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Non-Boussinesq effects on the turbulent natural convection
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OB L BEE (WHEOERE B, BERNQRBELZZENTIZSW)

L1 WFEDERE B

Natural convection boundary layer is ubiquitous in a vast variety of industrial and geophysical
applications. Existing studies show that the turbulence development of the natural convection boundary
layer is different from the canonical forced flows. The near-wall streaks and the strong Reynolds shear
that are commonly seen in the forced flows are not observed in the natural convection flows in the
existing literature. Following our earlier investigations, in this study we use the direct numerical
simulation to show that the near-wall shear grows with the Rayleigh number as the flow continue to
develop, and the streaky structures are recovered at sufficiently large Rayleigh numbers. This indicates
that the existing literature for turbulent natural convection boundary layers are just not turbulent enough

in the sense of von Karman.

1.2 WFFEHIRIN O s B AR

The present study aims to determine the existence of the so-called “ultimate’ regime for turbulent natural
convection flow, and, if it exists, to understand how the turbulent flow transitions to the ultimate
turbulent regime as well as the turbulent structures in the ultimate regime. This information is crucial to
accurately predict the heat transfer characteristics in large scale industrial and geophysical applications.

We aim to examine the turbulence development in both air and water.

2. BFFERREONE GLEFEFFFEEDSGAILIF DOERICOWVTRAINIEIR L T EEW)

2.1 B LWMIEHT F1E D BAZE (1)
Using a massively parallelized incompressible Navier—Stokes solver with Buossinesq approximation,

we have employed our direct numerical simulation with over a billion structured finite volume grids in a



3.

rectangular computational domain. This is so-far the highest Rayleigh number DNS dataset for natural
convection boundary layers. With detailed statistics provided by DNS, we are able to analyze turbulent

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

2.2 LWELZ ORI (1)
Our studies reveal that the turbulence of natural convection is developed independent of Pr, where the
outer plume becomes turbulent prior to the near-wall until the shear is strong enough to sustain
turbulence locally in the near-wall. Massive scale DNS of Pr=0.71, 4.16 and 6 confirmed the existence
of the ultimate turbulent regime, with a shear-instability mechanism and a log-law type scaling for the
skin friction. The laminar—turbulent transition, however, is found to be characterized by a
buoyant-instability, so that the transitional flow is better characterized by the thermal boundary layer
rather than the velocity boundary layer. In the ultimate regime, all Pr cases demonstrate a similar
near-wall coherence structure with clear streaky behavior. However, the streak spacings are shown to
be dependent on the Prandtl number due to the remnant buoyancy in the near-wall: with increasing Pr

the spacing grows larger.

AF5E B AE ORI L

So far, this series of massive scale fully resolved DNSs have successfully captured the turbulence
development in both air (Pr=0.71) and water (Pr=4.16, Pr=6). Using these high fidelity data, we
established the world’s first buoyancy-modified model for the mean velocity profile, a turbulence
structure model for high Rayleigh number convection in the ultimate turbulent regime, and the world’s
first direct evidence of the ultimate regime, as evidenced in the joint Journal of Fluid Mechanics
publications. We have successfully extended the findings for air flow (Pr=0.71) to the water flows at
different ambient temperatures (25 and 42 degrees Celsius), while highlighted and modelled the Prandtl
number effects for the heat transfer and statistics. In addition to the temporal framework, we have also
got one MPhil student (J. Lu) working on the spatially developing flows for Pr=2 and Pr=6, whose
preliminary results show excellent agreement with the temporal flows, confirming the similar
mechanisms in the spatial counterpart. These results and findings are communicated to the community
via academic conferences and a Journal of Fluid Mechanics manuscript (see details listed in section 5

below).

4. F L LEBOFRE

We have confirmed the emergence of the ultimate regime in high-Prandtl-number flows and revealed the
mechanistic differences in turbulent near-wall structures induced by variations in Pr, achieved by
adjusting the ambient temperature of water. Our ongoing research aims to extend these insights, currently
derived from temporally evolving frameworks, to canonical spatially developing configurations. In
addition, we plan to investigate strongly non-Oberbeck—Boussinesq (non-OB) conditions, such as air
flows with temperature differences of dT = 50, 100 and 200K, to explore the interplay between thermal
stratification and flow dynamics. We believe that both non-OB effects and spatial development can be

systematically analyzed with continued HPC support, offering valuable insights into turbulence control



strategies in real-world thermal-fluid systems.
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Honoka Osaki, Daisuke Sasaki, Yuki Kawamoto, “Plan to Study the Surface Flow of a
Small Rotor Blade with a Vortex Generator,” Twenty-fourth International Symposium on

Advanced Fluid Information, Sendai, Japan, 2024.
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1. WREOEME BIE WFEoERE BR, BEMNREEZEHENTIZIN)

1.1 WFEoiEs s AR

BERMEES 2T LORIRICE > T, m— FEEZENESE Y, AmOFHOERMH A B /Y
LLEERTHREI v ay, ARKEREDOREREEI v a VRENFEBTEL LT
7o, =T, BATOA AL o D URR— VAT A X 7p PEREINERE SR 2T 2, @i
THREND T T X~ L EME BT 27280, BHEFEIC L > CHEERGFGOAFIRSNTLE
VY, FHEAHTRAIRERFFAHIR SN CLE 9. ZofEFGOMEE BT 5720, 77
A~ & B E OEHER IR R 2 8T & 5 “BEEMERHEER A PNEE > T D, EEMmAE
EETIX, AT 2 —7 OIS EERK (RF) AV, §EGEINHOMAH DW= A vz
REL, 77 AHPICHFEERANRET 52 L CREE Y 7 XA~ 2 AR, Tha IRy, BH m
R ANVl LR S o omlikR 35 2 & THED 24T 5. BHEFENE U\ ]
SRTED, FHUTZ, HERA A IXEIRE I L > TABMICERMNICTR S LS 72D T gD
BHNPARECHY, BEMb BRI, VAT AOMBINERINRD . TFETIIN A TS %
W ) ANMAZ ZA BT 5 2 & T 30%FEE OHEMEZD S ER STV DA, BUIEFH 22[H]
THHASNTWAAL T D URoR—L AT 2 X OHEEDRIL 50% 2 B2 TRV, FEAICH
FTCHER MRS ENLETHD.

W ) ANMAZ 22 D RFZEO—>2L LT, REMEEZE 9 R/ AV aFIH LT e
FIMRL A 5 2 B2 AEE STV D, BRI OBRHENRIC LY 7T X~ i@\ JE 7 B
AL, YRR ) ANVORKGIAY: L, B ES L CRET L e —L Y R EICEN
&, BrEESIOMET S, BERIGM A T A X I LERFEINEZ GEBINICHERATEETH D
7o, EMEREEIER LGS & TREEINDN, —HTEATOEBMSGM A Z A2 OMRBIXE L+
WCEWEIEE AR, F, ETF v RVNTOT 7 A~Bi oW &8 X9 2 B 5 i
o TELT, BEVIalb—rva rFHWYELREROBEMR L, ZUIED < WERORBEN
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1.2 WFFEHIRAN O fofé B AR

KWFFETIL, BEWEGHNIN A Z 28 D7 T X~ WnkBlG 0 2 71 = X LM fgflZ2 BryL LT, &
T A A OEHGRIIEDLI BN EZRRRT DN TED 2 Wt 3 HERKS (2D3V) #EN
Full Particle-in-Cell (PIC) ¥ =2 L —3 3 V& FET 5. 2 2 TEROFHER PIC Il —v =
»CITERGEE R A B TE 2\ 28, Faraday O BB ER| 2 AW 5EMSETT V&
BrLLSIREL, EROHER PIC ¥ 2 b—3a UIMAGATe. £7-, HEE T O 7 /v — 258
WMORHBHE\NBEEILLEEBZZONDT-0, WEhi it ZE# TX 5 Openboundary 4% BA%E
L, By I 2 b— g SHAGAT. FHROEREZ TR L T 5 2 & THIEFH RO %
FRREL72 BC, BERGIREZ LV HENICH G SRR EF L<IREL, HEEMREEZ
RLZETRETIEOENEEERT 5.

2. WFZEEREDONE FERIFFIEDHEIXZF DERIC OV TR L T 72 E W)

2.1 LFEMFEOERR

AFFENTFHEHEER T A AONEIZ TRAET HBCLIKE Y 7 X~ OMENHR 2 51T 5
HLOTHY, FHET A AOIEVM T 7 A< lciE L, B osll Ui 279 5k
Bt L LFERIE AT O BT, BHERRENIBIRA~OBMNEE Y, BEREV. £, AEFRIFRET
IERAERHEA TR A —/"—a L B a— X VAT AE WD, PIC V2 b— a3 2BV TE
RT R BuIsE a1, RTA—ZOHLERKTHDZ b, HHRERBEOT —7 2
T—YarTiEvIalb—yva VEPRETH D, KGR Z2ERT 25 ETH, RILFEMIE

ITERENEEZD.

2.2 FfEFIEFIE

KRIFFETIX, BERGHIA T AL DT 7 A EnEBl R4 BET 272012, Wi m- 285 1m % 48
E L7 2 WounkEM Full PIC a2l —Yar&fiol. A4 LB LOEH AL
Buneman-Boris 5% HVNTHESy L ChL 7#liE & 2K, 2 It Poisson 2% Mudpack 74 7 7
VIZE VRS FECTEGERM L, K FOMERFHRN D weighting FHRIZE > THF R ETOE
T8 E % 3R 8D, £ 4% Poisson HFRHA~E 7 4 — RNy 7 T 5 FHTHRER LG TV T
L7c. FHASEEIL 15%45 em? & L, EBRCTHWOLNIEAT AZ LRV A XL 7225 X5 ICHFEREE
HZRE L., 2 CTHERER TO ST AL — A2 EETHEDICHE 0k 2 2ET ML
U CEAERHEICHAIA AL TWD ., R T2 HWTE T LA AU 2R EZEMNICEE L, i/ 1
RENEILT D 1D A A L EFOBRLAZ TIZEI 600 TERRER W, F7o7 A REEE D]
GEfG T D70V E 512128 L L2, ZHUNZ T weighting FHEICHW D Hfi7e% 5K
EL, Bl A XERBS T, F7o, BRGHEREZIK T X N CEEET 572 9IZ Faraday DFE
AR 2R AT 2SN EMFEE Y 2 — L% PIC ¥ 2 bL—3 a VITHAARL, FHEFEEN
DEMEF L OVE G RFEES L e 5. AT, #HEE TR0 L— ARk TOT T
A= @S 2 89 <<, Openboundary SERFMHEZHFE LT, ~U 27T XA~ HEERKTIT,
B A>T LY b7 V=R RS Tna B2 b D —F, #ifviar—v
2 U CIXEFOBBENA A LT 5 L1500 KRE <, FHERICELE Lo mEh 4 B



\ZHIR S C Openboundary ZAHEd 25 &, B L2 7 U —&MENHTZ SN2, Z OREEfif
H3 D721, Open boundary ~EEE LB & A A OoMEKREENL, oAEEEHE
ANCL7eR o TG THZETH LY M7 U —DifE R G &2 HE L7 BT, Ly F7 U —03
23D X OIS =3 F—BIEZIE L T TEFE RS ST

2.3 BfEEHEAE R

FA%E L7z Openboundary |2 CTH L2 F 7 U —RENTZSND T EBRP LN E T2, Tl
£V, TROTN—AFEEEZDIAY 2L T TATATAZORE I a2 L— a AR L
R0, T ACIHREBROBMNEE VED. PIC VI 2 b—y 3 VORER, EBE EENIC—
BT AWM 7 1 &Y “Cross field” ORI HERR S 4172, Z @ Cross field (2 & - TEF 4R
HE~EMESNDERHA SN E o7, FWT, BIEICB T 2B RT v L - BTE
TOREERBER ST L 25, BATLTRBISNIZE & A4 & TEMIBNEEL, 14
DT A~E B SR OEND ZENH LML 2 oTe. AT AXHPLERICEEE A 4 8RS Rk
S, TOAFT PRV BT T~ S5 2 &C, mlDA A e
RENDZEVNHLNEZRY, HEIVERA D= AL EHITLHZ LTI LT,

Flo, vIialb—varaB L THERA T AZOMERZ LT Z LIgkBh Lz, s, 77
Az DNy 7 70— L FRRBEE DT 7 A RPFAEL TWD Z LRG0, HEEHRIF] A2
ROWE VRIS B L 5.2 TW5. Z2T, 77 A~RNERICEHBIE oA L 2RE L, KT
WG aFMAT 5 “aA VHNEHMAZ 242” Z2H LR L. PIC FHEOME, ExB FU 7 ME
T OEREN & T ARG IS K- THIEI 5 2 & T, ABNIRFEETHDICHEDLLT T T X<Ji
NERD A A R EEDPERA T AL LR LT 1.3 fFlcm Bl F7e, v Il —v 3
VEREI RO BT TV LA G o CHEEMEREZ R L= & 2 A, BEHES), m—L v
VI K DEMAEANE bIC B L, AEES | B TOEEHEA K 15 fFicm bl 2
DX, EFEIEE A—R—ar Ba—F VAT AOFMIZ L > CTREFEZR LT RBR 25
7-.

3. WFFE AR OZACIRDL

Open boundary ZefEDBHZEIZ LV, THO T IV— b%E G- EEREEININ 2 5 2 % O EG
BMRAREL 7o 7=, PIC #HIZL Y, Cross-field DL EETIHE, BLORLY~BHICX
HAFVMBEREBH BN E o7, 0, Ny s T7a—BIXOFHEREELD TO YT A<vHEKIC
Lo THEHEMEBEDME R L CW A HREMEZ B LT L-. £ 2C, RS 2RI+ «aA L
NIRRT 227 BEL, TOaMEERLE. UEXY, YO BT+ ERK T
tEEZXD.

4. £LOLASBROME

Open boundary §:fF-DBA%E, BLOA— N—a L Ea—FX—%ZHWZPIC VI 2 b—T 3 2k
0, TN— LNEEDIZEBBGEINR A T 22 077 Ak Big 3\ 68272 b, S hivizm
RATER L TCaA VBRI A T A X 22 ICRE L. SRITEBRSGEIINRED 7 F XA~ T 5 v
FAL MR EIZOVTOMELZED TV FETH 5.
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[1] Masayuki Takahashi, Soichiro Suzuki, Hiroyuki Suzuki, Koki Ito, and Hiroki Nagai, “Numerical

Simulation for High-speed and Low-temperature Plasma Flows in a Space Transport System,”

Proceedings of Twenty-first International Conference on Flow Dynamics, CFR-5 (2024). (##¢72 L)
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[1] Masayuki Takahashi, Soichiro Suzuki, Hiroyuki Suzuki, Koki Ito, and Hiroki Nagai, “Numerical

Simulation for High-speed and Low-temperature Plasma Flows in a Space Transport System,”

Proceedings of Twenty-first International Conference on Flow Dynamics, CFR-5, Sendai (2024).
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1. WrEOEME BAE

1.1 OBz EHD
FE/INRL R TRATIRC L D KRR O FEBUC, FEIRE RO HIELS T RE 72 kRS 4 2322 H
WK BEATHEDIRRZ SN TV D, SETAFSECIE, RRIEE % W 723 CIIEO LT 2 FE i
PRI 2 2 & TR, RGP H ET5 2 MG ENnTHh5. L, FiK
W3 CIX, i EOIEEFRAZIIG U TR () BNIREIT 5720, EEY OIFEF T
GaBfRT 5 ENEETH L. AU TIE, WAHEEERFITICE Y, FREEROFH %
T5HZET, FRERE Y OIEFTNGOFMER LNCTHZENANTHS.

1.2 WFZEHIFN O HAE

AWFFETIL, KEFRATHEICKR T 2 ZWIEE O FRMEZ B NI 5720, FRRERE OB
22 JY IR OO BRARE 2 YRARARE B R AT 22 S0 LU CAT 9 . AR, B L T D i &k
FAT FIEICBE LT, FERE Oz @ L TATEOZ AL METT 0 LS, MITREE & fiF
HriRsfi] & WS, S DREEZ A BT 5.



2. WFEEARONE

ARWFFEIL, EHFEB OMITRE 1> SRR S5 LRIFFFEIC L 0 S0 S A7, i (Aom it e pl fig
Fre/monfRaimng 22T, BIEOFEOMBEASLE 2 2 UERIZONTH B2
THZENTED, EFRICEROH DILFIE TH 7.

AWML TIE, FMMERE OFENTIZI T, WEEMITICER T 2+ B a2 2L ST, Wi
TR ARAT 2 ol U7z, AT SRE, LA v X%%10,000, M4 4.5 ETH Y, RiEkE 3
R, 9, 16 REBML S WM 2 Fh Lic. ZOREE, B8 9 Ros, FREE
WBOMNCRIEINTWDZ EBDNDDICH L, R EBR D 72 O EEITII R EE T O A
WHERTE -, ZD7ew, 9 SULEORFHEFRET 5 & T, FEHBR TR O A
ARETH D LRSI .

o, AERHTTEZ AT, EIFER & FEOMIT M2 3% L, IS ORI 217 -
2. FEBRCIIFRHIEROEH SR TX 50ICH L, BT CIXZ ez m LS T 57010
NAELRNEL D BREEICR->TND T, EBROBEUIITELEE > TR0,

3. WHFE HEE DRI

ABFFETIE, FMIEILE O OIEE W RS 2 BT I L VBRI L, R Bamed 2 &
T OPRIREH DR TH D 2 & 2R Lic, SAEHE TIE, MBI FELILE L7 3 koo
6% FEL TOED, KON E S ST OFHREEREMbL H Y, Hilie 3 Roo~0
PR TIHREEOHRN AR ETH D Z &b, REMTHD.

WIS, AIRlERSEER O FE S 2 FFEL L 7oA 2 S0 L 7. BRI SEER T, R o ikE)
WECTODD, AT TIEAT O EM 2 S D T BT SR O - DI IRB 2 TR 5 Z &
FTEY, FHIEEOBAZE S REEZH LN T D ITIEE > TV,

4. F L EA%OBRE
AWFIETIL, B TIEIC S  FFEHIRARGEE M FIE 2R L, REE O &
INIRETE TS5 Z L3 FReE IeoTe. JBIRER & OZYMEAREEL, FHRERIZAEL D
TGO Z BT 2720121, BEURERRIZ BV TR AE U 282 FHEl X 5%
ENLETHD. TORDITIE, FEEOFE LWHEINIELGE 5o, BUEOMNT Fikz ik
HIZENMETHD.
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Kosei Funada, Honoka Osaki, Yuma Chikamoto, Daisuke Sasaki, Yuki Kawamoto, Shun
Takahashi, Koji Fujita, Haruka Kurahashi, Makoto Okawa, Tsubasa Ikami, Hiroki
Nagai: Fluid-Structure Interaction Analysis of Flexible-membrane Wing at Low
Reynolds Number, Proceedings of the Twenty-first International Conference on Flow

Dynamics, Sendai, (2024), 0S23-29, pp. 1351-1353.
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1. OB E BEE (R0 R E B, BEANQREEZENTIZSWY)

1.1 e F L BN

Y=y T = MEREPGERF R Th DB EERRERBERICIBNT, Y=y 77— LEEE
ICHBE B2 52R5 GRE - BE - R) 23E LY =y 77— AEER LUK
HoEND. FIT, KRN LTY =y 7 7T —AMMERNARETH S, FITL— F Ok a
FH X572, A SEIRA (Sonic-boom Evaluation In Realistic Atmospheres) II 7'z ¥ =
7 R TlE, SEIRA 7Yu v =7 FTHEEL TElE 10 FRIOKRRT — X DERB IOV =
v 7 T — LOBIENTRERICESWT, [T DY =y 7 T —bBEEGHEET ) 7
Licte 75— M ET VO EZITD .

1.2 BFFEHARIN O iR fs B i

WE 10 FEMORET —F 2 AWTER LY = v 7 7 — Mellfitt Ofst T — 2 255
&, er— NETAMEIZET SRR RET 21T 9. FZ, Kriging X Wt e s
— MEFTV U ZIZBWT, ANEHRE L TOREGET — X OB W FHIEERFTL, THRIR
155, F£lz, KOEMANY S — NETUEEICHTC, #ECBTA Y=y T — A
BEE DSREELIE & DTV K o TREANCZ L T 2R BUSKHE T D720, VY =v 7 7 — LBk
B NG I HEE FTRE AT L A O AR A 5T 5.



2. WFEREONE GLRFEOHAITZOBERIC OV TR LT ZEW)
2.1 V=T — AR DR -

REEGE TFW LT Y =y 7 7 — D@ EICHEET 21213, R ORIPHRE 2 I
BT 52 enkdos. $EkD KZK (Khokhlov-Zabolotskaya-Kuznetsov) HFEFIZ HS < =
REARATClE, BB —20EHIEORRE MR L LRI LARHA S TEY, HIR
DA D+ 15FREE DOF A BERIPH T L@ WIS EE 3G D ey, 2 2 TARIFE T, KRR
TWDEFEZH 5 Lighthill-Westervelt HH2UIC S &, HIRH D+ 90°F TOE SEHE A A
AIHEZR — I NC X DACIRIRNTIE 2T 5. 2 O FIEOMNTREE 2 MEEd 572, KZK
IO B D G, & bl U, BB ARG B I 5 8RB > D BB SR C OARIRAENT %
1T-o7=.

HWICIE, EARERE LD 4FOBEREZ B OABE R R 2V, —IREHEOHERE S
Wio, BREEVEE, HiEB OB ENEMIC R zER e Uiz, FHRMEBIX, o
T HaE 5 (x filh) 12 150, THUSEAST D51 (y $il) ammgﬁnﬁﬁkb,y
il J5 [F) O WSV I S D7 WEBE RS 23 E L. F7, ISR IS BT 2T U B & 33l
fét , B~y A 0001 LFICREL, FREDRE MBI CE 5504 Lz, HKH)
HERIC BN G U CREMR 272, —J5, —J7marls X Oiser e, &l
7 — JEW@% L CHM iR A iR .

Z ORER, TERIETH DI PUC T, — TP TR IS T D 2 &3
MRTE. HEFRECL s THONEEESMAER 1 IRT. BN OFRAELIZFEDE, W
B LOODKHEHRIZIAN Y, BREOWE THEEFELOERVICE > THSRAER IS, K
WIRRENC X 5 F 504 TIE (X 1 (b)), x BT EHZ IV TIX IV OEENTRG B A HERF L TV 223,
x=07220 y $iFICEEN D IO T g (K1 (a) & OTRBENIE L 70D, £z, T
OABPEBEITH Y, WOTERNEMICHRE TE T\ e, —J, —HrErlc X 2% EDy
AT (K1 (b)), FIRNOES o JAAERIZIBN TS, EOIRA Y A0 O &
B IR —H L Tn5h. Ko T, K&ELIE Y=y 7 7 — AOT¥%E @R
Wrd2121%, K3k Lighthill-Westervelt J7 #2202 55 < fir U e~ C, — Py s
NTHDHZ LRI

sl el

(a) B R (b) il (¢) —H Ml
X1 KTFECK S TH LN EES O




2.2 ruf— NET DL D I KIBEEOFRZEE) O T

RBETNNPOLELNDIRGGOME T 7 7 ANVEANTTEL, Y= 7T —LADOMEL
ARTRIE (P, RKREIE) 2H0T2 X972Vl — NETAEMEENLS| Efix
BEtLTWa., us—he57 L LTI Kriging B2 WS, $hiET 0 7 7 A L EZD
F F Kriging IEOANEE LT HITTRIENRKRETE L7720, A ERLSE (POD) I2XL5
WICHIZATH . Blé LTREDOIRE Y 17 7 A VEE— RO LIcfRERE K 2 17T, &
I Kriging €7 /LW1% POD 352 A & L, 7 —ARIEEZH T2 L5 ICHEEEIND.
F72, 7= MMEEIIRSEGRILIRISIC X D B 2 OZBRE K& W, BEIEY 21T,
R ORI 72 BB % TR 2 X0 MET VEHBEL T 5.
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3. BFgE HEE DRI
2022 FFEEICER L2, 10 FRIOKET — XIS VY =y 7 7 — MBI 7T — Z 2 -
T, Kriging MBlI2 X2 n s — METFTAEBRF L2, TORE, KKELEEZR KRELLETIC
BT, BKBREZ AT TE 5 2 ERTHRTFTCHONo TS, IHIZ, KEELEE
EURBEMITHIGE L= P — N ETVOBEICIT T, Y=y 7 7T —hERKELTRO T
2B B EEORIPTBIG & B AT ATRE 2R RO R 2 B F L=, L3> T, AREED
A I R S - L& 5.

4. FLwLAKORE
KEHA TR B Y = 7 7 — BHEGLOREEI DT, IR %45
FET B EWICH L, 2 SOMTPITFEE B OISR 2 S0 L, BB o e fiR & Pl L
7o, FORER, —HEEEUEEE E— A FE) b A A RT3\ T b R AR & Ik
WICRL —BL, BVMITHESHRR SN, S%IT, BE, BECROREAEORELE
BENTY =9 7 7 — DMESBINT~AFEE FE L, KRRELT & O TR % BRI CFHET 5
LT, KEMRMRY eSS — NEFLOME AL IR
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[1] Hiroshi Yamashita, Bastian Kern, Takahiro Ukai, Takashi Misaka, Shigeru Obayashi,
Characterizing atmospheric conditions for sonic boom loudness, Twenty-fourth International
Conference on Flow Dynamics, ICFD 2024, 18-20 November 2024, Sendai.
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1. RO EME BAE (BHEOE R L B, BARNREEZENTIEED)

1.1 OBz EHD
WA, SERFESLIE A FEIC LIZEER° A 7 — U o Z HIDNER Ay LS L s A C & 22U VELIE
BT AR EACB b T WD, ZOAICE LT, KRS L—7108T 5
INETOMRENS, TOXDRERELTLTHMOMENERN FlxiXvag VX
WM SAE DIRTENE) OBEHCELA = RV XREICE T 287 A r— 1 o ZHI D
BT DHICE-T-. LIPLEERBALRE L, AN ESNTENETMAHTHD
EEDL XD EER. FFCWb DI E 2R LTaE, TR IR AL
Wit EPERZ D0, BIOER TEIVUCHELT 2 %8 EZ R LIZOE b0 T 5 2 LI,
FHRICARD CHEHETHDH. € 2 TR TIE, RGO ABIELE, JEfENH: %
BRI DMEN D L ELRGERE 2 OIS T HEE I 2 —a vy EFATL, L
TRAERHRENT 72 & &8 L C, & OReME & itk IR O BRI EZ I o N+ 5 Z L 2 H
&35,

1.2 WF7EHIFIPN O Atk B AR
FRHEEL = 2 & 20 T OMBPMEIZE B LIZBRRHZIT 5. Zhuc kv, flitoE



wHIEE DR ESCE DR EZH SN T D E L b, I RMEE 2 58-S 2 MBS 2 A
HL, iz 27r—0 v ZHIOREZ Higd.

2. WHERCR D%

AHFGED HIN A KT H72DI21E, BoND T —ZICBRADNH 2 EBRMF RS E T V&2
T I 2 —arTiER, ET AV EEDLRVEESEHHE (Direct numerical
simulation: DNS) (2 X 2MNGOHINBMERF R THL. LN LEDTDIZIT@EFE DY —
I AT = a r i ETIHBREN TIE R WK O@mER a2 Ea— 2 B0 E L HDH. £ T
AWFE % FAL R P ARE 2 20T & R CEM L, FFRFTORA—R—arva—ZZHH L
TS R 2 b= a U ERFAT LTz, AR CIEERE O T2 s 725 LTS (< B33 2 00F
TERERIZONTIRARD. RBAT —~vOLFSHE LT, BEEEREEEBICMT Y =
77— LMEORRZ AfE T b DO TH 5.

2.1 ELIH ZAsHE S 2 EER O R PTR OIREE N O fR ]
2.1.1 WHIEDE R & AWED B

BEAEMFZE1] 208 U C, BLIRTP 2587 2 MEEBRIKICA U 5 RTATE & FE M2 K O
U AWK A2 WV CERERHE L7z, IR T, WMAEOEM - RIS 5 —yP du;/ox,(y: HLEL
b, Pt D)) O R T R A5 DS ELENS K B R SR OB 95 Z L A BT
L7oo AWML CIEELR T 2 s HE T 2 MEFE RISV CL ARTEIRIR O E /341 D E BRI O R
FTTEIRIC RAE T B A D 2T LTz,

2.1.2 DNS 57— 4 ~_— 2%

Tanaka et al.[2]1Z & V1T 7o ELIR P 25853 2 B O EEEEE I H(DNS) o 7 —
BN— 25 LT, FHESEO KR E SI1E(Ly, Ly, L) = (32Lo,4Lo, 4Lo) (7272 L Lo I HIHAEL I
DERRS AT =) THY | FHEHEFEIL(Ny, Ny, N;) = (2048,256,256) Th %, FLHLHEIK
13250y < x < 225L,D#IHTH V| R OHHNE Tx = 1.5L, TH D, y, z 5 MITITEH
BERSEMEA V. x = 0121 Dirichlet 35 5, x = 32Lol21E Neumann SR &2 H L
77

THOMMISIEE, IR~ v Mg, = 1.3, PIHIELITE~ v M, = 0.063, FIHIEL
LA/ IVAERe, =71 TH 5, XEHERITHBELARD 3 ot/ EHEtE Navier-Stokes 72
KTHhHs, #EIINED DNS 22— R TiTo72, 203 — ROZMEELIZIEREEIC O
TIE 5 WHEE WENO 15, Z OMOIEIZ DWW TIE 6 SAEE FLZENETIT o 12, BRI R IE
T 4 B 4 Ik Runge-Kutta {5 TH 5,

AL TIE, BLIE & DT K 2 BRI E OB RS HEAHRIE T & 72D AR 7
M10Ly < x < 15LyDFEIK[2] CbT 217 - 7=,

2.1.3 EBPRATIZIR O AT

B O R PR & SR M SR H OV w7 A K TR Lz, & 2 W% o i B i {7 &
xs(y,2) T x FIE AN /N E 72 Bk LTEF LTz, Kobayashi @ J75[3] % Fu T
PN B xs (v, 2) I3 D JRFTAR DB K=y, fe/ IS, & OIS 2 IR T 10t ts
ZRO T, ERER K O 7 AHRKIZZNENH = (ky + Kk,) /2R UK = k6, CEFRISND,



ERI 1 O RPTIRITIH EKOF 5T K- T 4 FEHICOF I, H = 002K = 005513

mMTHo, H>0,K>0D&SITIIMHME, H<0,K>0DL (ZIIMHAME, K<0D&
ERMES NIRRT

2.1.4 Helmholtz %3 i

Helmholtz 75 fi# % ) CHEE G u % dilatational 3 Eu, & O solenoidal 3 fEu 270 L7,
dilatational 3 1T PRAR DA - BZARICEID Y | VX ug = 0% 3723, %I L T solenoidal # &
IR AE - R - BHE S W o 7RO IR EMTEEN D D | V- u, = 0%0ifi72 3, Helmholtz
rfRiE e 7 — U 2B H(FFT) 2 0f i U 7= = E kA 175 1(TDMA)E[4] ¢ 506 L 7=,

2.1.5 #iR &

Inokuma et al. [5]1Z & ¥ &Lt & T L 725 @ shock ray 73 focusing * defocusing 7§~ %
T L CHEEBWBRENER TS I L AR T EBREAHE T VR RE SN TS, Focusing -
defocusing | B Jo T HERR )7 (0] DFEAR O ARG - IR & B - TR RE 4~ £ S8 5,

AWFFE T, dilatational i FEBERR 5 A Al 53 D A & B RFTR OBAtR 2 i~ 7=, (H,K)
CHRAATT 723 dilatational 3 EEHERR J7 [0 A5y DHERR ST 10 ABLO G2 & ) 2 R Tz,
dilatational 3 Dty 705 Ugy Dt ST AV ABL Z 04 = gy /0ty to J7 A ST Ug, Dty J7 1A ARL
HOp = 0ug/0t, 35, (HK)THREAHTT20, (@ =t,t,) DFMESE VA2 (0,H K &
507, 22 TIIOLIIEREIMAEICK T SMEZ ATV D, HIXI30,D rms H0,,, &
0o D V(0 ) TERUEAL L 72(0 4| H, K) D 7 ((Oa | H, K) — (0a))/ O, & H — K V- L fHi
L72bDThbD, HKIZZINZIND rms (EH, s, Kpms CEEMEL LTS, (O |H, K)YD{04 )
b ORI, EREmRITR S FBEMNMEH < 0,K > 000 & ZIIZIEDEE 720 . F5H M
(H>0,K>00& ZTITADHE, BRE(K < 00 & ST TNICADEE & 5, (04,|H,K)
D(Oe) b DIRAIL., EEE /ARSI O & X 1213t T & FEROR R Z R~ L, h
@(H<O K>00&ETFEDEE Y MHHMEH > 0,K > 00 L S ITIFADHEZ & 5,

(R (K < 00D & Z(T1Ee, IR OFER & 1TR2 0 DT NCIEDEE & 5,

@I%Yﬁ@%ﬂ?ﬁé%ﬁ) B O & X 12T, L XR U5 2R, BHME T E HIZA
FEHMETIXE BICIETH D, L TEIREO & 21213, L3R /528D, LR
> TH DRI Ma~DHRNIETHIIEOTADMEE &V . o RRNAa THNITO,!
EDfiEZ & AR H D EVZD, ZOX D RF/ATIRIZEE L7z dilatational i f@’jﬁﬂ
DAL, WK M O & & OB REERR T 7~ DO FEAR R & O 0 & & Ot iRig k2
£ U &, shock ray @ focusing * defocusing 5| XL 2§ Loz, Z OfEFRITEEFMF
JE TR SV EEEELIC K DT T VB A R T 2 b D Th 5,

\\\}\;

5 SCHK
A. Kusuhata, K. Tanaka, T. Watanabe, K. Nagata, and A. Sasoh, Phys. Fluids, 35, (2023), 086110.
K. Tanaka, T. Watanabe, and K. Nagata, Phys. Fluids, 32, (2020), 096107.
S. Kobayashi, “Differential geometry of curves and surfaces”, Springer, (2019).
Y. Zhou, K. Nagata, Y. Sakai, H. Suzuki, Y. Ito, O. Terashima. And T. Hayase, Phys. Fluids, 26,
(2014), 075105.
[5] K. Inokuma, T. Watanabe, K. Nagata, and Y. Sakai, Phys. Fluids, 31, (2019), 085119.

—_ — —
DO



3. WL HAEDERIRIL

IuYxl b1 FERTHLIAFEL, FRERoOERK S ELROTFHNIET 558N T,

WK, ER-Rithnig & LT, FrBRERSIE T COMEBmREIZBE+ 21787 LI
DOVWTHA L TE . BRUDRIERICES LB TS,

4. F L O LEA%OME
ELAE DA - I HRIIAEMIC RV FEORICET 2D TH D Z D, FRx Rl

5l

L THIZEZATY, TOEERNERENIMEE 2 RS Z LI3HEETHD. REEHASE

BEOWtafkee - BESEDZ LT, MEREO=ERE BT

5. WIZEAR Y A & %5 2 MILAEOHE DAL, #IRID 2 bREFHEFR L T SW)
5.1 w3 « PR BETETL)
FTMERE (ERREZ D)

1.

Y. Xie, X. Zhang, X. Xiong, Y. Zhou, Temporal evolution of the turbulence interface of
a turbulent plane jet, Journal of Fluid Mechanics. 1001, A39 (2024)

S. C. Tao, Y. Xie, X. T. Shi, and Y. Zhou*, Detection of the irrotational boundary
using machine learning methods, Physics of Fluids. 36, 075101 (2024)

J. Xing, T. Watanabe, and K. Nagata, Hybrid large eddy simulation and Lagrangian
simulation of a compressible turbulent planar jet with a chemical reaction,
International Journal for Numerical Methods in Fluids, 96, pp. 962-990, 2024.

ERFE=

1.

Kusuhata, K. Tanaka, T. Watanabe, K. Nagata, and A. Sasoh, Solenoidal and
dilatational velocity statistics for a planar shock wave propagating in turbulence,
The 34th International Symposium on Transport Phenomena, 4 pages, 2024,
Taoyuan, Taiwan.

Y. Nishimoto, T. Watanabe, and K. Nagata, Local dissipation scaling in temporally
developing grid turbulence, The 34th International Symposium on Transport
Phenomena, 4 pages, 2024, Taoyuan, Taiwan.

Y. Xie, K. Nagata, and Y. Zhou, “Connecting the temporal evolution of the turbulence
interface to the entrainment and detrainment in a turbulent plane jet”, IUTAM
bookseries (J. Wang and I. Marusic eds.), Proc of the JTUTAM Symposium on
Turbulent/non-turbulent interface in turbulent shear flow, 174-181, 2024, Beijing,
China.

Muyang Wang, Yasumasa Ito, Yasuhiko Sakai, The Modulating Effect of Coherent
Structures on Inter-scale Energy Transfer in Turbulent Mixing Layer, Proc. 21st Int.
Conference on Flow Dynamics, pp.1012, 2024

Kusuhata, K. Tanaka, T. Watanabe, K. Nagata, Y. Ito, Y. Hattori, The Behavior of



Local Geometries of Shock Wave Surfaces Propagating in Turbulent Flow, Proc. 21st
Int. Conference on Flow Dynamics, CFR-8, 2024

ERNER - ERE
L.

5.2 TOfth (R, TH., v A IR, F)
L.



£ (1)
a7 MR RS E

RS CP12APR24
il INGEIL RIS
iRl 2024.04~2025.03
R o1 [mis

2025 4 8 A 4 HA#ZH

ELE TR O N RV HRD vk o—|2 k5

MRS AR A 7 = K I DFFEAT

Al # ]
FACRZEFAR 2O FET 2%
L REAT
RN T RERF TR %

1. Wt R L B

1.1 WD =L BRY
ELIRIC I DIRD EDRk72 A 1 = XA TEOREMEEDNERL I ND DN, &0 D RO IR
REFEZ B T T D 2 &k, #fix RELRBIGRORMO X A 7 ZADMPIZB W THETH
Do B—H)V MR B YT DMLy &R LT A R AR e D VRREICE R L
TR DA YRR D T 7' — 1%, HERI- it D LA 70 JERI R 53 A0 etk oD
FMEERED D &I, AEmEROH MBI D FEIZ S TV LA REDEERER D E
FTAFREE LT, ZORZER] & M 2 AR I T il REOIERH OERIbIL, #
TR S RIVREFERI S D A =X LERALNI Lz, TO—JT, WS K
VRS FERPEE I EE TN CTh DO EICKELS FSGTHZ L baRdEniz, Blb,
UL &l N R E DM BERIC E D MOEEBEN R IND, EWVHIAT=X
LDDOFAEN R ENT-, T OF THBRENZ &%, IBFERIC I - 72 E ST AR D )7 I K
LCHIRATAET D, LW R TH D, Biiix, ESAELERFR N RAVRO BT O
HAIZE 0 ZOBHESIHNVED HND EBEZLNDN, ZIHDNRT 2 ARG % 4y
WdaZ Lok, iiRED AT =X LNHSNTARD , IEEDOEHEA =X 20
fRIACHLFEM RO EE T L OREICEIT L Z LN TE D,
ARBFSE Tl —REZE PR O ELTRIEIZ BV T, ZEf, F 7208 D o E R 5y
S EE AT NVORET DT TFEE W T I N D OSHRHEEZH LT H I b
EEHBET D,

1.2 WFZEHARI N O ik B A



TS > RV SE AR B0 2 01, BERI i o> JE J5 RSy O BATERRHE TH %
EEZABND, ABETIE, —HRFEFMEELIR T OMOREREE BT D, Wi’
VI RV O TGRS F T 18 O AR O HLLE O D53 An R & LU -
T %D, oy TNODARY ST 24TV T D DA O HIREZ I 52N L,
HEFE A D BB 2 B & 202§ %,

2. WFFERCR

ARBFFETIE, T E TORFNTEICIIT D RARED S5 LIRSS T Y LA RED
W BRZE [ O FERE R I8 1T 2 iR O AR RHE O BRR . F 7oA RERL 9y D AT S Vo3 AT & fif
oo FEZCH L, BT EA D=L E LTEZLNDIMH NN FAR, £ L TEAAR
DIMTERFEDRAFNEZ 0T LT, ZAUT KD | il S RVl & IR 2 27 B
BRind D 2 & N ARE MR DM A K5 & LToiATIC TR S iz, Zaud, BLFERY 2260t
FROIUSET /L OREEE, ETIME DA I = X LD W TEERHMR THL LEZXD
b,

2.1 IBFULE D OUERT RV - WEEO AL RVERT
swirlity DR KAE 20 & L, 2 O TOMZER 2 E 7 LTl L8 0 OBEEE 55370 2 2K
TIE AR MVIRNTT 5 2 &I X0 R 2 BT S AT IR, AL E CoILFEMIEE
IZBWTCRRR, T &21T-> T D, ARFFETIE. S E il ONCmE~Rs MV, £72)F
NEABGTHE T D, WRERZ FASG TR #R S RVROERRER RIZ31T 5 BIHRASY
DENTFRNEZ RO D72 FEEEHE EOARE F s 2t L. 2 OSSOV TR %
179, £z, WEEPEHEOERITEOE BRSOV T b RIS 21TV, fillig oo J8 5 4
P& T 5 2 LT X0 BRI T D ER OGN AR L 7 D,

2.2 RO DA FFEE ED D AT =K I
AT DB L0 FRAT U 7o — RS G PEELIE R oz sV T, Rl L 72 f#dT Fik &2 v
THIE, (TFR S RV, O ABLOTR L O O3 ARRE & Z D AT RV R
T 5 &, iR & RN ROVEROE SRR T 2 o kA L TRY, iih, Z
WO ONFRHEITEY 2 OO0 TREIND Z LR ENT, £io, 2L ONMEEE E
D DR O KRR LD~ 7 L R EORER N RVRO B —J 0 bR e O—IZBT
ZIEF RS O —REROEAME, WL I SDEAFRY O FRMRIEFITE R T
—ET D EDNHERRTE L, TN DANY MUREIT T, PRBKE s & Iicmd
HWE 0 DRy ZERL & PO TIEEE 2 ORRSNEEH TH 72, — 5. Wi G oE
FAF DAL, AR & OFBEMEN S O T ARV, 7 — U T 5 Lk 2 Ok
IIMERD TR WRL D8EEZ A L, BAEOB AR CIIHEEIIEVWEE 2 55, Zhk
0. EhRIE. EDAROERICLE DL H DM, FEEROARE & BT S R
ROEERFFEIZ K DEHN X TH D Z &R S NTz,

3. TR BEEDERIRI
FERNEE EOBIE DO DAREEE EDH A~ T v FOBARY MO, AN ER S A



D7 — I TEHTORER . BRI S RV - MEST SMLVOEFE - BEA~27 ML & o
BAIEF I E <. £ AT MUVEME L RIBRCH - 72, [ENAELE OFEIEH 2 O, JEH
PED AT MIVTRR>TEY | [ENARDOSARTET L B2 > TS, 1o T, N R
IV D SERIRFE S SR EER] & 72 > TR AR SN TN D LB X biLd, T b OfFITIC K
0. ABFEO BEEILER S LT,

F LD ESROBHE

—ERF VLR OIS N T, FEBEfE b TR R AT D & & RN VRO SER R
PESSIECHIEER & 72 o THIR DO TER A 72 STV D Z &R S vTe, E£lo, REHTIZRB VT,
WHULE O ORI E ST T D721, AT M ERWEMTBAZN Th 5 Z & i
TRSNTz, SRITIME S FVROMA R I1T 2 i Reit O 2880 2 BEm & f#AT 0> & 53
o2 &k, ZnHOBEEZET L L, BENL GENFR) IMET /VOMEITIRT 5
Z LR D,

iEAr W
5.1 ML - FARK (BRTEGD)
FiRE (RS EET)

7L

e
L

EFRFE

(1) K. Nakayama: Vortical Flow Structure Derived from Local Flow Geometry, 24th
International Congress of Theoretical and Applied Mechanics, (2024), TuFM1613.

(2) K. Nakayama, Uchima K. and Y. Hattori: An Analysis of Self-Organization of Three
Dimensional Turbulent Vortical Structure Derived from Interaction between Vortical
Flow and Bundle of Vorticity Lines, Proceedings of the Twenty-fourth International
Symposium on Advanced Fluid Information, (2024), pp. 136-38.

(3) K. Nakayama: An Asymmetric Vortical Flow Structure Based on Local Flow
Geometry and Galilei Invariant Vortex Space, Proceedings of the Twenty-first
International Conference on Flow Dynamics, (2024), pp. 1076-1078.

(4) K. Uchima and K. Nakayama: Passage Characteristics of Bundle of Vortical Axis Lines in
Homogeneous Isotropic Turbulence, Proceedings of the Twenty-first International Conference on
Flow Dynamics, (2024), pp. 1398-1400.

ERNELE - s

(1) FLBEST : B—H)b bR a o= BENNDIRIRO 3 Rt O AR RHE, 4 67 [[IEE
Fivhes 158 2, (2024), N-OS14-2-03.

(2) WNREESF, Frl BT - —BREE SPEELIRIC BT S il N > ROV &S ORI BE 95



fiffr, 55 67 IFEERIG ] J) 73k B2, (2024), N-OS14-2-02.

(3) PIENESE, Wl HEAT - ELIRIICIS T D iRl N RV O TR & il i 12 B 9 5 fEAT,
H AP ) 254 2024, (2024), 2M605-09-03.

(4) WIEEESE, il BET - SIS IS T Dl N RA RO ARLT >V vz ATz dh sk o mf
gk, AIHUBIE RS 52 B HALE RS AR YT 4, (2024), No. 154.

5.2 TOfh (FFF, ZEH, v A IREK, FH)
2L



£ (1)
a7 MR RS E

RS CP13APR24
il INGEIL RIS
iRl 2024.04~2025.03
R o1 [mis

2025 4 8 /] 8 HiEH

<~ o NRETENARNY 7Ly N OMREIZ G- 2 D B

Rilr 22, &7 BA
FHMZEAT IR Bd%, FRRFERFER TERUZER
BERF BET-
FAERZFEFARAIIFERT W%

1. OB E BEE BEoBRe B, BEEMZEEZENTIZIWN)
1.1 WD =L BRY

WTZEgloxt 3 2B BT RN LEET 2 Z E N RAENTWD—FH T, i e/t
ZEs & RBLZ AT C, KITRED CO2 HEH EHIBUIME OETH 5. TOHE et RDO—
2L LT, U7 by MIEDMHERTUREA T b 5.

U7 Ly MIF~E um BEOBMAHEEN DR SN DZET A A TH Y, Stk
2RV THRK TR 8~10%DFHEIRHIAMEIATRE Th 5 L Z < OB THE I TV D, L
L, TNETORITIEDELI1E, ENARORWIEEMTEERELRZ SR LE LTEY,
TR DML ) ORI A T IC BB STV R o Tz,

FEROMZAERE V OWNGE, MR DR Z T D137, JEMEIESE ) AR O 8 G
WTET, ZROHOERITY 7Ly FOEGUREMERICKE S EET 2 itEnd 5. Lk
WoT, U7 by MEMZEERICHHRITEA T 572010E, 2400 OWRTFRYER 3 E6E
252 D58 % EEAICHET 2 Z ERARAIRTHD.

AHFFETIE. MIZEE © O 2 L7245 MEcBi 5 ) 7 Ly b OHUKERN R % B
BINNCT B L L HIT, FOMRE IR A~OFE I AT 7 RSt O E BT

1.2 WFFEHARIN O & B IR
AWFZEHI AN O ok BRI, EMERALS K OEDARENICEIT 2 Y 7 Ly b OEGUR
BEIRB L OZDONRDOA T = A LEZR\EINITHZLETHD.

2. WMEMEONE GFEFEIFEOHAITIEDOERICOWVTHRMAICETER LT ZEWN)

ZEFJRRGET O FERBITRG @ L RILBR & OILFENFZEIC LD, U T Ly FOMAEE~DEM
BTN e R R DR E 2 [ > 7. LU ISARIZEIC BT 5 EREERIZOWTHRET 5.



9, EMEENY 7Ly N OIRPURBIEREIC 5 2 2B EFET 57201, Eii~ v K
0.2 £ 0.85 DELAIZEBWT, V7 Ly hEbY Dtz DNSICL VAL, V7L b
Wik X IE = AL L, &~ v ISR 21 EOBEHEAL TRKoob U SR ooifiEst % 12,
15, 18, 21, 24, 30 &£ 7225 X D ITERE L7z, WEFEE I L - SLiER i &2 %t 5 & L7- DNS
THEARANSE T — 2 2 MAICE 25 2 LT, sHREENRSE TS 2 HH L

LIS, WmEcd 20 7 by MCE DI LR M E R~ X 128V T 7
Ly OSERSCERS T, MEIIRIAEL R L TEBY, HofE A ThiuL) 7Ly b
WCEVEHNED LI eZ2RLTWAE. Ho7 oy MI~ vy 0.2 GEEMEMH RN |, 7R
D7 vy M~y 3$80.85 (JEMEERNL) OLETHS.

i i o M.=02
-2 i | o M,=085
-at i i o
S P !
g e ‘
Q i ¢
. !________‘u_ ________ E_ ___________________________________
_'lu _______ i é __.L ______________
¢ i
A5 a8 21 24 27 30

B 1. FEEMEERIL & FEMEERNIC BT 2 U 7 by M X 2 i bR

B LIZRT LI, =vn0.85 OFEMATTIE, st =18~242B W\ TR ROEFUKHBEh A2
Bon, K ISOEPUSE AR I, £72, [F—st Tl LI, ~ v 0.85 (2B
HI|PURTEIR DY, v 0.2 DEELID B RENVWT EBP LN -T2, ~ v O
WZHEW, MBI D sweep 38 LT ejection IEENOGFREE IS 525, Z OMEMAIFHEIZHE~TY
T Ly METEIHI SN O THD Z LR, LA VRIS OMEIRENT X 0 M L7

AIEHTIZENT, ~ v/ 0.2 OBEFHEA 2 ISR ESINTY 7Ly oK ITifiEst = 18
%, ¥/~ 0.85 Tldst =154ICMHY T D Z LAVRENTZ. TR, hoRtER I W
IS D BERI AL N~ v NI T D12 0IAE LD TH Y, ~ 0.2 1281 HEER
BT CREFESNZY 7Ly MM, ~ v 0.85 DEBORIT SR CIXEREEH T & 22 ferk
AL TS, —FHT, FATHESM (EMIERALSM) OREEEALZ AV -CiEtic ) 7
Ly MEGREFLTESE . COPUMRBRNRIL, i ds GEEMIERNEM) C&ELE
A LB LTH ETSZ LE, lkomy Thb.

Wiz, ENAENY 7Ly b OBPUKEIERRICE 2 2B L2 RET 72012, WEHAE
TEMENABR T TOY 7Ly hEDY OFiivc: DNS (X VA L. BEmIEE 5\ D=
FERIC, WIS EDOENARE 525 2 L CENARKNEFHR LZ. 2B, ik
~ N BITNTE 0.85 & LT

¥ 2 [ZHES AR BT 5 U 7 Ly M X DEIE LR 2R3, X 2 (2B TR
XV 7 Ly hOBERICHEESY, HOITENA R E R L TR Y, ftmoEsaTchLY 7
Ly MZE VIR LIz xR LTWD. B, R, HOo7my NIEhEh, e/t
HAFLT, WENAET, #MEHAE BT R THD. £, K 2@), DIZznEh,



B rEN AR FOWEE RICB T DR TEM L2GE L, FENAR TOEE 2B T 5
BERAL CHREL L1258 B 1 DI RO 2R L TV 5.

. G I I e zea
¢ APG| ¢ APG
Ur e FPG |- * oH e FPG .
P | - . P . :
S : . e . S te e v .
e | 1of— .~y "
: .
B P R S o R B P R O S VR R R
st ot
(a) BuEhald Fogm Ll ) 288 (o) &)L AR F O 21T 5 BEEAL
NECEPR L7283 THEML-EA

2. JEAML A D M HHZB T 5 ) 7 Ly M X S I L

2@ITRT L DT, [F—sT Tl L72BRIC, WEAEILY 7 Ly h OGRS 2 1
MEEL5E603H 5. —F T, IHESAR T Tldst <3028V TU 7 Ly M X AEHTIKH
NFRITHDH DD, FOHRITNSL b T EPER SN, WESARICL->TY 7Ly
N DIEFURBEN RGN T 255 DEOEK & LT, WAL TITHERD sweep 3 K&
W ejection EE)DIREENHENNT 223, ZOMMPNEEIZHASTY 7Ly ME TR S5
O ThdZ EnBlEsnz. LT, MHE/ABIL TIEHERD sweep 33 LT ejection
EEOIRE IR T 223, ZOMHEORENEEICH T 7Ly NEOHFB/NS W2 T
L ERHLNE o, F, K 2b) XV, FENAE TR HBEHEAT TR L /245
BIE, ENHAROAEICED LT st =18, 19 ED L X2V 7 L v h OEFUKEEN R i
RERDZEVERINTZ. DFEV, ENARPAET 55510, FESIAEL T COWEHE
LB ALY Ty FERHTDHIEICE ST, TOMREE R KRS & H4 2 & 230
HETHDHI LRI NT.

3. WHJE HAE ORI
AMFFETIL, JEMME & FEN AR Y 7 Ly b ORMERFURBIRIC G2 DB L 2D AT
ZALERLMNCT LI EZAME L, 2. [ZRRLEEDITER L.

4. F L LABOMHE
AWFFERR R L0, EfEtE & ENAESY 7 Ly S OIPURBEIEREIC B E KIE+ 2 L2
LM oT, F, ZNOHORERERE 2T, MO X 5 2 EMENECE ) AR FAE
TOMNBHTIBIT LY Ty NORGHAMRZEST 52 LR TE. SRITFERICE L~
7y M@l LTS OMERFHEICI D LA T FETH 5.

5. BFFERAY A b Ok 2 IO WS DL AL, HllElrs bRERER L CTF S W)
5.1 “Hifrim L - FRER (BRTEED)



s EREL )
BN, KN, BEFE  EBEICBT2Y 7Ly hodEb &, HAMZEFTHSS
SCEE, T3 % (2025) , pp.33-41.

E=1
D

EERFR

K. Kaneko, A. Oyama, A. Yakeno : Viscous Drag Reduction Effect of Riblet at Cruising
Speed of Transonic Aircraft, AIAA Aviation Forum, (2024).

K. Kaneko, A. Oyama, A. Yakeno : Pressure Gradient Effect on the Riblet Performance at
Cruising Speed of Transonic Aircraft, EFDCI , (2024).

K. Kaneko, A. Oyama, A. Yakeno : The Effect of Compressibility and Pressure Gradient
on the Drag Reduction Performance of the Riblet, ICFD, (2024).

ENZE - s

GTEN, KRILEE, BERE 1 BT HREMOSHEEEICBIT DY 7 Ly kORISR
AR, 56 BRI PR /5 42 EIZEFHEM Y I 2 L—Ya VRV VAR Y T A,
(2024).

SFEN, KRILE, BEHNET  FHREEA~OBEICHT 7Y 7Ly M 5%, S
6 FIEFHMATOSIFEL VAR A, (2024).

5.2 TOfth (FFiF, TH., vAa IR, F)
L



£ (1)
a7 MR RS E

RS CP15APR24
il INGEIL RIS
iRl 2024.04~2025.03
R o1 [mis

2025 4£ 8 J] 4 HigH

S B ERIRDBEEMNTIZ L DBAPIES A T2 7 A DfFHA

R 1EZI
HACKFIRAEBL TR HeB%
EUIREZY
NP LEMEFFKPEET AT L LR HEBR
LH 2Rt
N IR = 5 S S 0%

1. OB E BEE BEoBRe BN, BEEMZEEZENTIZIWN)

1.1 e s L B
HERIRRZ LA RS COE— R 7 A 7 & RBIRITHEW BVTEDRIE Y A7 BNEmE > TV D,
AIFFETIE, S<HERBOBEEGNREEZR L, I A MEZEDFFORE RIS < ik &
WHZWROEMRELE BT, FRC. 2 A MRIBERD AT FVEER S5 < SFEEES I O%F
M G- 2 DBy BENHIT T2 22BN ET 5,

1.2 WFFEHIRIN O Fofé B AR
FRELPEBEAR 2 5 T 5 < S-S BB BMIBHT £ 7 /L O fife ST
AN K DRIRBEACI AT NIV & RHIZ 5 2 5 22RO R
A NS EEAR O BRI 1A T Rk AR R F DR R

2. WFREEONE FEFRFFROLEITZF OBERIC OV TR LT ZEW)

2.1 B LWMRHT FIE DB %S
W BIRGEZ B E LT E S EEMRITICB VT, 2702 Band #I2 L 5 5 < FHFETIEE O
E R AIRGIE A FE i,
BOELMEE R 2 & e DNS (BEHEE S R 2 L —3 g ) FEA IR T THEA L, &Lk
B B RO EL e A 1S R~ D B A BTA
I & E )RR & S SRR ORISR LT & L TET /UL, it & DA
VER Z TR AT RE 72 T 5 2 HEEE,



2.2 F LWL D
I A MIE DS GHERD, HEROKBEEL D L EZNTH 5 ATREN: 2 5B A0 3L,
R P OWIREEENC K- T, BRXNEOEREE) (Eitoflit) ZHlfcE 52
& R,
BRELBEAR T D 5 < DB ARIC B 2 DAREAVENC G- 2 5 37 5- % #18D CE BT,

3. WF7E AR DRI
AT FHEDBAFE & BAEE 7 /L OREERRRE &2 NG T2 . DNS (23617 2 HELRE D B Y A7
Band BUKAFYEDRRGE, Z8FEE 7T /L OISR £ HBAIOFHEITIE > TERIZER L TV 5,

{1

4. F L EA%HOBRE
I A MREIDO PR BP0 5 < ik & kPR o Wi CH R CTh L FRetEn R Sz,
LR1E, H—KR T ORBEET VORBBILB L OAERET L E OMAIZ LY . BVFEMRE L
TOENELE S HITHEE Lt 7o R 2 M+ 5,

5. WFFERR Y X b C%E 2 LI ORE OGE1E, HIEI)BRERGETL L TR S W)

5.1 Fhltam - FRFER (BERTEET)
FINHESE (RREEZET)
TLH 220, SRSy, IR, JIREG N, MEIEZN 0 Ut —%— I A MI LD KEE
&4 O MR O EEkRE L, 2 72 IR ENEPEINE S A R, (2024), pp. 344- 353.

EERFE

Hiroki Gonome, Masato Jono, Kiyoto Kawai, Wenjing Xing, Shuichi Moriya, Junnosuke
Okajima, Takuma Kogawa: Effect of Atomization Characteristics of Two-Fluid Nozzle on
Radiative Shielding of Mist for Heat Stroke Prevention against Thermal Radiation from
the Ground Surface, Proceedings of the 24th International Symposium on Advanced
Fluid Information (AFI2024), (2024).

Masato Jono, Takuma Kogawa, Kiyoto Kawai, Wenjing Xing, Shuichi Moriya, Junnosuke
Okajima, Hiroki Gonome: Effect of Atomization Characteristics of Two-fluid Nozzle on
Radiative Heat Transfer in Fire Accident, Proceedings of the 21st International
Conference on Flow Dynamics (ICFD2024), (2024).

Masato Jono, Takuma Kogawa, Kiyoto Kawai, Wenjing Xing, Shuichi Moriya, Junnosuke
Okajima, Hiroki Gonome: Effect of Atomization Promotion by Mist Spray on Radiative
Shielding Performance, Proceedings of the 12th International Conference on Smart
System Engineering 2024, (2024).

Masato Jono, Takuma Kogawa, Kiyoto Kawai, Wenjing Xing, Shuichi Moriya, Junnosuke
Okajima, Hiroki Gonome: Experimental Evaluation for Radiative Heat Transfer in
Polydisperse Water Mist, Proceedings of the 5th International Workshop on Nano-Micro
Thermal Radiation (NanoRad2024), (2024).



ENZE - s

et R, ) IERES, JTHZA8 - AERIREVE T V& O T2 BVE R O 72 6O O BB AT T
DWEST, FARIR A AL T ERE 60 WA « ST HI SUE, (2025).

TLH 220, SREPHESE, BB, JIrEG N, MEIEZN : Ut —%— I A MI LD KEE
RS MR O Bk Re b, B 72 R ENE B EINE S R SR, (2024). (AFFRRTE)
WEPHESE, WINEKEE, JIHES N, WCE, STRME—, MEEZIr, ILHZER @ 5k, X
VOBRRALRFEDS R 2 R D5 < FHERMEREIC 5 2 D8, AAMFERB T FRar 77y Ly
2 2024 G SCE, (2024).

WEPHES, WK, NI ES N, WCEE, SFeE—, MEEZIT, ILEZERH : v —5—
I A OS5 FHERUZ A Zh 22 KB B9 5 SEERAFEAT, A AMBEV S LSS 24 [17%/E
FER 2w SR, (2024).

5.2 TOfth (B, H., v~ A IRE, F)
2024 4 11 A, %0 6 FERETHBLBG KBV 2HANE, REAMMEIT



£ (1)
7'v Y7 MRS

RS CP16APR24
il INGEIL R
iRl 2024.04~2025.03
Fiaa G w1 [mEis

2025 4 8 /] 4 HiEH

RPRU AT OREGE T [0) 1T 7 KRB B R RS S D F L &

T F oz —HNEDORELT VU X LD

R 7%
FACRZEFAR 2O FERT 2%
B2kt h
AL RFR PR LR ez
(Bl A WERFREGE TR #d%)

1. WHEDHEME B

1.1 e L B
AAFFUNTITAEDOWFERFEDO U A 7K AIT T, KGR O 725D O KB B B S %
LT 0 F ax—HNEOREL T LT ) R DAOREEICEY fTe.

1.2 WFFEHIF N O s B R

N E TR SN EA ST /L (Weather Research and Forecasting (WRF)) %
WCHEL L 72 G5 6 L CRER 2 2 B 272007 7 F 2 = — Z (LB O i
7T Y XL HONTHEFT 5.

2. RS ONE

T F az—HONEERGEILT D7D, ANCHTOREZHETILERD .
— IR S LD R~ S iET Lanczos B2 EIC KA 7208V IRLHENKLETH 5.
DT, /GG OFHFE R EFE X AR OME CIIREF RICKHM AT 5. £ 2T,
SLARRFRAR Y M WEZIRE L, KB A B COMEM 2SI 2 B L. ZoFik
I, AR RS N VIR L RIS E T L LR TV ORE RS B LB L T D 8,
WERTFENERIEET L E T T V2L HICHY IR L TR 2T 5Rb VI, #ETF
EIZZE DML LT R EZ T OFRER A2 W T N ORF RN Y NV Z T BIT 5 7205k
BHERENIEF A <, REITREH CRIBICHARMAEfECX 5. KEXRGRMHEE ¥ —%H
DIZBATE SR ET VD WRF ICHSRIBEMEE T V&l 2 72 WRFPLUS Z#A6ht



52 LT, [MBFEFNZIR T DHEREENEIC ST D HIFRKEKEDORRE T — N JOEAEREWN
BOINEE— FEHH L.

77 Faxz—ANEOFEEICBNTE, BREERSY MWETRELIZEEE— N2 H
W THAIRIRBE O Y ) & e KA 2 U1 (23 2 A TIEE 23R8 D M ifED 7 ¢ > &%
—ERITHNOITHIR e R Z BB S L=, 2o BB E AW, AfETr s/ Fax
— X NEERINT 2 FEEN RV — 7 CINETICHRE L C& o iERE{b 7 v =2
UALZIGHUTHEELL., £/, 2 TRRLEY 7 Fax—2 @352 REEE
BHLEOOMNETHY, WEER/METDT2DDOANERET HLENRSDH. AL T,
FIRFFRARY FOWETHEIZERRTET VERAWT, %7 27 F a1 —% O onloff (L EH,
IR BB T O R KK BRSO EL f/IMET 57 7 F 2 =— % O onloff DIMAEG HE ik
MY THET L HEEFERE L.

AWFFETIL, 2018 4F 7 H 5 B 12 Rih D 18 Rf 2 x5 VH A ARHUE DT 217> 72 (1K 1).
Z ORFEHITET RO YT 5. K2, 3ITRT X I ITREE— N EEEE— R
bz, 2B, TN HOFE— Fid Lanczos {RIC LV O NTRER~7 ML BB LE T
LT EEMER L.

(a) [ke/kgl (b) [mm]

35 N 0021 35 N ; : ‘
- et M 0.02 _ P
34 N A 0019 34 N | L o o
A - 0.018 ‘
BN o017 33N D "
0.016 e
2N 32N
: 0015
— 0.014 <

130E 131 E 132 E 133E 134E 130 E 131
1 R—=2DIREESN. (a) HIFKKRLE WHIRE); (b) BENE (EiikiE).

120

100

(@) b) ()
35 N " a5 N T y: T 3N
o py ’
o L ad .
34 N PRt ; ‘%OQR’;?’} = 34 N 34 N
o . R
Eal ) .{‘ —
e Pl |
e %% = .
13" N w}('\ . % .]. I 33N 33N
PP y el
Vg2 £
R / i .
2N 4 32N 32°N
e )
< of
130°E 131E 132°E 133'E 134 E 130°E 131°E 132°E 133°E 134°E 130°E 131°E i32°E 133E 134 E 130°E 131°E 132°E 133E 134 E

2 BonRRE— N (EFEE— ).



(a) (b) le) (d)
35N N 7 35N 35N 7 35N

i . o o e

it el | s st ¢ e
- el ST 2 .Y 2 Y
- PN P I . 0 A o S iy A - IR | s A o o il ik 43
87N | R Bl T N ’}Mﬁz et e 2N Mm? . 24N ,;mzx e
Lz e T N o s T B | = L~ 777 B - (A
i o e T < ! Q e ‘ e ke ij T ST t ; "g
. "f i \75; B S "Zi ‘Xm v R ‘y.,g L e P : x"ﬁ SR
3N | B } 5 33°N |2t § o, 33" N |2k 5 5 7 33°N 24 x
A S et Dk e 2P A ekt T 7
4 = rd r4
24 £ Crts # 24 # 0% £
. / . / . e / LR
32 N |} [ 32'N |} ey 32N | ] { 32'N | oy
Ne oo Ngiof Neo ) N @i
(AR 5 (AR LN 5
130°E 131°E 132 E 133 E 134E 130°E 131°E 132°E 133'E 134 E 130°E 131°E 132 E 133 E 134°E 130°E 131°E 132°E 133'E 134 E

3 BN FFRE— R (AfEE—R).

4 ITHERIRIBIC BT DA N ES M L IREBFIEIC I VBRRENTT 7 F oo —F([E%
AT KD, 77 F a2 — 2B IR OEERN, ©F 0 E BRI LD
5. THUE, HIRTONAD LR EE~ZELH 2, BWNEZELIED LEXUT
ZUREEBEZHND. 5 1%, HIFRAKAKEIZHT DI AL D KEERRIEN ENIZTE
B L7222 %", "Greedy lTEETEIC L VBRI LT 16 SOBERMOF D p mAGLIRL T
IANEAT2 7236 C, "Random” | FBOFIR A D p REGIRL THAZITo 72565 TH
4., AL 8 x 3 BADH T AN TITY, 300 /34— DT 7 F a2 — AR L
TR L=, MR KRR EZofET 5 2 L TITo 72 (0=0.1 THAIUTWIHIE O kK
K[EE 10%HIED) . KD, FIRAENLER L THAZITo G A IR TRETIE T%
RSN TR AZEAT 2 oG O P HEERIRIBIZ B 1 D IREEN K E < BT 5.

[mm]
35 N
120
. 100
34N
180
33N 0
o 140
32°N
20

“E 131E 132°E 133’E 134 E
X4 BERNESMEERENET 7 Fao— &,



a=103 a=10? a=10"

0 Greedy [ Greedy [0 Greedy
1 B Random 08 B Random B Random
n 06
p=2 Sos
02
0
4 6 4 8 0 10 ] 30
[l3saie |2 [l3saie |2 [|aite[2
1 . , 1 . 05 - v 1
I Greedy [ Greedy [ Greedy
08 I Random 08 [ Random 04 IERandom |
"O'- 06 "Q" 06 'E
p=4 =g %os =
02 02
0 0
0 2 4 6 0 2 4 6 8 10 0 10 20 30 40
[losaie |2 [lyairr||2 | yaie |2
08 . 03 - 1
[ Greedy [ Greedy
[ Random 025 - ERandom |
0.6
02-
w w
004 2015
o a
0.1
0.2
0.05
0
4 ] 5 10 0 20 40
l3sasse |2 [lyaise|2 [l a2

K5 : 77 F ax—HXE THFRKEREZRE LGS OKEIREEO LB D L2 / /L AD
TR ESA (T KRR EDOWDER).

3. WFJE HAE ORI
AIFEIZLY, [KELGEORFEERELICEWTT 7 Fax— 2 BrikiEtd 52 &N
AReL e ol EERICKEHITMAZIT O, SACFAT 27 7 Faxz—20RE, 3
2 L—F LEROER, WA - ENREZ G0N R EBTRRR EBRBE LD, RS
NTZATIT R YRR AZAT 9 T2 O OFEPHEFE S NI, IS EY, FERAIZ I3 72
K[EBLEORER O, FHEKFD Y 2 7 KRBITIR D 2 B g s niz.

4. FLHLABOBE

SRR~ bk & WRFPLUS (2 &0 8PS OFE R N &6 2 HIFR K28 KB D R
FRATZATVY, SRR AR ER TE 2 E MR SND T 7 F 2 = — Z @O RELAT 2 72
T, MAE TV Ialb—ralildh, BEFETRRLET 7V Fax—FLETHA
TOHLZETHRTRELLETY 7 Faxz—FETHAALIZGE L0 EIRRENR LD REE
b3 2% Z L &Mz, 5%, MOERZERA Ny h~OmEHS, FFRIIAT O, FE
I BGEL~DILEEZ T > T E 2. F2, AT HREEST AR 2HGE 22 2
ZERBICE D, X 0RO N ATFIEOBRER XU A L D RG85~DFBOY L%
BHZLEBLARETHD EEZTND.



5. WFERR Y A b
5.1 FIlim L « FRRER BRTEIT)
FhHERE (RS E )
[1] M. Watanabe, Y. Sasaki, T. Nagata, K. Yamada, D. Tsubakino, T. Nonomura:
“Actuator Placement Optimization in a Linear Impulsive Control System by

Determinant-based Greedy Algorithm,” IEEE Access (under revision).

e
L

EFRFE

[2] H. Naruse, T. Nagata, Y. Sasaki, M. Watanabe, K. Yamada, J. Ito, J. A. I. Paski, D.
Tsubakino, S. Obayashi, and T. Nonomura: “Actuator Placement Optimization Based on
Randomized Singular Value Decomposition for Weather Control by Impulsive Input,”
AOGS 22nd Annual Meeting, AS34-A013, Singapore, August, 2025 (to be presented).

[3] H. Naruse, T. Nagata, Y. Sasaki, M. Watanabe, K. Yamada, J. Ito, J. A. I. Paski, D.
Tsubakino, S. Obayashi, and T. Nonomura: “Construction of Actuator Placement
Optimization Framework Toward Realization of Efficient Weather Modification
Technology,” Twenty-first International Conference on Flow Dynamics, CRF-63, Japan,
November, 2024.

ERZs - s

(4] KW &2, FEx KERE, HEDE, RlEE s, (LHEE, JHEMZE, Jaka Anugrah Ivanda
Paski, tEFRE, KWL, B4 A HA RO K[EL~ON AT 727 7 F a2 — 20 E
K7 L— AU — 27 OE-WRFPLUS & GLIREFFRAR Y b WEIC X D ERRNT-, B AR
1S 2024, 3FH110-14-05, A, 2024 49 H.

[6] JIANG Shan, KH &2, ELE, RS, ix REME EF2ME: 7Ya A0 ME
& T o MEEN A W TOREHEE SRS~ OICH, B AR ) 724 2025, Kk, 2025
F9H FBRTIE).

(6] V&0 B, Vex KHilE, kH#E2, Jiang Shan, AR E, B4 A FERSIAHDIC
& H L7288t Ginzburg-Landau €7 /WIZkT 257 7 F 2 =—Z L&k, HARFIKT
PSS 2025, KPR, 202549 H (BERTIE).

5.2 TOfth (FFiF, ZEH., ~
L

N
N
171
o
B
#



£ (1)
a7 MR RS E

RS CP17APR24
il INGEIL RIS
iRl 2024.4~2025.3
R o1 [mis

2025 4 8 /] 5 HiEH

BINRBIIG 2 5 B TR AV F A=Ay Toal—vay

)l ZEK
WAL KRB FF e R
AR ER
WAL KR FBAT R P W=
Zhao Yinbo
Tongji University, China Bh#k
A X

FAERFRFBE L FER 7 7 A o A T =27 S LR

1. OB E BEE BeoBRe BN, BEEMZEEZENTIZIWN)

1.1 WD =L BRY
EERE - RAEPEVER A T O EEME S T EZRET 2720121, KREL 2 DOREER
. HI, B TMEIOZREZERNED O Rl B OB N BRI ET 5 2 L Th D, #l
ZERERAEAMEI DO~ N Y 7 ABIEDORE TH 2 =R % URHIRIL A & AELH & OLEEUGIC
L0, BV BEEMEERBLT A0, 2 b O/MAE DEIZR> TATH 1000 FELL Eo
MERIRTE SN TS, Liedo T, EBREZRET 2 5B F R~ — X O BRI 0 B 5
WEABTHD. B, HTEORE B d @0 TR CIXBLG 022/ - REFE R 7 —
APRKRELS R, BELEBOBRREMPIEFICHETCHL L THDH. Z0kHig, 4
BOFEBROFEE & 72 D BUEFH E OB N LERAI R TH DN, ZGE D T OZEKE X
Jis & BPEFNIE ORIy BlER ) & TIIZERIAY - FERI A 7 — AR KR EL@T-->TEBY, ZhET
H—OEFHE TR L 2HBIINEECH > 7=, ABFZETIE, o FEI R EOHA LR 7
A= DY 2 lb—a b Nl A — VORI ZHEH R TEE AR L, 42
BESTRBIOES T T Ly ROMWEE ST L_ANE A Y AT — )Vl E-> THETE 5
(VT Rr—NyIalb—F—] ZRFETDHE LI, BETEEOFRE A &/
B E FHMEIOZ BEMEBHERZITO) 22 HIE LTS,

1.2 WFZEHAIN O ik B iR
Jif- Al — b« R _R—ZADEMEHE L LT, FfERE —FHHEE%E L2 GRRM (Global



Reaction Route Mapping method) 7/V =2 U X A%z flAEDOED Z LKV, Bl LI
DIEME/R TRV —2 BFT D FE 2T 5. KT R/LF—3 MD 5HRICBT 5
FOGHIE THW B, b0 22 G E 0 FMEHZ B W THIELT 2 Z LN ATRE L 72 5.
AKFELEZ S FEOHBHIRERTRF RICENT L. 2R E2HMELT5E /) ~—0FD
WG 2 2 S8, BMBHARHE & OBIEAZ 2T 5.

AV A — )L OFAEFHA & LT, MD ki L Otk 78 /)5 (DPD) EZdE#E L= 2
ab—a VREOEREREERT S, ZOFEE, R AR UBIEMEHCE A LEF
FAER DY ML FBRT — Z I L - CTHHli 4 5.

2. WFFEREONER GLRFFEOHAIZZDOEZRIC OV TRANCER L T ZEW)

MD ¥R =alb—vailioT, BEEDFMEIZKRT 28 /) ~— 0 FDOR I B IO
HOERELZ S, BMOERE JUWBAELZ T L. ZO/RE, £/ ~—0h 1K
IVBRER|ITREREN 0 —F T, BEECOWTEE ) ~— R EL R DO
PERKE AR T Lz, IS O TR BV EREA~DOEBRRE N LR SN E R o7,

INETITHEELZDPD v = b—v 3 U FEZ R AR X VIR ICE A L, &SR
B ROBEIREFE ORI 21T o 72, T ORER, FERRRLBETOMREHELIENTE,
FIEOZ YL R TE .

3. WHIE AR DEERCIRDL
fEmE oy TR (R UBHE) 2T 2%/ ~—n T OHEB IO E 2L S ¢,
B8R L OBMEHAFE L OBELZ 60 T&E . £/, DPD v I =2 b—3¥ 3 (2o
TIE, EEAMET R UBIE~EH L, BB —X LT 5 2 & TREORYSME R L.
O X DITHYIOFEE D ITHET L TN D.

4. F L EAHOBRE
FOGET N EFLAIA TS MD 15 & DPD iEAEE L, A7 —inb XY A7 — V2
HEEGHMEIRE S T OB AR T 2 Fik2mdl - BEL Lz, 5 TEIFERICE N T
%, ZARXUBEEZMKT 2/ ~— 0 TOREIZZbIE, BptRrr:s L OB TE~
DAY ST LTz, DPD EICET AU L~V & fifHT U, ZRAERGIEFE ~D 58 4 3
L7z A%, BIICAEMmMEZ 20 S 580 TR FRICRFIEZEA L, #ikkE

ZH BT LW,

5. WFZUACR Y A b C%5 2 LA OME O%E1E, #IRIG HHIFHEFE L TR S W)
5.1 Fhfiam X - FRFER EERTESL)
FiHERE (RS Z D)
1. Yinbo Zhao, Gota Kikugawa, Keiichi Shirasu, Yoshiaki Kawagoe, and Tomonaga
Okabe, Constructing and characterizing various multi-component crosslinked epoxy
resins based on molecular dynamics simulations with a curing reaction model, Polymer,
Vol. 297, 126817 (2024).
2. Yinbo Zhao, Gota Kikugawa, Zhengming Huang, and Yan Li, Length effect of short



base resin on thermomechanical properties of crosslinked epoxy resin via molecular
dynamics simulation, International Journal of Heat and Mass Transfer, Vol. 225, 125400
(2024).

EERES
1. Kaiwen Li, Gota Kikugawa, Exploring Structural and Thermophysical Properties of
Crosslinked Polymers: DPD Simulations at Varied Coarse-Graining Expressions, The

3rd Asian Conference on Thermal Sciences, Shanghai, China, (2024), O-0374.

EREE

1. 2 fEse, ik AR, 49)11 22K, KOS DPD/MD ##s S = L—3 a2k b U v a A
WNME 7R 2 SRR O BRI R ME D MRRR, A AR 72 2024 FFEEAETRORZS, (2024), J051-04.

5.2 ZDfth (FFiF, ZH, v A3 IFEK, %)
B



£ (1)
a7 MR REE

RS CP18APR24
il INGEIL RIS
iRl 2024.4~2025.3
R o1 [mis

2025 4 8 /] 5 HiEH

PRI 1T K 2 R B A T 5D < A L O R/ M AE BA oD iR B

)l ZEK
WAL KRB FF e R
Hari Krishna Chilukoti
National Institute of Technology (NIT) Warangal, India Bh#k

1. WO EME BIE WFRoE =& BE, BERRBEEZENTIZIN)
1.1 WFEDE R E B

HAEMERCE D THE R E Y 7 h~T U 7LV OBGRENRE, BEWAEE O FHNTIAWE S -
THOHEMTEELR->TVND., ZOXIRELAOEEY IZEDLYE, FEREARET 2 virtual
testing & L COWFLY I = L— a VHITCINZ, T — 2 B0 2R H L EHErED
TR EBIFE, TRbOb~TIUTAR AT 4~T 47 A (MD) BEHEED TN,
INETOETHIED L X, T — 2B Mmsim<, WReT —2 2E0 L T
THREEZ B2 E WO FAMERETH D, Lo Ui b, ) MEHESHMEIZ L -
T, flRICT =2 2INET L2 ERE LD EHY, RE— LT —ZDOHFHTE DY
B TH> THTHIEEDORmWHIEROMEE « IBENPROOLND. £ 2T, AWM TITHHR
7R B A BT DS (physics knowledge-oriented machine learning) (2 X%
MI oS Z B L T\ 5. F BT 2% EFHBO @D 1A 7 — il T — 2 CotE T
—Z &R USRS EERICHAT 2L T, ZRETICEVER S FEE2BET 0 %
)& 9 5.

1.2 WFEHIRIN O B AR
AHFFETIL, SOM (H Ok~ v 7)) RO THMER OB T A — s T — ¥
Wtk ORBIEE RN, FTo, NS T — 2ty MW THEW TG
AD DEWNMET R TFIEEARE T 5720, FHEERFEET VAR LN L, A7 —/L
M A S U 7= Real A28 A L, 25 B3 2 S FEEWINE 2 T3 2 28 =G 21T 5 . ekémiig,
R EREREELZFIHT 52 L CEOFRBR B PR E R BICH 5T 50 %3 i+ 5.

2. W EONE FEFRFZEEOEAITFDBERICOW TR LT 7ZEW)



BRI EHZ DWW, 5 A — /U b R M 2 SO U 7= & Fl oy -l 1A AR L,
SOM % H\WCT#pit: & OFHBEMEZ B SNz Lz

Fiz, TIH ARBRLWBEO BT 2 BT HERET V& LT, IREARET (DTR),
L \EMEEYE MLR), £HENXER (PR), 7427+ L X hallg RFR), 74— K7+ U
—R=a2—I 0%y hU—27 FNN)ZERA L. £/, D&k s3<n b2 AN
F=R LT 5L TS ORIEEZIT T2, TORE, T % 574 LA MAUEI
IZENT-BURHERREZ R T Z E B b T,

3. WL AR DRI
bR IS rtih F 2Lk L, TNODANT—X L35 LIk -» T, KHEL
WIMEDEREE THITT VAR T D52 LR LTz, LR - T, YUIOMF5EEHE 2 B 2Rk
L=t Wnz 5.

4. F L EA%OBRE
KIFFRIZ L T, FETPRFEETAZLET D2 L Tr AR FRFEET VORI A]
REERDZEERLE. 5%, OT8hFEyIalb—rarzA@fbLiz7 L —LAU—7
2L o T, @l T — X AEREIT, ol T OMEE « BEHI LY S 5702 T Om)
b EREEYVEFRB OB 2 FHE L TN D,

5. WFFERCR Y A b (K5 2 MLBEO@E DBEE, #ESHbHEREERL L TFIWY)

5.1 Fifiam X - FRFER (EERTESL)
FfraRC
1. Kiran Rathod, Sai Charan Ravula, Prasanna Sai Chandra Kommireddi, Rahul
Thangeda, Gota Kikugawa, Hari Krishna Chilukoti, Predicting thermophysical
properties of alkanes and refrigerants using machine learning algorithms, Fluid Phase
Equilibria, Vol. 578, 114016 (2024).

5.2 TOfth (R, TH., v A IR, F)
P



E:0 (1)
TnY ey MIRERRREE
PR 7 CP21APR24
TS FE R NGRS
A FHHI 2024.04~2025.03
e 501 [EHE

2025 4 08 /] 08 H i

Dual-Phase [E{RE L) BARENEN OBRFE A A A8 RHED ~ )V F X — Vit
Ty 5%
RACR TR LT TR 2%
Jeongmin Ahn
Department of Mechanical and Aerospace Engineering, Syracuse University %
K A
BREROR L5 e
i 2o
FALRZ LR 77 A AN =7 AHIK
Cole Wilhelm
Mechanical and Aerospace Engineering, Syracuse University
Aliza Willsey

Mechanical and Aerospace Engineering, Syracuse University

1. RO R E BEE (W0 ERE BEY, BEEMRBEELZENTIZEW)
L1 HFEOFEFE B

HIERIR R L D E 2RI CO HEHH E DM TH 5, FEMFRIZIB T CO2 ZHEH L 72 R
BIEMIZ, 7V =0 R AF =T NS R LTHEASRL TS, BEFEROT T EME
MBS B BHZ B RER (b4 2 AW T B IR TR R B R L. SO EENREE IS K & 2hR
TORENRARETH D —H T, WIRIC X 5 B OB E N B DL RN FE S
TWa,

VEENE RIS D 72 O\ [E AR LD Dual-Phase b OV ##EGIC K D EFA 4 1s
R BICBT D HEM T O T\ D, #72 DS 2l 5 o 72 Dual-Phase [E{&l21L,
PiE(Dual Phase Solid Oxide Membrane: DPSOM)Z. 7tk Single-Phase 52 b~ T
WHEREZ R T, ETo, 0 IR LT R LD KO ICIRNER O e G Z S A — &
T/HhESL T2 LT, BRIETICK DA A ARG ELR U o TR FYE BRI O BN
DI SND, L LABR G, EFIEBUCBWTRIR DA & BRI S 2 2K &
o TNDZENHEINTND, X5, DPSOM O & 5 ICHME 2 C© b DRI e
A F ARBTG5 2 D BT OV TIEH LT 5 TWRYY, £ 2T TARFZETIEL, 18
J1%(Molecular Dynamics: MD)i% & BiHE > 7 1 /L 11 {%(kinetic Monte Carlo: kMC)i% % #H.
HBEDETT VT AT — VAT LD . A NLT v THINCHROREE & A A U ARE O H 2 1



95 Z L TDPSOM NORIFUZ T HIEFEA A NRERFE DRI A B = X L OIENT %17 5
ZEERAMET S,

1.2 WFZEHIIN O ek B
TN OB BEE L KMC EE2R— R & LT~ VT R — VRN FIEORBR B L O
DPSOM N DEEFE A A L HERER R O TH 5,

2. R DONE FERIFFEDGEIXZ DERIC OV TR L T 7S W)
2.1 ELFRMEOERR
BAFFEIIRIL R, BRERRRBRICRBITA I 2l —ya by I o —ARRBIIRBIT A FER
DT OB S DPSOM WODFRFE A A A BHEDIRNT 21T 5 2 &3 TE 2 ss L[ FED
BEXETHD, ERICEV VI 2L —va v ORYEEMETE LT TR, ERERID
B 572 DPSOM OFHEICHONWT Y R 2L —3a r&2179 2L T, TD AN =X LDOIEHAMN
ARETH B,

2.2 kMC k% _X—R & LTz~ VT A7 — )VIRHT 1L O B3

Wbz a 7 A A MM EAT D SrSc0.1C00.903-6 (SSC)NDEEFE A A L AmEfFEIC >
W MD JEIC L BT 24T 572, MD JEIC &L 0 RO T-IEBIREOT L= A7 1 v k) Bk
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FNRAFETITNT T X 203, MBATRERDBLEDOWNY & TS 2560350, TORYM
T COONTERE DT 2 ENH S, T, KRBT O DI Thh 5 5B EfTiL,
TERIE RO ZE Rl 2 B & LT D, BERRZER P HO I LR 53 B2, RO
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1.1 OBz EHD
REWRITRENRAZEEC KBIRIGE 722 & OBBERO @ WEBOHEIBTHY, b OKRE
O FRECH T B WNEDIRE DT, ZIVE TIZE < OEMEIRIR 1M 3 Thh T &
7o, KERO EFANCIZ KBRS R H Y, 2 2 b—3 3 2B W CIERMER KEIRAN O L7
TREZ FELT 5 2 L ITNEERRECH 5. AFEO BIYIL, KRERFRIC X D iRENES T A R+
AITET N EFRICIRE L, KEIIRE 20 LRICAIE T S E0EZ A LI KEIR - /205
RETMTELEST HZ LT, KRR KREIRN O MIREIREIZ 52 5 E A2 6T 5 2
ETHD.

1.2 WFZEHIFN O HAE
ERTFIELZRIIR - L0OERET/MICFEEL, TOZYMEZFET 2 Z & AANZEHMIC
B ORKHEETHS.

2. WFFERRRONEE

AMFFETIE, KREARFFORWELE « REIRRE T /W5 U CTEAE IR 2 i L, 2%
T 5B T L DA AT

e & RERAES L2 €7 v, B9 (Miyauchi S. et al., Proc. AFI2021,
pp.159-160, 2021) & [ U b D & 2. KEIWRFA OFREHESTZ FEL 5 72 12 Navier - Stokes
GO EIZ, DT OREEHSIET LV 2 EA LT,

f=—-Ku

ZIT, KIFMERHORE SZRT AT A=Z, wTRNOEETH LS. ZOMETET L
(3505 & REROFE SO KEARO ST F~, ZOFLENIH - T 2 mm OFPANICFIET
LIt VDR E Z 7.



TR, BT 7 -~ 7 =7 (Fluent 2022 R1, ANSYS, USA) % /-, i
bD=dIZ, EDEE KRBIROZEIZERE L TR, BEREME LT, MIERALE OB A
(\ZIEES] 100 Pa, FREERKEBNROBERHEIZIZES] 0 Pa, MOBERICIZT <0 22 L2 5 2 7.
WIS R IR AR Tl O m/s & L, ERIRIEIC/2 2 £ TR Z1To 72, ik OWMEE
Z BB, IR OEEE L 1,050 kg/m3, KEEE 1T 3.5x103 Pass & L72. /8T A—% K Z1%,0,1 X 105,
5x 1051 % 105,2 X 10%,3 x 10° kg/m3s @ 6 i@ Y Ofiz H 7. 7238, K= 0 (ZiEhilste 7 v
EROTOWRWENT 2 BT 2. AfEECIIRm oS, K =0, 3% 10°kg/m3s DFEFRED H
LEFIRBICEIT DENDMEZRKNTTT. K =0 O%A1E, MBHrEBREERIC I TE 2R
B LTz, —J, K=3x10%kg/m3s DAL, 0= EKEROEEE CRIIZEIME T
Uiz, KEMRFAAEH U DS, KBRS 25 ICENTIRIMIR T 5720, B2 e kbR
L.

3. WL HAE DRI
MPIOFHMEME Y, AFFEITIERICHEA TV D,

4. FLHLAEBHOMHE

ARFIETIE, KEWRFPIC L DREEII A R ITHNET AV EZFHICRE L. ZOET L TIE
Navier-Stokes HFFERUZI T A4 JHIC LD KEWRAFE 2RI T 5720, KERFOEIEI2H
HTHARA v ¥ 22BN T TR, Z07, KBRS A @9 25 M TR & 72 -
TV Ay a2 ORERERT L DFHERLEMTIFBEIC RS20, RIRA—22RELTD
FEMBNEPUIRE KD, SEGEHE TE /37 A =X OfETIE, EN+5I/hE<eo
IV AT, IV RERRTIA—ZEHEHATE D XHICHESFESCHET VT XAOER
ERETTAOMEND L. T2, SRITELREBEOER 2 EE LI-IETHHE COA M2 R
THTVETHD.
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1. OB E BEE BHEoBERE B, BEEMZEEZENTIZIWN)

1.1 e L B
AWFFEO BINE, BT Z o2 AW a 2 M homzhRp s ) o RRGE 2 EBLT
572012, 4178171 (Molecular Dynamics: MD) 5 % W C&E/MRLT & i U
2 RSB T D HIEZ L LR A RE DL DR T 5 Z L TH 5.
FRALTZ 0%, N Xy v 72X AX—RNEBLZ 33V EREL, vV ar sl
TEBRICE T WIEICA RN RTA oy TR T 2 e nh, RO KEGEMICIIT HE
FEPE L L THIRF SN TWD., THET, BbF ¥ 2 RGEmOEFERE & LTS
T HMIENIERI TN CE=231-3], e LCTHWDEREMNEMLT ¥ v i L, B
HZHT 2 & CTILT ¥ o OfEin T ) 2 NSk T 2 REREMRENME T T2 2 @G S
TE e, BbF X OB TRINE L L COISHEE 272356, @RMLT ¥ o fim % filiE5
D1 OFEE L HEIRBLETH S .
Z Z TR T, @RI T X U REICBT OEEEICER TS, BILTF X v O8%A,
Pefih 3 2 &)@ & BVLBLSIEIIRAT L CI b T & OB ITTRISRCIL T & VI ) a
H~OIEEBPEZ 5 Z LN THEN, 2N 0ONERBEMIENKE ORMEEEEOK F 25| &
BEZLTWDAREMER®H D, L L) b, HAEEBRS L FEOw, FEERIIZES 2 I
L2 EMREEE WS EERSH Y, O REOREEN R ZIEHA S N Z TR, AR
ZETIE, MD ¥R alb—va U EEAWTeR &b T # v & ORI O GIRES
GBI OZEEZRA ST 52 L TRMERmMORGHEH 2R L, BLF 2 2
KA Y 2 R KRGEMOEBICET L2 L2 BEE T 5.



1.2 WFFEIF N O s B R

WRFEHIRN DR BIE L LTiE, AV £V 7 7 X TiOo/ \fﬂ&ggﬁﬁ%ym//
S U 3T B RE CORT R, (LA RIED S
R, 35 & OV S0 TR O R RHE ST OB R T 5. 41 e
o, AR DR S D R L E OB E A R A e A
B TR % < 3 DOEBIRIUICHT 5 2 LT, L i
?;@;@ 5 ;i) jlﬂ@k%ﬁ}i‘f B2 LT, R IITE A AR anrolesn oo
DiERKZ BIET. N

v Al/a-TiO2/c-SinNTOREIZE 1 HL P KEDHH
v BREABOHHEHORET
SBAEFIVERVNERIBRI YD RXBEMOERISER

B 10 ARRFZED R S AU D R & 2 OWFFEETm]

[1] B. Liao, B. Hoex, A. G. Aberle, D. Chi, S. Bhatia,

Appl. Phys. Lett., 104, (2014), 253903

[2] X. Yang, Q. Bi, H. Ali, K. Davis, W. V. Schoenfeld, Wever, Adv. Mater., 28, (2016),
5891.

[3] T. Mochizuki, K. Gotoh, A. Ohta, S. Ogura, Y. Kurokawa, S. Miyazaki, K. Fukutani, N.
Usami, Appl. Phys. Express, 11, (2018), 102301.

2. WFRBEONE GLRFFEOHAITZOERIC OV TR LT ZEW)
2.1 a-TiO2/c-Si ~7 B fE~D 7 =— VILBRIZ 1T Db > U 2 UIROTERR & O BRI w2
AEHEOLFEHRICEIT 2 EERIL, BBICERNICHELNLTWDLI T ELT 7 ARLTF ¥
(a-TiO2) /s Y 2 (eS1) ~7 itz BT 2B R A MET 28 TH 5. RIFET
OIEBIZFB N T, Fx1d a-TiOxe-Si ~7 i 2 WU B T 2 2B R T v v v v
(Machine Learning Potential: MLP) OfERZE1T>72. 2.1 THTIE, fE L7 MLP & % & |2
a-TiOgz/c-Si ~7 EAEE~OELIE 235 1T DG & 2R RETERNEE~DELE 1T -
7.
X 212, (a) 1000 K, 1 ns, &7/ =Hh /L7 P70 (NVT) TEULEERE], (b)ZULEEE D
a-TiOg/c-Si ~7 m ik & (c) BVLEER], 600 K, 800 K, 1000 K TEULHEZ IZH1) 5 Si-0 fiH
Bard., 22T, BULPEY R o b—v 3 D, BIFEEER L7 MLP # VW CkY, I =
L—3 g URBROET VIZZRE TOEMIBER 2 vz M2 (a) , (b) kv, BULEiC
£V TiO2/e-Si~7T v I b U 2 V@R S TN D 2 LR R Sz, ZHUIFEED
FEEREER L BT 5[2-3]. ZoRERIT, BEREOERERL LEASLTEV[28], I —v
3V DOELEEZIFFTHHEDOTHD, 612, K2 (o) T X oIc, BVLBERIHE T Si-0 #&
BEAELR LT 2 A, BULEIRE O EFIZE Si-0 #EEEMEINT 25 2 & SRR S iz,
(2, 1000 K TOEMLIRLIZ1T Si-0 FEANY 962 I L, BULIRRTD 32 (2~ T KIE /2 #E N
DR B, BVLEIRE O A2 Si-0O A O A RET 2 Z L BRI, 2RO DRERN G,
BULIRSAF S Si-O fEATARICEE TH D Z L WVRIB I N7z,
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X 2 : (a)1000 K, 1 ns, NVT CTEULERRF], (b)BAVLERE D a-TiOg/c-Si ~7 v ik & (o) BVLERRT,
600 K, 800 K, 1000 K TEVLHHZICHIT D Si-O fiiedh, YUY 2 =2 L—3 3 U2, BiEE
YERL L7z MLP & FV =, $EA 2D cutoff #8513, 1.614 & L7-,

2.2 MLP % v 7= a-TiOgo/c-Si, Ti/a-TiOsx/c-Si ~F 11 Fif TOEULFEFED Si-O 56 DT

N ET, aTiOz/c-Si ~7 v i B Al fiE 2179 2 & TRy v _— g UHEREDME T T2
T EMHE SN TN D, RO BI9E, Al IEIC K 58y o= 3 UK
JRROEATH 5D, Los L7 b, Al EkEE 58 L 7= MLP O1ERE, Al, Ti, O, Si Otk % &
LI ERR L 72 D705 R a2 F3EFICE <, BURTIZ MLP OfERIIEE L. —5 T,
TiBERFIC 63y & _R—= g UHERERKIRICIK T2 2 LR B TR Y, EFIE TS
H9 52 L%y L& 27, BEIZ TiO/c-Si #iE To Ti, O, Si @ =k & x4 & L7z MLP 134%

HTHEHLTHDLTD, TONGEH WD Z & T TiBER OB %2 FE IR T 5 Z L N A[EETH

5. 2T 22T, Tk Si-0 fEA~LETHEZFET 57012, aTiO2/e-Si ~7 1
1S L Ti/a-TiOz/c-Si ~7 B REE I\ T, BULERE O Si-O fiA DT 217 - 7=
3 (a) Ti/a-TiOg2/c-Si ~7 & 2E1) 5 1000 K, 1 ns OFNLEEZ OET /L, (b) EVLEERE]
%D Si-0 fEGHEEZRT. X3 (b) 75, BULERH%ZIZIW\ T a-TiO2/e-Si ~7 i d Si-O
AT 80 nm 2T L TRV, Ti/a-TiOzc-Si ~7 u#iE D) 60 nm™ & Ll L T\ Mg %
ALTWD, 2, &R TiORER R EICKEIT 5 Si-0Ofa O EZIH L Tnd Z & 2R
LTWD.Z2ZT, Si-O fEAaHBENRWIZEREDO/ Ny o= g RN B35 L RET S
&, BB TIOMFEN SI-ORA O EZIH L, R e LTHRE Ny v _— g UHERZEK TS
FCODHARERH L. ZNDOFEND, &8 Ti O TiOe-Si ~7 7 RHIZH T 5
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cutoff distance = 1.61A[4!

Si-O Bond Density ( /nm’
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(]
]

¥ 3: (a) Ti/a-'TiOg/c-Si ~7 2iEEE7 1L, (b) 1000 K, 1 ns OFLIEERTH O Si-0 fE4 %
[4] T. A. Sidorov, Russ. J. Inorg. Chem., 52, 532—542 (2007).
[5] T. Matsui et al., ACS Appl. Energy Mater., 5, 12782 (2022).
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S. Fukaya, Y. Michishita, N. uene, K. Gotoh, T. Tokumasu, and N. Usami, “Numerical
analysis of TiOx/Si Heterostructure with Molecular Dynamics Simulation”, 35th
International Photovoltaic Science and Engineering Conference, Numazu, Japan,
November 10-15, 2024.

Y. Michishita, S. Fukaya, N. Uene, K. Gotoh, T. Tokumasu and N. Usami, “Investigation
of the Passivation Mechanism of TiO+</Si Heterostructure by Molecular Dynamics
Simulation”, 21st International Conference on Flow Dynamics, Sendai, Japan,
November 18-20, 2024

G. Tamura, N. Uene, K. Gotoh, N. Usami, and T. Tokumasu, “Numerical simulation
study for analysis of Si nanocrystal / SiOx compound layer by ReaxFF Molecular
Dynamics”, 35th International Photovoltaic Science and Engineering Conference
(PVSEC-35), Numazu, Japan, November 10-15, 2024

G. Tamura, N. Uene, K. Gotoh, N. Usami, and T. Tokumasu, “Reactive Force-Field
Molecular Dynamics Study for Analysis of Silicon Nanocrystal Formation Process in
Silicon Oxide Film”, PRIME 2024 Joint International Meeting, Honolulu, HI, The USA,
October 6-11, 2024
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LHIOHFERERE, NRVERTE TS, BRI, ZhE TORRITEIC &L G
R ZEE LD, YEGBETO My TV —FT MR T ~<, EiziEdTn5.

4. FLOHLEEKROHRM
ARG REICHE LI A — /=3 Ea— 2 2FHT 52 & T, @#n2%< OFEETOR-EN
BJoi, HEBRWICHER L. 5%I1%, REEBRCHBIRICEE T 2RV 1 /L X5ITE
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Hiromichi Kobayashi, Takahiro Hasebe, Takayasu Fujino, Hidemasa Takana:
Turbulent Taylor-Couette flow with magnetohydrodynamic interaction in axial magnetic
field, Physics of Fluids, Volume 37 (2025), pp.1-11, 027165 (2025).
httpsi//doi.org/10.1063/5.0255100
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Takahiro Hasebe, Takayasu Fujino, Hidemasa Takana, Hiromichi Kobayashi: Effects
of Channel Geometry on MHD Taylor-Couette flow with end walls, Twenty-first
International Conference on Flow Dynamics (ICFD2024), Sendai, Japan (2024).

Hiromichi Kobayashi, Takahiro Hasebe, Takayasu Fujino, Hidemasa Takana:
Turbulent Taylor-Couette flow with MHD interaction in axial magnetic field, 26th
International Conference of the Theoretical and Applied Mechanics (ICTAM 2024),
Daegu, South Korea (2024).

Hiromichi Kobayashi, Takahiro Hasebe, Takayasu Fujino, Hidemasa Takana: LES of



MHD Taylor-Couette flow for control of wind turbines, 9th European Congress on
Computational Methods in Applied Sciences and Engineering (ECCOMAS), Lisboa,
Portugal (2024).
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COz permeability through (microalgae) lipid membrane using
molecular dynamics simulation

Fakhri Putra Nasution, Fayza Yulia, Nasruddin
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1. e R E AEE WHEOERE AR, BEANRAFEZENTIZIW)
L1 HFEOTF R E B
The research aims to employ molecular dynamics (MD) simulation methods to visually represent and
quantitatively analyze the permeation process of Carbon Dioxide (CO;) molecules across microalgae's
lipid membranes. This approach allows for a detailed exploration of the interaction dynamics between
CO; and lipid membranes, offering insights that may not be readily achievable through experimental
techniques.
1.2 WFFEHIMIN O et B AR
The study seeks to achieve three main objectives:
a) Showcase Mechanism and Dynamics of CO;, Permeation
It can provide a detailed temporal evolution of interactions between CO, molecules and lipid
membranes. By tracking the trajectory of CO, molecules, it helps in understanding how changes in
molecular orientation and configuration affect permeation.
b) Partially Quantitative Insights into Gas Penetration
By using the trajectory data to calculate the number of CO, molecules penetrating the membrane
over time. Analyzing these data will help quantify the rate of penetration under different
conditions.
¢) Analysis of Properties Related to Gas Permeation
The main properties that this research aims to evaluate is permeation coefficient, which refers to
the rate of the CO; solutes passes through the microalgae’s lipid membranes.
2. WFEMEDONE (LRFFREOGEITZEDERIC OV TRIIZTHERE L TS W)

Research collaboration related to Molecular Simulation of CO2 Permeation on DPPC



lipid membranes is a series of research collaborations that have been carried out in
previous years regarding investigations of carbon capture and storage using the
adsorption method. In 2024, this collaborative project was part of the general
collaborative research activities at the Institute of Fluid Science (IFS) Tohoku University,
utilizing IFS's computing support facilities.

To ensure the project's objectives were met and to facilitate effective collaboration, the
research team held a schedule of regular meetings, held at least twice a month. These
meetings provided a platform for discussing ongoing research, sharing findings, and
planning future activities. Additionally, an evaluation of the research progress was
conducted during the International Conference on Fluid Dynamics (ICFD), held from
November 18-20, 2024. This event was crucial for presenting initial results, receiving
feedback from the scientific community, and refining research methodologies based on

peer input.

3. WFFEHAEDOERARDL
In this study, we investigated the permeation behavior of carbon dioxide (CO,) through
microalgae cell membranes, modeled using DPPC (Dipalmitoylphosphatidylcholine) lipid
bilayers. The simulations were carried out using Non-Equilibrium Molecular Dynamics
(NEMD) techniques to explore CO, interactions and dynamics at the molecular level.
The simulation system, with a box size of 3 x 3 x 6 nm, included 32 CO, molecules initially
placed in the water phase and was run at 310 K under atmospheric pressure for 30
nanoseconds. During this period, the CO, molecules began to permeate the lipid bilayer
within the first nanosecond, and by the end of the simulation, most had entered the
membrane region. The number of CO, molecules inside the membrane was tracked every
nanosecond to monitor permeation progress.
We also analyzed the mass density profile of CO, along the membrane normal (z-direction)
to evaluate gas accumulation within the bilayer. At 3 ns, most CO, molecules remained in
the aqueous region, whereas by 30 ns, the gas was more uniformly distributed within the
membrane, indicating significant uptake.
To further understand the thermodynamic landscape of permeation, we calculated the free
energy profile of CO, using umbrella sampling. This method applied harmonic restraints
on the solute along the z-axis and was compared with results from equilibrium free
sampling based on density-derived free energy estimates. Both approaches yielded
consistent results, with the highest energy barrier (around 6.5 to 7.0 kJ/mol) located at the
membrane—water interface.
Additionally, we explored the impact of cholesterol content—common in microalgae
membranes—on CO, transport. Systems with 0%, 25%, 50%, and 75% cholesterol were
simulated. Contrary to the common assumption that cholesterol enhances permeation by
increasing membrane fluidity, the Mean Squared Displacement (MSD) analysis showed a

decrease in CO, mobility with higher cholesterol levels. This may be due to cholesterol



aggregation creating asymmetry and local packing variations in the bilayer, which hinder
CO, diffusion.

4. FLHEAHOBRHE

This research aims to calculate the permeation coefficient (PC) of carbon dioxide across
membranes. The PC is determined based on the local resistance to permeation, which
depends on two key properties: the excess free energy and the local diffusion coefficient of the
permeating molecule. We have already obtained the excess free energy profile using the
umbrella sampling method.

Currently, we are working on calculating the local diffusion coefficient using the Force
Autocorrelation Function (FACF) approach. This involves performing molecular dynamics
simulations where the CO, molecule is fixed at specific positions along the membrane and
analyzing fluctuations in the force acting on it.

After determining the permeation coefficient, we will investigate how environmental factors
relevant to microalgae cultivation—such as temperature, pH, and salinity—influence
molecular transport across membranes. Insights from this study could help optimize
cultivation conditions and improve the efficiency of microalgae-based biotechnological

applications, with potential for future scale-up.
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FE.P. Nasution, F. Yulia, Nasruddin, and T. Mabuchi, “Molecular Simulation of CO2
Permeation through Microalgae Lipid Membrane”, 22nd International Conference on
Flow Dynamics (ICFD2025), Sendai, Japan, November 10-13 (2025).
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AHFFETIX, Ni OFEIC L 2 RFEEOELIL, BREILOEK, 7o 5 N O OLEREE
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B LEHET.

2. WFFERRDONE
2.1 Ni 23[E¥aE L= YSZ =7 Vv DOVERL

AWFFETIE, Nizte Zr#* D3 E#T 52 E TN B YSZIICEBEL TWD EREL, LTFTOF
T NI BEIE L YSZ BT VR Lz, &3, SJ7dh ZrOg BALKS T2 4 J7 101 5 f512
PLaR L7z, KIZ, SOFC OB EHCEME & L TR s Tnd, Y203 % 8 mol%
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1. WHEO By E AR
1.1 WHEDE R & HIY

In the recent years, there have been many studies on the super-resolution reconstruction
of turbulent flows with the aim of reconstructing the DNS (direct numerical simulation)
flow field using low-resolution inputs [1,2]. However, developing a model which is
successful in predicting the flow field well especially for very low-resolution inputs is still
challenging. Furthermore, the novel methods which are being proposed for the image
super-resolution in the computer vision from time to time can make it more likely to
improve the performance and generalizability of the previously established models for
the super-resolution reconstruction of turbulent flows.

Golsa Tabe Jamaat has worked on turbulence modeling using CNN (convolutional
neural network). She joined Prof. Okatani’s laboratory which is one of the leading groups
in computer vision. Combining the experience in turbulence modeling and the
sophisticated techniques in computer vision should make a breakthrough in the study of

turbulence.

[1] Xu, Q., Zhuang, Z., Pan, Y. and Wen, B., 2023. Super-resolution reconstruction of
turbulent flows with a transformer-based deep learning framework. Physics of Fluids,
35(5).

[2] Kim, H., Kim, J., Won, S. and Lee, C., 2021. Unsupervised deep learning for
super-resolution reconstruction of turbulence. Journal of Fluid Mechanics, 910, p.A29.

[3] Tabe Jamaat, G., Hattori, Y., 2023. A priori assessment of nonlocal data-driven wall

modeling in large eddy simulation, Physics of Fluids 35 055117.



1.2 WFFEHIH N O Rcis B AR
Our aim is to develop a novel powerful method for super-resolution reconstruction of
turbulent flows. At first, we work on improving the CNN model accuracy for the
super-resolution reconstruction of turbulent flows by modifying the loss functions and
utilizing the functions that work well for the super-resolution and style transfer tasks in
the computer vision like the perceptual loss [4]. Then, we compare the results with that
of the CNN with the commonly used loss functions like the mean-squared error (MSE).
Next, considering the insight from the modifications of the loss function, we focus on the
diffusion-based model for the same task with the aim of improvement in the
super-resolution reconstruction of turbulent flows like better prediction of the vorticity
especially when the inputs have very low-resolution. Diffusion models have already been
used for various tasks in the computer vision including image super-resolution [5]. The
performance of the model will be compared later with that of the CNN and bicubic
interpolation. We begin with the homogeneous isotopic turbulence and to check the
performance of the models for the wall-bounded turbulence later.
4] Johnson, J., Alahi, A. and Fei-Fei, L., 2016. Perceptual losses for real-time style
transfer and super-resolution. In Computer Vision—ECCV 2016: 14th KEuropean
Conference, Amsterdam, The Netherlands, October 11-14, 2016, Proceedings, Part II 14
(pp. 694-711). Springer International Publishing. (https:/arxiv.org/abs/1603.08155)
[5] Saharia, C., Ho, J., Chan, W., Salimans, T., Fleet, D.J. and Norouzi, M., 2022. Image
super-resolution via iterative refinement. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 45(4), pp.4713-4726.

2. WFFERRDONE

A residual-based diffusion model based on the ResShift approach (Yue et al., NeurIPS,
2023) is built for super-resolution (SR) reconstruction of turbulent flows in pixel space
across various resolution ratios. The training dataset is provided by direct numerical
simulation (DNS) of 3D homogeneous isotropic turbulence (HIT) at Rex = 94 and 173,
where Rex denotes the Reynolds number based on the Taylor microscale. The model is
trained using single snapshots of velocity components at resolution ratios of 4, 8, and 16.
The training dataset includes 25,600 snapshots, each of size 2562

The diffusion model in this study employs a Markov chain to transfer between
high-resolution (HR) and low-resolution (LR) data by shifting the residuals between
them over 15 steps, which can improve transition efficiency. In the reverse process, the
noisy sample is gradually denoised by reversing the forward diffusion process and
estimating the posterior distribution. A schematic of the model is shown in Fig. 1.

The probability density function (PDF) of vorticity and the energy spectrum for the
resolution ratio of 16 are presented in Fig. 2, which show that the diffusion model can

predict the PDF and energy spectrum well, and effectively capture small-scale structures,



compared to bicubic interpolation and the convolutional neural network (CNN) model.
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Fig. 1 Schematic of residual-based diffusion model
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Fig. 2 PDF of vorticity (left) and energy spectrum (right)
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Golsa Tabe Jamaat, Takayuki Okatani, Yuji Hattori, “High-fidelity turbulent flow field

reconstruction using a low-inference-cost diffusion model,” submitted to Journal of Fluid



mechanics.

E5E

ERFER

ERNFER - FERE

5.2 Tofth (Frar., ZH

N

/71



£ (1)
a7 MR RS E

RS CL27APR24
il I [FIFSE

iRl 2024.4~2025.3
R o1 [mis

2025 4 8 /] 5 HiEH

A ERREIZR T 5T ) 27—k B 5 O fiF

ES)IINE PN
ALK ZEFARAIIFERT %
RA 2K
FAERZERF B T AN E RIS RERI KX Bh#K

iR 5

HRALRFRZFBE LAMIER 7 7 A A =7 ZAHIK % R
R FK, #i Bih

RALRFRFBELAIER 7 7 A L A =7 AHIK LA

1. OB E BEE BeoBRe BN, BEEMZEEZENTIZIWN)
1.1 e s L B

T T U a D= A EA ORI EE, BRI ORmMAEE A EEL L TV D
0, EOPTHHEES OB CHEMERBEZFIAL, “R LT v 77 BRFIET, R - 07
A — ' —OREES % LT 5 B O LB 715 (self-assembled monolayer, SAM) (3,
Z DIRFAD DRI FFED DRI IA S EATWD . 20X 2 Gy T2 FIH L=
ERREL AT, YAARD HEEART S A 2 DB AT~ H 23 S D 726, RBFETIEL,
5 FERE S 2351 2 B L X — s OB AR IS B LR AT 5. RIS, 18
% (MD) ¥R = b—y a3z, BEREREIZ SAM 2 &4 L 7= 5t C o B 6RO
ENAFMCHL TS Z 2D E LTWS. SAM FLfE o F i BEHT 2 KgAK
A EHEHE OS5 B8,

1.2 BFFEHARRIN O s B
ARBFFETIE, Flix O SAM &£ i OB DEAET 217V, S ARG o AR S i B A
DI L% FEBLF HIEMHMNT 2R T 5. K SAM R 2 Fim s & Khl4 % 01
MY A T = AL H PRI T 5. 72, BEEARMC R m BRI LT, A rEEY I 2
L—3a O BEMRIC X2 @R HIR OME A HfE L T\ 5.

2. WFIEREONE FEEFRFFEOEAITFDERICOWV TR LT 7ZEW)



2.1 B4 SAM EHRIC & 2 iRV O fEHT
SEIAM b2 B DKM R A2 ST v o F A —b SAM (2 & > TR — 2B LT-
REOFHRFZRZHER L, K LSRR OEMIREEZ KT 2 MD v 2 b—3 a3 % 7o
To. W O SR O BRI E) &K A X ORR A fRIT LIRER, RBP4 X &
STHRHDO ZMIMPE = T BIOTE =72 E L5 2 ERH LN E 5T,

2.2 SAMAEBER O MD ¥ 2 = L—3 3 >0 HEjl
%< D SAM 53y TFECIRBEFE O AG b L0 e T 572012, 5
DMAEDLREICEDERAMD V2 a2 b—ya U RAEE RS, 22T, HFEGELE2ER
THXFINE G252 LT, HBMICRERZMEL, BRORESD TGO T A,
MD 322l —2a DEITEITI I L—LU—7 2S5 Z LTI LT-.

3. WL HEE DRI
Fliz > SAM & FW =R —72 SAM i EoisEficad4 2 AEB IO MD 2 2
— aryOHEET L—LA U — 7 OREEIZHOWT, MR EEEER L.

4. FLHLABOBE
Sth, BRSNT-HAIMEZ L—2U—27 2T, R L7225 SAM ORI FiE 2 ik
L, AR TGHCBER M ERET 5. £, WEWN - LY —E2 G325 SAM
KIANZBIT DIREDOBFIMEIZ DT, BElER OB 72 2B R L TR 2D 5.

5. WFZERCR Y A b OXEF 2 B OWME O%GEIE, RS2 HFRFHETL L TFI W)
5.1 w3 - FRER (BERTEED)
ENES - RS
18 7, R 28, 51 ZK, 61 [ HARBE AR T T A, (2024), BPASL.
2. REVEK, F7 Zyk, W) #&2, %) ZX, BRIREIIFS F2 2024, (2024),
1M1004-07-02.

EERFS

1. Ziy1 Zhao, Hiroki Kusudo, Gota Kikugawa, A Molecular Dynamics Study on Wetting
Behavior of Water Droplets on Heterogeneous SAM-Modified Surfaces, 3rd Asian
Conference of Thermal Sciences, Shanghai, China, (2024), P-0748.

5.2 T O (FFF, ZH, v A IRE, FH)
L

— 100 —



PA=RER AN N S

AR 2 CL01JUN24
il I [FIFSE
| H 2024.06~2025.03
AR o1 [mis

£ (1)

2025 4 7 J 22 HAZH

BB T AR EOF 2 — 1 TR E—

FIGMEORIFIZ B9 2 BUER B X O EE AT FE

N— ik

FAERZEFAER A GERT %

1. WHEo KL B
1.1 o F L HY

fAOERE R EIZHND 32— (KDIT
A.Turing/319524-12%6 3 L 7= Turing /7

BRickoTHLMNZEN TS, —4,
DT L NFERIITHER ST DL
Mt D = & TH 5H(S. Kondo and R.
Asai Nature 376, (1995)). AWFFCILHEA:
(23| & VT, ZDTuring Pattern (TP)
OFATFRNITH & 5 IEIZELY #HTe.

X 1.

FIZH N D Turing /34 —

WEEBE L EOTPER D |o7c7zth, ZD L T ITAHOMEE LTS =M @ s EoTP
DOFRAFRIT R EDOBFE & F U< BENCEET 55> 2 ZWEFEE & [FAERICFinsler 847 (FG) €
T % TR PRI D .
WRFE AR, iz & 5 G g EMIEd L 0 4L, Pl Eogya LR K SIS, TPOXE
HRRRERD ZEETRTZETHD.
1.2 WFFEHIRIN O fofé B AR
FG €7 /A CTIENHEE HEIDOR) A EE 2 &E ZH 5. TP OET /AL TlE, FH CHLHETYH

[t Ay s ARG AT

WEAEFE DAL CIE P oo TP 2k L CTEAR Y ~— 0 FALE D

O EDME % IDOF &AE L7z, i L TixZ @ IDOF (TRE TE 222, il BT
IRV ~—4r 1D E % IDOF L35, (AR ~—4r10mE ) 1%, HERE T VIZBIT 558
LWEETH 5. 7eds, Z@ IDOF L, 3CHk Monte Carlo Study of Rubber Elasticity on the
Basis of Finsler Geometry Modeling https:/doi.org/10.3390/sym11091124{ZF W\ TEA X
NbDEFICTHS.

— 101 —



ARAFFED B AR

W) Mz —JFANs 5| E IR 2 & TR BRI R G2 # 0D L D g3, ihim b
D IISPEBA AT T H Y 32D

ZlE, BEFHREICL o TURTZLETHD.

2. WFERRDINE
2.1 LW FIE OB %
BEICIE AT B0 AR v —DmE &9 E% % IDOF & LTH L BT MTHAAT Z L 1T,
BT NEPBRT D2 812705, ZOPENERAFFODIZE, WXL —RZ0F L
WEBOEBEANZL > TP LAAWEELZZ T W L2 RTINERDHL. ZODICAE
KT =y 7 L2 &k
() IDOF BT v & A=EEHH) 7L &1, TP b%EFMIC/es 2 &, B, IDOF N EWGE
TSN REFCIZRDZ L,
() F ETHbNS TP X, IDOF RS HNARGE b RITNRGES, 5108 b E )
% IDOF & LT-MEEEOET VOB LE LIRS 2 L,
HETHY, ZNOHITITMERWZ & ITMER L.

2.2 Hr LWELG O fig ]

ML HARD ERD 3 HIZEHTE S,

@® AU ~v—DmE LW H LWAERIDOF) 08 A X - THEE L7z MR E 7 L 03 B
DHDHET N THDLI ENGnoTeZ &

(i) Zo¥BEShEEE T L2 Wiz FG 7L~ T, i ko TP & ¥ & F
C LI, mRH2HmCs &MEEND EZDOFHBNEATEZIZEEIC TP N8
NoHZENmholoZ b

(i) H LWEEZ R TR T 0D, O~ 7 a2t E 2 K3 2 HB = x v
X—F%2tH+252LT, = bab—S% F=U TSSOt L=, 22T, UIE
7 a i SR B e A N L X —, T GEDIXIRETHDH. ZO/RE, S iX
IDOF ORFEIZIG LT 52 L, HIZ, =2 bt —S3dH % IDOF OIREETht
KEERD Z &, £7- SHRKEAZ TS Z 0 IDOF OIREEL, L2 <L 4
5 X9 RIEOBEIC KR EREEIIZ T RN R ENS -T2, ZOGITS LT
LT hrolZ & Thd. ZoGEDDOEKRS, BE T 245 % OEICE L T,
4. Tik~R5.

— 102 —



2.3 BfEat Rk R

(a) Initial configuration  poundary frame| (0} J10)
PBC—+{ L a Area=L,L,
\
Ly = (n, — 1)b
4 n, =10 Vertices j (i)
V3 | linkedtoi
A (E’) j nijl
YRR S ———— Nt
%—'x @ = lattice spacing Z i
d Ly =(n,—1)a ,1—. Narmal
-8 11 Y vectors |
2 3 AEKTOYIIREE

( Coarse graining with 7; |

(b)

i -
)Ph\:ﬁjiJf

-
k

[ Linear polymr—.ﬂ

a) .

Coarse
graining

L‘.-

(c)

Normal
vector at i

Polymer
direction

Polymer
length

3 EETT L EE T L0 IDOF

wIIZ, FHRICHWS 3 AT
w2 1T, HIEAST S0k
DT, THREN ZFHICHND S
DX H/hS LTS, fit&HR
DESOEMIFTLITRD LI,
fit L BEDOTHRE AT L TN D,
iE 3 AT B 72 k& 72 0 CTHitkR
s 1 i b, &3
B CIETEA DONLE A2 B )3 D T,
U HHRREZ R DL TV 5.

3IWZHLWIDOF : =, %A
TFANTHIT L. X3 (a),b)
I E#REH (linear chain)E5 /LD
WAD ThD. - OEBED
B Dt % 2 IRITCDEET /LD
BAICIERELZLONH L
IDOF & L CTEATAHLEDOTH
% (% 3(0),(d),(e). BEET LD
B O T ITEFRNIEZ D &
RELTWD., ZOBFHITE
HRT, ZOEAY O3 MAFDIE
BT ML e ZOHFEDO RS
TEETROD TN D.

4 4(a),(b)iZ, ENENFET 2N T %
T DG L x HANCHN 1% T 555
HDATANERT. ZHHDITIIC
Lo TEMNBIEIEX S, Z0s o
THHEENHEZ RV —F L Lt

o L,

HT&E2. FEBEOFHETIIXN 4b)D &

| projected area | A, = L,L,

N x TN T o¥ 12T A HET |-

RNF—ZFE L.

4 BV 257007250 & x Fra D47

— 103 —



512, ZOAMRTRLF—
M7 aREHRTH D NES
TARNAF—U ZHWTEHEL
o hu v —EE s(=S/A),
s, HALEEY72 ox
frE— s EZ2DL EIUE
Lic~ 7 ailghtht) of 7.
i B o' T L oRE RN K
5(a) T, HhfE DIEDFE R Z
s ob)—(e)ThsD. 777
DOFEERIE, IDOF © (ZIRE L 7=
B CAH B (=R IR 23[R U 7 1)
(272 D) D58 S Z il i3 2%
NI A—=R A ThHDH. VD

S 00 2N Il E O T 2=0.6 T
A —N ]

T NA i) N e SNy
[1O 1o = 0.01 (Ryy =§0-8) C »; ‘""‘-- o " RGBT 2T,

1A o = 0.1 (Ryy =i1)

ZOfE 2=0.6 1%, RO EFHK
b By DIEICH L H7e\0. =
T, RyldIED x Fak y 5
MOEI DT By =1031FE}

5 FHOBEMEORECTHAE L b B —HE s BaEWT 5. Z0O1E0, A
LiES) ox =0.6 X TP & J51H % HiliE4 2

model 1,2 OEFEWIZH L 57
WL, HIEOBIZB W TEZEOITHIEREIC D X720, b OfERIISH ELENIC
HELRERRHALHIICEDNS., ZOZ LI LTIF4 5B 0OBETESRT A,

3. WL EAE DRI
1.2 THRAR7-HIRIN O A& BEAR IR S, mml e LTRET L Z ez 1,2].

4. F L LABOMRHE
FRRoEBY, dhifm Eo TP (ZRW T HIRHRED BRI S ITIE 2 0D & 9 Bt 7 ) <
ZLETTP MG R GEA# NS Z &2 FGETFADHIETRTZENTE
ZOIED, HBHNITHL TWieo e, HMEEICxHT 2~ 27 nie BT XL X —OFED
Sy hrE—HBEEZHAELLEZA, KROL D ZREBENEERASE O
@) = bveE—REKOWKREIL IDOF OHBEORI 2k 5 203 1=0.6 THbh b Z &
() 2D A2=0.61X~7 BTN L DEDGIEIEIX L, ZOMOFESRMIFITHEI NN &
INBLORRIHIE, (D—MIZ, = br E—RROREBERE)IZ M D> TRO NS
EIDOFMIFZEL LTV Z & (=hEEfEm), (2) 21=0.6 OfEIZH HFREREZ V=D, R=0 T

— 104 —



IDOF X572 2IZEH TR WL 2 e BRBFLAHIFF SN D 2 &, (3)TP OB HITIEDO NEE
WEERBL TS Z L, Z2FETIUL, ROXIRELZNRTED
(2) A ZE I S CTHbhD TP OJ5miE, 1=0.6 [2BW\TIE, ZERETHD
(b) Z DIEEFEOI TN L DG Z T BRI, 825072 TP 76, 1ZFHEFNTHD
N HIEEDRITVEZMERE L7z TP ~ L REEZ LT 5. 2O TP OIRREE kI, W
wRER, AD, JETEREARRE A KR L2 b D TH D
ZZC, MEZOOBBENR Y I 2L —hTEDNnEINTHL. LirL, ZOHHKEES =
MIE L7 ED TP)ERKRIECHI K ET LR LD L&D TPIIFHETETYH, OB O
ki, —f%IZ Monte Carlo ft5 IXRFAICEE) L 72 WV EERIRREO R 72 D¢, MC 7HHE T%
N BEREIZRD D OITHE L.

—J7, I EEPOICE ST & & OIREE, TE MC B L MEN D HIET, ERR
R (LITRH R RECTH D Z E N> T D, 1=0.6 IZB W THLbN S IDOF OFHIRAEI,
JEERRK & ) BRROBIIS T 2 FRRORERIRELE X 6 b. LavL, B
BLED DL, BRI NTKRT DRI E L0 b2 LT 29Tk 2082 O 05 DS BRI .
EH 0L bERMBIGITE Z 5. B PEEBLGICE T DR (L Z Db 0 L EEE(b &
DXL PPEICZ2 5. FRT, 2T 25 01%F L TEZE O NSRRI O 82 5%1F
THbNWDE ATV VAT ERT —Z %0, FG 7 /081 MC EOMAEDLETELR
He A7 U AL, IDOF OIREZ L Z KM L THONTZLDThH DG, EBRIIZELND
EAT IV VAL OLDOEBZ LD, o T, S%OMEE LTIX

FGE7 /v + @ MC
DMAEDLRHIZL ST, TPIZEHELZE ATV RAEZHETHIETHDH. ZOMAEDEIE
TP BIZICIR 53, MoBGTkt L CHu M e, RRKIFOIEEAEFIBIG 258 T D87
LWHIEEHITFCE 5. FG £7 VITEIN MC &L HAGbE COREEHRSNHHAE T, £
B MCIEIZFG ETVICHEAT 22 E TEOB N ERIETE D, 2NN Z O TH L
RETHY, FLEA%ORETHLH L.

o O WFFERR D A R

5.1 “Fifiam X+ FRFBER BERTESL)
FhHERE (RS E )
[1] F.XKato, H.Koibuchi, E.Bretin, C.Carvalho, R.Denis, S.Masnou, M.Nakayama,
S.Tasaki and T.Uchimoto, Turing patterns on polymerized membranes: a coarse-grained
lattice modelling with an internal degree of freedom for polymer direction, Soft Matter,
21, pp.2317-2338 (2025), https://doi.org/10.1039/D4SM01309C
EFRFE
[2] E.Bretin, C.Carvalho, R.Denis, F.Kato, H.Koibuchi, S.Masnou, M.Nakayama, S.
Tasaki, T.Uchimoto, Coarse-grained Lattice Simulations for Turing Patterns on
Membranes, conference paper, ICFD2024 CDROM.

5.2 TOM (FFF, ZH, ~ A= IFER, F)

Fric7e L

— 105 —



£ (1)
7'v Y7 MRS

LR R - CLO1AUG24
BiEiRE ]l JL[EAFSE
A1 A 2024.08~2025.03
R R %1 s
2025 4 08 A 27 HiEH
BEEESILTT A ADOKBBESLT: - iR Pl g Tic B8 %

D INTFT 4 DT R = LT R A — UFRAT

Ve HfE
FACRZEFAR 2O FERT 2%
ek —K
AL RFRFBE L 0RE e

1. WFEDHEME B

1.1 e s s B

PR - BRALFOKFERE - REEERZ T CORERBERILET A AT, KEELTD
Te DI KR FE R R A A 2 v 7 LT AT 5. ZHVE THgECIE, MRREZ (b o &
U728 n O A & IRE ORRREZ AL BB & 5 BVOT B A T I VW 5 2 & ¢ BRIk
TN ADOBIBE TR OO T 7T KRB LTEL. L L, 2 E TIEIEMENIE
BAARAFET D 72D, BHHEIC £ 2 IR T 21T 9 BRI 22 2 il > < B D 72 1P AUITRHE EE D B
WRERBF DV E 72, PR BRALST A A 1Tx LT ATy % Ee T T vk
% & EFRBDBE KI5 720 K KRBT 710K R S TIXBRULFAR T o X VRN 72
T TR <HEEMATICHB VT B, EHE I X R RT D L WO R H 5.

T TR T, BATT D RKHEFEEA 77—/ (100X 200mm X200 u m (5 &, fHiEfEix
10pm)) OEEEGHE (10 L) oBEXIRE (8E, EF FKE - HE) IZBIT2ER
bFA % v 7 D)) L BERALFHET 2 /b 5. ERE iRz kY, N BT
RIS & FUZIEBR T T O 5. Tk, BRALFET SA AR ST, Mo - Y-8k .
2 — U EDSHA~DOIHANAETH S.

1.2 RN O ik B AR
KB A 27— L (100X 200mm X200 u m (5 )&, AEEIT 10um)) OFEBEEAR (10 BLL
) oELKFIRAE 87, B, £E - WE) ICBIF2BRIEAZ v DIl L BERAGERN
@ E T 5. R BRALFEOMEMBS Z HRIZIEERT THLMZT 5.
2. MFEARE DN

— 106 —



2.1 B LVMIREHT F1E D B

KIEFE P DR D> SRR R 0 D L BB S R RB I 28y I 2 b—32 3 U &1T 9
CEE X IRRDTEL 2D, TOD, BEOHNT S LIXET VLI e D FE T ¢
XLFRERETHIVLENDD. 22T, AFETIE, ERCTHEONTEHEERSOPLET —
X a et BICHAIAT, Z L CHE I A RPBEIC TR VAT LB EZBIE LT,

AWFFETIX, M = — FIZ FEniCS % iV 72, ANSYS <° COMPSOL T & #iiF 2177273, H
HEDMEW 28, Python X—2A, FHEANHLSTANTE S, 5l - SRS 2RETE D L
WO KRB E AT 5729, FEniCS # W o, K 1IC 10 MO > T VDR RET VAT

K
K
K

K

|3

K
A

A

‘ EA A v 3 2 8=16x16 (for 2D 2Ly s DERE BT
1M >TWBELDRE YD and 3D mesh)
(100x100x0.5mm)

1 fHEET L

BCOAZE U TIEEEIAIIZ sin PIEZIWT, ROV 0LV EEoT-. ZHUTFERIZKE
DN T X LETH D 100 B E TRARDD HFOBLETAMERTE L LI otz 4
%1, ERT—F THEOLNIEBMEZ IRV EF AL L TVE . KR TI, iR
AV I2L—hCEDH L9, FEOEVOBREFHEZIT, TX/NEL Lz, §tHE=
A NZETTF D702, N A Y 282 BRI 5 L, 100mm X 100mm D& /L% 16x16 TIT
DT ENTE I, IS bR TE 72 (FrER R ARERD 18 ITIKR) . —&F LoD 1N
GETED LI, THLDICERFMETEALONBOT v V% xy FHICHE L., T2 b—
a v a~OERBENSLTEHEHDIL, —F LSO, FEHOEIZLAEZ z FRbRET 5
ZLEThHRTFETlobolz., WHMEOHE NS, Penalty #5725 Augmented Lagrangian 7% % £
fRFREIC T L7z, RESRA0IS, OMRME D 0.1%~1% D72 £ TIUR TE /2. MFic >\ T, &
FEA9IZ 300 KA EOFEEMEIE Z RT3~ D 7o DIk 2 7o FIESY 7 R ERITL T D, 20N %
T LA 7 AN—TENTE L OEATEFEEEEROHERNT AERERIZATERIC e D LB X TV 5.

— 107 —



2 EATZ 10 KkaE R DR 534

3 EATT 10 HHEE AR D von mises /]

2.2 B LWEIROMEH
AR U 72 oLk it FIEZ RS EMITIC L 57 7 e —FIZ oW THAT 5. FEIZ 5 DOREE
MWEZHND.
- AR SHEED — HREROFLE X ¥ v 7
- BB - IR bu—2r /BEE - By, WMEORELEEND
- C(Cwihm) — IRROK Y - B - & - A v VJHFE CEHE
- D(DCT) - kL ETHRERWVEREA
- E (Shape Index) — #8972 5 & A 7 54

HAIE, BLIRTEITEZONDANRNT A= Z I EZRHE LTV, 130k (B

b T, FEifl) ZLUTFORICESWTERSIT 21T o7, EROTIC LY ThZhofla %
BHLEbOEER 27T,

— 108 —



#1

5 DODORHMEZ B NI I V22K

g n—7 EWE E1] e ELEREBELETS
e ey T ~ 5 Frimde =
géﬁg)ﬂnf I1SO Sa HiTEms4EE Sa = i H‘A‘z — z| dzdy EEHOFEYHEFELAE
Sq SERFHESRES Su=y/§ [ale ~ dedy Sa ERBFEHKIEEEHRIE
Sz BAEE % = Zmax — Zmin WES DD 2 IRE
Ssk =& SR S5 HEQEGIER T
S g e ey TRBLES, ALRES
Sku £ Sku = s%ﬁ [ale — 2)dedy REORYES
B (f#4) Sdq CEFHTHRERN sig= (L (@) + @) )iy | MIRPR—ECRYER
C (= Reh#iR%) a0 EEAT ek , TEIIE
ao (EX0R) ST 01
al, a2 — RIBSHRH ar = B,z a3 = B, SHEOHE LU THRE R
a3, a5 HA5E = R , K XIY B r=MMIE,
a3 = 30,22, a5 = 30,2 T, M
a4 TEZREE ay = Onyz R ESV (HABRRY)
D (&3 %) DCTO — DCT14 MY A EBREY . BEHRD 2D-FFT QIEBEER. p.q HUMELNELS
Cpg = T 2y cos 25 cos W5 | R REF RS B, 0: RF A AWSDT, 1: BT
Hrh S
E (FedkiE¥EA RS S | ShapeBin0— AR IEH(Shape Index)% MAkfES S = Larctan P EEXEORFIHE K ~k2 HERH B, -1
L) ShapeBin9 #[-1, 1] T10bin/mIFEML M#F.~-0.5: #.70: AF./+1: A, EALT
‘DU or B EREIL.
=N
#2 L5OOREESKETHE
EHS | BlE (%) | EICHFETIHEHEE BT IN—TD5ER FUH5 (RHEB)
PC-1 57.5 DCTIER K & —R#a=a3, a5 D=1.10, E=0.90, C=0.78, A=0.70, B=0.35 | M(+)/M(-)DEERT—IL(ENFET
RoTL5hH)
PC-2 |14.8 X EMEa4 & DCTOT D=0.59, E=0.48, C=0.42, A=0.37, B=0.19 | fsdk&1 T (+: &z / - FERIEHT)
PC3 [ 11.8 —R{FEfal, a2 & DCT1 D=0.82, E=0.68, C=0.56, A=0.52, B=0.26 | @& {ADIEE -flY
PC-4 |0.08 DCT02 & BT (ShapeBin8-9) | -
PC-5 |0.04 ShapeBin0-2 & Sku(&EE) -

A= S iET, B=tE#, C=2kdh, D=1EEKDCT, E=Shape Index

ZHUZ LY, PC-1, PC-2, PC-3 DEMNNDNENEIFERICEE TH L Z LAbns. PC-1I1EM
MMEAWEZRL, PC2I3EE LNV IUTEOESWERT. Fiz, PC-3 XL Y HazrRsL T
5. PC1EPC2DBRAERLIZLDEK4IZRT. £72, RUVEEWVWERLIEZHDEK S5 (IZ
R ZAUSEDWTRVEEE O AE DY & R T Ui 72 Al g 7 1ED o0 5 AlRetE D &
5.

— 109 —



PC-1, PC-2

# ,
. EMO3_T;
2 ! - BEMo1 Top ]
! - ABLHTHE
34 1 .
WEM10_Bottom ! vV E®|
1
1
2 1
1
T WEML1 Bottom | £E2Top
=) 3 Bepom |
n=:| 14 ‘Eﬂﬂ B : EM11_Top
4 | EMoﬁngop WEML3 Bottom
B odemem eMosBotom 1T oy
® v EMO74R5H09_Top
- A
2] \ %EMO _Top
b 05_Bottom !
O -1 fEMu_BoﬂﬁN _ -
a 1
1
1
1
-2 |
. EMO6_Bottom ! WEMO3_Bottom
N -$EMOT_Bot\‘.om | B
EMO04_Bottom |
)[’ -3 - I WEMOL_Bottom
o !
T T T T T T T
-6 -4 -2 0 2 4 6

PC-1 (Overall convex-concave)

™ ﬁ ™

X 4 PC-1& PC-2 D%

ALAY orffatE Y

ohlY PC-3
— -—- +l0 EtJILOHEOEERE
B 44
E
¥ 2 hmmmmccccccccccccccccmccmmmccmcmmmmcccccccccccccaaaa —_—
2
£ 0! mm— -__--__-_-_._ 0J --
E
o | [ |
Y Pt U —— —
Q -2
.. = (-9 o o [-% (-3 o a a a a (=% a
Z EAtY oripEstE Y e e85 gEegE g5 e85 8588 ER@EBE 8§
. W E B E o8 E o E o 8o B E N E o
0)1(.1[,') o @ =] 5] Q & =] 8 o o 2 3 o | Q 6 = o = a8 = 13 - o
= = (- (- "= = [ = [ I E (- 1 Z 1
g ¥ 3 ¥ 3 ¥ S Y S Y¥S ¥ B YWY I Y I oy 2
= = = = = = = = = = = =
z z z == z z z B E T z
© 5 g = w © © = = ¥ 0B @

X4 5 PC-3 & 45& /Lo i OAF HE(R 22

3. WL EEE DRI
MR T T B E RIEREOREZ RHT e TEm. 5%, EREmAEiTH> L
TARFEOBMMEZ RTZENTELEESTNAS.

4. FLLABOMHE

BERT VX —ZEWT A AO @RI IR A MEEFEBRT 510, s —EE L
MARAIRTHD. THEERTHIE, Hrxoberzi@ L THEBREECTLERNS S, L
L, BAZE<T 52 L TRERICK Y NELRT K RY, ZoOKY 28 L CiEET 5 &, %
BRI FoBIC e N D ATHEMERS B . DT, BIMEREL R Ui 2kt & 7 s
RKdDbid., AWETIE, BEBEROET MEEIT) 2L TREBEDOD L ET —Z 2 Wi H
LW FIEERE LT, xRt B2 AV CHERBEICRE R HE TEEZ R L& -
V.

— 110 —



5. WIFERCRY A K
5.1 FINFm L « FRRER
FhHERE (RS E )
Junya Tanaka, Shinichi Sugihara, Kazuhisa Sato, Keiji Yashiro, Tatsuya Kawada,
Toshiyuki Hashida : In-Situ Monitoring of Cell Deformation during Operation in Solid
Oxide Fuel Cells, Journal of hydrogen energy (2025)

EERFS

K. Kojima, Y. Liao, Y. Huang, K. Akiyama, Y. Ozawa, K. Sato: Investigation of Flow and
Mechanical Properties

in Solid Oxide Electrolysis Cell Interconnects with Different Rib structure, Proceedings
of SOFC19 th Symposium, (2025)

ENZ2= - =

NIGEEE, SRR, BKILOREE, ANRES, el —K o BRR(EER T L O RS w7 NS
AXEE & BRI ZZEVEIC B 2 0PTE,  HARBRIR A 2025 AR AR ORI R U, (2025)

— 111 —



£ (1)
a7 MR REE

RS CL02AUG24
iz il I [F 5
I FH 11 2024.8~2025.3
A R w1 [EERE

2025 4F 8 H 20 HIEH

L — PRI T O~ D B B 5
Vit B R A AT

T HIfE
FACKRZAFAR I TERT 2%
xR
HAREF Rt WFgER
el

WAL KRR TR 7 7 A o A =7 A KEREFEE M 1)

1. ORI E BEE WFROERE BN, BEERNREEZZENTIZIN)

1.1 OBz EHD
AT vy s NI, L — R KIE O EIREE T 2 BB O M) 2 h o’ 2
THL—=F Xy ET—a == ZICONWT, iR MEREAEENTIC L D . KIRD
JEIEE R ) OMBI~DOEBEEZW LN T 20D THD, L—FFr 7 —varb—=7
IZBWT, VSRR g T REOA X o RA 7 HEE (L) I3EERM TR TTHD
B, ERTII N IA & T —RFITHRRICEVIRELTEY, L—HF L A= LF—X
MEZ Ll ii e A X v KA 7 BN GFET 200 S 2B RHTH D, AFETIE, KiEd
& Ro & &Ja s & EARBERIH OBREE L CEFK SN Dy= L/IRIZOWT, FER L, ff#E Sh
TWDy <0 ORIy = 0 OFEIHIZOWT, BHINITAR, M BRE AR 217V, fi
AL RATHEHIRIT S L —F UL AT R X =B OB Z W 50T 5,

1.2 WF7EHIEN O R B AR
Ro. y. MEHES (R7 YV bb, Yo rs ®E) 282 T, KJaEEEEIC L 5B~
D R R A AP L WL@y%%Eﬁ IT %, Fio. MEHERDRIE Ry ~DREZ N 5
ZF 5, SHIT, KYUEHEEREIC X DM~ ORERIICI T 5 Ro DR (KILO~iER)
R) 2PLNTT D,

2. WIEREONE GEREFZEOBEITZ DERICHOWVTHRAICER L T ZEW)
2.1 KJa DB )T L DB~ D BRIk 2 35 1 D Feaii 72 y O fif ]

— 112 —



KN T % 3% 8 LT3V A —H % BG UCHOIN L O T 7 & & m ESE 5
=YXy T —ra bt —=0 7 TlE, 72V AL—FRFICLY L= T 7L — 9
FEL, L—FT7 71—V DRI, F¥YET—Y g URKIEREEI 2 R TRIANFEA LT
JEE L, ZOXKJEOTIEER )2 AV TR ENE 2 1T>oT\nD, ZOL—FXr 7
—Ta = T OFERTIE, y <0 OFIBIZBWTRE Ry WFET D0, O
HTH 5,

AWFFETIX, Ty 22 b ST, RBANSIRIAR SOERE B AR 21T IO ETE
ST L DM B~ DR A R L2/ R, 7 =0 1BV THRREZRDZEHBIL,
TS BHESITIRIE L 72V 2 E B ST 2o T2,

2.2 KA D EIREE S K DB~ S EEEIC 5 1 D KB 0 ~HEZN R OfE
LIADEIEEE N L DM B A~DEEEICHONWT, v 7 0Py MIUER & E&Rl N
KB ERTUETE (y =0) OZFNENOHAEIZBNT, RoD_E R ZZNEIURE LT
BE, A 7Yy MIEETIERESHEESN 1 TH Y | PERAEE CIE_E BN 5
ThHDHIENHF LTz, ZhuE, ERTIE~YA 7 vy NMUTER & B8R AR 722 EE
ZRXBILCTHEBRTE W (ERTIEWENRE L CTEUBR LM CE R 72, A
ARMATHD, £2. ZHIEF vy BT —3 a VERICEIT A HED RO RS HREN 0~12
BEIEL S —RERBR LTS EBEXLND,

3. WHIE AR DEERCIRDL
T2 DB RoIZFB W TRIBETEE R I L DB~ OB y =0 [ZB W TR E 72
D ZHEMEHIERF L 2 & & MEOREBFIRO RGO TEDRBPA SN 0 | b
FEHIREZERK TE T,

4. T LABOME

AT LD | KU DOEIEEE SN K MR~ OB AR R E 2 Dy I L, £ D7)
HIEREOTENR B BT o T, 73 AR K VB BT o7 SHESRIZEBW T,
SIAOE T SRPWE, IRIROEEA B —F A (FHEOBEE) 7o ENEEL TV 5 A6k
Db, 5%, THERICB T ZNO DR TFOEELI LN TANEND S,
AAFFROUEA /I EREREAEFRATIC E D |y =0 IZB W TRIEDOEIEE R I X 2Rt
BB L 725 Z LA LTz, FBRTCIE, 72V AL—FD7 7 L—U 3 UL - TRIE
NHFEREINTRETLDT, 2L AL—FOESMNENSERT Dy & ITRR D REERD D
DT, yaE ST BEORIREKE e b ONCEIEK 2 FEBRIC X 0 EEMICEI LT Ry OF
EREZBE LT, EREORE Ry ZEZTOVLERD D,

5. MFZERRR Y A b (X% 2 MILIEOWE O%E1E, PRS0 ORHERL LTRSS W)
5.1 “Fiam X « FRFEEX (BERTEET)
FHEEE RS2 D)
FRLOFM L % Experimental Thermal and Fluid Science, Special Issue “Cavitation and Bubble Dynamics”
(Guest editors: Shuhong Liu and Claus-Dieter Ohl)(Z #F T 1E,

— 113 —



Tentative title: Scaling effect on stress induced by a bubble collapse near elastic solid wall obtained by
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NV, HEFEDOI LD RE{EDRD HiILD,

COPZERRER Y X b R 2 LA O A D5EI, WIEIS 2 BRERHERL L TTF S W)

5.1 “fram X » FR¥FEEX (BERTEET)
FNHERS (RS2 S T)
Haoran Wang, Sheng-feng Huang, Takashi Tokumasu, A Molecular Dynamics Simulation
Study on the Hydrogen Peroxide Mechanism and Distribution Features Response to the
Stress in Nafion Membrane at Different Water Contents. (53 T &)

Haoran Wang, Sheng-feng Huang, Takashi Tokumasu, A Molecular Dynamics Study on
the Effect of Polymer Chain Entanglement on the Mechanical Properties of Nafion under

Tensile Loading. (F&FTiE)
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1.1 #FgEnE =L B

LRI TR LS E T 8RR 71T, BT v RV RREF PR E Vo
e B FRRBRZ RS 2 72 OEOEMEBK 6TV D, L, FEEED
BHELIZ D, ]ETRO 1 D ThH Ty F 77 a2 T, ERFIETEIINETE R
WD B O RmBEE RN L 2AT 5 ENH D, THRLFE—LxyF 7 (Neutral
Beam Etching : NBE) (&%, fEROFER AT 7 XA~ 2T 5 Z & ThFOEH T3
=00 ZRIFE DA EOR A HE L FEEOIRICHEREZ N T35 FETH Y . kil
ROFLEREXDOEBEVELIHEINTH L, L, =y Frr7rmnt RIMEREIR X
WMEFSOG 2 BT T2 DIEFITEHETH D . @AIRPOEREERT v F o 7 RO IR
ITEERRANICAT DAL DIEM D TERBREFHIB L OCANERZHE L T\ D, Z0DH~
I, ALFRIC E B I FEBE LI@EBER Y I 2 b—ra U EITD, BT e R %2 KR
BT D2 R REAEE LTS, 22T, fERICA B URPIER T2 EA L,
Wiz T4 % NBE JEICAEH L, AT 2B FOESCERBE N T v F 77 nt X
~EZDRBOMRAEE -ORNET D, F I, KL FASRFOER) T R L F— 2N
FA=ZIZHREL, Ty F 7 7aA~OEELRLNCT D, ZO%, BMEFHEN G
HEMNE ol AE b LICEFEERZITV, &7 A7 MG L EB R v F
77t A0 ERET D, FECE LT AALFRICE BB T 572038 — R BE A
DWW R HEFHFEE WD 2R — R TH D, 722, 2D XD RFETITE
BORAZE D Z EITEHRAR OB DBLFEMIZEHE L < | FEa9Ic4 10 nm 27—
TV O R K BB 22 T AR DAL 2 AT 95 Z L IXREECH 5, £ 2 TAFRTIE, F &
L C s P 715  (Reactive Force-Field : ReaxFF) % f \» 7z 43 1 &) /1 5% (Molecular
Dynamics : MD) {52 K o TR 21T 9, AR RIZB W T NBEIEIC KL Dy F
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FTEEICOWTHET 5 = & 2 ARORKAN L T 5,

2 WFEREONE GERIFFEOHAIFZ OBRIC OV TRIICTIR LT 7ZE W)
21 FEAm T RIC R D SiERT T
Si FitR BICESANCHEZR CLB XN F A2 A L, NBEEZ W ey F o7
DERAEEET AV I alb—va v EER L, ARKOER T XL —2 2 {b3d
BRICEHERN SR L 72 R SR FEE RN T2 2 L Ty F U 7RO B A g L
Too EToRMEANT T RO N R & 28 S BT BRICFH SR D O A U 72 S50 Si 1
BaBH+5 2Ty T o TIEO ASHAERAEE BEE L T2,

22 Si AR ORI
BRGS0 2 A AFERIC BB B 720, Si B BICAER T B BRI O R R R
by Ial—rarle, EROWEESE Iy T 7 7TatAD—D2D/NNT A= L
LTHAONDTED, AFROILRLIECHATHD, BT ne A2 HEL,
FERRAA B0 5 07 % 280 S R T BRI FEAR R [ C DOEE R 1 O iR OB LI O A 1E SR AT
AT oTo. HEMMEE Si 2D Ge lCER T 5 Z & TREBIENZEL L, BLEOMEIZ
FENE Tz, Fio, BB Z & OBER T OFBZHA L, BLEEEZH LML,

3 BRI HEEDEERCRIL
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VWD AR = NG MEGR LT, £72. MTEFEON, =y F U ZILRIZKE
INEBE G2 D ANHRTFOANFAELZEEL, Ty F 7/ 7at A RIETTEEBICOVTH
iRt L7~

4 FLHEAEBOE
Si BRIz a7 U R & ASTT DA BV T, RO AR RFOEE) = X L ¥ —k X
AR, R EEE Loy F o 77 at A~OBEBNEH SN, A=
—vavEELE LT, SRITERRFREOET, EREOET /2L, BRI MT 1T A
—ZOERIfED =y F U 7T A~DEBOMPANLILET 5 TETH D, ELAEOD
VI al—va ZBWTIILE%OENRIE ORI OBL N HER SN I- 720, 5% TN
a2 LB ORI E~DOREERIET 2 T ETH D,
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OK. Sekiguchi, N. Uene, D. Ohori, K. Endo, T. Tokumasu, [ReaxFF MD Analysis of Substrate
Material Properties into Oxide Films during Thermal Oxidation Process of Group IV Semiconductor
Materials.| , [PRiME2024 The Electrochemical Society] , Abstract# 196413, Hawaii, U.S.
(October, 2024).
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1. Wt R L B

1.1 MO & HIY

IEOKAET =7 (GNH3) /ZEXURBENIFEOMERIZ LY . NH3 28 2050 FO N —AR > =
2— NI VZAT AR R VF =T ML THD I EWNREINTWD, Y= Tk, 2014
D 2019 FEIT/NT T SIP 7'u 2= 7 MIF W T GNH3/Z2XREER L O GNH3/CH4/22 5 8k e
\ZBE B IR e FE 21TV, GNHS3/ZEKBEIZHIT 5 NOx KO0 DHFLIDY v F « U —
V2 BEBRBERAN 2 BRR LT, ZOHMIC L 0 BET A0 NOx BEH &L, 02 IR 16%#25 ¢ 100
ppm AJili  BAEAATICES <, BROEBRTIE 42 ppm A4 FE7E) (TR S, AR NH3 HEH
EHERIZRoTc, OO E AT LT, ERIE AR L X —iFEpT (FREA)
IZBWT, AP 50 kW GNH3 A X —E v 27 AL W IREBEBIGEN 7=, LiL,
NH3 IZHF RO EER X (0.9 MPa) (Zikik & LClivik - il S b7, NH3 25Kk S+
THBES 5 GNHS/ZEXUABE TIX, T AZ —EVBRMICH T a X RRRET D, 77206, K
K7 E=7 (LNH3) Z XUt &, BEIH A Z HIEHET 572D 0¥ —L | B4 55 = A
FSMBINEND, ZOZFRLF—L, ZSALEED NH3 O HEAED T~8% i 2 b b 2 &
IZLD, B, TUrE=TRUILEEOINEPIEWZD, BERL I LIELZ ENHL
A, AAZ—EUREBDAY v hEENLIZV, IO R E MRS D HikEE LT, RIKT
VE=7 (LNH3) OMEFEIZ X D2 EBIREEN S 2 Db, UIFFR=ILERM FREA & 35[F T, 2019
FEND 2021 FTIT T, HAX —E U PREESHC LNH3 WSt L, [£77 0.25 MPa @ 2 BekkEss
128 VBB — AT 50~100% D LNH3/CH4 JREERBRICAE Uiz, FRFETIEL, KREEL
DI=DIZ TR (500 K LLE) FERIKIA LR Uiz, —J7, $fifigircix, H2 28 L7
LNH3 M g e OB ARHTIZ K 0 . LNH3 OF B 49% T E LI NOx BABED il S 4172,
ZhiE. LNH3 7 7 v ¥ 2 M5 OmERRBEIZ B 2 A OBEMFZE TH 5, S HIZ, 2021
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o BEFHRBE DR FRICHE R LT, AMFZETIL, GNH3/ZEEBNED & 9 72K NOx ke 2 LNH3/22
RIRBECEBLL, ZOHLWT =T IBEHEINEZ A 2 — B U RBETS 1 Cla < LR HIfIC
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«w)ﬁ®w%7/%:7%$@ﬁni HALR—E L OEIRICBWTHIEFICEETHD, &

. HALMER ) A& L7z LNH3WEZED /Ny 7 T4 MEBE D, BB LU+ K& W
”~Mwwom SER72 LNH3 77 v ¥ 2 BB ER TE D Z &#réhfw %, Ll
JANNETOT T v apsl /) AV RNEZO—RKIL (77 v a7 b—2o7 v 7B
DM FEBE LT 7 vy 2B BRI OWTIL, £75+50 ﬁ’%@%énfjﬁ%f\ Flo7z 7oy
2T =0T v TREOEBENFRNRAIR TH D, S HIT, REOFEBRMAFIIZE D, LNH3 %
BEIZ TéNmﬁwﬁiﬁﬁﬂ%/xwi@%%ﬂ&%/xw@ﬁ#k% R C X 5 Z L AVR
SNTWD, §Eo T, HALEHR 7 XV & LS ) AV K DEBERROENCET 278 &
BCThHD,

1.2 WFFEHIMN O Rk B AR

77w ¥ a MERHGRFET, TS RIREFITE ) L 0 IRVBRE ISR B Shiz & X
HETLEGETHD, RFHE T, ZUDITEAREGRE AT AVNICBIT 57T v
WISIC L ABARTET VAR LT, ZORiR% ) ANV N OEERERSMELE Uiz, T TE
TR OMBARET NV AR LT, / ANVHABEZROEEAZREL, 77 v v aEEITBIT
% ) RV O @B EEZEEIROFEZH O T 5, TNHERA LT, FRXENR LN
B9 5 LNH3 " OBER THI, REETHIZITS 2 L 2Rk HIEE T2,

2. WIERCRDOINE

2.1 B LVMEHT F1ED B

mED LNH3 % 7 A0 b EFEN LT OREREICERT5 L MLWT 7 v v 2 ¥BBIC &
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fekH) . HFR (BEBGHE) . B X O TAHMOMEERZBET 52 0ERH D, TOd, KHHIC
AT7=T7a—F& BRI 770227 7n—FEH AL TND, ﬂ%ﬁ@@ﬁif“ﬂ
PUFRE, 7T v ol 723, BV L OYBEBILE NG L TnDTmH, Zivb DA
ERIZoWTIE, 7770 var7e—Fa2lnWch 727 VTR SN AEREE A F7—7
7'a—F OFF RGNS 2R fEGNEERRBEHE Th 5, KHEICIE, e R,
IR, ALPRERFANCE S EREE T e « A b= 2AHFRAEZEM 7 o2 ) o7 E LI
LT\, mED LNH3 DMEEERBECERN S D & QEIEE D 72 AWF7E CrEr
AEETNVIIMATIHEM T 7 v v aWEET VERH L T D, BiEMITIE, A—7 Y —2
21— R OpenFOAM-7 DA T L —7 4 — LY )L AA—%MFH LT\, A2 I, 3 WocEHEHE
J#8C Large Eddy Simulation % 337 L7z,

2.2 Hr LWILROREH

7T v aEORE, B EEFEA (BRI . IO A X, R REREE 7 2k
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WCRHAE L7z, fixpilBVECco ) XV 0o LNHS i EARMRE b B B S,
TN A= B LTIV I AREREL & i STz, RIKT =7 0 AV DIZEIT SRR IE
BB, BB L > TRES BT 5, WEVE 54 K T, RIKT & =7 OAF YK
TFRRIL ) ANRDOKI T% F TR 2 2 Lotz

BNy 7 T A Ml LA EBRTIE, EJhER, XV (Ru a—r 7 2L & FERIICHE U
) I BIRBERRIE ) 0.9 MPa O FFAXUCHES SNTIRIKT € =7 % T, IR EEE

TIHIRIRT V=7 O 2EEEEENREPNCBIRE SN, S b1, BEEROBMITE o EA & &

BIRIRT VB =T EEOEBZEAENEMT 5 2 L b8l S iz, & 2 CAREMAMIT CIX, "E
SHREEZK) 293 K IZIRBARN G, BBESROEPHE 1% 0.12 MPa 775 0.9 MPa * T&fkSH
LIk, SESERBEETORIKT B TEBEAFE L, ¥ —FHEE (SMD)
TH# LT A X L IREE A & EBRIEE & bl U, WEAEOL (L2 GRS,
AREAERATRE RV, FEF ARV BBV Sk 2 B Do E T hER] ) AV OWEFER L 2 g+ 5 LT, &
MR AR L T D,
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Wb 7 mv X (779227 b—07T v 7BE) ICBWTEERERHZRTLTWNWD Z &2 ER
L., SORIMENKLETH D,
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WEFED SMD &R /AT 2 BUERIT KR D72,

LB O TIE, 7 ANV OEZO KWkt (77 v a7 b—o7 v 7EBE) OFTVH
HINRAIR CThH D, o, 77 v aEGEr RRERICEHAT 5700, HALES 2 XL & 240
bt 2 RO T EnEEE T LNHS/ZESUREE L . NOx AR 72 H ONTIREL & 28R ORA
PEOBIEIRFI G EHETH D,
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1. WHEDHME BEE
11 B FE B

BITE, BB HEOFE FREFE IS i T 2 ERE 70 TR EHE L (Polymer Electrolyte
Fuel Cell : PEFC) (2137 v FREMEENIA HNHITWA D, BREAM - maI AR &
EEINEERE COMNMK T2 EORTHREN D 7=, T, 6 ORBEOUENRLIAD S
WTRIC 7 v REGERWIET v # R (RALKFETR) ERFEREARIARE S L CoR < 5
SNTWD. L, TRETHBINTEIIETY v REREMERIZIZ 1 21 2OWHEICE
WL T v BREMENELL EOYMEZ R THEHNIAAET 2 b OO, HEE &AM A [[IRFIZ W
ST AT v BREME L ZIE THE LR o T2, IEF, @R L S AEOHEK T 5
etk 2 N2 5 Fo R0 703k 7 v BREMENEORGHEE DS R E Sz, AFETIX, AL
REEEARY 7 = = L2 (SPP-BP) & W\ 9 @7 | b uAREM: &AL PRI E M % DR o b
KFREDTIEICERZY T, TAA4 ) ~—WNEHOMHT 21T\, AeRmICB T 2R ERE
SOEAREEFERS KO e b AREME ORI A HiE T

1.2 WFFEHARIN O B B AR
AAFIETIE, PEFC fililiE 123\ C SPP-BP &40 1% W 2 RALKFERT A A/ ~— D%
ERHEZRIIL, F ) A7 — WEEICE S BRBMA =X LL T N AZEMEEZT 5 )
2T 5. FTo, WRON—=TNF 0 ANVKRABEGFOT A A ) ~—OFEEENE - e b
NEEME L O AITH 2 & T, K3 A b - mERE RS FREEORGHIE TE D &
Exbhb.

2. BFZEMRONE

— 142 —



2.1 RALKFEREMENRE (SPP-BP) (CkI9 DR FERATH
AMFFERRE T, WEREEE T A At & Ak FREMENE (SPP-BP w0 €7 /b, KET
N, E RR=U LA F) L THEISNIFRREERL, BKES, 5, 7D 3 &M THRHESE
WEHR A TR LTz, AEEITIASE TRV OEEKRETHD 9,11, 13 D 3KMFZEML, 716
FEOMEF B R L ERM Lz, £z, WEREEE CIIMEREELTMTOBICT A4~
—HIEAZZE L, AeREITEE L BRI FECHAN L TV eds, AREEE TR FRZ IR
TR L, BKRICEDIEEDENR EORELYEIRL, ERINIIRETEFEZ N T
HE oL,

2.2 MR BRI DT

SPP-BP 7 A 4/ ~ —EOMFEFZIEFEIITEKRERRE S HEL TND Z L nho
7o RERRREORBFEFEIIRE <, REWRED T THDT 7 1 40 OFEFEFRE
L0 b 1~2HREWV. UL, BKRENGE L R DITHEWVIBBEFBREDTIMIIET L, &K
Y LLEICARD LIFFBITWVICAR D 2 EBH BN E Mo T, GIKED ERICHE O BRR Gk
BOBIMIME T, A@ME L 7 A 4/ ~ — il & O R EH o ORFRRIERE N HAET D 2
IR VBB EEEPNRT LceolZeBEXOND. £z, REITIM O & it Lz
LA, AeftL T A ) ~—@lRE OFEES OBENT A A ) ~ —EENE O E X
DHRELR-oTEY, AGMBEE T A A4/ ~—3lk & O FUEE /7y O E N R R FE MK
L THET L LRI L.

3. WFJE BAEDOERCRIL
ARBFFETIE, MW7 e b BB LR ENE 2 fFERF o2 /e SPP-BP M4y 18 & &
NI2IET v BRREMEN (RILKBERT A A/ ~—) O FEVIFRREEZFER L. RO
fh R, BEREICRT DRILKERT A A/ ~ =l OBEE HIEIEPMEE KRR ISR D 7
v FABMER (Nafion) K0 & RIEITHENT 2RR LMK, £, SARRITKEFEL
THERMILGO ST LK FORENEM L TWSERR bR TE 2.

4. FEHLA%BOME
AeXRE LICERF7 A4/ ~—%FE L72FHEICBW T, RIGKERT A A/ ~—OHiE
Rtk LRy OFZBFEZ B G LT, Rt OfER, SPP-BP &\ 9 [RAWKFE R &1
BEeT A ) ~—"TIX, 1k Nafion #2587 A4/ v — X VBB ZBHEREL 8D Z
EWG ol Lin L, BEKEIZRD EABICBBERENMETLTCLEY. 4%
X, RILKFRT AL/ ~—OHEICER L, LVBELZGERSEOTUVEEEHER LTV
STETHS.

5. WFFERCR D A b
5.1 Fifiim X « FRRR (BRTESL)
FNHERS (RS2 S T)
[1] Kengo Hikida, Hiroto Suzuki, Takashi Tokumasu: Effects of Ionomer Film Thickness
and Water Content on Oxygen Permeation Properties of PEFC Cathode Catalyst, ECS
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Transactions, Vol. 114, (2024), pp.127-132
[2] Hiroto Suzuki, Jin Yanwei, Yukie Ishizawa, Naoya Uene, Jiayuan Ji, Sheng-Feng
Huang, Takuya Mabuchi, Takashi Tokumasu, “Molecular analysis of oxygen

permeability of aromatic hydrocarbon-based ionomers”, 7% &

&
L

EFRFE

[3] K. Hikida, H. Suzuki, T. Tokumasu, “Effects of Ionomer Film Thickness and Water
Content on Oxygen Permeation Properties of PEFC Cathode Catalyst”, 246th
Electrochemical Society Meeting, Honolulu, HI, U.S, (October, 2024)

ENES - B

(4] & HEE, %7&%/\ ARE L, EPHAER, fEHeZ: "PEFC & Y — At 7 1 4
~ — DR FEF BRI BT TR & GKRORE, 6 31 REIER Y ARy 7 A, BT
i, 2024 45 A 23-24 H

(6] HEL, SARE N, s FRT ¥y SN PEFC A&EGH L7 A4 ~
— NI D ERFZ T FE O TR, B A2 BAL IS 4 60 Hies - hES

YRR, 202543 H 17 A
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L
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iRl 2023.05~2025.03
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CLCF O F-/H+s A (2 BE 3 % 20 Fam A oE
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PN 3 s

1. WFREOBEME BIE (o ms BRY, BEERMZREEZEN T I

1.1 OBz EHD
AL, MR D 7 o kA A o (F-)DIREED EH-$2 2 & T, MBI OBRIC EE ek
FOBEMETL, HEAIHETHZ Mo TW5, 2T, MBS > X7 ET
& % CLCF F-/H+ antiporter (CLCF)Z T, HIEAN O F-Z @O P LB AE O HERE
M ->TWb, CLCF IXERIC L - T, F-zfMast~gtt3sichizv, 7a b HHEM
FAPNIZEL Y AR 2 Z ERHA LN E oo TS, Fio, B REELHL N E oo
THY, 7 U EGluex) BRI O KIEIRIZT 7 B ATE D END, REUCBITHE
BRTTHLEBEZLNTND, LL2n b, F-& HERRZH S LD EHEIZ OV TEB 5 5
Lo TELT, Gluex OEHZERMEE LB L E RS> TRV, 12T, CLCF 7% F-&
H+D A 7 AU E 2 RIS, F-D B & KER P O O DA A4 (Cl-72 &) & ERHEAE KD |
BT DHEEIC OV THHALNE 2> TR, ZHE OEITEINRBRETHDZ b,
TSRS O FEBRICB WIS 2 Z L IINEETH D, & 2 TAMETIX, o TEiY
(Molecular Dyanmics : MD) 32 = L —3 3 > % U CHERE O FTHU L ] OEMT 24T 9 .

AR EATHI BT FERIETDEF»D, 3T~ 7 o TOE/MPBLETH S,
ZHAUIMD ¥R 2 b—3 3 SIZBWTEMBIC bR b IEFIT KB R E 0 D, Ko
TlE O AR TOMNRBATIIRETH O | A RBBEIEEIC LV lksh b 2 & T,
AT 200 & U TAIBREDE TR BWTREMEDH AN TEHEEZTND,
1.2 BFFEHARIN OB fs B i

CLCF ([Z81F % F-lmk Bt ORI H 720 | F-OfiklZ %59 2 SO FrER L0, F-Of
KTt 3 %5 CLCF TUTAHET 2487 X/ B R & BRI 2 Z L 1%, F-astigic >\ TEW
FZ B RIS S BRI D, F-O#ik|Z %57 2 Sk O i 1 VL SOSEREIZ 31T % H H
TRNAXF R RAZ TH Y . F-Olfikickf+4 % CLCF FICHFET 2% 7T X/ B ROHE
IZOWTIE F-L %7 2 BREIOH B EH =X L — DTN a8 E ST\, L LR
B ARD F-OfiEBG I~ 1 7 afpTirbitd iz, — 2 MD v 21— a T
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TEEBRLOBBNEEEL 225, 22T, IFPEFR TH D Steered MD i£4 VT A LAY
([Z F-Zlns S5 2 L ChRUSEEREZAT 9. £ LT, BUSEEEICH LTS T ART oy v
ZfE L, F-OFEEREESMNO HR=XLXF =2 BEB LOF-L 47 I B0 A
YEH = V¥ —Hf5% Umbrella sampling 5% HWTIT 9, ZOFRIC F-23EIRNAY I E S
NHERERD =, AL A A2 (Cl)THIREERITIT WA 1T 5,

2. WIEREONE GEREFZEOBEITZDERICHOWVTHRAICTEDR L T ZE W)
2.1 1 LT T9E 0 BHFE (B)
ML

2.2 B LW BLG AR (1)

AWfETIE, CLCF F/H*7 o F R —X —IZBIT 5 F-OssE MR L O EER ISV,
SFENNY (MD) ¥R = b— 3 &l U CEEIZR T 21TV B OFRA A5, R
IIERTREE, AE V2 2 Ui E118 (Gluex) D7 1 b ARIRRES, Fifgizto =
RV F—FERERS L OVR TS ISR E e B2 RTT R TH L. B8R T v b AL HhA .,
AR RIC BT D BT R X —[ERERN G REIZIKE T L, RTEBIAN D Z T, FFRMIBIZ
kSN Z EBRHLMR -T2, — T, B11I8 M7 1 R AL SNIIREETIXR T 25k %
0. FOHAIT (Sext) TOEIEAKNEEIC /2 DN ERNR SN, £2. FREORK
BIC Clr 28 ALTHIELIZE 2 A, CliE FrIc bR Tl C L W s\ R AEER 2 %
PR B & TERR L BRI ZCOM < —7.5 A OFEIR GV H = )L B —[BEE 2 o)k L7, 24U,
CUMBAK LR S & /37 BNEICHEEA L, PRI & O B/ERNRE D Z LIT k- T,
REP TR v 7SN b2 B RLTWNS, EEE ClIZF LER_XTH AT ELED
FHAEAER =1L —73%] 30 keal/mol 7 < | FrICHRFMET I VBETH DL MT9 23T~ ¥
7 A (T3-8T#HL) L OMABEMERNEE TH-T-, 2O~ v 7 AT Cl- L OfEGIC LY
WERICARENL L, V=T HE~NE BT HETCrZHLIAD D “MBEHRNT v 77 &
L CHERE L T 5 Z &3, RMSF fif#ihrds KO E T bic K v B/ R Sz, ZhickiL, F-
WIKFMEEZ R FF L E X R BENZBET 2 2 ENTE 572D, BAKICHES =¥
—HEB DI MT9 FHE TOMEZE(LEZ SIS T2 & bR, ZHUTE Y FridEn
EEEZZITHZ L DRMICHEEREALBIRTE L2 LRbhoTz, THHORKRIL,
CLCF 728 F & @RIt 3 2720 0y i, +72bb DKiEEOREF TE118 71
b AR ) TCI R R ZREER N T v 7 &V D 3 DORFICESW T HTRET V&
BRTLHHOTHY | A A BPWEICET 2B R 2 RESTHTL2EERER TH S,

3. gL HEEDEERCRIL

AHFFETIE, MIE 2 CLCF & >R B a4 LC F 2R IRWICHEH L, H & 23 #ad 5 daos i
OffHE B E L, BRI FEEEA A THhDH ClrE D%z iE LT, DB RMED 15
EAEH DT 5 Z & B LT, FREHIFNICE VT, CLCF Of g% b & 1ok
D7 a b ALKREE (E118 B LN E318 L DIRRE) 2R E L., TNENOLRM FTHE T/
B2 o — VOS5 T B 5% (MD) 2 2 b—3a U &2FER LIz, D95 2 T, Steered MD
B VT F 258l a0 S B 7o 8 (ROSEE) #2853 L, & 512 Umbrella Sampling
BICE Y AR L — 0BT 2 2 & T, Gluex DO 7 1 b ARKREED Frifikiz 5
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R DB EEINITHMET 5 Z LICEI LTz, £7o. Clra W RIBROMT & M L, =%
VX —fERE, RT . I L O AT R X —, KRG EOBLENS FEDENE
RIS 35 2 LR C& Tz, ZTORER, FrIdokFmEss % fRE L >R r L ¥ —[#EEC
kSN 5 DIx L, ClIEIpiKCEE L OMOVHEMERIC L VIERKE TR v a5 2
EMRENTZ, TIUC RV | FrICRRRAZ2EEREE & RIRPEIC OV TIE 7 L~V TRIAE -
ERELT 50D BT RER Sz L i T 5,

4. £ L ELAEBOBE
AFEClrE, CLCF F/H*7 > F R —X —IZBI1F 5 F- & ClrO=BRIRAIE AR O 2| FEH
BT ENF VI 2 b— 3 Al UCRIIE - T U7z, FRIC, SRk BIC/7ET 5 E118
BLOE318 D7 1 b AMIRRENS R T BB B L F—[FEEC A 52 5 2 & (£ MT9
Fatiiita=y NOBINA L b T v TOER L7205 Z L AR LTz mlE, k-1
REFERIICBAT 28R TH D, ZNHLDOMEIT. A A F ¥ xL s TV AR—Z—D
BEEERRFHCE T 572 T, T/ A7 — A TON TRt AN TF v 1 URERIC b IS A
AREMENN D B, — T, H*OSUSHEIREREEICEI L <. 2ElE Gluex D7 1 b ALIKEEDE]
WD T Z LT CE N ALFRIGCEBE LIZITIXIATHRORETH U | ReaxFF IZ X
HERHAZ— NV TORERY I 2 b—ya VIT, WRTKFEERY hT—2 %20 LT
7a hBEIOERNBIT NS LETH D, I DI, VT BEERIKRE - iErEGE D T
FEEE D L & 2T 7 a—F A G bR IFER KD Hi b, FERICIE, tho CLC
77 IV —RORRE A A AR~ OIS R R I AN BRSNS,

5. WFFERCR Y A b OG5 2 LA O®RE O5A1E, HIE ) BRERGEFTL L TR I W)

5.1 Fiam « FREE BERTEET)
FHEE (RREL L)

A.Y. Nakamura, T. Mabuchi, “Molecular Insights into Fluoride lon Uptake and Selectivity in

the CLCF Fluoride/Proton Antiporter”, /. Phys. Chem. B 2025, 129, 16, 4005— 4011. (April 14,
2025)

EERFE
Akihiro Nakamura, Takashi Tokumasu, Takuya Mabuchi, "F— ion transport
mechanism in CLCF analyzed by molecular dynamics simulation”, EBSA
CONGRESS 2023, Stockholm (Sweeden), 2023 /-7 A 31 H-8 H 3 H
A. Nakamura, T. Mabuchi, “Molecular analysis of ion transport inside nanopores
toward a biomimc proton channel” The Nanopore Meeting 2025, 15th March 2025,
Tokyo Japan.

ENF¥R - FER%E
AR, RS, BHER, “CNT ONERERREEMNIC & 21 4 Vst~ D ER
", %37 ERERGEIFEL RV Y A, BRHR, 20234612 A 15-17 H
AR, s, BHRER, “OFBNIEHEICLS CLCF 1285 F-1 4B
WO, H3THESFTI2b—a VRS, BHIR, 20284128 46 A
MHEEZE, BEIER "2 TEAZEHEIC LS CLCF IZRIT % FA 4 V@RS 0T
8T RIS TV =2 b—va Vitias. 20234 12 A, @3H.

5.2 TOff (FFeF, ZH., v A3 IBK, F)
AL
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iRl 2023.07~2025.03
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2025 4 8 A 7 Hig

KRBT D B R 5TV R L = o) - FEA E B D N ERIRRE D 7 +-

AT

[LERE Y
FAERZEFAREIFERT  RALR KRB T e
e 5

PN S Do

1. BRI E BEE (WO RE BRY, BEAMRBEELZENTIZEWN)
1.1 WFEDE R E B

PREFEMII A —R v =2 — F I ARSI BRI O—2 & L TRERIEAZED T
5, PCTH. EIEES FEREE(Polymer Electrolyte Fuel Cells: PEFC)IL R T E)
MAFETH Y | /U B(LAF S TH L Z Lo FEMEEEBRSC BB EO B TEM
b3 5L Tn5D, PEFC O S 6725 % RICmid 72 & LT, MiAtEOm B, W/Eis
hFEOWE E, g UVERIREA~ORICR ENHIT D, O OBEDF TH KA TR
TOFINZEET HRIBEIL, B A~DREZT2HER ER>THY, BERREDO—DOT
HD, KETFEMTIE. & FEMEF(Polymer Electrolyte Membrane: PEM) & fillit & o>
SN I 1T 2 K OB AR OWHE I X 2 ikkEE, PEM HOWEERIENEOZE LWVMET
REBHELER-oTWD, TThH, 7 b ORI T IR ENRICEREEEL RITT
7o, BERPFEHO—D>TH L,

PEM o>~ 1 b s k4% 1213 Vehicle mechanism & Grotthuss mechanism ¢ — ¥
HDH, AIFEIZE Fu=0 hA T OMBERBEINT X o> THEBA AT 5 —05, %E TIIKS
F et Fu=U bt F o HOEARE LKBR/EDANEDD Z LITXK o THEBR AT 5,
Grotthuss mechanism TI{EKZFRE RR =T AL AU OEOMIENSEILLRNTZD,
Vehicle mechanism £ Y & @WIEEMEZ R T, KA TRIEF T, 0 FOEH T R LF—0D
ELUVWME T, PEM WEBOKISHHZE(LT 2 ATaEMED 8 5 Z & 226 Vehicle mechanism (2 &
DIENRE AKX TT 2 A REMEDR EmV, — 7 TKHF Tl Grotthuss mechanism (25> T,
FIRLL B2 7w P ALBOMEE SN DBE b HE SN TVND, ZbD I &b, AT
BT Grotthuss mechanism ZZET 20BN H 5,
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AWFFETIE. KR TERIFIZERIT S PEM OWNEEE, @ikFtEoZ2(b, mi#H o8z 5+
AMAICHEAT L. KR T ST CTHIEREZMERF T & 208 PEM MBI ORREHES & 72 D%
Rt 5Lz AL LT,

1.2 WFZEHIFN O HAE
AWFFETIL, T A7 — IV OBIGRFENT D 7= D155 18 /1% (Molecular Dynamics: MD){%(Z
LM R ZIT O, DI, MD JEICBWCEMRHREE AT 2152 HBE L, £
DI E W 2475, 2z kv, PEM N CcoO 7 r b gkt o2 b, WNikigis
DEACE 57 F LUV TR L, 15 D2 Fn 7 2 JIH#H PEM MEORREIBIRICE 5 2 &
ZREAEL T D,

2. WFERRONE HERIBFEDOSAIEEDERICOWTRINIFEHR L T ZI W)
2.1 FOSME155y 18 115775 (Reactive Force Field MD: ReaxFF MD) ? /1455 %

B 7155 57 -8 71%#3% (Reactive Force Field MD: ReaxFF MD) i3, (L5500 & B )52 %
[FIRFICH D Z &N TELDHREFAEFETH D, ZOFEIL, BEENBEEGESE —HEFHE &
BEARTERE a2 VNS < PEM @ X 9 22 KEBEEHRRIZ LT HICH AIRE T d 5, ReaxFF
TIEZE < ORI 7265802 W TE Y . £ 513 parameter set (IZ X > TEFR SN D, b
2 alb—rarETH DI, LT LT R LTI O parameter set
MEUPERRGEEL . LEIZS U THET HDHLERD D,

AL CTlrE, FATHFZE THW 51T 5 parameter set 2R L, PEM ORFEHAEITH
% Nafion (KT 53 I =2 L—a UAEMICITA D K o2 Lz, BMRMIZIE, Nafion OF
BERE . B 72t A ORAE. REROEEIZE L TEBIEE1T > 72, KD parameter set Tl,
EKFIZBH D 57 Nafion DFEBEEN 0 %L 2> TRY , 2N\ b ALHOMTIC S K&

B RIFL TV, APETIEIZORZUFEL, GKR 3 UL EOFMHITB W TEEEEL N
100 % & 72D X HIEBEIE LTz, F£7-. 16D parameter set Tix. Nafion NOEEHEFR T & 7
12k ORICARRAFAE LR WERE 2 EE0VE L 2MEN R S iz, T ORIZOWT bR
|2 parameter set DIEEZITV, BERGEEDFBE LWL D ICEEINTZ, SHIZ, 22
ROEEEICEI LTI, Nafion WO EEF A B OMIEICET 2B ELTITo 72, T O
RAEEFTOMEA 1.2 glem3 T 5 DIZHT L AEERIL 1.7 glems & 72 0 FEBRE(1.8~1.9 g/em?)
& DREZEDS 10 %LL FIZINE DGR T H T,

2.2 KT T OB & B E O AHEY

AT GAE T ORIEREO AT & L C, B CHIEBEREL O 3 L O Grotthuss mechanism
2R D7 e b AEROF 21T o 72, B CIRHERE O RN S . KA FRIFITB W TIIAKS)
T OHERFERRE S E L, &0 DI EEKRBSEEICB O CTIEHMENBEE IR T 552 &
MDA OMNEIRoTz, —HT, & Rr= AA F 0 OIHIREILE G KERICE W T S HRAIK
TLIZ WEB ZR L2, ZOHRIZHOWVW T, Grotthuss mechanism (2 X 5 LB O MENT 21T
ST, EORER, KR TERUETIE, Wi & T Grotthuss mechanism (2 X 2 §E8 AN HE N
LTWLZERgholc, FIZZOBEMIZEEAKFBIZBWTEE TH Y . Grotthuss
mechanism (2 X2 OHMA B Fa =0 AA F 2 OILHPER T 280 L TW 2D HIETH
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DT ENRBRE T,

IS DEEEDEAITDONT, KT T AZ—fTE KOKERHBER Y T — 7 Ot &
Fhi Lz, K7 T AZ =B, KR FRETITFIRICHASNTEI O KT T2 F =D
EINTEY., BEKRIIBNTZOBANRFICHETHD Z ENpnotz, ST, KER
By 8T =7 OfFHT T, KR TR TIEEIR & e TKER G OFRRM AR < 2> T
WD ZENynoTle, THITKRERBER Y NV—7 BHEER>TWNAHZ EERL TS,

U EDORER KD | KR TRIFIZBW TR, BERKZR-ER Y NV —27 OFRIZ KD KHL
FETRIK T T A B =R & 4L, £ 4Dy Grotthuss mechanism (2 X 2 B 2 H9 <& %
FHRERSTWDLZERHLMERST, ZHICKY, MEKRERMEICBNTHE Fr=7
LA T DILHEDRRE AR T LN Z RSz,

3. WFFEH RO

Z 1 FE TIZ, ReaxFF @ parameter set DIEIEZTTV, Kl FE&MAIZE1T 5 Nafion NEED
BRI & RS O, W OF BN O W CEEMZR BT 2 F20i L 7=, Z Df . KFERE
By NT—=ZIZ&L o Tk SN DK T A% —03, Grotthuss mechanism |2 L% 71 k>
JER A ARE T D ATREME DS /R S 4Tz, ZAUEHT7= 72 PEM MBI BRI I AT 7 A H i AL Toh 5,
AT, WEREEICBE T 5 & B DRl 280 5 & & HIZ, tho PEM A8 E Oz
LT, W L WERrE OB, KR TRIFIZBWTHIERENE Z v IZ< WE g FEIZ DN
TUFENHAT 2 TETH D,

4. F L EA%OBRE

AHFFE Tl KA TR T 5 PEM WNESO W E R & NEAEE OFIBIIZ DU CTRENT L.
H L PEM MELOBISRICET 2R 215 2 L &2 HifgE LT, ReaxFF MD (& X % $fE 34
O CREM 72 T 21T o 72,

9. Nafion x5 & L7z ReaxFF O /12>, EHEE., BERES. REROBE
BT 2EEEZITV, KV EMRET VERME L, RIZ, ELZIGEHWT, KAT
ZAEIZE 1T % Nafion WSO SRR & MR 2 FEICARIT L 72, 2 OREE. KR F&ET
LI TKRBREA Ry NT—7 BEE 720 . ZHUESTKZ TFAZ —OH A IR
WRTHZENMASINT, ZOBRITRICEGKESRETCTHEHETHY . 20X 22
2241 X - T Grotthuss mechanism (2 X5 7' 1 b Ul ENM L, & Rn=o AAf 4
DPEHHEPME T LIZK K o TWBH Z ERE T,

TS ORRIT, KA TR THMEREME T LI < W PEM APEOREHC T 728 2 fe &t
Thd, Ski%. WEHEICET 5 X L2 55EM2 T2t 5 & L blo, otk e okt
WA LT, L0 afENREEEZRD TV TETH D,

5. BFJERRY A N G 2 FAREOBE OB AT, FInl5 5 S BFEER LT F &1
5.1 FHTRL - FARE BRTEST)

ERFER
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Hiroki Nishizawa, Takuya Mabuchi and Takashi Tokumasu, Analysis of Transport
Characteristics of Protons in Polymer Electrolyte Membranes in PEFC below Freezing
Temperatures, 101C-2899, 246tk ECS meeting, October 2024.

Hiroki Nishizawa, Takuya Mabuchi, Takashi Tokumasu, Molecular Analysis of the
Relationship between Water Clusters and Proton Diffusion Properties inside a Polymer
Electrolyte Membrane in PEFC under Subzero Conditions, A1110, EFCF 2025, July
2025.

PO A, EPIAER. AR, FEEELE DK TERBEICE T 2 ERE 0 TR E L& 77 1
BRGNS O 7 1 kS EE R O 53 TR I RRAT %’ 61 [FHAREE VAR L A325,
2024 £ 5 H

ERTE) VHERHAL, IR, MR, KRR F-rEMRE IS T O Y E i %

M & NERREOFE BT B3 5 4 Fampufidsr . B ARk 2025$V5ﬁb’tji/\J081 16, 2025
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gnAR A4, MR BPF, Qiao Mufan, EJF  KAR
WAL KRR 50T HEHER, M1, M2, M2

1. WEOBME BE (W0 EE B, BERMREEEZENTIZEW)

1.1 W= E B
HFEPRBARE (] B RV —) TlE, FHHIFREZR T — X AT, AAOBHENT (A
A nm~m A7 —/V) ZHADTIAEOFEHZHET 5 ENARAIRTHDL, 20 Mg &
M) OBfREEENl - BT 25 Z & T, I FFARTRE) O EE 72 d Ao fc i 72 B3 7
A U DOREEENFRE L 70D, AW TIZ, —ODHFNLBICAKE & BITHEASH., ot
FCHAI SN DRI DR IE b L ONREINEICERT5, N7 —X 21T, RYE
L VEMRICBT DA, WESE)., BABEORMEEZH LI L, ENRET MEE
H¥E7

1.2 WFZEHIRIN O Fefé B AR

OBy N — 7 X2 — U R, BEREIV I 2L —a VATV, B - WE
B - AR OREZITT 5, TNETICRR R Yy NI =7 TV E WA E O
ErIab—rvarzdEual, MEBBOREELEZTGT 5 Z LTl Lzh, BB
ODWTIIHENT—Z L OMICERRH Y | FHEFIEOHBRHFANPMLETH L, £/2, MR Y
INT — 2R (TDA) 12 X 2 BAEDOHEERREOZ YU EREET 5720, FfE I 2L
—YarEHA L, FHlT— 212D < MBS E TEO B INEERHMET 5,

2. WFEREONE GEFRIFFZEDOHEITZ DEZRIZHOW TR L T 2 E W)

2.1 B - E b L —Y A SRR RaE T L D H T RENIEAT O E R AL
KRFZETIL, BV WHE FL—Y—Z2 A L LOIREMENT RS2 R L. MeRmRE b
(RML %) #HWTAT A—2HEDOEHEMEZ M LS, 9, B—imEhiRiKics T
hU—t—iBR A S L, BVSHRHE D DB O R EE A2 HEE Lz, Tx FA—/3—a
VEa— X THERB Y I 2 b—a v EEMT D TEL 272N, A== Ea—H%D
B CHANTE RV 572720, 3D 7V v hEF A2 W ikEh 3252 £ L=, %
oo WE b L—Y—RB A H O RS R & o R A2 RE L, b L— Y — OBk Rk
ZEEICREAT LTz, ZORER., #EE SN -REECHOMEIL 3D 7'V » MET VO EEDSF
EEBE1%NARIE T L, RETIEOHE & AN HER I LT,
B —iRENR I OFATIC R Th L2tk SRS T ) FICHaE L, B DR 722 5 i g 230 R
BT DBREE F CORMEZ M Lz, BB AEA2E> 3 >OWHKEKTT L& V- £
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T, WE ML= —DE— 27 BRHEOIIC LV, FIRERE AR TE S Z LR ENT,
X5z, ¥ ER 225 (Cubic Law) IS WTERE L. RML EIC X » TRk 217
STRER, ZRE AT JMZBWTHitE, WM, ZEEOLHZHEUIIE x5 &
MA[BTH D Z &R S NT- RML OEHIZA—/S—a B a—ZZFH L7,
RMLEZEHT 5 2 & C, BTy — & L FRiEME A LR b, RHEEEEZBE Lo mks
JEIpRT A —FWEERI L, L, ZREEBR T CTOME X MRHEE 20 25
DRT A —FWEIIIERHEEREZET LN L, 2ok, KiElb7 et X
PR b L, HEENT A —FOEEHIRT 5 Z & TRIEAMEZEIR L0, & OR5E.
FHBEHEE B W TE TOWMKFHIAAE T D Z Ny oiz, 20k L— K47 ORI,
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T OFFEROEZITEL TE LT, RERFPIEEZETA b~Tx 7T 5D
PR FNNX—NY TIXELOEELZ T TN ERH LN ST, ZDTDRFE
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JRA DOFATHEZEOMD /3T A — % )3 Nernst-Einstein Bf% 5 O D A 71 = X MR L
TWAAHREMED B 208, 2D AN = X LOMPITE > TE L TBUERHEH TH 5,

3. WF7E BEEDERRTL
FRRORKAIETENIZL O Ry I 2 b—F —ZMET 570123, ETRFERFOT L
R~ 7L —2a DA ALEFERAT 20ENH Y | BUR CITEGRE IR O
eV, KU 7 M Nernst-Einstein BRI O LT 25 Z E 2L 0T LT,

4. F L ELAHOBRE
DFINFIIab—va BN T, REFRFOTLY b~ 7 b— 3 LT/
A=)V DIRNT 24T~ T2, B FORBFFO RV 7 MEENEREAEM 7 & ONCIRE K17
EROZEEZHOLNC L, S%IE. OTENEYIab—ra U EHANWTE LR 21T
W TDIREENE T D A D =X L EH LT D,

5. WFZERCR Y X b (X5 2 LR DA OBEIE, WIS HRERHEL L T RS W)
5.1 Fam X -« FREEK (BERTEET)

FINHESE (BREEZ L)

FriZZe L,

&
Rrlz7a L,

EFRFE
Ryuta Onozuka, Patrice Chantrenne, Takashi Tokumasu: Analysis of the Drift Velocity
Variation of Carbon in Steel under Electric Field, Proceedings of Twenty-first

International Conference on Flow Dynamics, (2024).

Ryuta Onozuka, Patrice Chantrenne, Takashi Tokumasu: MOLECULAR ANALYSIS ON
ELECTRIC FIELD AND TEMPERATURE DEPENDENCE OF ELECTROMIGRATION
IN Fe-C ALLOYS, Extended Abstracts of The Third Pacific Rim Thermal Engineering
Conference, (2024).

ERNES - s
Rrlz7e L,

5.2 TOfh (FreF. ZH., v A3 IRK, F)
Ryuta Onozuka, Patrice Chantrenne, Takashi Tokumasu: Electric Field Dependence of
Parameters Related to the C Diffusivity in Steel and Improvement of Previous Analytical
Model, Abstracts book of ELyT workshop 2025, (2025).
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1. R0 B E B WHEofss s B, BEERN2AELENTIZE)

1.1 WHEoFHREEW

WiEkary b OB —RR T TRAET XY BT — 2 a UARLEBIGII S — AR
AR 52, MEIZe ry MT ERBROIRR & 72 o 7272, krx eiifilT /314 2
PMERENTE. vy b~OFEAFIE LTL, N7 o Bl CiRE 20N 57 F =2 b b—
2 D POGO HIHIEEER, A 7 o — VR HL D7 — v TR E PR T DBGEMN & 7 —
TR ERET LD, T S ADBIIITBEEM & = v TIREEND LY e — v
TN T ERGET T SA A THDLr— v 7 M) — b A RERTH L. r—r 7 hU—k
A2 N CIIREIIZIE 250 2 AN S S BIR S TR 0, BEmIZHT IR OB DI & 3% 72
J-groove, JE G MIDIEZFRIT 5T, B THTEO ISR IR R 2 B 41) 72 Swirl
Braker, EZEfT&7r— 0 7O EFMO AN DR %K - 7210 L (Backflow Restriction Step,
BROfT & r—2 0 7 EPRESINTWD. S A 7 2 —H BRI EERZ 5T 2 A
FENENOA T a— BRI S SRR T DR AT DR FHEERIEE R Chix Th D, — 7,
W N—T T, =7 b U — AV OB REEZ M ESEL R AL L, —
Y M) =R AU NEMBEDEDLZENTEDLA T 2a— BT HHHT N, AL LTAY
Y R T a—PEFRLCE AV v b T a—HIA T 22— 3 OEOEIRERII
10 R&EZHMT 6T A A THDH., ZHETHUIET —T"TlE, AV v MEE =HEHER
FHND “IRTTEAERNTIZHAE O, AV v A 2T 2 —H O ZIRTEMEfNTC, 2> bA VT 22—
Ta AW IGERR L, BRa A E L, TOAMEEZRE L T&E

1.2 HWFFEHIRAN O B R

AKFaVx=r ML, ke b2 D0 OF—RR T TRATHIF Y ET—2 a VAR
TEHBGU T DK FEOMIH] T /34 ADFIER A 1 = X L%, Bl AV CGHEiT2 b o
Thod. oI, BT NA AL OMBEDE D Z LK IFIEHOIER A D.
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W LT AET AN, AL, BARIICIE, SRS — T TIRELTWA AT v hAf T a—
¥ (Slit) BEO v FA v Fa—H Notch), BHFDr— 7 N — kAL hThDHEEr—
7 (Step) EWiiKL7AF (BRS) ThHH. TNENHMBLIY, T a—h7 /(2R
&= U T T R, ZAOMBEDRITK LT EROUER - IEEFITAAT O . ERMHTCIE, $
A LTEF v BT 4 OIEAFMENBIERIF v BT — g U D3EZTFRIL, fERlFy BT —2 g R
P SND A T = A LA ZNENOTIGGSE 150054575, IFEEIT CldF vy BT 4 DR
X L ESORBFHEZRT T A —F 2RO, KT /51 2AOMIRZ ERICFHET 5. &R
TuYx/ FORKBIIE, BEMTEZE L TROADNTH D & THISTZIET 31 2D
HEDEICONT, Kika Y b2 VU OENOBIERF iR THh 5 JAXA fHF it
X —TOEEE AW EFERRET S .

2. WFEREONE GERIFZEDHEIEZE DBEFRIC OV TROICTEE L T ZEW)
AT m =7 T, BONTRREZLDTICELDS.
1 TERARNTHRE RS, TEHQ/Qa = 1.00THOF ¥ BT — 3 VRFEATOERIL, FHE
A BOBNN - TREILL, —EDMEE LD ENDD o7, BREDIUR LI-FHER %
Xy BT 4 B ET L ETRESELGG, BRETAE THROBET 1% N TH
0, KT CHWEHEKR T RZY THDL Z EWmENi. £, v 7 —Ta UBNEAET
D IRREDFRMT & 18 E DO FEERFER O L#N G, HIE TERTORF v © 7 — 3 3 CEGEE Tl
BREENHMEL7Zb 00, HFMETA—&%LTEY, HEET%ROFT v ET— 3 VORI
EfATIC L > THBLTE TWA B2 bND. F7o, ¥ BT —a UARASRM FCiliiiElt
Q/Q4 = 0.80~1.20 DJRV EHiH CHARMRES —B L, WMEHICEADL O TR N Z Y THDH Z &
ARV g Wiel
2 TEF AT DX ¥ €7 ¢ OFAH EERED el 226, Slit <° Notch (Z8BWT, KF ¥ &7
—va VR TCIEA Yy MEBAEEICRET S — bRy BT o A — MEICHET
L7280, HRENBELS RELDITR T T2 &0 gholz. ZOWREK NI —> v 7 v —
AV NEMABEDLELEGETHLRETHY, MAEDLEICL s TH ESEDZ N TER
WZ EDURIBE I T,
3 X v B 7 1 OIEROFHEN D, 7—v 7 R —RA L N TohD Step, BRS W iLh
X v BT 4 OIERFEDOIHIZ R AR S AU72. BRS TITAHTHIFER L 2SR T b 4l
Rz R LT, —J5T, Step 13Slit, Notch WL EMAGOETLZE THF ¥ T 4 OIEXIFR
PEDIEAEFLIH LR L, RCATIHIRI R 2~ 7 S AR CTH F3 LIdilgh R 2395
LALBEDENR D DH T LR STz, Notch HifAI LU Notch &BRS DFAG HOEITIBNT,
X v BT o OIERFRED NIRRT S 41, Notch D EWIEXFRF ¥ B 7 ¢ Ol
HZNR DR S Tz,
4 FEEFINTAE R OK LB EOEMN D, RCEAEFOHNGORESFEL L TFr e
TARIVETTRIF Y ET 4 ESRX LRMORFTOF v © 7 —3 3 U8, A3 O EE
WCEAHBOIABNMEEZF> TEBHL TV ZENShoTn. — T, SEXy T
— 3 a YEC)TIEHENLOEBEIIFMMATEHL, ZOREITOT N THT.
5 W7 S A ABURIZB T DIREVEE X T A —H ky, kw DD, KF vy BT — 3
BAEI CIE, RC.OEWINHIEEZ D Notch °Step Tk, DEAKEL 7> THEY, ¥y T
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A PREHFIZEL 2o TN D7), ¥ BT 4 BRRESFIICEL 2o TnDH L& RCALVA
HISIVD 2 LAV ote. E77, kel IBRS TRUEICA LEIA L TH Y, WE LAVENE S % v
BT 4 NRSFGFANCEL 2o TND 2 EWynoTe. FATHFFE CEBICHB O TRWISHEE L T
CS.OEVIHHEARENSZ LD, Fx BT 4 NESHFICEL 2o TN 5D L & CS.A8
Loflsd Z &g noTl.

a Non-Cavity $e{4F0 E & fHTHE S22, BRS TR R LIZL > TH LIRS S
o L TREBRN A SR LNICEET 2RSSR S LTINS 2 L 8ot 20
X9 ICImASTEE LNICEE S NS 2 & T, MEEEBICHT 2% ¥ ©F 4 DES Hi~0ZEH
A LI B2 65,

1 FHAEHOEIIHT A A TOk, DN, BRS & Notch DFHAAHHE T Notch HL{A
Ll DIEAEE L <, Notch OF % B 1 & STTE~OHZIRDY BRS & OfAGHOEIZL > T
PR S TWRW T E 3N HL7=. ZiUX, Non-Cavity Sf4-0D & & fENTHE F: 225, Notch
T Y KX 5 OIRN N A BHER O FE AT 4 Bl S, FEABOEAMET L, 819 X
X I ORTEATE DIV & < Aot = & TRISRNIBAHE LIS WIWENER Sh
7o, ¥ ET A NEISHMCEL otz B BN,

3. WFIE B AE DRI

g & L CIEEBEESHE TOREN 1 oL TH 720, K7nyos MIvATAA
MR Z ISPV 2024 4F 8 A S EHENBIRE L2720, BVl e LTI o REnEbh
TS EEBZXTND. kD 2025 4FFEIC S BITENT 2D, R ZHRFE L T E 0.

4. FLHLABOME

DTy METED 202543 A2, kb AR TH L & TR S 7250 BRS & Notch
DB EDET N, 22 FA T a—HTEMA L, JAXA AHTEH L ¥ —CEIFRRZ
TOTETHY, TOFEERIRZ 2025 FEOMKE 7 1Y =7 MIBWTELET 5.

5. WFIEAIR Y A b CXE 2 BIUBEOHRE DAL, FIESGNOREREETL L TRFI W)
5.1 FAfiam L « FaFEE BERTESD)

FINHEE (BREZETe)

P

&
B

P

Takuo Mino, Koki Tamura, Satoshi Kawasaki, Yuka Iga, ‘“Numerical Analysis of Oscillation
Characteristic of Cavitation in Liquid Rocket Inducer with Several Suppression Methods”, The 8th
International conference on Pumps and Fans (ICPF2024), Yangzhou, Jiangsu, China (2024),
PaperID-162.
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a7 MR REE
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iRl 2024.4~2026.3
R o1 [mis

2025 4 2 H 25 Higt

P =38 A D & BCERAFEHT (2 2 5 ELIE O BE D 7

JRFEB R ]
WAL R F IR 50T B
[ AZR -, Aditya Sai Pranith Ayapilla, 76 LK#
WAL RFRFEEF e SeR D3, D2, M1

1. WHED AWM E BEE (WO RE BRY, BEAMRBEELZENTIZEWN)
1.1 WFEDE R E B

ARAFFCNIHEIR T H EIT OIS LD ELIRET Y o 7 & BERATIZ L 2 LR O W B O fig B %
HH &4 %,

Bt 7 E 2 BT T VORBICHT A7 AT 4 7TIEZNETIC b H o7z, £D0%< 1T
B E 2RI AV b DO Th o7, SLIRET VOB EDO L DZRD LS LI K
K72 eT U v Zidbivbn O %t (Gamahara and Hattori, Phys. Rev. Fluids, 2017) 23 it
R THD, ZDimL® FWCI (Field Weighted Citation Impact) 1% 6.68 (2024 4F 2 H Hl
1£) ThY, EBRT R ZOMRICKHTHEREORm I ZRL TN,

KRIFGENL Z DR & Z D% OMIERR B E 2 T, FEA R ERBEILRET V2R
26D THD, ZHUTEY BUERE D FOFIMAFEHZ IR T 2 2 LA TE 5, LERGLO
REMBHFICFIHTE 2 Lo IZetud, BB OaX FEH L, MIRZEMTE 5720, AR
PEDOKIER LICHERCTE D, 612, MEDIFEH ELO=—XTLE 2 THB DR ELZHET T
LB FEEHRLEEAN 2. BT —Z OIS HT 2 2 &2 kb B b E D07z ekt
R A58 L UBRET 5,

1.2 WFZEHIRIN O etk B AR
(1) =2—INVRXy NT—7 (T4 —TT7—=v T %ET) 72 EOMMFEICL0ERET
VOB EIT S, FH - BREBROELIE~DISHO -, [FlEspE LD LES (large eddy
simulation) fEHTO7ZODEFMET NV ZFFET D, S OITEFIHFRQHEEL 2 0G5 U728l
T =X DOEFTIZ LY | ELIROWBE O ZAT 9 .
(2) VRARFEAT DL IIEMEFHE 2 A b EORMBEIC LV FLUTOBRLEZEIRET V& LTE
B2 &2k tbhd, LLRnb, STET VOREEILET /L OBRIRUAL O FEEH
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(I L TR Y . HRERELIRE 7 ML LRV, Divbiid, X0 JWELTRET VOB
ICHER T E 2 VDR AT > TR Y, ZHE TIZFE B L OET VORISR I AT
BECTHDH Z L& L7z (Gamahara, Hattori, 2017), F7-. BEELEOBEERE T T /L LES T4
L L RDBERTT Ve BHribHr=a—T 0 Fy bT—2 (CNN) ICXVEET 5 Z LIZHR
D L7z (Tabe Jamaat, Hattori, 2023), AMFZCIE T &% I, FFEEHRRELIE CTh 1A
R ELROEIEET V o 7 2T EH I L VR T 200 TH S, 612, BHAIGHRQHE
et ORI 2 BT IR R BRI D 2 & ¢, SLRAFZE 0BT R 280 0 B <,

(3) Bt EE OIS A OILKRIC LY | Folflc /e o TEIRAFTE~OIS AT 2 T & =228, &l
ME T /VORFE~OISHITHRNZ b D72 == RFFETH D, AL, ZNET
AN DB Z DR SFHIZIR OGN TWELIRET VEZ#B A D (S ANF LR D) FFNRET
NERRL, SOIHE~OICHZFEBT 26D TH D, ZNETICRWEBOET VT X
VKSR AR BRICm E S, SLIRBUEART OTRBERI 7RI D7 3 5 & & b, FRTRY 2R ELIR
RN 2 1R BT D5 2 N TE D,

2. WMERROAE QERIFEOHGITE DERICHOVTRINIER LT ZI W)
2.1 Tripolar Instability of Strained Lamb-Oseen and Batchelor Vortices
Our objectives of this study are to investigate the linear stability of Lamb-Oseen and
Batchelor vortices under tripolar straining. Such a scenario can occur in systems where
the formation of a central hub vortex, surrounded by three satellite vortices occur, such
as wakes behind propellers with three blades. It is crucial to understand the flow
dynamics of such wakes and determine the dominant modes and potential instabilities of
the flow, in order to facilitate optimization and control of such flows, especially regarding
their transition to turbulence. As an initial step in addressing this broader problem, we
perform theoretical linear stability analysis to get determine potential unstable modes
and obtain simplified expression that links their growth rates to flow parameters like
the Reynolds number, radius of the central (hub) vortex and its distance to the satellite
vortices. To support the theoretical analysis, we perform direct numerical simulations
(DNS) by solving linearized Navies Stokes equations around a quasi-steady basic state
to find the most unstable mode and compare it to the theoretical results. In the first part,
we demonstrated the existence of the tripolar instability for a Lamb-Oseen vortex (no
axial flow). The work was submitted to the Journal of Fluid mechanics and is currently
under review (A. S. P. Ayapilla, Y. Hattori, and S. Le Dizés. Tripolar instability of a
strained Lamb-Oseen vortex. J. Fluid Mech. (under review)) . In the second part, we are
investigating the effects of axial flow on the instability. The primary mechanism of this
instability is similar to the elliptic instability and is that of parametric resonance
between two Kelvin modes of the unperturbed vortex and the external strain, acting as
the third mode. The following are the two-dimensional structures of the perturbation
vorticity in z-direction of some of the unstable modes found, obtained using DNS
performed for Reynolds number of 10000, on a non-uniform grid in cylindrical

coordinates, with 695 points in r (grid spacing of 0.0475 in the region of the hip and
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satellite vortices), and 512 points in 0.
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Fig. 1: z-vorticity structures of the unstable modes with the resonant

azimuthal wavenumber combination (-1,2) of the Lamb-Oseen vortex.
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Fig. 2: z-vorticity structures of the unstable modes with axial flow (w = 0.2); Left: w = -0.1, resonant azimuthal

wavenumbers (3,0); center:( 4,1), right: (5,2)

2.2 HHE AMMOEEEARZEN & IR R

SR AMIEEEREE HHAE L, ZORMOME ZF-OT 5, BEREEOH] & L TR ¥
— B URET b, KRR RE TITE S 2 — PNl E SN 2 ENDED
BIROMWEIIRENRICEELEL 52 5, BRI, BET LR Z — v TIEREATFIC T
RCHRINDES 2 — L OFRBIRP A= METFTDZ B8BTS, 16> T,
EIERFRE D TR IE TH D HBAMMICHOWNWTE DR A E 2 BfE 5 Z L N EE L
2%,

AR TITRICEMEF RIS LY D AMICHN D RALEEELTEL, S HICZDOIHEHE
ZARD Z LI L0 S AROELTGEB RO S A B 2 A C & 7=, Fig. 3122 ET
BB E CHR ONTEREBARARLEN LT, ZALIEEITHEICB W TR CE o
REET— REMRERTH D Z e nhotz, F7-. Fig. 4 ([FEHABIARLEMEOIERIEE
BROBEFZ257T, —HOEMABRREZEMEIZONT, BIBICRE L% L CELRERICE
LRWTr—ARA N, 2O XD RERIEHERLEETHE AL Z ERMHLNTEY
RN ENEEL WD EEZIDND,
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HEIRDUINEFACH Y . TEDFHENZ L7z > TR ZZET T 5,

4. F LD LABOMHE

SATROT HEZT DI|ORLZEMEICE O TIE, BiARWIES - HOHAEOWIFIZE N T,
SARLEENEZ D Z L EHGIIOR L, TN ERICRET S LA EEEEY I 2 L—
a K VIR LTz, FEREOSAORRIRE T 0t AT 52 L NS %OETH D,

S AMDO R REAZENE & IFRERBICBO L, & S RLEEE— NI X 2 IERIESR
BABEBEHEY I 2L —a VK VIR D Z LIk Uiz, NLEEVEC X 2 B OE
ZRERRAICHEA L, BEY 2 21— a MKV FEET DI NS HORETH D,

5. BFZERLR Y A b X5 2 ML O WS O5-E1E, #IEIG 1 HHERHEFE L TR SV
5.1 Frim X « FRELX RRTEST)
FhipEs RSz E )
Aditya Sai Pranith Ayapilla, Yuji Hattori, Stéphane Le Dizes, Tripolar Instability of a
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strained Lamb-Oseen vortex, to appear in J. Fluid Mech.

e
ML

EERFS

Daisuke Nishiyama, Yuji Hattori, Subgrid-scale modeling of stratified turbulence using a
constrained artificial neural network, 1st European Fluid Dynamics Conference, 16 - 20
September 2024, Aachen, Germany

Aditya Sai Pranith Ayapilla, Yuji Hattori, Stability of a Lamb-Oseen Vortex in a Tripolar
Straining Field, Proceedings of the Twenty-first International Conference on Flow
Dynamics, pp. 1088-1090, November 18 - 20, 2024, Sendai, Miyagi, Japan

Aditya Sai Pranith Ayapilla, Yuji Hattori, Stephane Le Dizes

Tripolar Instability of a Strained Lamb-Oseen Vortex

77th Annual Meeting of the Division of Fluid Dynamics, November 24-26, 2024, Salt
Lake City, USA
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Aditya Sai Pranith Ayapilla, Yuji Hattori, Stability of a Lamb-Oseen Vortex in a Tripolar
Strain Field, HAWMAEIF2 2 2024, 2024 49 A 25 H~27 H, &
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1. WO EME BIE WFRoERE BE, BERRBEEZENTIZIN)

1.1 e s L B
TER D ZE T E AR RO IR IR i 1, Beir s - AFgEE 0 /2 v~y LEITERRIC S
W, HERERNCATOND 2 %oz, ZHuTxt L., BERZR AR 2 587 5 A8
HFEIANEOT A7 4 7 ORAZEBZ I RIBPRE AT T LN TE S, Lnb,
JEH B S F SE MK T T, BRERERCE RN b RIRFIC, ICHERR L 72 HERE S B
THZENTED, ZDD, RIFFIC LV RKFIEOREN R I AU, BEWVEREIRH
IZIB W CERFARIE & MRk B IE DA 23 2 AR S D, 2R O R
WL - BELEED DB LRV ED,

1.2 WFFEHARIN O & B IR
(D) Wi & MIEORENEIC L0 AT 52258 E O, £ 7-Hbitt/e L o#EMREm Lo
720, R MR ERIEIE 2RSS 2 OBAMIEO BN TH D,
ORI LY EREENENEE THLIHAENEML T D, BT, Fiiio
Btr, N BT T TR ENLRET HEEE VN EITEEZHIRL T\ D, Eo, T
TBEERICRER CRAET DENBEN —EOREREEGELED D, 207D, 2EHERED
KIS B RFED — D L 7> T D, o, KERKT 2T DM, BHRORA
[ZBWT, AR LA XGRS 2 EIEREICE LA EE > TV D,
ABFFETIE, HDIABTERIEL T YV a A v MEOBMAIZ LY | Z2EEEIKERCRMERED R
A E T DR I Z BT 5, HOIAREERIEIC X VARE OMIRTEAR ORI AT /E
ThD, £z, TVaAr MEZEY KGR TEIC X 22RO RE(EATE 5 LRIEFHC,
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TERIZHT T D HRISEE DI AND Z &N TE D, BEREIKHE L FIRFICEGTOE M 2 2 720
B0 EO% BEECEE~OICH RS Th D, SHI2, Ffliv Ial—yaiidis
7o, KA N ThDH, ZHUTEY, SFETICAMBEZ O o7 K5 Bl 2 A 2
THOTH R B LIEZ BT D,

(2) JEBEH TN T OEBHAE L I 2 L—3 3~ (DNS) 108 < 0FEfEE -, 225D
DNS (3% E % XA (Bt e =2 h—27 2 5RA) offl LTEESED LOTH D,
HHEIIRGEIZHAAT/AE W2 (120dB OFFEFH THE/RXE=0.04%) | 58O ffEE T
FBIERREICE EN TR A D Z LM TERY, TOTOEMERE L B EOK T2 %L
T 5, IEEFIE 1990 FRICENTHWH R 227)% 0 DNS ICHY A, BIfEE CEEZE
AT ETZ, 2016 F 254 5 A% L72{EE Volume Penalization (VP) #5i%, Hl&IAZESR
RIE L SREREEZ BN SEZ L0 TH D, ZHICE Y, O FICEMER TR OWIESS,
HEE) - BT OMENTFET DA BN E L EEEZ 52 L3 es 20 L U CHRE
WFFRIC & 8 F - T =22 /3% 0 DNS O H#iH 2 T2 HIChER Lz,

AT D AL —RICHEHER TR OMIEZ BT, ZORTEHEA®WVKE CHEHERZ O
5 BT TH 72w, Fiz, EBRTIIMRIIR O ks 2 2 - O TH LWV ookt L,
DNS TR TH 5, EIE VP EEZBRRE LIS SEE 0 e~ & PR TH D,
() FiELDI=ZDITEANT LT ¥V aA > MEE, T E CRBZA W EE B Z i
WA SN TEN, IEFFEMERED R ik v EEFME~0OE AN EL>SH D, L
L. Sl EEHEZ DS EMIEICT VaAd v MEZYEA L TR RE#EL 21T 5 DI,
AR HRATH S,

2. WFERRONE QLRI OGEITZE DERIZOW TRMICEER L T 723 W)
2.1 Ranque-Hilsch RV 7 v 7 AF 2 —7 D R )L —47f A J1 = X IO

Ranque-Hilsch "/Vv7 v 7 AF 2—7 (RHVT) 1%, &EIZEM S LSRN 5AB & O
R 2% P8 N O @l 22 BERTR AL O - Tia D b F — LR N T R L F — DAV 7 BES 2
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Fig. 1 : The region where the total temperature decreases significantly in the time-averaged streamlines.
(The green line indicates the region which total temperature decrease significantly. The solid and hollow circle represent the
starting and ending points of this region, respectively.)
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Fig. 2 : Distribution of each component of total temperature variation rate
along time-averaged streamline. Initial points of streamline is x; = 1.0 X 107%m (e, = 100, £ = 0.408)

2.2 Aeroacoustic Noise Generation in Jet-Wing Interaction under the Wing-in-Ground
Effect
This study provides an in-depth investigation into the aeroacoustic noise mechanisms of
a NACA 4412 wing operating under Wing-in-Ground (WIG) and jet coeffect conditions.
Utilizing Direct Numerical Simulation (DNS), the research captures the complex
interactions among vortex dynamics, WIG effects, and noise radiation. Key findings are
following:
i) Influence of Ground Effect on Noise Characteristics: The strength of the ground effect,
characterized by the ground clearance (H/C), significantly impacts both vortex evolution

and the resulting noise characteristics, including frequency and intensity. As the
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clearance is reduced to H/C = 0.1, the strong adverse pressure gradient near the trailing
edge induces vortex breakdown (Fig.3 c), leading to a marked reduction in radiated noise.
Additionally, the peak noise frequency shifts to second harmonic frequency of the
acoustic feedback loop. This phenomenon arises from the intermittent behavior (Fig.4)

which caused by combined influence of the WIG effect and a feedback mechanism.
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Fig. 3 Contour of velocity field (x component) with varying operating conditions of (a)
C40_J1; (b) C20_J1; (¢) C10_J1; (d) C20_dJO.
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Fig. 4 Space-time pressure footprint of vortex and sound wave in C10.

ii) Effect of Jet Flow on Noise Generation Mechanisms: The introduction of a jet alters
the flow instability characteristics, hence modifying the noise generation mechanism. In
the absence of a jet, noise is primarily dominated by separation-stall noise driven by
Kelvin—Helmholtz instability. However, with the presence of a jet, the dominant
instability shifts to Tollmien—Schlichting instability, leading to the emergence of
Laminar Boundary Layer—Vortex Shedding (LBL-VS) noise. This study confirms that
the tonal frequency of LBL—VS noise corresponds precisely to the vortex shedding
frequency, with its intensity governed by the vorticity transport process induced by the
shedding vortices at the trailing edge. The introduction of jet will largely enhance the

noise radiation, especially at relatively high clearance.
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numbers, International Journal of Heat and Mass Transfer 252 (2025) 127382.
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2. BRI O GERFEOSHEITE DERICOVTRINIGEER LTI ZI W)
2.1 HEAMDRIRAZENT & 2 ELTEBIEFE DO HFJE

Helical vortices appear in a number of devices which possess rotating wings such as
helicopter rotors, wind rotors, ship propellers and turbine impellers. The nonlinear
evolution of a helical vortex disturbed by a long-wave instability mode is studied by
direct numerical simulation. The three-dimensional Navier-Stokes equations for an
incompressible flow are solved using highly accurate numerical techniques assuming
that the helical vortex extends periodically. Two values of the pitch are considered:
I/R=0.2, 0.3 and 0.4. The wavenumber of the long-wave instability mode is set to k = 1/2
and 3/2 at which the growth rate is maximal. The Reynolds number based on the
circulation of the helical vortex is Re = 3925.

It is found that the evolution and the topology of the resulting vortices depend crucially
on the pitch I/R and the wavenumber at the nonlinear stage. In all cases, the helical

vortex deforms significantly, which is followed by vortex reconnection for k=1/2. When k
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= 3/2, however, clear reconnection is not observed since the three-fold symmetry is
preserved. The helical vortex expands as time proceeds (Fig. 1, left), while thin vortical

structures emerge (Fig. 1, right). Eventually the flow becomes turbulent, although the

fluctuations are weaker than k=1/2.

Fig. 1 Structures of helical vortex shown by iso-surface of enstrophy.
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ITRBERRBARR L 2T LHEETH L5720, H< e TWD . FrIZITFETIEREL
FIH LT HO B 2 RBE2R E R STV D, Fox 1T S DICEE AR 3 3281 T & 5 Al Retk
EHERIC Ko TR Lz, 2O T Pl SV EH0 Camah = A B St 2 FUEEH R L -
TH ML, FRERIERESELZRET .

1.2 WFZEHIRIN O B AR
FBRTET CIERAED R E K & KROBRITH L, BUEFIA b ET 5 2 & THEH
fpatEd s, / yx o ZICEALTE, ORILE KRS 1 RuEFFHE R LG E T
TFHTE L2 HEERRT 2. £z, REAREGHURE L U Tl 7B 28R L, FEBr & 2K
EFHEIC LV BGEZED D, X 51T, B LUWEEE RGeS O EBLZ M 72 BRI E 3

DB HR A HED 5.

2. WMHERROAE QERIFEDOHEITE DERICOVTRINIEER LTI ZI W)

(1) 7 vxv TREOER

n-heptane(PRF0) & iso-octane(PRF100)% A L7-RECTH D PRF #X—2 L LT/ v
FUEREFML TS, ERFMARE(CT 2720, 1 RITGOEEBEE LA I L,
FERANCG DN RERPIR CEBRIEE LRGN TH L. /) v F o T OMGFFEIZ L 5 T
bHEDTRY, FRERRIZT T, FHRICEI MR L OB LIED TN S.
(2) WHARE BB DOERFR

WRDAT Y Y AN E END Z L OBVRFER 6 — 8 D 21 FEA BB & L THUREH A 2 1
WTHRF L7z, YU VBB O ERSG O 1 2 THY, M/ v 7 HERENZ ERMERTND
iso-octane & D LHE NG/ v 7 HE S B WKRENTH - 72 (a) 2,3-dimethylbutane, (b)
2,2,3-trimethylbutane, (c) 2,2,3,3-tetramethylbutane #E/EJ 5 Z L3 TX72. 25O
BHZR T 2IREDAHEE~ A 7 a7 —0 7 7 2L 5 ER - BEHES v 70
EEIREAZEmL, HREBEL WD,
(3) Hr LWEBE HRBERR DEEL

BRKEKRBEADDLBGR L U TREER RS OZ 2 LY FHERETH D, FHIEF
TIHEFEZ R LI BB e R S EH STV D, Fex IXEHEEFIAH LIBRBESR L D b
S OICZE CRIRRRBER A HRIC Lo TTFRIL 2. Z 0 TPl SN2 58 CTEsh$
IRPRBESAE 2 BERT R 2 R 5 2 & T, EBRITRBERR & L CRIA R RN T 2 2
LafER LT, £, FEEMELZF OBV RET LR MOV THELZED TEBY, %
DiEfe T Deflagration to Detonation 23584 5 5 2 HMEIZT 5 Z LTI LT-.

3. WHFE BAR DRI

3. WFFE B AR DRI

(1) 7 v X 7BROBEE LOWHICOWTIE, EoT—% Lokt Ed TRy, #iz
PRRLAUIC X B TRl i O S B ANEFICHEA TV D,

(2) AESREHZBI L CTh, TERDBREHT AT EERR L % 22Kk FTRE 72 REHRE D 38R 23 T & DD
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bV, SHROFERSLBIEFRICE 72 DI+ R AR L TV 5.
(3) H LWEEBRBERR ORI OV TIL, HEEHMEZEDLT b r—va v 0RAEE 1 RTE
FIZE > TPHITE D FEBRMHLENSOHY, +oRiEERH 5.

F L LABOBRE

XU TBEEOTRNCE L TE, /vy F 7 EEI LIS WBEHEIZEB W TERIIC , v &
VI EMERTETCEDLT, SORIMENBLETHD. ARREHIBE L T, HEERIC M
IRIREE OGN HE Lo, XL EHEORBNLETH 5. BEERIERRCT OV T,
EBRNERTH D720, FEFHRSCHGGEEIIETRICHEA TV DAY, BRAESEE L ST T
H5.

WFFERCR U A b (%5 2 BILIEOIE O%E1E, #ESGERHETL LTRSS W)
5.1 w3 « FRRER BRTEITL)
FIMERE (RS ET)
1. Keisuke Akita, Peng Zhao, Youhi Morii, Kaoru Maruta,Double flame dynamics in
hotspot ignition, Combustion and Flame, (2024), 269, 113660.
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HL

EERFE

1. Akira Tsunoda, Youhi Morii, Kaoru Maruta: Novel Analysis of Fuel-Lean Premixed
Stretched Cool and Hot Flames in n-Heptane/Air Mixture, Twenty-first
International Conference on Flow Dynamics 0S2-3, (2024).

2. Youhi Morii, Akira Tsunoda, Kaoru Maruta, Critical Role of Local State Quantities
in Determining Burning Velocity: Insights from Fuel Mass Fraction and
Temperature Profiles, Twenty-first International Conference on Flow Dynamics
08S2-10, (2024), Invited.

3. Shogo Miyazaki, Hinata Moriyama, Daiki Nakao, Takuya Tezuka, Youhi Morii,
Kaoru Maruta: Model Experiment on Knocking for PRF Using a Constant Volume
Chamber, Twenty-first International Conference on Flow Dynamics 0S2-14, (2024).

4. Hinata Moriyama, Daiki Nakao, Akira Tsunoda, Youhi Morii, Kaoru Maruta:
Numerical Study on Relationship Between the Research Octane Number and
"Explosive Transition of Deflagration" of Primary Reference Fuels, Twenty-first
International Conference on Flow Dynamics 0S2-15, (2024).

5. Haru Okada, Youhi Morii, Akira Tsunoda, Keisuke Akita, Kaoru Maruta: Analysis of
Constant Thermodynamic Assumptions on Detonation Transition: New Perspective
of Zel'dovich's Spontaneous Ignition Front, Twenty-first International Conference on
Flow Dynamics, 0S2-17, (2024).

6. Maryam Khan-Ghauri, Claire M. Grégoire, Keisuke Kanayama, Pascal Diévart,
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Shintaro Takahashi, Takuya Tezuka, Hisashi Nakamura, Laurent Catoire, Kaoru
Maruta, Eric L. Petersen, Olivier Mathieu: Experimental and Detailed Kinetics
Modeling Study of Bis(2,2,2-trifluoroethyl) Carbonate, a Fire Suppressant for
Lithium-Ion Batteries, Twenty-first International Conference on Flow Dynamics
052-20, (2024).

Smauel Manzello, Sayaka Suzuki, Kaoru Maruta: Characterization of Particulate
Morphology Generated from Lithium-Ion Battey Combustion Processes,
Twenty-first International Conference on Flow Dynamics 0S24-CRF-18, (2024).
Hinata, Moriyama, Youhi Morii, Akira Tsunoda, Kaoru Maruta: “Explosive
Transition of Deflagration” of PRF at Different Research Octane Number, 15th
Asia-Pacific Conference on Combustion, Paper ID: 658, (2025), Accepted.

Akira Tsunoda, Youhi Morii, Kaoru Maruta, Effect of flame stretch on “explosive
transition of deflagration”, 15th Asia-Pacific Conference on Combustion, Paper ID:
699, (2025), Accepted.

Youhi Morii, Kaoru Maruta, “2D SIMULATIONS ON REACTION WAVE AND
AUTOIGNITIVE REACTION WAVE IN SUPERSONIC CONDITIONS”, 13th
Mediterranean Combustion Symposium, (2025), Accepted.

FR - RAR%E

EIRRREE, PR, RILGK, TS, HRHER, LHE  ERRSRE AW v
X o THGOREHERAAYEICBE T 2898, 5 62 BIEkEE S AR T U A, B121, (2024).
BRILBGA, ARSFHERS, MM, JLHE : PRF © Explosive Transition of Deflagration
BT 2 BUERORFTE - SiREIERM TSR D/ET -, 5 62 [mlkEEs v R Y 7 A, B122,
(2024).

) FH oz, ARIFHERS, MM, BKHEEEM, ALHEE, Zel'dovich’s Ignition Front 2257 k%
— a3 OB BT IHREDOEE, 5 62 BT AR T U A, C125, (2024).
A, ARFFHER, SALHE B TS N REHT T n-heptane/air iR kJE D BERE
BT D EMEARGE - 7 BAEKSORIRE &7 KRERE” LRI DR, B 62
[EAES AR T A, C311, (2024).

FREEEHE, AOPRER, Uik, SLHE, AR, BEFara—XRRCmT s —
L~ UL A O T BRGSO ST FIE DR S, 5 62 EIREES VRT T 4,
C334, (2024).

ARITHERE, A, FLHE, & KT D BTG 2 8 5 FIEIC OV T, 5 62
Bk BES AR T T L, C3385, (2024).

EREE, R, RILGK, FHet, BIFMER, AUHE ERR%E Hvis PRE
BT D v X TICET L EMNIE, AR BNLFa 77 LR 2024,
08-11, M22, (2024).
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FALRZEFARFIIERT  FHETER
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FALRFR A T SRR R RE AR B 22 /k
AR BERBA, AH FA, R o
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1. WO BEHE HiZ

1.1 DR & HY
FAFET XA —OEHIZEWNT, =R F—DIFR-CHENFREO O E D& LTEITFL
N5, 70E=7TRRKBIZZ AN —F ¥ V7 L LTHIFEND 7T T, EERERH
WARRZR Z BRI LTHIEE SN TS, filcd, =3rF—ArE-CiioEbics
WCUFTAALFUBMAEIICDE Loy T U —X, HWBRONA FRE e &b 7 —R
Yo a— MRS EBRICMT CERBEIF SN TWS. LR > T, AR LY —
KRR 2 BIETICH2Y, 1ERDORILKFEDORL ST, EFEKE N P) - |HEKE (0S°S) -
ma Ui (FRCl) Ji#re ExET LAY OREEREO BN, B - (BRE ORI H
RNy TV DK BEOBRNDEBEL /0D, AFRETIE, I—Rr 7V —RETH S
T U= T RKFEORRIERR OB L O KEFLNRESND Ny T U —I28T 5 #k
PERIMBEEA CHD VU V5% « 7 v BB E T UD & LA E OBRBERE O fEIA S L O
IEHRRIGET Y 72 BT 5.

1.2 BFFEHARRIN O s B i

T =T ROKFER BRI 2R E T 2B HOWTIE, SO 28 U TRV S
f (RRE~EIE, ZERRIREXHMA L) (2B DREEREZ BfR T 5 & & big, b
STV OYEEKI 72 CFD ~O# % A0Hlc, EFVEEBS L (MWEIZE L T) BIE - Kid
IWEATH L2 AEET 5. Ny T VBRI SICBET 5 ) % - 7y BRILEWEIC
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DOWTIE, HHRAITIEGI 3D 72 < SRR B DDLU ET LV BIREN TN D728, B
SRR AL BOG 2 ENRICE W TREAALZEFHR-PALERISE TV O - Mikz £ § 5 2 &
ZHIELTD.

2. WHERCRDOINE
2.1 U VB N Y ATFLO RS TRRBEROGRR I O PRER

U g kY AF (TMP) 1%, UTF 7 LA A4 BHERIEA~OEERIERNBIEH OO L ST
BV, BRI E L TRICHNDRTWD R ATV ELT- S iEEE 6T 2 HM Y
MEEMTH D, U RERANT, ROGEERICB W TAER T D P REESRERGICB W T HE
Ho B 2 D IR A DN RIOICHIE T 5 2 & T, MBS EIHIT D, Lo T, HER
REREIN S U 2SR EIER E O X S ITERT 2 0 DNERRICERS T 5720, T O
ROCEIE OBMENEE CThH SH. AT, 5%DOY VBN Y A FNLOFERIGET VA%
FEBIICAN, TV BN Y ATFILVORSFREERISIZ DWW TR B FRIRZITH 2 &
THA L. FEAEREZXK 1ITRT. U ViR b A FLORS FRREERISIZI W T, Bk
NI E, ZDHAF VT P H L (CHs) AR /L LT VT B F(CH20), ¥ A F /L —7 1 (DME)
R EHERT ARG A LT (1L R6e, Réd, R8). ZHUHDRINEY &~
i b U AFNLVOBFEOFRIGET VTIEBRINTE LT, BEFET /MW TEER A
FNTPJ1v (CHs) ZEHEAERT 2068 (K1 R L0 b —MIZHFToH
%, BOEREGRINC S, T OIS ITEHRAIRCE S 0 Uik 5 X 5 22 RO YT B 1 2 7
HAE~HIRICIHBWTEEERD Z R ghoT.

140 -
| #
+CH,0

120 ¢ \ <
*CH,0 111.9

€ o] ! (g 1003
% 10k “l Tss :' ‘|‘CH3 'I,_e'_.‘
£ | \ Promn | i 87.5(R9) ,,:1'97.3\:,
— 80 - +CH, Ts1b“ . - 90.3\ ! i ':ll TS4 ‘:‘
> (R6c) 732 729 3-° \ ! oTs2 g W\
2 = X 1818 1] 2R XY
[+}] T P H
S 60 (R6b/R7)81.44<C WA oo \ ¥ ',:‘72.?,: \\ © +CH,0
o T_Sj_a"s 1 T aaeich T I g P Pk +DME \\51.7
ke — s W70 'R oy Y
2 ] 51.7 943 ‘--:'44_, | \ ! Iy & v 147—'1 ‘
E 40 |+CH,0H (R6d) (R6a) \\“‘ "l"; ',; "," \“ ’,(Rg) 140.3
[+}] ' ] ]
- S N T
¥ \ ty o
S 201 ¢ +CH,0 ¢ “‘ll l’"”'l" ¢ 4CH,0
o 5 N [
(L) L

-20 -
1 VU @kl AF (TMP) OHTEBESINZE T D=V —F AT 7T A
2.2 FIEFRIFICR T 27 o F =T BALIG OME

FRBERRIZ BT 27 =T BB ORMIZHT T, FE - mERMFICBT 57 =T Ol
LRI B D B RO B LD . AWFZE T, RESMHEEN~ A s uTn—0 77 2%
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MAWT, FESME (~0.4MPa) I231F 57 - F =7 BLICOW T ER I L ORI 4 i
L, YR E CREE LT VB =T LRIGET LV ORGER L OIS RBROREET- 7.
X 2 [ZEHB L ORI L 27 E=7 (NHs), #ifg{b%E% (N20) BLUVKk#E (Ha)
Do &t EBrE K OBUER RS L LT, IR (1100-1400 K) « £ /) (0.1-0.4 MPa) -
WYt (RAROM, X 2a: B (0.5), X 2b: &Eimtt (1.0), K 2c: AEHERE (1.5))
BIRDH LT, FIENEYBROKFEEZFAE L. BRELT, WThOYERIZEW
THHENE LT 213ET7E=7 (NHs) OHBITRERMA~E 7 M5, ThbbMUGME
D END Z LN yinoTz. IS EIToT28 2 A, 2L, FIESRMICE O TAERIMEEE
ENfce Ra~rtx T o (HO2) N—{bEHE (NO) &L6T D2 ET, HE
DT UVEZTHEICBOWTROEERE Fuax L7 UH)L (0H) B LU kEHR (NO2)
DAERBIBESND Z EITERT L2 Z N L. RBAEICE DT =T HERED)
FiE, YEEAMEWVZE (K 2a) LYVBEFICHENE. JIUTEEEDMROZ EBREHZX LT
BRFOEIGNHEZ, BBFEEZEE L CHO: 7 VIV AT 5 SRS SN D720 THh
D ENGInoT.

(a) =05 (b) $=1.0

F

T

= . > 3

G 01 —— R

Iz 1102 --(}- -

= i 0.3 A - NH
00{| 04 @ -= 3
1000

é 800+

5 6001

400 _/

Mole fract

2001 7.
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0{® g g - 8 = 0.8 = . iy H
1100 1150 1200 125013001350 1400 1100 1150 1200 12501300 1350 1400 1100115012001250130013501400
w‘max [K] w.max (K] w.max (K]

M2 7roE=TRALICRT DENBIOYELORE

3. ﬁwﬁﬁ@L%%%
BRI W THERIEFICEA TR Y, AEOEMRSEIFTE 5.

4. FLHLEAHBOMME
Ny T —EEREWERE D U L - ) A F T HONTEFALFEEEIC X D B4 TIREE S s D HEZe
ATV, Hie e SR Z RO 72, 5% IO OMIGE RIALERISET VERE L, EE
AR~ A 7 a7 a— U T 7 2% - IR EBER R A LT 5 Z & TET AV OMGE
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2179 . BREHRIRHED SN TWA T =T OFJELMIC BT DI LEEIC R LT, EBRrE
BAEEFE & e % = & CREF LA ST T LV OREEE T 7. RISITIC LY, EHRY &
AL SO T =T BALISIZ B W CRERI R R 72858 L=, L LS s
BT VIR ERE R BB L7, FRCAED OB S CERMRERN R O
LV EHOENEE (GHE) ICBWTHIRESMGIEE~ A 7 e oa—1 7 7 2 2 i 325k
EHUERIRICEY M TETH B.

5. WIFERCRY A K G5 2 LB OHE OLE 1L, HE50 bREFHEFRL L TR EW)
5.1 FIlm L « FRRER BRTEIT)
FirpERs (BRLEZET)
Kenta Tamaoki, Yoshito Ishida, Takuya Tezuka, Hisashi Nakamura: Effects of difference
in heating sources on ammonia reactivity: Possibility for photolysis-assisted ammonia
combustion, Fuel Communications, Vol.21 (2024), 100130.

Kenta Tamaoki, Keisuke Kanayama, Takuya Tezuka, Hisashi Nakamura: Self-induced
radical sensitization in ammonia oxidation at intermediate temperatures and elevated

pressures, Combustion and Flame, Vol.269 (2024), 113658.

Keisuke Kanayama, Hisashi Nakamura, Kaoru Maruta, Andras Bodi, Patrick Hemberger:
Unimolecular Decomposition Mechanism of Trimethyl Phosphate, Chemistry A European
Journal, (2024), e202401750.

EFRF=

Yoshito Ishida, Kenta Tamaoki, Keisuke Kanayama,, Takuya Tezuka, Hisashi Nakamura:
Species measurements for NH3/CH4 mixtures at intermediate temperatures using a
micro frow reactor with a controlled temperature profile, Twenty-first International
Conference on Flow Dynamics (2024.11.20).

Koyo Igusa, Hisashi Nakamura: Clustering method of species characteristics for
simplified reaction model of methane, Twenty-first International Conference on Flow
Dynamics, (2024. 11. 18).

Yoshito Ishida, Kenta Tamaoki, Keisuke Kanayama, Takuya Tezuka, Hisashi Nakamura:
Species Measurements for NH3/CH4 Oxidation at Intermediate Temperatures in a Micro
Flow Reactor with a Controlled Temperature Profile, Core-to-Core Joint Workshop
Between KAUST & Tohoku University IFS (2024.12.3)

EN¥S - RES%
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X Z 7= NH3/CH4 Bz iF 5 NO ARRICEET 2502, & 62 [Al H ABREES R Y A
(2024.11.27)

HENE, PAE ALFEREORHED 7 Z A2 ) 72k D CHA OG5 KIGTET /L OREE,
62 [l HABRBES AR A (2024.11.27)
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1. WO BEHE HiZ

1.1 e L B
Fx OBFIEETIX, 2N ETIZ BiRE S FERENER (PEFC) ftifkE|23517 % Nafion 7
A A )~ —ORAEREEE . MG T8 (CGMD) ¥R 2 bL— 3 & AW R
# L C& 7z, PEFC Ofl#itfE T, JEESHK nm O 7 A 4/ ~—#EN A&tz 8, 2o
HEEDMILIE OVEREIC KR E K BT D, TA A/ ~—DNEVTET 1 b AREERNm BT 5
— 5T, BB ERENMET T 5720, PEFC OFREEZHEKLT DI, 71 b oAzE@E
LWEFRBMMIED T v A & e b d 2 A ORFH AR AR Th 5,
I ETONETIE, IBEORIECIRA 7Y Nafion ORREREICS 2 5%, Pt KifDW
A XL, BT JHALOY A X5 Nafion 74 4/ ~—DOARICIE T BEZRE L
Tro ABFZETIX, —WHIFLOTFIED Nafion 74 4/ ~—DF ) A — LV TOHRHIZEZD
WRZM L, ZTOMAEALNITLZ 2 HMNET S, Martini H¥5% vz CGMD
V3al—valrEERL, RHMILOBEICL DT A 4 ) ~— DR BRI OB %
fiftT4 5 Z & T, Pt OFAFERLT 1 b UEENRICEAT 5 MA LS 2 2 BIET.

1.2 WFFEHIRIN O fofs B AR
AWFFETIZ, CGMD v = L— a3 U ERWT, —KMifLA Nafion 74 4/ ~—D5AE
FOMRE R RIETREL T T 5, AMETIE, Martini )% vz CGMD +X =
L= g VETAERBEL, —UKMALOA D Nafion O30, HHE, WAERMEICE 2 55
ARt %, oM%K (RDF), ¥ 4EAM (MSD)., 7 —AR KR LU Pt ki1
WX T DT A ) ~—WER, TAA4 /) ~—DEIBLOMHLS &M\ T Nafion OFE)ZEE)
ZEREMET 5 2 & T, — ML ENIHE L R 5525 E L, Pt OFHRLT 1 ko
s gh e & ORI A BT 5, I8 O R FHI T 72 iR A R L. SRR & EER TS
R & LTRKRT D, WIERCRIT, REFEMBEEOEFRFIRGE~wm s L TR L, 7 X
U ESRAEFS (ECS) RHAGEVER R EORETRET S, Zhick v, ENAOHSE
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H L igEmma TR, WHIEORRIZ SRS 5, ABHFEORRIL, PEFC fililiE DT/ 2 75— A
2R D —IRAILOBE 2 HREIC U, MilE s at o m B IC 'S 2 2 L 3 iR S s,

2. WFERE DS
2.1 B LWV FIE DB
AWFFEClL. —WMALAY Nafion 7 A 4/ ~—D50HG L WERHNEIC 5 2 5 8B A i+ 5 7-
D, CGMD ¥R = b—3 g &2 HWTIT FEE B Lic, —MIfLZ B L= Pt/C filfi
JEETNVEREL,I/C M, Pt Kif-P A X, —IRHIALY A X2 Z{b S &5 %417V, Nafion
OB & G L, f@FTI2iZ, RDF, MSD, 7 —R AR L O Pt ki -2kl 9 57 A
T~ —WBR, TAA )~ —DREBIOCH S 2 W T 21T > 72,

2.2 F LWBIG D
Vo lb—va rORER, —~MALO YA X8 Nafion OF¥E—MEICEEE 5 2, Pt K1
DA XH Nafion OWEE L RFE IR OB IR E LY LIETZ ERPAL NIRRT,
F 7z, SRRV T Nafion (IWIHNC R OBEERE AR L, FBEOMEITE & HIC Pt
(CWRE LS DI IRIEE ~ & BT 5 2 LR S LTz, T AR, kg oIS
IRV TR Pt KL FOREELBRT 2 0EML R L TRV, 5% OitExE
D IC BB fR gt A Rk T 5,

3. WFIE BAE DR
RO AE T > 7= — LA &1 PH/C fllitfE23517 5 Nafion OARRHEDINT 2 56T L,
2% UC b, Pt it A X, —KHIILY A ZDOFRHETTCOTYIab—a r2E LT,
CGMD % H 7= & ST 154 We 7 L. Nafion OWAE « 454012 B9 2 Br %8 2 1H 5 M
Liz, ZTNHDOMEO—HIX ECS K THREHFATHY | BiftmbaiE» T, 22
TIHERICEELZERL TETNDHEEZLTND,

4. F L LABOBE
AL TIE, —RAFLAY Nafion OWAE & DRI KIFTHEE T ) 27— )V TfigfT L, Pt ki v
P A XL A Nafion OYERL « WEFENZ AT 52 EER LTIz, %I, ECIRESMF
AEBLICBMY I 2 b—ya Ty, WET RV —ifr 25 A LT Nafion OWAEZLE
YA T 5, £, MR E EEREAIRGE~ER T 2,

5. WFFERR D 2 b
5.1 Fifiam X+ FRFER EERTEEL)
FNHERS (RS2 2 T)
Liu R, Wang S, Guo Y, et al. Coarse-Grained Molecular Dynamics Simulation of Ionomer-
Mediated Carbon Cluster Bonding in Polymer Electrolyte Fuel Cell Catalyst Layers|J].
ECS Transactions, 2024, 114(5): 151.
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Wang S, Guo Y, Liu R, et al. Coarse-Grained Molecular Dynamics Simulation on the
Impact of the Primary Pores on the Distribution and Morphology of Ionomers within
Catalyst Layers during the Drying Process[Cl/Electrochemical Society Meeting Abstracts
prime2024. The Electrochemical Society, Inc., 2024 (43): 2883-2883.
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AR GRO3SEP24
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WA %k o1 Bl

2025 4F 2 H 27 HEEH
KB G 4ANE DK EDEEENES O B OFMEZEKICEE T %
5y T AR ORRAT
&

LRI #

RO AR E BEE WHEOERE BE, BAEMRBAEELZZENTIZS W)

1.1 BFgEnE =& B

I, ALAREHIR DD 7 U —r 2 X — L LTOKENER SN TEY ., BN ERD
T DUKFREREG ] ORBEPED LI TND, KFELLZENTEMN - 45T 5720121k, =
ANF—HRBORNEEMEIZRET H75F T2, ASMEHE ROKFEWREFEZ NS+
HZENEETHD, LrL, IHERASN~OKEWRE « M OBRIZAE T 5B XL F—0
B ARG E 2o T D,

ZI T, IVEL OKREEFIR - WIEIZITOGEMA TRER X O 2B IR LT Z &0
AIRE7R KB A OB N RAITRD LN TND, Tx T ZOMEEERT L0, FH—
JRBR (first principles) FHREICEED < 8 EEPLBIEERGR (DFT) 12 & 0 HTHIK R & 4 O 7T
BLOBREZITY, BERMICIE, KBRREEOFEET VA HW, FERTIFBE LG
ST o3 F Lo T O RT SR ZER ORI, K RRAONE ORI T 1 % BRE - #ESLT D,
IHIZ, BEAEFFRICE > TR LN BT FREOTAM LV . KFBOWIN - BHRFIZ IS 1T
% EREEOMELIC L > TEL 2 = p VX — B 2R 2 5 LAl 2175,

- 2 WHFEHIF N O Ff HAE

in silico \Z X2 REBEIES I = U—3 a & W TR BUK B RER B O B s IE, 5
FIBBLZ BN T HRIEE L Th 5, BEULEEE R OFT) &2 W KRG R LY S = b —
va TR FERTITBIE LG22V KBRS BT OKF R T L~V OIS, &8 DO
ZALZR EORIUENATRE L 70D, £ 2T, KEWRIEA 4B Dt i A A K 9™ 2 sl 72 i - P e
RLEE DR 2TV, KV IKESFRRAE LT WEF THE S D B8k 2 #iE
T 5, EHIC BN TAEDPDRE SWE ST WY A b2 AT b LEERIRHE 21T 2

RIT, T D DEVKAFIER 2 FFOKEW A 2% . BB b FiEatiis LU
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fENT %, BARBIZIE, AKEWE - RN ICB T b= 2 v e —2fk, = br E—%1k,
BLOFXF 7 AR RV X —DIRERFEZTML, X0 @b - mlsRIckE 2R
DEBOEBREAT) ., ZILHORERIZE D | FBUKBEWRIE G SO SO BRIk B4
HERHIC TR 2 Z LRI 2 D720, EFRH e = 3 L X —EOMIRICEHIRTE 2 &5
ZTWD, FERANICIT, KBERRE SO BEFFEIES 2T LR AT O ERRoE LEE L, E
BB 2 FEAICHT T2 R O —B 25 Z L B3 Fkx ORKBEIETH 5,

2. WK ONE

3.

[DFT FHRLIC X 2 BT 7 /L N O Z2BREEAT 15 O BT 36 K OB ) 4T )

BrBUKFEW RS BN 2 KFBWEATE OZER %2 EEMICTHIT 27O, 5 e
(first principles) FHEICEE-S < B AL EAEFE R4 (DFT) 0 mGGA-SCAN JLEE%k A FV /= Fukui BY
A Uz, Fukui BIEUE, K WIE EREIER ST T VN OKFEWRIT A b ~DOW 75 =
RNF=PMEL 22D (ZRERRBENME 72 2) 2 & ST D 7O (1], FRTRE O ERH &
BT 2 AKRFEWEEOFHmICKT L THEHTH D,

e i, KRFEWEAAFHEET L MgNi & W CTKFES T3 G A EN A~ 5 = 13t
ByIalb—yarziiole (KD, KESFIT Mg Mg G OPMICH D N &G L (K
1 |). KFEDW ik S D HTO Fukui BIEOEIL, BEEOME L Y HREWZOR AL E
NTnsd (B1F), SHICELEREETAVEZHWT, &F PRI FYIal—rvark
TN, BRI Z 0T LT (1 2), 2 Mg NiHa ki 7 /v 1T, Blim 149 3.6 wthD K FERT
JRFIRE T D . KFEDT 1 HHT2 0 OFEMEART 7 BT F— (AFG" [per H:])
1%, -12.33 keal/mol TH-o72, Lo T, ADEAEFS AL (FLE LI /KEEE ATHEICT
D05, [RRHZKRFEHH O T DIZITINT O DT RN —D AN EIZ I D 2 & T,
IO DIENT FIEOMESLIZ LY . UKW A BBHFE~DISHR e L 2o 7,

Mg2Ni Mg2NiH2 Mg2NiH* Material A(eactant) + HYdrogen actant = Material Cproquct
Intermetallic i i Complex hydride

metalic ~Intermediate hydride

. 'J f i L‘f\b c}t:&v‘r ,Li | :'{~":;\
TR ey PRk SaA
L‘c ¢ LJ‘ L}T(‘% )T&hi{c &x}.xﬁ‘f‘
SEIEN r N c}‘[}\l NSy il
X 1. Fukui BE%c X 5 22/ oo a4k 2. EJFRNTIC K D W AE

ZEZ k(1] Journal of Physical Chemistry, 116 (1), pp. 126-133

WIFSE B AR D ZRCIR T
FrY=z b 1AERIC, DFT §H5RIC L KBRS &F 7 AV NOZERRHGFE O R LU

) FR RN BN T D W) B EERTHZ N TE D, RO TH 588
BEHZ Ko THERY S D KBRS EIBFRICE T35, BEARMICIE, ZItReHRMEN LR S
nNHE4 (MgeLa+Ni, Ca+Sr-Si &) ZHWEIr b, /2. TNETNDOFTHERE
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ZALESE D Z LT, MG FERAIEN L U, ETKRPIRESCWE Y A bR D7
D, NER B FACFFIR ATV Rl 2 D T <,

4. FEOLABHOMHE

REWREAE S X = — 3 AT K D KRB S B O ZERR O FI#AY - & Eailide K OB 7Rt
DOFM T EE ML LTz, —J7 T, HLEDZER L 7 b X 5 ITKBW A 4O FEE S 2T L
AT O ERRYE L DN EIE L0 5, FrIC, ERIE L TR OBEAMENLETH 5, 5%I1T.
BB X o THERR 4L 2 KSBWEA BIBRFE 25 F L. By EF & sl 2 5f(k L7e 23 5| in
silico OB L W ALSEERLIZANT 72 BRIZED FA TV L,

5. BFZERCR Y 2 & CXE 2 FILIBEOMEOLATE, #IEIy 0 HREFRFEFL L TF W)

5.1 "FiimC « FRFE RBRTEED)
- GteX KFHEML « SV aiE (2024. 7. 11 AUE) : WFFEHE DA R (RS2 EER)
- GteX KFRAENL - £ 2 [k (2024, 10. 31 HUR) : AFFEEBRIL O AR A X —F5FK (I
SR - A B EREHTFER)
- GteX /KFEFEIE « KBATER T — L33 (2025.3.11-12 {IR) : WFZEEBRILOIFR (K
Bz - A IR T R)
- GteX K FEHEK « 45 3 M2k (2025.5. 16 B0 : AFFEMERIRILO R A ¥ —3Fk (1R
Bz - A IR T R)

i

i

5.2 =Ofth (RFraF. ZH., v~ A I¥EK, F)
4 L
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I. 8F 8 pc B #f =

HFR



£ (1)
7'v Y7 MRS

AR 2 YGO01APR23
il R

A HI 2023.4~2025.3
Fiaa G w2 [mis

2025 4 8 J] 5 HizgH

72 JapE e L e 222 FE S < CFRP 28 £ 3 o ik &

BTER 25
FALKR TR AT FERT =

1. e HME BEE (WFE0d Rt BRY, BAEMREEZEN T I W)
1.1 W= E B

BRETAT ORI 2o 2%, FesRE - el I8 7= CFRP 2 2G2S &
ERMIE SN D, U4, HEAYE CFRP 24 A[ 981 CFRP &\ o 728 BENE % i oD 7= el B D
W22 HATOH, M2 L — FOMELE LTZ —Ry - #iokEE L~ L ToORBRMNED Hh
TV, HEARMZHEDOBITICB W TIE, DX 5 728 LW B ORI 2150 L2k 323k
DOHNDLD, EEAT—NVORREZBRVIERLITI ZEIXIRETH Y, RETOMIHIER THE
Rtk 2 KB S R 72 EAOBEREFT 2TV, REDOBRV ZEBOTIEREETHD.

WiZete D FRFFTIE, EOONTHAEHEO L I, KDL & 5 B % 22
TG CRD %, ZOERIIREEIT 5 X 5 FEEN SR B E 2G5, FEHE
BROWEES D, HIZEHOBGHBIRITIZHEA L D S EMEMT A I Ao TEz. L
D UBLRTIE, 227 « HEESRET I3 2 ICEEMT S E A S, D 2 AI/EH S E 7
FXEHBAFEIISE ET o T e, R, MBI X o TROERERIEDLY, ik
BRERIIZEINIAMICEETDHZ b, B EEEEROEIRIEZ TR FTaE 2R i
AT AR E LV, ABFZETIE, BERIANCZEL L2 KT o SRR EE 2 T 5 §5H0
72 S E 2 OfRITIC S B L, AFZEfI 0 720y CFRP E3EIZH>W T B OFE % figih4- 5
729 O FEEFATEESL 200

HEEE O O 7 L— 713U, Sk & BHE oot 2 BT, 2R - BEER O VAR R T Boeing
777 7 7 2D CFRP £BAEEY A D0 J %817 ) ~IVF R —)VIRNT 2 R T TR & |,
IRFBRBHEREDE D CFRP EEOFRFHIRITTEELH LI Ui, RFEITHRHE & #i5 D
Wi & CFRP OFEE R OBEMREE 2 TRl 2 72, EERED 72V v Ly CFRP #EHZ 3 L
THEZEHRIED ZHEEEFH 2 BEICATZ DB 727 L —2a U —27 L 52 5. LiL, 8l
R CITIEREERE TR 2 VTl v, RERT 5 CFRP ZEDZEK S TFRIZIE+54 7
BEZE T L 2o TWRW. F7-, Boeing 777 Z 4L L7 H— DO BRI 5 D fENTIC
HME-THEY, HERELZ 2L S E7-8 L CFRP MEHIx L, Bl ERBREMEN LD L S
LT 2 0NIRMEHATH 5.

A7 TIL, REMHMEIR(L 75 2F ~ 7 (Carbon Fiber Reinforced Plastic: CFRP) % fHu 7=

MZERE B A BRI, RFBMHE & BABIIR ORI ESE, KR DZE R TART &,
gz £ CRVNEEBEY ( Vv 72 @D BZENIR - NEBEDZ B BRI SE b~
A& 2. TRETEMREN TSR RER L R0, CFRP #15E T3k & B85
DEMELEBRSR 2 TRIVTRERABER| 2 I ANTEY A D 7Rk b, EREMK
ELEWT B 2 LR THNITERELILE T VL, EO & 2T 2 L & 5.
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HEEE DITTE, R BiEomitt2 REIC, 228 - BEEFR OLHEIREE T Boeing 777 7 5
A®D CFRP XE#EEY A PV T %ITH v IVF R — VIR THO TR L, E51T
TN IERMERAATIC H S b DO D, [RBWEHEFEDIE\ )Y CFRP EHEOERFHI MIE T 2% 1
ST L7z, CERP OFEERT — & _R— 2|23 < ERAEERL I >V KPR & AHFZep)
NEEHDHOD, KL BIEOWMEEZ N1 L T 5~ NVF R — VT E D AR 2
FHRFRERFE SN — 13T &4 DAMTTEE LRV E E 2 T\, KB TIE, FERMET T
ZERET IITICEEL L, DOoBBIRO RISKELEZIT) 2Ty Ialb—Yary
— B IRERFA~CIEE L, B L — FORERMERE D&V VA CFRP EE D& 7
EHBEFRH IR THREZ R TODO THLNTT S.
1.2 WFZEHAMIN O ks B AR

A CILE S B A B L LT, FRO~ATF R 7y — Ui [2] % R R S, FRARHAT
ICFEMAERLEE T Va2 L, BERRoBb EE L7 KR % B Rk 2175 2 & T,
UTD2o0%H6MNTT5.

[HE A] KHFRFOER ) LIBEER OFERBICK TS, NHRIBEYA VU 72BR L
CFRP XER IR DO RIRAIZL B ik i1 EBR/IME) 25 L, fiZe# 7 L — Ko CFRP
BT AREERE DE LV (T7008S, T800S, T1100G. #iASI3#3900-2B) MR MR DOMREIZ KIT
THELZHLNITS.

[EE B] RIS EILICEVEONE L — MEDT — 2 _R— R FEHE L, BRERICRHT
DERDIT B L CERMEROEERT L 2 2BBRGELZET S.

2. WFEREONE EEFRFFEEOEAITFEDERICOW TR LT 7ZEW)
2.1 THH A IZRET 5% H Wi bk it FiEORG
R TITEEH 7T L2 ) XA (NSGAIL 12k A&k 2 fmat LTz, fEY v —

« All samples ’ oossk| = All samples N
048 + Non-dominated samples + Non-dominated samples .
0t . : R

o B - o L
g 3 . Eo o &
5 ) ‘5 "
= oms -] '
B ]
2 s .
3 S
2, . ¥
a . ae

0.025 e ::'l‘:l?;;:;;. "..\:.‘:, et

* e LT
-~ = R
S0 00 7500 000 K500 %000 95 E 500 G000 600 7000 7300 8000
Structural weight[kg] Structural weight[kg]
(a) NSGAIIIZ & 5 Bfk (b) GA+NNIZ & 2 Bhfk
ssF .
+ All samples

sl 3 « Non-dominated samples

05 }.c‘» h .
é 0.040 et 26
£ oms S e
= 2
-] g
Sy 0030 g
a 0

—+ NSGAII
. . —— Neural Network based optimization
.y Lt 150 Py N e
T e e . —— Kriging based optimization
5000 5000 7000 oo w0 oo = = = -
Structural weight[kg] Number of samples
(o) A Zistitii{l: (d) Hyper Volume(Z & 2 IRHERFE (A Z vaiZ EIUE)

X 1: A XE#E{LE X GA+NN =5/ & 54 B g k. (T800S)
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ZNHIBER 8 D Z & Z B FE 2, KV ROBWEEICTFIEORIEAED T2, ZORER, ~A
Xheimfblz L Ak &, #eEE (Neural Network) & NSGAII # /A L7- GA+NN &
TR DI LA R 2 2 LAk (1), ZHE TOWMENRLTIE, WTi
DFEL @G I T~ — 7 MESCTRIRMNTIC X D Rk O A CEA SN TETRBY, /v
FT7 4Ty ANEGULERANZ TYHECHRIE L2 Z &3O TEBE xS, M1 T,
WTNOFES FL— RF 7 L RO EZRTNL— MNEZHELILD &EbroTe.
GA+NN oo Rl (Kriging €7 /L) IZ L2 bR Sz K 0 R E <, £

RN — hEHESELN TV D,

LaL,

ZZETORRIL, —E%E 2023 FEO HAMZETH

FRACE SRR S, 2024 FEORATHEY U RT U MIBWTHERERFEHLATH D.
2.2 HHH A BT 2 BT ZER AT ARAT 00 1
RETGT 2 BITB O TIRERATIC W TRATERIIERIEAE 2 B R L 7oA 21T 9 2 & 2K
DHND. RHEHETIE, TERBIBRNT T1T78 > T2 Y W —Z IEREMATICEI 0 B 2, +
RFHE IR 5% H L 21772 o 72 3 DOEERIZKRT LT, SRIEHNT & O %1772 -
To. TORR, BOEBRERLMEEEONST T, 7AXZ MEORZRLWVTHOFHETS
RTINS, ZARELEZIT O BROMIERNT & L TITRIBIRT 2 &

LM IR D
AKELUTHMER2WZ L RBES T,
BAE 1 B H T,

Upper skin

Rib

LR BRRERT TH 5.

Wing deformation with
geometrically nonlinear analysis

8
-=-- Linear_A
6 ==~- Linear_B n
~-- Linear C /‘/
N e Nonlinear A ‘//‘.;
E 4 -=- Nonlinear B /i.&:‘
N - Nonlinear C

0,032
-1

Multi objective optimization
with linear structural analysis

ANRITER 1 ICBW TEBAEE B SN,

0.038,
0.036/

003 AlY

0.030
0,028}

0.026/
55 6.0

65 7.0 75 80
Weight [ton]

Weight estimation with

geometrically nonlinear analysis

Linear B

Linear_C

Nonlinear B

Nonlinear C

0 2 4 6
Structural weight [ton]

B 2 : BATFERTMAT I & 5 R EREL
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2.3 HHH BB 23RS 2 TRk

0
WITH TRBA L= MBICH L, RPHEEE

BEE LT £

T/9MT (proper orthogonal

decomposition: POD) #1772 > 7=. & HIZFOFERICK L TH kb~ ~ 7 (self-organizing

nmpSOM)%%flk?,Egﬁﬁﬁﬂﬁf—5®ﬁﬁ%ﬁ&k
. IRk TNV — MREEBFERT A0
B A~DEGNRERLDERETDHIENTET

TIZ SOM DOt Z R~
WL ER EREEBIROARNT A—2D5H, BHY
KR ANRURA2FT L1 OB bEI-Z5

O VEGIRE— RAEETH Y, IS K> TERDRIC A HIE LI EIRE 7L % 7

ST D Z LN AREL e o T,

~al a2 a3
" 25 I? ” .
o (00 B
% LK -y | lo _“ l-2s
o ’_‘;‘2 - %
i 1 0.5 " " Y
' 0 . " FU-U B
A '."" |05 =
cd = .'wei ht
’ 0.035 = s SOM by
N e N POD coef.

theta ‘cl )
= | b ! 13000 l35°°
i i | 12000 ' |8000
c3 12
I 1900 [ 7500
1800 ' 7000 |75
H 1700 {6500 l, j23000

welghl cd

8 - 1003
.I ' ‘io_o_m

SOM by
geom. coef.

X 3: HEMkMb~y 7 (SOM) I X 2REEEmF IR 53T DA R

4203, FEETT LV ERWIZIR - BEfTiE R A2 R7. KAMNC
R, BBEETLVESHRMEN IS —HLTWD I ENbnD. -4
BIAZONWTIEELS —EH L TWB Z ERbn5s.

R L,

WL BB LT 040
N2 VAR S MRS S
— 7 CHEEMRATICIE, FEREE R %

VOBRIZEFHFT NG END Z &0 D, REMROWEDSMITZDVENRELD ZLRbh o,

ZD XD IEW

BN LRI E T,

CFD results by reconstructed model
Slice at 100% of span

¥« Original Cp "
00 ) .
&) + * Reconstructed Cp,

-'
05/ \ v
.i
S L

0.0 02 0.4 0.6 0.8 1.0
x/¢

pressure

1.
0.9
0.8

0.7 -

06 I

0.5
o

High AR - Reconstructod

High AR~ Original

IREHR O AT L OO, ZIRIRERLZENRE L Vo o BRIBEEIZITR &

CSM results by reconstructed model

\ 1.6e+03
= 4o
High AR - Reconstructed I2m 5
€
00 §
p
800 €
@
— w §
Q
. . %
High AR - Original o ﬁ
0.0e+00
thicknes
60
50
40
High AR -~ Reconstructed
30
20
10

High AR - Original

B 4 : ERDGOITIC X ZBEEET N AWTTIE - ISR R O LB
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3. WH7E BARDERCRI
FHZ2h L Y A U 7RI AN EA MMz TR O % HNEGEkIZ OV T, KV EIED
BWEE(LFIEERAEL, FRERT D ERIZB T 2 M PRI O R 2 8T 5
TENTERZ. FRIAA ARELIC L D3R a2 FOHIBERITRE S, FEEKOFEET L
EROEERLDOICERET L ENAREL eote. ERGLNRELHERE TS, ERVE
TEDERI N EATY, Bt Z 5 2 2 FERBIRANT A =2 ZRETDHZENTE. L
FEOZENLYUWBERE LIZIEHBITER TEZEE X TN D.

4. F L EA%HOBE
HkHE & BRI A T, 22K - MEIEETEOSYHTIREE T Boeing 777 7 7 A CFRP F#4%
A DU T EAT O LR — VB W22 B RE (LR T o T2, SEEITRO B
BBEFEZEEL, YW TFE L Tz NSGAIL IC &k 2 HE(L DI B, oA Rl &k
W E AW EIRTIEEMNL T D5 2 ENTE . £, ERSONEAWD Z & Chfig
BEAEBT D FEABRH AT AL ZRETD 2 LITHRIIL, /ERDELD R E KIEZ I
TOHRMEET NV EED Z LR TET.

5. WFZERCR Y 2 b (%5 2 [MILAE DA OBEIE, WIS HRERHELL L TR W)

5.1 "Fhfiam X » FRFER (BETESL)
5.1 I3 « FRRER BRTESL)
FhHERE (RS E )

[1] Y. Liu, S. Date, T. Nagashima, T. Okabe, Y. Abe: Effects of aeroelastic coupling
accuracy and geometrical nonlinearity on performances of optimized composite wings,
Aerospace Science and Technology 158 (2025), 109926 (15 pages), doi:
10.1016/j.ast.2024.109926.

[2] (fgRicde) Bt 2252 : U2 ORkEr & 2hvh, AR RRER D3 1,43 & (2024), pp.
9-14.

[3] Y. Abe, K. Shirasu, S. Date, T. Okabe, S. Obayashi: Toward Integrated Aircraft Design
with Carbon Fiber Reinforced Thermoplastic (CFRTP), Advanced Computational
Methods and Design for Greener Aviation / Computational Methods in Applied Sciences,
59 (2024), pp.229-239.

EERFS

[1] Y. Liu, T. Yamazaki, S. Date, T. Nagashima, Y. Abe: Multi-objective design of CFRP
composite aircraft wing with next generation fibers and resins, ECCOMAS 2024

[2] Y. Liu, K. Nakamura, S. Date, T. Nagashima, Y. Abe: Geometrically Nonlinear
Analysis and Structural Sizing of Composite Aircraft Wings, Twenty-first International
Conference on Flow Dynamics, Sendai (2024), 0S7-10.

[3] R. Kano, Y. Abe, K. Ryuzono, T. Okabe: Multi-Objective Optimization for Aircraft
Wing Shapes Using Advanced Composite Materials, Twenty-first International
Conference on Flow Dynamics, Sendai (2024), OS7-14.
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[4] K. Nakamura , Y. Abe, K. Shimoyama, S. Obayashi: Uncertainty Quantification of
Aerostructural Properties on Composite Wing Design, Twenty-first International
Conference on Flow Dynamics, Sendai (2024), 0S7-15.

[5] Rashmikant, Y. Abe: Drag Polar Prediction of an Aircraft Using Inviscid and Various
Viscous Models, Twenty-first International Conference on Flow Dynamics, Sendai (2024),
0S7-16.

ERNFEE - A5

[I]EIJJ A, ﬁl% W, P =52, Hariansyah Muhammad Alfiyandy, 3&H B5A, KR
K =a—I 0 xy bU—2 2 U EEIRIC X 2 EEaM o 22 S ik, H
AWz TH S AL SER#EES (2024)

[2]Yajun Liu, Tomoki Yamazaki, Shugo Date, Toshio Nagashima, Yoshiaki Abe: Effect of
geometrically nonlinearity on aerodynamic performance and structural sizing of CFRP
aircraft wings, H AMIZEFH 725 55 WIFEAHHE (2024)

[B1FFHEy ELdli, B[iB =52, Tl s2yh, Bem —M, M Ak JelEE AR Z M A L-miZE
EBEIROEELFEORT, F 62 MIMITHE Y Ry v A, & (2024).
(4] B, BIES =52, WS AAK: S8BT X D HT2emk 3 32 o 5 28 00 AT,

BAMZeFH b= 2 0 2 5 4F3HS, IE (2025).

2 ZTofh (FEr. ZH. T IRK, H)

(ZH)

FABH R, SCEE SR Z A Uiz ERM R oL FIEORT, F 62 [
T ARV D A, fFEF R, 2024.10.16, HAMZEFH S

BT AAEREE, TR BEREIC X DMAEHE LR ORI ZE NIRRT, BAMZETEH RS

EEZHER 2 0 2 5 AFkES, A B4, 2025.3.10, HAMZEFHES

(v A3 IHRK)
s LAY Y — R 2SR OIS S E RO W T A KT DA AR kR
# TR R AT L2 RR T~ D 2 BH :,ﬂ;ﬁﬁf— (2025 1.22), HALK

- 2024 - 4 H5 [FHEOFF] THZEH Wb d DG 1E & BAE
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£ (1)
a7 MR REE

AR 2 YGO02APR23
il R
iRl 2023.04~2025.03
R w2 [mis

2025 4 07 H 23 HiEH

PRREPEVRIRIC X D /KB A T = X L i

BiE A
ALK FARBL A SERT R
fHE B
RALRFRFFEBRFER IR Bt 248

1. WHED AWM E BEE (WO RE BRY, BEAMRBEELZENTIZEWN)
1.1 WFEDE R E B

KEEMREE, YUHRNICREZIEA L, ST OERICER/EEL T 2HNNTH L5, ek
DIKERARE T, — MBI IS PR RBICIES U C, e R FEIS I I D 7 & R ERL S 41,
ZDH R ORFEEOYUGEP SN D, T OKEMBROFIT L, AR (Shear
Thickening Fluid: STF) & ik e L THWSD Z & DR I 4L, TEROKIEMME: & 13572
5 & GG N ER SN2 (Mukuhira et al., IJRMMS, 2025), Z O4efTii7E ¢i%, STFIC &
DA DENER T, EEEIOWEEORRET &, BHER AE I58), 25 M ~Omikx
HER AR LT\ 5, Hsds JJORBIZHIFI 22 T TICE H M EHEERLTE D L 1T
RIUE, BIRRES~OT 7 B ANRRKRESLETE L7720, AFEREOM EORHIT 250K
BrmzondZ Lickdax MBI TE 5, STFI3dE=a— b iko—F<T, 7§
D IR U TR E DS IERIBINIC ERT 5, ZORED ERICK 5T, RANCA U 2R
PAZES 5 2 & C, BRI DWEH 23 INH S 41, FHEYUHOWMMAEN EFL, Blomic & &
DR SN EBZEZ LTS, L, ERERZ T CIX I OEGFORIED 57 Tlid e
720, BT I 2l —vaildoT, STF 2 VRO L G A~D & ZLERA T =X 1%
AT D LED B D,

AP TITGIZE=E TR LT % 2 Rocflfl2i3a7% (Discrete Element Method: DEM)
Tl L EHNTHEEY I 2 b—a U ELT O D, BIFFAITIE STF ORSEZ L2 T 5
BEREZ A LTV RN, EFIRZ0FEENLEIY My, MEELEZROVHBZ DL OHBEL
7o1t%, SATHIROERFREZ L I 21— a v ETOFRTLZZEZHEL, HHEICHRE
BIRNT L CA I = AL EMT 5,

1.2 WFFEHIRIN O Fofé B AR
STF #0225 L HICkB L7 DEM 711 77 A& WT, SATHIEDERERTH D
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BRI OWRRERE T & 2 MA~OM S Kkl Z v I 2 b—ra V ETHIAL, ZOMRE
FAT L CA D =X L2 AT 5 2 L e miE IR L T 5,

2. R DONE FERIFFEDOGEIXZ DERIC OV TR L T 7S W)

2.1 H LWET AL FIEO B
AHFFETIX, KEMWREOY I 2 b— 3 VICEEDOH S DEM 7' v /7 L&, STF O
WMEZ AT HHEREA BINEEET 5 2 & T, EHEEIOWRMKTEDORRE T & LI~ % 28
OHFHEBE L, &7 DEM 71277 AT, €7 ANTO=2— b ko %
HETDLZ LM TEDLD, STFIFFHE=a— ik Th im0, TORBOFNESTIEEZ#HT-
ICBRTHUNENRD -T2, AFRTIE, FTIERERRY @EICEET 27202, $70
(20 U7z STF OREECAZFR L, OB R IT= 2 — F IREDGEN D RE AT
FICERIEZAT o7z, £z, BIMUTKE ORI E T HFHZ2 €7 Wk LT,

2.2 AN =X LZONTOHF -2 RO S

FEERIREOEIEL N L= 2%koc DEM 7177 A% AW, ZehR LOKE T TosEha
EFETNAAD STFEAYV R 2 b—ya a2 FEi L, SAET MY, BITHFREOENER TH
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HfREZET V7352 LIk T, kxR AICKT NG Z KX P TTHHITE S
parametric 72 ROM DOBIFE % B9, X T, NGO LA )V AEIRFEME 2R3 572
DIZ, MR« LA I NVAEENT A= LT 17026 LoimaET )V 73252 8
T, EEDOHASA « LA/ NVZEITHT 28E 0 ofns a2 a2 b THHTE 250 %
ST DT EDRAMEOREBIETHD.
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2. BFERCROANE EERBFEOSEIEE DERIC OV TRINIFR L T ZI W)
2.1 RJE Y ORI OEAE R F L OVRr S Ol
NACA0015 J& © Otz Large Eddy Simulation fi##T %2 58hE L 7=, BRI, L1/
VAR 63,000 ZfEMTRG L L, A AN S WEEOINGE LR E WREOFTNE O LES
RHT 2 i L, WAL EITATE L TV DREOIRRE L FIBEL TWDRFORRED T — F N— 2 % 1E
B L7=. £72, 3TN D spectral proper orthogonal decomposition (SPOD) f##T % S
T 5 72 OB 21— ROBRR Z1T - 72,

2.2 ITHIZRRIRIZ IS < RSt O Sk L R AT

TS DR EREIE D R 2 ER 0 ZE M D /3T A — ZARIFNE A 5T 9~ % 72912, Grassmann 4%
K 1T O R SE E O RREEfRIT 2 i 2 720 O FIEZ BT Lz, BAE, FEEE Y ofitivs %
ME L LIZha, VA VZEOHERITHEN, LA IV A DA % #4522 H O 13
BB Z 3otz AT, Stiefel ZHEZFE X5 2 & T, FEEED/NT A —Z KL
X DI E A FHR L, ZRICESWTIRNGOBEMRITZ LT 2 FEEEZERZ L. #EL
RN DREEE— R VN5 2 & T, RNT A—=Z ORUNEIGITHE D WAL OIS ORI FE
LR TEHZ L &R,

3. WF7E BEEDEERR L
AL, BE Y OGO ARG A2 KB TEX 5 parametric 72 ROM OREEEIZ 7]
JC, SEIERDRAFRMIK LT, LES T2 Ehi L, 77— 2 N—ZADOWHELIT 7. N
2T, BEY OG0 3 IRt R R E 2 it 2720 » SPOD fi#tr = — N &R L
7o, TIHODORRIZESNT, WEE LD, KUF5ED B TH % parametric 72 ROM DB %
WD T Z &N TE B

4. T LABROMHE
LA JIVRESCE O, BRIk %A /3T A—% L L7= parametric 7KK ITE T /L OBAFEIZINH
T, AEFEIZTEICT — 2 _N—2ER DO 7= 012, EEOMZ AT % LES #4906 L7-.
F 7o, BRSO 3 oGS ORI A T 2 728 0 SPOD fi#lT 23 ki C© & 2 B mfight = — K
DR AT T,

AR CIE, BHF8 L= SPOD f#tr = — R&HWTEE Y OGO f s 2L, %
MICHEDS < ROM ZBH% T 5. D%, ZERIKRICED < M EOHEFIEZHWT, 7—
A= ZENTWRWEZ AT oG o TRITTE S5 ROM BHEETE L2 LD%E
LA BT, AT, LA JVAEENRTA—=ZE LT, LA VARG R KRBT 5720
DT —=B_X—=2A%EEF L, LA VAR A R TE S ROM OBHFEIZ & HLY e,

5. BFFEARY A b G 2 FEMEOME DHALL, FIESH HRIFER LT T S0)
51 TR - FARE RRTEST)
lipEE (RS T AT)

EE
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Shintaro Sato, Oliver T. Schmidt: Parameterized reduced-order modeling based on matrix
manifolds, APS Division of Fluid Dynamics, (2024).

Shintaro Sato: Estimation of subspace spanned by proper-orthogonal-decomposition
modes for parametrized reduced-order model in aerodynamics, AIAA AVIATION Forum,
(2024).
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Ve BRHS, TEASEMOREEIC S AR MRERTET ) o 21T AR B
ik 2 (202).

Ve BUKHS, TGrassmann ZAEHKIC ISR MBI OIRREE T ) v 7 1B HR1%E), %
5[] TREFOIL Atz (2024).
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1. WEO RS BEE (WHEOE R L B, BANRAEZENTIZSWY)

1.1 OBz EHD

L ZE i AR ISR BE C & B R FHETRILE S FEE (CFRP) 13 AR Rk & B AE 2 ©
RDBEAMEICH Y, IRE - AIMEO R S HEOTEIIHEIMO—RHD. M THD
EEAL MR XA CITEIEN S 5 2 &b, A BT CFRP Cl3EMELERAR I &
DEFTEVERBIIE 2 RN L, 8 &2 18 L S TW5, ZHIC X 0 RIS Tl i ek 4 i
WAL, ZOMOBIREBIC L > TRERRKE S B2 2 ERALNTWD, 20X 22
H 7R REEREE & ~ 7 o VEDOFIRI D BRAE « THRID 7= D121E, B MR DL BROS A & —
IV, BEALEN TR R S T SHAME D A BEA - — v, BHIRR K OEAM O~ 7 aptE R r—u
& MRIAVREZERR] A 7 — /2B T DB A R BiGe % EREICIE X DER SV | Hi—r97e RAEH
BoN TS LTSV, ZOREZREHO 121X CFRP AL D~ L F A — U Eicx L
T, MUGTHEMHDEERIIE S VWD AV A a ey 7 s 2 oS INb 5 2 & T, Z 08
PENS DICHT 720 ThD. £ 2T, A TIIE HEFEEHE (QM) ., /T8 5%E (MD)
otk 8 )%k (DPD), ATRE#iE (FEM) 24846+ 2 Lok v, Busi{erEbtis 2 4%
R 5 /v —[FLOEFRED B BMEG/ENATHE & 4y 1 DME DR RS . A B OB
AR ORI - IREERHAL £ CTa A BT 5 22 P 2 REkT L 7=~ LT R o —
IRHT FIEOBRREIT 5, AMFTEIZA V7 A ba—ALnD A— MV Ar— L& TOBG % %t
HLLLTEBY, AT — VI LTCT FIEEZ A—/"—a B a—& & W T KRBT E
i - BEE T D 2 LT mVWIRBE CERGMA A RE L L, FHERER X OV O HIEO R
IZHERDMRIRETH D,

1.2 WFZEHIMIN O &4 B AR

R~ )T A — VBT FIEDORRIIC L - T, ISTHEMTHERE 2 B4t & L7z CFRP Ofif
BEEABZR T« 3 AT — b~ 7 a R fEER A — L E T B LTI A D Z EMNFTEEIC
R0, MO~ LT A — AT 5 CFRP OffE 2 1 = XA DOfRHIC KE L FE5T 5
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N ENDS . KFETHELNI-MNER LU CFRP ORI EEBRAYICHEE S, 4
72 10% N DO EFEE Tl 2 EB S H 5.

2. WFEEEONE FEFRFEOLEEITZFOBERIC OV TRAIIER LT ZEW)
2.1 RUS#HHE (EEFHE) MOy I 2 b—3 g U FEOHE
CFRP Tl Z [ X W 572012, £ & 7 2 BME LRI (2D S0 Z R M AR
ZINT 5. BAATVERIG B L MR IR IR & R TITBE LRI © ROSFHEHE BN 2
%, AW TITHGUETFIETH D SOSE L BofRbL 78 11771k (DPD) AW, ISk
HEZFRBLCE O RBB S I 2 Lb—ra UEME L. TN T, A FabZno k5 78kt
T v LHUKEE ) ~—DOBEABICE > TEUZEAHEMSEHC OATIEEZJLE L, TEM
BRI L D/ MABELD DS DN D HEERHEZ BB 5 2 LI H LT

2.2 BMEALMERIIE DRSS R 2 L — 3 o L S o

ek DBFFEALMERBE DT LEUG Y S 2 L—3 3 Tl SN 288G 0 3224 M3 2%
WIHED HE D D D HRRGRE S AL T2, ARBFZE TILEHR T b N - 4UEREE ISR LT, #i0E
RO AEFEL, 77—V EWEITO 2 L THELRE D ME2HEH L., £/, FMEO
JRATELA Y kL% NanoTerasu & W TEHAIL, £ DK ZIT>7-. MD o607
BELA T oA & NanoTerasu BN 7oM< —H L TRY, £/ ~v—flk
ORMREERE (MR OBENWRE) 2 XIKRBLL TV, BENS, Gy Ialb— 3
N Ko THE SN ARG O 2 S M MR S Tz,

2.3 BUSFHEAR S BERIE 2 BB & L7z CFRP O 2T TH

Bi7 By =7 b TS L7 CFRP BREER O~ LVF A r—ET U » Z IR 25
ELT-REE 28U, BOSHEHRDRERINE Z B4t & L7z CFRP O AT T & e iR o
1To7c. AT TITBEE ARG & BTSRRI E 2 BRI Rt L, E i Eh OB RH I 2
B U7z, VMBS 2 L= ) A —v FEM (2 X > TR BERTE O BSR4 %
BIE L, XV EfZo FEM ~#ke L7z, BArTMERIIE 2N+ 2 2 & C, FRCHBIERK
ERELIUHE EAME T L, FERMOIREEEENMET T2 En Pl g - fREEE L
C Non-crimp fabric (NCF) /K& ahELHH 0 BERIEE G B O i FEBR 21TV, v Vv TF R —
WNET Y T OEEMEDRHERE ST,

3. TR BAEDERRI
WMHOHERE Y OB TH 5.

4. FLHLEABROBE

ERETIINRT T L TRV, HoEHEER X OE A OBIEFEART £ TREEITED 5
TETHD. £z, KR bEmEILET 5.
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5. MFZERRR Y A b (K% 2 MILIEOWE O%E1E, PRS0 ORHERL LT RS W)
5.1 i « TR BRTESD)
FhHERE (RS E )
Yoshiaki Kawagoe, Yuuki Kinugawa, Keigo Matsumoto, Masashi Ohno, Naoki Kishimoto,
Takahiko Kawai, and Tomonaga Okabe, “Effects of the chain length of nonaromatic
epoxy resins on thermomechanical and optical properties: experiments, and ab initio and

molecular dynamics simulations”, Physical Chemistry Chemical Physics 26,
24250-24260 (¥ —F /LA =T HEHIR)

Tadashi Watanabe, Yoshiaki Kawagoe, Yamato Hoshikawa, Yosuke Nakai, Kazuki
Ryuzono, and Tomonaga Okabe, “Multiscale model for bottom-up prediction of failure
parameters of unidirectional carbon-fiber-reinforced composite lamina from the atomic to
filament-scales, and its application to failure modeling of open-hole quasi-isotropic

composite laminates”, International Journal of Solids and Structures, 308, 113130

Yoshiaki Kawagoe, Gota Kikugawa, Shohei Komori, Keiichi Shirasu, and Tomonaga
Okabe, “Thermal oxidative degradation of cyanate-and amine-cured epoxy resins:

Experiment and ReaxFF simulation”, Thermochimica Acta, 747, 179949

Yuuki Kinugawa, Yoshiaki Kawagoe, Keiichi Shirasu, Kazuki Ryuzono, and Tomonaga
Okabe, “Experiments and multiscale modeling of residual deformation in CFRP
laminates using non-crimp fabric/reaction-induced phase separation resin”, Journal of

Composite Materials (Under review)

xE
ALY

EERFS

Redha A. Ramadhan, Chen Yu, Akira Kunitomo, Nozomu Shigemitsu, Tatsunori Shindo,
Go Yamamoto, Structure-Mechanical Property Relationship in Carbon Nanotube Yarns,
8th International Conference on Materials Engineering and Nano Sciences (ICMENS
2024), 23 March 2024, Osaka, Japan.

ENEs - R

K&, JIBGE S, ARSIk, TR, BEm—#f, AaiE—, MK, [Non-crimp
fabric EAMBORRET ~ VT 25— VBT Y & 7 R BIEFEO S ETAf ), 5 49 [IES
MR VAR T A 202449 H 21 H
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Energy efficiency gain of oil-lubricated hydrostatic bearings

KW Y, 7= FU%va Folbn
FALKE R AR TR ZE T T S0, Wesoe

1. WHEORME BiE WHREOBERE B, BERNRAEZENTIZSW)
1.1 WHEDE R & B
Green tribology is a new research field that aims to achieve carbon neutrality by creating
environmentally friendly lubrication and energy-efficient operational conditions. One
constantly evolving direction in green tribology is improving bearing performance by
reducing friction and wear. Recently, bearing surface texturing has emerged to improve
the performance of fluid bearings, resulting in the development of numerous texture
patterns and micro geometries. It is reported that surface micro-texture influences fluid-
bearing operational conditions such as carrying capacity, friction losses, and dynamic
stability. However, there is currently no generalized explanation of how surface texturing
affects bearing hydrodynamics and its performance. This leads to contradictory results
when creating new textured fluid bearings and hence limits their industrial application.
Understanding the hydrodynamic mechanism of a fluid bearing with surface texture is

vital to designing energy-efficient rotating units adapted to industrial utilization.

1.2 WFZEHIRETIN O fcfé B AR
The research for this project started in December 2024. Since the research period was
relatively short, less than three months, the final goal for this period was defined as the
creation of 3D geometry and analysis of the hydrodynamic patterns of a base hydrostatic

journal bearing.

2. BRI O GEFRFEOSEITE DERICOWVTRINIEEER LT ZI W)
2.1 38 L UMIRAT 15 B FE (1)
The significance of this study lies in aiming to be the first to define the hydrodynamic
mechanism of a textured oil-lubricated journal bearing considering fluid compressibility

and viscosity effects. The established fluid flow patterns are expected to be the basis for
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multicriteria optimization of the bearing surface microstructure to achieve high stiffness
and energy efficiency indicators. However, the development of a novel approach to
analyzing textured hydrostatic and hybrid bearings is planned at the later stages of this

research.

2.2 LWEG ORI (1)
This study is expected to provide insights into the hydrodynamics of a fluid bearing with
surface texture, which is vital to designing energy-efficient rotating units. Understanding
a textured bearing hydrodynamic is a fundamental step in creating the optimum pattern
of the microstructure for journal oil-lubricated hydrostatic bearings. This is planned to be

revealed in the following stages of the project.

3. WL HER DRI
As planned, we created a 3D geometry of a front journal bearing with smooth bearing
surfaces as a sample to compare the effect of texturing. Then, using CAD software, we
defined the journal bearing fluid domain. A simplified domain was also created to facilitate
simulation by CFD. Ansys Fluent software was used for volume meshing and refining local
mesh to analyze flow patterns in narrow bearing gaps. This is the basis for accurately

defining the characteristics of a fluid bearing by the finite volume method.

4. FLHLEARORHE
In March 2024, we plan to investigate the influence of different texture patterns on bearing
operational conditions, such as carrying capacity, friction losses, and dynamic stability. Then,
starting in April 2025, we will perform CFD simulations to investigate the effect of surface
texturing on hydrodynamic stiffness and friction losses. The next challenging research issue
that needs to be solved is the search for an optimum microstructure for bearing texture. This
task will be carried out using modeFRONTIER software.

5. MFFEAR Y A & CXE 2 BILIBEOWE OGEIX, FIESHLREFRETL L TR W)
5.1 ZFifrim L - FRFER RRTEST)
The results of the research are expected to be reported at the International Conference of
the American Society for Precision Engineering in November 2025 and JFPS International
Symposium on Fluid Power in the fall of 2025. 2 papers are expected to be submitted to the

Precision Engineering and Tribology International journals by the end of 2025 as well.
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