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* Hcantabria

(IHFOAM GUI)

IH FOAM applied to Coastal Engineering

Regular waves interaction with cylinders (3D)

Gabriel Barajas, Javier L. Lara, Maria Maza, Alejandro Gonzalez




o : — Regular waves interaction
* Hcantabria with cylinders (3D)

Geometric Domain —

1 — Mesh generation (object and background)

Numeric Domain -

3
o
[
3 |
o . .
s Merge meses, Boundary conditions,
2 Numerical Setup Initial conditions, Numerical parameters,
o .
< 1 Pre-processing
8
O .
Solver Execute serial or parallel

l

Post-processing Wave gauges, run-up, etc.
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OpenFOAM case

—iN

- alpha.water

- p_rgh
- U

- 8

- transportProperties

- turbulenceProperties
- waveProperties

—

- blockMeshDict
- setFieldsDict
- snappyHexMeshDict

uc A cantasria
L J CAMPUS
FUNDACION — unversionn 7 INTERNACIONAL

\
k
epislon
nut
- fvSchemes
- fvSolution
- decomposeParDict
- controlDict

>

Regular waves interaction
with cylinders (3D)

IHFOAM GUI
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Get to know IHFOAM!

(D Start

. New Project

B Load Project (GUI)

E Load Project (No GUI) L 0 ad C a.S e

Project Examples

INTERNACIONAL

uc e
CAMPUS
N >
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* IHcantabria with cylinders (3D)

INSTITUTO DE HIDRAULICA AMBIENTAL

/ £ 04-wavegylinders B
+ Mesh
+ Numerical Setup
+ Preprocess
+ Numerical Simulation

+ Postprocess

Preferences IHFOAM

openroam folder % [
ey

STL visual quality 100

OK CANCEL

UC — -
CAMPUS

3 ~ INTERNACIONAL

e Al x
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g Regular waves interaction
IHcantabria . with cylinders (3D)

N

+ Mesh

£} 04-waveCylinders B

+ Numerical Setup
+ Preprocess
+ Numerical Simulation

+ Postprocess

- [——— Press F9 to display the




: |HcantaDme Save single pannel modified
-~ or save all pannels modified.

Regular waves interaction
with cylinders (3D)

/

{3 04-waveCylinde. s B

= Mesh
BlockMesh Attributes
& BlockMesh *
Name Units
Space Mesh 3D

Type Mesh static
§ convertToMeters

lil Castellated Continls
ExtrudeMesh * Mesh main

M Xmin
{3 Patches Xmax
Ymin
+ Numerical Setup Ymax

Zmin

B2~ snappyHexi ‘esh
T Import Geoi >etry

T Refinement

+ Preprocess

Nx
+ Numerical Simulation Ny

Nz
+ Postprocess

Define geometric domain
and mesh discretization
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Regular waves interaction
v o en T R . with cylinders (3D)

{} 04-waveCylinders B & v

Output
BlockMesh Attributes

lockMesh
M- snappyHexMesh Name Units
Space Mesh 3D

Type Mesh static
; convertToMeters
lit castellated Controls »

ExtrudeMesh ~ Mesh main

Xmin

Xmax

Ymin

Ymax

Zmin

+ Preprocess T

Nx
+ Numerical Simulation Ny

Nz

Domain Visor = Result

= Import Geometry
T Refinement

{3 Patches

m

m
+ Numerical Setup ()
|

+ Postprocess

Message output
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E
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INSTITUTO DE HIDRAULICA AMBIENTAL

£} 04-waveCylinders B Fa

BlockMesh Attributes

BlockMesh
Name Units

Space Mesh 3D

Type Mesh static
convertToMeters

- snappyHexMesh
T Import Geometry
~ Refinement
lil castellated Controls »
ExtrudeMesh » Mesh main
£3 patches .
IHFOAM

+ Numerical Setup
Set Name Patches

Name
| inlet | inlet
J outlet | outlet

+ Preprocess
+ Numerical Simulation

+ Postprocess MW front |sides
M back  sides
— bottom  ground

Set patches names

UC = -
" = INTERNACIONAL

UNIVERSIDAD
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TITUTO DE JLICA A

/

£} 04-waveCylinders B R

= Mesh
k Patches Attributes

BlockMesh
- snappyHexMesh Name

*importGeometry variable for each patch of the mesh

T Refinement

lil castellated Controls et le waveAlpha (1/2)
. WaveA

i3 POV
Extrude** - T

el

* p_rgh LGROTEF FixedFluxPressure
+ Numerical Setup outlet

+ Preprocess

+ Numerical Simulation » alpha.water zeroGradient
r U waveVelocity

» p_rgh CGRTEPY FixedFluxPressure
ground

+ Postprocess

» alpha.water zeroGradient
ru fixedValue

» p_rgh (G FixedFluxPressure

top
sides

UC — o
CAMPUS

A | UNIVERSIDAD 7 'NTERNACIONAL
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X
\ {3} 04-waveCylinders B

- Mesh
Patches Attributes

= Blockmesh Define a boudary condition

M- snappyHexMesh _ Name
inlet

8 import Geometry ||} s variable for each patch of the mesh

= Refinement ground

= to|
lil castellated Controls > (2/2)

=% Extruder

» alpha.water inletOutlet
+ Numerical Setup ru pressurelnletOutletVelocity

+ Preprocess ¥ p_rgh [ CRTird totalPressure
sides
+ Numerical Simulation

+ Postprocess

» alpha.water zeroGradient
U slip
» p_rgh L GRTEFA FixedFluxPressure

UC — <o
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INSTITUTO DE HIDRAULICA AMBIENTAL

/

£t 04-waveCylinders

- Mesh

BlockMesh
- snappyHexMesh
T Import Geometry
T Refinement
lit Castellated Controls
ExtrudeMesh

£} Patches
+ Numerical Setup
+ Preprocess
+ Numerical Simulation

+ Postprocess

Message output

checkMesh button

B o O©® 0

Patches Attributes

Name Units
inlet
outlet
ground
top
sides

IHFOAM

0 OK!! checkMesh End

UNIVERSIDAD
CANTABRIA

Regular waves interaction
with cylinders (3D)
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/

{} 04-waveCylinders B

- Mesh
Patches Attributes
BlockMesh . Domain Visor  Result
B2~ snappyHexMesh = h:ame EL
inle

T Import Geometry outlet

T Refinement ground

. top

lil Castellated Controls sides

ExtrudeMesh

™
+ Numerical Setup

+ Preprocess

+ Numerical Simulation

+ Postprocess

UC — o
‘ CAMPUS

A | UNIVERSIDAD 7 INTERNACIONAL
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Regular waves interaction
with cylinders (3D)

IHcantabria

/

£ 04-waveCylinders

= Mesh
ImportGeometry Attributes
BlockMesh

- snar-:

Domain Visor ~ Result

= Relmic.n, - Name Units
: = cylinder1.stl
lil Castellated Controws Level
ExtrudeMesh = &
* cylinder2.su
Level
Level

efinition of new bo
v (through .stl fil

{73 Patches
+ Numerical Setup

+ Preprocess

o — o [LIERR)
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/

£} 04-waveCylinders B

- Mesh
Refinement Attributes
BlockMesh

2~ snappyHexMesh

¥ Refinement Name  Units

Zoarols

L T
ExtrudeMesh

£73 Patches

R Definition of refinement zones

+ Numerical Simulation

+ Postprocess
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£ 04-waveCylinders B ] © A

- Mesh

CastellatedMeshControls Attributes

BlockMesh

M- snappyHexMesh ST L=
maxLocalCells
maxGlobalCells
minRefinementCells
nCellsBetweenLevels 3
resolveFeatureAngles 0
Extruce,. o' allowFreestandingZoneFaces
-~ ~ locationinMesh
{1 Patches X
Y
z

Value
100000
3000000
0

T Import Geometry

-40
25
5

+ Numerical Setup
+ Preprocess
+ Numerical Simulation

+ Postprocess

Meshing parameters

UNIVERSIDAD
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snappyHexMesh button

INSTITUTO DE HIDRAULICA AMBIENTAL

/ £ 04-waveCylinders B % 0 © & 0

= Mesh
CastellatedMeshControls Attributes

i BlockMesh
M- snappyHexMesh Name Units Value
- maxLocalCells 100000

Import Geometry maxGlobalcells 3000000
minRefinementCells
= nCellsBetweenLevels

lit Castellated Controls resolveFeatureAngles
i ExtrudeMesh allowFreeStandingZoneFaces
+ locationinMesh

T Refinement

{3 Patches

+ Numerical Setup ® HFOAM

+ Preprocess g  OK! snappyHexMesh -overwrite End
+ Numerical Simulation

+ Postprocess

Message output

CANTABRIA

CAMPUS
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Regular waves interaction
with cylinders (3D)

£} 04-waveCylinders

= Mesh

Patches Attributes
i BlockMesh
M- snappyHexMesh Name
inlet
outlet

T Refinement ground

i extetored contros " B Define a boudary condition variable
: e for each new patch of the mesh

Units

T Import Geometry

+ Numerical Setup

» alp... empty

+ Preprocess
+ Numerical Simulation

+ Postprocess

» U empty
» p_rgh Kg*m/s2 fgulslsY
cylinder2

r alp... empty
r U empky

» p_rgh Kg*m/s2 [ZulslaY
cylinder3

> alp... empty
»u empty

» p_rgh Kg*m/s2 fZullaY

CANTABRIA
CAMPUS
INTERNACIONAL
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: checkMesh button

* _
¢ £ 04-waveCylinders R % u 0 @

= Mesh
Patches Attributes

: BlockMesh
M- snappyHexMesh Name Units
inlet

= Import Geometry outlet

= Refinement ground

" top

lil Castellated Controls sides
ExtrudeMesh (yl!nden
cylinder2
cylinder3

5:3 Patches
+ Numerical Setup "4 IHFOAM
+ Preprocess
+ Numerical Simulation

+ Postprocess

Message output

UNIVERSIDAD
CANTABRIA

Regular waves interaction
with cylinders (3D)
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/

{} 04-waveCylinders = L

- Mesh Output
Patches Attributes

BlockMesh Domain Visor  Result

- snappyHexMesh ‘Name S
inlet
= Import Geometry outlet

T Refinement £ s
) top
lit Castellated Controls sides

ExtrudeMesh cylinder1
cylinder2
cylinder3

+ Numerical Setup
+ Preprocess

+ Numerical Simulation

+ Postprocess
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INSTITUTO DE HIDRAULICA AMBIENTAL

/ £ 04-waveCylinders
+ Mesh
= Numerical Setun
Fluids Properties
o Gravity
< Wave Properties
» Turbulence
M B Porous Medium
[
= Initial Fields
-, FvSchemes
- FySolution
+ Preprocess

+ Numerical Simulation

+ Postprocess

UC — o
CAMPUS
A | UNIVERSIDAD 7 'NTERNACIONAL

DE CANTABRIA —

FluidsProp Attributes

Name  Units
- water
nu  m2/s
rho Kg/m3
- air
nu m2fs
rho Kg/m3

Value

1e-06
1000

1.48e-05
1

Define fluids properties

Regular waves interaction
with cylinders (3D)
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oy

£} 04-waveCylinders [

+ Mesh
Gravity Attributes

- Numerical Setup
Name Units
Fluids Pronerties gx m/s2

ay m/s2

e Gravity oz m/s2

4 Wave Properties
» Turbulence . .
M B rorous Medium Defl ne g raVIty
W
¥ Initial Fields
*, fvSchemes
- FuSolution
+ Preprocess
+ Numerical Simulation

+ Postprocess

CANTABRIA

CAMPUS
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with cylinders (3D)

£t 04-waveCylinders B R [

+ Mesh
WaveProp Attributes

- Numerical Setup

WaveTheoryRange
Fluids Properties

Name Units Value
e Gravity ~ waveGeneration

patch inlet

waveModel Stokesv
wavePeriod s

W B Porous Medi. m waveHeight b
waveAngle degree

[ nPaddle
activeAbso...

* Initial Fields rampTime
restart

*, fvSchemes >

- waveAbsorption

patch outlet

+ Preprocess vaveModel shallowwaterAbsorption
m 3ddle

& Wave Properties

=» Turbulen. =

- FySolution

+ Numerical Simulation

+ Postprocess

Define wave properties
(generation and absorption)

UNIVERSIDAD
DE CANTABRIA




: Regular waves interaction
> IHcantabria with cylinders (3D)

/

{} 04-waveCylinders B R

+ Mesh
Turbulence Attributes

- Numerical Setup
Name Units

simulationType

e Gravity RASModel

4 Wave Pronartiag intirnaLFleld

Fluids Properties

m2/s2 0.06
os Turbulence epsilon m2/s3 0.00022045
urbulence

M B Porous A edium nut m2/s 0
inlet

| r k LVi74ll zeroGradient

= Initial Fields v epsilon VM zeroGradient

’ empty

* nut T calculated

outlet

*, fvSchemes
= FySolution

+ Preprocess vk zeroGradient
+ epsilon zeroGradient

+ Numerical S| nulation X "

+ Postprocess » nut calculated
ground
vk kgRwallFunction

v epsilon epsilonwallFunction

allFunction

Define
and boun

UC = -
MPUS
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/

k'[l' 04-waveCylinders B S

+ Mesh
Turbulence Attributes

- Numerical Setup
Name Units

simulationType RAS

« Gravity RASModel kEpsilon
internalField
inlet
=s Turbulence outlet
ground
M B rorous ! ledium top
vk i
m: inletOutlet

» epsilon inletOutlet
* Initial Fields N

Fluids Properties

4 Wave Pronartiac

empty

*, fvSchemes » nut calculated
sides

r k

+ Preprocess » epsilon

- FvSolution

+ Numerical S mulation
» nut

+ Postprocess cylinder1
cylinder2
cylinder3

Define

UC — o
CAMPUS

UNIVERSIDAD 7 'NTERNACIONAL

DECANTABRIA 2
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/

£} 04-waveCylinders B &

+kMesh
Turbulence Attributes

= Numerical Setup
Name Units

simulationType
e Gravity RASModel

internalField
inlet
. outlet

=" ground

M B rorous I edium top
sides

| B cylinder1
r k kqRwallFunction

+ epsilon epsilonwallFunction

Fluids Properties

4 Wave Pronartiac

= Initial Fields

*, fvSchemes
’ empty

7 FvSolution » nut nutkWallFunction
cylinder2
v k kqRwallFunction

+ Numerical S mulation » epsilon epsilonWallFunction

+ Preprocess

+ Postprocess ! Sy

¥ nut nutkwallFunction
cylinder3

v k kqRwallFunction

» epsilon epsilonwallFunction

Defl n e nutkfivallFunction

UC — o
CAMPUS

A | UNIVERSIDAD 7 INTERNACIONAL

BECANTABRA 3

Regular waves interaction
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INSTITUTO DE HIDRAULICA AMBIENTAL

Y

¥ 04-waveCylinders B R

+ Mesh
InitFields Attributes

= Numerical Setup
Name Units

Fluids Properties ~ water
i box xMin
e Gravity PaRteing
box yMin
box yMax

» Turbulence box zMin
box zMax

4 Wave Properties

333333

B B Porous Medium
™ Initial Fields
*. fvSchemes
- FySolution
+ Preprocess
+ Numerical Simulation

+ Postprocess

UC = -

UNIVERSIDAD w7 INTERNACIONAL
DECANTABRIA 3

Set inital water depth

Regular waves interaction
with cylinders (3D)
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/

+ Mesh a Output
InitFields Attributes
= Numerical Setup Domain Visor = Result
Name Units
Fluids Properties ~ water

box xMin

box xMax

box yMin

box yMax

*» Turbulence box zMin
box zMax

{} 04-waveCylinders B &

e Gravity

< Wave Properties

Il B Porous Medium
N :

Initial Fields
*; FvSchemes
- FuSolution
+ Preprocess

+ Numerical Simulation

+ Postorocess

Message output
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1TUTO

/

+ Mesh
= Numerical Setup
Fluids Properties

e Gravity

£ Wave Properties
=» Turbulence
M B Porous Medium
[

* Initial Fields

™ fySolution

+ Preprocess

+ Numerical Simulation

+ Postprocess

L} 04-wavecCylinders

FvSchemes Attributes

Name
ddtSchemes
gradSchemes
snGradSchemes
laplacianSchemes

interpolationSchemes
fluxRequired

divSchemes
div(rhoPhi,u)
div(phi,alpha)
div(phirb,alpha)
div{((rho*nuEFF)*...
div(phi,k)
div(phi,epsilon)

- Select -

Value
Euler
Gauss linear
orthogonal
Gauss linear orthogonal
linear

Gauss linearupwind grad(u)
Gauss vanLeer

Gauss linear

Gauss linear

Gauss upwind

Gauss upwind

Set fvSchemes (hnumerical
schemes for different terms)

UC — -
CAMPUS
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/

{} 04-waveCylinders
+ Mesh

= Numerical Setup

S— Set fvSolution (equations solvers, [Es=ss
tolerances and algorithms) (1/2)

Pl
momentumPredictor
» Turbulence nCorrectors
nNonOrthogonalCorrectors
"alpha.water.*"

4 Wave Properties

H B Porous Medium

41— UC ~

m: alphaOuterCorrectors

# Initial Fields

*, fvSchemes

+ Preprocess

+ Numerical Simulation

+ Postprocess

CANTABRIA
CAMPUS
INTERNACIONAL

cAlpha

nAlphaCorr

nAlphaSubCycles
peorr

solver

tolerance
relTol
peorrFinal

solver

tolerance

relTol
p_rgh

solver

tolerance

relTol
p_rghFinal
"(U|klepsilon)”
"(U|k|epsilon)Final"
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INST A AMBIENTA!

W
1 £ 04-waveCylinders (=™

+ Mesh

= Numerical Setup
- Select—- ~

- Set fvSolution (equations solvers,
. tolerances and algorithms) (2/2)

P

4 Wave Properties
=» Turbulence
M B Porous Medium
N :
= Initial Fields

*, fFvSchemes<

+ Preprocess
+ Numerical Simulation

+ Postprocess

"alpha.water.*"
peorr
peorrFinal
p_rgh

* p_rghFinal

solver

tolerance
relTol

"(Ulk|epsilon)”
solver

tolerance

relTol
"(U|k|epsilon)Final”

solver

tolerance
relTol

UC = v
N INTERNACIONAL
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R {1 04-waveCylinders B R

*Mesh FreeSurfaces Attributes
+ Numerical Setup v FreeSurface STL
- Preprocacs

# FreeSurface Save the free'surface a.S

M ) Punctual Probes

B e robas a .stl file for each time step
B © Forces

B D Pressures
+ Numerical Simulation

+ Postprocess

uc ~Z CANTABRIA
CAMPUS
N oy 3 =
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INSTITUTO DE HIDRAULICA AMBIENTAL

File Edit View Help

l £} 04-waveCylinders

= Mesh
& BlockMesh

= SnappyHexMesh
T Import Geometry

= Refinement
1i} Castellated Controls

i Patches
- Numerical Setup
Fluids Properties
& Gravity
A Wave Properties
s Turbulence

[ B rorous Medium

nitial Fields
s fvSchemes

7 fuSolution

- Preprocess

& Freesurface

B =) Punctual Probes

| Eo s

L

Attributes

Name Units

- Forcescylinderl 1
outputControl
outputinterval
writeFields

~ CofR
CofR X
CofR Y
CofR Z

+ Numerical Simulation

+ Postprocess

ucC ~

UNIVERSIDAD
DE CANTABRIA

timestep

IHFOAM

Add |cylinderl

Domain Visor

B
p

Result

Regular waves interaction
with cylinders (3D)

Output
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INSTITUTO DE HIDRAULICA AMBIENTAL

File Edit View Help

/ £ 04-waveCylinders
- Mesh
i BlockMesh

- SnappyHexMesh
= Import Geometry
% Refinement
lil Castellated Controls

{3 Patches

- Numerical Setup
Fluids Properties

» Gravity

4 Wave Properties
=2 Turbulence

M B rorous mMedium

N =

[ Initial Fields

% fuSchemes

f” fuSolution

- Preprocess

A& FreeSurface

B =) punctual Probes
W e

k| £t Forc
WD

+ Numerical Simulation

+ Postprocess

-

Attributes

Name Units
~ Forcescylinder2_1
outputControl timeStep
outputinterval
writeFields
~ CofR
CofR X
CofRY
CofRZ

ucC ~

UNIVERSIDAD
DE CANTABRIA

IHFOAM

Add | cylinder2

Domain Visor

&
2

Result

Regular waves interaction
with cylinders (3D)

Output
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INSTITUTO DE HIDRAULICA AMBIENTAL

File Edit View Help

/ £ 04-waveCylinders
- Mesh
i BlockMesh

- SnappyHexMesh
= Import Geometry
% Refinement
lil Castellated Controls

{3 Patches

- Numerical Setup
Fluids Properties

» Gravity

4 Wave Properties
=2 Turbulence

M B rorous mMedium

N =

[ Initial Fields

% fuSchemes

f” fuSolution

- Preprocess

A& FreeSurface

B =) punctual Probes
W e

k| £t Forc
WD

+ Numerical Simulation

+ Postprocess

-

Attributes

Name Units
~ Forcescylinder3_1
outputControl timeStep
outputinterval
writeFields
~ CofR
CofR X
CofRY
CofRZ

ucC ~

UNIVERSIDAD
DE CANTABRIA

IHFOAM

Add | cylinder3

Domain Visor

&
2

Result

Regular waves interaction
with cylinders (3D)

Output
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INSTITUTO DE HIDRAULICA AMBIENTAL

File Edit View Help

, £} 04-waveCylinders
- Mesh
BlockMesh
= SnappyHexMesh

= Import Geometry
T Refinement

Ii} Castellated Controls

Patches

- Numerical Setup
Fluids Properties
& Gravity
A Wave Properties
s Turbulence

[ B rorous Medium

nitial Fields
% fuSchemes

a7 fusolution

- Preprocess
& Freesurface

M = Punctual Probes
M B Line Probes

[ o X

(] B press

+ Numerical Simulation

+ Postprocess

L

Attributes

Name
~ Presscylinder1 1
outputControl timeStep
outputinterval
surfaceFormat vtk

interpolationScheme cellPoint

UNIVERSIDAD
DE CANTABRIA

IHFOAM

Add |cylinderl

Domain Visor

2
£

Result

Regular waves interaction
with cylinders (3D)

Output
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INSTITUTO DE HIDRAULICA AMBIENTAL

IHFOAM

File Edit View Help

/ -

£} 04-waveCylinders Bk

— Mesh Output
i cylinder2  ~
& BlockMesh Attributes Add B8 Domain Visor | Result

— SnappyHexMesh EE o

= Import Geometry ~ Presscylinder2_1

outputControl timeStep 2

outputinterval
surfaceFormat vtk

% Refinement

lil Castellated Controls

% Patches interpolationscheme cellPoint

- Numerical Setup
Fluids Properties

& Gravity

4 Wave Properties
=» Turbulence

M [ rorous Medium

W =

1 Initial Fields

" fuschemes

f” fuSolutien

- Preprocess
# FreeSurface
M @ Punctual Probes
M ¥ Line Probes
[ale

i o

+ Numerical Simulation

+ Postprocess
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IHFOAM

File Edit View Help

/ -

£} 04-waveCylinders Bk

— Mesh Output
i cylinders  ~
& BlockMesh Attributes Add B8 Domain Visor | Result

— SnappyHexMesh EE o

= Import Geometry ~ Presscylinder3_1

outputControl timeStep 2

outputinterval
surfaceFormat vtk

% Refinement

lil Castellated Controls

% Patches interpolationscheme cellPoint

- Numerical Setup
Fluids Properties

& Gravity
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Regular waves interaction
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Regular waves interaction
with cylinders (3D)
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IHcantabria with cylinders (3D)

* Postprocessing using Matlab (forces on each cylinder , taken from the postProcessing folder):
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