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(Status of car crash simulation at Toyota Motor Corporation)
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[Delivering a Professional OpenFOAM to a global user base |

Fred Mendonca (Director, ESI-OpenCFD Global Operations)

Several years of successful uptake and deployment of OpenFOAM now requires a professional infrastructure for
development, release and maintenance. OpenFOAM is no longer just a research tool. It is used by commercial organisations
for their everyday engineering design and optimisation. Results from these CFD analyses lead to quality judgements and
value decisions. Significant knowledge and understanding arises from the simulations. Therefore it is in the interest of the
OpenFOAM user community that all releases are properly Quality Assured, with appropriate validation and regression
testing put in place. ESI-OpenCFD provides this professional infrastructure.

Additionally, the open-source nature of OpenFOAM demands that significant CFD contributions and technological
advances made by competent users and developers can be reintegrated into the professional release. The Repositories set
up by ESI-OpenCFD meet these demands. We wish to continue to disseminate this infrastructure globally, including through
the committed focus demonstrated by CEA Society of Japan.
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Gas-liquid Two-phase Flow Simulation of
an Undershot Wheel Hydraulic Turbine with OpenFOAM

Masatoshi WATANABE * (National Institute of Technology, Nagano College)

Key Words : Hydraulic Turbine, Flow Simulation, Undershot Wheel, OpenFOAM, interDyMFoam
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(a) Flat plate wheel. (b) Mountain shaped wheel.
Fig.1  Hydraulic turbine wheel test models.
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Fig.2  Comparison of water surface
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Reproduction and verification of a wave field affecting water accident

Akio NAGAYAMA* (Kagoshima University)

Key Words : olaFoam,interFoam,Water Accident, Nearshore Current,0OpenFOAM
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Fluid structure interaction analysis by ADVENTURE-REVOCAP_Coupler-ISPH
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ZfEf L, Sub-grid Scale &7 /Li21%, Wall-adaptive
Local Eddy-viscosity €7 /L (Cw=0.39) % F|H L7-.
HIEMATIIX B AR OZE Ao — R2fAL, &
EAIE 3 HEE OKEM i x-y, z@#ilEY okt
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Fig.1 Top Displacement R.M.S
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B Ay vakF—FEER LICEESE, ALAYY
2THIDDOIICT—FEHGIED I ENTXD.

AFEF Tl Overset A v = & FU BN S 7z 5k
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3. lumpedPointMotion IZD LM T

lumpedPointMotion , v1706 7> 5 A SN HERETH 5.

lumpedPointMotion 134 1 RIZER R D A~ ¥ = & EiE
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Overset A 3/ = & lumpedPointMotion % #H7&A >t 7=
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TN F v RAFED A v a EMEERATED R v o b
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(a) Mesh near elastic body

(b) Fluid General Part Mesh
Fig.1 Calculation mesh
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(1) OpenCFD Ltd, “OpenFOAM® v1706: New and
improved numerics”, OpenCFD Ltd web site,
https://www.openfoam.com/releases/openfoam-v1706/so
Iver-and-physics.php#solver-and-physics-lumped-point

(2) OpenCFD Ltd, “OpenFOAM® v1706: New and updated
solvers and physics”, OpenCFD Ltd web site,
https://www.openfoam.com/releases/openfoam-v1706/nu
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(3) Stefan Turek, Jaroslav Hron, “Proposal for numerical
benchmarking of fluid-structure interaction between an
elastic object and laminar incompressible flow”, Springer,
Fluid-Structure Interaction, 2006, p. 371-385
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Fig. 1 (a) Contour of instantaneous temperature.
(b) Contour of time averaged temperature.
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& X OFEJBITIRBIO 53 TAEE, IREK[OMEL, B
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RN OEREHEDN DR TE 572018, RERDE
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B LTHELNTEY, Fxbkd < EHREE TOER
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ED X9 2 T AREN Z VEAUXZ R EHR S & ik T
X L0 EEHERE ONBERICEEMEZHRET L2 LT
FRDTETH DN, EOHIZ OpenFOAM ver. 2.3.0 IZ
EEND sonicFOAM Y L X—ZHWTOHEY I =
L—a VERTEED.

2. ftEEH

RNT REE 1 SRR O B R O LR & [ T T
HY, EJWE HE 60 mm, B 60mm) THD. EEE
£ & 50mm, KERERE S 450mm Tho. BEEYOWE
B THY, EREEDOT ¥ XNV RARICKET SH. i
METICIE SST—Kk— QETIAEZBATNG., A v
= DYERLIE Salome T1T 5. #WIHHEE L 25°C, KEED
WIHIEIL 100 kPa, EEEOHIHIEIL 2.5 MPa TH 5.
BRI = 5 & L Ol 2R ST 5. B
RELRITSEEREm E LTRY, REbRsicE 7Ty
OYEEE 52 5.

Time: 0.000660

Fig. 1 Magnitude of velocity contours showing the
propagation of the incident shock wave

Time: 0.001000

Fig. 2 Temperature contours showing the propagation of the
reflected shock wave
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Numerical analysis of flame spread within narrow channel using Fire Dynamics
Simulator

Satoshi MURAKAMI* (Toyohashi Univ. Tsuneyoshi MATSUOKA (Toyohashi Univ.

Tech.)
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Tech.)

Tech.)
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Fig.1 Symmetric flame (left) and the asymmetric flame
(right); left: d=12mm,U=0.5m/s, right: d=12mm,U=2.0m/s
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Fig.2 Pressure evolution

Fig.3 Temperature contour
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Crack propagation analysis by non-ordinary state based Peridynamics
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Fig. 2 Schematic of model and simulation result

Table 1 Material properties

Young’s modulus[GPa] | Poisson ratio | Density [kg/m®]

211 0.3 7874
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[1] Madenci, E. etal., Peridynamic theoryand its
applications (Splinger, New York, 2014).
[2] BPRE, HERFRFERE, B3 (2016).
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The report on the performance comparison results of OpenCAE solver
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Large deformation and contact analysis used with Salome-Meca
Stress analysis of thin metal belt
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1. Introduction

Recent developments in the IT industry, such as the use of
3D integrated circuits, have brought a sharp increase in the
density of heat generation of such products. The cooling
technology used has become a restricting factor for further
development, and thus needs to be investigated. As such, the
technology of micro/mini channels, proposed by Tuckerman
and Pease(), is being significantly investigated®. Therefore,
we wish to investigate the performance of such heat sinks
using the CFD toolbox OpenFOAM. In order to create and
modify complex geometries and meshes used for the
simulation of the heat sink, we use Salome-Meca.

2. Modelling using Salome-Meca

Using Salome-Meca, we have created a geometry (Figure
1) corresponding to the heat sink that we used experimentally
in order to validate the performances of the CFD approach
used. The heatsink is a 60mm x 60mm x 10 mm box wherein
a rectangular 6mm x Smm flow path resides. We have
separated the solid and fluid region into two different objects
that we meshed separately. A hexahedral mesh is used for the
fluid region, with viscous layers near the walls, and a
tetrahedral mesh is used for the solid region. We then
exported those meshes using a Python code®, creating
patches needed for the creation of boundary conditions by
OpenFOAM.

X Axk
0 001 0.02 003 004 0.05

0 001 0,02 003 004 0.05
XAxE

Figure 1 : geometry of the heatsink used

3. Simulation with OpenFOAM

We set up a case using the chtMultiRegionSimpleFoam
solver, pre-processing the mesh and initial conditions of both
regions, before unifying them. We used the transformPoints

and polyDualMesh applications in order to adapt the mesh of
both regions to case. Thus, the mesh of the solid region is
converted from a tetrahedral mesh to a polyhedral mesh. The
stability of calculation is increased with the polyhedral mesh.

Figure 2 : Mesh of solid (bright) and fluid (dark) regions

We then unified the regions by using the changeDict
dictionary to create a boundary condition on the shared
boundary of both regions, for them to be coupled. A constant
heat flux condition is applied to the top of the solid part to
model a heater. The flow is considered turbulent with a low
Reynolds, hence k- w SST model is applied. Using those, we
wish to solve the case and improve the cooling properties of
the heat sink.

4. Pursuit

Using those tools, we wish to modify the geometry of the
flow path in order to create a more efficient heat sink, using
micro/mini channels. The use of Salome-Meca enables us to
modify the geometry in order to create complex flow paths,
without proceeding to heavy changes to the OpenFOAM case,
improving the efficiency of our research.
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Fig.1 Experimental result at P = 13825 Pa, Ra=2.27x10%,
Z=25 mm. Temperature difference of 10 K is imposed
between hot (left) and cold (right) walls.

(F4, SS=1/100 s, ISO 16000, +1/2 ev).

Fig.2 Numerical result at P=14000 Pa, Ra=2.27x10%,
Time=100s, Slice at Z=25 mm.
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CFDEM - Examples of coupled-flows at micro to meter scales and their issues
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1. Introduction

The Open Source project CFDEM [1] provides a
framework in which to model coupled fluid-particle flows by
interleaving the solution methodolgies of the open source
CFD library OpenFOAM with those of the open source
granular particle DEM package called LIGGGHTS, cf. Figl.

Coupled
particle-fluid
models.

OpenFOAM:
CFD library

Microscale
granules

‘ Customised

LAMMPS:
Nanoscale
particles.

Fig. 1. Map of CFDEM dependencies

In this scheme the Eulerian CFD equations
describing the fluid volume fraction and the Lagrangian
equations of the discrete solid phase (DEM representation) are
coupled by inter-phase momentum and thermal exchange
source terms. These terms are described by
experimentally-verified correlation relations (e.g. the drag
models of Gidaspow [2] and Koch & Hill [3]) over micro to
millimeter lengthscales and so allow for sub-grid scale
modelling on typically coarse-grained CFD meshes.

The lagrange equations describing particle
motions are also 'coarse-grained' by combining particles into
parcels. This 'upscaling' is made possible by making use of
dimensionless parameters characteristic of the 'spring and
dashpot' model for a colliding two particle system namely,

kn Cn

=11, = Jg=—-0
RippU§ RippU§

formulated in terms of particle diameter ratio, density, typical
velocity and spring-dashpot coefficients.

The resulting coarse-graining permits the
4-way (i.e. fluid-solid, solid-fluid, solid-neighbour,

neighbour-solid) unresolved equations of CFDEM to be
solved for a large population of particles using reasonable
computational resources.

Compared to OpenFOAM and LIGGGHTS,
CFDEM has a much smaller user-base with a more limited
range of example cases. With this in mind we present here a
selection of coupled-flow examples from millimeter to meter
scales that hopefully illustrate some of the more unfamiliar
possibilities of CFDEM. In each case we indicate what issues
might need careful consideration.

2. Example flows

In the presentation the following flows will be
considered: micro-scale filtering, millimeter-scale filtering,
centimeter-scale dusty tornado, meterscale dust flow over a
car.

%
=
*x
<
N

1086420 2458
X-Axis (x107-3)

Fig. 2. Millimeter-scale filter flow
References
(1) http://www.cfdem.com
2) Gidaspow, D,
Fluidization-Continuum and Kinetic Theory Descriptions.
Academic Press, San Diego, (1994).
(3) Koch, D. L., and Hill, R. J., Inertial effects in suspensions
and porous-media flows.
Ann. Rev. Fluid Mech. 33, 619-647 (2001)
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Numerical computation of alternating flow of two-phase liquids in micro-channel
with uneven wall by OpenFOAM
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Fig.1  Schematic of micro-channel (Patent no. 5504526)

red: cyclohexane
blue: water

Fig.2 Computed result by OpenFOAM. (Volume flow rate:
0.01 mL/min, Flow velocity at confluent point: 1.1 mm/s.)

Fig.3 Experimental result corresponding to Fig.2.
SEXH (1) BB Mg —R~ A 7m )77 ¥
AM, EEEME (2008)
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Fig.1  Computational domain of the naca0012 airfoil
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Fig.2  Comparison of pressure distribution
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Fig. 1 Initial calculation region and calculation cases
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BIE, ZEE 51T Intel XeonPhi R EDA=—a 7 Futk
v EToms#{ba BFEIZ, OpenFOAM O 2 Ly RiFF
L& FEH L T\ 5. %@%Eﬁﬁﬁk L C, pimpleFoam 72
CTHEHENS lduMatrix 7 7 AR VA TH D
PCG DA L v RIEFHLOFTREMEZ G Lo, ARE T
FOREFEEWETD.

2. PCG

PCG TiThoh 2 E/RME & LT, RAMLER, WiE, ~7
RARL, RT RV D AT T —fE, BATHIRY b VEEIZ
Fonsd. RIEZ XA N—ARERT L AF—fF
(DIC) & L7=B& D PCG D FEITHRiM %, A —7"> CAE 5
MRy F~v—27 L UTER LT ¥ RAFERBEO Z v

TEHAIL72 & 2 A, FATRE O KE 5 2 BATHI~ 2 b L
& DICREDTWE., 207D, ZABEDZA Ly R
UL ORETE MDD L L Lz, &6 LA LTS
HERTH Y, pimpleFoam 75X IduMatrix 7 7 A3V
BTV D

3. BRITHIE AR

IduMatrix 77 7 A DITHIREAIE RN EZ X 1 IZRT. 2D X
12, lduMatrix 7 7 A13AT8 % x5 & E=MAEH5,
TS, TENENOEE  BEHEEEFL T
5. BORMMIFEL o BROKMPIEEL R LTS, £,
ZOHPoEEOMITNZ T, FOERIIKINT HITE
FIOBH B LTS, Zhud COo B EFEIN 5
BATHIRAIE R E Sl TH 5.

ZORKTHEHEROBMPIENEE > T Wiz, %
HTROITEZNDIROIENIZ 20 9 5. ZD7=h, BITH
AT WA EOITRIEE B A Ly RWEFITTIT D BAIL,
FERAEZIADHSTT VB ABEAERRBAELTLED.
FRIZ IduMatrix 7 7 A TIEF =M L % 5 TR

Fig. 1 lduMatrix

LTV RERMEERY, ZOBROFE L TIEX
Ly FIEFUEARETH D, AENE, BITHIRMER L
L C— MWD CSR Bz L7=. CSR &
KIIFTHN %2, SEEITBIEIC R L X DOKIFEP nEED
&« B &R 205 &, T ORFIOEITHN EOHPET
B D ERT IO OES|TET. CSRERTITZ DO
MOBATHRALTOT 78 ARG T 5720, BITHIT K
IV FERTRETH W, DIC % Cuthill-McKee 5
Multicolor &%+ 25 Z L2 X » TIHFULAATEE & 72
5.

4. FLoH

AFETIE OpenFOAM D A L v REFUKIT AT T D EE
WEMEt 21T - 72. OpenFOAM TV 571 TV % IduMatrix
7 ZDATHIRIIER D D CSR B E#+ 5 2 & T
PCG DAL v RWFULOFEENEZRIB LT, 5%, A=
—=27 CPU DIREETA Ly RFIk L7z PCG MDFEATHF
MO ZITV, 7T vk MPHIZ X BIFHIFHE & Bl L
TA Ly RIFFHLOIRE R L T=Db, 22— FE AR
THTPETHD. F7-, DIC USORHTILE, PCG LIS D
VLN, lduMatrix SIAAOALERIZBE L T H A Ly RiFFIME
L, OpenFOAM &fAD A L v N5k % FEhii L T\ & 7=
A%

P

(L) W=, 775 Ny Tvr, TEE—, FE#E
WE, 7 FEBE, OpenFOAM IZ X Bififka— Ko
Hybrid WAL ORI, RSB RSB TE S
Vol.2015-HPC-151, No0.20, pp.1-6, (2015)

(2) OpenFOAM Benchmark Test for Channel Flow
(Re_tau=110), https://github.com/opencae/OpenFOAM-
BenchmarkTest/tree/master/channelReTau110, (accessed
2017-11-17)
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OpenFOAM D A =—2 7 - GPU ~D 3t IIZ [ (T1=8 Y $HAH DB

W2 (i BE AR R BT SEREAE) I L3l (i BE I R 2 BN AT 7ERE )
HHIEHE (RN P A RN AT TERAS) TR ABE (& BN R 2 BN SErAS)

Introduction of our approach to optimize OpenFOAM on manycore processors and GPUs

Takateru YAMAGISHI * (RIST)
Tetsuo AOYAGI (RIST)

Yoshiaki INOUE (RIST)
Akira AZAMI (RIST)

Key Words : OpenFOAM, RapidCFD, GPU, Intel KNL, CUDA, Performance evaluation, Optimization

1. [XFCL®IC
IEORFERMEI IV TIE, 7k CPU kv $%
BoO@EEaT7TZAN-0bipd A=—a7 « GPU ~D%f
N R O LTV S, SimFlow #2728 GPU 5t i hig
OpenFOAM & LT RapiCFD ZAB L TWAR (1), ¥
$ GPU IZTHREN A — /L LN Z ERHEIR TV
% (1, 2). F~iE OpenFOAM D A =—27 + GPU ~D
sHnzED 5 2 &% L LT, RapidCFD % TSUBAME
3.0 I THERERTMM L7z, MEREFHEE T T Thrust 71 7
F V12X D GPU E¥i% CUDA IC L D FEEA~LET L=
kT, kAT 2 &I ko THEAMEER NI R r—
U7 VEREZ S L=, I ONT OpenFOAM @ Intel KNL
5 PC 7 7 A X TOMEREIHMEIZ 1T o 72, Zhbiamz
T OpenFOAM 5.0 ® CUDA % i\ 7= GPU SEEERBA% I
M TORY AR ONTHRBAT 5.

2. MERERTHRI & AT

21 EFHAIRIBLHBTE B L K5O TSUBAME 3.0
NZ HFTA @ Intel KNL (Xeon Phi 7250) ##; PC 7 7 &
2 % M7z, RapidCFD OFHAITIE, 1 7'mk 2% 200 1
¥ & LT IGPUIZHEIY ¥ T, GPU )& U TR -5
BTN 289 27— U IREE LT, EBROMAE
1%, pisoFoam ¥ b 3% FIWN - —RE R IR IRIT CTb 5.
2.2 EHRAER &4 TSUBAME 3.0 K/ — FANICE
75 GPU O (1->4) Tix= A FASKIECHIN L 7=
2, %/ — KD 1GPU ODBRIZET T n v A& fil@E L=/
— FEFATIZR WA —) 7R R LTS (K
1/2). /7 — FRNIEFICOMREERZFH L, 4L
FROMEIZ RSN T Y — 2 a— RE5HE L7 ETEH%
ITo TR, WMRFHEZITI B OEBRRE N LN
RENT. B, Hx OFEE S —%/L - CUDA APL %

BANT & L 7=57WT % NVIDIA Visual Profiler (2 C1T o 7= fE 5,

WRHE T A4 77 VIEFOH LO#E IR AT S GPU L
AE U OReLR - fiffa A R o3EIE &I L7z,

23 O—FEEICKD&#ELL ¥FEHE%Z CUDA (2T
TS HZ LT, ILERATY O - A HIBRT 5
LRI E R oRE L E T o 7. ZORER. IGPU T
OMERENR M B9 5 L3, /— FRIESITOR T —1T v
JHRENSE L (K1),

3. OpenFOAM 5.0 ® GPU Xl 1+ T

BifT D RapiCFD [F~X— R & 725 OpenFOAM O version
MW23 EHRFOSODLRIERBLTNDZ LT,
thrust 74 77 V2L 2 GPUEEFT T 7714 712k B
SIRTROFH A o — NI & D AcE b 2 LV 2 &
R EOREENETOND.

% Z T, 41X OpenFOAM 5.0 &#X—Z & L7 GPU %
LERROBRFEICHL D A TV 5. CUDA Z W T HELET S
ZET, INETIY bFMAAREEAERTEL L
LTV,

F AT — ) v 7 g (ASIS) $A—Y v 7R (tuned)

10 o 10 et

=Oen ) — FNUD] b 7 — F[i5]351] 0@ J = FNUD| et / — F[EINES]

Fig.1  Weak scaling profile from 1 GPU to 4 GPU.

4. EHYIZ

H 72 DR TOMERRSHT & CUDA 323 X ¥ RapidCFD

DOMEREZUET 2 Z LN TE . TiUE, OpenFOAM D

GPU xtIin~D et % R LIz L 5% %. Intel KNL TO

HRESTZ D D LI, T E TORIRER % KIC

OpenFOAM 5.0 @ GPU EEAZED TV FETH H.

EiF

AFEFRONEKIL, HPCI > AT LF| ARFICRE T4 -

Bi T O RARKBOHE AT 2 F O - B IR IS X 5 B

WEOKRET GREE S hpl70055), FREAERE @ iy

R QEARRERR (BR) EATAFIERT) ) OB b RIT S <

HLDOTT.

SE Xk

(1) RapidCFD GPU - OpenFOAM® on GPU
https://sim-flow.com/rapid-cfd-gpu/

(2) FHUKZEH A 32 Reedbush-U T? OpenFOAM X
YFw—U T AN EA—T 2 CAE F2 O, 55
¥, %5 4[] OpenFOAM 7 —2 ¥ = v/, 2016 4 12
A, FKEEJF UDX
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OpenFOAM [£& ¥ % Communication Avoiding CG jEMDEER & MEEESE(
S8 Mt (OCAEL, #EIRAEHRIERL ¥ —%BIA)

Evaluation of Communication Avoiding Conjugate Gradient Method for OpenFOAM
Masashi IMANO (OCAEL Co. Ltd., The University of Tokyo)

Key Words: Communication Avoiding, MPI, Conjugate Gradient, Benchmark, OpenFOAM, HPC

1 LI
71 Poisson IR 2 v Loy — & L THIALER 10
SR ARE (M, PCG) %Fﬁust% &, MPI ©7u - 3
Yy PEBREL R BICOoN, CG EEERITALHIC g S
B 2 AKOFHFERICHAN, MPLBERM 5T 2 i - mrcice
91tk s,. ok, WIHLEEZ LS 51T, B ipsest
MPI SR Z 1K, 73BT 2 2 LEETH 2 o
%3, Communication avoiding(GE{E[F##) @ Pipelined O
PCG[1] (B F CACG) TiF, WROEMEIE I L < o temberor el pceses |
MPI-3 T & L7 JERIHENTEE (MPI_ Iallreduce) - M1-C1-CACG
EHGS T LIk, SERNEE LT 5 2 Lo 318 manE 3
FUTY XL EASTVS, KHTHE, OpenFOAM I R pre— @
CACG %985, +—7> CAE & V&V ZHAWH N
E L7 OpenFOAM RV F2—7Th b EEEE Re, % 32 64 128 256 512 1024 2048 4096
3110 DF ¥ FAFNERRIC, 77 Poisson AfiaIc o Number of WPLprocesses
N BHEY L N—E LTPCG & CACG V7 '+ s s A T ';5
B ORI 1575 > 72 D CHET 3., g
D AN HERE- £LH = [Fmec K/V
F VISGHASRMPBE 7 — 2 2R d. 7, K1I& 21 B4
Biatr — 2 ORI L, G ICRY 5 CACG mit 5 o
SRR RS, MU QAR S, /5/
103 4:: 88
e BT ML ® 256 7ut 2B LTI, C3(MVA- &
PICH2) ® CACG 2833 sTH 3. £7, C2(In- B e o MP e
tel MPT 2017.3) %131, #IXMIC CG X b T wecionce
CACG 2 TH 5. f5 7 M2 TH, 2048 7’1 SR - et
ALl E TR E TS - 72, 00— ‘ >
o BT M3, SRIEGEL 72 4096 7 v 3 £ TO ERaR
#iPACTIx, CACG 2 & 3 E#E IZIZIZE Sk, 50— ; :
32 64 128 256 512 1024 2048 4096
o (C2(Intel MPT 2017.3) Tid CACG »MEH & 72 5, Number of MPI processes
SHIBED L DT 0y VB CHAT B TETH D, o' +j
Table 1  Calculation conditions = 3 :’E §§ e
Hardware Reedbush-U (The Univ. of Tokyo) 5103-; B
Solver OpenFOAM 4.1, pimpleFoam -ai
Problem Channel flow (Rer=110, laminar) <
Processors per node | 32 (Decomposition merthod: scotch)
Mesh division M1: 120 x 65 x 48=374,400 :
(uniform division) M2: 240 x 130 x 96=2,995,200 o 2 64 128 256 512 1024 2048 4096
M3: 480 x 260 x 192=23,961,600 150 _ Number of MP1 processes
Compiler and C1: Icc 2016.4, Intel MPI 5.1.3.258 - M3-C1-CACG
MPI library C2: Icc 2017.4, Intel MPI 2017.3 %125' g o
C3: Icc 2017.4, MVAPICH2 2.2 5100 -
Pressure solver CG: Original, CACG: Pipelined[1] é 518 /S
SE R O e s s sz 1024 oa 40

Number of MPI processes

(1) P. Ghysels, W. Vanroose: Hiding global synchronization . . .
Fig. 1 Calculation speed and relative speed

latency in the preconditioned Conjugate Gradient algo-
rihm, Parallel Computing, 40-7, pp.224-238, 2014.
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Amazon Web Services ZFlIf L 1= OpenFOAM /Ny F < 3 TDELT
HE BEA* X&) —n—TU—2 %)

Execution of OpenFOAM batch jobs on Amazon Web Services

Takahisa SHIRATORI* (Serverworks Co., Ltd.)

Key Words : Public Cloud, Amazon Web Services, OpenFOAM

de B2
1. 5%

P — OFE LA ORI W, fFlA 77 & LT
NTYV w7779 K BUATFZ70FR) BRHAINIHES
DHEZTWS. 797 KL, 7L RFRVWEER
EIEN LN LRI S CTE 7= il 2 01E Web mim Eo#:
{ECH — NZEEEM CHEETE 0D, —NRH
FEREL LCRIHEND r—Anb 5. FAMIINT
TH—R"EZHEBTHB T2 000, FEORIICT
7 v ANEFTDH Web F— N2 hiE LTV 5.

7 T 0 R EORARYF— _ROMRENRR ELTRY,
TREAT 72 & D CAE figzTr 7 v RERI+5—A
DHTETND. 770 FEAOHWHEE LT, B
DT RYP—ERZHT HXF~v—207 T A MORE
RLZHTE 20, HMEMM O I200— 0 B B
FEREIT, FEHNIZ L - TR RS T 5 CAE REEIZR W)
THLEHTHS.

KT, 777 REFIH LIRS O —F % 73

72, OpenFOAM T X 5 fiffhf & # S CRIREEAT L7z,

Amazon Web Services (AWS)M &~ B HERETH 5 AWS
Batch ZffH L, F—BREDOHELHFELA ST L.
Y7 v FEREOICERE Lo FIEICE S Z sk, [T
HO AWS 7T b RICBRE 2 HEEE L CRGEA FTRE C
H5.

2. RTAR

OpenFOAM O F =— kU 7LD 1->Tdh 5 pitzDaily %,
WMANRERGEMEEZ D LT OEZ RN GEIT L. & LICHE
S TIRABER G E LS, # 720 O E & ZT
L7z, A v ¥a#iX 12225, A L7 Y e "—i%
simpleFoam T 5.

A [EEA L 7= AWS Batch 1%, 47755 Y a 7 O BIIS
U CTRARY — /N (EC2)23 HEIRIIZ T 2 —E 2 Th
%, AR CPU D LR & TIRABRETE 5720, LIR%E
200, FRRZOICHREL TV a 7 & FE(T L.

Tablel  Boundary conditions for the incoming flow

Min [m/s] Max [m/s] Increment [m/s]
Ux 1 20 1
Uy 0 10 2
Uz 0 10 2

3. RITHR

31 EEOHN HonrE/BRICOWT, HEOH
SHE D Z2[81 4376 % paraFoam T AL L 7= & D &K 11T
T HELET204800 B, TERILMORERL
T3, TRNENOEMICBNT, FHEEY R s55E
FERBEOLNTEY, MABERGHEZ T A—FL1LT

BT Z LN TETWD. FIZIE, FARFD uE k&<
RAE LTI, HEOHHEN BRI K E < I2o
TS, Uy D ux iz T DR R E WFRIFIZB W T, it
S EAEERE IR - CEBIL TV D.
32 FIAME X 2I1C1RMYZZY O AWS FIFEIOR
RBAmd. 3FEOANy 7 OB — PG 7 &,
BHfeH) L7z, (AR — 2B A Rl TR C & % Spot
instance % fif F L 7= 7= %, i % o {li % (On-Demand
instance) K VW b AR M EMFITE TS, FHEIX 15 4
(0.25 B5[H]) FRETSE T Lizz®, Aoy a 7ETIC
Do T B IESL R E RELOND.

”\Z m

u, , (m/s] 0 5.0 10
[(m/s]
1.0

10

20

Fig. 1  Distribution of velocity magnitude
Table2  Estimation of hourly cost to execute the batch job

Instance type #ofinst. | Spot bid price Cost

(# of vVCPU) [$/h/inst.] [$/h]
c4.8xlarge (36) 5 0.636 3.182
c4.4xlarge (16) 1 0.318 0.318
cd.xlarge (4) 1 0.080 0.080
Total 7 3.58
4. ¥hEm

AWS |- C, iz K 200CPU & TA 7 — /L4 BB FIA L,

$1 FREE T 720 SR DFMR & FAT C& T2, FHARE &

I CRRZE L7260, —IFIICHERR LT W&o T

Uy 279 RIIERBRRIE 5.

SE

1) A==z Ea—F—LI T3 RTO
OpenFOAM PEfE-# iRV F~—27 T A b, 58 J,
fEA TEAL(2016).
https://www.slideshare.net/masanorisumitomo9/openfoa
m-61300606, (accessed 2017-11-17).

(2) AWS Batch (2 A A 7255100 OpenFOAM D> = 7
ERAT D, AR HA (2017).
http://blog.serverworks.co.jp/tech/2017/10/23/aws-batch-
openfoam/, (accessed 2017-11-17).
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Comparison of Preconditioners in Large Scale Parallel Computation Using Open Source

Hongjie ZHENG * (Toyo University)
Hiroshi KAWAI (Toyo University)

Ryuji SHIOYA (Toyo University)

Key Words : Parallel, Large Scale, Preconditioning, Geometric Multigrid Method, Iterative Solver.

1. [ZC&HIZ

AR, ZI YA —)L s ZA——a L P a—X D
RPED SN TWBEHFT, TOMRELRKRIZH & Hd
7eDlZ, Y7 U TIIEE PR THEO ety
Pzt L, WK AT 2 EflcfT 5 Z e
FHEMNEERHE L > T 5.

K22 FFH I B TIE, REE Y L SOFH
DA THD. LoLens, KEFERBE I ESAME
ER T, BRI XD RBNRREEE 70D, Lizn
ST, BREIDDEE RN & R ORLEE OB E
BB, T, KmXTliE2 >4 —7v ) —AY 7
Fx7 (UGA 7L —20—27 DL ADVENTURE /%
F 29 BT, [F—ETF KT D VB L ORT
SLPEROPERE % 95 .

2. FEHTHI
21 Awiadl)IT7A v EEESE

PERELLER D T-, PC 7 5 A% 64 B&FIH L, Bx
AT 21T > 7-. Base mesh ®—yREEZEHL 20,320, i
M0 5,738 THD. Basemesh # 301 7 7 A (55
#|) L, UG4 & ADVENTURE_Thermal % FVCfigtr %
1Tolz. 3MIUVTrArENTA Yy aDEZRERKIL
10,403,840 , i A % 1% 1,893,428 & 72 o = .
ADVENTURE_Thermal OfEIk 7> ENL, 73— Nk 64, &<
— MBS REEL 16 & L.
2.2 RV IILARUETRERERED LB

UGA OEFHEIZIL, BICGStab /L 32, BiTLER | Jacobi,
ILU % TN GMG (Geometric Multigrid Method) © 9% v
7=. ADVENTURE_Thermal |Z 35\ T}, HDDM, BDD-diag
% O BDD Y 2 RN O & w2 UGs &
ADVENTURE_Thermal 4>/ /LSO EE % Fig. 1 1277
T RILIE LD T E CREBIEDN A2 IIE T~ T
WD) D Y R E T GMG Y VSR 2
RAEEHLCUGR L7z, #3282, GMG YA NITh
Zh7RfR VN A v 2 B AW BN EL 225, —
FREEDPEMET RO A v o = OER S REETH
5E1%, ADVENTURE & 25 LD Y L3708, Bl 7T
TNAENT EHETDHITTEDTHD Z ENyhote.

3. BHYIc

KL TIL, 2 DDA —F L IV—AIV T =T
UG4 7 L— AU —2 & ADVENTURE ¥ 25 A% FAIWT,
S Y NS R ORBLEROMREZ LB L7z, S OFRE L

LTI, SOICKEMRE BEMEEMR BRI, maoY
IWAROEFEENE ST L, ESBEIZ L > TR L FHET
EDLYNNERETDITETHD.

1.0E+01

——BiCGStab-GMG
1.0E+00 ——BDD

= BDD-diag
1.0E-01 HDOM
== BiCGStab-ILU
1.0E-02 o

=== BiCGStab-Jacobi

1.0E-03

1.0E-04

Relative residuals

1.0E-05 ||

1.0E-06 |

1.0E-07
0 200 400 600 800 1000

Number of iterations

Fig. 1 Residual history of UG4 and AEVENTURE_Thermal.

T

ARWFFE TR FAHAT IR B JST CREST & RA i
ZUIRE S DFG OBk x = M Thebhviz. 7av=y
NAFRIE TARA RRE R — L I al— 3 DD
DRSBTS AEfEE T A 77 VB ThD.

SEXM

Q) UG4 framework,

http://gcsc.uni-frankfurt.de/simulation-and-modelling/ug4.

(2) ADVENTURE 71 ¥ x 2 hik— A

http://adventure.sys.t.u-tokyo.ac.jp/

(3) Reiter, S., Vogel, A., Heppner, 1., Rupp, M., and Wittum,

G. A massively parallel geometric multigrid solver on
hierarchically distributed grids. Computing and
visualization in science 16, 4 (2013), 151-164.

4) Vogel, A., Reiter, S., Rupp, M., Nagel, A., and Wittum, G.

UG4 -- a novel flexible software system for simulating pde
based models on high performance computers. Computing
and visualization in science 16, 4 (2013), 165-179.

(5) Mukaddes, A. M. M., Ogino, M., Kanayama, H., and

Shioya, R., A Scalable Balancing Domain Decomposition
Based Preconditioner for Large Scale Heat Transfer
Problems, JSME International Journal Series B, Vol.49,
No.2, pp.533-540, 2006.


http://gcsc.uni-frankfurt.de/simulation-and-modelling/ug4
http://adventure.sys.t.u-tokyo.ac.jp/
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Functions of Auto-tuning Language ppOpen-AT and Expansion to Open CAE

Takahiro Katagiri * (Nagoya University)

Key Words : Auto-tuning, Code Generation, Loop Transformation, ppOpen-AT, Code Optimization

1. BE)F 1—=> % E:E ppOpen-AT
TEOHEN—RT 2T OISR b2 EETHE, V
TN =T B EEINCEERZ DN ENDHD. UL, BiEy
Ralb—rar B nWT, A=A T N =T %
EONERDEENERELTRY, /Eka—RRHEICE T
TE7pW. T72bh, MEOEE (LAY —a—R) 2 H5H A
L, [ROFHEMRRE CTHRMEREE RN T2V 7 =T 7
L— AU — IR T HZENBLIER THD.
PLEDLRDFHMD1ISLLT, FEEANA—FT=T D
MEREICA DR T/ 7 =T % H IS EE L9539 4 A
LTHD, HEIF 2—=27 (Auto—Tuning, AT) HEREDAFFE
NRENTWD. ZO AT O T T, (FEEDY—Aa—R|Z
AT BEEZBEMNICFINTS AT S3ED 1 2LLT,
ppOpen-AT DHFFEVRFEH SIZLVITHhIL TV,

2. ppOpen-AT DH%EE & tEAE
21 JL—TEHBEE  ppOpen-AT T, LA FIZ/R$/L—
THEBIC I D AT Bie & J2E LT 5.
o L—7F7ru—V 2 (unrolling &i) HERE
®  BYEE (variable i) FEHE
o  SUEERIN (=— MBI (selection i) FEAE
o L IURAFMIDIZDDIL—T55E] (Loop Split),
B LKA O 2tk
& XLy NEHbDODDON—TREREL 5%
THH/—T A (Loop Collapse) HERE

22 [EER AT JLIE  MEEE AT LB L 1, & DT
AT DR SN TV B, Z OIS LIFOH ¢ T & N
IZh AT DR SN TV DB E WS . FlziE, HDHL
— 7 AT BB SN TNWDE, ZOL—T NN a—
NENDTFRENICH AT RERRENTWS & 9 2
T 5. ppOpen-AT Ti, BEEH AT LH L AIHETH 5.
2.3 O—F#ERWE  select HizFIHITLHZ T, =—
REEPRULER 2 I FiR 95 2 L3 CTE 5.
24 BABH AR BRI B U HUR R
#r=— K (Seism_3D) %K N/ =7 ppOpen-HPC
\Z#Ai L 7= ppOpen-APPL/FDM % F|H L, ppOpen-AT &
AEERRE, RIS, A—T0E, v—TRE, BIU=a—F
BINFERE R, T E %L CT& 7. ppOpen-APPL/FDM
%, ARZESE (FDM) IZHES 3k Ial—va
YDa—KRThb.

ppOpen-APPL/FDM THERAWT & 72dik T2 b
AHEmE a— ) Thd. Fxld, Zoa—Fak
L7z AT EIEZBIR L CE 2. T, BROAD THEA
MM E a— RERIE L. T0), SROHEKERE

WIS UTC, 95 a— RBIRZITH AT BLE LR 5.
Z OHEME G, ppOpen-AT D = — RIEFUEEEE F\ T AT
HehE A I LTz,

25 MEERG A NBRKEBRLEEL X —REO
Fujitsu PRIMEHPC FX100 (LARE, FX100) Z %I LPERE
21T > 72, LUTIZ FX100 O A2y 7 % LUTF ISl HIC
F L ® 5 : CPU : SPARC64 XIfx (22GHz) 32 =17 (2 7
VAZ L RaT), iLEBAE 32GB, Hiatr— 7 e (/
— ) :1.1264 TFLOPS(fi##4 F£), 2.2528 TFLOPS (B ) ,
2V 4y b (1627 /Y75 v ) O NUMA #EK.

112, ppOpen-APPL/FDM O = 7 — % /L (update_stress)
WZxbd % AT 12 L AR EE R 1 7»5, FX100
T, =— REHUZ L D AT (Full AT) DR TH Y,
1.64 {525 2.03 O A L2155,

(Speedups]

2.00 r 1
176 | 1ea |l 183

1.80 ~ .

1.60 f—r’l\‘ ﬁ\ ]

1.40

i

1.20 / \0_99/ L od

100 =y oy '
I

0.80 Original Code

0.60 Hu
0.40

Full AT
0.20 (1}

AT without code selection

Hybrid MP1/OpenMP
FX10: 8 Nodes (128 Threads)

0.00 -

Fig. 1  Speedup factors by ppOpen-AT in the FX100. PXTY
means execution type with X MPI processes and Y threads.
3. #—7 2 CAE ~DERM
F—7 CAE 22— FOHIZIZ FDM 2 — F23&H Y, 24
HiOF & RERICATIC L D@ LA TRE L B2 5. £ 7,
OpenFOAM T, EFHFENBATHINRZ FLFE (SpMV)
DO & 7255 — A%<, ppOpen-AT IZ L B /—7 7
vr— U R, 3 — FIRJUKREIC X 2 BTHIT —
SZIEEDBEIRD AT WEMI 2D L TREND 2D,
ppOpen-AT O FHFEM A fF S 5.
HEE AWTEO—HIL, BoA BT E M 4, SR
7E(B), MEEH PSR A BT 2 — =27 % F28 4 25
HAEFIEOWIEETA7 TV DB%E ) R 5 : 156H02708),
BEO, BHEEA R B MBI, FARPFZE(B), [(EHE
B HIRT LY X BDTH D H 8T 2— = 7 Fil O H R
BH) (FRLE%E 51 16H02823) DI RIZLD.
SE X
(1) T.Katagiri, S. Ohshima, M. Matsumoto Auto-tuning on
NUMA and Many-core Environments with an FDM code
Proc. of IEEE IPDPSW2017, 1399-1407 (2017).
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Application of iconCFD based on open source solver to designer-conducted CAE

Shinichi HAGIWARA * (Toyota Boshoku Corporation)

Key Words : open source, iconCFD, designer-conducted CAE, pressure loss, Paraview

1. [FL®IC

IT4F CAE(Computer Aided Engineering)l L% i A#FTC K
MEIRNY — L bl o TND. L LHIZ CAE % 5 L
22T TIERE e I T TR BISGICE o -
EWNHNEECTHD. CAE RNFTIZR-T251Enhb 2%
TR DAEMMEABRKRD LTINS,

WAL CIIIR R & CAE (X DMERE Tl &2 % 35 8
—E LTI FREHEE L C& 7, A CIERE#E CAE
(X9 BB O LA B TR T8, iz e M &
LTHA =T Y =A% ~_—Z & LTz iconCFD % g% 5t 1
R IREEATICE A LT AT 5.

2. $%it: CAE i

2.1 ERETECAEMIELY HERKCAEIXHMM R E2H
LB EBE N ET 2 HR RO THo7=. L Liks
FH B CAE % FHi U, E R 2 Mes LRI IR~
ST & UL 70 A X SR EE T b & B &3 R e S A
[HTExHEEZLND.

22 E%EtE CAE O#EF RERRICEAShA ETO
CAE %380 ERT 5 HITHE L. T2 TREFEIMT O
TP L SR RIS R - TV 5. B OBE, &b
BERE DS < CR S 72 BABTR O TE F IR D I % 3% 35 )
THOFLELTND. ZORRICRREHEDMT O FibH &2 Wk
LHEIIFRFE CAE 2HitEd 2 FCHERETH .

3. BRYVILI\OBES

31 BEMtICLSER &ElE CAE ##iET 5 LT
ENZS < OB 2 T 2 FEAE Tid/a <, BEICHEH
VN BEME LIRS W BRBE A LBl b 5. B
b L7720 T B2 OYR— FELAT ) I COMERE

Y — b UTIELBEE Lz, TARE, XUZ—0
B THREIRRAA—Ya Ty FERmvbhn, Hiky
AT APMEZ L o Tef&iENH 5. N X —FEOP
HY 7 " 2T OREPEZELIEMEETHS.

32 ——XDE FHEE CAE EANYYNIRFEDOERE
TOFMAITE E > TOTZ B E-PHESMIL 2 S OF A
S ANENRVIED T, L L=— XN 2 502554
RIA R AEEATHEIIR L TEREES AT, M
FHY A ARORFN SR N Chh o 7.

33 #A—TUY—R~ADER OpenFOAM [ZfiFE SN
LAY = AT ETHOEM TIT O MERH ) 3
TERAENDENILL 2hvotz. ZARBY 7 b0 2T
R =R =T ) — ADO R — b & FE TRt
THEHMERR SN, VR FT5721F Tl hZ
LIRFET 2 _ =8 BN, 29 W o B8 ot

ETHLRBRICHEZ D AREMN R 2 CT&/2. T2y
N F—T ) — ANE X DIRE A A L.

4. FIRBREOA—ToV—R1E

41 BADEFR—V 3y F—TF Y —RAEADT
FR—varbLTC2REFOND. T 1 REIZ=2—
P—ERCTEANTEDHEICLD ) A7 AR, 2 SAHIT
=W =2 DB TA B AERBEATBURDT A
T UAE VR ANLORATHD.

4.2 iconCFD DRV FI—4 BTl (Bk) IDAT 4
7% OpenFOAM % %5 L CTHR5ET % iconCFD (24 H LA
HEAT o7z, B 1S HB WSRO K% P
AV AN A KRB &g Ui R a2 w1,

S

—4{ B solverA TsolverB EiconCFD}

o
=)

N
=
|

o
8]
I

Pressure loss (relative value)
o
N

=3
I

Figl. Comparison result of the value of pressure loss

iconCFD D FHHERITHER DA Y V8 L IRIERIS D
MERAZRLTEY, FIAREL MK LEAST I HLE L.

5. BEtEMITBEDEE

41 BRHEINFEI S LTORE iconCFD % #ilE
RIS 5 ETORESIZ22H 5. 1 DHIL CAD DX
AT 4 T 7 7 ANVBFERADTUERIT I > TR D
HEPHEN CTX72WEE, 2 SDHIZA—7 Y —2HAD
BRSO EH 7 7 A VB WHITIER T 20 Th 5.
42 BBEOMRAZE BIECTEITIZEEOMRTFEL
L CHERAROBRIIEREFEO s 7 7 A LEH L, 7
FANLPSHESELEL L. SRHERZ 741
DVERICHOWTIIHEH O GUI 2B L, AJ LT
RKIZT7 7 ANVEHMERT D2V AT LAEHBE L. R
WVEEIZ X7 U — Y 7 b D Paraview Z W 5FH & L7-.

6. T&H

BERPEH V) VST TN B EHE T AR i %
iconCFD ~E X #1% 201444 A LV EHZBMA L=, &
— 7Y —AFEAH AR Y, VAT MEETHENG
SHEWETHHETHETH FOIHHTETSH 5.
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Utilization of open-source CAE/CFD within the company
Invent with the aim of practical utilization and efficient learning

Hideaki KOMINAMI * (FUJIFILM Engineering Co., Ltd.)

Key Words : OpenCAE, Salome-Meca, OpenFOAM, Corporate training

1.DEXCS( Salome-Meca/OpenFOAM)E A D#E#&

11 ERNBEBERITONT IhETYHMEE LY
A LI (k) DRLE
WA IXEI G%&NME@W%/7F%%MKM%7
T v NEEENO TS & HEEOWME O &2, RN
HOKIAIZ L VT TE T,

%%d,%ﬁ% IR HL 7R AT 2 BREE LR E N E
25X DI T, REHEFFEM L O HEbEH

%0)7‘_@0)5#?'3%:?56% LTY—RZ A LOHEMIEERY,

MORFHEREDO LNV EFILM ETE S X 51T, Ytk

&*t74wA7ww7WA®ﬁ&%%%Hhwaa

RN T N—TN~DREBZ T D121
ﬁTé%%ﬁ%éﬁﬁ§<LTV7%%%WT%6FW
BRI L Z ENEEEN, SRR Y 7 MaBn
BT HI EERERRE Lo T. FOMEII L TAH—7
' CAE biﬁ’?ﬂfcﬁﬁ%ﬁ%?ﬁfl LEZHNTE.

Salome-Meca 1%, F#HEHESOHRBRIZEE OLTICEBEICH
IEHTE, F&iEs 673%?9?“@&%%&7\1&71 T'C
e BICEERFNTHEEEZ FF o TV AR THEE LI
# Z 7~. OpenFoam {22V TJd DEXCS 7 > F v — D3 FHAIA
FENTBRE TR BRIV G E THIEHTE 5 &
WL <, ESOMFHTHD.

BEIZBAfEH o CAE s E = O MR A X 11277, PCAffE
EEHo T A—BOEREFREZHELTWS. CFD i#
BRIZHOWTIIBEERP TH 5.

1.2 FREAOXZEAHIZONT F—7"> CAE I
By 7 hebRB L, BUREAESEN A+ T8
7ICBEBLE D LT HANDEEBERINE LLL>TW
5. ZoOMEIR LT, MEEEINYR— b X —
WD Z il ks TR E -7, BLET7ANVLT L—
TRN~OERZRBIETZ LIk, IR EEL =
D OREGEI 72 AR > D VEZE A3 LT A%
REgbi-.
1.3 ZELEXESE ZHNETCAEACFD Zffi» T\
I T2 B DR 5T FEM/FW &40 53, HE 2R A Rk
IR BT, ML L5, (LF 1%, &R 1LFEhRELE
Tho. HEEIFE, MEE, IR L2 ERRIICE
SHEENEPST-HELWEL, =Y =T ) M A
Pr<BHREBM T, H5%ES LAILRE WD BT
HUF LA D20, ZHE CRERA DN Bl LR E O
HEFEEZLZNZ0E WD L5 2UFEREETEINL T
WAHE BN

3, EeE

WA R SR ORH ZITo TV 5.

2. BESHNBENIX

21 ETE=OEFEZR  BEEMOICEMAET X S, akk
AEEOFHALS b BB OMEMEIC X 5 —EHOMHT
YEZE MY & TR OME & BUEIC X D ERA~ORBORK
B cENTEGROMEE S LTI EAT O EE  d.EH
AED OJT, LWIHEFE L=

22 B/BEOESEEH  CAE/CFD Y 7 k& mbNCfE
121X, FEM/FVD 72 & D PR DRk A MELTZ & 5o
NTWA., BFEHY 7 hORUVE—RERTHE I F—
7 IR S CII BB B e O E LB 2 3 L < g L
TWDHONREO LI ICEDbID. L, DXk o 7H
MEELSEST A k%xﬁﬁ T L, FEoRD

OAFRE < DFRBRI G AT 5 & Bbivz. EEW
RIERAOBE TIZAMS 2 THLRWEH X TEHEIV Y- T
BXETELETELTICH A EOFATHLLHICL
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2.3 EEMEBEDOLHOIX Bk 2.1.6.TlE, 1
ENTOFEES VORI E, REHEBRE L O TR
FRMREE & U T2 IR 2 o o T & TR B
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F& L. CAEZEBEBITHTE A LEaHFREME LT
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BEATESREEOEEH
~Microsoft Azure Batch Shipyard % FHL\7= OpenFOAM £Z 475 ~

Barffe ASfR* (TIS #Rlxth)

Computational fluid dynamics using Public Cloud/Container
and importance of spread technical information
- Analysis example using Microsoft Azure Batch Shipyard -
Shiho Asa* (TIS Inc.)

Key Words : Microsoft Azure , Docker, Amazon Web Services, OpenFOAM

1. [ZL&IZ

ML, REFEST CHEERa Ly Ea—T 07
V=R b oNRT ) v sy Ty RRear T HEOE A
WTKET—# b EIZFE L, REVRA~OWEMAZLT
5 EFINH 2 T A, CFD 0 HIZBWTIET — 27 AT —
va b ANRa Y ETIEIERIE TN TOR
TWAENROZF—TF > CAE TITEADEEDOK SR
JERMEOBEN S 7 T 0 REMST-MITN A TH 5 &
EBEZHND. KK TIEZ 70 REAED HPC ~DELY i
HOWE L ZDORFTHD Microsoft Azure &1~ 7=
OpenFOAM D AT FAR A HB 92 .

2. NTYwo 957 FDHPC ~DOE Y HH

2.1 Amazon Web Services AWS TIIRIFHEfiTEHE
M —E 2 THDH TAWS Batch] L T\, Z
AU KIIE AR & — )V RIRE 72 B Sy AL B B ©, 2> 7
FEITHMETH D ECS BWNESTHA STV D DA%
MTdHbH. AWS Batch 13 a 7O U T AWS O
aArvta—7 4 7)Y —RAEEICHIERET, 7T
A B ERIERITT R CERI—ATERT 5. 72 AWS
Ea a2 =7 4 IKEINIERTH Y TJAWS-UG HPC Y
3B e & & LTRSS RATEN A IT = =7
DMEAR Z B X THAMEHRIEE 21T > T2 O B RFES X
XRA U FTHD.

2.2 Microsoft Azure [Big Compute] &\NH T A >
v 7T HPC [T DOV —E ARV U 2—3 g3 V3R
fftxnTH v, WHILELEE [Azure Batch] 23% D
RETHS. 7206 CAE Y A NR—Z #4323 L 0
PN— N —ERIE B ED TV D 728, [EHEDS i E Tl
N TH S CEE ) UNURP— ALY Y 2—T 3
VIZEPENRTHD EEZBND.

2.3 Google Cloud Platform  Google [Efth#t: & 13 H 7
DIRBEBH ML L~ % —Y Fh—beRZ@EA LT
LONFETHD. T MMENTOTZD OV — B R bRk
LTEY, @i & EAR N EFFORTEDA % D HPC
WX DB MICER L7zw.

3. Azure Batch Shipyard % - 7= OpenFOAM 2 & 3
CDF f#r o4l

Azure Batch Shipyard (LA Shipyard) (%, Azure Batch
EEWa T I R—2O NNy FHAEE HPC UV—7 1 —

ROTBa ey a = T E2FTTH200Y—LTHD.
Shipyard i%, OpenFOAM 2 &{EJ % Docker = > 7 F %
H eI, KRIT Azure DR~ VA VAR L AINB IR D
I ZAZNOHRE ) — N Ccars 77V ev a7/
B Ay L LTCETT H(Figl). 207 T A X RERITER
T AITHRETE, HPC AIJ AV AZ VA TH D
NVIDIA #® GPU Z## L7~ N U —X7=215 ¢4 < Lo
Priority VM & BRI 2 AR AR~ > o A VA Z R
NHAAEETHS. 7T 7 K HPC DR KOF|ETH DA
— F A= ANHEET, AT~ RTY Y — A %R
BXOWIECX 5. 728 CAE Y /L 3—|% Docker =2 > 7
FTIZIRBET 272 O FEN T, N—Va VEER Y
BREERESEAMT B IR T 5. MRS 513 Azure 23444
LEMEA R L—UY—ERXTEHET S0, mOa Ak
EHER L CRC RET — & 2 RHFRE e Th 5.
F 72 MPI X InfiniBand HH% A — K& T35, Azure
Batch (7 7L —F R RF a2 A MHEfHFEIN TV D
T2 OHFRE A B AT A0,

Fig. 1 Analysis example using Azure Batch Shipyard

4. EHYIZ

fReD CTHRNA B — R CHMTEHR N ETr 7 77 K HPC
W, BAOHEORK S EIBREOB A DA —7 > CAE
DOFEITHM L LCoFHMERE. arTF iR bn%E#
Htie#— e 2AORAB, 77T R*XA T 4 772 HPC
7 —X7 7 F %, OpenFOAM TDH_ F~— 7 72 P2
T HHEAMIHFROFEIZIL CFD D72 594 —7 2 CAE 4y
WRARTDZ T FHPC YRR DL R THAS .

&3

(1) Joshua Cook,Docker for Data Science:Building Scalable
and Extensible Data Infrastructure Around the Jupyter
Notebook Server(2017)

(2) 4% T ,OpenFOAM AFH(2017)
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Problems in utilizing mechanical CAE for developing solution growth processes
used for LED and an example of appling Oftice

Hiromoto SUSAWA * (a member of The Japan Society of Mechanical Engineers)

Key Words : Continuum mechanics, Applied physics, Spreadsheet, Error, Gradient

1. 485
Light-emitting diode (LED) DB ¥ i, its W EL () 43 B
T DOIWTEZDS, RN ISR R CAE BSRETH
5.5 B LED (DBR-LED) ZAlMGL 72 & S0, W%
WMERE BICE RN R L TH DI L MR U AT,
FEHD FIETHIIN/Z D B2 20T, HENFE
T 5 MR RSB REZ SRV, H AR Y 2T,
TNEFHU-OW, A —7 > CAE ZATE AL Ebnb.
BUEY I —av TliE, FE T SR DOEED L.
FH IR DOMEEIZ Office Z{F L HIZEN T 5.

2. AR RICEETHEERE
B ELL, BRI LEEDPRETIHATHD. [HE]
LIEMEN KR ESRDZLTHD M ZIE, BIFEKDKEFRFE
XEHLENTEZHKTHD . 5/E, LED 283ET 21k
D HIFEF LR RE720, S EHM R T LR EZ S
BONGEDH B BB SR E SRR D5,
MR FRERHELUT, Toulk E 1235 5. 210, bulk
MO ET 2D TIFELS, bulk WARILARDZEHKTHD. FHiE
RD bulk K FIE, 30 £E LA ERFFEINTVDAY, LED A, R
PR FENZN EEEE AS RE 3 liEA 5 5.
BRI ERIEZ DG A H LMY, R FE T,
2, LED AMADELEEZ 2 TOBDT LF R EDRL, B
ERBEMNEFEEOLZEEHED.

3. HBIFMTIO—F
31 REN FEEERm U LOKRIITHDS EELK
2 RIEL, FERDMEE SN TRE T OH LU, ¥ 7D 4
BH2. UL S EIEF /7 2 /0y =R LU
TLE o ik N FE 2 E R L TORWG &%\ LED
2ELET 22O ORI FE MR EINU TER T 2D EAT
HBM,BURIE, THIFRO>TWVRN. TED T, iR ) %
DRRZERLUTODDEIL, TUEE LBV WM T
FFEFEREZ R TOTROHINEEE ZOLND.
32 RUREICEAIEME KW IFEOKRREEMNTD
WS, BRI NDRMIE, B B GIZH2E 5. LED D% 4,5
BITIXERDBERIGUIHEL, LED #5& 12 A& o725
RAENBENRD.

P ZAE, T TG R P E A A7 FE AR BSR4 2 ] 7
HROMBERDDGE, MOMMEE 2T LVE,
HDFEDICT, FEOILHE EMEI RS ZENHEETHD.

4. A—=T VY —ZERAB: FAE DML
EREOEEAIL LED MAEZ M X5, ZOHEITIXIBHR
REIET D, 2 E LR T AL AR T IUIE, R E
NERERTIIBITRAEEN S EOABIIEITE.20
Afil% R RkDD ZENETEITRS /LS TETIEYEI
YW EEHINDD, A% EAEIZRDD e L IdE R
PRV BELZRAETERTIE 5 RMTERO. LR
3201, ETINVORIETHY, FHEMBEDOMRIETIEAZ.
FHEMIROMGEE ST IEIE B RZURD RS,

B R D driving force S HIHAMEAIRI DA T, BN DOYIE
B ENDSILE D AD SN, T EFE AR TH D A SRR
FEIBIZ IR 23> T B BRI 23285 1, SR AR IR bk SR 5P
FIZES>THHICRFATES. RBULSRELAY, RIEMITZE
DERBEZRD . Z DM R LM ER—RZT 5.

FEE D% E P RUE simulation T IVIFERTHS.ZD
BE 0O _ERE AR R HDHY, IR THY 15
FRIEHENLL TR, — 5, 5o o —RIZiEY 7 by
IR EEINLZNGERHD. ENTOT I MIINT
DRENZH5 MEEZIE, VAV TERL TS A—T VY
— A% U2\, Office 133 U TWAHDT, Linux ())&
UCWBREEY TNTHAET 5. B EMET D0, 2D
TN BT 2HIE DR TR TE L. GRAG 4 LM
7RG E T, A DZEIE R 7 70DEED FTH.

Ideal-Finite (a.u.)

Growth time (a.u.)

Fig. 1 The gradient differences between a finite case and the
ideal case are less than the values indicated by the graph.

5 %=

R R L LED OMEgEM FICERTH D G HiED
HHIBEMCR CAE 215 T RS THD. G HE M DRREEIZ
1,5 E D ST IEDSBEETHY, Office %3 FH L -l ZFE /U7 =,

SE R
(1) IR, Light Emitting Diode Z/EX 2B
BEML T 0S22-1 015,29 [IGHA J1 #3422 (2016).
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Development of an integrated support tool FRAXST to make effective use of Peridigm

Kohei FUJITA* (National Institute of
Technology, Gifu)

Ryoichi SHIBATA (National Institute of

Technology, Gifu)

Key Words : Peridynamics, Fracture Analysis, Initial imperfection)

1. Fif

S BT DS IE R ICHREREN AV BN
TW5., L2 LARESRE CHEH SN EEL TIcE
HET A OEENHET DT IR L2 L < BHE
DOWKBEELNE WS RERD D, £ TEHREZHAWT
VRS ARAT 23 FTE70bL BT WS K BT H ST
W5, AFETIEZEOHFTH Peridynamics it & L7z Y 7
k& = 7 Peridigm % f\V 5. Peridynamics T3 1%
LTINS A IROFEREN CHEFEM %2 b7 b T ki1 D&E
k- C, HEEREZRIT 720 KER-OMER S %
WHZEICREIT TV,

L2>L, Peridigm OfENTE T L AIERT 5 -0 ICITA
Y7 Fo=7 ThHbD Cubit ZHWDHERH V&K
RIEM & > 7=. FRAXST TlIA—7> Y —% 3DCAD 7>
b LizET VT —%% Python LA —T >V —2R Y
T 2T TATZ YDy r—TThD Trilinos i
HEDEDZ LITEY, Cubit ERISGDIEEEA—T Y
—AVT7 My =T TITH T ENTE S, Fiz Peridigm 12
BRI SRAE A IS5 7 7 A VB IERE L, FHEDHE
TET% GUI BETITX 5. AFaTlx FRAXST OHA
HI7ZREEREDMILIT, WindowsOS ~DiRERAE, MBS T~
DRNEFE T 5 FRAXST DL EBLICHOWTHET 5.
2. FRAXST O #&sE

FRAXST T, Python & ZDHEEEY 2— L ThHD

Cython % U T Peridigm TR 2. 5 &7 /LT — & OHilfEH =
TANEENRT D2 & THERR T EITS . FRAXST
OHERITRE 2FEH Y, unv 7 7 A /L% Peridigm T
WA DETNT —ZIERMT DELETNT —ZITKT
LR R ORET HERET HND.
2-1. ETILEH:  Salome (2L 0 BEHESEIZ LB L
ETFANSHAIENT- unv 7 7 A VDT —Z & HENY
WV =RV AT 7 A NVATEBT 572912 Python % FH
5. BT IVOBERBNE N E KED KBNS L 7
D Python O ALERHFE T3 # D @ ki L. 207z
DAFLEREE 23y C SFEIC L B Python OJLIEE Y = —
/L CToh % Cython & f#lIriALe Z & T Python X—Z D Y —
A a— RE&EECURT % 2 LR TE 5. Cython Tl
Python Td» 0 7253 & C SREORICEIICH LT —# A
DESETHIENTE DO —TOEENTTRET
H 5. FRAXST IZRWCIFFHZ AR 2 AR O H )
% Cython TIT> CWANA—7 OB ZHEHTT —
RARDBEELETH L TIL—TUENCEIE L~
Hkaihd.

3. FRAXST o BB
3-1. Windows0S ~MDxti&  Peridigm (A3 Linux ~— 2
TEFEZ1T 5 7=, FRAXST &[A L < WindowsOS ToD
ERIZ T Zeho72. Lo, Windowsl0 22 5EA X
7-HHERETH 1, Windows [T Bash ¥ =/ &2E»d 2
L NTE HHERETH D Windows Subsystem for Linux &
HESHE S5 Z LT WindowsOS R—ATH D 2N 5
FRAXST % F\ 7z Peridigm OFHEEZITH Z LR TE 5.
WERDFFIETIIRB~ > 2ER L, EOHICEHERE
R LZMBERD DI DARKD~ v DMEREE KR
BT DN TERNo727%, Windows 21 T 4 7T
HEWHREL oo ToT20, < U N OMERE A HEER 2 < F
BICHWA Z ERTREL Ao 7.
3-2. #5581t  Peridynamics DIE A EE AN THIL T
HWNEEA~DOEE Y » 5, FRAXST @ GUI £ THAGE
LYGEADI 0 B2 DRERE A BN L 72,
4. FRAXST O EBE#E

FRAXST DB BWEA HERT 2 72 OIS MR~ D SEfRAT
BiTol=. MEHIT A I =oAL L, EEWE Z T~
-50m/s DHLRE % 5 2 TERICHE R I TS, MBI E21T 9
L, 1O X DA EICRENDA D AN LT
WA DB TE 5.

(b) XY Fm

1 Peridign 2k 2 ETILOHIEERER
5. #8
FRAXST #BAJ89" % Z L 12 & ¥ Peridigm (2 X 2 filtlsfig
WIS E R T — 2 B LSBT D Z L alRg L 72 o
7=. F72, WindowsOS ~DxiEe%SiEbic kv, 4%
@ Peridigm & Y FRAXST E R A~D BN ZEKT 5
ZEMNTET.
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TreeFoam EM 5L KRX/8a >, FOCUS IZ#45 L. OpenFOAM TEHE
GUI ETR/Naviz#EHEL. GUI ETRELTEE
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Connecting to Nagoya university’s Supercomputer and FOCUS using TreeFoam,
calculating by OpenFOAM
Connecting to Supercomputer on GUI, operating and calculating on GUI

Shigeki FUJII * (Gifu College)
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