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(IHFOAM GUI)

IH FOAM applied to Coastal Engineering

Regular waves in empty basin (3D)

Gabriel Barajas, Javier L. Lara, Maria Maza, Alejandro Gonzalez
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Regular waves in empty
basin (3D)

Geometric Domain —

1 — Mesh generation

Numeric Domain -

l

Numerical Setup

l

Solver Execute serial or parallel

l

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

Boundary conditions, Initial conditions,
Numerical parameters, Pre-processing

OpenFOAM workflow




- Regular waves in empty

IHcantabria basin (3D)

OpenFOAM case

— N

- alpha.water

- p_rgh
- U

—e S |HFOAM GUI

- 8

- transportProperties

- turbulenceProperties
- waveProperties

—

- blockMeshDict - fvSchemes
- setFieldsDict - fvSolution
- decomposeParDict - controlDict

uc A cantasria
L J CAMPUS
FUNDACION — unversionn 7 INTERNACIONAL
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basin (3D)

Get to know IHFOAM!

(D Start

. New Project

B Load Project (GUI)

B Load Project (No GUI) L 0 ad C aS e

Project Examples

INTERNACIONAL

UC — oo
—



: Regular waves in empty
IHcantabria .
UNSTITUO 2 HIDRAULICA ANBIENTA basin ( 3 D)

/

+ Mesh

{* 01-waveChannel B

+ Numerical Setup
+ Preprocess
+ Numerical Simulation

+ Postprocess

Preferences IHFOAM

OK CANCEL

Message output

NTABRIA
MPUS
E

INTERNACIONAL
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basin (3D)

B

+ Mesh Output

£} 01-waveChannel

+ Numerical Setup Domain Visor ~ Result
+ Preprocess
+ Numerical Simulation

+ Postprocess

———— Press F9 to display the




T mcantime Save single pannel modified Regular Waves i“_em;;Y
T LNSILIYIO.PE MBRAVLICA aneiEnTA T asin
or save all pannels modified. (3D)

/

£} 02-waveBasin_TURB B S

= Mesh
BlockMesh Attributes
#E BlockMesh *
- snappyHexh =sh Name Units
Space Mesh 3D
Type Mesh static
convertToMeters

T Import Geol. etry

T Refinement

lit castellated Conti ~ls »
i ExtrudeMesh ~ Mesh main
- Xmin
£ Patches
Ymin
Ymax
Zmin
zMax
Nx

Ny
Nz

+ Numerical Setup
+ Preprocess
+ Numerical Simulation

+ Postprocess

Define geometric domain
and mesh discretization




s : Regular waves in empty
: IHcantabria ;
O basin (3D)

{} 02-waveBasin_TURB B B v

Output
BlockMesh Attributes

Block h . Domain Visor ~ Result
- snappyHexMesh Name E
T Import Geometry e 30
Type Mesh static
convertToMeters

T Refinement

li} Castellated Controls )
i ExtrudeMesh ~ Mesh main
Xmin
Xmax
Ymin
+ Numerical Setup Ymax

Zmi

+ Preprocess Zm: IHE” ~m

Nx PP
+ Numerical Simulation N

N

{3 Patches

+ Postprocess

Message output

uc ~ CANTABRIA
CAMPUS
N

UNIVERSIDAD 7 INTERNACIONAL
BECANTABRIA e




~°° ; — Regular waves in empty
: !Hcantabrla basin (3D)

INSTITUTO DE HIDRAULICA AMBIENTAL

/

£ 01-waveChannel B R

+ Mesh
+ Numerical Setup
+ Preprocess

+ Numerical Simulation o IHFOAM
+ Postprocess Set Name Patches
Name
I inlet |inlet
J outlet | outlet
W front  sides
W back sides
= bottom ' ground

top top

Cancel

UNIVERSIDAD
DE CANTABRIA
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€

/

£} 03-Breakwater B

= Mesh k‘
Patches Attributes

BlockMesh

M- snappyHexMesh Name

~ inlet

T Import Geometry

™ Refinement

lil castellated Controls
Extrude**--*

3

+ alpha.water waveAlpha

P u waveVelocity

» p_rgh LGP fixedFluxPressure
+ Numerical Setup outlet

+ Preprocess

+ Numerical Simulation + alpha.water zeroGradient
P u waveVelocity
» p_rgh LGRNTEFY fixedFluxPressure
ground

+ Postprocess

+ alpha.water zeroGradient
ru fixedvalue

+ p_rgh [ GREP fixedFluxPressure
top

side1

side2

UC — oo
CAMPUS

A | UNIVERSIDAD 7 INTERNACIONAL

DECANTABRIA S5 B



: Regular waves in empty
IHcantabria basin (3D)

/

£t 03-Breakwater B B

- Mesh 3
Patches Attributes
BlockMesh

- snappyHexMesh inleTame uni
T Import Geometry outlet
= Refinement gro* ..d
Iil Castellated Controls "P

Extruders~-t

» alpha.water inletOutlet
+ Numerical Setup » U pressurelnletOutletvelocity

» p_rgh LGRINTEP totalPressure

+ Preprocess :
side1

+ Numerical Simulation

+ Postprocess
+ alpha.water zeroGradient
r U slip

» p_rgh LGRUTER] FixedFluxPressure
side2

» alpha.water zeroGradient

ru slip
» p_rgh LGRNErA fixedFluxPressure

UC = -
HOn

UNIVERSIDAD 7 \NTERNACIONAL
DE CANTABRIA S z
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checkMesh button basin (3D)

/
k

= Mesh

£} 02-waveBasin_TURB B &

Patches Attributes
& BlockMesh

- snappyHexMesh Name | Units
inlet

outlet

™ Refinement ground

i to|
lil castellated Controls Sidpes
ExtrudeMesh

T Import Geometry

£3 Patches
+ Numerical Setup

IHFOAM
+ Preprocess

e OK!! checkMesh End
+ Numerical Simulation 0

+ Postprocess
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INSTITUTO

m—" Regular waves in empty

Paraview button basin (3D)

{} 02-waveBasin_TURB B R 0 © @& 9 H O S & =& V]

DE HIDRAULICA AMBIENTAL

/

- Mesh

Patches Attributes
it BlockMesh
B snappyHexMesh h_lalmte Units Value
¢ inle
~ Import Geometry + outlet
= Refinement + ground
— + top
lit Castellated Controls  , gides

ExtrudeMesh

+ Numerical Setup
+ Preprocess
+ Numerical Simulation

+ Postprocess

TABRIA

UNIVERSIDAD
DE CANTABRIA

TERNACIONAL



Regular waves in empty
basin (3D)

IHcantabria
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: |Hcantabr1a -
e basin (3D)

/

{} 02-waveBasin_TURB

+ Mesh
FluidsProp Attributes

= Numerical Sakun
Name  Units Value

Fluids Properties ~ water

. nu m2fs 1e-06
e Gravity rho Kg/m3 1000
- : v air
< Wave Properties nu m2/s 1.48e-05

=» Turbulence rho Kg/m3 1

M B Porous Medium

o Define fluids properties

*, fvSchemes

- FySolution
+ Preprocess
+ Numerical Simulation

+ Postprocess

UNIVERSIDAD
DE CANTABRIA




: - Regular waves in empty
IHcantabria -
baS|n (3D)

/ £ 02-waveBasin_TURB B i

+ Mesh
Gravity Attributes

= Numesical Setup
Name Units
Fluids Properties ax m/s2

_ ay m/s2
o Gravity oz m/s2
# Wave Properties
» Turbulence . .
M B Porous Medium Deflne graVIty
. ¥
¥ Initial Fields
*, FvSchemes
7 FvSolution
+ Preprocess

+ Numerical Simulation

+ Postprocess

CANTABRIA
CAMPUS

UNIVERSIDAD INTERNACIONAL

DECANTABRIA :




2 - ‘ Regular waves in empty
: |Hcantabr1a -
e basin (3D)

/

£ 02-waveBasin_TURB

+ Mesh \
WaveProp Attributes

= Numerical Setup
WaveTheoryRange
Fluids Properties
Name Units Value
e Gravity ~ waveGeneration

patch inlet

- waveModel cnoidal
& - Turbuten = wavePeriod s

B B Porous Medi:m waveHeight m
waveAngle  degree

[ nPaddle
activeAbso...

# Initial Fields rampTime
restart

*, fvSchemes ’

~ waveAbsorption

patch outlet

& Wave Properties

<] | DI< R

- FySolution

+ Preprocess waveModel shallowwaterAbsorption
n.'addle

+ Numerical Simulation

+ Postprocess

Define wave properties
(generation and absorption)

UNIVERSIDAD
DE CANTABRIA




: Regular waves in empty
I o basin (3D)

/

{} 02-waveBasin_TURB 5]
+ Mesh L3
Turbulence Attributes
- Numerical Setup
i Name Units
Fluids Properties simulationType
e Gravity RASModel kEpsilon
. internalField
< Wave Properties m2/s2 0.00135
R epsilon m2/s3 1.116e-05
M B Porous v :aium nut m2/s 0
inlet
I » k (W7 M zeroGradient
= Initial Fields » epsilon (Wi zeroGradient
i fvSchemes ’ Smaty
) ; » nut WO calculated
- FySolution outlet
+ Preprocess r k zeroGradient
» epsilon zeroGradient
+ Numerical Si nulation
4 empty
+ Postprocess » nut calculated
ground
kqRwallFunction
Define epsilonwallFunction

empty

an d b O nutkWallFunction

uc 7~z CANTABRIA
‘ MPUS
HOn

CA U
UNIVERSIDAD 7 'NTERNACIONAL
DECANTABRIA 2




Regular waves in empty
oyets basin (3D)

: IHcantabria

Y4

{} 02-waveBasin_TURB =]

+ Mesh
Turbulence Attributes

- Numerical Setup
Name Units
simulationType RAS

« Gravity RASModel kEpsilon
internalField
inlet
= Turbulence outlet
ground
M B Porous v :aium top
v k i
n inletOutlet

+ epsilon inletOutlet
] Initial Fields

Fluids Properties

< Wave Properties

’ empty

*. fvSchemes » nut calculated
sides

vk slip

+ Preprocess » epsilon slip

' FySolution

+ Numerical Si nulation ! SMpLY

» nut calculated
+ Postprocess

Define
and bo

UC = o
CAMPUS

UNIVERSIDAD 7 'NTERNACIONAL
DECANTABRIA 2
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: |Hcantabr1a -

/

k {1 02-waveBasin_TURB

+ Mesh
InitFields Attributes
- Numerical Setup
Name Units
Fluids Properties ~ water
X box xMin m
& Gravity box xMax m
box yMin m
m
m
m

< Wave Properties box yMax

» Turbulence box zMmin
box zMax

M B Porous Medium

H:

Set inital water depth

*, FvSchemes
™ FySolution
+ Preprocess
+ Numerical Simulation

+ Postprocess

UNIVERSIDAD
DE CANTABRIA
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Regular waves in empty
basin (3D)

setFields button

/

+ Mesh L]

{* 02-waveBasin_TURB B & v

InitFields Attributes
= Numerical Setup Domain Visor P -sun
Name Units
Fluids Properties ~ water
box xMin
box xMax
box yMin
box yMax

= Turbulence box zMin
box zMax

e Gravity

< Wave Properties

M B Porous Medium
W :
nitial Fields
*, fvSchemes
- FySolution
+ Preprocess
+ Numerical Simulation

+ Postorocess

Message output

E WVl uss
values of volScalarField alpha.water

uc ~ CANTABRIA
CAMPUS
N

UNIVERSIDAD TERNACIONAL




K 2 Regular waves in empty
: IHcantabria basin (3D)

/

L3 {} 02-waveBasin_TURB

+ Mesh Output
InitFields Attributes

= Numerical Setup Domain Visor  Result
Name Units
Fluids Properties ~ water
box xMin
box xMax

) m
e Gravity m
box yMin m
m
m
m

< Wave Properties box yMax
=» Turbulence box zMin

box zMax

M B Porous Medium
. ¥
& Initial Fields

*, fvSchemes
- FySolution

+ Preprocess

+ Numerical Simulation

+ Postprocess

UC — oo
CAMPUS
UNIVERSIDAD 7 INTERNACIONAL




Regular waves in empty
basin (3D)

alpha.water
0.00 02 04 0.6 08 1.00

UC = <o
CAMPUS
FUNDACION IVERS! 7 INTERNACIONAL
A - x




IHcant

STITUTO DE

LICA A

abria

/

{} 02-waveBasin_TURB

+ Mesh
B Nu.k'nerlcal Setup
Fluids Properties
e Gravity
< Wave Properties
= Turbulence
M B Porous Medium
N =
= Initial Fields
- FySolution

+ Preprocess

+ Numerical Simulation

+ Postprocess

FvSchemes Attributes

Name
ddtSchemes
gradSchemes
snGradSchemes
laplacianschemes

interpolationschemes
fluxRequired

divSchemes
div(rhoPhi,U)
div(phi,alpha)
div(phirb,alpha)
div(((rho*nuEFf)*...
div(phi,epsilon)
liv(phi,k)

- Select -

Value
Euler
Gauss linear
orthogonal
Gauss linear orthogonal
linear

Gauss linearUpwind grad(u)
Gauss vanLeer

Gauss linear

Gauss linear

Gauss upwind

Gauss upwind

Regular waves in empty

basin (3D)

Set fvSchemes (humerical
schemes for different terms)

UC — -
CAMPUS

UNIVERSIDAD w7 INTERNACIONAL

DE CANTABRIA e A x
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/

+ Me\fh
= Numerical Setup
Fluids Properties
e Gravity
< Wave Properties
- Turbulence
H B Porous Medium
. 4
= Initial Fields

%, fvSchemes

+ Preprocess

+ Numerical Simulation

+ Postprocess

CANTABRIA
CAMPUS
INTERNACIONAL

£} 02-waveBasin_TURB

FvSo

B G

PIMPLE
momentumPredictor
nCorrectors
nNonOrthogonalCorr...

"alpha.water.*"
alphaOuterCorrectors
cAlpha
nAlphaCorr
nAlphasubcCycles

"pcorr.*"
solver

tolerance

relTol
p_rgh

solver

tolerance

relTol
p_rghFinal

solver

tolerance
relTol
"(U|k|epsilonjomega)”

"(U|k|epsilonjomega)Final"

Set fvSolution (equations solvers,
tolerances and algorithms) (1/2)

Regular waves in empty

basin (3D)
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INSTITUTO DE WIDRAULICA ANBIENTAL baSIn (3D)

o 02yvave Basin_TURB

+ Mesh

R gl Set fvSolution (equations solvers,
tolerances and algorithms) (2/2)

e Gravity

—Select- ~

PIMPLE
"alpha.water.*"
»» Turbulence pcorr.*
p_rgh
M B Porous Medium p_rahFinal
* "(U|k|epsilon|omega)"
- solver

¥ Initial Fields

< Wave Properties

. tolerance
+ fuSchemes relTol

™ fysolution (U|k|epsilon|omega)Final
solver

+ Preprocess

tolerance

+ Numerical Simulation relTol

+ Postprocess

uc ~Z CANTABRIA
CAMPUS
N oy o >

AMPUS
INTERNACIONAL
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INSTITUTO DE WIDRAULICA ANBIENTAL baSIn (3D)

I £} 02-waveBasin_TURB B ; e E y

* Mesh FreeSurfaces Attributes
+ Numerical Setup v FreeSurface STL
— Preprocess

# FreeSurface Save the free-Surface a-S

Il ® Punctual Pre 1*

W Line Probes a .stl file for each time step
B £ Forces
M D Pressures

+ Numerical Simulation

+ Postprocess

CANTABRIA

EAMPUS
INTERNACIONAL
AN i



: Regular waves in empty
b basin (3D)

/

{} 02-waveBasin_TURB B | & [ @ ) & .

* Mesh LineProbes Attributes Output

+ Numerical Setup Domain Visor  Result

— Preprocess - -
[»] X(m) Y(m) Zmin(m)Zmax (m] nPoints ]
# FreeSurface line1 1 1 0.7 1001

B ® Punctual erobes linez 2 1 07 1001
M Line Probes line3 :] 1 0.7 1001
B < Forces lined 5 0.7 1001
W 7 Pressures lines 7.5 0.7 1001

+ Numerical Simulation lines 9 0.7 1001 [

Save Fields
+ Postprocess

W VOF

\ ~locity U (m/s)

M Pres.ure P (Pa)

M Turbule. t Kinematic Energy k (m2/s2)
|

|

|

>et free-surface gaug

UC — o
CAMPUS
UNIVERSIDAD 7 INTERNACIONAL
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vEREIoAS oF arTastie I CA AMSIERES baSI n (3 D)

A7

£} 02-waveBasin_TURB =]

+ Mesh
Parameters Attributes

+ Numerical Setup
Name Units

+ Preprocess » startFrom latestTime

endTime
deltaT

Ii} Parameters writeControl adjustableRunTime
writelnterval
writeFormat asdii

- Numerical Simulation

2 Simulation

Lo writePrecision
o writeCompression uncompressed

timeFormat general
+ Postprocess timePrecision

runTimeModifiable

adjustTimeStep

maxCo

\axAlphaceo

me xDeltaT

resic als

Define simulation parameters

UC = -

UNIVERSIDAD w7 INTERNACIONAL
DE CANTABRIA = x




Regular waves in empty

Hcantabria basin (3D
decomposePar button || Run/Execute button asin (3D)

/ .

{} 02-waveBasin_TURB B M 0 © & 0 I 7 V)

+ Mesh
Simulation Attributes

+ Numerical Setup
Name Units AN b tt
+ Preprocess Numerical Solver interFoam 4 ~ S e u O n

- Numerical Simulation ~ Execution Type Parallel =
method hierarchical M
Descompose X
& simulation Descompose Y

Descompose Z

Iil Parameters

ol
o

+ Postprocess

Run OpenFOAM case
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* Hcantabria basin (3D)
decomposePar butt

k, £} 02-waveBasin_TURB B It @ S & @&

+ Mesh Output
Simulation Attributes
+ Numerical Setup Domain Visor  Result
Name Units

*+ Preprocess Numerical Solver interFoam 2
~ Execution Type Parallel /9

method hierarchical

Descompose X
@ simulation Descompose Y

Descompose Z

- Numerical Simulation

lil Parameters

e
e

+ Postprocess

Message output

UNIVER:

Uuc ~ .
RO —
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/

+ Mesh

£} 02-waveBasin_TURB B 0 ® ® 0
Simulation Attributes

+ Numerical Setup N Unit v
ame nits alue

+ Preprocess Numerical Solver

interFoam

+ Execution Type Parallel

- Numerical Simulation
lil Parameters
& Simulation
£} Performance
£} Residuals

+ Postprocess

correctl

T —

CANTABRIA
CAMPUS

INTERNACIONA
7 t

Domain Visor

Result

Output

egular waves in empty
basin (3D)




: IHcantabria

INSTITUTO DE

Regular waves in empty
basin (3D)

/ £} 02-waveBasin_TURB =]
\t Mesh
View Performance
+ Numerical Setup
Update
+ Preprocess
= Numerical Simulation
View deltaT
lil Parameters
@ simulation
£ Pe
{ Residuals

+ Postproces:

5.0
Time (s)

p I Ot dt d i View ExecutionClock

B Real ExecutionClock @ ExecutionClock

ExecutionTi

684.5
ClockTime (s)

,m_/ uc ~ CANTABRIA

L CAMPUS
UNIVERSIDAD o NTERSIACIONAL
DECANTABRIA  —— E



o ®
IHcantabria

INSTIT

Regular waves in empty
basin (3D)

/

{} 02-waveBasin_TURB

+ Mesh
View Residuals

+ Numerical Setup

Update
+ Preprocess

= Numerical Simulation .
) View p_rgh
lit Parameters
3 simulation

{} Performance

{3} Resid

+ Postproces:

5.0
Time (s)

uc / CANTABRIA
CA S

o MPU
UNIVERSIDAD o N TERGIACIONAL
DECANTABRIA ~ — 3
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plot free surface sensors basin (3D)

A AMBIENTAL

/

€} 02-waveBasin_TURB B ] ® @& O

+ Mesh View LineProbes

+ Numerical Setup l'ID X(m)  Y(m) Zmin (m)zmax (m nPoints [ Domain Visor ~ Result
ine1 1 1 0 07 1001

+ Preprocess -
line2 2 0.7 1001 alpha.water Update

+ Numerical Simulation line3 3 0.7 1001
- Postprocess lineq 5 0.7 1001
o) lines 7.5 0.7 1001
line6 9 0.7 1001
Fields
Time (s) interval

* Auto

N (m) interval

* Auto [YELTEN

free
ors

5.2
Time (s)

UC — -
CAMPUS
UNIVERSIDAD 7 INTERNACIONAL
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* IHcantabria basin (3D)

0/

£} 02-waveBasin_TURB B

+ Mesh View LineProbes

+ Numerical Setup l'ID1 X 2"1) Y (1m) Zmig (m)ngXT(m: ﬂi’gg:ts ] Domain Visor ~ Result
ine :

+ Preprocess
2 line2 2 1 0 0.7 1001 alpha.water Update

+ Numerical Simulation line3 3 1 0 0.7 1001
= Postprocess linea 5 0.7 1001
=) lines 7.5 0.7 1001
line6 9 0.7 1001 [
Fields

Time (s) interval

* Auto Manual

N (m) interval

® Auto

5.2
Time (s)

UC = -
ose
HOn

CAMPUS
UNIVERSIDAD 7 \NTERNACIONAL
DECANTABRIA :
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Regular waves in empty
basin (3D)

IHcantabria

uXx
01 0 0.1
mmm——— i ——

-0.106 0.189

Time: 2.31

uXx
ux e SR -
0 III\I\I?I\!H 0] 0.262 0.352

0.141

Time: 7.13
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