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Solvers and Phy: I
Modelling OpenFOAM includes a set of boundary conditions for communicating between OpenFOAM and external codes using file-based
. data transfer. I ious versions the control between OpenFOAM and the external code was performed inside the boundary
Solution Control
uuuuuuuu
Numerics
Parallel In this vel d to a special function object, externalCoupled, which controls the coupling of all
regions control between OpenFOAM and the external code employs a lock file whereby the existence of
Post-processin 9 the lock fik i ead or write the boundary values.
Documentation
The default fi is currently hard-coded to be a text based format with one line per boundary face, but this can be overridden
inside the bor
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F 11—k 77)L externalCoupledMultiRegionHeater MFE
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OpenFOAM.lock
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Co-simulation DTZHDEEREHE
externalCoupledMultiRegionHeater MEFJUIZ.

$FOAM_TUTORIALS/heatTransfer/chtMultiRegionFoam/multiRegionHeater
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» system/controlDict
« system/topAir/changeDictionaryDict ([ ERENKEIL T 7 1)
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system/controlDict — function object externalCoupled M

| I
| ¥¥ / Field | OpenFOAM: The Open Source CFD Toolbox |

| ¥¥ / O peration | Version: v1606+ |
| ¥¥ / And | Web:  www.OpenFOAM.com |
| ¥¥/ Manipulation | |
VK
FoamFile
{

version  2.0;

format  ascii;

class dictionary;

location "system";

object  controlDict;

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

// Library defines new boundary conditions

libs ("libOpenFOAM.so" "libjobControl.s0");
application  chtMultiRegionFoam;

startFrom startTime;

startTime 0;

stopAt endTime;

endTime 1;

deltaT 0.001;

writeControl adjustableRunTime;

writelnterval 0.1;

purgeWrite  O;
writeFormat  ascii;
writePrecision 8;
writeCompression off;
timeFormat  general;
timePrecision 6;
runTimeModifiable yes;

maxCo 0.6;
// Maximum diffusion number
maxDi 10.0;

adjustTimeStep yes;

B —

a3 AE

functions

{

externalCoupled

functionObjectLibs ("libjobControl.so");

type externalCoupled;

// Directory to use for communication
commsDir "${FOAM_CASE}/comms";

// Does external process start first
initByExternal true;

// Additional output
log true;

regions

// Region name (wildcards allowed)
"(topAir|heater)"
{

// Patch or patchGroup
coupleGroup

// Fields to output in commsDir
writeFields (T);
// Fields to read from commsDir
readFields (T);

// Where to load it from (if not already in solver)

function object M
externalCoupledM X E
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// In topAir adjust the minX patch (fixedValue)

coupleGroup

& UL\D patchGroup T
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system/topAir/changeDictionaryDict (—&B53)

/* ________________________________ * o C4 4 - F -
*¥
| ¥¥ / Field | OpenFOAM: The Open Source CFD Toolbox |

| ¥¥ / O peration | Version: v1606+ |
| ¥¥ / And | Web:  www.OpenFOAM.com |
| ¥¥/ Manipulation | |
VK e
*/
FoamFile
{
version  2.0;
format  ascii;
class dictionary;
object  changeDictionaryDict;
¥

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

dictionaryReplacement

boundary tOpAII’@A D E_I#é
{ coupleGroup [CAND
minX
{
inGroups (coupleGroup);
}
}
U
{

internalField uniform (0.1 0 0);

system/bottomWater/changeDictionaryDict(—#E43)

| |
| ¥¥  / Field | OpenFOAM: The Open Source CFD Toolbox |

| ¥¥ / Operation | Version: v1606+ |
| ¥¥ / And | Web:  www.OpenFOAM.com |
| ¥¥/ Manipulation | |
Y
*/
FoamFile
{
version 2.0;
format  ascii;
class dictionary;
object  changeDictionaryDict;

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

dictionaryReplacement

boundary Heater@Eﬁ’{:
{ coupleGroup [CAND
minY
{
type patch;
inGroups (coupleGroup);
}
minZ
{
type patch;
maxZ/
{
type patch;




Allrun.pre

@ runApplication blockMesh
@ runApplication topoSet
@ runApplication splitMeshRegions —cellZones —overwrite
@ EfAElE (heater, leftSolid, rightSolid) T

0/%Bi5 &M nut, alphat, epsilon, k, U, p_rgh &HEY 3,
® ECOHEBRT

changeDictionary -region TEIZ#

=179 B,

® run Application createExternalCoupledPatchGeometry
—-regions '(topAir heater)' coupleGroup

@ paraFoam -touchAll

\
comms/heater_topAir/coupleGroup [C patchFaces & patchPoints BEBR I N B,
Allrun OV ILNN—E1TEED (22070 v S DIES)

@ runApplication $(getApplication) &
@ runApplication ./externalSolver
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externalSolver | comms I chtMultiRegionFoam
externalSolver DEME
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outZ FdHAL

T.inz5NI3S

OpenFOAM.lockE £/ 9 3
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OpenFOAM.lock R
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TinEHFHAL
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ToutzH /193
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OpenFOAM.lock R
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comms/heater_topAir/coupleGroup

HHF—5
T.out

531 47556.842
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331
331
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2194.0633
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T.in

52801
52801
52801
52801
52801
52801
52801
52801
32801
32801
32801
32801
32801
32801
32801
32801
32801

comms/heater_topAir/coupleGroup/patchFaces (—&B43)

48
T.out (31 ASLBSEE. 2775 L(E A (
4(01 2.3)
T.in DRITORA(. 4(3245)
(B. Dfg. (EEQAEROES 41672)
heater EEIDRE 817 (TMIIUTESRE, TARDITE
constant/heater/polyMesh/boundary (—&843)
minY
{
type patch;
inGroups ( coupleGroup)
nFaces 8;
startFace 156;

}

topAir ADOEDEE 4017 TR T =28,
constant/topAir/polyMesh/boundary (—&843)

minX

{
type patch;
nFaces 40;
startFace 3440;
inGroup

( coupleGroup );
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FMU%Z {5 fzCo-Simulation> X L DFIE

FMU SDKEXRBE L T Python®MThreadingTCPServer OpenFOAM
BiEMEEEREE3, EERAUTERT S,
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W—IJLD FMU : . <:> YW—IJLD I
— l H—/\— A :
:ET“J TCP/|P : :ET“J I
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'ﬂfﬁi L/cE T fmuchick (https://github.com/finback-at/fmuchick )

FMUZ 2 XL —% (Python) —doc FMUY T XL —5
« FMUOY—XI—F (28, EXVEE0 | fmuchick.py

BHREaT) &HN9 3, | —binaries
« XML 71 ILEERKT Do || F—win3?
- NwFIr71)bE{ERLTCIV/ITILL. ZIP | |  L—winb4

LEFS, |  F—documentation

|  F—resources -

FMUDY—XJ—R (RER) (CSEE }_ﬁsju"ces QY —x3I=F
. MUY —\—EBEETS DS 7V e FMUS —/3—
« FMU SDKG)EO—SimuIation%GD‘J—ZZI— = F—server «—m fmuserver.py

ZoiE UEEREE T E B, o OMTestHode

Yl esSTyoqas — g

FMUL—/3 (Python) —Testhode| g AnHT T

I;Mlgéliﬁijosgggtdiljtxb JVY— )bz F;E%EEJ:OTZFL?F

‘o Windows 10

* PythonDZEESAIJSUEMEAL. VILFT

Sy — L EEEY.  Visual Studio 2012

« Python 2.7.11 (32bit)
« wxPython 3.0



F M U 0)1/E}ﬁ generator¥fmuchick.py (C K BFMUDVERK

[l FMU CS Generator

Fa—kY I
externalCoupledMultiRegionHeater e i
&EAR—2& L TOpenFOAMEBIET 5 Mocel e LMl

Description OpenFOAM Model

FOAMTestModel.fmu Z{EB 9 B,

TFIL3A

« FOAMTestModel : :
—_—
A 73 g ﬁy I_:\:a:\ei:: Tavr_topAir

« T_heaterIn : heater EEIDEE —

« T_topAirin : topAir ADOMEE

HIIEH
« Tavr_topAir : topAirDFEITRE :
IP Address:

6f1165c0-5be6-41ab a988-bda4925d6ec5}
- - - 192.168.3.13
=3l —Y 3V
Start Time Os

Stop Time 10's

Communication Step 0.1 s

IP Address Yih— BB (FLinuxY I VI ICEDNDECTEEBEHEIT S,



Xcos [CKBDFMUDSFTHIAH &S X T LETT IVLIERK

E FOAMTestModel (C:¥Users¥amane¥Dropbox¥work¥fmuchick¥FOAMTestModel.zcos) - Xcos

T4 BE =7 yiab-v3v FH Y- z0fE

CEe|ER 2 W e >@ CE | #@

Heater EENEE

Communication Step

@‘/ topAirERE
| .

T_heaterln ' / A
CS__FOAMTestMode Tavr_topAir -
T_topAirin ‘ /

\_ Y,

topAir ALTRE

.

MUX

OpenFOAMMET U
hJOvD

Functional Mock-up Interfaces>FMI 1.0>FMlInterface
A0UwvwHoLTTIOYYINSX—S5T FOAMTestModel.fmu & SRHAL,
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J=ZaL—TY3V>HTE {E2E>CLOCK ¢

tH731/%k 3 >CSCOPE

= ScilabBEIEVIIAR

5 {SA-5-RFE

IR THRE

« ScilabBEEVYIIA

B oclooks Jowarsy| Communication Step

FSEAT -
{E5R>CONST WERAHSHE [ eomsmrese | 0.1s B Set Scope parameters
=TI B TEHEE , . . > Golor (>0) or mark (<0) vector (8 entries) 13579 1113 15
- THEAEISRE DR OIS SIS LG _ _
% ScilabZEF{EVIIAN X Sk 1.0E-10 ] ] Qutput window number (-1 for automatic) -1
BATE SRS 100001E05 f&ibe 0.1 Start Ti Output window position 0
B Set Contant Block VI -OHERR Sundials/CVODE - BDF - NEWTON v aERikesrs [0 ¢ ar Ime Outout windon <i :[suu-wu] :
ATyFRANE (0: HFREL) [o0E00 ‘ ’ O S utput window sizes :
Constant | 500 | | UTEANEE . . Ymin 280
ook mebn || Tk | : d Ymax 290
: ¥e ol Refresh period 10
Buffer size 20
= 3 5
1E| E)JE >G E N S I N_f fccept herited events 0/1 0

Name of Scope (label&Id)

+ ScilabBEFIEY7IAK

)

B GENSINf JOvhN5A-RESRE
R Y P \ tH/3/% 3 >CSCOPE

g 10 . ‘
wmrs i | XV -
Sl REEl \rads/s » | )

2 B Set Scope parameters
{1158 (rad) 0 , ‘
: 500 Color (>0) or mark (<0) vector (8 entries) 13579111315
. 9 0 rgre) . ’ Qutput window number (-1 for automatic) -1 '
wo17) -
L - W L T_heaterin F Qutput window position ‘l]
— o VvV ) CS__FOAMTestModel Tavr_topAir -7 Output window sizes '[600:400]
= ~ o | -
(E3R>CONST 200 3 = | — ) i 0
. / I
. . — - - Ymax 550
4 Scilab#BE#IEVTIAR X .j ‘/ Refresh period it
resh perio ‘
B Set Contant Block / ) Buffer size 20
[ ] / MUX fccept herited events 0/1 0
Constant 300 F :
- Name of Scope (label&Id)
Fel A2 L ¥t |16




Open FOAM {/E\IJ @E{’%(q ) writeControl adjustableRunTime;

system/controlDict writelnterval 01;| ] =3 " —3yg U X5wv S
F e * o C X oo purgeWrite  0O;
*¥
—======== | | writeFormat aSCii,'
| ¥¥  / Field | OpenFOAM: The Open Source CFD Toolbox | . o
| ¥¥ / Operation | Version: v1606+ | writePrecision 8;
| ¥¥ / And | Web:  www.OpenFOAM.com | . . “
| ¥¥/ Manipulation | | writeCompression off; AODFRMNEE
N o o
*/ timeFormat  general; é_;h,t (,\572_(?5
FoamFile — —
{ timePrecision 6; D—= \/%14:7‘3\ D
version  2.0; \ \— Z 7 u
format ascii; runTimeModifiable yes, J}IJ/ \ Z 7 ‘J j(g
class dictionary; fﬁ"] 003$9(L__7‘3:3-C(/\5o
location "system"; maxCo 0.6; " — —
object  controlDict; . - ZU\ZUL\3 R 5w FIC1[E
// Maximum diffusion number = —
72EEEREEREEEREEEEEEEEEEEEEEEEEEEEEEEEE SN maxDi 10.0; —_— /\1@3_50
// Library defines new boundary conditions adjustTimeStep on;
libs ("libOpenFOAM.so" "libjobControl.so" .
"libfieldFunctionObjects.so" "libFVFunctionObjects.so"); functions
application  chtMultiRegionFoam; volAvgT
{ function object MBI
startFrom startTime; type C@”SOL'JAI’CG,'
region "topAir"; ) <
startTime  0; X5 — ~EEE ﬂe||dSO(T); o tOpAII’O)qzil_jh%E
valueOutput false; ==
stopAt endTime; j’ source all; A D ||:|:|I 7:, )] S AE
W = operation volAverage;
endTime 10.0; Z l\ > H%FIEﬁ outputControl timeStep;
outputinterval 1;
deltaT 0.01; }




system/controlDict (i &)

externalCoupled

{

// Where to load it from (if not already in solver)
functionObjectLibs ("libjobControl.so");

type externalCoupled;

// Directory to use for communication
commsDir "${FOAM_CASE}/comms";

// Does external process start first
initByExternal true;

// Additional output
log true;

regions

{
// Region name (wildcards allowed)
"(topAir|heater)"
{

// In topAir adjust the minX patch (fixedValue)

|
HAZEOMBEDTZHD function object DEZTHIFTUTD

UV OoREe&E(CE D,

I
PENGUINITIS — function objects
http://www.geocities.|p/pengquinitis2002/study/OpenFO

AM/function objects.html

|
OpenFOAM M Function Object #REIC DL\ T

http://www.slideshare.net/fumiyanozaki96/openfoam-

function-object

// Patch or patchGroup

EoupIeGroup heaterrgﬁ
// Fields to output in commsDir tOpAI I’AD
writeFields (T); N=| ==
// Fields to read from commsDir _OD’MEOD = fz_—F H:Il L -
readFields (T); Eﬁ&ﬁ&@%&“ﬁ

(Fa—rkUZILDOFEF)

// kkhkkhkkkhkhkkkhkkhkhkkhkkhkhkhkkhhkhkkhkhkhkhkhhkhkkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkkhkhhkhkhkhkhkhhkhhkhkhhkhkhkhkhhkhhkhkhkhhkhhkhkikkx // 1 8




OpenFOAM B EEiiF(2 Co-simulationT(&. Allrun.pre ZL{TUZ#%&IC.
P { J E{E( ) FMUY —/\—(fmuserver.py) 115 E(F3,

ZOHIICFMUY =N —h\SBEIINS XD U T ~DIERA®
FMUS —/N\—DARIVA X &EITD,

Run - OpenFOAMEEFIRHAX O Y 7 ~

I/bin/sh
. $HOME/OpenFOAM/OpenFOAM-
v1606+/etc/bashrc

# Source tutorial run functions
. $WM_PROJECT_DIR/bin/tools/RunFunctions

rm -rf comms/OpenFOAM.lock

rm -rf postProcessing

rm -rf processor® DD EER AR
foamListTimes -rm -noZero HO5 T 7 L. Clw
rm -rf log.decomposePar y

rm -rf log.reconstructPar g; 7 IV EERE

#-- Run on single processor

#runApplication $(getApplication) &

# Simulated external solver

#runApplication ./externalSolver

# Decompose

runApplication decomposePar -allRegions OpenFOAM®
WHEED

# Run OpenFOAM F%a

runParallel $(getApplication)

Post — WISt EEVIBRAXOY T~

l/bin/sh
. $HOME/OpenFOAM/OpenFOAM-
v1606+/etc/bashrc

# Source tutorial run functions
. $WM_PROJECT_DIR/bin/tools/RunFunctions

# Reconstruct
runApplication reconstructPar -allRegions

VIS~




FMU*j_/\{_@ffﬁﬁ OpenFOAMZER{ET B KL D ICFMUY —/1\— (fmuserver.py) ZiRET D

def toollnitialize(self): def doSolverStep(self):
self.proc = subprocess.Popen('./Run’, shell=True) grad0 =0
time.sleep(10) _ ratio0 = 1 heater EEIEE. topAir ALIRE
print "pid = "+str(self.proc.pid) | #IHb grad1 =0 DANT—5 T 71 JLERK
self.stime = 0.0 (OpenFOAM®DitcEN) ratiol =1
RunM3EfT f = open("comms/heater_topAir/coupleGroup/T.in","w")
def toolDoStep(self): for i in range(0,8):
t = self.ctime + self.cstep O=a1=-h—I3vRFwvF | fwrite(str(self.inputValue[0])+" "+str(grad0)+" "+str(ratio0)+"¥n")
print str(self.stime)+" "+str(t) DI=1L—2 3= for i in range(8,48):
while self.stime < t: f.write(str(self.inputValue[1])+" "+str(grad1)+" "+str(ratio1)+"¥n")

self.doSolverStep()

print "t = "+str(self.ctime) + " dt = "+str(self.cstep) f.close() :
# generate lock file 0w 551 LR
def toolTerminate(self): f = open("comms/OpenFOAM.lock","w" L CHm< 7&5?"@'#9
subprocess.check_call('./Post’, shell=True) f.close() f
if not (self.proc is None): while (os.path.isfile("comms/OpenFOAM.lock")):
os.killpg(os.getpgid(self.proc.pid), signal.SIGKILL) time.sleep(0.02)
print "Terminate tool!" cmd = "tail -n1 postProcessing/topAir/volAvgT/0/cellSource.dat"
Y=ab—23av a = subprocess.check_output( cmd.split(" ") ).rstrip("¥n").split("¥t")
AIE (BTHE) self.stime = float(a[0].rstrip())
PostDEFT self.outputValue[O] = float(a[1])

print "t="+str(self.stime)+" Tavr="+str(self.outputValuel[O1)

topAir DFTERE &
VILN—EZERSET 3.

ZOh. fmuserver.py DERHFINDHICH Bport number EFMUDNREEBICENTE TEET B,



Co-SimulationMET

@ Linux ECFMUbY—/\&ZE
1793,

@ Xcoshr=al—23avw
ZE1TI Do

E FOAMTestModel (C:¥Users¥ .
TP BE BF vIb-vaY SR Y- ek

Fmuchick¥FOAMTestModel.zcos) - Xcos

CEhp® & ®(eeal>

'_'.' Q.Ii"s“?@

Heater EEEE

T_heaterln

@ topAirFITRE

|

N

’ y
CS__FOAMTestMode Tavr_topAir >-./i

topAir ALTRE

T_topAirin
- /
4
//
OpenFOAMMEF L

MUX

T
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Co-SimulationDETHR

s IS99 -4 JEIES 20010

TrAIWF) J-JUM R/EE) Z0OMH0)

s J57497 -4 U EIES 20004

T74IF) J-JUT) |/EE) TOHRE)

D&V @ B @GOV @
T340 F2&S 20010 TS 4922420 Fo2&S 20004
550 - 320
SOO_W
310 4
450 |
> 400 > 300 -/\/\/\/\/_
350
200 -
3004 o o
250 — 260 T T T T T T T T l | |
0 1 2 3 4 5 6 7 8 o 10 0 1 2 3 4 5 6 7 8 9 10

HeaterBEERE (£) topAir ALRE () topAirEERE
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