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OpenFOAM ©) adjointShapeOptimizationFoamZ RS €01

EllhZxFtutorial ZEFTUTH D, pitzDaily O 1HEEIH.
_9

SFOAM TUTORIALS/incompressible/adjointShapeOptimizationFoam/pitzDaily

Al lruniA » CTLVFL\O)T
blockMeshzE%T1#, adjointShapeOptimization EFTIF D,

BRI O) T <ICEHRND¥EN D, &R%ZparaFoan TOJtRIEF S E RO
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77) a0\ EifiEla, Era HEBEXINTINS>XTINREBEIT
CsH?

OpenFOANO) bl & RITRICEEL L EREADE M N EBEIFRAFHEINTH ST
XCTEALEEON?-50 ! 2w FRRULESSBHE—MMEENLETEE.



adjointShapeOptimizationFoamic 20\ C?)

« OpenFOAM ©) adjointShapeOptimizationFoamZiAN2D €02
Elldx I tutorial /pitzDaily BB UEER

TV FID Aya

£ 515 %7 t=1000



adjointShapeOptimizationFoamic 2\ C@®

o OpenFOAM ©) adjointShapeOptimizationFoamZzBN2> €0)3
Elldx I tutorial /pitzDaily BstBE USSR

£ 7?20 &£>57%5Pa
437 t=1000

TR D KO
Uax%*%a t=1000



adjointShapeOptimizationFoamic 2\ C 9@

»  OpneFOANO) fibfl & RTRICEE L L EREADIEMNIEBHEIFRHINTH ST
ITEASLEEONM?> R FMRERULESEBIR—IABENLETELE.

https://groups.google.com/forum/#!msg/openfoam/n6RtyDJit2g/rppkHt bT6w)

(Google Openfoam group THDRKFNSAEEARSADPYEY)L

OpenFOAMY) > Dsakuma T,

bpenf{}am DFa—hbYTAIED
adjorntShapeOptimizationFoam|Z 2T T35,

MREKL TH 5L Ua, PatittHEhET, ZOME, EHIXY
DL HEWER

LTWEDTL & 95,

ZLEYREOBEIZBWT, mletOBREIZBWTA T AEEA
nosnid

adjointShapeOptimizationFoam®@ Jif L B 5 M EXTL x 9 »,

rALLEBE A ELEY

KFESADAAEIDG “@” DDOWNFE=EH#IE
FEEFEEROFEY. STV T MG HEL
STEMN DM oT=, A [dadjoint D a

(fzf=L. @ XIERY P TIEIMED A TEX (X
FEHENEFIISN TGS T=DOTAFIE)

K#ISA: ZAITBIE, VILAY—Ra—RIZEHEHIh T
HXHRZEELLVEREAN HYFET

00032 References:

00033 ¥verbatim

00034 "Implementation of a continuous adjoint for
topology optimization of

00035 ducted flows"

00036 C. Othmer,

00037 E. de Villiers,

00038 H.G. Weller

00039 AIAA-2007-3947

00040
http://pdf.aiaa.org/preview/CDReadyMCFD07_1379/PV2007
_3947.pdf

00041 ¥endverbatim

DY ILNIE, adjointik (BEfFi%) TEHEBELER/MESHE
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o FLIEEU\:4BBiEH : OpenCAERSRR O SALE O
http://ofbkansai. sakura, ne. jp/data/takagi adjoint pdf

S BEFHEZEHPERICSOVTEHRAHY , chba [E7porosity” TZEFL
RIETELRT ? THLIEDOI S, EREVELTIIEEDHEHTHY.
DENGWNECAHIF FETHLHEWDIZETHIDRNEHZRELG D,
OpenFOAM @) adjointShapeOptimization Tl & EILDEHFRaFHRETE
HMELTHIELDTEILEHMNKT DEIZRETET MR 5) . BRIBEHT
HEAENEERZTZR/NMETIHEZITOTLWLIENERTED,

. 2 3 State equations
Formulation of adjoint method 9

Incompressible, steady-state Navier-5tokes

i " equations with porosity
* Optimization problem
L _ (R.R,.R,) =(v- VIVv+Vp—V- (21D(V)) + av
Minimize J = J(a,v,p) subject to R(o,v,p) =0 e o
4 = V- v

where _ _
where R is the state equations,

J : cost function -
R=(R B R R

o : porosity

_ Introduce a Lagrangian function L,
v : velocity
p : pressure L=J+ ' _(w.g)RIQY

(ll.(]’]' — (”1‘”2*”3‘(1) (Lagrangian multipliers)
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o &FLB¥UL\HEIAET :
An (more) eective Discrete Adjoint Model for OpenFOAM
Markus Towara, Uwe Naumann

Software and Tools for Computational Engineering Science
RWTH Aachen University

EuroAD 2013, Oxford, 10. December 2013

no optimization added " material” reconstruction

a=10

Add penalty term o to Navier-Stokes equation® :

(v-V)v= J"\TEU — \—ji — oV

1C. Othmer: A continuous adjoint formulation for the computation of topological and surface sensitivities of ducted
flows. Intern. J. f. Num. Meth. in Fluids. p. 861-877, 2008.

CE AW TH-Aachen, Discrete OpenFOAM, Eurcd D 2013 0 T b L i E
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http://www.tfd.chalmers.se/~hani/kurser/OS_CFD 2013/
T —RI2A—REBRENR R 1 R, zEfl[FF:L K7ILhdD.

pitzDaily porosity field

L T
L valueObjFunc xy
4

LS B

a
400 | Bw i “;Clilcl |||‘{‘?a
Ty

0 1959 805

pitzDaily value of the objective function, without
porosity update

1000 1500 L )

L/\ | FTDHRRTAXI—R

| ~ UNAdjointShapeOptimizationFoam
' (porosity Zupdate LZiLV)Za /N 1JLL
TH5H-> BRZ. K Cwmaked 5,
OpenFOAM 22D &571=AY, 2.3 CRIRE

AN )L TEF-
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o SFLUGECLHBAETE -
http://www.tfd.chalmers.se/~hani/kurser/OS_CFD 2013/

T/ —RA—FRRBAENR R 1 Zfl, 1BMF 2—ITILHRD.

Main-loop

Solve the
primal system
(v,p)
- *Frozen tubulence”
Update the | Solve the
porosity adjoint system
Steepest descent (u,q)

Clonvergence

assessiment

End

End time or

convergence condition

adjointShapeOptimizationFoam M it & F|E

>
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o SFLUGECLHBAETE -
http://www.tfd.chalmers.se/~hani/kurser/OS_CFD 2013/

TBM0F 2 — 1 P ILENiEf

T Dtutorial Pipebending: UNAdjointShapeOptimizationFoam T
FTE T 5, Inlet D LAIT) 7HFRELFIBISN TLNDHIER
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Mpic++ Tmake 9%,
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(AHEZT . V—RXZERBIL Tmake)
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Fa— k1] 7ILDamBreak% {3

- OpenFOAM DinterFoam THRLGZ LTL—YLRIHEDF1—R)T7ILHH S

DT, cNEETLTHSD,

Ux— VILI\DIBEIZEITT S
% divemesh
% reef3d

(CDiBIFOpenFOAM A Z4E#R)

AR RETIXEDYILIN, AyovEIITOaAVE
A—JLI77AIL2EZE N =Ta4LIR)[ZTAY

Tutorial: DamBreak ME{THEER

velocity Mag
1

0.8
0.6

04
0.2

0.001403

Meshers% 5E: control.txt

C 11 21 // left side: wall boundary

C 12 3 // side: symmetry plane

C 13 3 // side: symmetry plane

C 14 21 // right side: wall boundary
C 15 21 // bottom: wall boundary

C 16 21 // top: wall boundary

B 1 0.005 // mesh size dx
B100.00.60.00.0050.00.6 //
rectangular domain size domain size
M 10 4 // number of processors

=,

B 51//rough wall law '

B 50 0.0001 // wall roughness ks

D 104 // Conservative WENO discretization for velocities

D 202 // implicit diffusion treatment

D 301 // projection method for the pressure

F 303 // 3rd-order Runge-Kutta Scheme for Level Set Time Treatment
F 403 // 3rd-order Runge-Kutta Scheme for Reinitialization Time Treatment
F 504 // Level set function is not fixed at inlet or outlet

F 54 0.15 // x-coordinate for end fluid phase one

F 56 0.3 // z-coordinate for end fluid phase one

N 10 3 // BiCGStab solver with Jacobi scaling

N 40 1 // 2nd-order Adams-Bashforth time treatment for velocities

N 45 25000 // maximum number of iterations

N 47 0.1// factor for CFL criterion

M 10 4 // number of parallel processes

P 101 // turn on .vtu print out

P 300.01// print out interval based on simulation time

W 22-9.81// gravity
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https://foac.svn.sourceforge.net/svnroot/foac/trunk/survey
/OpenFOAM/potential WaveFoam
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https://svn.code.sf.net/p/foac/code/trunk/survey/OpenFOAM/potential WaveFoam



