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Subsonic Jet Noise Generation, Eighteenth International Conference on Flow
Dynamics, 0S22-12, October 27th, 2021

Aiko Yakeno, Shigeru Obayashi: Traveling-wave propagation in the swept

leading-edge boundary layer at high Reynolds number, August 22-27, 2021

Shigeru Obayashi, Takashi Misaka, Aiko Yakeno, Ryota Kikuchi: Data Assimilation

for Engineering Design and Operation, 14th International Conference on




Evolutionary and Deterministic Methods for Design, Optimization and Control
(EUROGEN2021), Semi-plenary Lecture, June 29th, 2021

Shota Morita, Aiko Yakeno, Christophe Bogey, Shigeru Obayashi: Modal approach

for extracting flow structure related to the subsonic jet noise generation, ELyT
workshop 2021, June 25th, 2021

Shigeru Obayashi, Takashi Misaka, Aiko Yakeno, Ryota Kikuchi: Digital-Twin Fluid
Engineering, The biennial International Conference on  Cybernetics
(CYBCONF2021), Plenary Lecture, June 10th, 2021

EN%ES - BiREe%

EAT R, GHEEMIZE, $5K fdSF, Patrick Antonio Schittenhelm, BEEF &1 KAk 5%
AZEO BT T8 TRAT 2 RELRIR O KRB S I = b— a3 v HOTRITHE O
fRBRTAM, 25 16 M2 is, JEFRE T 2, 2022 2 H 4 H

SR B, Ok WiE, 8K 2}, Patrick Antonio Schittenhelm, BEEF B+ KK S5
2020 4F 12 A 30 HIZ%4A LIz ELAIFH0H1 0 asuca (2 L D LES fi#ffiB L OV7 74 b2
a2 b—ay, B 23 B IFET MVCET AV =T v a v, By va s 342, 2021
10 H 28-29 H

FaE ok, (i J8%, Hariansyah Muhammad Alfiyandy, & S5, Tl sgi&, i
BORAZK, KAK S8 BEAMMZE O EEEREHIRB T EEE M E o b, 5 53 [EIIA
FIFEETE 39 B ZE T S S 2 L—3 g U AR Y T A 2A04, 2021 4R 7
HA1H

BERF B 7, FRAT MR, OKAR R, WD B, EAR EH, BBV I b—Ta U
M EDE»DY 2 U — L g2 W=7 — &[G ORFSE, e Ze - sk ok
FUARL AT MR R S T SRV —27 v a v, 2021 5 4 A 21 H

L2 2o (RFF. SH, v A IREK, F)

B
ML

X

K



BERF B, H ARSI TS 2022 4R (7T 4 7TRE| 2H, 2022 4F 3
A 16 HIEEZA R TRIE

el B, HARPR 14 2021 R TEME) =H, 202242 A 19 HRS CHRE

KRR 7%, 2021 A5 H ARBC A2 TR T TSP E ) <8, 2021411 A 9 H

WH HEh, 525 B7 —2REbE 0K BHFRRE) #=H, 2021448 A 13 H
AT, ALK LN TRRE) <H, 202243 H 25 H

IMER —, BAMZETFH S IEE SEEH 2 [Good Presentation Award for Student ]
H, 202243 A 18 H

~vRAa IR

2021 4F HEEE [FHEoRR] G17E0% 9 IEr) 2021 4 12 H75 (11 A 10 H¥72) T,
REMTE O BRI 250 E M &7z

2021 4£ Physics of Fluids ##liim XA Z RALKRFET LAY U —R, BARFHHCZ

DD Web Y1 MIFEFER B S 7o

> TR ! fREEEROTNOES A H = X L&A -%IBROBRIIC LY ER
PO RIEHA~FTE-] FTIERFET LAY Y —2

> [HAER, REHTEEOWN OB A = XL Z M) B AR HiiH

> RESEROBTRD LELTA~DOBEBE A B =X LB - fEROEHE A T
OMZEREBR R ICH S HIEKRE] o V=700 0xZxy UV TIRE~ TV
[fabcross for @23’ =7 powered by MEITEC

> THAER, %iBAFEATBRMSOELITER A 7 = X L) H2EE L jwing. net

2021 4F Physical Review Fluids #8#75 ¢ Editor’ s suggestion |Z3#EH &4, HALK

FTVUAY Y=, AARBFEHE, BT RM e SIS R S ns

> OO ZESIRGUIM RIS < -7l S 2 BUR FEBRIC L0 R
HEOZETFHEZ -] RIERET LAY U —2R

> TEAbER, BEJElE S8 2 AR SEERIC L0 BIGHR EL AR O ZE R 2 i) AR
e 5 7 R

> TEARR, JRGR SEBR TR L A O 22 J1RpPEAR B B ) ) i8Rt jwing. net

> THUER, BEAFREE T2 T VRGN EE L] BT



£ (1)
a7 MRS E

RS SP02APR21
il ZH ST
A1) FH 11 2021.04~2024.03
AR w1 [mEis

2022 4 3 /] 2 HiEH

75 BB IRARAT - AT 7 0 —F OR5E

il s#R L, Boonjaipetch Potsawat?, Timothy Jim3, #ffH K3,
Muhammad Hilmi Al Fatih3, @37 [Eiff 3, Muhammad Alfiyandy Hariansyah 3,
A RE4 B3l e
VAL R RE AT G0 W%, 2 NEgE e, 3 RFpeE, 458k

1. ORI E B WFROERE B, BRI BEEEZZENTIZI)
1.1 e s B/

W) FOHEMET (CFD) 3R EO—S&illoTE TRV, WS OFHERKMEROM &
FE->THENICHLaA MICHLAERRY —LE LTRBEND LI ICholz. ATV
7 N TIE, CFD Hfiidl KO Einz Wikt o B 2 m bz BHEE L T, BEfFD CFD
Hofly &L e DT — Z R FHEOMAEIZ LY, B OTF —ZRER Y e —F OB L, it
KWF AR AT B Z B U ChE & 72 FERIBEA~ OIS HIZZSL TS, CFD Hilf k%€ /5
< VITIEH LI ERDOfFEIE, FHHEaA MBI UHEDOR TR+ TH Y, EHBOTIER,»
Slz. —HAMETIE, CFD #ili &€/ 3< v ORI T — 2 Bedi 2 i sg 22 &
T, MAMEOAREZ%E - PHTEL L5 L2 ET, WAEFCAILEE 3L 0 KiE
TR OBEHEMECHERT L LA HIET.

1.2 WFFEHIRIN O Fofé B AR

K7avxr M, Th@E] RN ST 7 — 2] ICBEE L7 B D #de.
ZNENOFREICIE L CHEREIND X 271X, MEE/NROfM T2 A N (flziX, CFD
fRMT D — 28 b o T, R - Rz ELSEET22LTHD. TDEDITE,
WHOEREE THATET L« IE(LET VA BREHE L, KBTS U TTF — % Z BUEEIR - G20
EAL, ATET L - Rk ET VEABIEICHE LWL, T—XB&8oT 7'rn—F%
WSLT 5. 77 —FOPSHAITIT X TCORETIZTLETH L2, 77 o —F ORI D
WSRO E IS S D 2 & THREEZED 5. RASHITIL, A5 0 ERE
WIS L, ZORMEEFRET S.

2. WMEMEONE (FEFEFEOHBAITEDOERICOWVTRAICETER LT ZEWN)

21 97 4 AW — "I 7D MARr O—FEH b
EIRTASA AN OHRO - DI SN D E— N o 70%, IMTEMORR S, Bz



Wi (B 7 8 ICRONTEY, @bz +oIlERk L TWiRinodz, £ 2 TR
TIL, BEHOREER CHlE CE 28MEE (77 0 A8 IR L T, e— o 7 HiED
FaRw U=t Uiz, £OfE, BFOE 7 ¢ URUZHANT, @iz BHTE DR
Me—DT 7 4 A e — M U 7 EARAIT 2 Z & ITPLz (K1)

X1 7542 MMe— K270 MR o—F3 R

2.2 HEWCFEIC X D BEATE R O @il % B (b

P2 DRI RO LN DN T 28RETAR (EYiEoIMb, SB&EKRb) ZRRICERT S
TR A @RI BET 72012, BT E (=2—J 03y hU—2) 2L 57 —ZBEE#H o
E L TIEERE L. TORE, (EROREILTE GREHT LY X L) IZHTH
T0%DFHHE 2 2 R ZHR L2, EHUR/IMb & B ERRILE T v AT E D SRR FHER O
BRI LITEILE (K2).



B2 BERENC X5 AR O mE % B ARSI L

2.3 HE IR AR O A S R b

FHREROER T — oMb - RIS UL - (B RO 3 DO B A BE LGt R E(b D720
D7 L—hT—7 ZHBEL, RubitEzEm L7z, ZORE, 3 OO N — KA
TEMREMGET D L E BT, KFEHMNEERT DIOICEHE L 7 DR EHES & WERRARILE B &

LTz, 612, MY AMERE L BELZEMEZINKT 52 & T, K UBENRRFT~DKD 1A
HEATH ZENTE (K 3).

X4 3 E RO E SR

3. WrJE HAE ORI
M) 2oV TE, BEE/NROMT 2 2+ 2 b > Tholiaxa o H < 7 — 2 BRE R
WEFEZRIE L, MHa ORGRBEIZIB W THBEFEDOAMNMEZ FEIEL -

4, FLHEAS%OHRE

T2 WO REICTFIEZRE L, AL FERELT. S%IE, RN ST < 17
— &Mk (BT D RIS IR T, T — 2 BREIY 7o —F O R R 5 & E



H¥E7.

5. WFZERR Y X b OXE 2 MILIEOME DA%, RS BRHERL L TRFI W)
5.1 w3 « FRERK RRTESD)
FTMERE (EREZET)

1.

Koji Shimoyama and Atsuki Komiya, “Multi-Objective Bayesian Topology
Optimization of a Lattice-Structured Heat Sink in Natural Convection,” Structural
and Multidisciplinary Optimization, 2022.

KW, THE—K, FlsER, =BWFE, ‘IR A 7+ ~T7 4 7 2 @EHERT,
7V 7, T2 OB 7, &7 17, Vol. 56, No.11, 2021 4F 11
H, pp. 539-545.

Potsawat Boonjaipetch, Koji Shimoyama, and Shigeru Obayashi, “Parametric Study
on Waverider Configurations at Low-supersonic Speed for Low-boom Supersonic
Transport,” Transactions of the Japan Society for Aeronautical and Space Sciences,
Vol. 64, No. 6, November 2021, pp. 325-334.

Timothy M. S. Jim, Ghifari A. Faza, Pramudita S. Palar, and Koji Shimoyama,
“Bayesian Optimization of a Low-Boom Supersonic Wing Planform,” AIAA Journal,

Vol. 59, No. 11, November 2021, pp. 4514-4529.
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1. WIEDRE BEE (R0 RE AR, BARNRAFEZENTIZIW)

L1 BFEOE R L HAY

The study focuses on a temporally evolving natural convection boundary layer (NCBL) adjacent to a
vertical isothermal wall (Prandtl number: Pr = 0.71). This study aims to lay the foundations for future
improvements in energy technology by improving our ability to predict and control the behavior of vertical
NBCLs. We will for the first time examine this flow, using a large scale direct numerical simulation, in the
transitional and fully turbulent flow at very high Rayleigh number regimes to obtain a detailed
understanding of the flow structure of turbulent NCBLs. The study investigates not only in the limit of very
high Rayleigh number flows but also the relatively weakly turbulent flows.

1.2 WFFEHIREIN O fcfé B AR

The present study aims to understand how the turbulent flow behaves and the structure of the boundary
layer at very high Rayleigh number NCBLs in asymptotic regime (ultimate turbulent regime), which helps
in accurately predicting the heat transfer characteristics in large scale industrial and geophysical
applications; as well as the weakly turbulent regime (classical turbulent regime), which is also investigated
by most experimental studies.

2. WFERCRONE GERFEOSEIEZ DERICOW TRINIFER L T 7230

2.1 B LW FHE O BIFE (B1)

Using a massively parallelised incompressible Navier—Stokes solver with Buossinesq approximation,
we have employed our direct numerical simulation with over a billion structured finite volume grids in a
rectangular computational domain. This is so-far the highest Grashof number (Gr) DNS dataset for natural
convection boundary layers. With detailed statistics provided by DNS, we are able to analyse turbulent

mechanisms and structures, as well as to develop essential models for turbulent NCBL flows.



2.2 # LW BB ORI (1)

The results show that the initial conditions (perturbations) persist until very high Gr which greatly affect
the laminar—turbulent transition behaviour and turbulence statistics/characteristics at relatively weakly
turbulent regime. In this regime Grashof number is relatively low (lies in the range of conventional
experiment studies) and there exists a laminar-like region in the near-wall part of the boundary layer. In this
classical weakly turbulent (or, laminar-like) regime, the length scale ratio of maximum velocity location to
the molecular length scale is approximately a constant --- this further leads to a Re”{-1} scaling for the skin
friction coefficient, similar to the laminar flow and Blasius boundary layers. By looking at the budget of the
length scale ratio, we found the only term adjusting the ratio from the classical regime to the ultimate
regime is the turbulent shear. As the flow continues to develop (higher Gr) the turbulent shear grows in

magnitude and the skin friction starts to follow a log-law prediction.

3. WFZERAEDERRDL

As mentioned above, in the weakly turbulent regime the statistics largely depends on the initial
perturbation, while at sufficient high Gr these statistics collapse together and become initial condition
independent. For the high Gr flow, we found that the bulk flow can be well approximated by a plume
model with slowly varying pre-factors. In the relatively low Gr flow, the flow demonstrates similar
near-wall behaviour to a laminar structure. We believe this turbulent (near-wall is laminar-like) subregime
can be further analysed to reveal the turbulent mechanisms with continuing HPC support. At current stage,

we have two published papers in the JFM, and another draft under preparation for JFM.

4. Tl EA5BOPHE

As mentioned above, we will continue the simulation to achieve a higher Gr with various initial
perturbations/conditions so that a more detailed description of the turbulent boundary layer structure can be
obtained. The ongoing analysis on the turbulence statistics aims to report second-order statistics as well as
the turbulent kinetic energy budget for the flow. The study of the turbulence statistics will lead to a better
understanding of multiple features of the turbulent boundary layer and establish a benchmark for the future

studies.

5. WRIERAR Y A b (%R 2 BILAE O WA OBE1E, #ES 2 bRERFERL L TR SW)
5.1 Hfam L - FRFEXR BERTEFD)

FhpERE (RS E )

1. J. Ke, N. Williamson, S. W. Armfield, S. E. Norris and A. Komiya, Law of the wall for a
temporally evolving vertical natural convection boundary layer, Journal of Fluid Mechanics, 902,
A31.

2. J. Ke, N. Williamson, S. W. Armfield, A. Komiya and S. E. Norris, High Grashof number
turbulent natural convection on an infinite vertical wall, Journal of Fluid Mechanics, 929, A15.

3. J. Ke, N. Williamson, S. W. Armfield, A. Komiya and S. E. Norris, Turbulence statistics of a
temporally developing natural convection boundary layer, Journal of Fluid Mechanics. (Draft in

preparation)
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Figure 1: Variable aperture fracture. Top left: fracture aperture distribution, determined
from X-ray CT scan. Top middle: tracer breakthrough profile (i.e. concentration of tracer at
outlet) simulated with custom OpenFOAM solver. Bottom and right inserts: tracer
time-to-arrival with short times (i.e. rapid transport) shown in red and long arrival times
shown in blue. Areas of the fracture network where tracer does not arrive within 1000

seconds are rendered transparent.

ZOHNBRR Y N7 FHWT, 1 BREORESMEEMME 2 A L, SEREhi &3
TRIUNE I ATE SE % S IRE O JR#E/CaCl2 IRk 2 E T HIEHER) 72 MICP ALEEY 1 7 1%
Pl L7z, Zihvae TERY-A 7 v EREN 1 A 7%, T A 7 0%, 9 A 7 %I X
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Figure 2: A) 3D printed Thin fracture network with inlet and outlet ports. B) Simulated
tracer breakthrough curves before treatment and after 9 treatment cycles. C) Cross-sections
through the X-CT data showing fracture geometry with low density materials (air) shown in

black, high density materials (CaCOs) shown as white, and mid-density materials (water,
plastic) shown as grey. D) 3D renderings showing spatial distribution of microbially

precipitated CaCOs.

NI TVT ERFEBEIO CaCl2 #8— A —NT 24 FFEIRA L, £EXTA"72 T VT /S
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B SEHZ L Thotz, ZOMHIT XM CT 2% v ORI 2 ARV RS v, MIHAIORE BIT,
BEAMEZED, RIEE L0 RMICERTE 5 Z RS,



Figure 3: A) Distribution of CaCOs slurry after second injection. B) Distribution of high
density CaCOs slurry. C) Cross-sections through the X-CT data showing bands of high
density CaCOs that form during the 1 week static reaction period.
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Numerical modelling of the particle temperature evolution during
cold spray process
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Hidemasa Takana
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1. RO R E BEE (W0 RE BEY, BEAEMREELZENTIZEW)
L1 WO FE B
The cold spray process emerges in the mid-1980s as a powerful additive manufacturing
technology to bond together two (similar or dissimilar) metallic materials. Since then,
the process investigates the bonding of other materials combination such as with
ceramic, polymer, and composite.

The process involves the impact of micro-sized particles onto a substrate. The
particles are accelerated in a de Laval nozzle by a pressurized heated gas. Thus, in
addition to accelerate the particles, the gas will heat them. Although the particle velocity
can be measured by a high-speed camera, it is more difficult to obtain an accurate
evaluation of the particle temperature. A solution is to use numerical simulations,
particularly Computational Fluid Dynamics (CFD). However, as particles are considered
discrete objects, only an average estimation of the particle temperature is obtained (in
addition to the particle velocity). If this value gives good insights of the metallic particle

temperature, it is not the case for polymer due to their low thermal conductivity.

1.2 WFZEHIRETIN O fcfé B AR
The aim of this project is to identify the temperature distribution inside a polymer
particle during its flight in the nozzle. The particle temperature is non-homogenous
before its impact on the substrate. As polymers are strain rate and temperature sensitive

materials, this will have considerable effect on their impact behavior.



2. BFERCROANE LR OSEIEE DERIC OV TRANIFER L T 23 W)
2.1 81 L \WEHT F1E 0 B (1)
Based on our previous research work, we evaluated the gas flow field (pressure, velocity,
and temperature) and the particle velocity (and average temperature). To obtain the
temperature distribution inside a polymer particle, a new simulation has been designed
using COMSOL Multiphysics. This considers a particle of a given diameter isolated in
the flow field. The time dependent gas temperature, pressure, and relative velocity are

given as inlet boundary conditions obtained from our previous calculations using
ANSYS/Fluent.

2.2 1 LW BR ORI (1)
In this research, the particle temperature distribution has been elucidated for different
particle sizes. As assumed, the temperature distribution in the polymer particle is not
uniform (except for 10 pm) and a large temperature difference is observed inside the
particle (around 50 K for 60 um). This phenomenon will have considerable influence on
the particle mechanical properties before its impact on the substrate. In addition, due to
the presence of the particle, the flow field is disturbed with the apparition of vortexes in

the particle bottom region. This will contribute to heat the back side of the particle.

3. WHIE BEEDEERIRIL
The temperature distribution inside one polymer particle has been elucidated for several
diameters of Ultra-High Molecular Weight Polyethylene (UHMWPE) particles. The
obtained results showed valuable insights of the particle temperature distribution and
can be extrapolated to other kind of polymer materials. In addition, the developed
models could be used for future calculations on the cold spray process (ANSYS/Fluent
model) and the particle thermal gradient (COMSOL Multiphysics model).

4. FLHLAEBOMHE
The particle thermal gradient of a polymer particle has been identified assuming that
the particle flow is sufficiently diluted in gas flow. However, does this assumption can
stand ? In the case where the assumption of diluted phase is not valid anymore, then,
particles will influence each other. It is the aim of future research to understand how

particles will interact with each other in the nozzle.

5. MFZERR Y X b X 2 FILIEOWME OLEIE, HIEISGHFHEFTL L TR I W)
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PSS (BREZET)
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gradient of polymeric particles during cold spray process, Submitted to



Computational Particle Mechanics, July 2022
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AT TIL, KBTI TRR K OIMBEE > O U S, SEREC KGO JFIA & 72
S TWVEHES B2 T & DIHPIEE DML Z HN & T 5. AWFZEORELAKR I A MC
£ % 5  GHERL AP E W O B EEFEICHT L 2 EEMmE L, EEICELD Dkofify) &
(5 < JHlERE ) Z [RIREICIERR T N OMNLZ HEE 9. FERIICIE, THBATR R o w8 fhE
FAEE E, IR HEBIRE O « BREETFHI L DO TEXHHEM~DICHZBET.

KBGO L5 @Gz BT, [S<HEE ITEERERER 725, HIZAX DR
Wz, BIZAZZRWESHBIHKEFENIZB W TEZRREELFS. ZOSIHIZED
FEREC KA 2 1 S HBARRIE O EHNE TN TV D, AREF A S 7e & O KIS TS5 B
2 K DIEBES LRI & 72 0, AWFFERCRITAFBR K EIC B EBRATRE TH 5.

AW T, ZIVE CHOUKMERRICARHME L, &GS CTE7MBRIHICH VT, 5 < Shilk
i T D57 bI1E, KEODRNIZARNEDIEHI N, KEOZWKIELY &, 5 < Skt
BEREWE NI NRTH A LT FER LT D RUSHTRMER OEHER S 5. BUROTEEE
WO ARMEFEY, EERRENRE L, RHEICKE DT EGZHHT HIEAHER, 5<
SHERUZIT TG L. S<GHEREREZ A7 5 2 & THEMESE O SERRLAS FREIZR 5.

VA —H— I A LMD KD IS  PHHEERD SRS T O -5 < AR RIF RIS
WTIHEINETHEINTE TR, ZOBEEE LT, EBEOKRE TIIAED AT |k
JVEFEDS BB LT 5, MIROBBEIC K W AT DA A « OB AR R VEEDTE
ENRNEETH 5%, EHAWHISNREL TS ZEND, S KMHEHARBUREIESIC &
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Sl 2 K& S B &E 5 2 £ &2 /R LTV 5 [Takuma Kogawa, Junnosuke Okajima,
Astushi Sakurai, Atsuki Komiya, and Shigenao Maruyama, "Influence of radiation effect
on turbulent natural convection in cubic cavity at normal temperature atmospheric gas",
International Journal of Heat and Mass Transfer, Vol. 104, pp. 456-466, 2017.]. & 512
Kogawa & (IR RITRINEREL D 570 5 5 < GIVEBR Z IR A S 7258128610 2 SnE gL
SEARN O ELIRAEHT 21TV, IR ELDE N L W RS COMFBENRHANC LT H 2 &
%7~ LT % [Takuma Kogawa, Junnosuke Okajima, Atsuki Komiya, and Shigenao
Maruyama, "Effect of gas radiation-depended natural convection on the transition of
spatially developing boundary layers", International Journal of Heat and Mass Transfer,
Vol. 177, 2021.].
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1.2 WFFEHIRI N O fcis B 1
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WaATo 1. RATETAEZM LIRS, RITEE O 7 227 Mt xiyiz=4:1: 4 ITHE
SNTEY, x KOz FT AR SR ST 5. FEOINEBERE T,1% 1200K,
EROSHEIBEIREE To 13 300K (& — B IR 7= T D . T BRI P IR I - B ELE A T 5
SARMBREROBMLTEY, ABITBELRY. £, #HEa X MEEO7=®, Plank-mean
approximation (PMA)IZ L ¥ BYA= R VX —NEE272 D K H T 4 N RizhEEShi-v+
— X =3 A RNDAY MVRRE RS LT

B 1 e T v

FHERER & LT, MEABERALTO Nusselt #1% Table 1 1233, 5 < HEVREREITACKE
FHEEN2um THDHI A RDOFN, I A BFBRVFRERTH 27%805 < SHERIC Bk L
TW5. S<HBIHIOER D 128 U TRRAFORAGHERESREN ST O D, o
ELRFPEITRL 3 KR & VI ERTAFHELA Y 23 BRI & 722 0, S HBVERRIC T 5 L 722V, — 7,
ARRLAFER 2 pm D I A N &2 W RO REVREREILI X hORNWR LT 2 /8 1
REZNTND. 5<H Nusselt FUIHEEARE & ST PAIREREOFE TR SN D TR S O
IO AME R 2”3 DSk L, i Nusselt ZI3sHffnBUC L 2 ENRKE WL A Y —
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Table 1 Nusselt number at the cold wall.
NLlconV NLIrad

Condition Nuconvt Nurad

No mist

1.55 X102 (100%)

2.02 %104 (100%)

2.04 X104 (100%)

Mist (dp,W = 20)

3.65x102 (235%)

1.47 X104 (73%)

1.51 X104 (74%)

Mist (dp,W = 10)

3.34%102 (215%)

1.69% 104 (83%)

1.72 X104 (84%)

3. WL HAEDERCIRIL

AWFFEIE, x-S < HOEEIREFT 21TV, U4 — & — I X M KKE S5 2 2 58
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S AHABBIGIT BT B EMA R E o7, SRS OMAEANT, ATHRE TR AR
— AL, WHIREOME T S A OMREICERTE 5.
F L L AKOWE
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pages), https://doi.org/10.1016/j.firesaf.2021.103363.
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Fig. 1 Comparison of flame hold/extinction boundary between the experiment and CFD results
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Fig. 2 Temperature distributions and streamlines for the rim thickness of 6 mm and O, volume fraction
of 24.5%
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Fig. 3 Temperature distributions at the moment just before the extinction occurs (left: rim thickness
of 2 mm and O; fraction of 35%, right: rim thickness of 6 mm and O fraction of 22.5%)
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Fig. 4 Comparison of flame hold/extinction boundary between the experiment and CFD results using
Konnov model
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Fig. 5 Flame hold/extinction boundary using laminar flame speed
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WA EHR L T D01 & &L Pt HUIMEREICAR T 25 TREBFET 570,
MO TFEIZFIZ L DA TIEAR 5 TH D,
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0. BRI 1.1 0O%A, RANHSHEHAZEr & L b, 02 1RE 16% TOHET A D
NOx #EH % 100 ppm FRJE £ TR+ 5 2 &N TE 72, L2avL, NH3 IXEECIEEESY
% (0.9 MPa) Tiifkd: LCTHIIREN TV D728, GNH3/ZEKREETIIAN A Z — &I
BN a2 RRFAET S, Tbb, KT o E=7 (LNH3) OXb & BREIRSOFEEMED
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A LEHRBE LD E 0 W AFRHR T TO XPS HIENATREIC e o7, Fox (ILUA) 1Tk
AU 7% SPring-8 O R E#R X R ' — AT A > BLOTLSU (28T AP-XPS & AT L%
BI%E L. ARl AT o REHAIFTE 2 HERE L C & 72, [AIY AT AR T D RERRES A
JEIXHR X AR TSR & L~UL @ 100 mbar T 5 23, BUERALKFERE ILHT X v > SR I0HE
B ORI eiER (/7T &) TIERKEE (1 atm, 1013 mbar) TORIEZ HFE L T
W5,

AP-XPS TlIZEBEHR SN/ O A XD ) RV EREREIZESIT 5 Z & THhRETFO
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1. e RE BEE WHEoBE=E BRY, B BEZEZENTIZEI W)

1.1 WFEDE R E B
FEHIIR T E 2 SLIRET VORBICHT 2T AT 4 TIXINETICb o2y, TDZ%
ATHFHHIB T E 2 fBIC WD b DO Th o7z, EIRET VOBEEIEEDO L DA RD X
9 EWVI RN Z2ET Y v b ivbiudOiFFE(Gamahara and Hattori, Phys. Rev. Fluids,
2017) MR TH S, Z D FWCI (Field Weighted Citation Impact) 1% 4.70 (2019
10 ABIE) THY ., KBRS & o2 ZORICKTTAEREOE S 2R LTV,
AT Z O RE Z o0 F & LT, ERFRREREINRET VERET 20 TH L,
ZAUC XY BUEGRAR D FOFIAFEH 2 IR 5 Z LA TE D, LERGORFBHFITHA
TEL L9 RNE O X MEHl L, B2 CE 2720, AREED KIER FIiC
HEKTE %, SbiZ, ABFETHW S FiEEL, ALtz Z0HR RICRHATE 5, THENI
HEREM, PR E DO A B TEIRSC, T - EBRE O~ IR S
D, HEE OB R L, SHEEMERLIRIE LIS ZHTHIREMETH D,

1.2 BFFEHARRIN O B fs B i

(1) =2—F N3y NUT—7 00K — X7 hbw v 2722 EOBMEEIC X0 ELEET LD
BIZ &7 5, BEIEOEBNKFENT 2 B & L .RANS fiffT O 7= OELFTET V&% 5,
Fo. FH - MEREOILE~OIEHA O 72D OREMEZE L L CTAREDOKIRHEET T /L OE K
By Ialb—a UIFRETT D,

(2) WRARFEHT D% ITEMEFHE 2 A b EORBEIZ L VI FLL T OB ZELIRET V& LTH
B2 &2k tbhd, LLRRL, ETET VOREILET /L OBRIRUEA OFEEH
IIRTE L TR Y . TRERELIRE T VI L2V, bivbiud, £V JWELEE T L OB%
IR 2 VA2 T > TR D, T E TIZHEE B L OET VOB HBRIZ L]
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BETH D Z L &~ L7 (Gamahara, Hattori, 2017), AT Z N2 RE S, BWRFEO
FERICESWTYEET V2 L TERET 5 L FIFIC, T EET VEREY I 21—
a T kR WSLT D,

(3) HERHAMEM T OISR OIERIC XY | FTI /e o THELHFE~O IS I 2 T & 72
2, ELRET VOB A~OEHIZHRMICHIFEA ERL, 2=—F R TH D, ARIFIE
X, INETAMOEZZORSHPIZRON TWELIRET V2B 2D (AN EB25)
FHRETNVERET DO TH D, THETIZRWIEIBDE T /LIC KRR 2 BT
& ELIREBAEARENT OFRERH AT SR D,

2. MFEAREONE GERIFZEEOSEIXZ DREFRIC OV TRANCFEIE L T 7ZE W)

2.1 Development of subgrid-scale model for LES of Burgers turbulence with large filter size
Neural network (NN) with one hidden layer is used to find a subgrid-scale (SGS) model
for large eddy simulation (LES) of the Burgers equation. Five sets of input and output
are considered for the neural network as shown in Table 1. The training datasets are
obtained by filtering the direct numerical simulation (DNS) data of the forced Burgers
equation with 65536 grid points. In the a priori test, a correlation coefficient over 0.93 is
achieved for the SGS stress and as shown in Figure 1, the NN models outperform the
gradient model (GM), Smagorinsky model (SM), and dynamic Smagorinsky model (DSM).
The results of the a posteriori test reveal that all NN models are stable without applying
any stabilization techniques. Figure 2 shows the results of the energy spectrum which
can confirm the reasonable performance and applicability of the NN models to the LES
code. However, not all the NN models have the generalizability and are successful for the
LES under different conditions. It is shown that the most reliable NN model (NN5) can
be applied to a set of parameters which are different from those used in training. On the
whole, this model outperforms SM and GM, and is comparable to the DSM. However, it

has an advantage over DSM in the numerical cost.

Table 1: Input(s) and output for different NN models

model NN1 NN2 NN3 NN4 NN5
input dii/dx AY3du/dx Adiufdx, A Ndiu/dx|di/dx| | Adu/dx|du/dx]|
output T/A T/A T 3 T/A
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Figure 1: SGS stress predicted in the a priori test for AJ/Apys= 128.

Figure 2: Energy spectrum in the a posteriori test; Nygs = 2048,A/A;z5= 4.

2.2 LEAMORFRERZEEOERERMY 2 2 L—1 3 V%R
PIZALIEI LRGN Navier-Stokes HREROEEE L I 2L —2 3 VXY D EAROEREE
REEWETRT. BELO =RV —2 (L% Fig.1 (233 .t=50 LA, HEELO = 3L X —)3 5
BB E LT D 2 LD, t=87.5 TOEELOME A % Fig.2 lorT. BEEAR
ZEME L THOITO DR IS T D EDN R TE 5.

Fig.3 (%) #El=x 0V X—0RMFRE, () WrmithE 1 (t=87.5)

2.3 el BRI _E oIRGB PR O R OBFE

FEMRIA L EVEL I RN EMED K 5 i OB R AL ENZFET 5 L THEARE 2D b
DA, PR EOEMEE Th 5. BIEARLREMDRET D LI R IR 220, i
DEB 2 JAE . APFFEO H BT, S PRE L o A BRARIE O R 0 Rt 2 PR K
OB SMNCT 52 L Th D.

— 162 —



AN AL 0 IZB DN TEIBAL LTe#B LT B X b —27 2GRSV T, EAE
fIREZ#E < (Fig. 4). 184 2 E PR 208 E LA IRIRNE 2 5 2 7\ 2 5 - e X b —
7 AR L, WS ORFRIFE R 2 R D 7. JE IR 2 3B AE M 2 PRIR T 2 T2 12,
HIISAE & D L2 / VL DFED 015 < K O SR 2 R8T 5. FHEORE, Tlpy
\ZFE IR A RO D Z LT L7z (Table.1). F£7-, MRS DB ZITV, 593EREART
DFERLFEAWENR B D = & 2R L7z (Fig.5).

Fig 4. 4y ecBat%
Tablel. 1 At D L2 / v LD Lk

Wave 1 Wave 2
o1 4.99076x10"° | 7.646902x10"
Liniar 9.75283x10"7 | 9.64227x10”
Suc 1 1.39892210°7 | 6.43637x107
Suc 2 1.96577<10°7 | 4.38958x107

Fig.5 3 DD HIMISAEIZ 331F 5 JE J5 1A EE 43 A7 D Eriis

3. WFIE AR DEERIRDL
HEPRDUINEFR TH Y . PEDFENZ L7y > THER 2572,
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4. T LABOMHE
—a—F N Fy hT—272X 5 Burgers LIt LES D70 ® SGS /1€ T /VBRIZE W T
3. ANEEAETRTHZET, 74 AVZEPRKEWNGEICHRGATRE?: SGS & JET /LD
BAFICEE) LTz, BUERIZR L EIRE T2 2 L0 <, EEED LES ICHWA Z ENTEHET L
BRHZEMTE I, 5%IT. AR THOLNZIAZ 3 WITELIE, FRCEEELE~Dm M L,
FrLVERETT LORREE BT,
BEAMOERREALZEMOEERM Y I =2 —va VIFRIZB W TIX, BRI
Navier-Stokes FFEROEHEMET I 2L —ravicky, EREREEHET—FE2EH 25
LTS LTz, BELO L F—NEHEEEMICE T 52 8 B FOMEN THRIND
JRHEIC L 2D TH D Z L 2R LTz, SRITEBILOIFREHE & SR AMOELIRILIZ DWW
THRDZ ENBETHD,
il BR i B O FEMM BB O RO RICEB W TiX, A RIENRE O IERIEIEMEE &
Navier-Stokes FFE ORI 72 M & U CTIH 5 HiEE L LT, S%ITMOBIER 72 RER
FEOHRE, ZHIC K KIREOIFBREER A/ Z L RETH D,

5. MWFZERR Y X b X5 2 MILIEOHE DA%, PR ORHERL L TRFI W)
5.1 P L « TR BRTESD)
FhpERE (RS2 E )
Satoshi Miyazaki and Yuji Hattori, “Improving accuracy of turbulence models by neural
network,” arXiv:2012.01723 (2020).
A. Golsa Tabe Jamaat and Yuji Hattori, “Development of Subgrid-Scale Model for LES of
Burgers Turbulence with Large Filter Size,” Phys. Fluids 84 (2022) 045120.

E5E

EERFS

G. T. Jamaat, Y. Hattori, “Investigation of the Effect of the Forcing Function on the
Burgers Equation,” Proceedings of the Seventeenth International Conference on Flow
Dynamics, 2020, pp. 579-580.

Golsa Tabe Jamaat, Yuji Hattori, “Searching for Subgrid-Scale Model for Burgers
Equation Using Neural Network,” Eighteenth International Conference on Flow
Dynamics, 2021.

Tetsuya Abe, Yuji Hattori, “Characteristics of Inertial Waves on Axisymmetric Vortex,”

Eighteenth International Conference on Flow Dynamics, 2021.
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T—J %R L7 7Yy RRAS—) VL TTET Y 7 18 85 MR 17 v ARY T A
(2021 F 12 H, A 74 V)
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1. RO R E BEE (W0 RE BEY, BEMRBEELZENTIZEW)

L1 HFEOFEFE B
HEEE OIX, BERBRT OMMINOWNTRR LI AR ZEMD, BB Z E I N E )
WO 7 B3N Z ETRATIHLWVEORLEETHLIZ L2 REEIDT
(Suzuki et al., J. Fluid Mech., 2018), Ziuid, MHIRARZENE & EENC L DA 72 2h 3
EVWIRTERENLOTH D, TO%, ZOREMHR AR EMEIZH T D EEEO R,
[FER DN FNT & 2 RO R L EVEDFAE B TR I N T, TS ORLEMED IERRIEHEIK
WZBW TR TEEIZMA L, RO ARLEMIZIB T 5 — 2D R 2R A T = X 1% W
OEMNZTLHONREHBTH D,
Flo, HEEEOIIRIMmOMBERLZEMEZBEHERE S I 2L —2a VITKVIFEFELZ
(Hattori et al., J. Fluid Mech., 2019), Z O#HZBEARZEMEITZ L EABIC FET 5, HER
ZEMICL D DHAMORNZEBRELZ SN L, BE e —& THAT L EEREEGRIC X
HETMOTHORRE DO SRT L2 N E 9 —D2DHNTH 5,

1.2 WFFEHIRI N O R B 1
2 MDY 7T =<2 TiED 5 - () BT OO AL ERFE OB I 2 L
—¥ g VIR, G) HEABORNLZEGRREOEEREY 2 2 L— 3 UiFE, () 1200 T
%, DARTOBFZE T BN 78 o To B A ENE D IERR I BERE ORI B O 2175, 24
XY REERORAESML, REERERO/NT A ZEFME (FBERE - Bl - B oM
S, R Y) | HIREBOSEERD, KBHGOKRERK, FHIREHRICH O b5k
WBD XA F 7 AOIICET S, (D) ICoWTIE. EPREOSE & AL B
(BT % Bl A BB IC L W REE L. & D% IERIEERPE ORI 217 5,

2. WHEMEONE FEFRFEOHAITEDERICOWVTHRMICTER LT ZEWN)
2.1 pEiH Ot E O AR L E LB DOEEEE Y I = L— 3 U5
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HiIER 72 & DEEITE T D RBBLROMAE TR72 EOFHIRAEBLRIZHB VT, LIX LTRSS
AT D ZEDRMBILTN D, mFNTHIER 72 RS> Kelvin- Helmholtz RZ2EMR £12 &
DI S5, [REBIROFHIARBLRIZ B W) TEAVUE— RIS S & [0 R 2 %1 5,
BT DIV D K 5 IR & & A iz b DRI g ORI > Te 6. 2
NETIZHON TR S TE RN ZEMENRFEET L2 26NN Lc, T ORLEMZI
RIRLENEENEINIC L AMHY 7 Mo Lo ThEAMREND, 2O THENERIARZE
PR IEL JRPTE EMEREATIZ AV L &S 2 D7 SHFMTHE TR EWVRER L L B
F— FEEMMNTIZ L VS L0 EAE— RIS 250 TRE WIRIRZ H O,

AAFGEN TR VAR OIMFN ORI A L BRI T D EREOF R EZHA O MNCTH I 2 HRY &
T 5, BIHERETEAR T OMFNIIL, BUEB IR Z E MO b g Z2 e, A
RN, PO REENTR EDORZEEDBAET D, 2D DRLZEMEDE & RO TR
ST DR MR L. KEBROTHIABRICB T 22 0&REN ZH LT 5,
Fig. 1 IZRRKMELRDOr 2 E—HURFNEEZRT, Fhil1=0 0G4, MR ARZEMECPH), H
DAARLEEMC) & EHEZh R X 23R8I K 0 R AT 5 A2 @ M (RO i AR 22 2 4, RH)
N Hbs, MR RZEMNE AL LRoT = 0) O & EXFE LRV, 35V EHEIC X
DHFBLL, Rol=+1.5 fHETHERNRKNE RV | OB LD ZET D, FOIIAR%E
EVEIXI & FHRO M E B2 555 RoT < 0) 12, BEIBRIRZEEMED DI LTh B b,
Ro1=-6.5 i CLENT D, BRI Z EMEIT Ro™l > 0 I TIIAHIRUARZ2E M~ B
DL THBDLILHH, Rol<0 I TIHEHEIMTH Hboivd, WEIRIARL ENE & i HARZE
DR RMERIL, REHROFEZITLEALEZIT RV, ZIUIRERD, g0 Essz
FRWEEARZ MV OMETRRERDTZOTHD, REEFIIRBIRE =T D20,
T— MEGEITITRBIC L 225 & TSNS, FHONHIRIAZ EMEIIRE 2 0 < 72 5
LD, BN ARZEMILZ Ro =0 fHECTHRREERZ 525,

3. WL HAEDFERCIRIL
HEPRRDUTNEFTH Y . PEDFHEIZ L2 - TRkEE 2T 7=,

4. F L O LA%OME

FCJE UL T OV IE O RN TEALIBRE D EEEE S X 2 b —3 3 UAFSEICER W TE, [BEEORIRD
RN EMI RIETRBLZFHFMCHA LN T D2 LI L, BEOBRSZHHboT 71—
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BEHADIRS 2 b bbod v 2 U —HIT§ DIKFMEZ . RFTL EMEMRYT & & — R EVEfiRT
WXL L, b FEHORNLEMEDIBRM & RRPIMESMIZL > TE ST D0
IR LTz, IR R IE ORI ETH Y | SHBOBETH D,

LR ABMDORLZENBFREOEERE Y I = L— 3 VBRIV TR, HERRRZ EME D ik
F— REEELL LTHERALEOEAMDOEERMES I 2 L —3 3 V21TV, REELRR A2~
Too LA JIVZEIT L o TIEE DO REBEICE L8RP RN D Z L AWM Lz, hORZE
T REEILE LTHEZ25AORFMIRELE . DRARMOEH T A —4% (EyF, KX,
TMOFRE | A \ZxT DIRFHEEA L MNICT 2 2 ERSHROBETH 5,

OB Y A N CGKER 2 IR ORE OLAIE, WIE 0 BREFEEFE L TR I W)

5.1 FIlim L « FRRER BRTEIT)
FihHeRs (EREZzEl)
Yuji Hattori, Shota Suzuki, Makoto Hirota and Manish Khandelwal, “Modal stability
analysis of arrays of stably stratified vortices,” J. Fluid Mech. 909 (2021) A4.
Yuji Hattori, Makoto Hirota, “Stability of array of vortices in rotating stratified fluids”,
submitted to J. Fluid Mech.
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Y. Hattori, I. Delbende, M. Rossi, “Instability and Wave Interactions in Helical Vortices,”
Proceedings of the 20th International Symposium on Advanced Fluid Information (2020),
pp. 173-174.

Yuji Hattori, Ivan Delbende, Maurice Rossi, “Instability and Wave Interactions in Helical

Vortices,” 21th International Symposium on Advanced Fluid Information (2021).
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DIFFZFEEL, MBS NTZET /LT MD SHHEEITo7z, HREERICEIY ., EIREMRE
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U9 7 = L RER VS G & OREFET 5 50 & T LTI L2t iE R b, 2
PUCIE S B I L ORI R A E DM R & HLBGA A N 24T DR g R &9, € 0dk
HFEOWENSROBETH D LEZTND,

5. MFZERCR Y A b CX5 2 LR O WE O551E, WG HRERHEFE L TR S W)

5.1 "FIFm L « TR BRTESD)
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Rikki Tanaka, Takuya Mabuchi, Yushi Zhang, Bruce Hinds and Takashi Tokumasu:
Molecular Dynamics Study of Proton Conductivity at an Interface between Nafion and

Graphene Sheet, ECS Tranactions, Vol. 104, Nol 8 309-316, (2021)
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Rikki Tanaka, Takuya Mabuchi and Takashi Tokumasu: Molecular Dynamics Study of
Proton Transport in Water Filled Carbon Nanotubes, The seventeenth International

Conference on Flow Dynamics, (2020)
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AfEL LTS, 22Tl SR EIC SiIHAfR KO GeHs i (x=0, 1, 2, 3) ZEAL,
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molecular dynamics simulation for the surface reaction of SiHx (x =2—4) species on
Si(100)-(2x1):H surfaces in chemical vapor deposition processes] , [Computational
Materials Sciencel , Elsevier, Vol.204, 111193, (2022)
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Field Molecular Dynamics Study of the Effect of Gaseous Species on Silicon-
Germanium Alloy Growth by PECVD Techniques | , [ Proceedings of the 2021
International Conference on Simulation of Semiconductor Processes and Devices] ,
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2021
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CVD/ALD thin film growth by Reactive Molecular Dynamics Method and Density
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%72 RSM BBET /LB L CIE, BETERFTSICTHLEERTHEZIET L E RS> T
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5—17 T, BRRNWERIZHT 2T /LT TITE 2 Thbh Tnin-w, %iIBELR POER
THZEEEST D L, SBIFBRIVERICHTHIET MEb R EL RS,

5. MWFZERR Y X b X5 2 MILIEO#ME O5E1E, PR ORHERL L TR W)
5.1 ST - ERRR ERTEGLD)
FhERE (RS E )
e  Yuichi KUYA, Wataru OKUMURA, and Keisuke SAWADA: A kinetic energy and
entropy preserving (KEEP) finite volume scheme on unstructured grids for

compressible flows, Journal of Computational Physics, 2022 (under review).

e  Yuichi KUYA, Taketo ARIKI, Shunya ENDO, Thanakorn SUJISAKULVONG, and
Keisuke SAWADA: Blending of Reynolds stress transport model and vy transition
model, ATAA Journal, 2022 (under review).

e
ML

EEEES
ML

EREE - RS

o WK B, AR ME—, EH EN IEEER AT AET =L — e m s e E— R
{7 (KEEP) A% — AOREEE, 5 53 [BIEIR ) 7Rl e/ 5 39 BRI 22 FH Ay I = L—
a UEITY R Y T A 2021,

o BN W, AL HE—, BH BN EH g LX— - o2 be —{%F KEEP) 2% —A
D IEAEERS AR IAFE~D R, 55 35 MIEEIRIK /1%y Ry 7 A, 2021.

5.2 T DM (FFF, ZE, v A IREK, FH)
ML

— 236 —



I. X T L F AKX

RIBTIIREREBERAE Y X —DNEH T2 RERBEAEVTE S 2T A
[AFT-NITY] OF|FIRIAZ RS, A 2T AIX 201848 A HEMAZBME L T
B, ZOMRIZUTOEEY THS.

HEAE ) BIWFHIFHE S RT A A (FUIITSU Server PRIMERGY CX2550M4)

a7 : 2080 =7

A MERE : 159 TFLOPS

AEY : 33.1 TB

HEAE Y EIWFIFHE L AT A B (FUJITSU Server PRIMERGY CX2550M4)

a7 : 8320 =7

(L FMERE : 638 TFLOPS

AEY : 33.1 TB

AT Y BIWFIHE S AT A (FUIITSU Server RIMERGY CX2550M4)

a7 : 35200 =7

B MERE : 2703 TFLOPS

AEY : 82.5 TB

T7V 5 —vay VE—bTFT7 47 AP —73—  (FUJITSU Server PRIMERGY RX2530M4
& O PRIMERGY CX2570M4)

a7 : 2080 =7

A MERE ; 159 TFLOPS

AEY : 33.1 TB

RRBEA VX —T =2 — AP —/3—  (FUJITSU Server PRIMERGY CX2550M4)

a7 : 288 =2

A MERE : 276 TFLOPS

AEY : 1.5 TB

A[#EAL Y —/N—  (FUJITSU Server PRIMERGY RX2530M4 % (% PRIMERGY CX2570M4)

a7 : 720 =

(L FLMERE : 55 TFLOPS

AEY : 114 TB

SRR E

— R BRI : 1.1 PB

IR FEIE : 18 PB
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