prepattern around an airfoil without and with turbulence grid

10°

LA UL
L1 1111l

10

T T TTTTI0
L1 uul

PSD [m’/s]
S

LU

10° L
[ | ——with grid
10'7 1 [ A | 1 1
10° 10° 10*

Frequency [Hz]

Figure4.2.3-20. Power spectrum of grid turbulence
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Figure4.2.3-21. Flow pattern around an airfoil without and with grid turbulence
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Figure4.2.3-22. Distribution of surface pressure coefficient of airfoil
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Figure4.2.3-24. Conceptual diagram of the interpolation curve in the relaxation interval
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Figure4.2.3-25a. Analysis results of TSR7 (deformation, t=0.179s)
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Figure4.2.3-25b. Analysis results of TSR7 (deformation, t=0.357s)
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Figure4.2.3-25c. Analysis results of TSR7 (deformation, t=0.536s)
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Figure4.2.3-25d. Analysis results of TSR7 (deformation, t=0.714s)
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Figure4.2.3-25e.Analysis results of TSR7 (deformation, t=0.893s)
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Figure4.2.3-26. Analysis results of TSR7 (fatigue)
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Figure4.2.3-27. Numerical treatment for the rotating blade during dynamic simulations
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Figure4.2.3- 28 (a). Traction history along x direction (Unit: Pa)
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Figure4.2.3- 28(b). Traction history along y direction (Unit: Pa)
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Figure4.2.3- 28(c). Traction history along z direction (Unit: Pa)
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Figure4.2.3- 29(c). spectrum curve along z direction
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Figure4.2.3- 30(a). Comparison of displacement history at blade tip (CASEs 1-4, x direction)
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Figure4.2.3- 30(b). Comparison of displacement history at blade tip (CASEs 1-4, y direction)
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Figure4.2.3- 30(c). Comparison of displacement history at blade tip (CASEs 1-4, z direction)
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Figure4.2.3-32. Fatigue damage distribution of the blade working for 20 years
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Figure4.2.3- 33(a). without gravity force and without centrifugal force
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Figure4.2.3-36. Reduction process of PCR algorithm. The colors indicate different sets of equations
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Table 4.2.3-4. Specifications of the evaluation machine

Intel Xeon SGI UV300 SX-Aurora
Skylake-SP  Broadwell-EP A100-1
Architecture Gold 6140 E7-8880 v4 Type 10C
Socket (CPUs) 2 4 x 4 Chassis 1
Cores per CPU 18 22 8
Frequency (GHz) ik 23 1.41
Peak? (GFLOPS) 5,298° 24,780 4,300
MMU size (GB) 384 12,000 24
MMU BW (GB/s) 255.9 1,360 750
L1 cache* (KB) 32 32 -
L2 cache* (KB) 1,024 256 -
L3 cache (MB) 24.75 55 16°
L3 BW (GB/s) 147° - 3326
(ON) RHEL 7.4 RHEL 7.3 CentOS 7.4
C++ compiler Intel 18.0 Intel 18.0 nc++ 2.3.0
Fortran compiler  Intel 18.0 Intel 18.0 nfort 2.3.0

Friz, UV300 1% TEfE) O7 —X%7 7 F ¥ LUK E 72> T s (Figure 4.2.3-37 &),
SFY, A=—a37_ ccNUMA 7—x%77F v, VoI R_2EERETHD, UV300 TORMEZESE
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— N | - fﬁ} @
N | YV
‘ HBM2 -‘1 || HBM2 |§||l:||2:| E(\q_h/ E‘Dé E
| ||| » ||| - [Memor Je={ BOGe02 B | R S0 & fe=] Memor |
| = = W
Mumalink 7 {}
=gy uUv300

http://pr.fujitsu.com/jp/news/2018/08/22-1.html
Figure4.2.3-37. Comparison of Fugaku and UV300 architectures
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117



C Jacoel % RB-SOR O SLOR-PCR
8OO

700
600

a00

GFLOPS
I
o
o

FFFFFFFFFF FaY T Tt Rt Y]

Number of threads

Figure4.2.3-38. Comparison of iteration performance in Skylake-SP
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Figure4.2.3-39. Skylake-SP cache hit rate
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Figure4.2.3-40. Arithmetic performance and cache behavior in SX-Aurora
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Figure4.2.3-41. Comparison of calculation performance of UV300
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Figure4.2.3-42. Time comparison of convergence characteristics for different right-side terms
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Target single wind turbine
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Figure4.2.3-44. NREL 5MW wind turbine specifications
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Figure4.2.3-45. Overview of engineering wake model (Ishihara model)
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Figure4.2.3-46. Results of benchmark calculation, comparison with engineering model (Ishihara

model)
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Figure4.2.3-48. Mini Alpha Ventus Offshore Wind Farm
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Frame : 243
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Large-eddy simulation based on the actuator line method implemented in the Navier-Stokes equations

Figure4.2.3-49. Example of calculation results for a mini Alpha Ventus offshore wind farm No.1
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Figure4.2.3-50. Example of calculation results for a mini Alpha Ventus offshore wind farm No.2
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Figure4.2.3-51. Example of calculation results for Alpha Ventus offshore wind farm
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Figure4.2.3-53. Wind turbine and met mast layout Figure4.2.3-54. Wind rose at FINO1

> A.Westerhellweg,et.al., Wake Measurements at alpha ventus - Dependency on Stability and Turbulence Intensity, Journal of Physics Conference
Series 555 (2014) 012106.

6 T Neumann: FINO1 and the mast shadow effect, 52nd IEA Topical Expert meeting: Wind and Wave Measurements at Offshore
Locations, Berlin, Germany, February 2007.
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Table 4.2.3-6. Wind turbine and met mast locations

1R R
AVO1 N 54.021671 E 6.593500
AV02 N 54.021671 E 6.605916
AVO3 N 54.021671 E 6.618332
AV04 N 54.014340 E 6.593843
AV05 N 54.014340 E 6.606345
AV06 N 54.014340 E 6.618848
AVO7 N 54.007503 E 6.594162
AVO08 N 54.007503 E 6.606745
AV09 N 54.007503 E 6.619328
AV10 N 54.000332 E 6.594498
AV11 N 54.000332 E 6.607165
AV12 N 54.000332 E 6.619833
FINOT N 54.598111 E 6.587638

Table 4.2.3-7. Period of used measurement data set for the assessment
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<0.15) A 20%. ZE (a >0.15) M 27%& 72> T %, Figure4.2.3-55 & (X Figure4.2.3-56 |%. 78
& (255° ~280° ) BT DV 4 v KT —O_XE RO B OELIREIE O3 A & 7~ T,
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8 J.Sanz Rodrigo, et.al., Atmospheric stability assessment for the characterization of offshore wind conditions, Journal of Physics:
Conference Series625(2015) 012044
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Table 4.2.3-8. Stability classification in respect to wind shear for FINO1 during 7/2010 - 6/2012

A e s (%)
FRE a <0.07 53
A 0.07<a<0.15 20
RiE a>0.15 27
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Figure4.2.3-55. Wind shear exponent at FINO1
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Figure4.2.3-56. Turbulence intensity at FINO1
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wind shear exponent alpha, y=[7;11m/s], dir = [255°-280°], period 2010-07-01 - 2012-06-30

Figure4.2.3-57.
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Figure4.2.3-59. Class-averaged wind conditions at the open-sea sector of Fino-1

(225° £ 90°) as a function of the stability parameter based on different stability assessment methods
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Table 4.2.3-9. Proposed calculation conditions for validation
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AR 7-11 m/s
D4 RTOT7AILDOREREE 0.1
ELiRsEE 4%

@ OWA Wake Challenge
FEEFEELZTOLETOHELRNOKa R Mead B L2 7 0 77 5 TH 5B O
OWA (Offshore Wind Accelerator) (235 C, Wake Challenge £\ 9 U = A 7 ET /LDXR U F~—
77ay =y b3 2019 FBM LT, BERNT v~ —7 DEEF 5 DOV 4V K77 —ADT —H
WY A 7T IVORGEAICIRIE SN S, Table4.2.3-10 & O Figure4.2.3-61 (2 F~— 7 Txl5:
LT 4 RT7 77— L% T, AN TF~— 7 IR L 8 10 F— 2L B3 S
L ATV TITART AN, AT v 7 2 37— ORMEICESINVF~v—0 [ AT v
73 FET —HIHESLETAOF Y VT L= ar DIETT Y =7 b EHED TS, IEAWind
Task3l (FFNETALKRY 4 > K7 7 —LAETNAORF~<—7) bbb, 2O7adxs NI
ZLTW5D,

Table 4.2.3-10. Benchmark wind farm in OWA Wake Challenge program

4RI —L T—ARMT (REFER)
Anholt orsted
Dudgeon Equinor
Rodsand? EON
Westmost Rough orsted
Ormonde Vattenfal |l
5 = g
. Anholt _
w North g Rattgatty
ey Sea ¥ ’
¥ 2
o= b -
v i, /v;mnnnosl Rough «' ¥ ; ra .
S trish sm\- -_‘/ m"\:\mﬂman i Fdoand 27
= ? W
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=
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pann®
L ’

www 4coffshore.com

Figure4.2.3-61. Location of benchmark wind farm in OWA Wake Challenge program
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@ A2e SWiFT

KENZBITHET r & LT, NREL CKEENZHATRE L —0F58FT) &KV SNL (o7 47
FEINLAFZEAT) MEH L CTWD A — VRE V27 IC X 5 FFE7 a7 b SWIiFT Bd 5, KEIZEBW
TIE. Vg v R7 7 —o2fke LTORu A BE U7 BEEHEER G OMFIEER % 4 B SR HED T
Do

SWiFT i1 kb (Figure4.2.3-62) (2%, 3#E0RBREE (V27, n—4 £ : 2Tm) &, MAJEZE
FHAIT 2 2 SO RPLBLHEE N E ST D, 2017 HZFEHE S 72 FHIIS v = TR, V27 12
DTU @ Spinner 7 A ¥ —### L, JAE Y =1 7 OEE (steering) Z IR L., FEM7/2ERIEET —
Z (BB RV a—F 2 — R ifE—2 2 M) RORRBT —% (AR, 7 <A 7 57)
BIE LT, TORFITKE =X LF—E (DOE) OF —4 7 —hA 7 &HK—4 /1 (DAP) 9CTAMX
NTEY, ETAREN VI 2L —vara—RERIETE 5 X 91272 >TW5, Figure 4.2.3-63
\Z SWIiFT #BRY 1 b ® DTU Spinner 7 A ¥ —{Z ko Cillanzv A7 (EX, ¥ a2l —v3
VAR L OEHICAR A MLEER) & SOWFA 2k 52 ab—va VR (BX) ol rd,
SOWFA L%, NREL 73B8% L7= WRF } ¥ OpenFOAM 672257 4 R7 7 —Av I alb— g
ya—RThd,

9 Brian Naughton, Scott Schreck, and Alan Wright. Wake: Wake steering experiment. October 2018. https://a2e.energy.gov/pr
ojects/wake.
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Tower Turbine Building o

Anemometer DOE/SNLA1 DOE/SNL2
Tower Turbine Turbine

(a) Layout of test turbines and met masts

(b) DTU spinner LiDAR
Figure4.2.3-62. SWiFT test field

Measured and Simulated v,

y (m)

Figure4.2.3-63. Validation of SOWFA wake simulation using SWiFT experiment data sets

@ ENTRESNDIELY 4 N7 7 — A DRBN 2T — & 12k
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ERNORSERAKRTH D AARIEERS (JWPA) 1%, Table 4.2.3-11 } (! Figure4.2.3-64 (27K~
T RSB 2 E R LR REORT v VERRIT, 2EAR TR 9IGW RiAEh
% & L7210 (ESEJRGE 7.0m/s L b, KR 10~40m, # 20m2 L EDFE L Fo7-x V) T AR TE D
W A AHE)

Table 4.2.3-11. Offshore wind potential in Japan (JWPA, 2018)
5.0MWiR (0-%—-1#&126m) BASZAHRELIRT>SvIL

2UBE FEER(m/s)FR MW

MW [7.0-7.5]7.5-8.0[8.0-85[8.5-9.0[ 9.0-
2@ | 91,006| 37,623] 32,729] 16,301 4,598] 655
itmE | 34,492 9688 13391 8648 2,337 428
Fit 15999 6,595 6211 2,192| 876 126
HR 12,680 5650 5322 1,480 126/ 101
pap 11,243 3,112| 3,395 3,477| 1,260 0
1b5z 0 0 0 0 0 0
BaZ 1,449 1,247] 195 6 0 0
PE 510 435 76 0 0 0
o 2,482 2,173] 258 50 0 0
A 13,051] 8724 3,880 447 0 0

AR - APEMRE10DXSDELERRERLE (D=0-59-%)
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Figure4.2.3-64. Offshore wind potential map in Japan (JWPA, 2018)

Figure4.2.3-65 (2 H AR O LRSI E OB MR L OFHE 2 7~31,

2019 4E 7 Al2iE. BRI —FE DG EPEIZHEAL TWAKIRE LT 11 K (HF4HE. A B HsE
THER, RIFR), 2055 4 K BKHR, TER, RIRR) SHiEs OMRY%EO %R 2 E 5 I Bth
TOHAELRRIEE L TORENZ, ZNUOLRARENICEIT 2 —RiEgicBi 28T Lz v K77

—AhEpoTN EEZLND,

Fo, EREETIAMESHEOF T, BIMNEEFRICBT LYV F77—240 1 KikH47-0
DR R EEAZEIZ, £35 57 kW (ffl - 10MW B X 35 #§) ZHEUWENRERY 1 R7 7 —A

DFMEREBELTCND,

11 METUMLIT, A &R X —HESE =R X— « HIZFLX SR EFATRET R L X —KEEA - KRB LRy hU—
7 INEBEPE ERJNRIEDY —% v 7 7V —7 SSRBURERS WS ORISR S LRRE/ N ZES ARSE PRI (2019

HF4H)
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Figure4.2.3-65. Installed and planned offshore wind farm in Japan (METI/MLIT, 2018)

Figure4.2.3-66 [ZBKMIZE 1T AT 4 R7 7 —LD AT U FFfilZ7~79, Horns Revl @&\ HHEfH
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Figure4.2.3-66. Offshore wind farm layout example in EU

G VTHECIIBITAET S r—a Dk

iEdiE (V&V) OF &

KYTHREDET 7V r— a BT HMEET 5% Table4.2.3-12 12”7, v~ /VF A7 —/L - <)L
FT74VTAREY I ab—ra U VAT AR, TAVART—)VEEIZBT D REET — X DS ETH

N

FEARZREEE T L, MEEENRE ST 4 v R T 7 — AR ONEOEIREFT — 4 B TO

RGBS 12 X D87 — % SR H A AE72 Alpha Ventus 23%(3X472, Alpha Ventus /X, IEA Wind
Task30 (2B W THRIEMENT DOE T AARGED T2 O DT — & AL T v | 4%, G E T2 E

THHTE D REMED & B,
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Table 4.2.3-12. Summary of V&V framework in sub issue 6-C

it vV R7 7 — I Ef LI -
ol I PO R TR #ﬁggﬁ
H i) VA4 RT77— | kEEREO | BE (HE) REAET L — R | <o =
LR ERTH 5L D R IRREAFAT (BEM) DREF | A 7 ET I,
NICkD Y=g | UG RIEFEHT D
BH (X T | g oEbEd BB O
L) ORHE | it _
I - V&Y DF—
M Ic LD .
A 7 oM
RERFAM
77U | RIAM—COMPACT FFB FFB ADVENTURE
r—3
a
(il UK BEREHAL R WRAN - & | KT WEIT
EAES
FRALE - - FFB Ok H & - RCOFERE | - BJIAFER - [E A BT OfE
FERES | bl (3D OB | iz (3D B | (HKX) H % SCHRE & ik
% B CH 7 A | MERECTH v #
(V&v) | BHED) 7 LEHR)
- Alpha Ventus
DFE e % SCiak
il & bl (12
5. FEEE )

(6 —2) HEEY ¥ F7 7 —LOREBEEIIREE R _E~O%F 5

LY 42 77— L OREBEFMEGE R E~DOFHEZZE L, BEMHAE T, QG & o

. A EERIRE) - 5, WRAEIC LD R EEE O

O BN —D T T RFy Ly

WA PERRAIPEENKE LB L TW T, X0 EMETa R Mg 1D &5 5 BB OB FE A D
S5 TwWb, NREL % 2020 4 2 H < TEA Wind Task37 156MW 7' &2 7' Z LADORE E LT, 16MW &

SR AR LT,

MEJRE (RWT) Z%83% L7212, IBMW RWT [, JRE I AT AEKNA—T T 7B A Lo TED

REARR, =2 X FRFAfiAN AlRE & 72 > TN D,

JRE DR Lo ELR 7 —)L U R T 7 — DA — WX LT REA T — /L O ELE
BOWENFETETHEHEIZR>TE TS, Figured.2.3-67 1X. KEDOHIEENH LI TH A=

WHEN I 2 —v a7 n M A TERFICHWD Z EnTE, B

VAGBICRE LIZBMAGED 7T RF v LoV BRHRET LA —N2RTHTH D,

12 NREL, New Reference Turbine Gives Offshore Wind an Upward Draft, https://www.nrel.gov/news/program/2020/reference-
turbine-gives-offshore-wind-updraft.html

141




Global weather effects
(1000 km or more)

Mesoscale processes
(~100 to 1000 km)

Intraplant flows
(~1t0100 km)

“._Turbine dynamics
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Electric systems dynamics

St_ability (1ps-1s) ) Operation (1s - 1week)  |Planning (1 month - 1 decade)

Figure4.2.3-67. The cascade of scales underlying wind energy scientific grand challenges'?

ZOMXTIE, B RV F =BT DHT T RFx Lo LT3ODT—~22EFT-,

() @RI BT D KR ON OB EME O Wk
(i) % OJEFEE G ELE AT DL A F I T A
(iil) RHE72FE SR D CTHAET 28 E B OB D 72 5 JB T ) F BT O Hie i il 5

I 3DODT Ty RFx LU VIIHEKRTG L WD, KB TOESRN, o 2 >D5yE L
[FIRFEAT TR O Hav, AR « BT RBTFEDILR A NE L S D, HIERL L TOREY AT L
LA —EVEOBEREE TORIDA T — 1V ERBOFHEBOIFHAr— V2 BfiE L, HEL
TEOY TR OBRIHIE & T R %Afiﬁ“éﬁgiﬂﬁéo

Flo, MEMIRIE AR S DD, 208 GERR - 5HR) TR RREREZ VTR
BRJTH P 5 MR EEIZR D, a+§ﬂ%<‘:7~5'ﬂ% B9 5 0B ORFSEIX,. A — A0 %
HR TET AT —FHEICHT M EET L LIl deEXH XD,
ZOXEIRBENEFINX—RFED T T RF ¥ Lo D EMRIT 5 Z LT,k B ENNE

AT LD=—RTK LT, a2 FTHAET D52 EDAMREICRD EEX BILD,

13 PVeers, et.al., Grand challenges in the science of wind energy, Science 366, eaau2027 (2019)
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© #\EHEEZ 7 T7—7/v (PIRT) Fik

K[E D A2e (Atmosphere To Electron) 7’7 ¥ = 27 <> EU @ NEWA (New European Wind Atlas)
a7 hTiE, WEBR OB E A 9 % £ T, PIRT (Phenomena Identification and Ranking
Table) FENMEHAINTEH Y, IEAWind Task31l OHF TH, A2 X° NEWA OV fA%E S LT,
V&V Bl % 5 LTV 5, Table4.2.3-13 (%, A2e 71 ¥ =7 MNMIEBIF 5 PIRT FEDHN4% | Table
42.3-14 1, NEWA 7o =7 MZBTLFX v v 7oA 74 8% -3, PIRT Tk, £
MERZELTL—I XL, ENENOEEE, 7 VO%EYME (Adequacy) D L~UAHF %2 AT —
IARNFE—Da e RZESNTHTY, ZOHEFTIE, & F KO3 >DT 7 IhhEE L
TWD, £/, ETNVDEEED L~ ANFIZBW T, R EET /WL T 2 ETOXF ¥ v 70t &,
WERIF ¥ v 7 Bl = — FRF Y v 7 BRET =2 ¥ v v TOBRTIT > T %,

Table 4.2.3-13. A2e PIRT, Wind Turbine Scale

Phenomenon Importance at Model Adequacy
Application
Level Physics Code val

Turbine scale flow

phenomena
Blade Aero / Wake Generation

Blade load distribution effects and rotor H
thrust

Tip and root vortex development, and H
evolution and merging

Vortex sheet and rollup (in addition to M
tip/root vortex)

Blade generated turbulence characteristics H

(energetic scales)

Root flow acceleration effect ('hub jet’) Unknown

Boundary layer state on turbine performance H
(roughness, soiling, bugs, erosion)

Boundary layer state (Re) L
BL details near TE and LE H
Rotational augmentation H
Dynamic stall H
Unsteady inflow effect (turb. intensity, H
spectra, coherence; veer, shear)

Blade flow control M
Tower/rotor/nacelle wake interactions H
Icing L

14 D Maniaci, Overview of V&V framework, IEA Wind Task31 Annual Meeting, (2016)
15 NEWA, Report on the hierarchy of benchmarks Deliverable D3.4,(2016)
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Table 4.2.3-14. NEWA Guidelines to determining the importance ranking level

LRI EEd: ] HEI— KK WREET—4
= (H) | £EEEEIChiz> T, O— FOBRIEEEEL. TV = a vItEE
WEERTENTEDS | EETEIANUFIYI—IT | THBEMERIEICKD
BRBAL=ETIL XEtETh, ERLEE | TIETUVALNHS
TILHAEEINTINS
B | —RICEETAEEE | ERILEETIVEERES | I9MGRIET. +9%5
RATWAHEBEEEET | hTWLWBH., RIAMNET | BMFsEEZEH/A—L T
L LTUWaEWLD, BET S | L
RUOFI—=9 DL
B (L) | REROBBEELAFT+SE | ERILEETIALREE | RIELFT+HEIGE.
BEXETIL T. BRIASPFRELT. F | E7FTIU5—>avic
RzWIT5AlEEMEDHS | BEELTULERWNMGE
INTOBELNH S

@ EU ETIP Wind = — F~ > 7 (A7 LET))

EU ® Horizon2020 W5t 7v2 =7 h®—>Téd 5 ETIP (European Technology & Innovation
Platform on Wind Energy) 2B W TIEKR Sz, v— R~ v 7 GHARFELERD)) 10CR Sz Bl
FAJEIH A % Figure4.2.3-68 |29, 20— R~y 7OHR T, HHIIZKNE L SN HEBRZFEEA &
LT, B&EHY — /L ORGEE, FHIRICLEZREINBAREIEA & LT, MR ER T D, VA7 Kk
OVELIICBE Ui, SR R EE . BRI R I IR LB BAARBHIE T B L AEAH T Hh T
Do

Short-term
2020-2022

Medium-term
2023-2024

Long-term
2025-2027

Criticality
priorities

® Integrated design

process in supply chain ® Park level control

Low

* Floating installation,
assembly and heavy
maintenance

Figure4.2.3-68. EU ETIP Wind Floating offshore wind roadmap

@ KEFE LR = Y =27 bu— vy

16 ETIP Wind Roadmap Floating offshore wind, (2019)
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2020 4 3 AR RICRWT, KETEIRPOME LR 7 r =7 ME, v— K74 7 N Block
Island ¥ FEFEEFT (MWx5 ) O 1 TH D DD, BEIZ, 7l Al HEEE N HEA TO D RHD3,
25.8GW ICEL TV, 5%, HELERANBEORENZHIEDLNDL LB HND,

D L5 7w, EED Carbon Trust, KE=TxR/LF—4 (DOE) K WN==—3—7 =R /LX—Hf
JEBRFE R & AR BPE LRI = v Y = 7 A S, SR OEABRR r — F~ v T &
WEY L7 (Table 4.2.3-15), & Z ClL, WFZEBR DL 3 DEE, UV =A 7 R OELFRICOWTIL, 3
KA, AR ELHIZBWTHEERT —v & LTHITFONL TV,

() ES)EEL AT LOFAHFRE GERA - #7120
(1) BEEIRRE O A b Sk B iF
(i) i ., O&M, 774 F=—>

Table 4.2.3-15. US National offshore wind research and development consortium roadmap

Pillar 1 Pillar 2 Pillar 3
I, 0&M,
HIT54
Fr—2

BB E B ERRUEG REERUY

HE HE 4 hEH

BAEEEDRRK O
T BE S ER ®)
RERARICHEELRT L O
K X it O
FARORKEL @)
EREENDEIR ME O
BREBORAT L O
Rt - BAVAT L @) e
IRILF—ITE O
ACAT4UR ®)
HEBEERUWIEE e
[REH

R LB RE MR
BRETILYA FORFK
BEEH T2 A—XDHHE
DAY RUER O O
BERUHSHESE ®)
REl, FRA. L—F—FH ®)

O|0|0|0O

17 National Offshore Wind Research & Development Consortium, Research and Development Roadmap Version 2.0, (2019)
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PIE, BCK DR ORI A TRE L. A7 v =27 M TR MHA TWAIFZEIE B S ERICHEA
TWAHEEY 4 RT7 7 —LBARICBNTED LS RALEMT & 2D D EER L, BELOY ¢
Y RT7 7 =LA =L OREUEE FE L TR VRAENRIERNIEL 2D | L DbTFERRET
— A REB NI AT RSB R CETART — XA T DB AL E L 2D 2L
Fleor— R~y 7IZBWTY = A 7 LOELROMZENEER O LRI N TWD Z 06
IR A Y
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4-2-4. (YTHEED) HRMEFOFDLERE
<FFERCHERE - ENZATIEBA S IR BRI DA FERA RS [EISL R PHIE AL R, RS FRIA] RS
EN B AR SR L & R 2P SRR >

(1) WFFERCEROREE

AP THETIE, BB V- =3 X —JHE LTI SN 2 EmE IR O FERkIZ T Tkt
REZRE FZRIE ITER 255 & U, (RO FHRBREREE CTIIHEE L 2o 7o BE Y 7 X~ D 5 IRITH—i
ﬁ%%%%ﬁb\ﬁbﬁﬁ%#®%ﬁm35KEﬁféo

Wepk 31 AR (BRAUCHEEE) 13, BREEY T X~ AT IS TR RE T VRERICEE L i, LR
fighr = — K GT5D, GKV. B L OWE = x /X —hi 1B CiAOMENT = — K MEGA (281) 5 2fEiA 4>
RETNASOILR, v NVF A7 —VEHRET VORI, BRET VOGN L ERGEZE T L,
BB T X~ it a— RESER S E T, =7 27— VEHREAMBARICB LTI, bk, B 1iEx
MR ETHA=—aT b FE, BBET LT RXLEOT 7B 2 —VEHEEINORSRE., BILO
RAN ) 7a b2 A 7 % (Oakforest-PACS, FX100, &) i/EH) (280 2 HIFFEEZE T
L., TI/YAFr—NLvIalb—araakdti, s s ITER WEFRERFHCBE L T b o
~ 7 4iE  LHD 2361 5 A 4 2 RibLiiE OKFE RN R, Silidpigiss) OEGEsta 52T L,
FERAFHARRES T — . R— 2D BU T 2 0% 2 — RO FHIPEREZ BIfE{b 35 & & HIZ, JT-60U,
LHD (2B 5 m= 3 /X —h B8 MHD BLE Ot 252 7 L, £ A7 —/LoRKREy MHD B
REBBTLHZ LRI LT, 2D OEO L ITPA IZB W THRE S L, ITER WEREOMH
FHZBEB L7, B a— FOERB I OAMERICEL TE, GKV 24 —7v Y —2X & LTAH
L, 2— FERIZATZEESE2EET 5 & & bls, HBEMTIEEZ A 77 V| In-Situ Alfi{ks
AT DEDOT YA — VRSN A—T Yy — AL LTAR Lz, U EORY ALY
TR D ORCR BAE A R LT,

i

(2) H7HED ORErIHELE
AKY ZIREORAHEEICET AWMV MEA L LT, FHBEOBELH L EERELZ AL T 5%
&, Tl P AUN—REOMEHBESRE L BB L T OMBHEESHROER 21T L &b
(2, HEEERTH OREEE L BFIE 1 OHEEIZ T 72 LU OB fLA % FEhE LT,

(2-1) EHEHIORES
LHD & X JT-60 (28617 2 FEAENTIEIZIAT T, EEERAIZET (NIFS) o [TRAEIAY 77 VA& &
(LHD) FEBILFBIZE. 6 X OE TR A EAZER MM (QST) @ [ i~ 7077 X~ JLFE
g0 ke L. BRI AR L, o, =7 R — VRN R I L OVEGEMFZE D 5E T 1T
(7T, JAEA 1 JUEWF O RHEFI T OFME 2 4. B L OYNIFS @ LHD FEBRfEITOFME 1 4 %
Fi-lc a2 b AU AR=TIBINLT,

(2-2) [EEEH I OHEE
KRENCHBW TG Y I 2 b—3 3 VIZET % SciDAC (Scientific Discovery through Advanced
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Computing) 33X OVECP (Exascale Computing Project) ## L TW\WAH 7' U VA F U RFET T X<
WEFSERT (PPPL), A—2 U v PESNIFFEFT (ORNL) O#FFE 7 Vv—7 L EHEE 2 #eE L7z, A
KB A ) (RG5E) O T CTiED b TV 2 RS B L FIFSE, JIFT (Joint Institute for
Fusion Theory) OFHAIZINZ T, =7 B2 — L3+ HHBARIZEI3 %5 DOE-MEXT MOU (Z351)
L7 V=g VBT —~ED BT 7T AW EL L SRR O W 2> D ORI A S
L7-. DOE-MEXT ##£/2B L Cix, 6th DOE-MEXT workshop (201945 H 28 H~29 H, 7
=) ZHWT TEE) & Summit [Z81F 57 % 27— LEHREANTBIR I BT 5@ O R 2 His L
7z[1], B 2 LML L LTI 7 7 X~ LA = — R ORISR & 50 L7z [2], £72. 2019 4F
10 /1 28 A~29 A? 2 A, BYLPAHFERTRIER AT > #— (R-CCS, #7) (2B T Joint
US-Japan Workshop on PostK-ECP Collaboration and JIFT Exascale Computing Collaboration” %
PAfE L. AAM 144, KEW 11 £ OBMER RO F 27— ARGy I ab—a VRFEIC
B9 D IF A z21T - 7,

— . BINE DN L T, 7 7 U RARF ) - RE= XX —)T (CEA) & DOEEEW ) # HEdeE L
oo TIYRT—AE@MEYIab—a YRR EZENE LT CEA LHFEITEM LARA F7 2
D& UCRIAELIIE AT = — R & AW [8,4l 2 Fefid 5 & & bic, =27 % 2 — L EHREAf
D 3L [FIBH3E A Fehin L 7= (5],

SCHR

[1] C.S, Chang, Y. Idomura, T. Moritaka, Y. Todo, T.-H. Watanabe, J. Wells, S. Klasky, and J. Choi,
“Status of US-Japan collaboration on exascale fusion simulations between the ECP and the Post-
K project”, 6th DOE-MEXT Workshop, 28-29 May, Chicago, USA (2009).

[2] T. Moritaka, “Development of XGC particle code for LHD”, Joint US-Japan Workshop on PostK-
ECP Collaboration and JIFT Exascale Computing Collaboration, 28-29 October, Kobe, Japan
(2019).

[3] Y. Asahi, V. Grandgirard, Y. Sarazin, P. Donnel, X. Garbet, G. Dif-Pradalier, G. Latu, and Y.
Idomura, “Synergy of turbulent and neoclassical transport through poloidal convective cells”,
Plasma Physics and Controlled Fusion 61, 065015 (2019).

[4] K. Obrejan, Y. Idomura, and M. Honda, “Influence of the normalised gyroradius on neoclassical
transport in global gyrokinetic simulations using the code GT5D”, 18th European Fusion Theory
Conference, 7-10 October, Ghent, Belgium (2019).

[5] Y. Asahi, G. Latu, V. Grandgirard, J. Bigot, “Performance portable implementation of a kinetic
plasma simulation mini-app”’, Proceedings of 6th Workshop on Accelerator Programming Using
Directives (WACCPD), Denver, CO, USA (2019).

(3) BIRBET T X~ AT\ A1 T 3HEE 7 VLR
(3=1) KIKAYELFEE MR OF T T VAL
(3=1-1) =— FOMEE & BAFIRIL
I EL IR LT = — N GT5D [11% h— 7 AR5 (Figured.2.4-1) T UiA® bV A

148



7T R w AT GR & T D LA T 2 — R TH VD | 5 kot Y ¥ A iR R (b7 X+
BT DEABEOYA 7 a b u iEE A2 S LT 6 R Y ~ R E 5 IRTICEFE LT b
D) LEGGDORT Y HBADNOERL SN DT T A~ DFE—FRIET N ZIF LT T A~ 2RI
OWTEHE L., SRR OIFERIERIBL ZNICE>TRIEEZEND 7T A~WER L LT T 5.
GT5D ICHBT 2MIET NV OREZRFHEIEL, L7 7 A~ 2ERZEEERE LT, B0, MR
7277 X<l FEBE ~1mm, FHEIRRT~0.01ms) & MR T T X~ /0fi (AR ~1m, =
FILFX—F UIAOEERE]:100ms~1s) DIFZEM A r— L O3B A (R EETIC~ IV TF A — VS 2 H—
DE—FIET /L TR MR T2 fullf EFVOHEEITHI Z L ThHhDH, LLFIC 5 IRITAIARZER]
RV,vOIZBIT LA F L RETNDOY ¥ A nidElim FEREARE TR T,

Ofs 8f
o TR TY ”8U| %:Cf“fb o
. mg
R=ub+ B*be(¢> " B*bx (v”b Vb + vﬂlnB) "
B*

s = - 2
v = m.b - B* (QSV<¢> + 2msUJ_V1n B> ;

> P qu§:4ﬂ2qs/fsd3v.

3

(4)

2T, RIFKIPALE, vk v O IIREIIRCNAT, TRE T MOk 73, s (TR TRED T ~L | qs 1358

i, me [ RE &, £ IR MmBI. ¢ 1TEERT v v, (o) [THUETY LIZfFERT v v L,

X EFER T EEAE T, S XY — A - Y7, B Y. B=IBl XSG EE,. b=B/B.
B*=B+(msc/qs)V//VXb Ps 135 W sh S 4R 55 % <7,

AR FER]IE LTIE, 5 /kﬁzfii‘ﬁ OB REAL LTHEZ LD VY A vidEdhim )i
PN mBOR AT E S AT 5, A7 YV HRR@ICE he A Zudim (o im) 17— =%
— FER., F— 77<U?ﬁJ:“C 2 WL AREREAZEH T 5, HWEZEROBRIEHFREAE LTHEXD
N DR EZEEITIL 6 WHEEE PO AL A3 5, RFRFE IR &R PRSI D IS AR L —

ZoENEAZ TR L, B 2 KRR 7 - 7y ZIEEBH U CRETIRR T 7 O s g 72 2 S 2
FERICH DD &L bic, BEBEEZ T T« =a)L Y R E o TRET D, 22T, %A DOEKEZE
D 2 WL « JEBEED G- 2 5 FEXFATHI D@L — R HRERIE / — RN CRIAE A RE R B & 72 5 7
DERBJICHETE D0, A8 O 4 IRTTBIREN G- 2 2 IERFMTH O8N — R 7R3 51 W 2 3
ETDRBUBERE L 72 D720, BIRED 5y « RBRIEY VAP ERERFHRE X M D5, Z0ESS
SR Y VNI, TAVE T, IERBMTAINT D2 Y v T ZEIE Th D — b ER SR A v
TEREMB, A=—aT7RETK xRy 7 LR 55MHBEOMBEZ R 72012, AwEr Va7

AWW%%%AéhtH WEFI{EIZIE MPL & OpenMP % oA 770 RIEFHILER 24 L C
BY., 5 WIChAHZERNICRT 2 3 kot, b LT, 4 RICOBERSEET VA BN Xy hT—7
THETLHZ & _J:O“CLG:IX r &2 f/IME L. OpenMP (2 & - T34 L 7= @B EREfLELIC L - T,

149



() BRHRLL 725560 FaT £ THRAF—U 7 AEHLEM4,5], 22T, A8E7 Vo
T EREOBANIC L > TA=—aTRE TR MLy 7 L2 b 7 ) b 78455 22 15 OB A L ALER
WZAE D feRmiE D o A S 2 HE L. Oakforest-PACS &%l & 725865 a7 £ TR —1 7
IEBLT-,

Figure 4.2.4-1. Cylindrical coordinates (R,{,Z), Flux coordinates (r,0,p), and Field-following
coordinates (x,y,z) used in fusion plasma simulations. Here, z shows the direction of magnetic field

line and the safety factor q shows its winding pitch.
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Figure 4.2.4-2. Radial profiles of collisional transport fluxes of a Deuterium plasma with three

tracer impurities ((a),(d) Helium, (b),(e) Carbon, (c),(f) Tungsten) in a Cyclone base case parameter
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with R/Lnp=R/Lns=2.2 and gsns/en=104, where gs and ns are the charge and density of species s.
R/Lts(=R/Ltp=R/Lte) scans are shown for (a)-(c) a/p=150 and (d)-(f) a/p=600. Solid lines show GT5D

results, and dashed lines with diamonds show estimations by the collisional transport theory [14].

(3=1-2-2) KEFRNIEZHFOMFENT[13]

SHA AR T T A~ OEFEREICET 5 ) — DOEEREIIKFE T T A~ LR TEKET T
A~ THELTHE DI S D KBRNAN R T D, KFEIZHATHR 5 A D 2 5O FEKFEDO T
RS pocAVZ 3 14 R E L 720 | BLIROMBR b 2B 2720 H LAY 722 R T LR BRI
Lo THOLNDHLIADIMO R r—1 > 7 1apxA05 (V¥ A R —LAr—1 ) TlEEKFES
T A DI BEFENPKE L 2D L PHREND, L LA bIBRITZN L WOBEM texpecAd2 %
RF(15], ITAEOBGRITE D, EE E— K (TEM) 238EEhd 25 E 7 RELEICE LT, KFE
CHAKFTRRDA A L EAORFEIZNRIZ L > T TEM OLEMENELT 50 R0Z s B
L CHlLIE & il 3~ 2 HR i O IR IS B N AT 2 2h B2 O KB RN AR A ieim S AL T & 7203,
A A AREABERE) ITG) E— RBERENT 5 A A 2 REGE O KFE RN R A BB L 72 flTE e A
E< . TOWEMEITREORMPGEE L 72> T, 512, ASDEX-U %E@E (W) 12810 55
VT OKRFEFNARFEBR[16] Tlx, 7T X< BT KOEIC & » TREFRMAZIFITE NS &)
FBRRFERS RS, L —BEMRRE RSN, ZOFERTIE, BTV 7 a oo kg
(ECRH) 12X 52 EFINENCIIAKE RN RENBZ BN, HAKET 7 A~OALIADNSET D
DIzt L, PR B — 2 A8 (NBD 128D A A B CIIKERMAIENTE D, KFETTX
~LHEAKFET T A TIRER CACAORRI L 725 Z EAURENTZ, 2D X H 72 ITG ELFE DK KRN
Rh i & 2 o ETT UK DIRIFEZ RGET 272912, GT5D ZHWTKE T 7 A~ L HAKET T
A= @ ITG ELTE A T 5k 2 i L 72,

GT5D 2 & 2 ATHFZE CIIIA L EEE Y1 X alp OEALIZ L D KI5 5y TS E SR &
% FE SR AT 6 OE WD TTG SLIE OREREIC K & < B L | HIMLIEE Y X1 Huf] U CELFTE 2%
MREL R DMEAPRINTWD[LT], KFET T X~ LFEAKRFET T A~ TIHPLE R pxAV2 235 1.4
BRI HREIEEY A X alp bAKFET T AT 14 BEREL 2D, BN, T ORIEA % E
A RHFIZEE LCalp & A 2L X H7-D(alp,A)=(150,2), @(a/p,A)=(210,1), @(a/p,A)=
(225,2) 9 3 r—AD ITG ELFTEMEFEBR 2 A AV IMEGRF T L7, Z OFfEHR, EAFZ T 7 X~
TT T A a 2B HAEO-Q), BEWa #EE L TR T-HEKFENSEARICELIE
725G O->QIZBWTREROBA CIAD A — 1 7 A0 ((R—LAr—V 7)) B™EonbdZ %
R LTz, ZAUCTEY . fERIFMNI AR LT X DIV T & T KRR RNARZD R & 8 A XA
CHENRIZ K> T/ ENTHY . KIS TIIPACIAD A 7 — 1 7 OR—=2F A L )3F
FTIELIRE R DY v A B AR — LA — U U TN AR — LA — Y U T EDLDL Z L2 b Lz,
ZORERIL NBL Ik DA AV IMAFEBR TR ONIZKET T A~ LEHAKET T A~ TIZIER CATIA
DR EI S - FEBRFE R & b AT 5,

W, B IENEEIN L7 ITG SLREUE SR A i L, EARFE T 7 A~ CTHLAD RS ET HKHE
FINEARZN S tarspc A0 15 2 FREL T2 Z LTk E) L7z, texpxA2 35 K TN tarspocA015 2 45 531 5 KFE T
T A= EBEKFT T A O CIAOREHOlIZENEI 1.15, 1.11 &2 570, ZORRIL wmxe OFF

153



VBN TR T —Z X—2Z2 D7 (RMSE~15.8%) O#iFHNT—EH L TW\5, Z OHfEER
B U CRBEIZRINBNT — 2% % U 23200 LRGSR, KFET 7 A~ LHAKR T T X~ OETFIMEN
T — 3 Pu/Pp~1.4 £ 72 25 CIRIER UA A RESAR, BTRESMBERIND ZLE2R LT
(ﬁym424%@%h i ASUDEX-U %8 CIXE F VST — A Pa/Pp~1.3 £ 725 77 X~
X CIRESM DR EIND Z ERHE SN TE Y, GT5D FERERE L —FHLTWD
m@m4z4ad:m#%ﬁVﬁMﬁ%ﬁkﬁ%@#ﬁMﬁw% BTMBARETHLICHEDL T,
BT MOHA T ~OEEET RV —BITIZE - T ITG ELHRSBEE) S 3L TA A2 o 0s EH e Bfigi ik
FXHNEROTND I ENDND, o, KRBT T A< L EKET T XA~ OELIREE DR A A
IMBFAEFEBR TR ONTER =LA —Y U N2 58 1.4 52 KEL LRl T Z Enbnd,
ZOT T A TIHITG BRI TH DM, BN oA T ~OEEEZ XX —BITHKRET T
A bBKRBRT T AT THERLZELITRY, A F U R~DFFEBBRMBNT —D3KFET T X~ THKR
L. ITG ELIEN L V3R BRE S5 & & TR—R MUZRIERFTERSE S RK L T D Z Elbnoiz

(Figure 4.2.4-3(d)),

AWFZETIE ITG ELITE DO /KFE FNARZ IR A MBS KO TEO THBLL., £ OWELE & it

TLZELICMATHD TR LT, TOMRE E & O

article |Z3&H STz,

D,P_~4MW —
35 () D,Pin o=6MW
S R D.PIC=7TMW  —
3 D,Pe=8MW —
D,Pie=10MW
o | H,Pire=10MW -
o s
s £
15}
1
5t 0.5
0 ol— .
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
16 r/a 10 r/a
© AP o= @  [Pne=iovwg  —
1.4 FHPE=10MW.Y, H.Pine=10MW,q
Dvpin,e D Pln =7MW,q; =
1.2 B Sn M DPln =MW, g, —
in, e
D,P; 1
1 ine~ -
2
3 <
2 o8 <
~ 0.6 é
’ 0.1
0.4
021 . /.
0 0.01

0.4

r/a

0.6

0.8

[13]1% Physics of Plasmas £ featured

0 2 4 6 8 10
q4/(xgeNiTi/a)

12 14

Figure 4.2.4-3. Hydrogen isotope effects in electron heating isotope scan numerical experiments

with ASDEX-U like parameters. (a) and (b) show ion and electron temperature profiles in Hydrogen
(H, Pu=10MW) and Deuterium (D, Pp=4,6,7,8,10MW) plasmas, which give the similar profiles by
applying electron heating with Pu=10MW and Pp=7MW, respectively. (c) shows the thermal

diffusivity normalized by the gyro-Bohm diffusivity xcs. (d) shows the PDFs of flux-surface averaged

heat fluxes at r/a=0.5.
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Figure 4.2.4-4. The turbulent particle fluxes I's(™» and the neoclassical particle fluxes I'sNC for each

species at p = 0.52 and p = 0.61. The neoclassical fluxes are evaluated in the case of the electron-

root.
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Figure 4.2.4-5. Time evolutions of the potential fluctuations in the LHD impurity hole plasma with

vE = 0.0 wi/R and yg = 0.075 wi/ K which is sufficiently larger than the neoclassical expectation.
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Figure 4.2.4-6. Spatial structure of electrostatic potential fluctuations in linearly evolving phase of

the ITG instability: the case without(left) and with the ExB shear effect.

1()2 T T T —odeeres | ey 3

=
-

> ky=0.8, Y;=0.0 —
s ky=0.3, =00 - -
7 ky=0.8, Yp=0.1 —
w0t 2 ky=0.3, Yg=0.1 = -
4 ky=0.8, Yg=02 —

L ky=0.3, ;=02 - -

0 5 10 15 20 25 30
Time t [R,,/0, ]
Figure 4.2.4-7. Time evolution of the potential energy in the ITG instability with different values of
the ExB shearing rate, where the LHD configuration with the NBI injected plasma are utilized.
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Figure 4.2.4-8. (a) Linear growth rate of electromagnetic micro-instabilities obtained by GKV (for a
fixed-wavenumber mode) and (b) stability map of MHD high-toroidal-mode-number ballooning mode

at the pedestal region. Nominal parameter is pointed at the star.
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Figure 4.2.4-9. (Left) Dependence of normalized linear growth rates of the drift wave (the ion
temperature gradient) instability (yyrr/Yurc) on the ion beta value B; through the magnetic field
change due to finite plasma pressure. (Right) Profiles of the electrostatic potential perturbation

along the field line.
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Figure 4.2.4-10. Linear growth rates of the instabilities obtained from MHD model (green curves)
and kinetic MHD model (red curves) for n=2 toroidal mode number family (n=2, 8 and 12). ‘B’and ‘T’

denote the ballooning mode and the interchange mode, respectively [13].
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Figure 4.2.4-11. Comparison of pitch-angle and energy distribution of lost fast ions among (a) MEGA
simulation before AE burst, (b) MEGA simulation during AE burst, and (c) FILD measurements
during AE burst. Color represents the number of the detected fast ions [arb.unit]. The lost fast-ion

measurements with FILD shown in Fig. (c) were published in Ref. [16].
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Figure 4.2.4-12. The energy transfer efficiency (triangles) and EGAM frequency (circles) versus the

energetic particle pressure (left panel) and beam energy (right panel) [21].
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Figure 4.2.4-13. Time evolution of fast ion distribution function f(P,) with a constant energy and a
constant magnetic moment for (a) co-going and (b) counter-going particles to the plasma current.
Color represents P,. The time evolution of the distribution functions is plotted with a constant

interval in P, for (c) co-going and (d) counter-going particles [25].
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Performance vs innermost loop lengths
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Figure 4.2.4-14. The sustained GFLOPS of the particle push kernel are plotted against the inner
most loop length. Green, purple, and red curves show the estimations from the performance

prediction tool on FX100, the performance counter on FX100, and the Post-K simulator, respectively.
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Figure 4.2.4-15. (A) shows the sustained GFLOPS of the particle push kernel versus the inner most
loop length in the same definition as Figure 4.2.4-14. The performance data on Fugaku (Post-K)
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prototype machine (red) is added. (B) shows the profile data on Fugaku prototype (left) and FX100

e »

(right). The cost distribution includes “instruction commit”, “instruction wait”, “memory/cache wait”,

etc...
(A) Thread parallelization (strong scaling) (B) Process parallelization (weak scaling)
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Figure 4.2.4-16. (A) shows the thread scalability (strong scaling) on 1 CMG of Fugaku prototype.
The elapsed time for 1~12 threads is plotted. (B) shows the MPI process scalability (strong scaling)
on Fugaku prototype. The elapsed time for 4~2,048 MPI processes is normalized by that for 4 MPI

processes.
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Figure 4.2.4-17. The structure of parallelization and MPI communicators in the multi-species
version of FORTEC-3D.
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Figure 4.2.4-18. The weak scaling of FORTEC-3D on Plasma Simulator (FX100). Blue shows the
elapsed time and Red is a fitting with a function alog,(x) + c. A three species plasma is computed

with 400k particles per MPI process, and 1/3 of total MPI processes are assigned for each species.
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2 forJ —0 1,2,... until convergence do | 2 d=D*b/ID~b

3 (Apj,r;)/(Apj:Apj) . 3 z=x/|D'b

4: Ju = X; + o;Pj v 4: B = [ey, e3,...,€541]

5. rj41:=r; —a;jAp; 5: for i = 1,2,... until convergence do

6: B] = (ApJ:ArJQl)/<AprApj> 6: r:=d-— Az!

72 Pj+1:=Tjt1+ BiP; SpMV noor= Mpploryﬂ =|ldl|,q:= r’/,B (= ;381 ~

8  Apj+1 = Arjy + B;Ap; 4-DAXPY 8: Computo SpMVs V= [Vl P MAq Vl p16A"d]

9: end for 9 V:i=|[q, V]

10: Compute QR factorization via (W = VV;

11:  Cholesky decomposition W = RTR; Q := VR™1)
122 H:=RBR™
13:  H :=Givens rotation(H)= G,G,...G.H

R FI%?E Fine red-black SSOR 1 (= G_'Gf_"'c-*'( Normalize
e % EE for intra block computation 12 Z'_ HZ i()y nt VR-ly | PrEcon+SpMV
-v. sa H . : i+l = 24 =2
Emnﬁin nmﬁﬂnn using many threads 17: end for DSIhK
SSISSSSESSSNEIES  ESsissessasisems 18: S | R DGEMV
—t
g ,~ 2 E3ssuEssasssEns: -
E'i i E Two types of SSOR preconditioners

% giggzssssassasss SSOR1: SSOR in all 4D-FD operatorin (Ng,,Ng,,N,,N, /)
B SRsssnans s R e ]
SIRRRIEEIIREIIE 5’@"& SSOR2: SSOR onlyin 3D-FD operatorin (Ng;,Ng,,N,)

Block Jacobi preconditioner Mgp,¢ —>avoid L1$ slashingin the inner most v, direction
w/o halo data communication

Figure 4.2.4-19. Communication-Avoiding Generalized Minimum RESidual method with FP16
SSOR preconditioner. The Block-Jacobi preconditioner with fine red-black SSOR is designed for
thread parallelization. In SSOR, SSOR1 compute stencils in all 4D directions, while SSOR2 uses 3D

approximation, which avoids L1 cache slashing in the inner most vy direction.
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GMRES(20)  (SSOR1,FP64) (SSOR1,FP16) (SSOR2,FP16)

Number of iterations 602 660 64 68 68
All_reduce/iteration 1 1/s 1/s 1/s 1/s
Computation [flop/grid] 47.0 56.2 328.5 40.5+288.0 40.5+208.0
Load/store [byte/grid] 128.0 43.6 366.0 126.0 126.0
Memory [Gbyte/node] 6.3 23.2 13.6 12.0 114
Roofline time [s] 6.66 3.06 2.35 0.86 0.82
Elapse time [s] 12.9 7.58 13159 3.38 2.40

Figure 4.2.4-20. Numerical properties of the GCR , CA-GMRES (s=20), and CA-PGMRES (s=4,
SSOR1/SSOR2) solvers. An implicit solver with (N&,Nz,Nz,Nv)=(160,160,32,96) is computed using a

single node on Fugaku.

Figure 4.2.4-21 |Z Haswell (JAEA-ICEX) , FX100 (Plasma Simulator) , KNL (Oakforest-PACS) .
A64FX (I'&{%]1). V100 (Summit) (B} 54 VA NOMEREER 2”4, Z 2T, Haswell ® 1 V
Ty hOAEY AN RIEIE TR SIFERUHERETH D, GCRIEY VIO Haswell D1 V7w b
0 OMBELEEA L L TR T a kv, YLAROMREEZ RS E . GCR IEVANTIE T8E] X
Haswell ®#J 12 {5, KNL ©#J 2 f, V100 ®f 1.2 5O HEEZE =77, CA-GMRES Y VTl I'g
I OMREM FIZ S 5128 20 5 E Ttk L, CA-PGMRES £ Y L N TiEi 63 fi5 &\ 5 R 22 4E
pem A4 R"d, CA-PGMRES i£Y /L300 g ] & V100 OPERELLITA 2 fFIZILR L TWAD 8, 2
i< FP16 SSOR RILELDMBRNRIZ I 5 D Th D, Figure 4.2.4-19 (2787 H#1531k red-black SSOR
ATALER CIix My b 7 v > 7 % A4 X % (NrNg Nz Nw)=(2,2,32,96) L & E L., Z D955
(N'r,N’,N2)=(2,2,32)I2 2\ T D 3 kot SSOR MERILT — X KTFRMR N H D - DWW HHL T X 97, 4LBE
OIFFFEEN 1/128 ITIEK T2, Z D SSOR AILEEOISE X CMG H7-v 12 =270 'EiH) Tidt
CHDHM, GPU H7-0 5,120 =27 O V100 TIFWHIEN AL L, AFEZh#HE (Occupancy, AE U N
Y RIE) BMETT 52 Enbioi,

180



Figure 4.2.4-22 (2 g5 2B T2 ITERBHEDO L I 2L —2a VOMRAT—V 7 25Rd, T2
T VHAKHBA A L RFE R miime=3,672 DE - Z 51 2 iln 7 7 A<kt L &Y 1 X alp=700,
& 1-#(Nr, Nz, Nz, Ny, Ny )=(720,720,64,64,24), K] 27 o 7lig At=5Qi1 & L, 1,440, 2,880, 5,760
7 —F (5,760, 11,520, 23,040CMG. 1MPI 7=t Z/CMG) 1237 % 1 2T v 7 7= DML
REfZGH L7z, 2 2C, QA A v a7 ba U EEEEZRT, 22 NI E O RRfF
BV R (Krylov) . ERAESHEE (Nonlinear) . 7R 7 Y > 5 (Field) . K7 #225H (Collision) .
BLORZOM (Other) D=2 X &7, BT/ — FEBEOWHILIETIIHERD GCRE Y V3%
THRERAT—V T RELND M, H L CA-PGMRES 15 Y V3% FWTZIGAITIZEA 77—
UL 7R LoD 3 EREDOEENFEHRL TWDH, GTSD TiE I E THKLEEBE S 1 X
a/p=150~240 TH &% mi/me=100 F2EIC TS TR = 2 M2 HI L2 BEFER % ) 57/ — K
THFEATLCEN, ARG TEHE) 5T/ — FOLBERIZIFIER L/ — FETIhE Tolt
EIFEBREK 4 5 (RFEITH 64 %) @ ITER B a/p=600~1,000 7 OFE BILOEICHLETE 5 2
EERLTWD, UL EORRBEIZ IV Fak 31 £ (BFRICHEE) OEMIEAZERTH & L bic, 7
ARE D OBRFS AAE A =R LT,

~
o

63.45
60
o
£ 50
%40
50 28.92
g 20 20.08
2 50 c27 > 962 751 8.77 9.53
1.00 369 I 217
0 — _—
L L Lol X» L L Lol X o X
=6gf G5 _© =698 G %E & £ &
Pl -
$8338z89.-88 $®338z839:-88 cr88
guS¥Sogga gu XSS gEga =
Tk E E E Tk E E E £
< - o0 © < - (2} © ]
o ~ o ~ ~
GCR CA-GMRES CA-PGMRES

Figure 4.2.4-21. Cross-platform comparisons of the GCR , CA-GMRES, and CA-PGMRES solvers.
The performance per socket is normalized by the performance for a single socket of Haswell, which
has a similar memory bandwidth as a single node of K. An implicit solver with
(Nr,Nz,Nz,Nv)=(160,160,32,96) is computed on Haswell (4sockets), FX100 (4CMGs), KNL (2sockets),
Fugaku (4CMGs) and Summit (4GPUs).
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Figure 4.2.4-22. Strong scaling of GT5D with the GCR and CA-PGMRES solvers using 1,440, 2,880,
and 5,760 CPUs on Fugaku. The elapsed time per time step is shown for the ITER-size parameter
case (a two component plasma with deuterium ions and kinetic electrons with mi/m.=3,672, the
normalized plasma size a/p=700, the number of grids (N&,Nz,Nz, N/, Nv,)=(720,720,64,64,24), the
time step width At=5Q;1).
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Figure 4.2.5-1. Announcement of ABINIT-MP Open Ver. 1 Rev. 20 at the web site of "Keisan-Kogaku

Navi".

Figure 4.2.5-2. Snapshots of ABINIT-MP Hands-on seminar (Left: at Nagoya University 2019/12/6 &
Right: at Tokyo Institute of Technology 2020/1/29).
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Figure 4.2.5-5. Persistent homology-based reverse analysis onto visualized CFD result of 2-

dimensional wing model (NACA 6306).
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Figure4.2.5-6. Computational domain used for the comparison study of the matrix solvers. The

transport of oxide ion from the electrolyte (shown in gray) to the anode (transparent) is considered.
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Figure4.2.5-7. Comparisons of the convergence properties of the preconditioned CG solver
(incomplete LU decomposition preconditioner) developed in Sub. D group. (a) and (b) show the
dependency on the condition number (the ratio of diffusion coefficients) and the problem size,

respectively. The history of residual in L2 norm is plotted against the number of iterations.
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Figure4.2.5-8. Convergence properties of the matrix solver developed in Mizuho Information &
Research Institute, Inc. (Multi-grid preconditioned BiCGSTAB method). The history of residual in

L2 norm is plotted against the number of iterations.
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No. [BELT-MRX (F&EH) RREKL HERLUBI (ZRFE-HELE)  |RRUFH YT T | DHEEOE
A
Large—Eddy Simulation of Turbulent International Journal of Hvdrojen
1 |Autoigniting Hydrogen Lifted Jet Flame with a |Y. Hu, R. Kurose yaro) 201943R8 3] O
. . Energy, Vol.44, pp.6313-6324
Multi-regime Flamelet Approach
Numerical Investigation on the Detailed _
2 [Structure of a Coaxial Coal Jet Flame Using |S. Ahn, H. Watanabe, T. Kitagawa Energy and Fuels, Vol.33, pp.4621 201944H8 Eg (@)
. . 4631
LES with Elementary Reactions
Effect of Devolatilization Model on Flame Journal of Mechanical Science and
3 [Structure of Pulverized Coal Combustion in a |S. Ahn, H. Watanabe, T. Kitagawa chanical scienc 2019%E4HF ERR (@)
Technology, Vol.33, pp.1973-1979
Jet—burner System
Experimental and Numerical Analysis of .
4 |Turbulent Pulverized Coal Flame in a Coaxial %t:\h:\;v:' Tainaka, H. Watanabe, T. \p o o\ Vo133, pp.727-735 201978 EE o)
Burner 8
Statistics of progress variable and mixture ) i
) A ) A C.T. d'Auzay, U. Ahmed, A. L. Pillai, |Fuel, 247, 198-208 (2019), 4, 103201
5 |fraction gradients in an open turbulent jet N. Chakraborty, R. Kurose (24 pages) (2019) 201947R 3] O
spray flame
Statistical behavior of turbulent kinetic energy _—
6 |transport in boundary layer flashback of U. Ahmed, A, L. Pillai, N. Physical Review Fluids 20194108 EE O
. . X Chakraborty, R. Kurose
hydrogen-rich premixed combustion
7 |BRARCFRREROBIEL 2L —ay  |BEHRE BAARI—EVEREE 2019511A| ER
Large eddy simulation of pulverized coal
8 [combustion in multi-burner system —effect of [M. Muto, H. Watanabe, R. Kurose Advanced Powder Technology, 30, 2019%E12R E g O
. . . 3153-3162 (2019)
in—furnace blending method on NOx emission
Numerical and experimental investigations on . .
. ) T. Honzawa, R. Kai, M. Seino, T. .
9 turbulent combustion fields gengrated by. Nishiie, Y. Suzuki, A. Okada, K. Journal 9f Natural Gas Science and 20204£4 5 i o
large—scale submerged combustion vaporizer . Engineering
. - Wazaki, R. Kurose
burners with water spray equipment
Large eddy simulation of a partially pre- Y. Hu, R. Kai, R. Kurose, E. Gutheil International Journal of Multiphase
10 |vaporized ethanol reacting spray using the o T ’ P 20204 F E3]i (@)

multiphase DTF/flamelet model

H. Olguin

Flow
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2. FREFICHITHOE - RAI—FEK
HRL-AR (KKEE. OE-RRI—HK%K BaE (s ER-EE | BHEE
No. z i =
o [ paD RERERA HERL-GA (FRE%F) FRU-FH O (OFZA)
. . Lo International Conference on
1 FC)i':I”glassi;’?::l:taizlr?rbzz;weégsligg:;:;%?;li:]g Naoto MITSUME, Tomonori Computational & Experimental 20194238 e
Pipes ([188) YAMADA, Shinobu YOSHIMURA Engineering and Sciences (ICCES -
P = 2019), Tokyo, JAPAN
. . 20th International Conference on
[Keynote presentation] A Coupled Heat Tomonori YAMADA, Naoto . .
2 |Transfer Simulation of Coal-Gassifier ((138) |MITSUME, Shinobu YOSHIMURA | uid Flow Problems (FEF-2019) 201947 ERt 1O
Chicago, USA
Numerical investigation of methane/air .

3 premixed flame near the wall with conjugate R. Kai, R. Masuda, T. lkedo, R. :\Ltnflel:ii:ngtol;r;ﬂsgg:fel_l"z:;e on 20194855 e
heat transfer: Effect of temperature swing Kurose i &
heat insulation ( K138) Quellenhof, Aachen, Germany
Numerical investigation of impinging spray . 18th International Conference on

4 |flame-wall heat transfer in compression— ’\Aﬂ'alg'udp;“alé' Lutﬂoljsr:ta' T. lkedo, R. Numerical Combustion, Hotel 2019458 Eafi:S
ignition engine (158&) T Quellenhof, Aachen, Germany
LES/flamelet simulation of turbulent partially 5th International Conference on

5 |premixed hydrogen—nitrogen lifted jet flame (7 |Y. Hu, T. Murakami, J. Li, R. Kurose |Polygeneration (ICP 2019), Kyushu 20194518 EE
RE—) University, Fukuoka, Japan

6 Numerical investigation of gasification Seongyool Ahn, Hiroaki Watanabe, The 5th International Conference on 2019458 ER
characteristics on an oxy—fuel gasifier ((188) |Toshiaki Kitagawa Polygeneration, Fukuoka, Japan
Some challenges in numerical simulation of Seventh International Workshop on

7 |soray comb s%c'on(I:lEE) R. Kurose the Turbulent Combustion of Sprays 20194E6 B E3] S

pray ustl = (TCS-7), Tenerife, Spain
. . . Asia—Pacific Conference on
Large—eddy simulation of combustion .

8 |instabilities of spray combustion: The effect of [J. Nagao, A. Pillai, R. Kurose g:l?;k:)isat;Z:eiﬁasgngéglg?”ess 2019478 Eg

equivalence ratio in lean combustion ((188) g
Center, Fukuoka, Japan
Numerical study on the effect of coal . . o e
9 |combustion on a pilot-scale turbulent coal Seonlgy(.)oI.Ahn, Hiroaki Watanabe, The 12th As.la Pacific Conference 2019478 ER
combustion furnace (F138) Toshiaki Kitagawa on Combustion, Fukuoka, Japan
Asia—Pacific Conference on
Validity of LES/flamelet approach for R. Kai, A. Kishimoto, K. Takenaka, R. [Combustion (ASPACC2019),
10 transcritical 02/H2 combustion ((188) Kurose Fukuoka International Congress 2019575 B
Center, Fukuoka, Japan
Nume.rlcal |nvest|gat|lon of Nox f.ormatlon with . . | ASME=JSME=-KSME Joint Fluids
a derived global raction mechanism on a Seongyool Ahn, Kouki Maeda, Hiroaki . .

11 . . o Engineering Conference 2019, San 20194 7H [

turbulent pulverized coal combustion furnace |Watanabe, Toshiaki Kitagawa .
(O38) Francisco, USA
LES modeling and simulation of coal Hiroaki Watanabe. Ryoichi K ASME-JSME-KSME Joint Fluids

12 |gasification on an 02-CO2 gasifier in the oxy— Klm.?_ll_ atanabe, Ryoichi Rurose, Engineering Conference 2019, San 20194 7H [
fuel IGCC system ([AEE) ent fanno Francisco, USA
ERSDU/NTO BBEDHIES 2L —av(C 3 maE E e BARRAENES F£22019, BRE

13 | 544 B Flamelet E O E (H58) AR, R, RER fER% 201997 EN
Direct Numerical Simulation on Atomization— . - s mh A g

14 |Evaporation Process of Liquid Jet in an B EEBE— ;%41% EI?,'K?JZ’;‘I EvFREM 20194E9H ERN

BER.EET)—T
Oscillating Crossflow ((158) =
BRIEIREN D RK RO BEEF T R IFT - F47E BARARI—EVZXTEH

15 = . ' - Sak e
& (N5E) KRB A Pillai, 23 B Hma R —F 2019498 Er
Development Status of Numerical Simulations

16 for Rocket Engine Design Activities — Towards [M. Adachi, A. Ogawara, D. Watanabe, [70th International Astronautical 20194108 Ee
Precise Prediction of Combustion Instabilities [H. Moriai, R. Kurose, T. Nishiie Congress, Washington D.C., USA &
-(A88)

TR = . e RSH S N N P o :MAE . B

17 EEiJ;Jthsggd)me}iff RS RIZa EBNE RATH BHEE— ESLESIEIEJI*—L%K Z. AOEM. B 20194E105 =R

72nd Annual Meeting of the APS

18 Numerical investigation of droplet wetting Z. Yuan, M. Matsumoto, R. Kurose Division of Fluid Dynamics, 20194811 B i

behavior on groove—decorated surface (F15E)

Washington State Convention
Center, Seattle, Washington, USA
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Validation of non—adiabatic FGM approach for International Gas Turbine Congress
19 |numerical simulation of flame propagation near [R. Kai, K. Takenaka, R. Kurose 2019 (IGTC2019), Toranomon Hills 20194118 EE
the wall (A EE) Forum, Tokyo, Japan
o b s RN e |ESTEMES KOG L LRI
20 |IEFEFE LMY KK DLarge Eddy Simulation [ EK—, Yong Hu, 2R RSt e 2019%E11 R EMR
N RFPVELEBRRET LEAV B E o —
21 |RETTOMB N LEEMMEEOEES |[HEED, A L Pila, BEE— |V BRRVRIOL AR | o06118| EmR
H Roiavers
EEtE
PRBEAR AT D Flameleti% (2%} 9 S Deep Learning . . EBEBIERIANFEL VRO DL,
rigige INFEfE S w5 EER— yige
2 \F 0w N, SR BHER el 2019%11A| EM
: : — N = REFHBTHTrR—2aV OEE|EBEAREREAFZLUROI L
= 3 o =] EE ELI}IL_t:FIfj_éT I“? vavNDE ook ) .
23 ELI}ILt:Fli—‘)‘_;Q)Tl‘? /E!JG)L*%ﬁ{L +§ &1@51_% th%x? 201 9-"?11% EW
Lo - The second conference of the
24 |Effect of an obstacle on combustion instability | ; \.ooo A L pillai, R. Kurose PRTEC series (PRTEC2019), Maui 20195128 EE
in a spray back-step combustor ([158) A
Island, Hawaii, USA
. . The Asian Pacific Congress on
A Coupled Heat Transfer Modeling of Coal- Tomonori YAMADA, Naoto . >
25 | Gasifier with Embedded Cooling Pipes (C188) |MITSUME, Shinobu YOSHIMURA | SomPutational Mechanics 2019%128| B
(APCOM2019), Taipei, Taiwan
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No. [#BEILI-Em(FKEE) RREKL HERLUBI (ZRFE-HELE)  |RRUFH O T |DHEOE
A
Functionsl Program for Strong Seaing up to_|1okeriro Yamasaki, Akiyoshi
1 [82. 944 Nodes on the K Computer: Compactly Kurcl)daf Toshihiro Kato. .Jun Nara, |Comp. Phys. Comm. 244, 264 20194245 i o)
) ) Junichiro Koga, Tsuyoshi Uda, (2019)
Folded 3D-FFT Communicators in the 6D ) > )
Kazuo Minami, Takahisa Ohno
Torus Network
Interface of Hydrated Perfluorosulfonic Acid Nobuo Tajima. Jun Nara, Takahiro
2 Electrolyte and Platinum Catalyst: Yamasaki, Taku Ozawa. Hiroya J. Electrochem. Soc. 166, B3156- 20194245 i o
Construction of a Dissipative Particle Nitta, Kosuke Ohata. and Takahisa |B3162 (2019) -
Dynamics Simulation Model Ohno
B. Drobot, M. Schmidt, Y.
Cm3+/Eu3+ Induced Structural, Mechanistic Mochizuki, T. Abe, K. Okuwaki, F.
. .. . Brulfert, S. Falke, S. A. Phys. Chem. Chem. Phys., 21
3 |and Functional Implications for Calmodulin 201948H E3]i O
(2019 Hot Paper Award) Samsonov, Y. Komeiji, C. Betzel, [(2019) pp.21213-21222
T. Stumpf, J. Raff, and S.
Tsushima
- cn [ZAHE. BOKER, RABA
ABINIT-MP Openi/!)— FX s elmag Y v |[J.C . Chem. Jpn., 18 (2019
4 [PEDITMP Open VmXDBHOMERET. \iggmrr umz—in, maw | L Gore anem e 18G019ani9z10m sl o
&, BFEhAR, EEH, BEE |7
—— s = PR, BERth., LAKE. |J. Comp. Chem. Jpn.. 18 (2019)
5 2y S — B gl - N N 2019410
o [REEEL AL v OREBAIRE |PERC. EEEE. ZAKE. |[HELFRE. 240) 2019 201648105 -~ o
iE) A pp.3983-3987
Topology optimization of electrolyte—anode L L .
. . . . Junya Onishi, Yukinori Kametani, J. Electrochem., Soc.. 166 (13),
7 |nt.er.‘Faces of solid oxide fuel cells using the Yosuke Hasegawa, Naoki Shikazono |F876-F888 (2019). 20194108 3] O
adjoint method
Simulation of carbon black aggregate and Gen Inoue, Tomohiro Ohnishi, Journal of Power Sources, 439,
8 |evaluation of ionomer structure on carbon in  [Magnus So. Kayoung Park, Masumi|227060 20194118 E (@)
catalyst layer of polymer electrolyte fuel cell [Ono. Yoshifumi Tsuge 10.1016/j jpowsour.2019.227060
Interaction between calcite and adsorptive
9 |peptide analyzed by fragment molecular orbital K. KaFo\ .K' Fukuzawa, and Y. Jon. J. Appl. Phys.. 58 (2019) 20194118 3] O
Mochizuki 120906-1-4
method
The effect of solvent and ionomer on Magnus So. Tomohiro Ohnishi. International Journal of Hydrogen
10 |agglomeration in fuel cell catalyst inks: Kayoung Park, Masumi Ono., Energy 44(54), 28984-28995 20194118 EE O
Simulation by the Discrete Element Method Yoshifumi Tsuge., Gen Inoue 10.1016/j.ijhydene.2019.09.012
Folding simulation of small proteins by
dissipative particle dynamics (DPD) with non— |K. Okuwaki, H. Doi, K. Fukuzawa. |Appl. Phys. Express, 13 (2020)
1 empirical interaction parameters based on and Y. Mochizuki 017002-1-4 2019127 EIR o
fragment molecular orbital calculations
A discrete particle packing model for the Magnus So. Kayoung Park. International Journal of Hydrogen
12 |formation of a catalyst layer in polymer Tomohiro Ohnishi, Masumi Ono, Energy. 44(60), 32170-32183 20194128 EE O
electrolyte fuel cells Yoshifumi Tsuge., Gen Inoue 10.1016/j.ijhydene.2019.10.005
i:;lcl)liz;—tl,gnO'\fiZZ'::rlsl?vglfvggr;E:””ar R. Kawai, S. Chiba. K. Okuwaki. R. ACS Chemical Neuroscience, 11
13 : ) N Kanada, H. Doi, M. Ono. Y. N 202041 H Eafi (@)
Hydrophobic Core Obtained by Dissipative S (2020) pp.385-394
. . Mochizuki, and Y. Okuno
Particle Dynamics
Journal of The Electrochemical
A Particle Based lonomer Attachment Model |Magnus So. Kayoung Park. Society
14 for a Fuel Cell Catalyst Layer Yoshifumi Tsuge and Gen Inoue 10.1149/1945-7111/ab68d4, 167, 2020515 ER o
013544, 2020.01.
_ . . . M. Ninomiya. H. Doi. Y.
15 FMO-MD S|mulat|orl15 of (NH3);, cluster: effect Matsumoto. Y. Mochizuki. and Y. Bull. Chem. Soc. Jpn., 2020, 2020428 e o
of electron correlation Komeiii Vol.93, No.4, 553-560
omeiji
Optimization of Electrode—Electrolyte Interface|An He, Junya Onishi, Naoki J. Power Sources. 449, 227565
16 Structure for Solid Oxide Fuel Cell Cathode Shikazono (2020). 202042 ER o
17 Fragmentation at sp2 carbon in fragment Y. Akinaga, K. Kato, T. Nakano, K.|J. Comp. Chem., Vol.41 (2020) 20204£3 5 Ep o

molecular orbital (FMO) method

Fukuzawa, and Y. Mochizuki

1416-1420.
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Interface of Hydrated Perfluorosulfonic Acid Nobuo Tajima. Jun Nara, Taku
18 Electrolyte with a Platllnum. Celztalyst: . Ozawa. Hiroya Nitta. Kosuke J. Electrochem. Soc. 167, 064513 202044 5 Ep
Structural Analyses with Dissipative Particle Ohat d Takahisa Oh (2020)
Dynamics Simulations ata. and fakahisa Lhno
AN AL NARAFL TN MERKESE [MAEE. ME=—A0. BEAR., . .
19 RFFEOFMOIEE 1k FIaEAF mEE. YRk J. Comp. Chem. Jpn. in Press (2020) |in press 3]
H. Tanaka, T. Takahashi, M.
Konishi, N. Takata., M. Gomi, D.
Design of a Self-degradable lonizable Lipid-like 32'(;:”3;( Ih; :Z”haisar('*M\;rSis:“r‘E* K.
g0 |Material for Delivering Messenger RNA based |y " R ‘Nishida, K. Fukuzawa. |Adv. Func. Mater. in Press (2020)  |in press 5]
on “Hydrolysis accelerated by the intra— E. Yonemochi. K. Okuwaki. Y
Particle Enrichment of Reactant (HyPER) Mochizuki. Y. Nakai. K. Tange. H.
Yoshioka, S.Tamagawa. and H.
Akita
Fragment molecular orbital based interaction [R. Hatada, K.
analyses on COVID-19 Okuwaki, Y. Mochizuki, K. Fukuzawa, [ChemRxiv & J. Chem. Inform. Model.,
21 main protease — inhibitor N3 complex (PDB Y. Komeiji, Y. Okiyama, and S. 2020, 60, 7, 3593-3602 202056 B
ID:6LU7) Tanaka
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. . The 20th International Conference
1 'F',arlge_s°|;'e f'"l‘“'at',_f’” ngﬁW‘gh:;e Flow forlz)), 18 on Fluid Flow Problems (FEF-2019), |20194E4 5 E
olymer Electrolyte Fuel Cells, Q58 KE-HTTH
AR Zal—LavERDREFEIZELD BHFEIFMEERICEYT S
T ) 2R#E FE2. B 2019457 = o
FMOEHEITHTASP2RRBRFTDIZV AV |WUKkEM. FHEH, FFE. m o N
3 | ovEl (o % ﬁé_ﬂﬁ‘ gg%f = 201912t RS. FLIR 20194E5H En
4 |FMO-DPDFZMEFELLEEHICH (OEE) ﬁ%ﬂggék LRHE. TERZ. FAURMEIYEER. KE 2019%5H ER
o=z = _ - R, BRRE. FEEE.
5 [PREHEFLOABICCIOBRISETON |\mpm . 2Rs. Rk, |BUEFEILHAK. XE 2019468 Em
?5—7—% Eﬁﬁt\tﬁ#*ﬁ'(ﬂ_ﬁ) /J\%iﬁ{:
6 |NTMEREDISTAVEAEY—ILOBRS |SEETF, MEE—, BEHL  (BRIVE2—2LPER01955F 201946 5 =R
(FRRH—) R, WEEDL, LAHE. BEE |F2. ®BR
) |soratchERmT BERFTHHOMEOR |BHCE. BRIR. FEEC. |BAICI—SEPR0I9EES [, 000 -
#H(RRH—) ZAME F2, BR
8 ERETEERRYNTI—ODRITEFRR |[FHEMC. BBRth, BFAR. |BAIVE1—2EER20195E5F 20194E6 F ESl)
A2—) ZR%E. WkEMH, MMEHIZ |FR. ®BR
. s = N ~mqe e |[ERF. TEBAMR., £HZE. )
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_ e DE cn |EAHE. BUKER, IREHA. e
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14 [BIFRAJRT—VBEOMOD—REL |KAEIEDL, EEERK D) LFEIERE. BN, 201946 (201946 A E]o
(AEE) A20—218 . C134 (2019).
Theoretical study on surface structures of Jun Nara, Keisuke Sagisaka, and |21st International Vacuum
15 S/Ni(110)(A58) Daisuke Fujita Conference., Malmo. Sweden 2019575 ERR
F/-A) DFERBHTILFRT—ILZalb—
16 [avICkPEMBEIRDOME & 2RTEDAIE | EAHE BPEHITR. ’RR 20194 7R ER O
{ECFD#ER D FEBFT LA BFER)
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REEIEEE S B F— 201987 e o
The 16th International Symposium
Topoloay Optimization of Elestrolvte—Anod on Solid Oxide Fuel. Cells (SOFC—
18 1 ip(:fogy P |Sm|Iz: 6or?do F er(;oﬁl (eDEnEo) ®  |Onishi. J. and Shikazono. N. XVI). ECS Transactions, 91 (1), 201949H Ea]
ntertaces in Sond Lxide Fuel Lellst s pp.2127-2135 (2019).. Kyoto,
Japan
The 16th International Symposium
Numerical Optimization of the Solid Oxide Fuel He. A.. Onishi. J.and Shik on Solid Oxide Fuel. Cells (SOFC-
19 |Cell Electrode—Electrolyte Interface Structure Ne‘ -~ nishl, - an 'KazoNo~ 1yvI). ECS Transactions. 91 (1). |20194F9H Ea]i
with Adjoint Method (A188) pp.2045-2054 (2019)., Kyoto,
Japan
FMO-DPDDEH#IZ&ZIEE ZEELOL AT |BMEAR, FEKA. FBEBETE.
20 ([B—JL, RIFFETILOVIaL—2av (A |TEHAR. TEEB, 2AH |BAVEZSMEAFER2019, iR |20195F9H ER
BE) H. EEE. KERLE
E#EELATFROBEERICET 5FMO- Mk, MEE—, B2E. 8 | s al o
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26 | paeszal—Sas GRAS—) i, A LI, AT BR HosEEH TR R, B 2019497 &
Macroscopic Modeling of Liquid Water in . N =
27 |Channel and GDL Based on Detailed Two-  |Ht i— %gsth ECS Meeting, RE"7HI2% 15519410 3]
Phase CFD ([E8)
Integrated simulation approach to understand . L
the relationship between fabrication process Gen In<.>ue~ Tomohiro Ohnishi, The 5th International Symposium on
28 i Masumi Ono. Kayoung Park. 20194108 Eaf
and cell performance in polymer electrolyte M So. Yoshifumi T IMPRESS, Kanazawa, Japan
fuel cells(l:lEE) agnus o0, oshitumi | suge
. . . Magnus So. Tomohiro Ohnishi. . .
Simulation of a fuel cell catalyst layer using . The 5th International Symposium on
29 discrete element method (A 88) szza;ﬂir;;t‘geMa(S}l;r:llr?onu% IMPRESS, Kanazawa, Japan 20195107 EFR
The Fifth International Symposium
L . . . . on Innovative Materials and
(gt f Sk O o ol St o e e oo DD vaion |
: ucture with Adgot = waz (IMPRES2019), G113, Kanazawa.
Japan
. |Y. Mochizuki, K. Sakakura, H.
31 ?grgggﬁzzgtoz:::;]s of ABINIT-MP program in Watanabe., K. Kato. Y. Akinaga. K. [CBI conference 2019, Tokyo 20194108 BERA
Fukuzawa, K. Okuwaki, T. Nakano
Interaction Analyses between Calcite/Apatite .
32 |and Peptides by Fragment Molecular Orbital E Eat:d:‘ 5 sit;;' Kl.(.Okuwakl, K CBI conference 2019, Tokyo 2019410H ER
Method (Oral&Poster) ruzawa. Y. 12U
High—-speed geometry optimization for protein E'ag::owakYk O’\:{' V:;:::na$e~ T
33 |active site with the fragment molecular orbital Mochi ‘k' .C xatan;be' T CBI conference 2019, Tokyo 20194108 BERA
method (Poster) Homnllzau Ik Fukuzawa A
34 |VARNTEA—LERBHEOFMORE AT DRSS, FIHEH, REAR. |BRIVE1—SEFRW19FRE |, 0105 =R
~Z D1 (R25—) ERE. LEHS 2. L&
g5 [Numerical Modeling of Solid Oxide Fuel Cell  [Shikazono, N... Yan, Z. He, A, Jiao, i?:::”zer[a;';::")ri‘e’nmap°sl_'|‘;’l‘;:” 20194211 7 i
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