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2.1. COMSOL Multiphysics® 3 <> k5 A > R1T

211. 4> 459574 TET

OJA Y HEESZECOIAY /) —RCATAVE AVE50F 14T/ —REMALREXEEESEIC/ — REXEIETE THRRLTTFEI L. 1L

TLUROBITIR. £2THE/ —FICAd 1Y LIERETITVET.

2.1.1.1. CUIE{T

TSAREVa—LDTFINIYHAFRIEY Y TLERW A Y259 F 1« TUBEDTICRLET.
HE/—bkcad14r L. FITLTLESL.
UTFEHCETHARY MY TILTT. RBOHECIIAN I 7 ALK BELRY T,

$ cd <MALEVWT LI RY>
$ module load comsol/53
$ comsol batch -inputfile argon_dbd_ld.mph

28CPUZEFIA L i 5IETE
*mph7 7 A LOBRICE > TIRTLFIFHAEEITOVE R A

$ cd <RIALEEVWT1LOKU>
$ module load comsol/53
$ comsol batch -np 28 -inputfile argon_dbd_ld.mph

ALTavy FOREAE

comsol~helpa<®>Y RTaARY FF T2 a v OMENTEET. N—YavCE-oTHABRHERZIBENDYETOT. FAShE/N—U3

BhETH T a v OFMBICOWTITEEREREL TLEEWL.
53a7 v IF— k3D~ TaT > Rl

$ module load comsol/53a_u3

$ comsol --help

Usage: comsol [options] [target] [target arguments]

COMSOL commands :

comsol Run COMSOL Multiphysics Desktop

comsol batch Run a COMSOL job

comsol compile Compile a COMSOL Model java file

comsol mphclient Run COMSOL Multiphysics Desktop client
comsol mphserver Run COMSOL Multiphysics Server

comsol mphserver matlab Run MATLAB with COMSOL Multiphysics Server
comsol hydra Run Hydra commands

comsol mpd Run MPD commands

COMSOL options:

-3drend <{ogl}|sw> 3D renderer: OpenGL or software rendering
—applicationsroot <path> Specify custom path to the COMSOL Application
Libraries root directory
-autosave <{on}|off> Control saving of recovery files
-blas <{auto}|mkl|acml| BLAS library to use
path>
-blaspath <path> Set path to BLAS library
-c <path> Path to license file
—-ckl Use class-kit license
—comsolinifile <path> Path to .ini-file to use when launching
COMSOL
-configuration <path> Path to directory for storing the state for

the GUI between sessions, and for performing
different caching tasks

—data <path> Path to data directory
—-docroot <path> Specify custom path to the COMSOL documentation
root directory
—forcecomsolgcc Force load of GCC libraries shipped with
COMSOL
—-forcegcc Force load of GCC libraries
-h, -help Show this help message
—keeplicenses <on‘{off]> Keep checked out licenses throughout session
-mpmode <throughput | Set multiprocessor mode

turnaround | owner>

-np <no. of cores|{auto}> Set number of cores
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-numafirst <numa number> Set first NUMA node to bind process to

-numasets <no. of sets> Set number of NUMA nodes to optimize
processor usage

-prefsdir <path> Path to preference directory

-recoverydir <path> Path to recovery directories

—tmpdir <path> Path to temporary directory

—-v, -version Show version information

Cluster options:

-f <path> Set path to hostfile
-mpd Use MPD instead of Hydra launcher in MPI
-mpi <{auto}|mpich2|intel| MPI library to use. path requires
wcc52003|whp02008\ environment variable COMSOL_MPI_PATH
user |path> to be set
-mpiarg <arg> MPI cluster-specific command arguments
-mpibootstrap <{ssh}|rsh| Set bootstrap server (for Hydra)
fork|slurm|
11|1sf|
sge\jmi>
-mpibootstrapexec <path> Set executable used by bootstrap server
-mpidebug <debug level> Set the MPI debug level
-mpienablex Enable X1ib forwarding

-mpifabrics fabricl:fabric2 Select network fabrics where
fabricl is one of <shm,dapl,tcp,tmi,ofa>
and fabric2 is one of <dapl,tcp,tmi,ofa>

-mpihosts <list of hosts> Comma separated list of hosts
-mpirmk <pbs> Select resource management kernel
-mpitranslationcache <{on}| Enable translation cache for RDMA
off>

-mpipath <file> MPI shared library file
-mpiroot <path> Set path to root of MPI library installation
-mpirsh <path to command> Set path to RSH or SSH command (for MPD)
-nn <no. of nodes> Number of nodes
-nnhost <no. of nodes> Number of nodes on each host
-scalapack <{auto} |mkl]| ScalaPACK library to use. path requires

user |path> environment variable COMSOL_SCALAPACK_PATH

to be set
—-scalapackpath <file> Set path to ScalaPACK library

Comsol options:

—-open <filename> The input file name

-edit <filename> The input file name to edit

-run <filename> The input file name to run
Example:

comsol -open <filename>

~tmpdir A 7Y 3 U{F& THEENT S & T. COMSOL Multiphysics V7 bz P IFIEET A LI MU ETURS YU I 7AIMRET 4L I MY EL
TERALET. Tl BRBZH covsor_tvepir ZFHATAHILEHTEET. COMSOL Multiphysics NIRIBIRE T 7 1 L ERINT 2T 4L MU %
EET BDICIE. -presdir FTrarvEFERALET.

2.1.1.2. GUIE{T

arshTHEH L 1=/ — kb EEXEREZ1T 5158 (& TEOFIBECTEECLEE L. &K, fnodedHHFTRELY £T. fnodellsHEFIHT 2
BE & SSHAFBETER WS, JILF/ —RTORITITEEEA.
av > kETH
BT/ — FE2BSREG T EIYSET/ —RELTOONOAE Y S TOMIEEEBELTEY ET.
EYSET/—FEavy RRITBICEVTWS/ —FTTOT. RN/ — FERETHCLETEE .
$qrshDET
$ qrsh -g [TSUBAMEZJL—ZF] -1 f_node=1 -1 h_rt=2:00:00

Thu Sep 21 08:17:19 JST 2017
r0i0n

> . /etc/profile.d/modules.sh
r0iOn0:~> module load comsol/53
r0iOn0:~> comsol
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EUntitled.mph - COMSOL Multiphysics @r6i7n5 . - - . C=RRC

File Edit Windows Options Tools Help

'S, New = 0

Model
Wizard

=

“mph
Blank
Model

’E‘ Help ’3’ Cancel (¥ Show on startup

1.03 GB | 261.6 GB

comsolR 2— k7 v JEE

GUITODRILF / — RETBEEITSIBEIRIUTOBIDO &K S ICKET 52 Z L CTHEARETT. LT DOFITIE GSICGROUP ICFR/E L TL % GSICUSER A

f_node 24/ — k. 3BFRFIA T 2155 DI Tr4i7n3, r6i3n5, r2i4n0 & & U r2i3n4 ANodeOM BIICEFNEFNTH A > SN TUWET. REDIRAIKFR

BIN—TEIBELTLEZ L.

GUIEIRITOIZBEIES 1 75 Y OBIEHL SH 5 =8 Run Applicationt¥gEIC & 25 ELFIBTELEEAD TeomputelZ & HETEERITES L.
loginl:~> qrsh -1 f_node=4,h_rt=3:: —g GSICGROUP

r4i7n3:~> . /etc/profile.d/modules.sh
r4i7n3:~> module load comsol/53a_u3

r4i7n3:~> comsol -mpibootstrap ssh -mpihosts ‘awk '{ print $1 }' $PE_HOSTFILE |xargs | sed -e 's/ /,/g'’ -nn ‘cat $PE_HOSTFILE we -1°
(r4i7n3:0)

(r6i3n5:1)

(r2i4n0:2)

(r2i3n4:3)

Node 0 is running on host: r4i7n3
Node 0 has address: r4i7n3

Node 1 is running on host: r6i3n5
Node 1 has address: r6i3n5

Node 2 is running on host: r2i4n0
Node 2 has address: r2i4n0

Node 3 is running on host: r2i3n4
Node 3 has address: r2i3n4

&/ — FTORITHER OB

LA [kaluminum_extrusion_fsi.mphZGUITEI{TL 7=l £ 78 Y £3 . Node0dDr4i7n3 Tmpiexec.hydra AEITE 4. comsolclusteriE / — R TEIT
SNTWBZENHERRTEET, topa~vy FETHHEEEARETT .

7#‘{93“TC$/ - F—C echo $HOSTNAME; date; ps aux | grep comsollauncher avy I\"éﬁﬁ'bfc.ﬁ%

r4i7n3
Tue Jul 17 14:43:38 JST 2018
GSICUSER 20394 0.0 0.0 17788 3136 pts/0 S+ 14:30 0:00 /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/ext/impi/glnxa64/bin64/mpiexec.hydra

-hosts r4i7n3 r6i3n5 r2i4n0 r2i3n4 -bootstrap ssh -print-rank-map —-env LD_PRELOAD /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/java/glnxa64/jre/
lib/amd64/1libjsig.so:/apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/ext/impi/glnxa64/1ib64/libmpi.so -n 4 -envall /apps/t3/slesl2sp2/isv/comsol/
comsol53a_u3/multiphysics/bin/glnxa64/comsollauncher --launcher.ini /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxaé4/comsolcluster.ini
GSICUSER 20402 1680 1.5 16195576 4127184 pts/0 S1 14:30 213:41 /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxa64/comsollauncher --
launcher.ini /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxa64/comsolcluster.ini

r6i3n5
Tue Jul 17 14:43:38 JST 2018
GSICUSER 15069 1744 1.3 11840084 3600304 2 S1 14:30 221:39 /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxa64/comsollauncher ——
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launcher.ini /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxa64/comsolcluster.ini

r2idn0

Tue Jul 17 14:43:38 JST 2018

GSICUSER 10435 1743 1.5 11868540 4152340 2 S1 14:30 221:35 /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxa64/comsollauncher --—
launcher.ini /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxa64/comsolcluster.ini

r2i3n4

Tue Jul 17 14:43:38 JST 2018

GSICUSER 22310 1742 1.5 12019600 3981912 2 S1 14:30 221:27 /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxaé4/comsollauncher ——
launcher.ini /apps/t3/slesl2sp2/isv/comsol/comsol53a_u3/multiphysics/bin/glnxa64/comsolcluster.ini

212. Ny F¥ a3 TR Y a2—5—UGEIC & BREIT
qsuba Y RIZK B /Ny FIRAMNETRETT .
$ gsub -g [TSUBAMESIL—TF] ROUT+2

AT otest.shx 5 U 7~ ZGSICGROUPIZA> TV DA —HHIFATHBERUTOLSBHIELY £F.
EEOIBARRBEANFBEL TVUD IL—TEIBEL T EE L.

$ gsub -g GSICGROUP test.sh

24 Y 7 Mjl(test.sh)
F T3 OFBICDOVWTIETSUBAMES.OFIFHDFS|EDYa TRI Y T &2 THERLES L.

#!/bin/bash

#$ —cwd

#$ -N COMSOL_test_job
#$ -e uge.err

#$ -o uge.out

#$ -1 f_node=2

#$ -1 h_rt=0:10:00

#$ -V

/etc/profile.d/modules.sh
module load comsol/53a_u3

export COMSOL_TMPDIR=$TMPDIR

comsol batch -mpibootstrap ssh -mpihosts ‘awk '{ print $1 }' $PE_HOSTFILE |xargs \ sed -e 's/ /,/g'" -nn ‘cat $PE_HOSTFILE wc -1° -—inputfile
inputfile.mph -outputfile outputfile.mph

A>Ty MCH > TY T 7 A Jbmicromixer_cluster_noc.mphZFI A L 7=15& ® B &' (uge.out)
r6i4n4 &£r2i0n1M2/ — K450 TEHENTT L TW 5.

(r6i4n4:0)
(r2i0nl:1)
Node 0 is running on host: ré6idn4
Node 0 has address: r6idn4
Node 1 is running on host: r2iOnl
Node 1 has address: r2iOnl
ek kR ok ko kKK kR kK ok kK Kk kK R R ok kK Kk Kk Kk
***COMSOL 5.3.1.275 progress output file***
ek ko kKK o ko kKK o Kk
Tue Jul 17 15:54:13 JST 2018
COMSOL Multiphysics 5.3a (Build: 275) starting in batch mode
Opening file: /gs/hsl/tga-hpe_group00/apptest/isv/comsol/comsol/batch/micromixer_cluster_noc.mph
Open time: 6 s.
Running: Study 1
Settings for Cluster Computing 2 are ignored in distributed mode.
<---- Compile Equations: Stationary in Study 1/Solution 1 (soll) —-—————————————-
Started at 17-Jul-2018 15:54:20.
Geometry shape order: Linear
Running in distributed mode using 2 nodes.
Running on 2 x Intel(R) Xeon(R) CPU E5-2680 v4 at 2.40 GHz.
Using 2 sockets with 28 cores in total on ré6i4n4.
Available memory: 257.59 GB.
Current Progress: 0 % - Free Tetrahedral 1
Memory: 1016/1016 10688/10688
Number of vertex elements: 188
Current Progress: 1 % - Adjusting boundary mesh
Memory: 1046/1046 10695/10695
Number of edge elements: 1974
Number of boundary elements: 13134

Current Progress: 1 % - Creating initial tetrahedra
Memory: 1047/1047 10696/10696

Current Progress: 1 % - Respecting boundaries
Memory: 1049/1049 10697/10697

Current Progress: 1 % - Inserting interior points
Memory: 1054/1054 10707/10707

Current Progress: 1 % - Improving element quality
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Memory: 1060/1060 10709/10709

Number of elements: 94439

Free meshing time: 1.58s

Minimum element quality: 0.1826
Current Progress: 1

Memory: 1065/1065 10714/10714

% - Finalizing mesh

<<<<< Node 1 <<<<<<<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

Number of vertex elements: 188
Number of edge elements: 1974

Number of boundary elements: 13134

Number of elements: 94439
Free meshing time: 1.66s
Minimum element quality: 0.1826

>>>>> Node 1 >>>>>>>>>>>>3>>>3>>35>3533535533535535535335335355355355355355>5>>>>

Current Progress: 1
Current Progress: 1
Memory: 1106/1106 10755/10755
Current Progress: 2
Memory: 1107/1107 10755/10755
Current Progress: 2
Memory: 1145/1145 10792/10792
Current Progress: 2
Memory: 1102/1150 10748/10797
Current Progress: 3

Memory: 1127/1150 10775/10797
Time: 16 s.

Physical memory: 1.15 GB
Virtual memory: 10.8 GB

Ended at 17-Jul-2018 15:54:36.

% - Boundary Layers 1

% - Inserting boundary layer elements

% - Inserting boundary layer elements

% - Smoothing transition to interior mesh

% - Compiling equations

% - Compiling equations

***** Compile Equations: Stationary in Study 1/Solution 1 (soll) ——————————————>

Current Progress: 3
Memory: 1717/1717 10919/10919

<---- Stationary Solver 1 in Study 1/Solution 1 (soll)

Started at 17-Jul-2018 15:54:38.

Current Progress: 5
Memory: 1813/1813 11014/11014
Nonlinear solver

% - Dependent Variables 1

% - Stationary Solver 1

Number of degrees of freedom solved for: 747194 (plus 1 internal DOFs) .

Current Progress: 5
Memory: 2119/2119 11227/11227
Current Progress: 5
Memory: 2666/2699 11227/11227
Current Progress: 5
Memory: 2674/2699 11227/11227
Current Progress: 5
Memory: 3276/3276 11772/11772
Current Progress: 5

Memory: 3666/5256 11644/13628
Nonsymmetric matrix found.
Scales for dependent variables:
Pressure (compl.p): 0.074
Velocity field (compl.u): 0.01
Current Progress: 5
Memory: 3968/5256 11947/13628

% - Assembling matrices

o

- Constraint handling

% - Assembling sparsity pattern

o

- Assembling matrices

% - Constraint handling

Orthonormal null-space function used.

Current Progress: 5
Memory: 3984/5256 11962/13628
Iter SolEst ResEst
Current Progress: 5
Memory: 10483/10761 19733/20011
Current Progress: 5
Memory: 10664/10761 21560/21560
Current Progress: 5
Memory: 10552/11580 19814/21650
1 26 1l.1let+l2 0.
Current Progress: 9
Memory: 10570/11580 19829/21650
Current Progress: 9
Memory: 9882/11580 19140/21650
Current Progress: 9
Memory: 11181/11580 21890/21890
Current Progress: 9
Memory: 10713/13485 20021/23523
Current Progress: 9
Memory: 10704/13485 19960/23523
Current Progress: 9
Memory: 10598/13485 19854/23523
Current Progress: 9
Memory: 10514/13485 19785/23523
Current Progress: 9
Memory: 10596/13485 20322/23523
Current Progress: 9
Memory: 10590/13485 19870/23523
Current Progress: 9
2 5.4 1.1le+05 0.

= Current Progress: 14
Memory: 10601/13485 19879/23523
- Current Progress: 14
Memory: 9913/13485 19190/23523

= Current Progress: 14
Memory: 11162/13485 21897/23523
- Current Progress: 14
Memory: 10892/13571 20164/23564
= Current Progress: 14

% - Matrix factorization

Damping Stepsize #Res #Jac #Sol LinErr LinRes
% - Solving linear system

% - Assembling matrices

% - Solving linear system

0100000 26 2 1 2 2.9e-13 1.4e-15
% - Solving linear system

Assembling sparsity pattern

o
|

% - Assembling matrices

% — Constraint handling

% - Matrix factorization

% - Solving linear system

% Assembling matrices
% — Constraint handling

% - Solving linear system
1000000 6 3 2 4 3e-13 1.4e-15
% — Solving linear system

% - Assembling sparsity pattern

% - Assembling matrices

% - Constraint handling
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Memory:

Memory:

Memory:

Memory :
. 3

vemozy:
—
vemozy
—
vemozy:
—
vemory:

Memory:

4

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

10821/13571 20092/23564
Current Progress: 14
10586/13571 19857/23564
Current Progress: 14
Current Progress: 14
11007/13571 21688/23564
Current Progress: 14
10592/13571 19864/23564
Current Progress: 14

0.051 8.7e+06 i

Current Progress: 44
10608/13571 19887/23564
Current Progress: 44
9920/13571 19199/23564
Current Progress: 44
11273/13571 22085/23564
Current Progress: 44
10718/13843 20048/23813
Current Progress: 44
10706/13843 19978/23813
Current Progress: 44
10596/13843 19868/23813
Current Progress: 44
Current Progress: 44
10786/13843 21683/23813
Current Progress: 44
10603/13843 19875/23813
Current Progress: 44

0.0026 2e+05 s

Current Progress: 48
10618/13843 19895/23813
Current Progress: 48
10058/13843 19335/23813
Current Progress: 48
10995/13843 20521/23813
Current Progress: 48
11004/14198 20278/24309
Current Progress: 48
10681/14198 19955/24309
Current Progress: 48
10598/14198 19873/24309
Current Progress: 48
10599/14198 19873/24309
Current Progress: 48
11004/14198 21702/24309
Current Progress: 48
10604/14198 19884/24309
Current Progress: 48

2.6e-06 1.9e+02 s

Current Progress: 50
10620/14198 19900/24309

% - Matrix factorization

- Solving linear system

o op

- Assembling matrices
% — Constraint handling
% - Solving linear system

0000000 0.62 4
% - Solving linear system

% - Assembling sparsity pattern

% - Assembling matrices

% - Constraint handling

% - Matrix factorization

o
|

Solving linear system
Assembling matrices

o
1

% - Constraint handling
% - Solving linear system
0000000 0.043 3
% - Solving linear system

o
|

% - Assembling matrices

% - Constraint handling

% - Matrix factorization

% - Solving linear system

% Assembling matrices

% - Constraint handling
% - Solving linear system
0000000 0.0036 6
% - Solving linear system

3

Assembling sparsity pattern

6

8

10

4.4e-13

7.7e-13

3.4e-13

2.7e-14

2e-14

9.7e-15

<<<<< Node 1 <<<<<<<<<L<L<LCLLLLLLLCLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

Nonlinea

r solver

Number of degrees of freedom solved for: 747194 (plus 1 internal DOFs) .

Nonsymme
Scales fi
Pressure
Velocity

tric matrix found.

or dependent variables:
(compl.p): 0.074
field (compl.u): 0.01

Orthonormal null-space function used.

Iter
1
2
3
4

3

SolEst ResEst
26 1l.let+l2 0.
5.4 1.le+05 0.
0.051 8.7e+06 1.
0.0026 2e+05 1.
2.6e-06 1.9e+02 1

Damping Stepsize #Res #Jac #Sol
0100000 26 2 1 2
1000000 6 3 2 4
0000000 0.62 4 3 6
0000000 0.043 5 4 8
.0000000 0.0036 6 5 10

LinErr
2.9e-13
3e-13
4.4e-13
7.7e-13
3.4e-13

LinRes
1.4e-15
1.4e-15
2.7e-14

2e-14
9.7e-15

>>>>> Node 1 >>>>>>>>>>>>3>>>3>>3>5335335355355355355353353553555553553>5535>>5>>>>

Solution
Physical
Virtual
Ended at

77777 Stationary Solver 1 in Study 1/Solution 1 (soll)
mpile Equations: Stationary 2 in Study 1/Solution 1

<---- Col
Started
Geometry
Memory :
Time: 1
Physical
Virtual
Ended at

77777 Compile Equations: Stationary 2 in Study 1/Solution 1

Memory :

<---- Stationary Solver 2 in Study 1/Solution 1 (soll)

Started
Memory :
Nonlinea

time: 243 s. (4 minutes,

memory: 14.2 GB
memory: 24.31 GB
17-Jul-2018 15:58:41.

at 17-Jul-2018 15:58:41.
shape order: Linear
Current Progress: 50
3387/14198 11350/24309
Current Progress: 52
Sio
memory: 3.39 GB
memory: 11.35 GB
17-Jul-2018 15:58:42.

Current Progress: 52
3409/14198 11418/24309

at 17-Jul-2018 15:58:44.
Current Progress: 55

3487/14198 11487/24309

r solver

3 seconds)

% - Compiling equations

% - Compiling equations

% - Dependent Variables 2

(soll)

(soll)

% - Stationary Solver 2

Number of degrees of freedom solved for: 238542 (plus 30978 internal DOFs) .

Memory :

Memory:

Current Progress: 55
3492/14198 12378/24309

Current Progress: 55
3431/14198 11418/24309

% - Assembling matrices

% - Constraint handling
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Memory:

Memory :

Current
3524/14198
Current
3466/14198

Progress: 55
11688/24309
Progress: 55
11452/24309

Nonsymmetric matrix found.

Scales for dependent variables:

Concentr

ation (compl.c): 27

% - Assembling matrices

5 -

Orthonormal null-space function used.

Memory:

Memory :
Iter

Memory:
5

Current
3493/14198
Current
3430/14198
SolEst
Current
4204/14198
Current
4257/14198
Current
4235/14198
0.66
Current
4241/14198
Current
Current
4248/14198
Current
4649/14198
Current
4326/14198
Current
4382/14198
Current
4279/14198
Current
4310/14198
Current
4393/14198
Current
4312/14198
0.63
Current
Current
4313/14198
Current
4498/14198
Current
4360/14198
Current
4423/14198
Current
4281/14198
Current
4312/14198
Current
4367/14198
Current
4313/14198
Current
0.054
- Current
4314/14198
— Current
— Current
4604/14198
— Current
4301/14198
— Current
4398/14198
— Current
4282/14198
— Current
4314/14198
— Current
4446/14198
— Current
4315/14198
— Current
0.041
Current
Current
4503/14198
Current
4368/14198
Current
4431/14198
Current
4283/14198
Current
4315/14198
Current
4389/14198
Current
4316/14198
0.024

Progress: 55
11481/24309
Progress: 55
11418/24309
ResEst
Progress: 55
12341/24309
Progress: 55
12430/24309
Progress: 55
12366/24309

2.2e+15 0.

Progress: 59
12366/24309
Progress: 59
Progress: 59
12373/24309
Progress: 59
13618/24309
Progress: 59
12451/24309
Progress: 59
12507/24309
Progress: 59
12404/24309
Progress: 59
12436/24309
Progress: 59
14164/24309
Progress: 59
12436/24309
2e+04 0.
Progress: 64

Progress: 64
12436/24309
Progress: 64
13422/24309
Progress: 64
12483/24309
Progress: 64
12546/24309
Progress: 64
12404/24309
Progress: 64
12436/24309
Progress: 64
14164/24309
Progress: 64
12436/24309
Progress: 64
7.4e+04 1.
Progress: 90

12436/24309
Progress: 90
Progress: 90
13446/24309
Progress: 90
12422/24309
Progress: 90
12520/24309
Progress: 90
12404/24309
Progress: 90
12436/24309
Progress: 90
14164/24309
Progress: 90
12436/24309
Progress: 90

3.6e+04 i

Progress: 81
Progress: 81
13182/24309
Progress: 81
12489/24309
Progress: 81
12552/24309
Progress: 81
12404/24309
Progress: 81
12436/24309
Progress: 81
14164/24309
Progress: 81
12436/24309

2e+04 i

% - Constraint handling

% - Matrix factorization

Damping Stepsize #Res #Jac #Sol LinErr LinRes

% - Solving linear system

% - Assembling matrices

% - Solving linear system

0100000 0.67 2 1 2 6G:.52=18 3.5e=15

% - Assembling matrices

o
1

Assembling sparsity pattern

% - Assembling matrices

% — Constraint handling

% - Matrix factorization

% - Solving linear system

% - Assembling matrices

% - Solving linear system

1000000 0.7 3 2 4 4.6e-13 3.7e-15

5 -

% - Assembling sparsity pattern

% Assembling matrices

% - Constraint handling

% - Matrix factorization

Solving linear system

o
1

% - Assembling matrices

% - Constraint handling

% — Solving linear system

0000000 36 4 3 6 4.6e-13 2.9e-15

5 -

% - Assembling sparsity pattern

o
|

Assembling matrices

o
|

Constraint handling

% - Matrix factorization

o
|

Solving linear system

% - Assembling matrices

o
|

Constraint handling

% - Solving linear system

%

% - Assembling matrices

% - Constraint handling

% — Matrix factorization

Solving linear system

o
1

% - Assembling matrices

o
1

Solving linear system

0000000 0.05 6 5 10 4.4e-13 4.3e-15

-10/41 -
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———————— Current
Memory: 4317/14198
77777777 Current
4330/14198
- Current
4795/14198
77777777 Current
Memory: 4367/14198
———————— Current
Memory: 4431/14198
77777777 Current
Memory: 4285/14198
———————— Current
Memory: 4317/14198
77777777 Current
Memory: 4448/14198
———————— Current
Memory: 4323/14198
77777777 Current
6 0.013

————————— Current
Memory: 4324/14198
777777777 Current

————————— Current
Memory: 4550/14198
777777777 Current
Memory: 4343/14198
————————— Current
Memory: 4406/14198
777777777 Current
Memory: 4292/14198
————————— Current
Memory: 4324/14198
777777777 Current
4399/14198
- Current
4325/14198
777777777 Current
7 0.0061
————————— Current

————————— Current
Memory: 4509/14198
777777777 Current
Memory: 4368/14198
————————— Current
Memory: 4431/14198
777777777 Current
Memory: 4324/14198
————————— Current
Memory: 4356/14198
777777777 Current
4433/14198
— Current
4356/14198
0.0033
- Current

— Current
Memory: 4528/14198
777777777 Current
Memory: 4342/14198
————————— Current
Memory: 4405/14198
777777777 Current
Memory: 4293/14198
————————— Current
Memory: 4325/14198
777777777 Current
Memory: 4491/14198
————————— Current
Memory: 4325/14198
777777777 Current

9 0.0021
— Current

— Current
Memory: 4533/14198
————————— Current
Memory: 4344/14198
777777777 Current
Memory: 4407/14198
————————— Current
Memory: 4293/14198
777777777 Current
Memory: 4325/14198

10 0.0015

————————— Current
777777777 Current
777777777 Current
Memory: 4621/14198
————————— Current
Memory: 4352/14198
777777777 Current
Memory: 4415/14198
————————— Current

Memory: 4293/14198

Progress: 87
12436/24309
Progress: 87
12500/24309
Progress: 87
13933/24309
Progress: 87
12487/24309
Progress: 87
12550/24309
Progress: 87
12404/24309
Progress: 87
12436/24309
Progress: 87
14172/24309
Progress: 87
12444/24309
Progress: 87

1.2e+04 i

Progress: 91
12444/24309
Progress: 91
Progress: 91
13391/24309
Progress: 91
12463/24309
Progress: 91
12525/24309
Progress: 91
12412/24309
Progress: 91
12444/24309
Progress: 91
14172/24309
Progress: 91
12444/24309

% - Assembling sparsity pattern
% - Assembling matrices

5 -

% - Constraint handling

% - Matrix factorization

% - Solving linear system

% - Assembling matrices

% - Constraint handling

% - Solving linear system
0000000 0.027 7 6 12 5.4e-13 3.5e-15
5 -

% - Assembling sparsity pattern
% - Assembling matrices

5 -

$ - Constraint handling

% - Matrix factorization

% - Solving linear system

% - Assembling matrices

Progress: 91 %

8.2e+03 b

Progress: 94
Progress: 94
13262/24309
Progress: 94
12488/24309
Progress: 94
12550/24309
Progress: 94
12443/24309
Progress: 94
12475/24309
Progress: 94
14203/24309
Progress: 94
12475/24309

5.6e+03 b

Progress: 95
Progress: 95
14130/24309
Progress: 95
12461/24309
Progress: 95
12524/24309
Progress: 95
12412/24309
Progress: 95
12444/24309
Progress: 95
14172/24309
Progress: 95
12444/24309
Progress: 95
3.9e+03 1.
Progress: 96
Progress: 96
14212/24309
Progress: 96
12463/24309
Progress: 96
12525/24309
Progress: 96
12412/24309
Progress: 96
12444/24309
2.8e+03 1.
Progress: 97
Progress: 97
Progress: 97
14119/24309
Progress: 97
12471/24309
Progress: 97
12534/24309
Progress: 97
12412/24309

0000000 0.014 8 7 14 6.le=13 2.7e-15

o op

0000000 0.0063 9 8 16/ 5.3e=13 2.2e-15

o op

0000000 0.0033 10 9 18 6.2e-13 2.2e-15

% - Constraint handling

% - Matrix factorization

% - Solving linear system

0000000 0.0021 11 10 20 5.2e-13 2.le-15

Constraint handling

Solving linear system

Assembling matrices

Constraint handling

Matrix factorization

Solving linear system

Assembling matrices

Solving linear system

Assembling matrices

Constraint handling

Matrix factorization

Solving linear system

Assembling matrices

Constraint handling

Solving linear system

Assembling matrices

% - Assembling matrices

%
%

o

Assembling matrices

Constraint handling

Matrix factorization
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—— Current

4325/14198

—-— Current

4469/14198

— Current

4325/14198
0.0011

-— Current

4333/14198

—— Current

4612/14198
- Current
4386/14198

—— Current

4449/14198

-— Current

4301/14198

—— Current

4333/14198

-— Current

4378/14198

—— Current

4333/14198
0.00062

——— Current

Progress: 97
12444/24309
Progress: 97
14172/24309
Progress: 97
12444/24309

2.1e+03) 1.

Progress: 99
12452/24309
Progress: 99
14288/24309
Progress: 99
12505/24309
Progress: 99
12568/24309
Progress: 99
12420/24309
Progress: 99
12452/24309
Progress: 99
14180/24309
Progress: 99
12452/24309

1.6e+03 1.

Progress: 100

% - Solving linear system

% - Assembling matrices

% - Solving linear system

0000000 0.0014 12

s -

% - Assembling matrices

% - Constraint handling

% - Matrix factorization

% - Solving linear system

% - Assembling matrices

% - Solving linear system

0000000 0.00083 13

5 -

11

12

22

24

4.

5e=13

Te=13

2

.le=15

2e-15

<<<<< Node 1 <<<<<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKL
Nonlinear solver
Number of degrees of freedom solved for: 238542 (plus 30978 internal DOFs) .
Nonsymmetric matrix found.

Scales for dependent variables:

Concentration

(compl.c): 27

Orthonormal null-space function used.

Iter
1

® 9w s WwN

9
10
11
12

SolEst
0.66
0.63

0.054
0.041
0.024
0.013

.0061

.0033

.0021

.0015

0011

0.00062

o o o o o

ResEst
2.2e+l5

2e+04
.4et04
6e+04
2e+04
1.2e+04
8.2e+03
5.6e+03
3.9e+03
2
2

w

.8e+03
.1le+03
1.6e+03

p

PR PR BB R R P OO

Damping Stepsize #Res #Jac #Sol
.0100000 0.67 2 1 2
1000000 0.7 3 2 4
.0000000 36 4 3 6
.0000000 0.073 3 4 8
.0000000 0.05 6 5 10
0000000 0.027 7 6 12
.0000000 0.014 8 7 14
.0000000 0.0063 9 8 16
.0000000 0.0033 10 9 18
0000000 0.0021 11 10 20
.0000000 0.0014 12 11 22
.0000000 0.00083 13 12 24

4.

LinErr
6.5e-13
4.6e-13
4.6e-13
4.4e-13
4.4e-13
5.
6
5
6
5

4e-13

.le-13
- J2=i3
.2e-13
o 2E=18

5e-13
Te=13

DNONDNN WS RN W W

LinRes
5e—15
7e-15
9e-15
=15
3e-15
5e-15
7e-15
2e=1.5
2e-15
le-15
le-15
2e=1.5

>>>>> Node 1 >>>>>>>>3>533>333533353533353355353353555353355355555555555555555555>
Solution time: 178
Physical memory: 4

Virtual memory: 14
Ended at 17-Jul-2018 16:01:42.

Run time: 443 s.

Saving model:

Save time: 1 s.
Total time: 450 s.

Memory:

21.3. 5 A &> R{ER

——— Current

3660/14198

s. (2 minutes,
.8 GB
.29 GB

Stationary Solver 2 in Study 1/Solution 1 (soll)

Progress: 100
11634/24309

58 seconds)

% - Done

RIS DFERE

SA Y RECFBRRICOVWTETREEa~Y > RTHEL T EE L.

$ lmutil lmstat -S LMCOMSOL -c 27009@lice0:27009Q@remote:27009@t31dapl

214 FAHFEEREY 2 —IL—8&

FIFATTEE A comsol E ¥ 2 — )L DIEERIC [X. Options->licensed and Used Products % CHERE T & LV

/gs/hsl/tga-hpe_group00/apptest/isv/comsol/comsol/batch/micromixer_cluster_noc5.mph

-12/41 -

COMSOL MultiphysicsF]FHNDF5|EF

2023-12-29



COMSOL Multiphysics®|FHDFF| &

Licensed and Used Products in Session @login0

License number: 5082933

Clear a check box to block your use of a product.

Grayed out product is used in the current session.

O Keep checked out licenses when creating or opening an application.

v

‘¥ AC/DC Module

'+ CFD Module

‘¥ Heat Transfer Module

‘¥ Plasma Module

‘v RF Module

@ Structural Mechanics Module
‘¥ Wave Optics Module

' CAD Import Module

Other products

Acoustics Module

Battery Design Module
Chemical Reaction Engineering Module
Composite Materials Module
Corrosion Module
Electrochemistry Module
Electrodeposition Module
Fatigue Module

Fuel Cell & Electrolyzer Module
Geomechanics Module

Liquid & Gas Properties Module
MEMS Module

Metal Processing Module
Microfluidics Module

Mixer Module

Molecular Flow Module
Multibody Dynamics Module
Nonlinear Structural Materials Module
Optimization Module
Particle Tracing Module
Pipe Flow Module

Polymer Flow Module
Porous Media Flow Module
Ray Optics Module
Rotordynamics Module
Semiconductor Module
Subsurface Flow Module
Design Module

ECAD Import Module

File Import for CATIA® V5

Select All ‘ ‘ Deselect All
LiveLink™ for AutoCAD®
LiveLink™ for Excel®

LiveLink™ for Inventor®

LiveLink™ for MATLAB®

LiveLink™ for PTC® Creo® Parametric™
LiveLink™ for PTC® Pro/ENGINEER®
LiveLink™ for Revit®

LiveLink™ for SOLIDWORKS®

LiveLink™ for Simulink®

LiveLink™ for Solid Edge®

COMSOL Compiler

Material Library

Product Information H Borrow...
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3. COMSOL DesktopDfER F &

3.1. COMSOL Desktop D FE

COMSOL Desktop[£COMSOL Multiphysics DIFEGUIIRIET T, EFILELLET TU S —2 a3y ELLDOIY B A HIHERFRTEET. FUeT &S
ICIRSNTEY. EFLELAREMNR ZEESOMBREONFETIERTET IHEEE S HIBMEV > MO TY. YEETYYI ¥
Tab—Yarv. ZLT7 AV —2a vt ORBRENMEDL > TE Y. EFILAICENRTVA Y E— Tz —REEBRTIEOICHVER
Y—LBABHYET. TRIMY TR 2—FEFNPhOZ—XICEDETHRAEAIAXTE. D4V MUK YA XEE. BEL FvF> 1]
YBELDRIEET S . LATIMEEET DL, £y Y a v ORTHICRESN. XELMEEFIATEET. EFILEEBRET IECE. S5ICEM
DI4YRIET4Tzy MARRENET. VaTORABEIHY TTH. S REPDRN=H. —NF—FEVFF Iy bShhTH
DI 3 8

3.2. TSUBAME3_E T M COMSOL Desktop D #2&f]
Tiga~>y RTTSUBAME3ICA S 4> LTL &L,

$ ssh login.t3.gsic.titech.ac.jp -1 USER-ID -i I 7-JL -vC

avy bR
5T IX2FFRHER T, BIYET/ — FELTIOONOAEIY HTHNIBEZRELTEY ET.
YT/ —FEaxy FRITHBICZEZVWTWVS / —RFTIODOT. ATHIC/ —FZEETHLIFTEEEA.
#qrshME(T
$ grsh -g [TSUBAMESJL—F] -1 f_node=1 -1 h_rt=2:00:00
Thu Sep 21 08:17:19 JST 2017
r0iOn0:~> . /etc/profile.d/modules.sh

r0i0n0:~> module load <BmHRAHLVWFTFUT—I3V>
r0i0n0:~> <ETLEVWFFUT—I 3 VDETIVIYR>

BIZIE. COMSOL53%F|AT215EIF UTDLIICEY a2 —ILT 7 1 ILEFGFHAFH. COMSOL DesktopEICEIL £7 -

r0i0n0:~> module load comsol/53

r0iOn0:~> comsol
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Untitled.mph - COMSOL Multiphysics (loginO) - o x

File Edit Windows Options Tools Help

N\, New = B8

.mph
Model
Wizard
“mph
Blank
Model

Help ? Cancel (¥ Show on startup

comsolR 2— b7 v JEE

tiED R4 — b7 v JE@EIEShow on StartupDF = v I EA TICT B ETHRRICTHCENTEET.
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Untitled.mph - COMSOL Multiphysics (loginO) - o x
File Edit Windows Options Tools Help
e H ¢ © 1 vE & v P a vfw v @ @B~ Select Physics Interface v
= Definitions YA Geometry % Physics 4 Mesh ~&Study [E] Results || =5 == ey B A = OB~
IT Model = B || b Graphics = g &
- e B (F
em 1yl -~ (|@a@2@E Lok @eeeBER B@RYE ~sEEE>° -
Untitled.mph (root) o
~ (3 Global Definitions
:i2 Materials
» (& Results k
z
y\L’X
4 Messages 2 mProgress}Log} = 0
b
COMSOL Multiphysics 5.3.0.260 [
954 MB | 8627 MB

COMSOL DesktopiE|HE

AL TUWBXIRIBICE > TRIS—ARETHIBENHYET. TOBFELUTITY FERTL. AV TERRSE REBCEhELA TV 3

o=

VEEEL. RITLTLCRES L.

$ comsol -h

3.3. COMSOL Desktop® & z5tHA

COMSOL Desktop[FIAT D & S BIEHODBERTHEMEINTEY Y. ABEETREHZFEBICOWTOHRBEITVWET.
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@l Untitled.mph - COMSOL Multiphysics (loginO) o
File Edit Windows Options Tools Help

[@ BreHd oc & BB|E-= &~ &

= vy v @M@ ca v Select Physics Interface v
[3]
L=
= Definitions YA Geometry |2 Materials| %2 Physics A Mesh ~& Study [E] Results iy s Zsmey A = OH -~
|7 Model B = B || Settings = g dGraphicsl ®| = g

El_' SN e Global Definitions a a Q@ & Low vz I . ® 6B R .

v~ < Untitled.mph (root) e
Global Definitions

» {& Results
k
z
y\T/'X
B4 Messages 8%\ = Progressl Log} = 8
: B
[— ] COMSOL Multiphysics 5.3.0.260 (]

115GB|11.12GB

COMSOL DesktopiEIE

COMSOL Desktopi& E D 1#EEHEE
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HRES

1

2

331 A A=Za—

E2xan
AL AZa—

JAVYIT7IERY—IL
IN—

W —)LIN—
(WindowsIZ &Y 7R>)

EFIELE—Y—IL
N—

EFILYY —
BMEV4Y D
TS5T49 IR 4R
MY —JLIN—
T349I RI 4R

>

BwI 1> kY

COMSOL Multiphysics®|FHDFF| &

7E
SRR EIRMELF T

ChbOREVE 77 AVERC/RE BYBEL/APYEBEL. 3 E—/BEYMTH. Bl
R EOMEEEFUH T L ICERALET.

ETVYITORROAT Yy TEFIHTHREAE RO TEIV IR MHYET

EFAYVY—ANTHETZY—LERHELET. 4 52HDETEFTLELZLELL
7.

ETFLYY—ICRETILOBEOM. ETFILOBELKE. FERUBCHERHEELIR
fERNRENET.

EFTILYVY—DFEEDN/—REI VY ITRE ETFIELLZDEICZD ) — FEED
BEV 1Y RONRREINET.

53749094 FORTHRATZY—ILERBLET

TSTA4VvIRIA Y RIOTIE VFARY /=R Avda/—k HR
J—ROWEERIRT ST 4 v I ARKREINET. BRIECIE. EEG. />0 X—
Ay BIRAHY ET.

1BERD 1 > ROICIE SKEERFRE. KEBOEBIKR. A v > affst. viL/—odofh.
IBEICE2 Tk HERTF—TIURE. YZalL—2arvBICARAXRRETIVERNIRTR
ThE7d.

AV A= a— FFHASHEEE IR T 2D T I ARSI M TT . HEOBELCOVWTIETEENEY TT.

ER
File

Edit
Window
Option
Tools

Help

File Edit Windows

1HaE

Options Tools Help
A AZa—

ALY A= a—DIEE

TRTOFPTUr—2a v BLEEFVICET ST 2 2 3> (COMSOL DesktopDIE T b2 ENET)

PV =2 arvBEUETILOEEICEETS7Ivar.

ZIEMEET 4 Y RIDT I ARSIV be LATY REBECOVWTHEENET,

S 4 > 2§ & UACOMSOL Desktop DR E

Y —I)LI\—DRR/IERT

AT F—R—Fra—bhy b Fa—bIPILEREADTIER. TIZHLYR—IANDTIEANEGENTL

£Y.

o

velp ZRAC XTS5 VYN UBLRYET.

YETJ.

E‘I'E/ - hf Help ’E%E?{Tétz&)!c & comsol 0)GU|E§}]§I‘“: module load firefox Ei?i?é%‘gﬁ{@

- 18/41 -



COMSOL MultiphysicsF]HDFF | &

332. 04y I T ERY—I)LIN—

T—JAR—R[FYHY FREDBEDFBERZ Y NN IJBEOIUREBERLE LW Tef KREDFIBEETRIET 5T .
O & H ©¢ T @B &
JAvITIEBRY—I)LIN—

3.3.3. Y —JLIN—

_ B~ &~ Pk = v v @B % v i v

= .= Materials = [E] Results R I B X A t B~

Y —)LIN—

ETIVVITAERORAT Yy TEAFIHTIRE bRy TEIV YR MERBLET.

3.3.4. EFTIELA
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T Model Buildx

- - 1t | & =t

! Ei

v <& thermal_actuator_jh_distributed.mph (root)

» &) Global Definitions
v |m Thermal Actuator (compl)
» = Definitions
A Geometry 1
:z: Materials

@ Heat Transfer in Solids (ht)
<5 Multiphysics
» A Meshl

y
v
» x_Electric Currents (ec)
v
v

A

v ~& Study 1
% Cluster Computing
:i2  Parametric Sweep
|[= Step 1: Stationary
» . Solver Configurations
» &, Job Configurations

EFILELS
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