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:application icoFoam;

: startFrom startTime;

s startTime 0;

1 stopAt endTime;

'endTime 0.5;
deltaT 0.005;
rwriteControl timeStep;
swriteInterval 20;
swriteFormat ascii;
rwritePrecision 6;
'writeCompression off;

ItlmeFormat general;

1 timePrecision 6;

: runTimeModifiable true;
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more constant/polyMesh/blockMeshDict

- C++ -

F ield OpenFOAM: The Open Source CFD Toolbox
0 peration Version: 2.3.0
A nd Web: www.OpenFOAM.org

version
format ascii;
class dictionary;

object blockMeshDict;

//*************************************//

convertToMeters 0.1;

more AN Y KId#ElT 2 (EEBR TlEmore) ERARUVLTHF—ANTFE LS.
E/RIRIEF— SPCIHI. b:#. h:ALTA q: 8T
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- - - pjsub option -------- #
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#PIM -L "node=1" #./— R¥USTE

E#PJM -J #V 3TV DOBREL S —HNZFEELANET
Hommmmo- Program execution ------- #

‘module load OpenFOAM/2.3.0 #0penFOAM/2.3.0MmoduleDELTE

'source $WM_PROJECT_DIR/etc/bashrc #0penFOAMMDIBERE

blockMesh > log.blockMesh #blockMesh% e
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E — system
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— fvSolution
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blockMesh® Q7 2

blockMesh® O 7 #E:2
more log.blockMesh

boundingBox: (0 © @) (0.1 0.1 0.01) FAITTEIBERE
nPoints: 882 Eim#X

nCells: 400 F#

nFaces: 1640 SiHE(7 = —X)#

nInternalFaces: 760 WNZFFME (7 T —R)#

patch @ (start: 760 size: 20) name: movingWall
patch 1 (start: 780 size: 60) name: fixedWalls
patch 2 (start: 840 size: 800) name: frontAndBack
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C:L—b““—?&‘/ . ~/lecture/ )
BFERX
[scp ]
(:tl?ufl//“—-P(oakleaf-fx.cc.u-tokyo.ac.jp):~J1ecture/ :)

ma i 71— EERR L Ie g F7— Y DEE(A—Y Y Y Y AITRIT)

I—-Y—-Be1—Y-Y>r ~
$ cd BUR—ALATA L7 MU~ EICWERWESIFcdTR—AT L7 NV ICTEE]

$ scp -r tYYxxx@oakleaf-fx.cc.u-tokyo.ac.jp:~/lecture ./
tYYxxx=F|FHEEHS

B, scpPrsyncTpassphraseNEDMNTICHZRICIEEZFRLILEDZ AT S
$ cd lecture/cavity
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E] builtin:

@ ﬁ pv.foam
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eset 3¢ Delete
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Refresh
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Add dimensional units to array names
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IR - IRSRRIFERTE

»REDYIHASRY - IBRKHT

N

1)L 0/U

dimensions [ © 1 -1 0 0 @ 0 ];
 wmoxyt | HE R BE ORE WEE BR 0E
. SIEfTof] - [kal  [m] [s] [K] [kgmol] [A] [cd]
(RALRISER) (R&[m]) - (BEREs]) ! — EEE[m/s]
éinternalField uniform (© 0 0);
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IR - IRSRRIFERTE

‘boundaryField 155 B S

.{ movingWall
movingWall &)< |EE B
{ qo ———————— : —-->'\;§\frontAndBack

””””””””””

il

type fixedValue; (E[E — :
value uniform (1 @ 9); (1,0,0)¢—#%k || - 7ﬁxedWaIIs g

} il 10.00;
fixedWalls [ |

{

i
N

type fixedValue; {EETE
value uniform (0 0 0); (0,0,0) T —%k (E%)

}
frontAndBack

{
type empty; 2X5T/RdD CTZ8
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EASRH - IR RAFRTE

FEADT7 7AINZRBHIC, IR THEFDLIIICFHTIEXRL &S
more Q/p

P REDYEARMS - JBHRFHET7 7170 2 0/p

d1men51ons [ © 2 -2 0 0 o 0 ];
E{IDRTT BE K KE EE YBE B LE

. OpenFOAM®DIEEMEME YV IILNTIF. EAREBEETE >TWS
- (B8) - (RS) - (FE)=Z /(BE) - (RS) )= (&

FE7IDRTT ZE DRI DD R TG
internalField uniform 0;
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‘boundaryField
{

. movingWall Ef< LEE

-

: type zeroGradient; EFDERRAFALIACO

)

movingWall

fixedwWalls [EEE* - /. | \

A L

. type zeroGradient; 7 S frontandsack
- R
frontAndBack y L E_7ﬁxedWa|Is
i { . — \>).(-\-\T-\-\---1._(]19_'_Q)_'%.

: type empty; 2°RJC/ED TZE .

L}

'}
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"
+ \_Jconstant
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system/controlcht

‘application icoFoam; VIL\—%
Estar‘tFr'om startTime; BEITRIMRDERTEE (MPIClatestTimesH)

:startTime 0; AT DR R

: stopAt endTime; BRITR T DFEE(MBICnexthWritesH)

‘endTime 0.5; AT DR T 5]

‘deltaT 0.005; BRI A (B[ s])

Ewr‘iteContr‘ol timeStep; MMERESHU DRTEE

‘writeInterval 20; Z2XHJEFE(20time step=0.1s%F)

iwr‘iteFor‘mat ascii; T—I77A4ILDT A#—X v k(ascii, binary)

‘binaryDIEFSHAHRHHEN, 722U, Fx1eldBig endiant¥i D TbinaryDF—% Idintel |

id)Little endianE CEE6H R LY,

;CC beoamFormatConvert’é%ﬁb asciiﬁ?TGZQiﬁbTb‘BLittle endiantélCERiX9 3.

‘writePrecision 6;
iwriteCompression off;
itimeFormat general;
itimePrecision 6;
irunTimeModifiable true;

— 57 71ILDBEMNT(LEEEDasciiDIizH”
T—5 7 7AILDEKE(off, on)
BT LI RNIDT A=Y k
K7 LI N)DT A=<y MBI
BRERTY T TCERET 7MIZBiGRHAHT D

ascii CEtE I %H, binary TEtETE, writeFormatZascii |

@%iﬁk#ﬁﬁ%ﬁtyﬁ—mﬂoZ—R—:yﬁz—QDZ?ABHLTbﬁyhﬁ%ﬁﬂ7n755v7ﬁ%%fmmM%MMwmAHJ
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[ a—H-3yy A
4. BFEIHER(L 7.714R1E
[ParaView] [ParaView]
_ J
0
0
0
0
\ 4
. . - \
OJ4>/—R > FERR [ B.GERN
PRIMERGY RX300 [pjsub, [pisub,
. blockMesh] ‘L’
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icoFoamBY a7 AU NEYITEA

:#!/bin/bash

- - - - pjsub option -------- #

#PIM -L "rscgrp=lecture"” #UYV—XJ)L—T7EE CEEF Ltutorial)
#PIM -g gtoe #7)L—TRIEECEEEE)

#PIM -L "node=1" #./— R¥I5TE

HPIM -] #V 3 7 OBRET S —HAZIEEHINEHT]

i# ——————— Program execution ------- H

:module load OpenFOAM/2.3.@ #0penFOAM/2.3.0MmoduleDEXTE

'source $WM_PROJECT_DIR/etc/bashrc #0penFOAMMDERIEZEE

;icoFoam> log #YJ)U/\—icoFoamz3k1TLT, O7 % logicHi7]

a7 DIRA
pjsub icoFoam.PJM

E&ﬁﬁkﬁ%ﬁ%ﬁtyﬁ—ﬂﬂoZ—R—JDEJ—QDZ?ABﬂbTﬁﬁvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmRMMwMAHJ 50
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/7 71 ILDMES

R
771 ILDHER
tree
%ﬁ%ﬁkihﬂzéhn%d)

F— 0.1~0.5 BITHERORLT LU KNV

| = u BERY L

— p £/

— phi JiE

L— uniform: BT« L7 NVDBR7 7ML 2D T=TF« LI KNV
. L— time BFZIVCIREEZIAHFEDIBIR

— icoFoam.PIM.0186970 3 J DIZXEH 1T 7 )L (JOB_IDIFE/ R S)
L 1log ViLNOY
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OOy

07 O

more log

Build : 2.3.0-f5222cal9ce6 EJ/LK/N—Y 3 Y (RTREICK >TERD)
‘Exec  : icoFoam E{TIAVYYR

bﬂe : Jan 1 2015 HABHK(EITIREICL > TEL D)

ETime . 00:00:00 AR (EITRIEICK > TELD)

EHost . "af1t70081" MAMZ(ETRIEICKL > TELR D)

PID  : 22439 ZFOtZID(CkKil 7OERID TYOEREBEIKT T=2)
ECase . /home/*****x /lecture/cavity 7 —RXT«s L7 MU (A—TEICERD)
nProcs : 1 EA7OEY YH(SEY Y 7ILHEROT)

T R RTRBERE (RITREIC L > TER )

isinge : Enabling floating point exception trapping (FOAM SIGFPE).
fileModificationChecking : Monitoring run-time modified files using

‘timeStampMaster :
:allowSystemOperations : Disallowing user-supplied system call operations:

E%ﬁﬁkﬁ%ﬁ%ﬁtyﬁ—ﬂﬂoZ—R—JDEJ—QDZ?ABﬁbTbﬁvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmRMMwMAHJ 52



OOy

iStar‘ting time loop KFfEI(RIE)IL—T7DHA

Tine = 6.005 Ki(RE) L —7 DRI

iCourant Number mean: © max: ©
smoothSolver: Solving for Ux, Initial residual = 1, Final residual
:8.90511e-06, No Iterations 19

Ux (REDxAERS) OMEBARIICOVWTOREYIL/OAY
ismoothSolver: B!V JL/\(GaussSeidel®)

EInitial residual: #JHAJRZ, Final residual: =mi&FRE
ENo Iterations 1 &R1E[EIE

ismoothSolver: Solving for Uy, Initial residual = 0, Final residual
Tterations ©

Uy GEEOyFBIRS) DREARRICDVWTOREY L/ OOY

:ICPCG: Solving for p, Initial residual = 1, Final residual = 7.55423e-07,
:No Iterations 35

p(EN) DEBAERICDOVWTORE YL OOV
'DICPCG: EIV)L/X. BIALER : DIC, #E!Y)LIN @ PCG(RTAER (T = 18 A ATE)

9, No:

E&ﬁﬁkﬁ%ﬁ%ﬁtyﬁ—ﬂﬂoZ—R—JDEJ—QDZ?ABﬁbTbvvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmHMMwMAHJ 53



OOy

itime step continuity errors : sum local = 5.03808e-09, global =
+-7.94093e-21, cumulative = -7.94093e-21

SEE DT DI

sum local : REEMESHEDIEFHREEM M T T
global : IZE(FEH D) DIEFABEMN 5T
Ecumulative : globalDR1E

EExecutionTime = 0.05 s ClockTime = 0 s
:ExecutionTime: STEDOMCEUCIFE, ClockTime : 7 7AII/0EEDHEHIZE

B B
ETime = 0.01

ECourant Number mean: ©.0976803 max: 0.585723
Time = 2 BE(RE)IL—7. UTEE

E&ﬁﬁkﬁ%ﬁ%ﬁtyﬁ—ﬂﬂoZ—R—JDEJ—QDZ?ABﬁbTbvvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmHMMwMAHJ 54
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[ a—H-3yy A
4. BFAHRIL 7. 8] fR4k
[ParaView] [ParaView]
_ J
: 6. BT s RinE
: [scpEFETcid
rsync]
\ 4
. N - \
OJ4>/—k 2 BFER 5. R BRI
PRIMERGY RX300 [pjsub, [pjsub,
- blockMesh] YV ILIN]
v \ 4

SEH/—R B NYFIITVRATLICED Y3 THRITENSB
PRIMEHPC FX10 "
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BRI R DERIE

(:L—"j“‘—?*‘/\/ . ~/lecture/cavity/ )
$ BiTiE R X [rsync ]

(El J4 >/ — K(oakleaf-fx.cc.u-tokyo.ac.jp) : ~/lecture/cavity/ )

R fE R DERIE

11— —Ze1—F—NY3 Y ~/lecture/cavity

$ rsync -auv tYYxxx@oakleaf-fx.cc.u-tokyo.ac.jp:~/lecture/cavity/ ./
BXJLE BRI E G5 HIC/(RTZyv2a)z=[HiTd 1 1

a=archive(T« L7 MY ZBIEMNHND, T77AIVIERZFRFLCE XERX),

u=update (FTH - BEFINcHDDHERKX), v=verbose (fniX|FH = K:)

:receiving file list ... done

./

:1og

i

isent 592 bytes received 289598 bytes 193460.00 bytes/sec
itotal size 1is 356595 speedup is 1.23

STRVERL - B S NfcicoFoamDBITIER 7 7 1)L D AERIES NS (rsyncZ{E S FTLL)
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ParaViewlc &k 2 EHIZEDE$H(L

| JON | M ParaVieged 3.1 64-|
@;%@Q;im ej“‘?-\ [}<1<JI]>[II><F__% 25 5|2
R AT D C=_DE® « q4i i gaijeo e |1. Refresh(E5)
590 B % 45 2 @ G % % 2. Last Frame

Q6 Pipeline Browser

g builin: $ B oD @ K W R R R RenderView! m[a[o]o 3 Represen'l:a‘l:ion

@ ﬁ pv.foam
3D Glyphs
20 R Outline
Apply Reset 3¢ Delete ? Points
Search ... (use Esc to clear text) &0 urface |t ges
Volume
= Properties (pv.foam) o ) WI re fl'ame

4. Coloring/Llp

File Name ysersfima v.foam
=N
ase IyPe  Reconstruciea vase

]

Create cell-to-point filtered data © Solid Color
Add dimensional units to array names b o U
Mesh Regions —4.849e+00 o p
inter‘nal‘hAAIe:h _34 m U
movingWa - :
fixedWalls : @ cellNormals
frontAndBack Tp
@ vtkCompositelndex
Cell Arrays
u
g - (DI FDEZDFE
Point Arrays
FCHEAEL., Ol3f#
> N >
Lagrangian Arrays -
= RS i
s : MED=2AL—YVY)

Decompose polyhedra
List timesteps according to controlDict
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ParaViewlc & % EED A #7{t

M ParaView 4.3.1 64-bit

ece
@@@ @")@“’-\ K <0 > D> DI T Tme:os 5

' E "ﬁ Hﬁ—O—l ﬁz }—% Magnitude B Surface B @ ::3 ;ﬁ a_:x. B;Y. ;\:3 ;Z-g gi 'p
@@@@1@&@8‘_/@&&&

G @ >

1. Coloring/1U

Q06 Pipeline Browser _+
g buitin: Y- LAY RenderView! 'm |5 0|0 @ Solid Color
@ W) pvfoam
o U
e P
ru
006 Properties @ cellNormals
Apply Reset 3¢ Delete ? @ p
@ vtkCompositelndex
Search ... (use Esc to clear text) &3
= Properties (pv.foam) 5] = 2 M ag n i tu de E

File Name | /jsers/imano/cavity/pv.foam

Create cell-to-point filtered data % Z t -t“, % ELE
Add dimensional units to array names U Magnitude - .
RAD AR TE

Refresh

Case Type  Reconstructed Case

Mesh Regions
internalMesh =
movingWall —0.8
fixedWalls %
frontAndBack =
0.6
Cell Arrays v agn 'tu de
; 0.4 \/
% p Y
Point Arrays 0.3 Z
Lagrangian Arrays -_5 01
Cache mesh ;
Decompose polyhedra 1.799e-04

| List timesteps according to controlDict
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ParaViewlc & 5@

AT N LDRIR1E

[ NON | A A A _ M ParaView 4.3.1 64-bit
' ' gl ? W K < > > DI % Tmeos 5 |Cof6

2 = Representation 2 i3 ;ﬁ a':x. gf. i& ;Z_g @ (&7, @

Q06 owser
@ builin: IlI EEELEF P EEEL Y RenderView! 'm[g[ofe
@ 6 pv.foam
= 1 Slicet
Pe~oerties
Search ... (use Esc to clear text) §o3
= Properties (Slice1) a &
Slice Type
| Show Plane
......... 07« 0.00499999¢
Normal 0 1
X Normal Reset Bounds
NP U Magnitude
oo Cen ds

0.8

anaiiill

Reset Camera to Normal

| Crinkle slice 0.6
Triangulate the slice
Value Range: [-0.0708872, 0.0708872]

0.4
10 qp
=& 0.3
* 0.1
= Display ;

1.799e-04

/.

Slice7 1L

Z Normal
Show Plane%zJE
2R

Apply

I
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ParaViewlc &K 5 ELENRY MLDRIRIE

[ J O M ParaView 4.3.1 64-bit

%) @@ @m A E’fl? a <0 > 0> DI %5 Tme:os 5 |7of6
i D e B EE GRS
AR ER ORI E T

&P =
Q06 Pipeline Browser
B buitin: .I & B 30 @ K DR R OB RenderViewl 'm[g(o|e
@ ﬁ pv.foam
@ @ Slice1
@ ) Glypht

<

26 & »

1. GlyphZ7«1IL%
2. Scaling/Scale

0 @ Draperties

Apply 3 3¢ Delete ?

Search ... (use Esc to clear text) Q:_‘,

Scaling

A
Scale Mode C

#IR. Scale
Factor: 0.03
Apply
Coloring/Solid
Color Z:#iR

vector B

. 0.03 o

Scale Factor

Masking
Glyph Mode ( atial Distribution |

Maximum
Number Of 5(
Sample Points

Seed 10339 PN N N N NS R g Yo
\ N\ \ * W . !

ol L

Glyph Transform
Glyph Transform Transform2 B

Mode/vector%z

Translate 0 0 0

Rotate 0 0 0

Scale 1 1 1

= Display (GeometryRepre o] @

Representation Surface B

Coloring
@ Solid Color =

i Show o, Edit . Rescale

/.
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ParaViewlc K 5 EENR Y MLDRIRIE

[ JON M ParaView 4.3.1 64-bit

@@@ @")@?K KA <0 > 0> DI T Tme:os 5 | clof6

VWO T B 2@ 2 o Ld 82 & i

& c 6 -

Q6 Pipeline Browser
@ builtin: B & o B K DR B R RenderView! 'm[a[ofe
|

]

Slice7 1IL5 %

[ x - Properties -
Apply Reset Delete 2 \ ?/4" - B ﬁ ZI_-\ ( E 0) '7 — 7
Search ... (use Esc to clear text) £o3 VIV s :
O = @ EFrvY)
= Display (GeometryRepresent: o (- : \ \ ,""\ ' / iy » / 1
R iy . Coloring/ - U%Z
Representation g rface : \ \ 4 / / / 4 'I «aa
Coloring 1 %\ \ ‘ ; ? 4 f ; E*R
o U B Magnitude .‘ \ f'.‘ ' . —
OIS s P A \ Ay '; 4 . T QuitX=a1—/
Scalar Coloring . IRy —1.000e+00 . .
% Map Scalars . "/ / / = Qurt Pa raV|eW

Interpolate Scalars Before Mapping

o | B s TParaViewi& T

r (1
Point Size 2
Line Width 1
Lighting
Interpolation Gouraud
Specular Y 0

() Specular Color

Specular Power . 100

LT

0.000e+00

Ambhient

VY
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damBreakFine 7 —X

Koshizuka5[1]Ic & % Y LgEiE (dam break) D=EE&%ZVOF (Volume of Fluid)

ED MY ILINinterFoam%

SKER[1] OpenFOAM

JUVVTC,

BrLEEDHD

ZJJ"\'TEE i tTILT

FEATIHEE : SM T/cIE TR & TR ERT) 6511014 —7 Y CAEIEZ QIR E

FER[1]

OpenFOAM

[1] Koshizuka, S., H. Tamako and Y. Oka :*“A Particle Method for Incompressible Viscous Flow with Fluid Fragmentation”, CFD Journal ,Vol .4, No.1, pp.29-46, 1995
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. 7KIE : a(x)x2aly), s 4a(x)x 4a(y) KiEtga=0.146[m])
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damBreakFineo—X7F«1s L 27 kY

damBreak7—XD 7«1 L7 N UAEE)

cd ~/lecture/damBreakFine/

T—=AT4LI7MNIDT77A4I - T4 LV N)ERZERR

tree

— alpha.water.org

— p_rgh

— Allrun-p.PJM

— Allrun.PIM

— constant

— 8

— polyMesh

— blockMeshDict
— boundary

— transportProperties
— turbulenceProperties
— system

— controlDict

— decomposeParDict
— fvSchemes

— fvSolution

— setFieldsDict
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damBreakFine s —XDE7’7 7 1 ILIERK

0/ B - BREGET4 LI Y
U WENY N5
alpha.water, alpha.water.org 7K1EZEI5 (orgldKEDDHEIERETNTWERWT T 71)L)
p_rgh ErIKEZ 5| W[5

constant/ AELGRT - T - FZRINITSITALI Y
dynamicMeshDict BENRFERE (SolEFR 18T staticFvMesh)
g B NOILEE

transportProperties AEEMMEETIL, BLEREE, BEGRE)
turbulenceProperties ELAAET/L(SEIZERETIL laminar)

polyMesh/ BFTF—YDT14 L7 KY
blockMeshDict BERFHREI 71
boundary BRI\ FERET 71

system/ TRt ZRET ST LI

controlDict EITHIE DERE

decomposeParDict A5t ERAEB DS DERTE

fvSchemes BEEU L R+ — L DERTE

fvSolution RFEFEPNY M)y I XV IVINDETE

setFieldsDict 35 DHEA D 7R 2% %E (alpha.water lC X4 9 % KIE 7 ERTE)
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IKIEEDIZANDIKIFERHERTE

KTHZEDIF alpha.water NDIKIFLHDEEEZITDsetFieldsDE

K2
ik

system/setFieldsDict

:defaultFieldvalues//7 7 #JL ME
: (

— VvolScalarFieldValue alpha.water ©
)5

:regions //MBISIETE

 (
. boxToCell //FEFMEBAD I DIEZLTE

{
box (0 © -1) (0.1461 ©.292 1); //FEf4EI

fieldvalues //MEEMHNDIEIETE
(

)s

volScalarFieldValue alpha.water 1

7K#ZE alpha.water )3

HEASEREEEY ¥ —FX10 Z—/i—Y F1—F VAFLABRLPAYY MIE 15705 S v J#BES "OpenFOAMITRAM, 69



BEE DIR SRR

atmosphere/\y F
/ (RAKEBRESR) o/U

rightWall/\y F } ,

. lowerWall //EfE(leftWall,rightWall® FE4k) |
leftWall/\w F o

: type fixedValue;
E value uniform (@ @ 0);
E }
atmosphere // K=
5 { :
5 type pressureInletOutletVelocity;
i value uniform (0 © 0); :
)
)

loweriWall/\w F
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7 DIRFRFEAF

atmosphere/\w F o e e |
‘boundaryField //¥EFEMH E

e (RRAREST) g

lowerWall //BEM (leftWall,rightWall® @) |

rightWall/\y F g
: type fixedFluxPressure;
1eftwa11/(’\y9: value uniform 0;
. }
\ atmosphere // K5
: {
type totalPressure;
po uniform 0;
U U;
phi phi;
rho rho;
psi none;
gamma 1;
value uniform ©;
}
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IKTEEDIER KA

atmosphere/\y F
/ (KKEBESR) @/alpha.water
boundaryField //EH&l
rightWall/\y F {
0 1 Wall //EEMEI(leftWall,rightWall b [EE
leftwall/ty ¥ fi T Hl(leftWall, rightWallbREHK) ;
i type zeroGradient;
)
; atmosphere // K5I
A
: type inletOutlet;
: inletValue uniform 0;
i value uniform 0;
; }
)

loweriWall/\w F
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EAMEE - ELRETILDERTE

constant/g
dimensions 01 -2008080]; //&T [m/s2]
value (©-9.810); //EANEENRY NL(yHE)

g=(0-9.81 0)

constant/turbulenceProperties
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I B I DETE

constant/transportProperties

Ewater‘ //TEDZR)L% (7K)

{

: transportModel Newtonian; //=1— b ViR
nu nu[ @2 -10000 ] 1e-06; //FFLERE [m2/s]
rho rho [ 1 -300000 ] 1000; //ZE[kg/m3]

i//tr‘anspor‘tModelb“NewtonianU)i%é, UTo2o070v7IFEEREEINS

CrossPowerLawCoeffs {..}
BirdCarreauCoeffs {..}

)

air //HEOSNILE(ER)

{

5 transportModel Newtonian;

5 nu nul[ 062 -10000 ] 1.48e-05;

: rho rho [ 1 -300000 ] 1;

)

'sigma sigma [ 10 -20 000 ] 0.07; //&REEA[IN/m](=[ke/s?])
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EITHlEH DETE

SYStem/CONtrO Dt e
EApplication interFoam; //VILI\%

Estar‘tTime 0; / /EEITRRITZ] [s]

;endTime 1; [ /BRITHE THFZ [s]

;deltaT 0.001; //EEZA [s] (KEXI&HDEFHHEHDOEZE, #IHE)
EWf‘iteI”terval 0.05; / RIS SRR R [s]

EadjustTimeStep yes; / /BB % & D B EfilliE]

|/ /LU BRI 0 B B D /85 X — 4
LTSS & S ICERIZANE R T v 7 TEBEHEE 3

:maxCo 1; [/BRYT—F V¥
‘maxAlphaCo 1; //HEFE(0<HEL) TDRKRY — 7 VE
imaxDeltaT 1; / / Ex N IFE &
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damBreakFine 7 —X O f#trFIE

. < )
1. BFER |- blockMeshDict T HET 7 ()L e
blockMesh Sy Iy FEHRTE(EEXINDB) 575> IA &5
~a faces, neighbour, owner, points I &F7—% —f—
2. KEROBIER  |L | HHE=
cp 0/ U WENYT N5 —T >
L alpha.water.org IKIBERIG (D HEL)
alpha.water.org| < T °
GSalpha wa’cer‘g I AAEE wARAF R
: p_rgh 88K E% 3| W\ S —
tant/ fileName
- g &N INEE BRE7 71
53 73 =4y
3. K HEE transportProperties  FiiA474%
setFields turbulenceProperties ELRET /L
\w EET 71
setFieldsDict IZDYEA D TR TE fileName
- — controlDict E1THIE DR TE E{Bk7 71)L
C Dl H AL fvSchemes BEE 25— AOFZE— ™ ~
o TEH AL . \ “ N EL— . gy
FDRR MLIEAH fooution | JVORE 4.V JLINEST
BEeFhD BEEROEZAT L)/ :
U, alpha.water, p_rgh, phi ##T{5E < 1nterFoam
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[ A—H—-Toy ™
4,081k
ParaView
\- y
|
L 1.O71Y 3. BT - ISR
1 [ssh] [rsync]
\4
N

aJ4>/—K -
PRIMERGY RX300

2 EFER - KBENGLRE - TSBIF h
[pjsub,

buamubummmmpmuﬂuq

RI—0D 3 FATER L TET

.4

sT®/—KR

PRIMEHPC FX10
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‘#!/bin/bash
- - - - - pjsub option -------- #

‘#PIM -L "rscgrp=lecture" #UYV—XJ)L—THEE (CEEF(dtutorial)
#PIM -g gtee #7)L—TLISE CHELH)

#PIM -L "node=1" #. — R¥UETE

HPIM - #Y 3 T DIEET S —HHEEEHRAAES

i# ——————— Program execution —#

:module load OpenFOAM/2.3.0 #0penFOAM/2.3.0MDmoduleD&E

'source $WM_PROJECT DIR/etc/bashrc #0penFOAMMDIBIELTE

EblockMesh > log.blockMesh #I&F4 Ak

Ecp ©/alpha.water.org 0/alpha.water #KHEHZEDIZ{ERL
isetFields > log.setFields #/KMBEERDMHKE
;inter'Foam > log #YVJL/\ZETT

JaDEA
pjsub Allrun.PIM
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MFERAY

more log.blockMesh

boundingBox: (© © ©) (0.584 ©.584 0.0146) fRITHEINEDE

nPoints: 15774
nCells: 7700

nFaces: 30986
nInternalFaces: 15214

patch @ (start: 15214
patch 1 (start: 15300
patch 2 (start: 15386
patch 3 (start: 15496
patch 4 (start: 15586

size:
size:
size:
size:
size:

HImE

BT
FHE(7 = —R)E
NESSRE (T = —X)#

I\ F (=5 HE) B

86) name: leftWall

86) name: rightWall

110) name: lowerWall

90) name: atmosphere
15400) name: defaultFaces
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VIVINDO O T HEER

more log

Create time

ECPeate mesh for time = ©

EPIMPLE: Operating solver in PISO mode
EReading field p_rgh

EReading field U

EReading/calculating face flux field phi
EReading transportProperties

iSelecting incompressible transport model Newtonian
:Selecting incompressible transport model Newtonian

- -HtlT B -- (0%)

more AN Y RZDERIEEIEF— SPC:HI. b: B, h: NI g #K&7T
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VIVINDOOJ R (fRE)

iCourant Number mean: ©.0814093 max: 0.836649 ¥ — 7V ¥ifizHE

iInter‘face Courant Number mean: ©.0083422 max: 0.836649 SRHE CDY — 7 VHHRaTE
‘deltaT = 0.00158401 KRE%IH (¥ —F VHOBRENMTICAR S &S ICHENREE)

iTime = 0.15 %] (0.05[s|BDENMERDREFRXICEZICED LD ICKBEXANFHEIND)

' smoothSolver: Solving for alpha.water, Initial residual = 0.0038427, Final residual =:
11.13717e :

5—99, No Iterations 3 alpha.waterDEEUAEZICDWTORFEYVIL/ND O, smoothSolver: #REY :
i‘/)b/\‘%, Initial residual: #JHA%%ZE, Final residual: E#&J%Z, No Iterations: RIEEIFE
iPhase—l volume fraction = 0.130194 Min(alphal) = -2.02242e-09 Max(alphal) =1 7}<7|‘E$§
st '

DICPCG: Solving for p_rgh, Initial residual = 9.88248e-05, Final residual = 7.85985e—§
508, No Itrations 44 p_rgh®DEEENHET(ESI D Poisson AT2ZN) IC D W T DR Y LN O :

time step continuity errors : sum local = 4.22458e-08, global = 3.23282e-09,
‘cumulative = 0.000382964 BERFNDIKZE, sum local : FREMIHMEDIEFIATEE AT,

iglobal : RE(RFEHD)DRFABEEAT T, cumulative : global DRIE

' =3 ¢ — 4R
EExecutionTime = 0.77 s ClockTime = 1 s Emb\féq':\: Ti’ﬁ‘;‘?
‘ExecutionTime: FHEDMICEU KR, ClockTime : 7 71 I)L1/0% E & O ER DR ERE
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BRI R DERIE

C:L—b“‘-?*)y ' ~/lecture/damBreakFine/ )

A BRATHRE [rsync]
(El 74 >./— K(oakleaf-fx.cc.u-tokyo.ac.jp) : ~/lecture/damBreakFine/ )

ERITIER DERX

11— —%E1——<Y Y ~/lecture/cavity
$ cd ../damBreakFine

11— —Ze1—HY—~ > ~/lecture/damBreakFine

$ rsync -auv tYYxxx@oakleaf-fx.cc.u-tokyo.ac.jp:~/lecture/damBreakFine/ ./
T(AH—YVILE)ZHUTHOIOANYY RZIHOHUL(ERXR N UEKEE), STEZAD2DHE
$ touch pv.foam ParaView CODHRE{LAICpv. foamZ/ER L TH <
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ParaViewlc &k 21 FDr#H{t

| NON » . . M ParaView 4.3.1 64-bit

p & BB wa @ ?2 & KA D> D> M G Tmeo 0 |:of9

H QO 0 @ @ © = 2 [ ©® & O
Q6 Pipeline Browser Layout #1

B builtin: B B o0 B K DR R BB RenderViewl ' [g(o|e
oﬁpv.foam

1. FileXZ= 21—/
Open

0@ Properties p /

damBreakFine
DF«1LI7KMID
pv.foamZ%Z i<
Apply
Representation
/Surface With

Apply Reset 3¢ Delete ?

Se 2 se Esc to clear text) £33
' rties (pv.foam) 5] )

Refresh

N

Case Type Reconstructed Case E

Create cell-to-point filtered data

w

Add dimensional units to array names

Mesh Regions
internalMesh
leftWall E d s2a ;R
rightWall ges =
lowerWall

atmosphere
defaultFaces

Cell Arrays
U
alpha.water
p_rgh
p

(I J<H<

/.
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ParaViewlc &k 2 5t8E iR D AIfRIL

[ ] O M ParaView 4.3.1 64-bit

o & BB »wa F ? & u<1<m>u>fgz.|0'4 MECE

'E "'3 AT ¢ ® @ alpha.water a C}_ﬁ E 3 ;ﬁ u g;v. ‘:g :
VP B O AT 2 0o & % &

Q06 ie Browser 3 |

buitn: B B o0 @ G G R R B e o EEE G

@ ) AnnotateTimeFilter1

&

»

1. Last Frame
Representation/
Surface #iR
Coloring/
alpha.water &
iR

FiltersX=a1—/
Case Type Reconstructed Case E

: temporal/
Create cell-to-point filtered data | § alpha.water -
Add dimensional units to array names ‘ =1.000e+00 An n Otate Tl m e

' Filter;&iR

i
Apply
pv.foam &R

Properties

Apoly Reset Delete ?
e Esctocle &3
5 rties (pv.foam) =

Refresh

rightWall
lowerWall
atmosphere
defaultFaces

Cell Arrays
U
alpha.water

p_rgh Time: 0.400000

p

T

(CHJ< Q<

/.
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BERE

mhed 11 KR ZHE L TRRSES. | @ alpha.water - } "5 aipha.water -

SFEa2: AVvixEb LT, 0.18

FDORERARLEER[1] & LK T 5.

[

A <1 > > DI T Time:| L=

R 3 WHIETHEDER ELLERT 57, 2FEAT Y 7OAR{LEGREREFT 5.

& FileX —1—/Save Animation/Save Animation/i¥ > /File name: serial,

Files of type: PNG(E%I
serial.E&.pngDPNG

FEDESDHBIBRZTHScH) /0K

FAIWOBMER S NEDT, BRE1—TFTKRRY 5.

[1] Koshizuka, S., H. Tamako and Y. Oka :“A Particle Method for Incompressible Viscous Flow with Fluid Fragmentation”, CFD Journal ,Vol .4, No.1, pp.29-46, 1995
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OpenFOAMDIEFIETE F

1. BFERK
2. $Ei55 & (decomposePar)
3. MPIIEFITY ILIN&EETT

(MPI4+OpenMP®D/\1 7w ki

DALY R

1514t (1 MPI+OpenMP) D

4. HEBORTERE

0ty
RIMPL#E(S
(72v bk
MPLE&E(E)

[Foevy]
| BB IE ]

ERMLERY |
| 7&13 |

processor = processor

0 S 1 1

TR,

processor processor
0 <P 1

[1118HF, FidS TOpenFOAMADEBRITIIHES 1 TSV
Xabclib®ERH &5y A —7>YCAEY YRI D L2014

ZHIED[1]. ]WE. MPI+OpenMP3E3

B (reconstructPar)

damBreakFineFa1—kM Y 7IJL

IR ETIIRRE., L, B8H, RESIKESHREVILN

R & PSR

' Phase

"

R-0.
fo.
-0.
-0.
-0.
—0.
k0.
Eo.

0

Time:

)

fraction

9
8
/
6
S
4
3
2
1

0.40s
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[ A—H—-Toy ™
4,081k
ParaView
\- y
|
L 1.O71Y 3. BT - ISR
1 [ssh] [rsync]
\ 4
‘ ™
OJ414>/—R

(2 RTFER - KEXRDHRE - SBIROE - RAMRIT - BEE
[pjsub,blockMesh, setFields,
, interFoam, reconstructPar

A—DY3a7ATERLTET - Y
\ 4
HE/—K n INYFIFTVRTFAICEDIEEEI N/ — RED

PRIMERGY RX300

PRIMEHPC FX10
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R B DEXTE

system/decomposeParcht

Inumber‘OfSubdomalns 4; / /RIS E
:method simple;  //#EEHE|AE
'simpleCoeffs//BfillC 7T A IC D E| metis scotch

{

' metis : MetisS+ 75\ %

N (221); //7EIE ,
Oty UEOBEEICKEL

delta 0.001;

)

40

=7 288

iV —

§¢%Aﬂaﬁﬁwﬁﬁﬂﬁwmm

: SV RIT& D ERARACEES
:hierarchicalCoeffs // RIS RDIEEZEE AEETIEE W

{ i (221); L Escotch ScotchZ4 72 Z{EF

: order  xyz: /\;Uﬁlﬁ@mﬁ% A S A N /Z’(l\/letlsé:

E ’ 5 E?@API%‘:%’D

; delta 0.001; :

: } E manual : BFZENDFTTH 7Ot Y

b FETEE
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EH T E R EDI

S H T E

EHEL

:scotchCoeffs
KTl
‘metisCoeffs

{

metis

processorheights !
(1234); :

E //7aty|Eo
IR FEDE AR

scotch

E%%EK?EWE%tV@—DﬂOZ—R—:yﬁz—QyzihﬁﬁLTﬁﬁyhﬁiﬁﬂ7n755yﬁﬁgﬁrmmMEMMwwAHJ 90



EITHRY37A7V7hEIaTRA

Allrun-p.PIM (72w MMPIHESII 3 TRHAVZ VTS, REHIALFIA)

#!/bin/bash
kb pjsub option -------- #

{#PIM -L "rscgrp=lecture" #V —2X7)L—T75E (CEEFIdtutorial)

#PIM -g gtee #U )L —TRIEECEHELE)

;#PJM -L "node=1" #./—RBIEE(HEIAEHTHA. AFBEEETIZ12LA)

#PIM --mpi "proc=4" #70t AHUEE (MPINFEEIEET 2. ABBLTIF192LLA)
;#PJM -J #V 3T DRET S —HNERERDNESD

H----- - Program execution ------- #

:module load OpenFOAM/2.3.0
:source $WM PROJECT DIR/etc/bashrc

‘blockMesh > log.blockMesh #1&FHf
Ecp ©/alpha.water.org 0/alpha.water #/KBEERDIFZF{ER

'setFields > log.setFields #/KAEEN7HIETE

EdecomposePar > log.decomposePar #7EiZ D Z

‘mpiexec -stdout log-np4 -np 4 interFoam -parallel #MPILFIEFT MO RIIEER
EreconstructPar > log.reconstructPar #EEE

E%%ﬁkﬁ%ﬁ%ﬁtyﬁ—mﬂoZ—R—JVEJ—QDZ?ABHbTbvyhﬁ%ﬁﬂ7n755v7ﬁ¥%fmmM%MMwmAHJ 9]



I EID O T DRERR

a7oEA

pjsub Allrun-p.PIM

mEDE DO DfESS

more log.decomposePar

iPr'ocessor' o 7Ot v oY HE|5EiE

Number

Aty YESI1OBEIDEITEE E OXEFEHR (U TREER)

Number
Number

Number
Number

Number

Processor : processor

0
of cells = 1935 BT

of faces shared with processor 1 = 44
of faces shared with processor 2 = 46

of processor patches = 2 FEEDFHZHEIT LS T7Ot Y T
of processor faces = 90 FEEDHBEREMDEET (=44+46)
of boundary faces = 3958 ZDMEHICH|THIEFEDFREDEET

EPr‘ocessor‘ 1 7Oty H10EBEHSEEE(T« L2 b YprocessoriNtiA)

Number

(LU R#)

of cells = 1915 EFEH(7 Ot v HeDIEFE & FIFREE)

1
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R EIDERTT (R E)

ENumber‘ of processor faces = 178 HEHFREEDHEL (/NS WESHELY)
LT, 270% v HEUSEEERICS 1T 2R BMREHE

. Oty Y OSFEEAVEFREE. UTOERNZTYFHEVNISNREL
:Max number of cells = 1935 (0.519481% above average 1925)

:Max number of processor patches = 2 (0% above average 2)
:Max number of faces between processors = 90 (1.1236% above average 89)

iTime =0

IOty e T« LY N UIiET—5 EHA .

iProcessor ©: field transfer

iPr‘ocessor* 1: field transfer ‘

:Processor 2: field transfer N~—

:Processor 3: field transfer ‘ processor processor
0) 1

'End
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RIS D EIFER

processor
2

processor
0

processor
3

processor
1

p
constant/

polyMesh/ &7 —%
o/ X7« Lo KV (FHME)
alpha.water,U,p rgh

J
~N

\§
(
processord/ 7

vy FoL I KY

constant
polyMesh/ fEIB{ D EIRIRFT—
o/ BENENER T —ILRT—H
alpha.water,U,p rgh
processorl/ LU Fprocessoro& [Ek

processor2/
processor3/

\_

J

SEHS
ZIRID
F—y

Rz 5
Zic Kk
D 4Rk
Shi:
T—4
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EHETRIEOOY

AR 7At Yy YHEPEEA TS a3 ViR

more log-np4

‘nProcs : 4 Ot wvH#E

ESlaves :

:3 NAY—=TACRICRBETZAL—770AK(TOt Yy H#-1)
( “IRA N%.PID(ZHtEXID)”

5"a91t7@@81.21156" MANBPPIDIEFERITIRRICIH U TEDD XY

:"201t70081.21157"
i"a@1t7®081.21158"
)
:Pstream initialized with: BEFG(UTNT 7 AL, FHHIFEE)
: floatTransfer : 0
nProcsSimpleSum : 0
commsType : nonBlocking

polling iterations : ©
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L RRROBESE

it 51 51 R F D BRI iE R
processord/ Oty TFos LUK
0.05/ DEEBOEANT« LT N HEER DORETER
alpha*,U,p,p _rgh,phi)— D EIFH (8% cR U ISP
: BEATE R 0.05/ BT« LT~
0.4/ »>(alpha*,U,p,p _rgh,phi)
processorl/ 0.1/
0.05/ alpha*,U,p,p_rgh,phi
<§i§;ij,u,p,p_rgh,phi =
processorz/ 0.4/
0.05/ alpha*,U,p,p _rgh,phi
<§i§h;;iu,p,p_rgh,phi
processorsy
0.05/
<§i§hgf,u,p,p_rgh,ph'
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BRI R DERIE

C:L—b“‘-?*)y : ~/lecture/damBreakFine/ )

A BRATHRE [rsync ]
(El 74 >./— K(oakleaf-fx.cc.u-tokyo.ac.jp) : ~/lecture/damBreakFine/ )

ERITIER DERX

1—H—Ze1—Y—~<Y 32 ~/lecture/damBreakFine
$ rsync -auv tYYxxx@oakleaf-fx.cc.u-tokyo.ac.jp:~/lecture/damBreakFine/ ./
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ParaViewlc &k 2 5t8E iR D AIfRIL

& B8 »

M ParaView 4.3.1 64-bit

E}“"-\ K <0 > > M

Surface

~
v

= 3 -
0o Time: 0.4 8 s of9

' H 'i':] = <2 H% @ alpha.water

H O @O @ @

Q6 Pipeline Browser

© s 2 ©

B builtin:
@ ﬁ pv.foam
@ é AnnotateTimeFilter1

(x N Properties

Apply Reset Delete ?

Search ... (use Esc to clear text)

= Properties (pv.foam) (%) ol

45€ TYP€  Reconstructed Case a

Create cell-to-point filtered data
Add dimensional units to array names

Mesh Regions
internalMesh
leftWall
rightWall
lowerWall
atmosphere
defaultFaces

Cell Arrays
U
alpha.water
p_rgh
P

(<R H<J<

RN R

Y

,

Time: 0.400000

RenderView! ' g o o

'

I:
I
1 ]

B X B 3 28 &2 & & »

57 Qf:‘.:é
L

dlpha.water

=

»

EFIETEDIERIC
B IzDT,
Refreshih¥ > %
HUTEMRITS

1. Refresh

—1.000e+00

LT

/.
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BERE

sodl: ZREA Ty 7O0R{LERZHERFL, FHLIFTEDOERELLRT 5.
A7E I FileXZa1—/Save Animation/Save Animation/N% > /File name:
parallel, Files of type: PNG(FRLEIEDIE D MNEENEZH THB78)/0K.
parallel . EZE.pngDPNG7 7 T ILAMER S N5 DT, BHERE 2 —TFTERRI 5.

SRRE2: ParaViewldfEIE D ElZX N fc—X (Decomposed Case)DTF—Y HA[RILTES

DT, BREEMOHEBIEISNT—F ZRIHILET 3.

7315 Case Type/Decomposed CaseZ 3R U TApply CaseType pecomposed Case

d

sFeH3: Decomposed CaseDAIfR{LIERZRFLT, FEITIERULEBEBELEIT—R

(Reconstructed Case) DAIRILEIRE BT B.

sreRd: MHIETEDAE— K7 v 7L X CAEFIERIZF (Strong scaling)Z3K& S,
FOE D IRMEHETE OOV (log) K KUHAETEDO Y (log-nps) ICH 1T 5, =EDEREX

T v 7 DExecutionTimeZ FNZENtl,t4&E UL TLUT. MENEBVWERR
AE—R7 v 7E=t1/t4, WHHLEIE=(t1/t4)/4

iy

= HERAT 5.
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F v RILENES
FITHERE - AF{bRhE=5T1h
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F v RILiiino—AchannelReTaul 10

o BEEEE L F v RIVEIRTERTILENTLL/ILAEDT1T10DF v RILiih
= IEEREDREEY LI\ pimpleFoamZz AW I 5 —X
o IwamotoSIC L BDNSHEDFTF—IR—X[1]1DWEBTLAK TN TWADT,

$=:E(Validation)h &5 BRAR S {4

LixLyxL;=5n%x2X2m
_Rer=uro/p =110 |-

u, . EHERERE [m/s]

0 : FYXRILFENE m] (=L,/2)

p : EDERTEIRER [m2/s2]
ES A (x) IC—EDEH SIS
ETn Al (x)B LT RIN AR (7)1
= HP 15 5%

[1] K Iwamoto, K., 2002."Database of Fully Developed Channel Flow,"THTLAB Internal Report, No. ILR-0201. THTLAB, Dept. of Mech. Eng., The Univ. of Tokyo.

M IMER—, FrRILER BERREDZESR, BhNh22, pp.35-40, 2003

Ill, Lil,

http://thtlab.jp/DNS/dns_database.html
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LBENR & LFLHHE
o TFFEICLDIEHIR (RE—FRT7 V) Sp
. _§P =Ts/Tp
cc C
Ts : 1A7(Xcld1/—R)TOETEE
Tp : PA7(XcldP/—R)TOETHEE
o MFIEENZR Ep COFETIK12/— R EERAUTHIEDSE
Ep=Sp/P x100 [%] —B¥EIRDEM (Saturation) 2RV FIY—I T A K
/2'?%31107_?5 2L, FFMNRLGHEZITORBRWIEHERE

1.0 1
o — Speedup | 100
§0.8— — |deal | _
(0] . ! o
£ 8 = 80p
— I >
S 0.6 = c
g S S 601
[} 2 EEEEEEESEEEE NN EEEEEEEEEEEENY =
. . Y q)
£0.4 0 @
= o Ll S 40
Rel ©
0 0.2 o \ \ |
U . . .
L% 2t 20r| — Parallel efficiency | -~
1 1 1 — ldeal |
0.0 . L . . ! : - - :
b * Number of nod8e e 1 2 4 8 12 01 2 4 8 12
Number of Node Number of node

E1THE BHEUMR(AE—KT7 v ) WF{L =
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NIVFIN—DVTAB

DR

Vv IRE

v BRERT Y TP
o« OpenFOAMZEDCFDO— R TIXEARE
v ETERIEEHZREY IIVNOBEEOHINE A EICTE (K77

e RVFI—UFAN : 704 S5 LETRR
o MFETEBTONRYFIV—TI T APMIIE
VvV 58 EETEIET, BEIR(RE—KR 7y 7)¥P:

YFLOPSIE: & DEREFEIRDEHE

=

RIEHHDIINSE WFEETE TR I 2 DL EFEN

2 IWIN—DES 33

55 EC & KTE

iz 51
741

EVILINDR Y FI—VTAMBEE

HN->AMG(REXILFT U v R) > PCG(aIALE T E Hig A ELiE)
#HKX—PCG > AMG

TSR Z RN, 3

MFE, WHE, FEIHRE

v

Fr XRNT—RERKIC, PRVEBHRTY 78T

Y IWNZEL SR IRYFI—ITANZITS
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NIFI—=DT—AT12L MY

RNIFI—=DT—RT—ADT1 L7 N INBH)

cd ~/lecture/channelReTaulle

7274 - T4 LI MNIBRZERR (EB771ILDH)

tree
L — Oakleaf-FX
: — batchScript aJA7Y TN
— blockMesh.sh blockMeshAY 3 X7 U7k
—— decomposePar.sh decomposeParf> 3 X7 U7k~
L solve.sh AT/ )L/ (pimpleFoam) BY 3 X2 U 7~
: L benchmark.conf RYFI—=TT—ADINT A —%ERE (benchmark. shf)
. |— README SRS
— bin
: — benchmark. sh RYFN—T AT
— fippplot.py BER7O7 74 ZfippERzD70Ov 8 X7 U 7K (Python)
- fipptable.sh HEART7O7 74 S TippDIERRIERA T Y 7k
— plot.py 70y kX2 U7k~ (Python)
, L— table.sh NYFI—VEROEFHR VY T K
'L template channelReTaulldy —XDF > 7L —k

E&ﬁﬁkﬁ%ﬁ%ﬁtyﬁ—ﬁﬂoZ—R—JDEJ—QDZ?ABﬁbTbﬁvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmRMMWﬁAHJ



RIFI=DT—=ADINTG A=Y RE

RYFI—VT—ADINFXA—TiRE
cd Oakleaf-FX
vi benchmark.conf emacs,gedit’RERBHENTWAIT v Y TIRET 5

inAr*r*ay(T%.jr%U%—‘ién@’\“‘/?V—7 T—X)

§¢§¥*ﬂzfn+n i, BFE374400(nx=120,ny=65,nz=48) 2 RN—A|c & LIIRF DB TH 3.
NV FY— T —ZAnArrayDERICEnZoIEH DSHTOREEKE M DOXFIFH TR 3.
Ejté WERZEEYT 5 LEITHELNDID 2D T, EERIE 00002 K /c(£”00001”, © L < :
 [$700001” “00002” DA & T 5. BERIFAES WVEREIETARELD, V3 7 OEIRERIA S :
NTHBIEITERLTEET 3 ’

L fe W — R DETED#E D,

EnArray (\

# "00001" \
# "00002" \
§# "90004" \
# "00008" \

HEASEREEEY ¥ —FX10 Z—/i—Y F1—F VAFLABRLPAYY MIE 15705 S v J#BES "OpenFOAMITRAM, 105



RIFI=DT—=ADINTG A=Y RE

‘mpiArray (MPIF)Empi DRV FX—J T —X)

EMPIS‘IﬁﬁlJiﬁmpid)/\‘“/?V—ﬁ7—meiArray@g§§LC (&, mpiDEZQIEH DSHTDEMMDONF
SRR TR 3. '

DEEFIFEE LR,
:mpiArray=( "00192" "00128" "00064" "00032" "00016" )

'simulationTypesArray (ALREFILORY FIY—4 4 —2)
;ﬁLfﬁ:E?‘)l/@/\“*/?V—ﬁ’7‘—7\simulationTypesArray@%?LC &, LUTOEAZEINT 5.
i”(simulationTypes@ﬂE)—LESModel_(LESModelUMIE)—delta_(delta@f’l_ﬁ_)-
Ecachnter‘val_(deltaUDﬂE)"

;Efﬁ%?}buﬂt: HLESDSmagorinskyETFILH T —XICE D DIGEICIE, TLEDO#%ZRL

:simulationTypesArray=(\
; "laminar-LESModel_laminar-delta_cubeRootVol-calcInterval_1" \
:# "LESModel-LESModel_Smagorinsky-delta_vanDriest-calcInterval_1" \

E@ﬁﬁxﬁﬁﬁgﬁtya—muoz—m—:yez—ayz;Aaab7nvyFM3WW7D755yd%@%wommmmmwmxﬁl 106



IFI—=DT—ADINGA—Y HRE

:solversArray (ENICKT BB YV ILNDORY FI—0 45 —2R)

;):T:j]6:5@'@‘5%@@'—!‘/)[//\‘@/\“/9:7—7ﬁ'—Xsolver‘sArrayODg?%LZ I
;J;{_Fd)ﬁﬁfﬁd)j(?@'J%%‘E@U?%_ “PCG-preconditioner (preconditioner®{E)" (PCGDi5
i/ﬁ\). “GAMG-smoother_(smoother®fE)” (GAMGDIZH
E—QE’\JL:MPH‘EEIJ%W‘/}\@L\i%./:.—\c:cstGAMG, Z WS EICIFPCGDIESINERVND T, MAZENRT
3D DHR .

L 2 W — 2 DSETED#E D,

:solversArray=(\

'# "PCG-preconditioner FDIC" \
"PCG-preconditioner DIC" \
"PCG-preconditioner_diagonal” \
"GAMG-smoother FDIC" \
"GAMG-smoother DIC" \

"GAMG-smoother DICGaussSeidel™ \
"GAMG-smoother GaussSeidel™ \
"GAMG-smoother_nonBlockingGaussSeidel" \
"GAMG-smoother_ symGaussSeidel" \

PO
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NIFI—PT—ADEIT

RYFI—=VT7T—ADET(FRADBIDNEDT, Ky I T390 KTREITI D)
. ./bin/benchmark.sh >& log.benchmark.sh &

OJDOE=45—
tail -f log.benchmark.sh "CTHTUTRWRYFY¥—7BIRIFILETSHEW)

¥ 3 7IRREHERR
pjstat

E%ﬁﬁkﬁ%ﬁ%ﬁtv@—ﬁﬂoZ—R—JDEJ—QDZ?ABﬁbTbﬁvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmRMMwﬁAHJ 108



HEAX707 71 Zfipp

BTV IREBBHRNKICEDODW e, UTOLSB/N—RU Tz 7EZFBRINEP

X M trhi el gE

v FLOPS& &1, FLOPS/PEAKI[%] ((ZEh/E = EE DEITIERE
v MIPS&E & T, MIPS/PEAK[%] (BEEEDEITIHERE
V XEBVYRIL=Fv ~, XEYRIL—=7v ;/PEAK[%]
v SIMD(single instruction multiple data)Z3E (X% kILEESR)

V A=V I 578 XUCIAR MBI
 ZEXEAIETHNIEEXY —AZEE » EILFBETRE

e KDHMRIBHREIWNETED 7O7 741 ZfappH b H,

YV —AICHIEERZHE U

TBELRTZRENSS.
VA F+2 -« GUI
OT01>/)—F- E1T/1BRINE FENBHRE D
AIRSHF 4T ) — y~) GI8 /=R« AY893DFT1T/—F) OT1>/)—F)
N
Uz w EA
J095 A B=A ::> JO2J27145
fpp - |T022PAJVT |  fipppx - (=R
T—5 JOUSIVY
~_ 7 mEv-
X8 - Oakleaf-FX/
HEAX707 71 ZfippDEEE Oakbridge-FX FIFAF3| &
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BATO7 74 Z%Z2#HRAULICYVIVINELT

~/lecture/channelReTaulld/0OakleafFX10/batchScript/solve.sh

1 /bin/bash

- - pjsub option -------- #
E#PJM -L "rscgrp=lecture”

#PIM -g "gteo”"

#PIM —
H#PIM -S
¥ - Program execution ------- #

imodule load OpenFOAM/2.3.0
:source $WM_PROJECT_DIR/etc/bashrc

:getNumberOfProcessors, getApplicationZEDEMAEZRINTWSbashA T U7 K
:. $WM_PROJECT_DIR/bin/tools/RunFunctions

env BEZHLADEHEELTH]
‘1og=1og.${PIM JOBID}
HATO7 74 SFippZAWVWT, N\—RUTFPEZIBERE LTS TEREIE

fipp -d $log.fippdir -C -Ihwm,call -H -L shared \ :
:mpiexec --stdout $log -np $(getNumberOfProcessors) $(getApplication) -parallel :

@%ﬁﬁxﬁﬁﬁgﬁtya—muoz—m—:yel—ayz;haab7wvyhﬁng7ndasyd%@%*ommmmmwmxﬁl 110



BEARX7O7 71 5D7F—5 S0

~/1ecture/channelReTau116/bin/fipptab1e.sh

%k 3k 5k 5k >k >k >k >k 5k 5k 5k >k >k >k >k 5k 5k 5k >k >k >k >k 5k 5k 5k >k >k >k >k 5k 5k 5k >k >k >k >k 5k 5k >k >k >k %k >k 5k 5k >k >k >k %k >k 5k 5k >k >k >k %k >k 5k >k >k >k >k %k >k >k >k >k >k %k %k >k >k >k >k %k %k %k >k >k >k >k %k %k *k k%

Application - performance monitors
>k 3k 5k 3k 3k 3k 5k 3k 3k 3k 5k 5k 3k sk 5k 5k 3k sk 5k 5k 3k sk 3k 5k 3k sk 3k 5k 3k 3k 3k 5k 5k 3k 3k 5k 5k 3k 3k 5k 5k 3k sk 3k 5k 3k sk 3k 5k 3k sk 3k 5k 3k 3k 3k 5k 3k 3k 3k 5k 5k 3k 3k 5k 5k 3k sk 5k 5k >k 3k 3k 5k 3k sk ko >k >k sk ko >k >k >k k

Elapsed(s) MFLOPS |MFLOPS/PEAK (%) MIPS  MIPS/PEAK(%)

E 27.5677 3488.7907

(58 AT

22058.7821 18.6509 Application
Mem throughput  Mem throughput
Elapsed(s) _chip(MB/S) /PEAK (%) SIMD(%)
27.5677 613003.1898 44,9089 1.6306 Application
! (%) aEbhEVWERICIE#DY—IDMF<

#HHHH|  26% <4>
Foam: :FDICPreconditioner: :precondition(Foam: :Field<double> &, const Foam::Field<double> &,

unsigned char) const [57]

E&ﬁﬁkﬁ%ﬁ%ﬁtyﬁ—ﬂﬂoZ—R—JDEJ—QDZ?ABﬂbTﬁﬁvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmRMMWMAHJ 1]



RFI—VHERDES - 70V b
NV FI—VRRDES
./bin/table.sh &E&tZFtable.csvhMERRE NS

«/?7 J#FR070v ~(PythonX7J7K)
../bin/plot.py 7HAw rXplot.pdfHMERRSE B

EEX7O7 71 S DERDEE
../bin/fipptable.sh &E&t&Kfipptable.csvhMEBKE N5

BEERX7O7714 70070y k(PythonR 7 U7 R)
../bin/fippplot.py 70w X fipp.pdfHMEELES 1B

NYVFI—VHRDIEEEEEREE
11—t —%@1—HY—~Y > ~/lecture/damBreakFine
$ cd ../channelReTaull@/Oakleaf-FX

11— —Z@1—1—~<Y > ~/lecture/channelReTaul10/0akleaf-FX

$ rsync -auv tYYxxx@oakleaf-fx.cc.u-tokyo.ac.jp:~/lecture/channelReTaulle/
Oakleaf-FX/ ./ --exclude=n_* n_TWHRIDT—AT4 LT MNUIEKEWVWD TERIELRL)

BIRE 21— TTOY bRI(*.pdf) EBIE. KR (. csv) EHE
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NYFIY—I7FR7y MRIDOH

Execution time per time step [s]

100—

(o]
o

[e)]
o

Parallel efficiency [%]

i
o

Execution time per time step
(2.9952M cells, laminar ,PCG-FDIC)

ol ; ; ; ;
16 32 64 128 192

Number of MPI processes

(a)

Parallel efficiency
(2.9952M cells, laminar ,PCG-FDIC)

20}

4

B ;
90N EE

i i i i i
16 32 64 128 192

Number of MPI processes ( )

Execution time per time step [s]

o o
o

=
o

0

o

ul

(9]

Speedup ratio
(2.9952M cells, laminar ,PCG-FDIC)

— Speedup rétio

'l — Ideal

! ! ! ! !
16 32 64 128 192
Number of MPI processes

Execution time per time step
(2.9952M cells, laminar ,192 MPI)

&=#: PCG-FDIC
SN = 5 28 P SR " " e L. B I B L LR e
Hil—' ) : : : :
i i i i i i i i i
) ) ) o ) o ) ) o)
> > > > > > 0 9] 9]
= = = = = = o o o
© © » 9 © @ g &F 2
) ) ~ [
s g & ¢ 3 & ©° 5 &
(@] (@) = c = 3 o
[n) @] ) w ) 3
Q wn I~ Q
c [7) 9 g -
u o, ~ »
b a = 0
o @ 3 0
=. )
e e o)
wn
wn
wn
0,
[oR
o

Matrix solver for pressure equation

(d)

o BTFE: FISM(IBF
=3 n=8)

o HLIRETIL:
(laminar)

o EHHRBYYVILIN:
a),b),c)PCG-FDIC

L

a) RERAT v 7H
D DT RFE

= (Tllstep'Tlstep)/10

b) AE—=k7v7

c) HEF{ERhSR

d) 192i:5<TD

HIREY ILIND HER
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E{THEEEZ7O Y MDA
o BFE: HISM(RBRFEUZE: n=8)
o ELRETIL: £ (laminar)

MFLOPS per peak MFLOPS per peak

(2. 9952M cells, laminar, PCG FDIC) (2 9952M cells, laminar ,192 MPI)
‘ — MFLOPS per peak [%] |

1.6} -

=
>
T

=
N
T

=
o
T

777777777777777777 - 3 7777777777777777777777777777777777777 77777 = 02r — MFLOPS per peak [%]] 5 S s -~

MFLOPS per peak [%]
o
OO

O-O | | | | | |
(y 9 ()] 2 G) 9 (9] ('g g g
o6l %I‘EE ,,,,,, 1.1~ 14o$£ g > ¢ ¢ :z : ¢ § g g
5 © © © ¢ @ g T 2
A ) )
c ¢ 5 ¢ 3 & o 7 &
T e S S 3 &5 £ 3z 3 S
Q 0 = Q
c n Q o =
n o) Q c
7 = A n
O 2 i ] wn o 5 0
) @ Q o
o o =
‘ ‘ ‘ ‘ : o Q
0.0L— I I I I - % ®
16 32 64 128 192 tn
Number of MPI processes 0]
o
)

Matrix solver for pressure equation

MPIi: 511 £ & E{TERED BER FRBEY IVINE RITIHEBED IR
(EH#BEEY ILIXPCG-FDIC) (192MPIit51)
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Fa— MY ZILDEIT(BERRE)

BEEHEYSAL—Y3Y
HEMGCFDO—R

basic
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Fa—bIFPNEIITRAIIVTMDOIE—

Fa—MNIZINT—ADIE—(RMIC—BIDMHTD)
cd
cp -r /usr/local/OpenFOAM/2.3.0/0penFOAM-2.3.0/tutorials/ .

cd tutorials
1s

:Allclean Allrun Alltest DNS basic combustion compressible
:discreteMethods electromagnetics financial heatTransfer incompressible
:1lagrangian mesh multiphase resources stressAnalysis

HFTUDFs LY NUDRKRREINS

Fa—bMUZITr—A(cavity)ICBEIL, EXREAEMLIIFTEIFANRS
cd incompressible/icoFoam/cavity
1s

0 constant system
 AllrunHNEE WE S P AllrunicrunParallel D XA WBE S R RETE T —X

BREERY 37ROV 70—
cp ~/lecture/foamRunTutorials.PIM ./
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foamRunTutorials.PIM

5#'/b1n/bash

E R pjsub option -------- #
:#PIM -L "rscgrp=lecture”
H#PIM -g gtoo

:#PIM -L “"node=1"

:#PIM --mpi "proc=1" IMPI ((XRETE)
#PIM -

- Program execution ------- #

:module load OpenFOAM/2.3.0
:source $WM_PROJECT_DIR/etc/bashrc

EfoamRunTutor‘ials Fa—KNUPINZETIBRARAI7 VTN
(AllrunhtBniEZnEETL, EiFhidblockMeshe VILINEETT )

“/3 7®;§A ° “/El 75&&%’\ ° DﬁﬁEmu\
pjsub foamRunTutorials.PJM
pjstat

tail -f log.icoFoam 33 7 DEITHIBRERICITD

E%ﬁﬁkﬁ%ﬁ%ﬁtyﬁ—ﬂﬂoZ—R—JDEJ—QDZ?ABﬁbTbﬁvhﬁ%ﬁﬂ7n755Vﬁ%E%WOmmRMMwMAHJ 118
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Fa—bMNYZILT—X(motorBike)lcEEIL, ZEXRETEHILIIFTELFEANRS
cd ~/tutorials

cd incompressible/simpleFoam/motorBike
1s

:0.org Allclean Allrun constant system
Allrunh’d% %355, AllrunORFZFANRS

‘runParallel snappyHexMesh 6 —-overwrite

B

‘runParallel patchSummary 6

:runParallel potentialFoam 6 —noFunctionObjects —-writep
:runParallel $(getApplication) 6

:runParallel $application 6

L :
runParallel (5= 1TAbashBI%) DE_SI KM WK TH B, £T6ILF |
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937ARAV V7 hOIE—EEL

cp ~/lecture/foamRunTutorials.PIM ./
emacs -nw foamRunTutorials.PJM

#!/bin/bash

- - - - pjsub option -------- #

#PIM -L "rscgrp=lecture”

#PIM -g gtoo

#PIM -L "node=1"

#PIM --mpi “proc=—1-6" «6MPIICZEET %
HPIM -]

- - - Program execution ------- #

:module load OpenFOAM/2.3.0
source $WM PROJECT DIR/etc/bashrc

ifoamRunTutorials
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RIRIGZDEE
emacs -nw system/controlDict
endTime ~ —5-100; lecure¥ 1 —CIFRMAIRAISABEEL, COF

FEEHENMRTURVOT, BREXUEELT 3.

Va0 - VaTER - - OJER
pjsub foamRunTutorials.PJM
pjstat 237 DEITHLE (RUNNING) ZHER LS LT OO JHERITED

tail -f foamRunTutorials.PIM.o* MFIFETIEVIL/NOOV
foamRunTutorials.PJM.0JOBID [CcH/ 1115 (foamRunTutorials Cldmpiexec
DstdoutA 7> 3 >rZRAWT, BELHNDZT7 7AILICHAULEWED)
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Fa1— MY ZIDEREEParaViewlc & 2 A[$R1L
11— —Ze1—T—<I2Y ~/FR

cd

mkdir tutorials

cd tutorials
rsync -auv tYYxxx@oakleaf-fx.cc.u-tokyo.ac.jp:~/tutorials/ ./

--exclude=processor* BEREFDGZE, BEDEIT—%F (processor*) (FEREAE
$ cd incompressible/simpleFoam/motorBike
$ touch pv.foam ParaView THRI{R{LT 3.

A A A

1. FileXZ=a2—/
Open/motorBike
DF«LI7KMIJD
pv.foamZ%Z i <

2. FileX=21—/0Open/
postProcessing/
cuttingPlane/100/
U _yNormal.vtk

3. Coloring/ - U
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Fa—bkU7ILOYIEAL

Fa—MUZILOOTHER->TWSB E, foamRunTutorialsickdFa1—r 7PV
PZILOBETHTELEWVWDT, BETIBDIETICIBIUTOLSICHEILT .

OpenFOAMMDIRIEEETE

(OJ A4 D#IC—ERIIERITIS. £feld, ~/.bashrc ICATZEEHRT B)
module load OpenFOAM/2.3.0 #0penFOAM/2.3.0MmoduleDXE
source $WM_PROJECT DIR/etc/bashrc #0penFOAMMDIRIZEKTE

Fa—bYUZ7ILDOMHEAE

foamCleanTutorials

HEASEREREY §—FX10 R—/{—Ov P 1—F VAFLBRLPAYY MIZ L5705 I v J#BES 'OpenFOAMITRAR, 123



OpenFOAM-2.2.2F 1 —=V kR

OpenFOAM-2.2.2IcDWTIZ, \|BElkA T avicEbERIELeFa—=2 THRb
NI hTW3S, &% . PRIMEHPC FX10Ilc&(}%0penFOAMIEEESE AR—
N=—aAYEa1—FT14>9=3—2R, Vol.17 No.5 (20155%F9H)

foamRunTutorials.PIM (OXRXRETEIR)

#!/bin/bash

- - - - pjsub option -------- #

#PIM -L "rscgrp=lecture”

#PIM -g gtoo

‘#PJM -L "node=1"

#PIM --mpi "proc=1" IMPI(XR:ETE)

HPIM -]

- - - - - - Program execution ------- =

‘module load OpenFOAM/2.2.2tune 2.2.2tunelcZEE T 5

Esource $WM_PROJECT_DIR/etc/bashrc

ifoamRunTutorials
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http://www.cc.u-tokyo.ac.jp/support/press/news/VOL17/No5/05.201509openfoam-fx10.pdf
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