http://www.advancesoft.j D/Advan::esoﬂ

"
PRIOA $21b=-33Y
$£4/0] 27— 2023

20235 7 B218(E)m

W
1. T RINU AV T MR R IC DU T & D T BT it 1
BFaER
2. [GPU R)\OAVICLBDBHEBSZAL—23 - RFEBEERDS=Z1L—>3>] e, 3
RRIEXF ZFMEEBBHRE>Y— g BREBZ &
3. 7 R RN T N S B R R, et e 51
SR

E—

[GPU RNJVICKBREFRSZAL—>3> - REBEERD>=Z1L—>3 2]
RRIEXRTY FMERBHRE>Y— R BKEZ #&

SEARTR (FBUBRRAT D EE VRN E U TR <ABNTUVD BD DK DDEF TIIEHAARDOMAN B L < BB
B, [REREDEEDEVNDSTERFREN B AMBRNERD. RECOBEESESETOTI 71/ E
BESTHE, EHENMRTFIDLIICHEIBENDD. =5(C. 8 AT —IBEDEEHMIEIEF (AMR)
EZEAV. [URFE EYMRAE CEREERTZIERN(CERELTLD. Fo., RAESEHES AMREE
Cumulant B8 7RIV EZBAWTEWTWLD, CN5%Z GPU XJ/NOV(CEREITDEHIC. ERER
BhiRZ FA UL\ C B BRI DB Z1T D TLY D,

AHECE. ZHOBEE EEICTTSTRCABHZBNT B,

a 7 RICCRVD MRRASHE E2 BB

T101-0062 HFEHTFREXMHEESTSMNT B 3 &Fith FHROKEILT « > 17 BEFE
Advance Soft e 03-6826-3971 FAX: 03-5283-6580
URL: http://www.advancesoft.jp/ E-mail: office@advancesoft.jp

N

Copyright ©2023 AdvanceSoft Corporation. All rights reserved.



http ://WWW.adVanCeSOft.jP/Advan’cesoﬂ
N

Copyright ©2023 AdvanceSoft Corporation. All rights reserved.



http://www.advancesoft.jp/

Advance Soft

7RI AV I MATNSHLICDOWTE
516/- 0) —" 73/\

40 TRV Z-331L—33Y-13F -
(ERTZAY PHEREHRCI— %8 5AE2H)

2023%F7H21H (&) BE
7RO ZVI MRS+

T

B RRIRE O Sal—a Y Iz 7 DR (2005~D VA TAVYY LIS

l S R
BUBR RO AR 157 DBASE (2002~2004) o

Copyright (©2023 AdvanceSoft Corporation. All rights reserved. 1
http://www.advancesoft.jp/
4 VA “/7\‘J7 NP
EXROD=— P TTTTTT T !
Ty/su» & =xrcozmE | |
S, 05— ] > ! A A |
TIoOZTFYLY) , i
L e e : E IR RAEHTFrontNet :
: —HBiRAE T FrontFlow/MP I
: 4 B {KDESSERT :
| ammawm i i
| [mEmsyor - [#at | | |
..... | |
o ' Ak I
H Hyorommit | B :
)=a l/_:/a :/ | VR "
Y B : FRARfEMFrontFlow YR ZXMREVOCAP :
: HBIEMETFrontSTR  F—REFHE PHASE :
| smmas I
: :
|
|
|
|
|
|
|
1

Copyright (©2023 AdvanceSoft Corporation. All rights reserved.




Jhnl

SR EF

http://www.advancesoft.jp/

Advance Soft

[ AR ERNT 5 B

BERT L
+ /505

FEKEFH

- EEETE,
HEVRAT L

[ TIRR bk

At

it

FAFE

EXDIELGRFOHOWEII—ATEET SFEITHL.
MM EICKEY ) a—avETiRELET,

Copyright (©)2023 AdvanceSoft Corporation. Al rights reserved.

3

http://www.advancesoft.jp/
[ ]

Advance Soft

= DT BT

BAR B2 J-

CHERE

19834 L NIE Sy S S S RTWEE L //BEEs 22 S Raes
20014 KR TERY - ANEBGHR 2 v 2 — 8K,
20114F ACM=— F v _LH,

20124 SCARBHER R

20224 WHRHE I H R,

CHFRAE

GPUR/O>ZAWZE MRS B T VT —2 3 > B KNEER
DAIMRS =1 L—> 3 VHARICRESE. RIFARERE - B
W3R (S) ZFRARB LU T, 2[ELh&ER TR - Ei.
BT (FEFERN—) LD ZE I A 6 =M

Copyright (©2023 AdvanceSoft Corporation. All rights reserved. .




GPU AN ICE B EERZaL—>3>
RAEBEERKRDSal— gy

AOKI Lab.

Tokyo Institute of Technology

XADHE AOKI Lab.
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« FERR—ILDOZEHBRITEZLEKOMES S aL—2 3
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- AMR (Adaptive Mesh Refinement) 7%
* GPU 518
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Incompressible AOKI Lab.

Tokyo Institute of Technology

Gas-Liquid Two-Phase Flow

Navior-Stokes Equation

4 )
Continuum equation V-u=0
ou 1 1 1
Momentum equaton —— + (u-V)u = —-Vp+ —V7 + g+ — F;
ot p p p
Viscos stress tensor T = ,U,<V’U, + V’U,l ) 0.0 | 0.1 | 05
Advection equation of e il B
for VOF o T V)f=0 ’ VOF
. J
W velocity O density F, Surface tension f VOF
D pressure g gravity [ Viscosity coefficient
3
Linear Sparse Matrix Solver AOKI Lab,
Tokyo Institute of Technology
1 V-u
Ax=b for V| =Vp|=
) At
BiCGStab + MG preconditioner
n Step Smoother : Red & BlackILU  ;,+/ step
G° Lf’=s° AF : Fine Matrix
Poisosn Eq. AC : Corse Matrix
Restriction R : Restriction Prolongation
G Cgre:ﬁ:n Elqe.l P : Prolongation W = R! . .. R e e
Restriction AC - RAFP Prolongation A —_— M . ‘. . .:EE:. . .. . Ct
G? Iy? = RP By =R ) ' )
Restriction Prolongation *
3.,3 3 353 % Cn
G? L’'v: =R L’v:=R
Restriction Prolongation .'. .°. .:E: Ce
G v = R* Cp Cs CwCc




AOKI Lab.

Tokyo Institute of Technology

SSEMIERBATFEICLS
FEEMIEREHAR

g5 a1 Navier-Stokes FDM/FVM solver

sgEFETE NS SHEF; AOKI Lab.

p:BE
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Kai Yang, Takayuki Aoki, Journal of Computational Physics, Vol. 431, 15 April 2021, 110113 6
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S e ES AOKILab,
Phase Field 7 ZD{R7EEAllen-Cahn5 TR VOFR THINC/WLIC
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Incompressible solver Weakly compressible solver AOKI Lab.

Tokyo Institute of Technology

mesh : 576 x 96 x 288
(about 16million meshes)

Shintaro Matsushita, Takayuki Aoki, Journal of Computational Physics, Vol. 376, 1 January 2019, Pages 838-862
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Incompressible solver Weakly compressible solver AOKI Lab.

Tokyo Institute of Technology

mesh : 576 x 96 x 288
(about 16million meshes)

Shintaro Matsushita, Takayuki Aoki, Journal of Computational Physics, Vol. 376, 1 January 2019, Pages 838-862

EEFEREFEIF—L4 AOKI Lab.

Tokyo Institute of Technology

Navier-Stokes A2}

U w7 Uyt r4oF
—_— u. u:—— p —_— .T _—
at p p p

N

dpu
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AOKI Lab.

Tokyo Institute of Technology




GPUOYEa—T« 27 (CAEDES) 1Mk

NVIDIA H100 FP64/FP32 Performance (F,.,): 34/67 TFLOPS
Memory Bandwidth (B,,) : 3.35 TB/sec

Boeak/ Fpeak:  0.102 (FP64)
0.051 (FP32)

GeForce RTX 4090  FPe4/FP32 Performance (Foeo) : /83 TFLOPS
Memory Bandwidth (B,,) : 1.008 TB/sec

Boeak/ Fpeak©  0.012 (FP32)

Lab.

.
o of Technology

GPU NVIDIAH100 18,432 cores
NVIDIA A100 8,192 cores ;




AMR (Adaptive Mesh Refinement) ‘\

to assign high-resolution mesh near the interfaces o
| x\i; -
r=17s t=22s t=35s 1=5.0s \ -
2D: Quad-based refinement/coarsening
3D: Octree-based
\,, V V(rns xﬁpfxns)
H—e
Shintaro Matsushita, Takayuki Aoki, Journal of Computational Physics, Vol. 445, 15 Nov 2021, 110605 7 ds
15
GPU XEUEL AOKI Lab.
AMR Coarsening  *EY -7—-1L%&77YATHE
EEEEEEEE n OO0 I DEEEEEEEE EEEEEEEE
[ 7 A \ Y 4
' not used
EEEEEEEE n EEEEEEEE N EEEEEEEEE EEEEEEEEEE
\ﬁ_l
not used 16
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Dynamic Load Balance
using Space-filling Curve

AOKILab.
Ordering by using Morton Space-filling Curve
Each sub-domain has the same number of blocks
Tree 1 Tree 2
17
Overlapping computation with AOK] Lab.
communication
GPU 1 GPU 1
GPUO : IBR
GPU 0 — GPUO : N
BfE EBEROHE
| I
L BfE HE L NEIDEE
I

i >
- | | 5 §
]
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Dynamics Domain Partitioning

Seiya Watanabe, Takayuki Aoki: Computer Physics Communications, Vol. 264, 107871 (2021)

19

Mainstream velocity
-20 0 20 40 60 80 100 120 140.0
| | | | |

BT R E S —101/30 | o -
NVIDIA Tesla V100 AT | =~
11 BREDEE. o

Shintaro Matsushita, Takayuki Aoki, Journal of Computational Physics, V.ol. 4457%5Nov 2021, 110605
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AOKI Lab.
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Dual Contouring:& (22%7T) AOKI Lab.

1. LIy e DORRZHE 3. FEONZEIIHFERX & LTSVD (Singular Value
Decomposition) &% AW TH#E< ;
Ax=b ," ________
T . ATh 4T
U *
@ _ A1 _ b1 ’’’’’’’ "',l'
(=L o= [z ,:
2. FNZNOREITOFEOKXZFHE
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Dual Contouring ;& (3°%7T) AOKI Lab.
1. BT S eEnRasstE 3. FEDORZEILFER L L TSVDEZ AV THES
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7 i _ ATb 7
/I CX =0T /'l X
'\ Ay by
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AOKI Lab.

Tokyo Institute of Technology

o _ pVTL+1 n
pvn

: volume ratio

:VOF

: velocity

: density

:variable after update

5 iy D 7K Hk1a S

—

=1

L—>3y

AOKILab

Tokyo Institute of Technology
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AOKI Lab.

2IVOKERSIaL—vgy

Ax=1mm Side view

Moving object AOK] Lab,

Time: 1.805

« Moving an object up and down

0.1
Time: 0.00

t
Az = 0.1sin (27T—>

0.4m

Initial condition

- 16 -




E¥FIc&BAA ) L#’"‘#d) AOKI Lab, A\

v==al—y
- FTRR - BFRE
rAmE - 100
Somm 6@ - 600
- zATME 100
60
- YpitfE

. Pg = 1.2kg/m?

" g =18x10"5Pa-s
p; = 829kg/m3
w =477 %1072 Pa-s

ZER

¥ e ) A

29

AOKI Lab.

RE7A77MIILORBREDOLR

Experiment

FTAIIHESZTEIFENZES
PRENT B KE, WAL HEL
ICET=DBFTILEVWH-T=R/
mEEFZIEBICL <HBIR

RERFER (100 rpm) * SEER (100 rpm)

MPVRZ, HAREL, HLEA, EAESC RESAICERE) S5 KR RO BIEE, AR 2R SCEBE, Vol.77,
No.781, 1699-1714, (2011). 30
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31

Time: 0.936 s
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AOKI Lab.

SEEMICH T BBBERORR T

0.5 12
pressure —— pressure
0.45 shear stress (circumference) shear stress (circumference)
shear stress (side) 1 shear stress (side)
0.4
E o Fos
g g
éz 0.25 é 06 W
= =
g 02 5
= 204 ‘
R 0.15 P
0.1 l
1 0.2 |
AL & ‘ l
0.05 \ W q I“ d Mif il { \ I, “'
MVIAALL P Wum ‘llj‘““d‘”“‘“““U‘hl“hm lm l(’“&l | [ll %!,\“I‘“ H’
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 ° 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [s] Time [s]
500 rpm 1000 rpm
33
L]
Soap Bubble Growing AOKI Lab.
Tokyo Institute of Technology
i -
mE: 1 ! |
= ] |
I 1 | |
+ +—
e -
H |
H szl
L] H
] =zl
= |
meE 1 | |
= |
L
Each box has 4x4 mesh »
T _—
R £
= + o+
+—
- 0.00
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Break-up of Liquid Bridge

t=0.0[s] t=0.01[s]

1944

t=0.02[s] t=0.026[s]

Fig.11 Snapshots Compared with Results by Kan[5]
(Left : Calc. Results Right: Exp. Results by Kan)

AOKI Lab.

Tokyo Institute of Technology

EORBE, AR, M FEORER, Y0854, Kai Yang:, B ARMWZESEE WA |, Vol.35 No.2, P.294-301 (2021)

—EhE A BREER

AOKI Lab.

Tokyo Institute of Technology

KD 2 S AT RO R BN DT
Particle diameter[mm] 1.0
Contact angle[deg] 30, 60, 90
Initial water diameter[mm)] 2.0
Surface tension[N/m] 16.9e-3
Cell Numbers[-] (250%x250x500)
Bottom movement speed [m/s] 0.02, 0.05

400

350 F

300 F

250

200 F

150 F

100 F

Shear Stress 7 [kg/cm?]

50 F

Shear rate y [1/s]

e
Contact Angle 90

—®— Contact Angle 60

—&— Contact Angle 30

36/19
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T A VROKEETERE AOKI Lab.

Tokyo Institute of Technology

40 F 160

t;=0.1s —— Angular velocity
"—.| —— Displacement angle
30 1 - 140
/2\ 20 A L 120

2 10+ =
o
£ - 100 5
|28k § Y N
281598 L
-10- B
901 L 60
=301 L 40

—0.05 0.00 0.05 0.10 0.15 0.20 0.25

BEfihf 120° OREAM 23R E 1[s]
Stroke property of middle leg

3D model of water strider.

2023/7/18 37

[ 1.0e-02

—0:0102

—0.01

Interface height

— 0.0098

l 9.6e-03 |
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HEFEHRIC K D3 RIEDZEZTEI Sl
*)JHHUD??EJ:}Eﬁﬁ'J;EF%Oc‘: LTEHE
j(t =0) La =0.15

t=0.030s t=0.060s t=0.090 s t=0.120s t=0.150s t=0.180s t=021s t=0.24s t=027s t=0.30s t=0.33s t=0.36s

t=0.030s t=0.060 s t=0.090 s t=0.120s t=0.150s t=0.180s t=021s t=024s 7s t=0.30s t=0.33s t=036s

REGEMAITEIC & 3 RERELL AR

v RE - Btz EE L REEER X

La=15 v REMEE & DRI R MR RN T BE
MHEES 51F3)
SIS T3] E b

;

i n5—  RELOREEMAIEE OB ICH T 3 g
v REES : B

094 e R

TR

- — .

[ ore EHICE BB BMESICTS Y I-hRIC & B RENFE
v REEHHIC L 3 RERNETHRLEEICSS

0.865
086
0.855

8.5e-0

t=0.36s

42
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2RTTAFRS TaL—vay o

IEEES e

k,q = 50.0[mol - s]
kge = 0.033[s71]
Fy = 1.0 x 10™2[mol/m3]

«~ La =15

12.0cm

fsat = 2.9 X 10~¢[mol/m3] DFEIRE j = 0 H'5
VIR £, =272 % 10" [’”"l]

#E p, = 1000.0[kg/m3], p, = 1.0[kg/m°]
FEMEAREL 1, = 1.0[Pa - 5], pg =1.0Xx 1073[Pa - s]

— 40 M  — 43

A FIE19.5um
H—RF 6120 X 2040 15

=AM FIE 78.15um
¥)—#8F 1530%X510 4B

@Tﬁg@%&
o B
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MPFICk 3i@%>Ial—y3y 20

MPF (Multi-Phase Field) 7ZD#E A

Single-Phase Field Multi-Phase Field E s it
$=0 b0 1 | | g1 | - —— ¢*:1
\ ) k ) $=¢;=0 ¢1=¢3=0_,.~": #H=¢=0

Transactions of JSCES, Paper No.20130018
T2REHMRES I 2L —> 3] BARSE, \ILhRE, T/IDESE, EAEZ
Yos Panagaman Sitompul, Takayuki Aoki and Tomohiro Takaki, Intl. J. Multiphase Flow, Vol. 134, January 2021, 103505

Multi-phase Field model ADKL L
dp; ._|V‘ Cprr o Vi | e N _Bbi(1—b: )Y
i+ 9 @ =0| Vo AVo 8100 it | L[ Ve st o]
Solver: FVM, WENO-3, RK3
p=¢apr+ (1 —da)pn
Density and viscosity: $a = 2 of
p=da + (1= da)pn !
Surface tension: F° = —Z a(V-n)Vg,
1

-25-




AOKI Lab.

H—KRIEZHK T dxdLH(3/3)

@>>INTxz—XT1—ILF

FRISAE[64 X 128] (FAVIETNE Sy T/INE T 1
0313mm G 8EY 0,039 mm

b)JRILFIT7T—XT1—ILR

ERIRE[64 X 128]

Q>IN TT—XT4—ILEF
REELHMEEZRTS > I-HR)

BRIRFE[512 X 102448 ]

ERGETREEAOBREEE L HE 0 ti&%s “1568
& RIS E TR
AOKI Lab.

Tokyo Institute of Technology

3D foam FZRK

prn/py = 832 U/t = 56

Eo=5 Mo = 6.3 x 10710

Resolution = L, /200
#bubbles = 200

48
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Foam Computation with AMR ADK!fab:

AMRYEDE AN
TrEndfb

49

AOKI Lab.

Tokyo Institute of Technology

gaEMRMERBTAREFEICEL D
FEEfRERIETE

« LBM (Lattice Boltzmann Method)

50
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Lattice Boltzmann Method AOK] Lab.

SRT (Single Relaxation Time)

of; 1 .
—L+eVfi=—2(fi— %)

Collision Streaming /4
Step: Step: 715 f
0 7 ‘
| D3Q27 L
. . . i is discrete velocity in the i-th
MRT (Multi Relaxation Time) direction

e; is the discrete velocity set;
.. 1a w; is the weighting factor
Collision term = M SM{ ‘f(x, t)> _‘feq (x, t)>} ¢ is the particle velocity

u is the macroscopic velocity

Collision Model AOK] Lab.

Relaxation Time of Collision Process

T = 1 n 4 v :viscosity
2 CSZAt cs :sound speed
Collision Model Collision Process Number of Relaxation
coefficients
SRT (Single Relaxation Time) Distribution function 1
TRT (Two Relaxation Time)!] Distribution function 2
MRT (Multiple Relaxation Time) 2l  Moment 15,19, 27
Cascaded®®! Central Moment 27
Cumulant! Cumulant 27

[1] Ginzburg, |., Verhaeghe, F., d'Humieres, D. ,Commun. Comput. Phys., 3, 427-478 (2008).

[2] D. d'Humieres, |. Ginzburg, M. Krafczyk, P. Lallemand, and L.-S. Lou, Philos. Trans. R. Soc. London, Ser. A 360, 437 (2002).
[3] Geier, M., Greiner, A, & Korvink, J. G, Phys. Rev. E, 73, 066705 (2006).

[4] Geier, M., Schonherr, M., Pasquali, A., & Krafczyk, M., Comput. Math. Appl., 70(4), 507-547 (2015).

52
____________________________________________________________________________________________________________________________|
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EEARDYIED KLY AOKILab.

Uwall
Interpolated bounce-back scheme wall -2 12
fijie(x, t + At) fL(x, t foﬂ(x + ¢ At t)
2Wijip(Eiji - Uwan) 1 o ) o

2qf i (6, t) + (1= 2) f i (% + &ijicAt, £) + = 0<qg< > ‘\\ ,

1 2Wiip(&ie - twa 2q -1 1 NG

5<fijk,(x’ £) + Jkp(fzzk u 11)) +( qzq )fijk(x’ t) (E <q< 1) ii)

Fu(2,t + AE)

wall - Hwall
q

Hydrodynamic force*
fur(x, 1) fa(x + c AL, t + At)
@

Fij(x,t) = (§ije—uwan) fije (6, 1) — (§ijir — Wwar) fiji (2, t + AL)

1

Fpuia = Z Z Fiji(x,t) 1—q
x€boundary i,j,k=—1

*Wen, Binghai, et al. Journal of Computational Physics 266 (2014): 161-170. 53
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Dolphin Free Swimming Al

Computational Conditions:

« CFL-0.03

+ Kinematic viscosity - © = 1.0 X 107 m?/s

* Resolution -Ax,;, = 2.0mm, Ax,,x = 256.0mm
« GPU-38

* Physical Time - 5.76s

+ Calculating Time - 9days

\ | >
L Computational Domain

-30-




Dolphin Free Swimming

AOKI Lab.

Tokyo Institute of Technology
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Free Swimming of Dolphin

R

Velocity [m/s]
o =~ N WA U O N

1.5
Time [s]

THIC& BBIRET (RisBEER)

EROERE—F
o BEEICEEINISERIIAENICE 2 T3IDDH
BAHEZHE— F(Jinetal.,2019)
= I al—>avIERERE.
o BRICHDDMAODEED2RETIFEL,
2 + VEICHEH (VIZE1E)
- B & B EIERINROMHEEE.

]

U7

o YA X -240mm X 60mm X 0.5mm

o YU UH-E=24x10%a

o TP -p=1180kg/m3

e« RT VU -v=0.35

o WrHE2KE—A L N =6.25x10"3m?*

0.82r\ / o BERSAM - BmiEES, fhH A
1.64m

JIN, Yaqging, et al. Flow-induced motions of flexible plates: fluttering, twisting and orbital modes. Journal of Fluid
Mechanics, 2019, 864: 273-285.

0.82m
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ﬁ N ﬁ AOKI Lab.
BE g % ;£ ﬁg* Tokyo Institute of Tegmlogy
* GIMIAR2IREFA.

o BERD I RN ARGy, TR ESME R R
- BEROMIAKEIELEE[E L7-Green-Lagrange O3 7.

2 IS

[M] {u} = {fext} - {fint}
3x3x%3 m 2X2X2

Green-Lagrange O\ A7 > /L

1 <6ui N ou; N ouy, auk>

E. . =—
bJ 2 ax] axi axi 6xj
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A—2—HCELBDELRE—RFDDE  giim

FI u tte ri n g % — F Tokyo Institute of Technology
Fluttering:E'— I~“(Ca =7, a= 450) Body force (N/m3) .
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a— 3 —BIZLHAEEE— ND55HE AOKI Lab.
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HHEE Y O—> —HOBEF AOKI Lab. 2\

VALY 8 :I—*‘/—iﬂl(a = 450) MAOF « UZ —> [ U2+V
: Vogel$58 : V
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: e | RERERROEREROES.
g »,:;\ -
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0.1
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Cauchy number [-]
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Violently Flattering Flag A

« Gravity

* Strong Wif“?‘ A typical fluid-structure Interaction
» Cloth Collision

 Turbulent flow generation

® Mass-Spring System for Cloth Structure

REEe e
YeEey e
FFEey e
PELEILE

Normal (black) and Bending springs
shear (blue) springs
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CFD: Lattice Boltzmann Method AOKI Lab.

Tokyo Institute of Technology

coupling with a moving cloth

Cumulant LBM: High Accuracy and Stability for
high-Reynolds number flows

Cloth: Mass-Spring System

.
.
.
.
.
.
.
.

N

Coupling: Direct Forcing IBM (Immersed Boundary Method)

Wind speed
5 m/sec

Slow motion: 1/60
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BHEKD T —0R—ILDELS

AOKI Lab.

Tokyo Institute of Technology
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https://www.youtube.com/watch?v=vLM4borOwAg&t=65s
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BXREHER - FERXY | KISEH, FAEZ, BI%M, WEFR: ERAEY L— FTEEY ZHFRR—ILOEHEN, [ebih, ,40-5(2021)

w514 RED

0.6 r
- .
— 05 e
8 F )
<04 f
-~ -
o= L
Q L
s 03
E:d:) :
8 0.2 - — — Achenbach(1972) | ¢ \| ..coeveees
50 o Wieselsberger(1922) _- -
g 0.1 [| —— Almedeij 2008) 4
[ @ DPresent result
0 il M 1 [ N A | 1
1.E+04 1.E+05 1.E+06

Reynoldos number (Re) [-]
SLA/IILNIBEFHTOROMNRH(FHERR & RREDLEE

(JZ71C81F35|B(EDS5))  Jaber Almedeij, “Drag Coefficient of Flow Around a Sphere: Matching Asymptotically the Wide Trend”,(2008)
Elmar Achenbach, “Experiments on the flow past spheres at very high Reynolds numbers”, (1972)

Kwangmin son et al., “Machanism of drag reduction by a surface on a sphere”(2011)
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AOKI Lab.

Tokyo Institute of Technology

Re =5x 10°
u Magnitude
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FERR—ILEH D DEHEWNR AOK Lab.
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Thorsten Kray, Joerg Franke, Wolfram Frank: Magnus effect on a rotating sphere
at high Reynolds numbers, J. WindEng.Ind.Aerodyn.110, 1-9 (2012) 76

- 40 -




Y —2— LDTBHFYE ARl

AR—JL 1[8l#

15 —180°  —90° 0 90° _ 180°
==L (7x—s%-n) e
TR 151.2 km/h 1 F
ElE# | 1110 rpm = 05 t
Bk YéiE =
R 0 } } \f } } v } }
— lift force

A75 0.2

0.07 0.1 0.125 0.15
Time [sec]

FOTITXRZHER BOTTXAZER BOIITXIME BOITT XRAGHR FOYT XAZhER .
\ N —
W—— LMt AEICEL B AOKI Lab.
zn* -180° -150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150°
=D . - _ . " .
L= | BUBA-30D 590D FIc, TEOTT IR HEE
0.25 =
CNETORR (AR T3 BLEDH3HR 5 [ eEmn « 0
R=ILTlE. EOTITIZAMEDIT THELAHRL £ 0.15 | TREBE | x (o)
rEbh TV, £ » l 0
. . . LN ' 0 X 4 seam
BOVEOTRE TRIGET 3 EEEORERES I 2 st o © 2 soam
b-?EI‘/%?i’vTC:KTs %E?%Ctﬁ"@ﬁ'f:o 0 ) ) ) . ]
0 550 1100 1650 2200 2750 3300
ElEEEL [rpm]

- 41 -




"ﬁ £ AOKI Lab.

J Tokyo Institute of Technology
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[11 MLB, “Official Baseball Rules 2019 Edition”,(2019)
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42 -




j('/ﬁ\i Zju v I‘ (3R3& 144 km/h, E#5k1710 rpm)  AOKI Lab.
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vy AOxR—IL 144km/h, 1710 rpm
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AOKI Lab.

Sy OR—LOBAOKEEE "

4-seam Gyro: 129km, 1500rpm (Re=170,000 SP=0.158)
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03 Lyu, Bin, Jeff Kensrud, and Lloyd Smith. "Investigation of the Aerodynamic
Drag of Baseballs with Gyro Spin." Multidisciplinary Digital Publishing
-0.4 1 [ElEsicxt L TR Institute Proceedings. Vol. 49. No. 1. 2020.
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AOKI Lab.
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8km/h, EIEGE 2590 rpm
¥ 5 RIC53ME<  ([ElEE%1ER 60%)

AOKI Lab. 2\
F&&

- JEEMRMEORER (K48 - &8 - EHH) (L. ssEREREETE
Fix (FEFEERENSEEE, LBM) ZBALTYIalL—2groh
BIEEIC AR o 7=,

- [ ECRIMFEEICSERGRFZENICEET S AMR
(Adaptive Mesh Refinement) ;EIXETBEIRZRERICH LT E 3,

« RISBEERNGTRESHE CHHEATARETH B,
* GPUOYEa—Ta 2713 BRI alL—2arELUREE
EERNETRICH L THEMNED B,

94

- 49 -




http ://Www.advancesoft.jp/Auvan'ceson
(4]

Copyright ©2023 AdvanceSoft Corporation. All rights reserved.
- 50 -



1. 5ot I+—FF

TRV TR 2. i F—BROLTyA—F
H o DIEFRIE A

3. T—HATEHEDIZE

ight ©2023 AdvanceSoft Corporation. All rights reserved.

T RNV 2L —g3y -3 4—2023
FEFTET—&

No. CT ) MBDKES T—X

[RFNRLCHE LRDHENFRBADIRF
$#5E 8H3H (K BRAFAFR TFRARN RFHERSK RF¥FHNER

B8 FR BEA
[DIAOZ1—REER AL
g6l 8H28H (A) WRT®EAY IS - B THER 4Rk AL

HEE R MR &

[BFICE1—-FEBFF--YIIRIY
: BRHNSRERETI
7@ 98148 (K EHARRAREN ERNRESHIAR 271 Ea-%
RO Ea—F o SOMREY—
BiRtE> Y —K I LB

MR@EHS5RX3 CAE DF5EME]
8@ 10A6H (&) BHLFRRY BTFE pis ]
BEBR K K- &

[BHEOFZINYA ]
EHARRAREAN EREMRESHAIN
FEINT —FFOFviRRE I —
RIEARER i BT #

%9k 118108 (&) FTEIWYA

Copyright ©2023 AdvanceSoft Corporation. All rights reserved.

-51 -




TEOURLNS, BEDTZF—&ERZS D> O0-REJEETY,
https://www.advancesoft.jp/download/

e PRIV AV IR sdisn PRV T HEREH

aVEEE (EEdY>0—-F)

Sal—s a3 EEE (BEAv>0—-F)

A F—L [ TTal-ra ESE @HIOO-F)

NyT=IYIb9x7 | ¥8E

A F—L [ ¥SalL-vayEER (EHFOYO-F) /

Tal—YavEEE @RI YO-F) KoVT (K

\

o MHTIHBVWELESKBESEIR. HRXAUN-BR (74-5LL88H) | £6MVLET. T8

BORKEETE. WERWEA—LT KLRABTIEHD Y O— KAOOS A V27— FE SR L CEHiE] > £2F—BE (FE/V2YT FOXBET/ (X, RRARIFOTRA ~DX. 7 -1

IR=2a EMET SRR I aL—2a>~) 20221117 all [24F]

ES
o OJAYART—FEBREOBET L. BESFOTBRINEX—LTFLIE, 550558 n7y-
SELELENARD—FT. Q1Y LTLET W, OJ 1 YRREDBEROE I O—- KWEEITET.
o RHTEXN. RHEB. BRI QT VFRBTYIO-FUWEETET, (¥8(F] > £I+—F8 (FFET /1 XA3RFTTCAD> 2 7L Advance/ TCAD @#iEE L S +—)

SNV =T ELZB T, A—LTATIRT KNV T M 5ORAEBED 3¢ 20181225 all [24K]

BENTTVETOT, TTRLESL, nFIY—

FNTUIABE, LO—BTHRIFMBEOHBHLIC, BB, BB, BHEFS S LBEUA

Z8=%% h ETRHUTIBICLD: SMARSTEERRICLS THCRESRTIRT, 98] > £SF—HE BT/ RIRTTCADS 27 L Advance/TCAD HEBA 1 2 F—)
20190828 _all [£14]

PrEDR

#EAFIV——58
[#85] Advance/TCAD > £ 3+ —HF (F2 512235~ (7 EAVRY T FOBRE, $FEF/
1 RIBHDTHRA ~IoTEEX SHMARITS T2 L—> 3> ~) ) 20200825 all (4]

D=

NyT=IYI2b0xT7 D F/ 114 ¥BE FE BBR ZBR BX HWE KOS
Wi - AZHILT—2a> DHK - R K 2K8R Toft

[3#38(K] Advance/TCAD> S+ —HH (£BET /(1 RIRTTCADY AFLREDTH/ALI+—)

\

Copyright ©2023 AdvanceSoft Corporation. All rights reserved.

YouTubelC T, ¥IF—07—-h1/J&hi@zhciS9
https://www.youtube.com/user/advancesoft

3 YouTube * B8R a ¢ A

03 YouTube 24 a ¢ Ja

FZRIRYI b=
F—HiE (FP—hHAT)

advancesoft

(2B8A) ZRI>DR - >
Silb—>3a>-tz=Jj—

advancesoft

2388 ~ 2368
NFZOHE 4 E}
7ZR)CRYD MtattE. o B
(BT sREEARET <&

vy

[Z=7—8)&) NanoLabo/NeuralMD Fit##sB Mz =75 —
20235458208 () Bk

advancesoft 2 EHRAE - 6 BSRSAT

wb (USF—8E) F1EF7ROR - 23aL-33> -
2023745218 (&) BE [B55¢ - 4> ISHBHTOS
advancesoft - 0 E{REE - 35 A1

© [Z=F—$iE) OpenModelica ERt =7 — 20224118
308 (K) BafE

advancesoft - 166 [E1#35E - 4 H\AAI

(=7 —8E) £1087F/) (R ->2aL—-33> - U35 —
2023515208 (&) BE MRENRESRCBLZTLNTES..

advancesoft - 34 EHREE - 2 BRI

[T=F—-8E) $9E 7/ (>R - $2alb—-23> - 35—
20225128238 (£) BfE ( [JAMSTEC DRSEMBERNZE] E)

advancesoft - 98 [EHR5E - 3 HVEHI

[T —8E] 7RV RY T FOFERT) (R, BHIR
BIROTRBNT ~DX. TU—2A IR—2a>Z YT 3H...

advancesoft - 70 BHRZE - 4 N\ 8

[T=F—8E) $6E 7 /(>R - ¥2al—33> - 35—
2022F11B118 (&) M @RIBERERCARENTE .

[tZ=7—%)iEl] NanoLabo Fi#kkE, #TEM NeuralMD Pro =
BEIF— 20225118108 (K) B

Copyright ©2023 AdvanceSoft Corporation. All rights reserved. 4

-52 -




http ://WWW.adVanCeSOft.jP/Advan’cesoﬂ
N

Copyright ©2023 AdvanceSoft Corporation. All rights reserved.



http://www.advancesoft.jp/ advancesoft

Advance Soft

vy

v

jord=
=9/

CDOLR— MIPERESN TVBXES KFUABICDWTIE. CEEDEHICIRI TIAECREL CTEREMLTLETD,
CDLMR— &, BR5E. A—0>3>. TOMOBNTHREITDICIE. BFEEOHFENMNECIRDET,
CDLR— MMCEFENTVWIRAEE, TO—EPTHEFIEEDHFEIRLIC. EE, B, BAE15CEBIU1> 59—
Y NETREIDHFICELD, —mBNAEXBCEFERICEL D TELKEILEENTUVETY,

Copyright ©2023 AdvanceSoft Corporation. All rights reserved.



	第4回_ASセミナー_表紙
	第4回_ASセミナー本編
	01_主催者紹介＆先生のご紹介
	02_東京工業大学_青木先生「GPU スパコンによる混相流シミュレーション・流体構造連成のシミュレーション」
	03_アドバンスソフトからの情報提供

	第4回_ASセミナー_裏表紙



