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HAEBRE it (EARTH) K4 | Hosein Falahaty

Enhanced fully-Lagrangian particle methods for non-linear interaction

i SCRE H between incompressible fluid and structure
(G A PR AR — & AT RRAT D 72 D DR -1 0D 5 A R)
(G XHNEDOEEF)

ARSI, A & E K (Fluid-Structure Interactions, FSI) M REIZ 584 Lagrange
Mo FEEZEHA T 27200 FLL0EE LT, 22X —(REEITENT
Hamiltonian %7 f1E & MM IKFHE DO L EMIZCEH G T 5 stress point #E AL, fEHTF
EOREEIZMVMALERREZE DD THS T, BENLR S TWND,

F1HEIIFRTHD, mXANEOMKE EHmXOERICEHL TEXTWD, £/, U
FEOETH ) HMEARS I OBEMEEROMATICE L CREBFHZEHL, B AhT v VL
ROTHZ AL F—FAHOERA L E, DUEoOREICEBWTHET 2HAXRTICEAL TE
EHTN5D,

B2 Bk, MAMEEKMECE T 2BEOMREOFEMRLE2—Thod, IL®D
|2, Arbitrary Lagrangian Eulerian (ALE){£<X° Immersed Boundary (IB) %72 EH+
B OHE LN O W THEB L, KIZ, 584 Lagrange B O KL 71512 K 2 H N IZES L
T, TNETONEOERZ L E2—L TS, TEAR~OX LARERNL OEE, #
FEPER DK ZE AN, WIEROR O FHOKEEANRE, EEOXF~—7 BB~
DOEEE DR FiE T O AMEICE L TEMIC LV E 2 — L, Kig XL OM BT 2R
LTW5b,

B3 ETIE, KX O OKEL I FIEOFHEFEICEHLTTHERAL TS, £
T, AR RGBT S EME L L TORLFIED kernel fliffl 3 X OV 0 0 E X
ft.. MPS (Moving Particle Semi—implicit) JEDE MM 1 & 22M MO EEIZ SO WT
WA TUWD, KIZ, projection {EIZHK DS MPSTED 2 BEfRiEFHET LT Y X LI L
Tk~ Y[afigi: T 5 ISPH (Implicit Smoothed Particle Hydrodynamics) 7% & MPS
LEOMSEE TV (AfRET VB LY Laplacian E7 V) IZBEHLTHRRXTN5D,
IHIT, RiAFIEORRKROFHR T DENEIL GEMEANRIEN 7 A4 X) OREZ BB
ElemBERFEICELT, BBREaE L O TWD, ESD Poisson HFRA D &K E
LICBEEd 5 FE= L LT, HL (Higher order Laplacian) ¥, HS (Higher order Source)
EIWZBE LT, E 1D Poisson KX O EMER ZEIL DD D ECS (Error
Compensating Source) AF¥ — AL THEAL LTS, £, BEBILZ O HED
Taylor #k¥E S M OHEIED = D GC (Gradient Correction) ¥E & Z Ol M & E b
AR RIDNTE DO R EEZHEET A7 DS (Dynamic Stabilization) EICE L
TRtk LT o,

— . WEmArIcE L X, £7. @kl EH) FRRXICHEBRAZ W TR EEY
FRELCKMEBERIELZT7ALITY XLNCEAL TR, OF & 0 E AR 24 22 722 RJlE
Bl OREDO HFEIZEFEAL LTS, KRiC, BHMEEKEZSRE LT, OT A= RLF
— BB OEMMTICL o TEB RIS H 2 RFLT 5 51k (Hamiltonian B -1k &
FEIX5) OoERXIBLIZDOW T, FEMIc XTWb, X512, Mooney-Rivlin HJ., Saint
Venant-Kirchhoff HIZE O AN X IS T 2O T AT RV X —FEESCHMET LT Y X
LER W DEERAT OBMEA R EMICERREE 2 R T REREMRBOREICOWD
TbhbELOTWND,
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%5 4 B CIE, Hamiltonian KL% % M & MEAT IZ 8 A U 7 ik IR A (& B R AT 2 M L |
BN Fv—7REICEMRL T, HgE2 i L TW5, 1L LHIZ, Hamiltonian ki f
B HE DS HMEER Y VN — 28 L, BNENEZZ T 5 T LB 040 O BEN %
EMEZREFT L TWD, £/, 250 A LEROEEK OIS oA, BN LEEN %232 T
HZRELROIEHS5H, BlEEZZ T 5FERO/NILEFOIS oM OBHEZ®@L T, M
PR Y N — DO FEMEZFEM L TV 5, RIZ, Hamiltonian k7 FiEI2F S < LR Y L
N—Z MK OO DY [aMiE ok +ikE vy 7Y 7 L T5%4%E Lagrange R D
FSI Y LR —%PBIR L TW5D, EMITIZMPS ERB KOV ISPHED 2 f a2 v, 4 % (2
SIS U 7=y B 2 v % HMPS (Hamiltonian MPS) ¥ & HISPH (Hamiltonian ISPH)
o 2 EOMMEERMET LDy TV 7 LT, —BMEEER L FST Y VR — %Ak L
TW5b, B L FSI YU N—% #ET LI =0 LAENREAT D E KO EKRER
DOEFTICEA L, SPHIEE FEMD A v 7V 7 TR ONT-HEHRLEN., SPHIEH 5
VN X MPS £ & Hamiltonian fiF{EE OB v 77U I X 0 RMICHflans Z &%
RLTWD, WIZ, BEF L7 FSI Y v XN—% 8o R7 — F &2 8L L Tk
MTs2KFPHEORyF~— 7 EICHEF L., EAER FIEBEEREN & T
Hamiltonian B {07 — FOBREOFHEMZ M ESE5 2 2R LTS, 6T,
WET LI = ABOKEEANME, 779277 A NXN—HOBRMDOAT IV 7BHREOD
RyFv—7BEICBELTHL, MMEBEORERSIICE L T, R LKL FSI VLN —
DR BIH 2 HBEMELHEZEL TV D,

BHSETIE., WHRIENDHEORKER FEEMBENALEDEKZEIZOWVTHRFFTL T
5, MHELZOMOMICH —HERZHA WL Z LRGN O@EY 2HEZ2RECT S
CORFBMHE ., ISHEEOT- D OMBEE A (stress point) ZE A L7~ DPD (Dual
Particle Dynamics) IZZED MR Y L N—% MWPSEWHREK I VA= Ty 7Y 7L
72 DPD-MPS FST Y W R — % HEE L T\ 5, 1L L ®HIT, DPD I KD < BRPER VY LN — % 4
L, BYMNEEN 22T CRERTOIRAFOLRDOIGETIHHOBE ZR AL TND,
MBBEOR —RERBTFTTORNDOHOEBEHFEICAEZ & VWibiud MLS (Moving Least
Squares) B ALET VLW T D & | stresspoint ZF A L7 DPD (X [F — 14 =
D MLS ETF NV CHB T 2IEMWBEWNIE N EBZ BIFICkREL, BE LIS 0H % 5 %
HEDIRENT WD, 5lEZZ T D FEWRO/NFLEH OIS 4B L <CH . DPD XA
—RBFEDOMLS ET L EL L T/ A ROV R WEE LN x5 2 5,DPD % &
ALTZ FSL Y nN—% HET LI =T LNEREAT 28 KEOIRRER O, =
LAMOEEERST — 2L EFTHRHT Kb REOXF~— 7 BE, T L8OH
ROV EFE I Ay T O, 77 A7 7ANRXN—8OBEMDORAZ I 78
GOXRyF—7MBEICEA L. DPD ZE AL FSTI YAV N—DOFHMMEEZH LI LT
W5,

FBOEITIMMTHY, KX THOLNTEHRBIZOWTEHNTLHELEBIZ, 5% O
TORLZIZOWVWTHLETWD,
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(GATHFEEDORERDET)
RIS T, WM EE (Fluid-Structure Interactions, FSI) FHEIC &4
e

AU7- Hamiltonian Fi {5 & MR R O LR EMICH G5 T 5 stress point Z#H A
L, St EFEODURFIRVMALRRZEZ LD LD TH D, B ERK
RIFKROBEY TH S,

1. TR X—HEEDOSKE KL TiX Hamiltonian B ¥ 53 < (K
VNN —Z R L IR O OERIER O ik Ty 7Y 7 LT
4 Lagrange B FST Y L XN—ZPBA% L CW 5, M IZ MPS 58 X OV ISPH
Eo 2 a2 v, Brloxts LMo EE %2 H v 2 HIPS (Hamiltonian MPS)
% & HISPH (Hamiltonian ISPH) (k@ 2 O MK & H v 7V 7 LT, —
EBEWEWMELEFSI YA RN—2FE LTS, T 20O RS — 28 L BT
TWMHTH2KFRAEON L F~— 7 MEIZE LT, €M DR 71k FST VLN —
CRE L TTHAE T A MPS-HMPS FST Y A _"— L AW A L., 2282 — O KEW
\ZBd LT MPS-HMPS {E OB 2 A FIME A fEFR L T\ 5,

2. HWERISHHEORKEIRT EHENALE DN E  WHE L Z DM
Fl—3EREZAND NI e ELNEEICT 5 & OO, Ik G
HWol-ooBE 3 M8 (stress point) Z i A L 72 DPD (Dual Particle Dynamics)
WS MR Y LN —% MPS ERIK VY v — L w7 Y o 7 L7 DPD-MPS FSI
INNR—FREELTNWDL, T TAT 7 A NRN—BOWMDAT IV ITEROX L F
~— 7 MEIZOWT, MEEDOR —REHRF CEMM D OFE % Moving Least
Square (MLS) Tk L 7= MLS-MPS ¥EIZ X % FSI Y L X —Hilg4+ 5 & Hr i
1 D s 1) 4y A5 D 3B BE 12 35 W T DPD-MPS FST Y JL X — D BH B 7 48 7 M 2 Fife 28
ni,

LLEo & o0c, K3, K 1E O E R ERMIT IC HRR S 3 LW AR 72
ETNVOUBRICKLTEY, BMEOHMEAEK Y L AR—3K G TE Lo lomkEE
AEA~ADEZRAC OO LE AL, £, HERIIRFiE—RICHEL THEA T
HHDOT, LFHERDREL, #iff b, FREFLEST LA/ D R0,
Lo T, A3+ (L) OFMmLeE LTMELHLI LD LBO L, £, F
AR 30 4F 7 H 30 H, i XA L ZNICHE LI HHICHOWTHMZIT > T, Bk
N ERMBRRPMRGEEZBRZL TV I LEE2HERL. A LR O,

mB. A IE, HEKRFFEMBES 14 RXFE2HICHAT 200 LML,
NRICEL TR, HEmLOELICRATZEORNRLZERN LD LT HZ L%
e B,






