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5.2 Tokamak T HHETERE

is required.

Figure 3. A visualization of the SPARC ThinCurr model where each color represents
a different modeled resistivity region. These different resistivities are a result of either
different thicknesses or materials.

6 SPARC ThinCurr Z4E8BEES{RI&EES, KA. Hansen et al, arXivi2309.15336, Fig. 3; RIEXE, MEFASIH.
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=HSREEER, FERTREIY/BRE Tokamak RUBRREEIAR. [E17] XERIBEERIRFIA Tokamak £
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5.3 BRBEMMELTES
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MAEZEEE S, EAST B9 AR ESCAEREIREE, SPARC/DII-D A9 ThinCurr TIHERITSHE SIAERELR
; ITER A9 CARIDDI RENA BT EHAMRIF NS EIFRAVRNEE, [E12,E15,E20-E27]
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6. BIHiIK. &y, KBSRIE
6.1 HiETI2M % BHE

r

~

N \ r 3\ e r \
Circuit & field ( Critical surface CICC thermo-hydraulics Coil / case mechanics Quench protection

ty

( J 1

,; 1
1 3 — %
H i/
LJ = ’
J - J S . i
A T
temperature & strain helium cooling
]

@—[ hotspot & voltage

7 BSHANER. SN, CICCARTKNRIEEFRIPIGIERYE, image-2 B%, (FEHR.

Tokamak HAMEEIZ/DERE: BHZIIN, SBEE//Z0R/SHZEMIN=4RN1; CICC 8% REBCO S4FRIE
—RH—niEa, KEtall. RIFEBEMBIRER, RENk. R, @598, B—=#HERTLTERNET LS
IREBEARLANEEN, RULERSAFRE. WO, FEE. SHEBEMRRNE,

ERDITHREBHIERN ., RS, LBEE. mIMp. SEEfR. EMEE. BFREENES. [{E
MERGREEM . MRFEMBEEMEESEIRERRA, HIS AR IogSRSE. BLHHE. BRESESE
B /A B FEBNTS,

6.2 ERKBSRETER

4C (Cryogenic Circuit, Conductor and Coil) , 4C ERERTBSHANRFA TS, 1B CICC SH. &KELA
MFRREIISIBE, RIEEE ITER MARSMSIERS, [E22-E23] ERMMEETREEE, M/ UIED
; BIEEIHE HELIOS [Bli8. ITER TF H(R, EAST TF QAIELI/I=iTHIE, MBERTLH. FARZSERIE
; RIS ERI I, MRFAIEMHREIMB AR E, KRS PLM/CRI R OGS T2,

CryoSoft THEA. Gandalf, Mithrandir, THEA STRBSEBEHITHR—KN—BoMT, FEERAEZ. BIfREH
Wiz, Gandalf/Mithrandir & CICC LRBEBREHEER, QUELL £JFTF Gandalf Ik, s#EAES. &Lk
BRIMNZE TR, [E24-E25] ERESAREIEME. HELIER,; SR l/ZRREN. ZBZOFZEY,
BE A,

JackPot-ACDC, MYRIREANERNG, 118 CICC RO, BEIREMIANE), S5 THEA BEE DT
AR R IANCBIRE . [E20] B SHMEWIIE, /I EmsHEkikes. IT88R, &
BHIELER.
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ROXIE QuenchPro, STEAM. FiQuS BIDESETE, XETEEBSHKT. LB, LBIERPAERE
. IEARTIMBRAN TSR NIGIE; BIMEEEHIAS Tokamak AZY CICC/HTS, BAFMEEMEEFAEMN
F“ %ﬁuﬁﬁﬁﬂﬁﬁﬁ“ RANIEIE,

6.3 BRATLA5EIE%E

Ansys. Abaqus. COMSOL, Simcenter/MSC Marc BFBLER. STE. it FUEFRLNS;
Maxwell/Opera 1+&3%F0/3; Simulink/Simscape Electrical. PSCAD. PLECS. SaberRD BJfZ{RIFEBISFIEIR,
IEfERE SRR, MEIIEREETE: #eE NN SEIEFERL. JMBEE. mRfiE—5, B#H
BRESRZSTIE %R, (IR EIIN RN S SR B R E MR —E,

SPARC TF #REUEEIELY 20 T, 40.5 kA FIERR(CZLET Feplifl, ATHEIOREEBHFANSENTUNERECIH
WA, REE—RE B HEAIE. [E27] ITER (K SULTAN, ER/EEIELE . (KRLFI R
; JT-60SA {EFHEI}ZEEEZ—?WQBET_EEEA, EAST £ KSEEIRERT 4C 3k, [E21,E28] FFZEAM BRI
BEANZBEHEE BERE. NGRS, BRHEENERBESRERER/ERIFEM BT ETT2S,
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24

%_EE\ 'fﬁ/:c.\%%\ FRa 5JI Wfﬂ*j*—l'%
7.1 NEFEEBFHRRRBEHEES

o (2 (3 (4

Equilibrium & SOL 3-D surface mapping Conjugate heat transfer Thermo-mechanical damage

el

5]

Remaining life

W armor

heat sink

coolant

fatigue

E 8 HREBFARMFHMREISE. PYIIRBTIERLARIEENE, image-2 BR, (FEHIR,

PFC TIEfESFBER EF?%/E?EEZ{%%Diﬂ%%%?%ﬁﬁ%éﬁﬁﬁ%jjf)% TR, BE SRR, JUO8I%/H

BT EICHfTIRTE UCAD FRME, PY/CPD REHERIMEE. RAFIEF. EREFIRFRRY
PN, EBfE. RERND. HBEMES, MR/ MR EE éé%\ RIR, PEPAFNIHE

JFER—IREE R RITHRD.

e, EHETTE
HupREUE ALk ST

RCRAZMAERBIELITR S AR, RARESRST. PRSRRAERER. REMHEEIRFARR. L8
FIBEIIBTE, LIRIEE NIRRT IRE, (B8R, MREEms, 1Y 10 MW/m* RegmAB

EROBRIEE. R, BESHARSSRAD.
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7.2 HEAT SBTER#KATT LA
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Figure 8: The melt depth and the velocity component (along gravity

and the Lorentz force) at two different time instants, 3.79s (top) and 9.6

3.89s (bottom).

-5000

9.4

v [mm]

gy [Afm?

9.2
The melt pools are continuously displaced. Thus, the -10000

surface deformation is building up during every transient e
melting event. The temperature field on the evolving 3D
domain is shown in F ig This output refers to the tem-
perature at the center of all the cells, generated 4s into 8.6

8.8

-15000

1 2 3 4 5 [ 7 8
the simulation. x (]

The 2D data can be post-treated to visualize the do-
main deformation, instantaneous melt depth and depth-
averaged velocity field. An example is presented in Fig

Ffrv turn diffavant Hima inctante Tha illactvatrad saalt nasls

9 MEMENTO BEEE. BRSERERZE, KR: Thorén et al, arXivi2404.12904, Figs. 8-9; FIENE, {RIEFEASIA,

HEAT (Heat flux Engineering Analysis Toolkit) 3B CAD. #7m. MHD/Ef, Hi4k. FuFHEmBIEELERER
3k, i Tokamak PFC RO=#Eaaf1iRE,; S8BT SPARC PFC igit, Fitksrisssl=mA, [F29-E31 &
N AMEEEMUTYE—TREEO, ERRRTPEPR. RN/ RIEsE LRM=4%, S DII-D 4Nl
EEERMRIH TRERIIE, REERARRE. Bz, AR, RERSHEEBFENHINEE, SZ<E/(R
hE5EGERLEA CAE,

MEMENTO/MEMOS-U, MEMENTO &l /8 PFC \&1L. SERIRIEs. B, /SCENFEE, masRBSm
SESM, BT AMReX FTIESR, 25 EUROfusion TRIUIORN JET WSS Htir, FATF ITER/DEMO Tl
[E32] R RBHREBMES/ AN TR EARIERNTR, IREIEXIOEM. MHEREMRINMIEER, &
BEE BIETEa TS,

HittEATEBEAEB IR, BFE/ PR FERE. RBRFIRMZRRIED, eI ARRE/ AR
IRINARSS S CAR &%, BWVREBRIFREE. NJIMA. HESHEMNGIHRE.

7.3 CFD, fE#FZET B

Ansys CFX/Fluent + Mechanical, CFX/Fluent BF{migssie#). BEIE. REAHEER, Mechanical BF
RS, BHSES; WEBIY Workbench/System Coupling 1&i%17, ITER {miEges. EAST/CFETR €)EFIZHT
BB RELFRA. [E33-E35] BRI imm. #6is/248. MISFELEmz, IREIZIGFAR. BIRs
= Hn FROBEHREYNFE L 1L,

STAR-CCM+_ Simcenter 3D/Flomaster, STAR-CCM+ E&BmIMEE. CFD. 218, HEHFNISIHAR;
Simcenter 3D faZR4E/ER/#Y, Flomaster/AMESIim REBR—4ERANLS, MBRR—LIWESINEoh,; B

Figure 9: The replacement current density and its streamlines flow-
ing through the sample at the 3.12s time instant.
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TRMH. BRFiRSERE MHD FERFEEL,

COMSOL, E&BHER PFC, ZHHRL. ERA—NH—BR—mKE L ESSHNE, REREEZBENES,
RER, KM EN B RIEEFINE A,

OpenFOAM, Code_Saturne, NekRS, OpenFOAM BIH . 4257, BEEBEN MHD, HIBERFEZRN
; Code Saturne jJRE EDF #/T0ll CFD, ®J5 SYRTHES, Code Aster/SALOME i&#%; NekRS 2 GPU &iFHI

ShMETT CFD, EasREmmnil(Es Cardinal 84, [E36-E38] FFRMMBEHESEONEIT, UNERETT
K. W&, RERIEFS R RERIE AL,

Abaqus. Code Aster, CalculiX, MOOSE Tensor Mechanics, Abaqus fEifif. BB, 152, M. 8%
RIS mEA Y, Code Aster/SALOME $2HF RIS IMEE; CalculiX && Abaqus XAERIH/N
=8, MOOSE BE5HRIK, PFHIMEIEZSES. RITEE L SDC-IC, RCC-MRx, ASME Z/ENER
HozE. B K. RS TRRE R I ES RS, [E39)]

7.4 SR 5EECEL

ITER (RIBELABER I G SE —FRELSWEZSAR, AFFRRHEART 10-20 MW/m?* fi#imiftie. @
WL E, BIRTERSHES. RMEMBIMOEIRSFMFERIE S5, (E40-E42] BISRYSIEERR N
B1F: MRS AMINE, Hn/RAEERS CHF 130, SHRF/NE mock-up; &R PFU SRREIR
 RELINVER, FHfEERE. REMRIEE, BEARETERUSIEERE, KNE BRI/ FEAE
B TEAR. EEAARET.
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8. HTE. & Bk, EUMENFE
8.1 T2 mEHRsE

14.1 MeV D-T source Monte Carlo transport Activation / depletion Engineering quantities
: &({‘ nuclear heating

Y
[\

e \
. B [ —— ] 8’3 &
AN 8- s
P e e )
@ \ ‘n = irradiation
- \ i! NG . cooling |\[ decay heat
A \
L " \\\\
— @ shutdown dose rate
5 ® : i
_____________ PR R e R N R e B STy U e b

e
e
f
S

| i i I
. H . 3 ! H - . ' i _oe o
materials | source normalization ! nuclear data ! variance reduction | statistical uncertainty
1 i i i

NEEos o B e o

10 A 14.1 MeV D-T iREINE, SEHFEHRETIRIERRE. image-2 B, FEHER,

D-T Tokamak HFFIRTIRILE LR 141 MeV thFR58,. TEH 7. sEEflgaFt. TRFFFEHE

MEIEIECERr CAD, B, BE. MR (dpa) . &/E4%. WIASEFFERE. Fik. TBR. &,
ST EMHEEFIE. JUTERSIHON streaming, MRFHETTER. ZEUREIL ZREIIERSE

MMEX,

SEERERN'FINRE 1% JAERKERE, FA88IUE. M. BRI SIEAAEE. TR EFEmUR
KWE tally ZESH. FFFHE. NWERESSHMAERMZE,; TBR MJUIEEMEHNRS &SR, VRTE
MHERS, SYXSXREEFIREHE. EHEFNEZF iz,

8.2 FEN FHIZY

MCNP5/6, {<HBZ ITER, JET. DEMO FIF2EEMESThFF2E T H, E4ars. €2« CSC. EERis

EREAEN, MBEWIIMBFERR, Ra2EEEOAFTURE. WA UI4HREEE. BaiiEORIES.,

[E43]

TRIPOLI-4, CEA BELSRES1E-E%HE, 2E0 DEMO/ITER SifHIEEM 84, 5 MCNP RS B
ITER #&8 FXXW LKA, [E43-E44] (AR TIERENIM S, KEFIAER,

OpenMC, FFE. Bt C++/Python, HDF5. MPI/OpenMP, 33 CSG 5 DAGMC CAD JUal. BEEE. Y%F
SRS EEIRI S TNRE, (E45-E47]) (UAEBnhit. 25t. TIEIH0S MOOSE/Cardinal 5%, BIRED
BEEINEE. AEREAERRIDATIRENDTF MCNP, SPARC BfERHRER AT OpenMC CSG #EEUMIZEITE
EisR, FIASIFE CAD-MCNP 12EIIF, [E48]

Serpent 2, LISMESELERESSIT R, MENSYIBEZEONK, SHAN MCR2S HENNEEE, FXE
AElEREXS, PHITS, FLUKA, Geantd JSISEEHIF. REKIF. SBEBHIPSIENESEIENE, BRE
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PFZEIRE. TBR AMZMESTEIMEE. SuperMC, cosRMC fFERESZ: CAD #1 R2S TIERFARE, 3t
F3F ITER/CFETR &/, [E49-E50] Shift/Denovo/ADVANTG/Attila {2 AR IE—IHEICREE R H ERE
. BEERFE, WWHHRZIDRES—,

8.3 CAD 4%#, EIEMEHIR

DAGMC/MOAB ikt OpenMC, MCNP FEZE=FA{ CAD iOF LiBizh=F, B CSGC FIiEH, N2
CAD {82, watertight, RIIERZEFIKAZMEEE, [E46] McCad £ ITER/DEMO T#2 CAD &I MCNP/TRIPOLI 454
A, SpaceClaim/MCAM/SuperMC SR ELbAHRIRE, (HUBmERE e /IAIR . RER. 78, 42
BRANBEH ST AR E,

FENDL 2 IAEA tMERIREZEUERE, Baks. EWMFISEREIESIROEE, N5 ENDF/B, JEFF,
JENDL., TENDL EMBUSEDHT, [E5T-E52] NJOY/PREPRO/CALENDF &MBIFMNEIE, FISPACT-II ITEE. =

ORIGEN, CINDER BI7#IBEET7/iRAPRZIEER DT, (BFHIA 14 MeV MEHIEERM.

8.4 FHFIET/ERSINIE

R2S BrhFiaiz. EEH. RLEFRIDEFmiznd, DIS AR RERBSERNSEIEERITE,
MCR2S. R2Smesh. PyNE R2S. OpenMC R2S/D1S. DISUNED. TRIPOLI DS &6, 12hE. F5ZFIFE
W, OpenMC BI2TFFR R2S TEREXT MCNP/FISPACT-II B{4E#1736IE, FHA Frascati Neutron Generator
ITER XIEE/ESLILLE,; JET D-T mTief T ELSZEERNENFNFIEIIE, (E54-E57]

TEFRIEEIE: ZEURERMO I, FNG. OKTAVIAN, SINBAD FRoEE, MCNP/TRIPOLI/OpenMC 32X ;
MEHE@RIEN, JET/ITERM AR, RURETNE. WHEFFEMS, SRESISRSTMELET, MR
LLERRIBNAERE, IRREAIERARIE/ GanRE, MY F iR L R EFH R ET.
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9. BE. RAE®, RESERE WD 5K
9.1 BEMBENLE

SN
: P S
heating - dpa - T production temperature - pressure drop Q ]

Neutronics Thermal-fluid

f
@W

Liquid-metal MHD

. / Blanket design AN

v

‘—
inventory - permeation

Tritium transport

stress - swelling - creep dose - inspection

Structures & materials Safety & maintenance

1 BEZ—A—R——m—ESIEBEWES, image-2 B4R, FEHR.

RETBEEIABHFEENR. BE. FitlsmidEt, TR 'UZ\ZE%%AEP¥V*WTBR BARES.
REDFIRED. LRI Aﬁz/u@% MHD. SRR/ BRI, [BiRflZ ks, MOHErIssRg, SREY
MRkt BEER MEBIIRAER, SEZImnEn), FEEANIREE

9.2 RGMTIKFFN CFD

GETTHEM 2M@E[E EU DEMO BE—RIMERREZFITIE—HRZFER, EFT WCLL BRSSO .
[ES8] EESHIEMI. I=FIFNSEHILR, TaeBiT=4ta, RELAPS/RELAPS 3D. TRACE. CATHARE.
ATHENA 2ZERFEATKDMED, rIRRR. &, RS MRS, il WCLL iR E[ER
RELAP5/Mod3.3, [E59] BB URT2/EMOIEE, maE. Pbli. FLiBe SiSiRRIER RSIIE,

=HSEMRAVE(FA CFX/Fluent, STAR-CCM+. OpenFOAM. Code Saturne, COMSOL #1 NekRS; FR#:
—CFD BA& BTSRRI R ERR/EAE, Bl —HEMNEHE B, CFETR ERiRITFEEAEIE MCNP
—HERZINMEET) CFX BRRIAONTFLE:, RAB<FIEmbRey @K EE e, [E60]
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9.3 WSERHRIATE

FreeMHD: validation and verification of the open-source, multi-domain, multi-phase solver for electrically conductive flows 6

(a) Shereliff Mesh (b) Section of Hunt Mesh,
Boundary Layer

(a) Closed Channel for (b) Pipe in Fringing Magnetic
Sherclif22 and HunfZ. Walls Fiela=" Flow exits magnetic
perpendicular and parallel to field

the magnetic field vary in
electrical conductivity

. (c) Dam Breaking Mesh (d) Pipe Mesh Case
. B o
(c) Dam Breaking CaséE. (d) LMX-U Selu Flow
Fluid is Released from Rest along free surface channel
with Initial Height of hg across transverse magnetic
field

(e) LMX-U Mesh (f) Section of Divertorlets

Mesh
M FIG. 2: Examples of Mesh
bl k] et
Bg e .

(e) Divertorlets Seluﬂm.

g : Ha | Qereemip | Qsolution | Percent Error (%)
R
opposing flows in opposite 20 | 1.604E-1|1.567E-1 2.36
channels 100 | 3.762E-2 [3.621E-2 3.89
1000| 3.899E-5 [3.887E-5 0.309

FIG. I: All Case Setups TABLE VI: Non-dimensionalized flow rates compared to the

analytical solution of the Ha =0 Casd?land Ha > 0 Shercliff
Cases Casc!6l

& 12 FreeMHD HOfRITISERNISEISHEA B SRS, K& FreeMHD team, arXiv:2409.08950, Figs. 1-2; EIEXE, {UEFAR3IH,

SEWIAEESE PoLi/Li FF4EEX MHD £, RoIESH. BAXTRAREMLL, HMAG, MHD-UCAS 2Rt&’
SEEEEARMIE, COMSOL, CFX/Fluent. OpenFOAM BT BB E/FE R FSFERIF S RULME . FreeMHD
EFNHISE. 20, BREEmSERKESE, AT LIERAmRT. BB V&Y, [E61-E63] &
Hartmann M&rF-4iEILRE, BMMNEMRAEX,; BESRERANG. BMBEE. MIEofsRiBEy
/BFE MaPLE, MaPLE-U, MEKKA, DCLL [E&%sciaiaiir,

9.4 NG, PETFMPREHEIR

FESTIM &3~ FEniCS/Python, #&RIUZSH1# 1D/2D/3D S-MEY &L, Fabf. REFMPGES, 5 OpenMC &k
/PG, SABR, TDS. ARC BEMZIENF, IMB4EHPAT V&Y ikE, [E64-E65] I2FFl. T &
B, REIZVHRIEM. RERNAEREETRERERK, RAEREMNFTINMRE,

TMAP7/TMAP8, TMAP 2 ITER flft& = KIS E, TMAPS EF MOOSE, IFEFRFRESHER. SQA.
R, BURMERARER, FEW TMAP4/7 IIEFSLIERI, [E66-E67] Lm2RBAFRMS MOOSE 2412
BE, BRENERERRE, TBEMHENSSREEREFHEIIIL,

TESSIM-X. MHIMS, mHIT, TESSIM-X #EERM WCLL/HCPB fREAR AT EAY B—Pat SREWN
MHIMS #0 mHIT {2 E MR a5, [E68-E69] SREVATN. #EPFIZOFRIER—.
SALAMANDER A& MOOSE. Cardinal/OpenMC 1 TMAPS, BEfrE2B RS F—H—mZ4IE; Cardinal i
OpenMC. NekRS 5 MOOSE WF#&, ©8 HCLL F15#t Tokamak #i#2, [E70-E72] BAIRFFMERS
[, EErEERERETIROR. MEEREIZARIHIEREZEIE,
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HFBEMBRIMETEESR=E: M/ SREREEE, SN/ EFISREY, AEREFHSHREN,
SRERMREMHSENRNAS, ALREARE. RE. BE. EHMEFENERET, FAERXERARW
FEFHISTIBIAE,
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10. B, KB, HRE. mif BE%

Tokamak ExTIEER@ESFiR. TER. MER. HS. SBFHENR. RERBE. BERNSFHES.
Molflow+ 2 CERN/ESRF FRRAIRA FERIFFETE, BaERER/ VTRNESETS Fii. REMENDMN,
XFFSTLEASZZIE, [E73] i, RE. JUTEWR, REIZERESFRR, SHIEHERA/Y
RE. FESBETFHMUE. FEIBFZERGFSINHEE DSMC, CFD siMEIEE, WIFMMBRITBES. EXEDD
miREdER, BEREEMTISEENRRILE.

AVOCADO Fi{iati FASAT ITER 4R SPIDER FABETERAAEE, XA TIFEFAERERE ST
K/ TRENEELE, [E74] COMSOL Molecular Flow, Ansys Fluent/CFX, DSMC TE (SPARTA, DS2V/3V) ©
BEANE Knudsen Xig,, RGENER. &), BRRFESHATAE Modelica, Simscape. AMESIim, EcosimPro =y =%
W, HFTEFEOERE D SRS THETAPRES, MIFEEREL.

10.2 [RESARIRE

BRRLAT R 4C/THEA 4b, (KIBT 10 BCMLRERAS EcosimPro/PROOSIS, Modelica (Dymola/OpenModelica)
. Simcenter Amesim, Flomaster. Aspen HYSYS, gPROMS @& x7i#aiee [E4EHl. BIEHIRS%. BIlEa)
ENRIROEED. L. BEEFHEHILK, BEMeR. MiE. BlaRRsieEt I mMNE CFD/2RBEXURIEHAE.
VEERIN BRI, RR/AFERER. NIt DAE kf#. LIS (FMI) FHssIESGEO, mIHEREE
FE.

10. 3 R, RIPFIEX

PF/CS/TF EBIR. TRIERIER. SiBIRIF. MRS5S SR MM TR/ M ST E R E,
PSCAD/EMTDC, EMTP-RV, PLECS. PSIM. SaberRD. MATLAB/Simulink/Simscape Electrical i&&E JEBF.
(RIPIBES . BRI EIABAERY,; DIgSILENT PowerFactory. PSS/E S&&EBRIERT. FaEAIFER; Ansys
Twin Builder, Modelica i&& 53 HIMEMIERELS,

SYEREOSELBRRTER. B, INRY/ERIRIKEITIEA plasma control 2%, TRZIROEE. B,
BEE. AT, IER. BIERENITEEE. DINA/MEQ WNR{FHIEEREREMAERSIEH. R, 8%
MRIF, SR E ORI IR REY, RN EEFIRE—B B FHIERE T XIEE—HIRR iR IR
BRIGIIE,

10. 4 f#k. ERIEzHS51ZEITIE

NBI, ECH. ICRH #0 LHCD HUR/RYNIEBEEMERYIEREITE, BIRPERSSESS. INEMAEER.
RFEOMERZL. B, R, S051Rs. BHIAEEE CST Studio/HFSS/COMSOL RF, Opera/Maxwell,
ANSYS/ABAQUS. CFX/Fluent, Molflow/AVOCADO, Geant4/MCNP, ITER =45RiNiihE SPIDER/MITICA
LT B/ F R A TRE RNIERE . REF. SREE. AETHISEESUIRINTIRIEEIEIRS
R,

IZHT TR EHEHGES. Bk, Wik, AhafE. BESEBONOMRE, PF/IMSZEa B Geant4,
MCNP/OpenMC; 3¢5 BJF Zemax/Code V/TracePro,; BB SLEMOREA CAE, TI2ARBYRAE S A2 il i
. VIESEERE-INREE, B hEEE SEREIHERIIR,
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1. 22, F. [ B5WRE

1.1 ZESHAZEE CFD BYRARR

MELRe XIS EFIIRER: BETEXEST (LOVA) | REFIGAERTE (ICE) . &% (LOCA/LOFA)
. BRI, mttR. . S E/RRA. SURIE. MIEER. BERFINEEY. eREFRRTIAR.
FHFY. FIR. JiE/BXAIRNEEE, BRSIRERIGE, MARERIN &AL 179,

MELCOR Fusion, MELCOR R AZTESHERELIE, INL WEHTISEXFTRT ITER 12 Z22iRE.
ARIES, DEMO. DTT &; BEAIKN. SAR/ZEA. BETMEERFIT BiEsR, [E75-E78] tmaRstkEs
i, BLeRSKNG,; RERFSHEMRIRE., BN/ RSEE/MISKRRENIEE, 257186
Fusion 5 MELCOR 2.2 RIRENEEEHTEHEH,

ATHENA-INTRA, RELAPS5, CATHARE, TRACE, ASTEC, ATHENA/RELAP ERTFZRARSGIATL,
INTRA/CFD ¥/ BEDFRED; ASTEC RRUNFEEERHFS, SR Z2KE, BEEMEEE]
ERLSISE, [E76] CFD (Fluent, CFX. OpenFOAM, Code Saturne. FDS) &&&E/ZES/SARERBRE
o, TeEBRESZRSBHLTR, BEEHRFRIDEREIANILR,

LZEWIEF 2R D BN IR BiiRE, MELRTH SR FE. NERARR: FEMNHISEH#
; R/ BRI EE,; ICE/LOVA, it =RNERRY; ITER RE pedigree SR/ HE,; BUkit. 7
EEFRTFIEER, LeRIVITURERA. BMAFIEEICE, TRERMRHA—IFHEEER.

1.2 I B BESHF

I B&IHER AVEVA E3D. CATIA/3DEXPERIENCE, Revit/Navisworks, Bentley E#ti78%. HVAC, EB4RAT
WifE,; FEHTEFRIREEE[ ANSYS, Abaqus, Nastran, SAP2000 Z; 1259/5Fik{EF
MCNP/TRIPOLI/OpenMC/Attila; BN SERMIFRRSLIDM CFD, BEMIMERZENIE. MEDZKE. BiE)/
RIE. @IVRSHIEES, PLM/BIM BEIABHAEFHHIREL,
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12. mIE4EIR. REC. HIES RAMI

12.1 EREHEFHE

2B E Tokamak FIREBEMHERIERT A LR, mRgErREE0E: IMBETIZERE SR, MWL
EREEED s, ME. 2. 1B BIFRzINESarIHiT, 2H. Bff. SVREIEMOEEESS
PR, 1E55AERY. HIEIREFMEREEHE D A,

DELMIA, Tecnomatix Process Simulate, Visual Components, KUKA.Sim. ABB RobotStudio 2t T Al#185
TEREFHEA, CoppeliaSim, Gazebo/Ignition, ROS 2. Movelt, Drake, MuloCo 12EFFRU/AZREMN R A
EIAEIFIER), MSC Adams, Simpack, RecurDyn RIF 205 IR MEHA, VR/AR ST FERTR(F

SillZx,

ITER fs5F3 CATIA/ENOVIA/DELMIA EIBIRIHFIXETZ, FAE NifmiEsSIcie P R BYIEEN VR (hEFITRIE
DTP2 if3ighEsiIE, [E79-E81) JET B 1990 FAUESHE CATIA BEMIREL. VR, ITEHIBENERIEINELENE
WS, DIT BEGLENEMLERITERARIWE. [£82-E84] XLRANRABLEIFFELMSELYZEAIR
E. AR BEN. TRERMESESEE, MARRMNE,

12.2 ZECFFHEHE

8¢ Tokamak FUEEMEBEmRE. BEINF. ENTHE. NSkoE. [RESM. PR TR AOMNIHY
. DELMIA/Process Simulate & T Z5&R,; Abaqus/Ansys/Simufact/MSC Marc J&&IEEE. AT SN
13, 3DCS/CETOL/VisVSA IEEAZ; Navisworks/Synchro/4D PLM &8 ES=sahss, ITER £ R Trial,
Test and Training Facility B—tt—BET=EEXEZI%E=E, A7 HF T ZHuBITSAlIZ5I0E, [E85)

BHHIE. HIP. $HRFIT SNSRI BR—ae—HFRE, BREREHITIERESRE PFC F45, ©RS
NDE. thh. #EFSimiiiexit. HISMEBDNEISIRUE. FRMDMZEHUR, mARRR

as-built &F as-designed,

12. 3 RAMI, #E{&4RFNTT A&

RAMI (PISEl%. AIFBME. oI4HPME. oIieElt) EEMHRRER. BERtE)., &, TP IS, HERERE
FTREHAERER TR, BATEBSE ReliaSoft BlockSim/Weibull++.  Isograph Availability Workbench,
MAROS. Relyence, FaultTree+, LK Python/R/SimPy EI3EESENEE(H#REY; PROCESS. FUSE FIERZ(LIEHEE
BEMCR /A AMEIR,

M/RREXS: Bl RAM TEERAMIHIER. AIRMEEE. HUEISHIETT EREHROREARLMEIE
. SN BERYFATHERRRES. FRESEMHRINER. S5HIPMERE, AFRERBRREN
FRRHE, WIEkE ET/AEREEFCR. TWEKRE. ERFESHRANMEER, HFEENNSE
TRERINSHEENES T, BEUREREERRIE SN HEE,
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13. ##l EHENFIE LR

Tokamak S5 BINEHL/REfe. 1R, K. iR, \BREM. Mk, 2/aE. BIRMEEZN. 5
BRITLGHAY von Mises AR RREEE, TIEARCEIEMRIAEEENTS RN, Btk M.
K. BRI, MRMEMITE,

ITER EESAZMTEE R HEF RCC-MRx, SDC-IC Z#I; SDC-IC E[JEEHhF. mivym. A0
BErSe s E A B ENIINE, [£39,E86] Ansys/Abaqus/Code Aster tagsskf#, nCode Designlife,
fe-safe, FEMFAT. NASGRO. Franc3D. Zencrack ERFRE/ME,; MEHEFEIBENBRMEIAEREE.,
FISPACT-Il FBspFEIHE dpa, AR, oFshHF/MsEsh % /M8 CALPHAD THE (LAMMPS,
MOOSE. MARMOT, Thermo-Calc, OpenCalphad) HARHNIMNG;, TIEERITHFEENLINIIZRERIGRE
BIBEA, HEIRAEERRMERX 14 MeV 57, IBE. NMAOFFIETHEIERE. IFMIF-DONES, #%t
IR, BFERINABINIRES rBE, REGTUNA(FER A REEME NS/ SRS, faehs
FABFREERR.

27 - FRELE 2026-08-09



TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

14, Y38, TIESXUHERGE

14.1 ZE&HFE%IE

— N N 7 N N N
Sensors & Data quality Health-state Engineering Decision
historian estimation ROMs guardrails

4P EOM A Plibazl
= | 8 || = || o =

AN S
saismnaaa |10 '@

controlled
deployment

NP = E4

3 FEERAEH SBEIHE T HEREMNTRFEROSERE, image-2 B, (FEH,
EBUE Tokamak THR{TRALR M =FEEER BT TR FLIE.

ME—HEHENEEF RS, LBFEHIG, W/ VDE/halo, BH . PFC R, 185, FFiIRM
prodig, DINA/MEQ. TRANSP/JINTRAC, JOREK/DREAM, SOLPS/HEAT. TokaMaker/ThinCurr EgFX—%
2, CXBIERSHRE, MEBmRITEE. PR/ AEEEHEMTEEZHER,

Rre—lafigeizll CAD/PLM BeE Nz, IBHETMETEIEZTE, #A. PFC. B2, B8, | BIVSEA, @&
BRI, RE. RE. FIE. EF. FaflfESadE. Ansys. Abaqus. COMSOL, MCNP/OpenMC,
CFX/OpenFOAM, 4C, FESTIM/TMAP8. MELCOR ZREFIX—&iR,

I —IHRSARER RNV, BMHE. [EliR. REEE. SRRE. KENE. RUENERCR, ASER
B, BN, IREDBIIERE. BLMRGFREBEIE. CRSMA. MR, *E&ﬂﬂgiﬂttiﬁaho

=RERRBIIKAR ID. = D #EHLR ID. BIREFAEEEERE, IMAS nlASEE FHIMBMEBIEN,;
PLM/ TIZA R AP ST HDF5/NetCDF/VTK/Exodus/MED Fis; FMI/SSP. gRPC/REST. M8
REFSIRELIRSS , IHEWAICRIRA., WA, WEINE, FEMEAAER. TeiRg— M Eeilr—.

14. 2 Tk RS

IEETRET AR IETUIRSS, —RADENIL/ABEESER LREMFEENE—NsMELE. BRSNEE:

1. MIRR S TECE: YIERIRE. CAD. DTWETIEREI MRS —, (REBTHREIEIIRE,

Geometry & HPC evidence

configuration factory Calibration & UQ V&V evidence Model registry

offLNe| | =
LOOP @5})_))_))“,

e
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2. BYB)ERAF YIRS NS PR SIRENS 8L, BRI ESHIERERS
5)ﬁ\0

3. SFIEMEY: ERARTIESINE, ANFESNENE, RATERSRE, RE/MMSTTIEET.

4 TREEELRE: FRREEYE; X CQARfE. halo IEXIFR. PREE. PFIEFIM RS EA TR/ IORE
(SN

5. EAENE: NEnSEEYIS/ANETERTBEER, TRestEIME,

6. IHETTEIE: MAKIER. AIBRA. W&, RE. FZA. BEEERRSER—EAM.

L RBISRA Python/xarray/h5py. VTK/MEDCoupling., MOAB. preCICE, MOOSE Transfers, Ansys

System Coupling 2@k PLM £, wEFENZE<FE. alFlaEs, mAREOHE.,

14.3 fBABEINTIERE

BOFEBEESHEAZIIN EEZMAER, WP FZAERSMES. MpE)NTHES, o
fafE, RORRAKRIE. PRKERBEESHR—R—EE. ZA—RE—=EF MHD 7ish; =JA preCICE,
System Coupling. MOOSE MultiApp, fLm2ERMEKkReE, XGEAEREE. MatfliEOEEIRE. 2R
FBAETE COMSOL/MOOSE/FENICS HFEIRTKARZ M, EaRRIENEHER,; Na5iE. REMMSEHEHR
, BEUEMERS I, FEH/REBEESTEATENNN, BUREsREIIEL. REMITFIBEN,

T2 F NS ERBHHEATHA, F TSR ST SETIR, EFTE kIR TARRe B
S NI
14. 4 5XBWHEIMIMETER

| TiEtERnEESFIE

".—3%_4\1'&55_5&" F!%iIE}EEg—E WEERSRR, HEFD. RAED. REMER

HEAHME 1
SHTETERE 1

B / RASHN

a5 E S

RREHE, SidE. B/KERE. FNG

L b lmic o
NN N N

BRBSIREEE
JURL PR, . 1A SRR

R/ EEIE
5T, SHiE. BHT/BHER. Weg @

14 TREENBRIIERESTUIHESFE, FEERH.
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BOXBEANE KRB FRE. R, WEDE LRRE. tRIsn. MEEE. BdRE
MMEELEF AN, fUan PFC #AMEELRILARIRTELAR IR REEE. SARERB. RAINERFERE, ERUE R IE
B, REMESERSETREATINR, BAMRENENRBE. BE. EHMRE, RUSKENERIEREE

NP

=EEE DAL,

HEERAEMN: LREPASTAELRIIAMAEE, 2REEMIEERIEINXE, FiEridE. &2
RESEAEIE DS, E—8E TR NENIRINIE. REEHE, RAEENHEEERNN B
EE@O
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15, EREREMMBENMAAEASTE

156.1 ITER

ITER ETFET BN GETENANFEN—, CATIA/ENOVIA 4R Tokamak ¥lMECE, AVEVA E3D iR B/&
%, TREfiREEZEMAN, [E1-E3) Bi/SEaniT KE(R Ansys. Abaqus. Maxwell, CARIDDI K#44
TEH,; WHAKERetk FE. 4C/THEA/Gandalf/JackPot 0 SULTAN/IEBIZE /B IRIE; (miEssll Ansys AR,
CFD. 2#naidiasl NDE &8y, #ZotrLA MCNP, TRIPOLI-4, FISPACT. DI1S/R2S #0 FNG/JET Ei&E, =t
{$F MELCOR Fusion; ife#ERLL CATIA/DELMIA, VR 1 DTP2/4 R ~Ig i,

MHBERIERE. SHEABIWSIRT SR, TERTEMEE . W SHEER. FEEONBRNAE
/B, SERPEBHIREARER AT IEZERANR., NEARERESFINERE IENSER, MFE
GlEEENLN

15.2 SPARC

SPARC AFFRR 7 £2H) physics-engineering workflow: HEAT 1817/ 48 FiAiH=RE3%) PFC CAD;
ThinCurr STIFEISEMSE/REMC 1811, MCNP CAD BEVKIESRERZIZET, OpenMC CSG #&AVRIBRIE
1WA S MCNP/ToFu 3ilE; TF REYEEEIHERME. EI9F0SAITUUEY 20 T Fadietmi,
(E15,E27,E29-E37,E48] ILBRRIBEN. YMIE—TREEEZEMNFREAIGIE, NFHEETENEREERE. &
HnfliafT2E4ERe D, B TEILFREAAT W,

15.3 JT-60SA

JT-60SA REIEIKEBH—LE FE REUFEBSHIR, Ansys Maxwell BE&EELS APDL £BREFERIE=:
disruption j@ift, FHERDELE Workbench 554, [E10,E28] 3ot THIERMIA. BIFIETLIR.
%2 ITER DEXENEBS TIELE, FERATMERH—ZREA, S0 PFC SRR ER,

15.4 EAST 5 CFETR

EAST B9 COMSOL {8 a8 8B AL disruption MEER,; PFC MUEFIREHIAFIER
COMSOL/CFX/ANSYS FH 58RI THUELLER, 4C (/A EAST TF 2RAISAEIEIE, [E20,E35E87] CFETR
BEEIRIHER MCNP/SuperMC/cosRMC, FISPACT, CFX/ANSYS. RELAP/ESGAMBIIERFS, RFFHY
MCNP #Z2h & CPX FRERRRIEZIATIE, [E49-E50,E60] B REELESRRERINER, IARTEIE
{19, #UEREY. MIFERFECENS—,

15.5 JET, MAST-U, DIII-D 5 DTT

JET AhFEN. EUNIE. MmN B4EHPRAERAY D-T/ZziT80E, BaRIE
MCNP/TRIPOLI/FISPACT/R2S FO#EFHEEY, [ES5-ES7,E82] DIII-D RILLIMO=4E0437SC80 FBF HEAT BailE,
ThinCurr BFSKiR1T, [E15,E30] MAST-U B VALEN E=4B2 /458 EFIHC PFC/4EP425a, DTT ED
DEMO #HE#, TRETHERE Ansys/CFD, MELCOR MU Rimig g EIMDE. [E78,E84] XLhAELERINME
ETRIESLIFMREANIEN, TRERMELF ITER AIRSHLELL.,

15.6 KSTAR 5HhEE

KSTAR BURESRT BE NIRRT S BT F ORI SR, HBSIET. KPR
PRI 2D8UE R AT RAA/PFC BB, [E21) Alcator C-Mod, TCV. WEST. NSTX-U, HL-2M %tb5 BIiRAtEH
R DR, Kb PFC HISK Tokemak SA0RINERS. TRBELRERWIELE, 8. S0
S, FEEHABEES SRR AR,
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16. TEMRSAMEFAHE

16.1 MW EF + FFHMILIEEN

WNBESHNE. FISHZREARNENAZINE, #EZLL CATIA/ENOVIA 85 NX/Teamcenter {EIBCEEF
. Ansys/Abaqus/CFX/Maxwell/Simcenter/COMSOL {ERIT4E~=TH, MCNP/TRIPOLI/FISPACT #1 MELCOR
ERZSHET,; BERSEE SALOME/Gmsh/ParaView, OpenFOAM/Code Aster, OpenMC/DAGMC,
OFT/ThinCurr, FESTIM/TMAP8/MOQSE {EAF I Eohit S3RI7IG 1,

MRRERELWRE, HNESFIZIEE, BEiEEE—T BiEHEEEm. (N EF24EHPVER,. &
EEIRINERERE, N AERE MEEEMME, MeXSaREOMSIC/ESRIRTZIRE,

16. 2 fhFF R0 1E FSE

SALOME/FreeCAD/Paramak + Gmsh + Code_Aster/OpenFOAM/MOQOSE/FENICS + OpenMC/DAGMC +
OFT/ThinCurr + FESTIM/TMAPS + preCICE BILIZRGRRRIFRA KL, &SR, BiEFkR. #E. B
A FZFEERS R, ClEBRMRITEFNEEZEIERE S CAD/ERSEN. MHFIEAREER, #
MR, REBMRASS . AR RERRLUINRANREERIE, MEINHXLRENFNEN~mIiE, M
TR TR AT MEmRR,

16.3 RFEWANER G

- RR A FRESRSWI SR, BRIEFET BTG

- TIE GUHRESTIZ. FIEXRIN. WIS, BETIELELAMAKRATE,

- FLUSSHBAEEEEERIE, BALRL RIS ESREE A,

- FEMSN BT T2 CAD, BRERIT LN R SRR B HINS IR,
- FEMF S A TEARTAER = ErL.
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17. M DINA/MEQ %] Tokamak T F2¥iFZS4 gyI&ss:

~ 40 ()

EO - Load interface E1 - Disruption narrow twin E2 - Thermal & magnet health

traceable inputs validated load envelopes calibrated health margins cross-domain uncertainty decision benefit demonstrated

[ PLM - configuration + geometry « V&V/UQ « HPC - cybersecurity ’

15 M DINA/MEQ Hierz O TI2ANZ RAMI IR JIL, image-2 B4, (EE IR,

MEE E0: TIEHESELERM (0-12 ©NA)

RIRF MRS, KA D, BIRR. B MEFlnRaE, 1€ DINA/MEQ BithE X NIER load package;
223 CAD/DTREEEIC, Bee/AHhRA. INEIERS MERIDER, E— M ELRENETE /RS
SR,

WWIEE: B—msn—#E, /DE/AEEMETE, rEEREME] CAD, Mg, Ml KEEssin=
&; AR disruption BEUE T EIRL,
MEX E1: TREBH—SEMETE (12-24 ©A)

LA DINA/MEQ + CARIDDI/ThinCurr/Maxwell/COMSOL + Mechanical/Abaqus 237 2{RESE: HURIHXITRIERY
EfdTT, =HERE/RSRBERE, SORIEREHEHRENRIE, BANIRET. KBER. NTIUE, Tk
shadow mode, FEESSFEF,

WWIIREDREHEEN. RIAE, ERRHIEMER. BEUMEEEEXEEE,

MEE E2: PFC RS S#A/KBER (2-3 F)

BN HEAT/IOFHREL. IR/E#. CFD/REEMMtI#Ean, 237 PFCIRESRIPEIMAE, EAN 4C/THEA/B
. LERERESHE, BUYMARVKOMKSERERLT. SIRE CAE B4R ROM, LIRS (USIREE
i, FEERTIAD SR SR,

Kol JIBEEAI SR, ERSESTAIRIIT. SETE. KESIRE RS EE,
PrER E3: #3FE. mEHBGES (3-5 F)

U EBRIRER MCNP/OpenMC/DAGMC 188, B4t EZty/I8/TBR/MRHER; FISPACT/R2S 1RIEE
SCRKH SR EHEM,; FESTIM/TMAPS/RFBELEFMER, EMEmERRE. RN, ERMCirMENE, 7
HREFHERTENRIE, FALANETEEE R,
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T JEE FNG/ET/ATEERE . BRI, /UTHIRRE. RE/ATERIZAHER,
BREX E4: 43P, RAMI S5RERFFF (4-6 F)

£ as-built/as-maintained Bc&. AT, BMHRER. SHFEITE IERZIBEESEM RAMI, K MELCOR/
Rz BENBERERTRARIGIE, ZETEMGENERIF, ExeRIPSITFRESRIFIRIN
FElsE

BWIIeEERIES R, SENEsm. HERKE. NURDE. NEREFHLT,

BrEx E5: RIW/HI £EaEH (5-8 F)

EREER. RINRER. EHEIR. BB, BN, EF. E5FMNERR, R EZeiTH + BELHEL " £
LINMERCRRIAIEMREAIAS AT, BEI HEEsfTeRE CAE. UQ. IHAMEIRIGIE, KT
IHERFMRE A EIELIA,

RELBTEEMERNET, MEATRREREEE: MUB—aRr-. WMCEMNZ, ERARES
iR, REMERERMA, BiElE, WREESNIMkEY, SRR ESLIENEE.
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18. 220, ANA 5iRHEAITENEE

BEEBRFR TREMDINE", TREGSHS. CAD/EE. S/, BR/MR. Z5m. HRKILE.
R/ FamzeRE8NE A, 8MAENEEYIESEA. WHSREAMMAEREA, BRAIBTALFE
BT AR,
KRR+ BRI HRITEIELDT

1 ERE—IRE, —3K disruption Fl—PMEEEMHSIRE IR, A4S CAD SIERESEIRE.

2. X load package v1, &% DINA/MEQ RSEGFE. 7. AR, UQ MIEZITEE.

3. B—EREN— ST SR/ AN, BRifER SIS,

4. ERNIER/NIEAERE . MRAT/HIERE. RUSWER. BBAURD. —RASEEMRI—RESH

5 BUTIETEBRR. a/HO/4ErXRAIERARE, SIERBREERFE DAL,

6. BERKMANRZZ RS, BRE. UKE), REURRANEEGEE, NEANRIPAR.

7. VAR5 & R PRC BRSHIRAMEIR, UBi R fen . AIIREIDIEAIRIR,
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19. &5ip

Tokamak TREHEMNEIEERTRR/DEARIBANRM, MENHEEERNSE F IR E IR,
#ETE. HIEAWIE. FBHEZAEMSRAEC. MARLERE: PLM 857, SRR
. BR CAE HTETREMmA, MIERXMIGIE, R TEAEENSRIIER, RERIEHRE MEREGIEER
BHIEIRILR.

XI=RILL DINA/MEQ Hi=HIIRSHIINE, &EMER NS BEIRRBH— SR ETE, MARSEE
B . CEBFEREALTR. B8, 7T, CAD RAS, SRk, UQ FHEENSHMEN, —BiX&E
BISEEHIENIE, EFNITEEORIEESEHE PFC. BIA/MRIR. RF SN, M. EPTB &4,
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M A: Tokamak T iF{AE T BELLHEIZEE

A 1 )-L1—.I-\ 9&TE%I1lE/}IL

CATIA V5/3DEXPERIENCE
+ ENOVIA

NX + Teamcenter

AVEVA E3D / Bentley /
Revit

SALOME
FreeCAD/CadQuery/Ope
nCASCADE

Paramak / bluemira
HyperMesh/ANSA/Space
Claim/Cubit

Gmsh

ParaView/VTK
preCICE / FMI / SSP

g, CAD/PLM/CAA/VBA/A
PI

iRl ; Parasolid. PLM,
Simcenter 475

BEEl; B, B%. BIM

LGPL; C++/Python,
OpenCASCADE, SMESH. MED
FRI&; C++/Python

FHE; Python/CadQuery/OpenCA
SCADE

HiREAE; NIgS/UIEE

GPL; C++/Python API
BSD; C++/Python

FREESiE; C++/Python, £k
fiRes

ITER S AR, F&. &M, & LUt

VRGeS it vl

JﬁuE'u%T‘J AZE. & CAEHIESIE, T
BHGR

&, HVAC, B4, =B8ifaiE,; M

17N/ s TIaE

CAD &1, Wi, 17883, YACS/SALOME

Meca/CFD; #ZTARER

SHUCEME. BLE, SRR
Y RTE

Tokamak ¥4, CAD, #E&RIT. 7
JUaIRERIEA

KEUFE/CFD/ZRRIAME; MISREFIKE
FSHAR

BshUE /SN MEFIRR IR, FTBE
/RS

RAURZATIM, RAEF. HBANBEiRES

PXIBE. ROM/RGHREIZIE,; LISFIER
FREEEIE

; 5CAD

S 3l

FERL/F
WA SEHISSE, CAEIRE. LRSI

IBIHERINIRS
RTTREA/ZHEEOTEE, | BiiE
TRYIERERS,
EAIR

KEREHIE, PV URAIB LT
)

SRR, &, flENZRSRETE

S/ EERSENE

TEFHIE CAD; HT5F0 as-built FEEFRE
IHEMBR DT RERIARRIR. IMERANGEAER, &5
ELHL
ERTIERESTHNREESEGR

EIEFIEN. IEEAIR
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A2 WRE. EEHEL.

LER SHEE

Frrght SRR BiEARE SR

DINA / MEQ
TokaMaker
ThinCurr

CARIDDI
STARWALL
VALEN

Keddy3D / PECAN
Ansys Maxwell/APDL/Mec
hanical

COMSOL
Opera/TOSCA /

Simcenter MAGNET

Abaqus/Simcenter
3D/Code_Aster

4C
THEA/Gandalf/Mithrandir
JackPot-ACDC

ROXIE/QuenchPro/STEA
M/FiQuS

A8/ E1EREY; Fortran/C/C++ J9 HHRIH

* Hins; REEK

FFR OFT; Fortran/C++/Python | FIZEEHARFEFNBEE; BRif/BS(CA8/4
=]

FHR OFT; &Pk FEM/Python ZHEERERTT. RWM, #EISIK;
SPARC/DIII-D 5&if

SR/EaE; OB, BT ZHHASIR. (ERERER. BIE. MHD 85
ITER/JOREK/MARS-F

TARACHS, EEERMEFER JOREK/VMEC/CAS3D B384 . VDE/RWM;
BRREE

53/520R,; Fortran, &7 FEM/EE  RWM. I2HI4Bl/(E RS FI=4EBE,;

% DIlI-D/MAST-U/FIRE

AFARS,; B/ MMNERLIER AEERIFRIRIMAIRZ Tokamak disruption #;
far

[AiEmRl; FEM, APDL/Python %R, iRim. WA, ERh. shhE;
ITER/JT-60SA £

AiEr; %— FEM. BEN PDE | BEM—RA—Em—miR. RiE; EAST/R
&/PFC

DTN Rw7ish 74 WA, B, BHALRR; TS IE

Bl/FRES, FEM EERMEEEND. Rt RS, W, RWIML
JEEvSSEN

HR/E1E, ZRERIKA CICC. ZBEMFMKREEE; HELIOS/TER/

/Modelica/FE EAST I83IF

CryoSoft @i/, 1D #—KH
—8

R/, BN
FMES, BHin/BR/%

i
CICC B
[iaus 7

EBE TR SIS, &

CICCiRE55#8; QUELL/SULTAN/S{K

M. ABEIRE, 5 THEAS
FIBAIWIGIE; NRRERLAEY

ZHESR. IwH. BB halo MEEEEGHTE

St

ok, ERXEE. E2¢ CAD T iFEE

<

TEEHRIR, [EEFE.

5 4

EEAERET AR

SREGFIRIERMIE JHE, ARA/IZROIRIRER

SR, 2k BRI T EEEOAIR

IMARIEO. FIRAEPFI— R TIEERAIR

AHREARRSEERILESR

VPRI, EAA. KIEE;
halo EE%

KRR LRSS, R
P

Tokamak ERZEFA/halo EOFRE

Tokamak i7=F0

Ae/ AR RAERD

AT IERRIEANIRIR AT SRR ARILE

TFAECE M, SEREBET ROM SRS

it
ZAEO.
Evs
HESRARANS, TNEEEIELE

ZEXF Tokamak CICC/HTS B ASEFHE
iE

WAIENEE, SHEERIL

8 - Apl#ELE 2026-08-09



TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

A. 3 #sE{k, PFC. BEMM

Frrght SRR BiEARE SR

HEAT

MEMENTO

Ansys CFX/Fluent

STAR-CCM+
OpenFOAM

Code_Saturne/SYRTHES
NekRS

GETTHEM
RELAPS5/TRACE/CATHARE
/ATHENA

HIMAG/MHD-UCAS

FreeMHD
FESTIM

TMAP8

TESSIM-X/MHIMS/mHIT
Cardinal/SALAMANDER

FFE; Python + CAD/FVM/FEM/

MHD #0

FFERAZ; C++/AMReX

HigErl; FYM, UDF

PFC Z#ERANIEE,; SPARC i&it. DII-D
IR B&IIE

BEERIBRNSERIE; EUROfusion/JET
I0IIE

RE. Hip#. 248, GEM PFC, X2
mock-up/[EI& KA

AR, FYM/Bshig/Java APl 2% CFD, 248, CHT, RIHRZR. GPU

GPL; C++/FVM

GPL; C/Fortran, SALOME

FFR; &7, GPU/MPI

ARMAE, 1D RKREHRT
YFAI/HAS; 1D FIBR G

H3/ZR, RSEE MHD

FHE; OpenFOAM/C++
Apache-2.0; Python/FEniCSx

FFRE; MOOSE/C++
HR/ZR; B —Past

FFiR; MOOSE + OpenMC +
NekRS + TMAP8

BEN CFD, CHT, MHD. HPC; f##fr/5C
Eivz=9/:3

#%/TAk CFD, #4485, EDF MilHAR

SiREfm. Cardinal BF8E

EU DEMO BZ/PHTS RS 558434

RENERENEHILR, 2T EES WCLL
Ziea

DCLL/PbLi & Hartmann 37&; [E#&/EAEYE
1E

2. 218, BRXRESER,

1D-3D &/5mi Bl Bkt PuBS; TDS/i2
E/EE

RgRE/AY/miTE. UQ/SQA; TMAP
V&V 585

RUMEE/PFC fR. BEURBRAISEIRELR

A —CFD—E—mSREREG, HCLL/
iz

NFF V&Y

FERR/FEER
REMERLFIRSIIR S, ELFHINE/
1R

ERSEER, BRI/ EETE
155k CHF. MHD. &/Pbli IBXAFEE%
ik

TR/ /B R HE OIS RN R 2R

SR, EERERER T AIR R A

pa
pal
=)

RLEREAHERBFESNT
OpenFOAM//I TE

TRIVESLRMAGRRERNE, FAE/ME
by

=R MHD FOMPRIRTs 7 CFD/FE %138

BIAFKE A —EE=S. Pbli. FLiBe/Z%
JUfa

REL. MEH=BEBEEIR

K, S Ha, /BIRFNIIAR CAD {BERLIE
MR/FERSHIRE, FAEMIELESR

e ]
AR ARSI BT
=4

==]

FEHE, SHPTISYIREOT—H

ENES ML ER, SR TRARTE
AR

39 - FHRELE 2026-08-09



TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

A4 hF, BE, BT, HIP545HEE

MCNP6

TRIPOLI-4

OpenMC

Serpent 2
PHITS/FLUKA/Geant4
SuperMC/cosRMC
DAGMC/McCad
FISPACT-II/ALARA

MELCOR Fusion
Molflow+ / AVOCADO

EcosimPro/Modelica/AME
Sim
Simulink/Simscape/PSCA
D/PLECS

DELMIA/Tecnomatix/Proc
ess Simulate

ROS 2/Movelt/Gazebo/C
oppeliaSim

BlockSim/Isograph/MARO
S/SimPy

SRR Fortran/C++

CEA TR, 1EEEREE MC

MIT FHE; C++/Python/HDF5

FARGEE/MFAT; C
Wal/FHRRE, HFiEis
MAa/ER3 &%, CAD/EZER
FHR/AA; MOAB/CAD #ita
WRI/FFRRS, ER/EH

SRR, RAEM/SBR
GPL/HZR; IR FER+~

A/ FRURE; DAE/MILE
Al 6/ F/HIL
HEEL; MEA/ITE/PM
FrR/R&,; C++/Python

Al/FFRRES; RAMI/ERISEMT

MEEER. Fik 2R, 126
ITER/JET/FNG iRIiER

ITER/DEMO J#372%, DIS/R2S; 5
MCNP/E3EEEY

ST/ F. CAD/DAGMC, R2S;
FNG/SPARC

TRIEELEEE. BETEINERZIEIE
SRORPALT. RNEE. RSP
FERIETE. CFETR. R2S 5 ITER EifE

ITER/DEMO/DTT S, REFNFEM

BEEZED. RiE. NBI Sk, BS/ED
i

RE. P, B=. MHETEHRSEES
LERIR. RIP. | BRESEHHER

ITER 3=Fe. migfr. 4D T2, =R/
FRAIIE

PRRELERIE. MK, HEFHEAA HIL

FISEITIEE. HUEN. 4HPYIRIIRT R

FERR/FEER
HHAFRL. CSG #HP. Bt SHIEER

IRERFIAESZ IR
REFIE/EB D A THREFIETUART IR R

VISR, RETRRRDF MCNP
TBR/#ZER/iE(TE FENDL FIETE &
EfRFtE. RAFRZEREIR

JUE watertight, ~Z. #RFIERER™E

ERIRENE, RHORTIERDSE, M=sEE
2

BIGRE/ARATS. (RTIEFISSIRAERIR

BESFRR, RELE. FBEFERUFESE
TS

B SHY A SHARERETEE
TR/, RN AT IR
e

B RS TSR, BANIE R
PRETFE, WEME. ARIRTSS ARG
TR

A SHEIRTG, BOTTANERERTS

40 - BERELE 2026-08-09



TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

B B: WIESRMWEER

SHE—EIETH, ME%N@‘EAT’EEU@KUT@E@ RIS ARE I, W RERFELl. B HPC
A, RASHFERZK, 26664 GUI IR, MNRLREFN, 288 Python/C++/Fortran APl 28
NRRSEMEWREE,; = ﬁ@UEI,AJfE QA SizfREMHl, SEEMIT. TS, BARMSEIIGIE; WIET
NEABEEERRE. #iH, &Eia/Hartmann £ ?Faaﬂ”*D)'Lﬂ MREIRERRRMTA, EaEERSEAIEET
WEE, REXIFKAR™ ID. 8y, MIRITHE, SREEMER,; HURELRSIESEIHREL,

41 - REpELE 2026-08-09



TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

B3R C: &FkKIR
[ET] ITER Organization, "One-stop shop: Engineering Database launched.”

https://www.iter.org/node/20687/one-stop-shop-engineering-database-launched

[E2] ITER Organization, “Seeing ITER at millimetre-level resolution.”
https://www.iter.org/node/20687/seeing-iter-millimetre-level-resolution

[E3] ITER Organization, “On-the-fly data transfer / global design office.”
https://www.iter.org/node/20687/fly-data-transfer

[E4] ASME, V&V 10 - Standard for Verification and Validation in Computational Solid Mechanics.
https://www.asme.org/codes-standards/find-codes-standards/standard-for-verification-and-validation-in-co
mputational-solid-mechanics

[E5] ASME, Digital Engineering and VVUQ standards overview.
https://www.asme.org/codes-standards/about-standards/technology-highlights/digital-engineering

[E6] NAFEMS, Guidelines for Validation of Engineering Simulations.
https://www.nafems.org/publications/resource center/r0134/

[E7] SALOME Platform, official features and documentation. https://www.salome-platform.org/

[E8] Paramak and bluemira documentation. https://paramak.readthedocs.io/ ;
https://bluemira.readthedocs.io/

[E9] Gmsh official documentation. https://gmsh.info/

[E10] JT-60SA divertor electromagnetic modelling with Ansys Maxwell/Workbench.
https://doi.org/10.1016/j.fusengdes.2022.113400

[E11] Albanese/Rubinacci CARIDDI lineage and ITER magnet voltages.
https://doi.org/10.1016/j.fusengdes.2023.113500

[E12] JOREK-CARIDDI RMP screening. https://arxiv.org/abs/2403.03226

[E13] JOREK-STARWALL nonlinear MHD/wall coupling. https://arxiv.org/abs/1408.6379

[E14] Open FUSION Toolkit official documentation. https://openfusiontoolkit.github.io/OpenFUSIONToolkit/
[E15] ThinCurr for SPARC and DIlI-D conducting structures. https://arxiv.org/abs/2309.15336

[E16] VALEN 3D wall/control modelling, IAEA contribution.
https://www-pub.iaea.org/MTCD/Publications/PDF/csp_019¢/pdf/thp3 13.pdf

[E17] Keddy3D thin-wall eddy-current code. https://www.jspf.or jp/PFR/PFR articles/pfr2022/pfr2022 17-14031
04.html

[E18] Ansys Magneto-Structural Analysis documentation.
https://ansyshelp.ansys.com/public/Views/Secured/corp/v252/en/ans_cou/Hlp G COU3_magstr.html

[E19] Ansys System Coupling documentation. https://ansyshelp.ansys.com/public/Views/Secured/corp/v252/e
n/ai_sinfo/sc_intro.html

[E20] EAST outer divertor disruption loads reconstructed from measured discharges with COMSOL.
https://www.ans.org/pubs/journals/fst/article-37570/

[E21] KSTAR eddy-current vertical forces. https://doi.org/10.1016/50920-3796(03)00052-8

42 - BRELE 2026-08-09


https://www.iter.org/node/20687/one-stop-shop-engineering-database-launched
https://www.iter.org/node/20687/seeing-iter-millimetre-level-resolution
https://www.iter.org/node/20687/fly-data-transfer
https://www.asme.org/codes-standards/find-codes-standards/standard-for-verification-and-validation-in-computational-solid-mechanics
https://www.asme.org/codes-standards/find-codes-standards/standard-for-verification-and-validation-in-computational-solid-mechanics
https://www.asme.org/codes-standards/about-standards/technology-highlights/digital-engineering
https://www.nafems.org/publications/resource_center/r0134/
https://www.salome-platform.org/
https://paramak.readthedocs.io/
https://bluemira.readthedocs.io/
https://gmsh.info/
https://doi.org/10.1016/j.fusengdes.2022.113400
https://doi.org/10.1016/j.fusengdes.2023.113500
https://arxiv.org/abs/2403.03226
https://arxiv.org/abs/1408.6379
https://openfusiontoolkit.github.io/OpenFUSIONToolkit/
https://arxiv.org/abs/2309.15336
https://www-pub.iaea.org/MTCD/Publications/PDF/csp_019c/pdf/thp3_13.pdf
https://www.jspf.or.jp/PFR/PFR_articles/pfr2022/pfr2022_17-1403104.html
https://www.jspf.or.jp/PFR/PFR_articles/pfr2022/pfr2022_17-1403104.html
https://ansyshelp.ansys.com/public/Views/Secured/corp/v252/en/ans_cou/Hlp_G_COU3_magstr.html
https://ansyshelp.ansys.com/public/Views/Secured/corp/v252/en/ai_sinfo/sc_intro.html
https://ansyshelp.ansys.com/public/Views/Secured/corp/v252/en/ai_sinfo/sc_intro.html
https://www.ans.org/pubs/journals/fst/article-37570/
https://doi.org/10.1016/S0920-3796(03)00052-8

TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

[E22] 4C code for ITER cryogenic circuit, conductor and coil. https://doi.org/10.1016/j.cryogenics.2009.05.012

[E23] 4C qualification and validation review, IAEA FEC 2025.
https://conferences.iaea.org/event/392/papers/36422/files/13780-FEC2025 Paper 4C v3 final.pdf

[E24] CryoSoft THEA official description. https://supermagnet.sourceforge.io/thea.html
[E25] QUELL experiment validation of Gandalf. https://doi.org/10.1016/S0011-2275(98)00014-9

[E26] JackPot-ACDC + THEA ITER conductor stability. https://ris.utwente.nl/ws/portalfiles/portal/59262637/Jac
kpot THEA CS stability ver8.2.pdf

[E27] SPARC Toroidal Field Model Coil Program. https://arxiv.org/abs/2308.12301
[E28] JT-60SA global structural/electromagnetic FE model. https://doi.org/10.1016/j.fusengdes.2011.02.059
[E29] HEAT official documentation. https://heat-flux-engineering-analysis-toolkit-heat.readthedocs.io/

[E30] ORNL, HEAT development and DIlI-D infrared validation.
https://www.ornl.gov/publication/development-and-validation-non-axisymmetric-heat-flux-simulations-3d-fie
|ds-using-heat

[E31] PPPL, Integrated physics-engineering workflows for SPARC.
https://www.pppl.gov/events/2023/pppl-colloquium-integrated-physics-engineering-simulation-workflows-sp
arc-tokamak

[E32] MEMENTO code for macroscopic melt motion. https://arxiv.org/abs/2404.12904

[E33] ITER tungsten monoblock thermo-mechanics under HHF.
https://nucleus.iaea.org/sites/fusionportal/Technical%20Meeting%20Proceedings/3rd%20Joint%20lAEA-ITER
%20TM/Website/abstracts/O1 Panayotis S.pdf

[E34] CFETR HCCB manifold optimization with CFX. https://doi.org/10.1080/00223131.2018.1461693

[E35] EAST PFC baking thermal modelling and calorimetry verification.
https://researchers.mg.edu.au/en/publications/an-analysis-method-and-primary-calorimetry-verification-of-to
kama/

[E36] OpenFOAM official documentation. https://www.openfoam.com/documentation/

[E37] Code_Saturne official EDF page. https://www.edf.fr/en/the-edf-group/inventing-the-future-of-energy/r-
d-global-expertise/our-offers/codesaturne

[E38] Cardinal official documentation. https://cardinal.cels.anl.gov/

[E39] Development of ITER Structural Design Criteria for In-vessel Components.
https://doi.org/10.1016/j.fusengdes.2013.01.019

[E40] ITER Organization, “Trial by fire" - divertor HHF qualification. https://www.iter.org/node/20687/trial-fire
[E41] Comparison of FEM and HHF testing for ITER-like PFCs. https://iris.enea.it/handle/20.500.12079/5871

[E42] Testing of HHF components manufactured for ITER divertor.
https://doi.org/10.1016/j.fusengdes.2008.10.012

[E43] Advanced neutronics simulation tools for DEMO/ITER.
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/FEC%202016/fec2016-preprints/preprint051
7.pdf

43 - BERELE 2026-08-09


https://doi.org/10.1016/j.cryogenics.2009.05.012
https://conferences.iaea.org/event/392/papers/36422/files/13780-FEC2025_Paper_4C_v3_final.pdf
https://supermagnet.sourceforge.io/thea.html
https://doi.org/10.1016/S0011-2275(98)00014-9
https://ris.utwente.nl/ws/portalfiles/portal/59262637/Jackpot_THEA_CS_stability_ver8.2.pdf
https://ris.utwente.nl/ws/portalfiles/portal/59262637/Jackpot_THEA_CS_stability_ver8.2.pdf
https://arxiv.org/abs/2308.12301
https://doi.org/10.1016/j.fusengdes.2011.02.059
https://heat-flux-engineering-analysis-toolkit-heat.readthedocs.io/
https://www.ornl.gov/publication/development-and-validation-non-axisymmetric-heat-flux-simulations-3d-fields-using-heat
https://www.ornl.gov/publication/development-and-validation-non-axisymmetric-heat-flux-simulations-3d-fields-using-heat
https://www.pppl.gov/events/2023/pppl-colloquium-integrated-physics-engineering-simulation-workflows-sparc-tokamak
https://www.pppl.gov/events/2023/pppl-colloquium-integrated-physics-engineering-simulation-workflows-sparc-tokamak
https://arxiv.org/abs/2404.12904
https://nucleus.iaea.org/sites/fusionportal/Technical%20Meeting%20Proceedings/3rd%20Joint%20IAEA-ITER%20TM/Website/abstracts/O1_Panayotis_S.pdf
https://nucleus.iaea.org/sites/fusionportal/Technical%20Meeting%20Proceedings/3rd%20Joint%20IAEA-ITER%20TM/Website/abstracts/O1_Panayotis_S.pdf
https://doi.org/10.1080/00223131.2018.1461693
https://researchers.mq.edu.au/en/publications/an-analysis-method-and-primary-calorimetry-verification-of-tokama/
https://researchers.mq.edu.au/en/publications/an-analysis-method-and-primary-calorimetry-verification-of-tokama/
https://www.openfoam.com/documentation/
https://www.edf.fr/en/the-edf-group/inventing-the-future-of-energy/r-d-global-expertise/our-offers/codesaturne
https://www.edf.fr/en/the-edf-group/inventing-the-future-of-energy/r-d-global-expertise/our-offers/codesaturne
https://cardinal.cels.anl.gov/
https://doi.org/10.1016/j.fusengdes.2013.01.019
https://www.iter.org/node/20687/trial-fire
https://iris.enea.it/handle/20.500.12079/5871
https://doi.org/10.1016/j.fusengdes.2008.10.012
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/FEC%202016/fec2016-preprints/preprint0517.pdf
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/FEC%202016/fec2016-preprints/preprint0517.pdf

TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

[E44] ITER integrated neutronics models and code comparison.
https://www.iter.org/sites/default/files/media/2025-07/1-15_khodak.pdf

[E45] OpenMC official documentation. https://docs.openmc.org/en/latest/

[E46] OpenMC CAD/DAGMC geometry guide. https://docs.openmc.org/en/latest/usersquide/geometry.html
[E47] Cardinal DAGMC Tokamak tutorial. https://cardinal.cels.anl.gov/tutorials/tokamak.html

[E48] OpenMC model of SPARC for diagnostic scoping. https://doi.org/10.1016/] fusengdes.2025.115676

[E49] cosRMC unstructured mesh tally and ITER shutdown dose benchmark.
https://doi.org/10.1016/j.fusengdes.2022.113211

[E50] PyNE sub-voxel R2S and CFETR application. https://doi.org/10.1088/2058-6272/actbe3

[E5T] IAEA, FENDL library. https://www-nds.iaea.org/fendl/

[E52] IAEA FENDL benchmark library. https://www-nds.iaea.org/fend|20/fen-bench.htm

[E53] UKAEA FISPACT-II official service and capabilities. https://www.ukaea.org/service/fispact/

[E54] OpenMC fully open-source R2S validation with FNG. https://doi.org/10.1088/1741-4326/ad32dd
[E55] JET DTE2 shutdown dose experiment. https://doi.org/10.1140/epjp/s13360-024-05208-w

[E56] UKAEA, MCR2S benchmarking with MCNP, Serpent 2 and OpenMC.
https://scientific-publications.ukaea.uk/papers/shutdown-dose-rate-benchmarking-using-modern-particle-tra
nsport-codes/

[E57] ITER neutronics lessons from JET D-T operation, IAEA FEC 2025.
https://conferences.iaea.org/event/392/contributions/35802/attachments/19803/36325/Villari TEC 2937 FEC2
025.pdf

[E58] GETTHEM WCLL system thermal-hydraulic analysis. https://doi.org/10.1016/j.fusengdes.2018.05.203
[E59] RELAPS system analysis for WCLL blanket. https://conferences.iaea.org/event/406/contributions/37051/

[E60] CFETR integrated design platform neutronics-thermal-hydraulics coupling.
https://html.rhhz.net/hejishu/html/2018/1/2018010601.htm

[E6T] Liquid-metal fusion blanket modelling review. https://www.osti.gov/biblio/1906620

[E62] FreeMHD V&V. https://arxiv.org/abs/2409.08950

[E63] Fusion liquid-metal blanket MHD pressure-drop review. https://doi.org/10.3390/fluids6030110

[E64] FESTIM official documentation. https://festim.readthedocs.io/

[E65] FESTIM V&V report. https://festim-vv-report.readthedocs.io/

[E66] TMAPS official documentation. https://mooseframework.inl.gov/TMAP8/

[E67] TMAP8 open-source tritium transport and V&Y paper. https://doi.org/10.1016/j.fusengdes.2025.114874
[E68] European tritium transport tools review. https://doi.org/10.1016/j.fusengdes.2024.114665

[E69] mHIT fusion-relevant V&V. https://doi.org/10.1088/1741-4326/adab85

[E70] SALAMANDER official documentation. https://salamander.inl.gov/

[E71] MOOSE tracked applications and fusion stack. https://mooseframework.inl.gov/application usage/tracke
d_apps.html

44 - BRI 2026-08-09


https://www.iter.org/sites/default/files/media/2025-07/l-15_khodak.pdf
https://docs.openmc.org/en/latest/
https://docs.openmc.org/en/latest/usersguide/geometry.html
https://cardinal.cels.anl.gov/tutorials/tokamak.html
https://doi.org/10.1016/j.fusengdes.2025.115676
https://doi.org/10.1016/j.fusengdes.2022.113211
https://doi.org/10.1088/2058-6272/ac6be3
https://www-nds.iaea.org/fendl/
https://www-nds.iaea.org/fendl20/fen-bench.htm
https://www.ukaea.org/service/fispact/
https://doi.org/10.1088/1741-4326/ad32dd
https://doi.org/10.1140/epjp/s13360-024-05208-w
https://scientific-publications.ukaea.uk/papers/shutdown-dose-rate-benchmarking-using-modern-particle-transport-codes/
https://scientific-publications.ukaea.uk/papers/shutdown-dose-rate-benchmarking-using-modern-particle-transport-codes/
https://conferences.iaea.org/event/392/contributions/35802/attachments/19803/36325/Villari_TEC_2937_FEC2025.pdf
https://conferences.iaea.org/event/392/contributions/35802/attachments/19803/36325/Villari_TEC_2937_FEC2025.pdf
https://doi.org/10.1016/j.fusengdes.2018.05.203
https://conferences.iaea.org/event/406/contributions/37051/
https://html.rhhz.net/hejishu/html/2018/1/2018010601.htm
https://www.osti.gov/biblio/1906620
https://arxiv.org/abs/2409.08950
https://doi.org/10.3390/fluids6030110
https://festim.readthedocs.io/
https://festim-vv-report.readthedocs.io/
https://mooseframework.inl.gov/TMAP8/
https://doi.org/10.1016/j.fusengdes.2025.114874
https://doi.org/10.1016/j.fusengdes.2024.114665
https://doi.org/10.1088/1741-4326/adab85
https://salamander.inl.gov/
https://mooseframework.inl.gov/application_usage/tracked_apps.html
https://mooseframework.inl.gov/application_usage/tracked_apps.html

TOKAMAK ENGINEERING SIMULATION / Tie#Fiz

[E72] Cardinal OpenMC-MOQSE coupling tutorials. https://cardinal.cels.anl.gov/tutorials/openmc_solid.html
[E73] CERN Molflow+ official documentation. https://molflow.docs.cern.ch/about/

[E74] AVOCADO gas-density simulation for ITER NBI/SPIDER. https://doi.org/10.1016/j.vacuum.2015.07.009
[E75] Sandia MELCOR official site. https://www.sandia.gov/MELCOR/

[E76] International benchmarking of MELCOR and ATHENA-INTRA for fusion safety.
https://doi.org/10.1016/50920-3796(02)00249-1

[E77] Current status of MELCOR 2.2 for fusion safety. https://doi.org/10.1016/j.fusengdes.2023.113869
[E78] INL Fusion Safety Codes. https://inl.gov/fusion-safety/fusion-safety-codes/
[E79] Dassault Systemes, ITER PLM/DELMIA case. https://www.3ds.com/insights/customer-stories/iter

[E80] Fusion for Energy, VR for ITER remote maintenance.
https://fusionforenergy.europa.eu/news/virtual-reality-guides-engineers-to-perform-iter-maintenance-works/

[E81] VTT, simulation-based design verification of ITER remote handling.
https://cris.vtt.fi/en/publications/simulation-based-design-process-for-the-verification-of-iter-remo/

[E82] EUROfusion, JET remote maintenance system. https://scipub.euro-fusion.org/archives/jet-archive/design
-and-operation-of-the-remote-maintenance-system-in-jet

[E83] JET VR system for EP2 remote handling. https://doi.org/10.1016/}.fusengdes.2011.03.063

[E84] DTT hyper-redundant remote manipulator virtual simulation.
https://doi.org/10.1016/j.fusengdes.2023.113552

[E85] ITER Trial, Test and Training Facility. https://www.iter.org/actualites-iter/practice-makes-precision

[E86] IAEA TECDOC-1851, structural design criteria for fusion reactors.
https://www-pub.iaea.org/MTCD/Publications/PDF/TE185Tweb.pdf

[E87] 4C validation with EAST TF magnet cooldown. https://indico.cern.ch/event/1592716/contributions/684571
94/

BREIERER: 2026 £ 8 B 9 H, BARA. 1Fr]. BOMBUERESRN, EXRW. RitsizeER
B, NMECEBETEEMINERERS JELRINS, NMEENHRLERFEATHERE, AR
TP EREE

45 - BRI LE 2026-08-09


https://cardinal.cels.anl.gov/tutorials/openmc_solid.html
https://molflow.docs.cern.ch/about/
https://doi.org/10.1016/j.vacuum.2015.07.009
https://www.sandia.gov/MELCOR/
https://doi.org/10.1016/S0920-3796(02)00249-1
https://doi.org/10.1016/j.fusengdes.2023.113869
https://inl.gov/fusion-safety/fusion-safety-codes/
https://www.3ds.com/insights/customer-stories/iter
https://fusionforenergy.europa.eu/news/virtual-reality-guides-engineers-to-perform-iter-maintenance-works/
https://cris.vtt.fi/en/publications/simulation-based-design-process-for-the-verification-of-iter-remo/
https://scipub.euro-fusion.org/archives/jet-archive/design-and-operation-of-the-remote-maintenance-system-in-jet
https://scipub.euro-fusion.org/archives/jet-archive/design-and-operation-of-the-remote-maintenance-system-in-jet
https://doi.org/10.1016/j.fusengdes.2011.03.063
https://doi.org/10.1016/j.fusengdes.2023.113552
https://www.iter.org/actualites-iter/practice-makes-precision
https://www-pub.iaea.org/MTCD/Publications/PDF/TE1851web.pdf
https://indico.cern.ch/event/1592716/contributions/6845194/
https://indico.cern.ch/event/1592716/contributions/6845194/

	阅读导航与目录
	执行摘要
	1. 面向非工程仿真专业读者的基础科普
	1.1 工程仿真在算什么
	1.2 Tokamak 为什么比普通工业设备更难
	1.3 装置、聚变堆和电厂的工程目标不同

	2. 工程仿真的输入、输出和证据链
	2.1 从物理模型接收的正式输入
	2.2 工程与实验如何对接
	2.3 可信度层级

	3. 工具全景与分类方法

	4. 几何、CAD、网格与配置管理
	4.1 工程几何不是“画得像”
	4.2 几何派生与数据契约

	5. 电磁、破裂载荷与真空室/被动结构
	5.1 物理—工程接口
	5.2 Tokamak 专用电磁工具
	5.3 通用电磁和结构平台
	5.4 验证策略与装置案例

	6. 超导磁体、结构、失超与低温
	6.1 磁体工程的多层模型
	6.2 专用失超与低温工具
	6.3 通用平台与验证设施

	7. 第一壁、偏滤器、热流体和材料寿命
	7.1 从等离子体热流到部件寿命
	7.2 HEAT 与聚变专用热负荷工具
	7.3 CFD、传热和结构工具
	7.4 高热流试验与模型关联

	8. 中子学、核热、屏蔽、活化和停机剂量
	8.1 工程问题和数据链
	8.2 主要粒子输运代码
	8.3 CAD 转换、核数据和活化工具
	8.4 停机剂量工作流与验证

	9. 包层、冷却回路、液态金属 MHD 与氚
	9.1 包层的耦合网络
	9.2 系统热工水力和 CFD
	9.3 液态金属磁流体工具
	9.4 氚输运、库存和燃料循环

	10. 真空、低温、电源、加热和厂用系统
	10.1 真空系统
	10.2 低温与公用工程
	10.3 电源、保护和电网
	10.4 加热、电流驱动与诊断工程

	11. 安全、事故、厂房与环境
	11.1 安全分析不是普通 CFD 的放大版
	11.2 厂房、屏障与防护

	12. 远程维护、装配、制造与 RAMI
	12.1 远程维护仿真
	12.2 装配和制造仿真
	12.3 RAMI、维修物流和可用率

	13. 材料、结构准则和寿命证据
	14. 物理、工程与实验的集成方法
	14.1 三条数字线程
	14.2 载荷转换服务
	14.3 耦合强度如何选择
	14.4 与实验协同的标准工作流

	15. 主要装置和项目如何组合工具
	15.1 ITER
	15.2 SPARC
	15.3 JT-60SA
	15.4 EAST 与 CFETR
	15.5 JET、MAST-U、DIII-D 与 DTT
	15.6 KSTAR 与其他装置

	16. 工具优缺点和推荐组合
	16.1 商业主干 + 开放验证轨
	16.2 纯开放路线的适用范围
	16.3 不建议的选型方式

	17. 从 DINA/MEQ 到 Tokamak 工程数字孪生的路线
	阶段 E0：工程数据与配置基础（0-12 个月）
	阶段 E1：破裂电磁—结构窄孪生（12-24 个月）
	阶段 E2：PFC 热状态与磁体/低温健康（2-3 年）
	阶段 E3：核环境、氚与部件寿命（3-5 年）
	阶段 E4：维护、RAMI 与安全决策支持（4-6 年）
	阶段 E5：聚变堆/电厂全生命周期（5-8 年）

	18. 组织、人才与近期行动清单
	19. 结论
	附录 A：Tokamak 工程仿真工具比较矩阵
	A.1 几何、数据与工作流
	A.2 破裂、电磁、结构与磁体
	A.3 热流体、PFC、包层和氚
	A.4 中子、安全、真空、维护与生命周期

	附录 B：验证与采购检查表
	附录 C：参考来源

