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CFD ¥ a1 L—¥ 3 VHl#ED =8 D5ER VR in-situ FI{R1{E
Remote VR in-situ Visualization for steering CFD simulations
IR R, IR IS, REA RBE T, R A
VE SZAFFEBE 3 ik N B R R - ) BF 58 BA E AR

KBS X =2 b —3 3 &R -CH M IS 92 728, VR ZEH T In-situ HlEHIAEHR I T
W5, AMFFETIE, VRIZE D In-situ AIHAEAS FTREZRKL A~ — 2 D AT AL EAT PBVR % In-situ il 15 1295
L, A—X—arba—¥ EOWKRT I 2 b—2 3 VICEMA L TENMEZRGE LT,
F—J—F: afifk, VR, Insitu, A7 7V
1. &R

In-situ HAEITIE, I 2 b—a v EFEREC (In-sitw) AIEAE LT, 2—9F2@IE L, FHREGOERICT
A4 — KR 735, LHLEEFOREET 7Y 258 LT In-situ HE 28542 2 L1, KT — % ol
ERAMHULAIR D 2 X "3R bRy 7 LRV INEECTH D, ABFIECIERHE T — % & rI b R 2T
% 2 L TxEEI 72 AL AS FTHE R IS-PBVR % In-situ I (CHEIES 2 THE &2 BI%E Lz,
2. BIFAR—RD In-situ FIEEHT

IS-PBVR[1][2]i%, &%/ — R CRIFULARI 24T 5 ThirAk 7 n 7o A), ar/ A > /) — RTHfEb
R & AT A =2 2% 535 T@E7 s 74, 2L C=2—% PC L THH(LA Ul 24232

Mn-situ 7 74 7> b)) CTHERK S LD, BIET' R 7 7 208 Inssitu 7 74 7 2 DL DOZENEEZA M L—Y
FZ7 7 ANVHII LR ERT R 7T DINA L=V EMIINC T = v 7§75 2 & CHFHLEEAZ EBLT 5,
F72. VR 7477V OpenXR # W= FEEIZ LIV ILH~Yy R~ 7 T 4 A7 LA (HMD) 2L % VR 7]
BUEAFTRE CTdo 5, AMFIE TIL IS-PBVR D5l FEALPREEME 2 JL3E LU T In-situ il &2 EEBLT 5, F 7o K% IR
T 57200 3 WO AL (BEriAk) 7213 TR < ERNRMEZ IR T 2 72D O T G EE 2 80
T %, In-situ HlfHE L OERAGUEDOTZ0DIZ, In-situ 7 T A T > b B EHRSMCBIALT, BUHIEZHEE L.,
Bif-Epl 7 77 A~EET 5, BT v 7T MIAIGUBALEE &[RRI T — & ZHU45 L, In-situ 7
TAT hEET D, R LICHEA TS, FHEEESCBN A/ EEZIRET 27200 ULIX 2 RTT 4+ A7 L
ATIZB¥ET D, E L
T VR ZEf#]CIZ HMD @
N=F X VT AT Ky
T OMRe LI LT Ul
#FmL, VR v hn
— 7 —CEZHRET D, —
3. RERL TR

HMD & L T Meta
Quest3 ZFIfH L. BA¥E L7=HiliZ JAEA d A3z SGIS600 DI IAFEICHH L=, = LT, VR ZZ/T
In-situ AITRAKIZ K DHRERSIT = A — g o LSRR ST A — 2 OEENAIRE/R 2 & s Lo, il
TIE, KHBEDLAENT = — K CityLBM % FlIH L 7= In-situ il O T € &N T 5,
B

[1] Takuma Kawamura, and Yasuhiro Idomura. Journal of Visualization, 2023.
[2] Takuma Kawamura, Naohisa Sakamoto, et. al.. Journal of Advanced Simulation in Science and Engineering, 2023
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Validation of the heat transfer model in DEM—CFD method and development of the reduced—order model
A TR, A RE, EE B!
PRAEURS:

JRF- 7157 B B W TR RIC & 2 Bk (38D CERERFIET —~ Th D, JRT 738 Tl R 1S x5 &
RH1EDYIalb—a R BBEEGEOFMEARD SN TS, s, BEOHEFETIIHE=Z b
DARE R E 72D, £ 2T EBE DI N —F TR OEEBISR 25T 5 720 OFFRITT L2 BI% L,
Y MEMERE A S L 7.

F—D—F : BvziE, DEM-CFD, A1 7 —fEiL, EERE. Mt s v

1. #
P CIEmRA A4F, BEILRSE, S E7 727 o7 v MR L T LACRB W THIRIC X 2 Bg ks
e STV DL ZHUTHE, R 2 b— 3 U X ARG ORHE-CEE AR O LT 503, BEFET
ECIIEMERET VOB HE X N KR EOMBER L TWD., 22T, FEEDODINV—TTiX
PR LV HEERREIC L VB EROBRB G AT 23R PR L
2. BIEHE
2-1. R
AHFFETIE, FH DDV —FTHF L7z FELMI 2— K& H\ T, DEM-CFD iEIZ X BB R 2 L—
9V EFAT L. ARBFECxge e LifRR & L CRIRDEERN Sy ¥ 0 7 S EE g I RR 22K & A S
L, EARL T OWEENME T @R EEE L2, TR, RO/ TG [ o B RIEE SR L
OV AR TREE DO RE 28 b 23 2 SRR SR & — B L 7.
2-2. MWETIL
AR O GRS R 2 KK Tl LRI E T V25T 5 2 & TG OEERFANAEE L 2 5. AiFRET
ISR ESMICHOWTREAERZSHZITV, BAEEEAXZ MrvaRkol. 612, TORANY
MV ZILER E U, ORISR A VWD 2 & THEET VAR L. D nE— RZHWHZ LItk - T,
G L 7o MafE 7 /70 DEM-CFD i B GO NAFEREZE LS BB TEHZ L &R LT,
3. #E5R
ARFGETIXEE O 7 —T0B%E L7z FELMI = — K% W CREE N OREER G & fif L, Z D224
REAT-T2. SIS, FHEMERICES S EA BT 21T > THEME 7 LV Z2 45 L, DEM-CFD £ DT
FEREAFELS B TELZ AR
B
ATV FE N - BFRBE 7 T v 7y v 77 a7 A (Q-LEAP) JPMXS0118067246 D BhRY % 5%\ F
-bDTHD.
SE X
[1]R. Liet al., J. Nucl. Sci. Technol. 61, 285-306 (2024).

il

[2] J. Yang et al., Chem. Eng. Sci. 71, 126-137 (2012).
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TNFIT—XT 14— FEZAVE=SARERIT~O PID FlH0EA
Application of PID control to bubble flow analysis using multi-phase field method
IR X, R a2 e B, UTE H!
B AR A ISR B S R S A
JEER R S 2 O [N ORIARE RIS W T, AUTESR SR < AN L > T s s, AR
BT DA EET D2 ENTE WD, FREMREONAEZ LT 272D N 2T 2 L8R &
%o & Z CHIEE TR FH SN TWS PID il 2 V5 Z LI K HREREOMNT 2 vHE & L7,
F—— F : KUK HARE. JEIEES. Multi-Phase Field %, PID il
1. #§ N
SIAFE OB EREZIHT 5 Z LN R R EHEFETHLYLVTF T = —X
7 4 —/b RIECARE MPF 15) D SEHERFERE & L C & N KT bi T 4 J25E L |
FEERFER L O D TV 5, EBRICHT HEA 40mm, £ X 3.17m OFEE
T OF EMEHTHEIRE T2 OIFIEERN TH 5720, ARFHE CILE IR &M
AW TEFRZRD L, AR EEZENT 2 LHEHEROAD & Ha R
By | AN B OFAMD RN 2D KA T2 DI O TRIRO & )
LTLEWERSHEZHITE 2, 22T, filflEm A< HWLR TS
PID il AR L7z £ AR OBIRIHIENIC LV | FEEREOWN 2 3L LT,
2. HERSARBITICHT 5 PID FlHOERA ‘
B 1DX SIS a AER S E L, EAEMETARICER L, & D=40mm
£ & FREC . SR NavierStokes LD FiA Fy = - Bz + Sf1ﬁﬁﬁﬁﬁﬁﬁ
(p-pae)g DX ITRKREERIC R 71 B CEAET AR & EIIINHEEDOH
) LR HTETER Lz, Colin ST X 5 KB L[3]D FRAIEIA&MN"D3” L
FERIZ, RA K2R 7.5%, KJaE 4.2mm, AFEFTHR 0.823m/s Z3%E L7, X1
DFEFEBI 6 U CHE AT 1-(256x256x384) 2 VM =, BHELODK 2T » 7 TEHI
U7 § & BARME jue & DL HIERE e=j-jurer, HAFREZ B LEFRL 05— ‘ &%“4
TeNDTDHEICT 4= MRy 7HlEZ T2 o7z, M2IRT LIS F2 B LEBREOBEZEL
MAIKIFE—EHEE RS, K0.5s TEFIREBE oofe, £/, KT OARA R c
S L S SR & HBe L TR, B BT S YT cameoy
3. #H e
ACHECI MPF i FI VT SORMARIT O VR E A L C PID BB BA LI, oo \
M4 N O FRASTATERIEICHE M L. Colin(2012) & 0 SEER#E 5L & Hoillk L 7= # . r R
TR RA RRA D DI, R
I - AWFTEO—ERIT TSPS BHFE (24K14973) F5 L OV L R A - LR
BFSEHLA (1h240071) X 0 S4B A TEV =, FHE O —{i% H A 7 ) BFJE B S o KT 3
Sk THPE SGIS600) ZAHM L7z, L THEE=T,
BEXE [1] HBEE%, BT AT LMY, % 8% 45, 2004,
[2] J.Lu and G.Tryggvason, J.Fluid Mech., Vol.732, pp.166-189, 2013. 09—

Periodic boundary

-y
% )

62.83mm

nD =

o

400 3

e
o0

583
=3
=]
T
L
=3
N

Beta(Pa/m)
W
S
. (=}
Volumetric flux(m/s)

(=3
=1
T
|
(=]
5]

o
=)

s
Colin(2012),liquid
Colin(2012),gas

T e e LR R
0.25 0.50 0.75 1.00

"
[3] C.Colin et al., J Fluid Mech., Vol 711, pp.469-515, 2012. 3 EEREROKA FE (L)
*Kenta Sugihara', Yos Sitompul' , Yasuhiro Idomura' and Susumu Yamashita' EEWFESM(TF)
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Validation of a Two-Phase Lattice Boltzmann Method with Local Mesh Refinement for Gas
Entrainment Simulation in Fast Reactors
*Yos Sitompul', Kenta Sugihara', Seiya Watanabe?, and Yasuhiro Idomura'

!Japan Atomic Research Agency, *Kyushu University

This study addresses gas entrainment (GE) simulation in fast reactor using a two-phase Lattice Boltzmann Method (LBM)
with Local Mesh Refinement (LMR). The approach enhances simulation accuracy and reduces computational time. It
demonstrates LBM-LMR's potential for efficient and reliable analysis of complex flow phenomena in reactor systems.

Keywords: validation, two-phase LBM, local mesh refinement, gas entrainment, fast reactors

1. Introduction
Argon cover GE prevention is crucial for safe sodium-cooled fast reactor operation. At JAEA, we simulated a
benchmark GE experiment using a two-phase LBM, accurately predicting velocity profiles and GE depths with a uniform
grid [1]. To improve efficiency, LMR is being developed. This study focuses on validating, optimizing, and evaluating
the LBM-LMR approach.
2. Two-phase LBM-LMR Validation e
We implemented a two-phase LBM for gas-liquid interface simulation
and validated it with Moriya et al.'s experiment [2] (Fig. 1). It accurately reproduced
flow profiles and GE depths using a grid spacing Ax < 0.625 mm. Efficiency was
improved with multi-GPU and LMR algorithms using an octree-based data
structure and Morton curve domain decomposition [3]. A multi-time-step approach
and rescaling of distribution functions were employed to enhance accuracy and

efficiency. Using two-phase LBM-LMR with three refinement levels, we could

reduce computational cells by 50% and achieved a 1.5x speedup, solving the
problem in about 20 hours, and obtained good agreement of the vortex center e
location, velocity profiles, and GE depths with the uniform grid calculation. Fig. 1. LBM-LMR calculation of
Moriya et al.’s experiment.
3. Conclusion
We developed a two-phase LBM-LMR method for simulating gas entrainment in fast reactors. It achieves

accurate results and reduces computational costs.

Acknowledgements: We express our gratitude for the following support: Part of this research was supported by the
JHPCN Exploratory Project (EX24308). Part of the calculations were performed using the Japan Atomic Energy Agency's
supercomputer "HPE SGI8600."
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Development of a Two-Way Weak Coupling Code for Fluid-Structure Interaction Analysis
of the Beam Window in Accelerator-Driven Systems
*Muhammad Ilham' and Susumu Yamashita'
IJAEA

The two-way weak coupling code was developed between JUPITER for thermal-hydraulic and FrontISTR for structural

analysis to perform fluid-structural analysis of the accelerator-driven system beam windows.

Keywords: Computational fluid dynamics; Fluid-structure interaction; Accelerator-driven system; Beam window; Two-
way coupling; Numerical simulation
1. Introduction

In designing the ADS beam window (BW), the vibration and deformation of the BW due to the influence of
fluid flow around it needs to be investigated since it may lead to the degradation of the beam window's integrity. Therefore,
JAEA developed a platform to analyze fluid dynamics and structural mechanics in fluid-structure interaction (FSI)
phenomena. This platform utilizes the in-house code JUPITER [1] to analyze the thermal-hydraulic field, and the open-
source finite element code FrontISTR [2] to perform structural analysis. The results from the coupling of JUPITER and
FrontISTR, which examined the influence of thermal fluid around the BW, were presented in previous work [3]. The one-
way method was used, where fluid force was applied to the structure, but the deformation did not affect the fluid flow.
The results showed deformation of the BW, but it is not sufficient for a comprehensive analysis of the FSI phenomenon.
The two-way method exchanges information between fluid flow and structural deformation, making it better suited for
capturing the full complexity of FSI. Therefore, in this work, the two-way method is implemented. In the presentation,

the preliminary analysis of the BW deformation will be presented.

2. FSI method

The JUPITER code uses a linear orthogonal grid to calculate the pressure field due to
flow. The resulting pressure distribution on the BW surface is then applied to the unstructured L%
grid of FrontISTR to compute BW deformation. The conversion of the pressure field from +
JUPITER output to FrontISTR input is performed using a tool code based on VTK [4]. After g ] £
FrontISTR completes the calculation, the newly deformed BW geometry is converted to an STL ig E 8
file and send back to JUPITER for the next step. Here, we successfully developed the converter ,Eg e & -
to enable the two-way coupling. For the preliminary analysis, the two-way method is applied to Z% ”HE’ e ’ é
the ADS BW case. The computational domain and geometry (Fig. 1) were based on the ADS § ;g é \]"II Lg
BW experiment conducted at Tsukuba University [5]. We are confirming the applicability of the £ g_ = ""'HNJ,,;I i
two-way method using the experimental conditions. Fig.1 Computational
3. Conclusion domain and geometry.

The two-way weak coupling code of JUPITER and FrontISTR was developed to investigate the FSI for ADS
BW. The preliminary results obtained using the two-way method will be shown in the presentation.
References
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Development of methodology for the detection of rare events using multi-canonical method
“Boa T !
JAEA

BAERT XL —OEEICKIET 272D, 1T /17°7 v b OEERR A BHEICE T Ly a, #EI R
WHERETDEIRLT AR MEED VAT FEERNBEIONIN, TevIal—ra FTRRERTHIC
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Toh % Wang-Landau 7 /LT U ALIZEY LT A2 MIHIGST DA RO 5 FIEIZOWTHET 5,
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7 v hNEROZHO DX IZBWT, DX EMATEHA L, K2 bS5 X5 b7 7 v MEEZ HE) T
BRI DHEMORBEEITo>TCND, 77 MREZY I 2L —Ya 58 Ma— NV, Bie 2 BEC
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IRANTINTERBEICFE L TS FEZRABT L2 TETH D, — KIS, —EHOB/EFIEN 24 FRE L 7
5 X9 G BITHERCIIA DR ELTH Y | BRI ORILE b OERERZEMIC BV TR S A 7 fEIR
XG5 EEADBND, KEETIIEREE FEEADFER (LT AR BRFEOZSEMRIEL T
WL, KREH TIIREICOWT M ET A EHWERITORREZ R T,

2. BIRFE

fiRfrctge e LT, Bt 2 X R MK | D0l O FIETIEAES ITHR/MEN R B :
IRNZIRTEDO I E G LTz, AR L 722 OIF—ot OB F(r)=sin(r)r T, K112 qﬂ
AT XD ICEBOBE AR > TV D, ZRGTZEMIC N [H Ok 7 2Bl L, SR
EHEC S Lo m V¥ —FR)E 52 5 2 & T, 2N RIu2eM T A DM & Fro B %cx
MRS HZENTE D, ZOEICK LT Wang-Landau 7V TV AL Z@EHL, L7 A
ARy MG LR RV X —IREEDTER 21T T2,

3. ®BR-®E

Wang-Landau 7 /L3 U A A Z—EZ XL X —DOFHWVEHMOOKW)REIZY Y ML e
TrbEFNF =R (EWVIHEEZ FFO)EZRET 2 Z L2 AHRICHRVIRL, L

R (Rl S 2 T L CTWS FETH 5, ERICIK 2 O L5 2R F 2 ERB T .

BB L7 BEE NS DT, SRIT R VBEOFRLFERIZAILET VEZE LTS -

TETH D,

KARRITIE, RV AT 2 TR R FARRIAR /7T v FERO OO DX
DRERDO—EEEH L TV D,

Flxl= Sin(x}/x

2R
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FNAX—TCHAEER
T 5 R IEZEE o
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