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Logarithm Conformation Representation [Z & & [EfEHERAAEXDOHIEFTE
(D URDY LEERE)
Numerical simulation of the compressible fluid equation

based on Logarithm Conformation Representation
(Proceedings of Symposium on Applied Mechanics)

T m (BRKE

AT 4 T Al )

Takashi NAKAZAWA, Kanazawa University
E-mail: tnakazawa@staff.kanazawa-u.ac.jp

F. De Vuyst suggests a new mathematical model for compressible Euler equation, which is able to decrease
calculation costs because Galerkin method could be used for discretizing in space, FVM and DGM. are not
used. In this presentation, the author focus on Compressible Navier-Stokes equation and try to solve 2D Viscous

Sod Shock Tube Problem at Re=200.

1. [FL®IC

Mz T BE LR TIIEES - JTEME (RLrA /v
ZH) MR EH S MERDH D720, R(DIZFEBR LTV DE
#atk Euler FREOFIHN—RAITH D,

dp

g—t+v (pu) 0,
%+V (pu®u) + Vp = 0,
OpE

%+V {(pE + p)u} = 0.

(€]
Z OJEREIER IR 2 5 B, FEEMEERTA & bl L T, B2
MNCEMEZRIS ST A L, SRR E RN E -4 %
W RRAET D, 0L ) RGAIE, EREEEBEIC
T D LEND D720, ﬁﬁ%mﬁf_m&ﬁé &R
A HE 72 A IRARFEIE-O AR Ee i T — %/ﬁé%mmt ﬁ%
BAL B TN 5 A, ks b 21T 5 B NERE 2
ﬁ<@%%%%<%%ﬁ%ét%7wj)xA##%_E
ML ERTHIND.

2. BEBETIL : [EHEMN Euler HEER
Tl RERELTHQ)IZFIBRL TS F. De Vuyst 23 EZEL
TWAEELET V()ETEHT 528127 5.

Da"+v 0,
Dt u=
Du

pD +pVa, =0,
Da v 0
o TV =0

(2
:ODiﬁE%—?‘ﬂ/(z)i BELE S E LT log BHEATHZET
BRI ITF BT DRI T Ty 7 ARG ELGE LT 2280
HIFES LTS,

= log(p),a, = log(p)
F7, HHET V) ERBEOMAREEu,u—c,u+ A
FrE
1
Dyp - c_lep =0,
1
D,u + l;sz =0,
1
D3u - ED3p = 0
NELNDZ ERNDhoTEY, KREMIZITY —<

= BANEES

AL —HT 5. MRS, ZOBEEF QL
DOHFET V(1) & REOEFHRMEZ 5 ZHNTNDS
LEZLNS.

3. HEETIL : [EHEME Navier-Stokes HFER
Ki(2) % JEAEMENavier-Stokes S FERUTHEIR T 5 & Fid
D LRI TZ ERHFKS.

Da,(x)
u(x
— (v. T
e, p—p tVp=(-0),
PDr L+yp(V k) = (y — Do:Vu"
Yu
ReP v - {exp(a, — a,) V(a, — a,)}
(3)
ZZT,
2
a=i<VuT+(VuT)T——(V-u)I),T=E
Re 3 p
Thb.

4. BIBETIL : EHMEME Euler AR

WF [ 5 N B L 3 B BRI, FRiE AR k2 WV T E %
SEBAEMIGERT A2 a2 T AZLaHiiElT5E, TREDX
INZap, u, a, |\ 2B T DR THRADFHFLND.

_,Dag(x)

Dt

nDu"(x)

Dt

+p" (V- uM) =0,

1
+7p" =S ALV {(VpMu" } = 0,
Da"(x)
Dt

p

yp" (V- ut) =0,
4
JEREIERA S ORI, ThE CREREA
WD EN—INTH Y, FERTFR TRl S i 5 Ho
EF LT A BEFHE A F— 2RI E A EIFEL
AN

5. HEETIL : E#EME Navier-Stokes HFEH

A(4Z EAMEME Navier-Stokes FHERUZIRIE T 5L TRiD L9

WZREIR T2 EMNH KD,
n_lDa}}‘l(x)

1y . k) =0
o 1P V-k)=0,
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L Du 1 (x)
Dt 1
=W -aM)T - EAtV (V- e™MTKT},

n—1
Dag

1
+{1+a}—al}vp" - EAtV A{(p"vap)k"}

n-1

+p" NV k) + (v — DML VKT

Dt
1
V- {T"V(a} —a})} - 54t RZ’;r v

[V V(e - ap) k]

_ YU
RePr

(5)
ZZT,
pnl — gn-1 —n-1
_n-1 n-1 n-1|

M1 = pn—ll —o" 1=
T P — Oy

v {rv(e; ~ap))
= 7 [(w(a - @)} + v (9(a) - ap))].

n_pn_ n n
T —p—n—exp(ap—ap)

Thb.

6. HIESHE#EE : 1D Sod Shock Tube Problem

JEREME Buler HREFAFHHEL, 1 KT Sod Shock Tube
Problem %fEW7-. ETHIDIZ, m/NDZy Y A X Ax%
5x107*&LT, ap,u, ap, DEEERIELEL T P2-P2-P2 (Fig.1)?D
FHEEIT o1, B HOBENE = 02128 T DB MR, TN
BABfE DT a7 7 AN LT35> TND . RS Rb, B
NI BT 7 AN IR BZ EALE ST,

1.2

6
-0.5 -0.3 -0.1 01 0.3 0.5

-0.2

(a) Velocity.

12

1

08

06

04
02

©
-0.5 -0.3 -0.1 0.1 0.3 0.5

(b) Density.
Fig.1. a,,u,a, for P2-P2-P2.

7. BEFEHER ;- 2D Sod Shock Tube Problem

BRRIZ, [EMEYE Navier-Stokes SRR &M, 2 KIT Sod
Shock Tube Problem & f# =, Z D, LA /)L X% Re 1% 200
ELT, ZDOMD /T A—F —FEAFETE Buler R A MR-
RpERICHDE AWz, ZOREE, SEATHE L RO B4y

E2EIGANEY YR Y L/ EBEEMRICANFHEER

HBRFENTNDIENR 30T,

-0.2 -0.1 0 0.1

(b)

Fig. 2. B¢t = LITB T H(a)BEH i L(b)ERICEITS
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Development of a High-Order Accurate Meshless Method
for Incompressible Gas-Liquid Two-Phase Flows
(Proceedings of Symposium on Applied Mechanics)

F)Il 2 GRAER) B Ok GRAEKR)

HIH IERRE GRAER)

Genki ISHIKAWA, Tohoku University
Yuta ABE, Tohoku University
Shotaro YAMADA, Tohoku University
E-mail: ishikawa.genki.p2@dc.tohoku.ac.jp

This study proposes a high-order and stable meshless method for incompressible gas—liquid two-phase flows. To
overcome the limitations of conventional meshless schemes, we employ a polyharmonic spline (PHS)-based
RBF-FD method with polynomial augmentation, incorporating a staggered velocity—pressure arrangement is
employed for accurate and stable spatial discretization. The incompressible Navier—Stokes equations are solved
using a rotational incremental pressure-correction scheme with second-order temporal accuracy. The gas—liquid
interface is captured by a Cahn-Hilliard phase-field model, integrated with the scalar auxiliary variable (SAV)
approach. Benchmark results confirm the accuracy and stability of the proposed framework.

1. BARESRELEM

AHBFFETIL, Flyer et. Al (2016a, 2016b)A35244% PHS #ilhi%
TEASfF& RBF-FD Ji & A X 4 — REEIZEE SN T, EfEERR
TR BT TE AT 5.

Navier—Stokes JFFEAUZ I E#RHE 3 RYE S METEEZ A L,
Adams-Bashforth {%CIRFf] 2 AEEE A PR3 5. StmBEshcix
Cahn-Hilliard 530 3-3< Phase-Field 1% VY, SAV #E&
BDF2 (2L V) = V22 E D> O] 2 RS A 845,

2. RBFETIL
2.1. BELAIZE D BRTEMAL

AWFFECTHIVNS RBF-FD {513, &1 2 Rt & 3 20Ek0
AIRZESREDM) A — b L, (EERLE OBELSIZ L CRT
HIRZE AT A A v 2 LAETHS. RBEFD 128
F2EZINT, DD x, DB f(x,) DWGr% stencil &FFT
LR ESEA N OBSE A V-8R A & LT

£ (%)= 2w, f (%)) M
LIEPTHZLThD, ZIT, LIIMOEET, w I3ES
THY, nldstencil 7%1‘% T OHELROETH L. HAow, 2Rk
e nrmie, B ) REROtERE g (x) (k=1,--,n)
DORFAE S TEEIND LIET D.

¢'(x)= Zﬁ:ﬂjw (xj) (@)

RQIHOEE T2 EH S, R, OfEEEZEE
5 ETRAERS.

L4 (x)) =2 wd' (x,) G)
KB LY, HN—RIGEADMELND.
Aw =L, @)
7720,
dx) = =) (m £4'(x,)
A=| CoLwe| | cey =] ®)
#x) )] £4'(x)

ThB. RAVERK LT, Blrw, ZRDDHLINTES,
S OEHOPETFIEIL FORGEREE L CERLTE 5,

arg minJ(w) = %WTAW -w'Lh 6)

weR"”

22. PHSEMHBNZIERIC L HEAHRE
Flyer et. Al. (2016a, 2016b)i FLERHIC PHS ZHH L= |
T, ZEABRATT O Z LIS K D {EERZEOA U2V RBF-FD

AR CE D Z AR LT, PHS 3R TER SN, X2 12
RIBIRE & 5.
d(r)y=r", r= (x—xj)2 @)
i ]
_q73
—s
o5l ,
0 ‘

0.5 1
b2

-2 PHS Bk

—J57C, PHS \ZE S AREATHI A 1, & EEETHY,
PHS OATIIFHETHS. fHEIIC, ZEXFIMEZHRET 5
Gl a T NE B p (x) DMROIE 7 £ 1% L CIEREIC
HLED KO ICEAERET D.

2w,p(x,)=Lp"(x.) ®)
RENFLATFO L S ATFEHTE 5.
P'w=_Lp, ©)
72721,
p'(x) p'(x,) Lp'(x,)
P= Co | Lpy=| (10)
Ph(x) - pU(x,) Lp"(x,)

T¥D. Lagrange OREFEEE VT, R(6)Didw LHIEIC
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ROV EHRIGME L GRLIZLITOREEZE 2 5.

arg min L(w,y) = %WTAW -w' Ly +y"(PTw-Lp) (11)
weR" yeR"

72721, y ¥ Lagrange DAREFM CTH D, EHEEMLY, 56

AVBLLT DN — IR AR AR & & CEALZRET 2.

o) () &
P O0\y Lp,

B E TR S N2 Z OIERITYNE full-rank TH Y, 85
F N E R T8 LI PIECLE LT 220 AT 5

CENTREE D, Tk, AT, T OZERMBEY L TEE
Augmented PHS-FD (APF) L #59°% 2 £125° 5.

23. /—IFEE

ARAFFETIL Navier-Stokes HHERIZISIT D IR FE- AR (D22
EMEARED LI, B/ — K BHE ) — Re A ¥ I— NEGE
T 5. #E/ — KT, MaEEFDV ->V), DV —>P)%
ET 2720, K3 D)b)D &L 572 stencil &V 5. [FERIZ,
J£)3/ — RCIHoEAT- D(P—>V), D(P—P)ZREL,
[X]-3 D(e)(d)D & 9 72 stencil ZH D,
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o 9w 00 &
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B e ¢ o ¢ 8
()PP P>V

X3 1R p LA v O stencil

3. Navier-Stokes HTERZ & DiR{AfRYT
AIGECHRiGR &2 IR OB,  FEEAEMED
Navier-Stokes HFFE L E# G TH B.

a—v+(v-V)v:—in+vV2v+g (13)
ot Yo

V.v=0 (14)

IS EFAEANIRL T2 OITE R AR5, R4
TN, ORISR A e S 70 2 S ITER LT,
BEBE U CHUEBE B384 5 Z L N BTN B T2,
Timmerman et al. (1998){Z &2 > TR S 7= [RHEHE AT SR
BRI TIHRATS. &5IT, BIfEIC Adams-Bashforth
EZ NS = & TR Y 2179 .

4. Phase-Fieldi&l < & 2R EHIE

Phase-Field 1£(%, FEaRNGENT 2 2 &72<, 7=—
KT 4=V REH ¢ % TR X O 2 fgenic
W AFETHS. ARETIE, LT O Cahn-Hilliard J772:04%
iRt Z &G, SRR Z k95,

%w.w:Mvzy (15)
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pu=-&Vg+ f'(9) (16)

L, MITEE DT 4488, o (XRMEIEZHIET 537 2
=%, f(¢)FETNT=NRT ¥V THD.

Cahn-Hilliard FFERAMRITEEL, ¢ ITB8T 2 4 RO
BE, ¢ & u 2B 5 2 A0 2 sy Iy i+ B IRE
EEREIT%. &512, Shen etal, (2018) (2, FEHFEHAH
TRV F—H RO E A EANT D Z & TRIALT 2
Scalar Auxiliary Variable (SAV) %12 &~ THiE< .

r(t)=y], / (#)dx+C (17)

7770, CIIEDFEETHS.
ZOFETE, X315), q6)iamz, XA HEHINDHK
KBTI E 22 D,

dr_ L1008, (18)
dt °° 2r ot

FEREOI T 2 IRDIZIBZE/MEABDR) il 35 Z & ¢, K
[ 2 YHBE 2 AT DG E AR o — A OHEE ATHE L 72 5.

5. BIBREATHI

R LT A IO T, WRESEiT 21T o7, RICK
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-8 KD EIROREF
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AWFZETIE, PHSHAfiBhZEAT RBF-FD HEIZHS < ks
JEA v o VARIE (APF) &, [EHEHE G REMEEERS LY
Phase-Field 1A G ot 7= FETHRMESIR ARG TR 248
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Large scale simulation of fall fracture prevention structures using Eulerian
fluid-structure interaction analysis (Proceedings of Symposium on Applied
Mechanics)
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Taiga MATSUMOTO, Nagoya University/RIKEN
Koji NISHIGUCHI, Nagoya University/RIKEN
Hiroshi SHIMOMURA, Magic Shields, Inc.

Akihiro IKKI, Magic Shields, Inc.

Masato YOKOI, Magic Shields, Inc.

Mayumi ITO, Magic Shields, Inc.

Junji KATO, Nagoya University
E-mail: matsumoto.taiga.w3 @s.mail.nagoya-u.ac.jp

To prevent fall-related fractures in the elderly, flooring materials must ensure both walking stability and
impact absorption. This study aims to evaluate practical-scale mechanical metamaterials designed to meet
these conflicting requirements using Eulerian fluid-structure interaction analysis. We compared a 20 mm
thick structure utilizing internal air pressure with a 10 mm thick structure employing negative stiffness.
Results demonstrated that the negative stiffness structure, despite half the thickness, exhibited a 15 percent
higher energy absorption density. Furthermore, its superior initial stiffness to peak load ratio confirms that
negative stiffness behavior effectively achieves both high walking stability and efficient energy dissipation.
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1. [FL®IC

BEE ORI ARt RME L 2o TBY, Th
BT 2 EBERINEMRD S THBD. Lal,
KOMETIIBITR D&M v BRI 2 WAL s 2 2k
DEEL L, BRIV A NEZE2BF00H 52,
COFEIIH LT, XA=INRXE<TY 7L (MM) 53
HFHEATWS., MM I, FFEDoz2=v MEREZEKEIL,
PERDMBEITIE BN 2 EHTE 2 ANTHETH
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M2 O U e, Z2RPab 2 i L 7 KB Kz
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V  Omix =0 €y

OUpmix
Pmix { van;l + (vmix . V) Umix } =V 0onix + pmixb (2)

ZZT, BREWOYHEEIZAER ¢, FHOTUTO LS
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n n n
Umix = Z Vi,  Pmix = Z dipi,  Omix = Z ¢i0; 3)
i=1 i=1 i=1
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Fig.2 TypeB DA X —Y

b) (EHEX
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Elucidation of Hydraulic Characteristics of Foot Protection Blocks Based on
Massively Parallel 3D Flow Analysis
(Proceedings of Symposium on Applied Mechanics)
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The intensification of flood flows driven by recent climate change has created an urgent need to ensure the
stability of foot protection works. Conventional design methods fail to sufficiently account for block behavior
within actual complex turbulent flow fields, making the accurate prediction of failure risks difficult. To ad-
dress this challenge, this study evaluated the hydraulic characteristics of solitary and grouped foot protection
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blocks using large-scale parallel 3D flow analysis on the supercomputer "Flow”.
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Fig.1 Drag coeflicients at various Reynolds numbers
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Fig.2 Lift coefficients at various Reynolds numbers

Table 1 Experimental and calculated values of each coef-

ficient
Cp CL
Mean experimental values | 0.92 | 0.10
Mean calculated values 0.83 | 0.094
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Fig.3 Velocity field

Fig.4 Pressure field
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This study conducts a one-way fluid—structure interaction analysis to evaluate the behavior of a tree in flowing
water. In the fluid analysis, we employ the SUPG/PSPG stabilized finite element method, and free surface
of the water waves is captured using the Phase-field method. The fluid forces calculated from the fluid
analysis result are input to the structure analysis as boundary conditions. To evaluate the structural response
against the fluid flow, we conduct dynamic analysis of a continuum using the finite element method. The
deformation and stress distribution under fluid forces are visualized, and the effect of the tree’s complex shape
on the mechanical behavior is discussed. Additionally, we consider the implication of one-way coupling for
evaluating the trees’ performance and vulnerability from the perspective of disaster mitigation.
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Fig. 1 Fluid domain

Table 1 Parameters used in the analysis

Parameters Values
Density of water p,, ~ 998kg/m?
Density of air p, 1.205kg/m>

1.01 X103 Pa-s
1.81x 10 Pa-s

Viscosity of water py

Viscosity of air p,

Initial water depth & 1.8 m
Density of tree ps 800kg/m>
Young’s modulus E 1.0 x 10° Pa
Poisson’s ratio v 0.0
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Fig. 2 Flow around the tree
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Fig. 3 Results of the structure analysis: (a) Deformation,
(b) Stress distribution
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