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Introduction

* Motivation

— Multiphase or multi-fluid flow with porous media in engineering fields
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 Objectives

— Validation of precompiled OpenFOAM solver
* Minimum functions solve a flow field

* Find out problems and modifying functions to appropriate solution
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Introduction

* OpenFOAM

— Open Field Operation and Manipulation
— Open source CFD toolbox written in C++

— Freely available and open source

— Licensed under the GNU General Public License
— Homepage: http://www.openfoam.org

Solver

— Over 80 solvers
— Over 170 applications

Library

— Turbulence, Thermophysical, Chemistry

Mesh

— Mesh Generator, Converting

Core Tech.
— Numerical Method
— Dynamic Mesh, Parallel Computing

OpenVFOAM

Home Features Support

About us Contact Jobs Legal

Overview

Standard Solvers
Creating Solvers
Extending Libraries
Mesh Generation

Mesh Conversion

Mesh Manipulation
Turbulence Models
TransportiRheology Models
Thermophysical Models
Particle Tracking

Reaction Kinetics

blockMesh

simple block mesher

Mesh Converter

Utilities

Pre-Processing

The open source CFD toolbox e |

Training News OpenFOAM Foundation

Features of OpenFOAM

The OpenFOAM® (Open Field Operation and Manipulation) CFD Toolbox is a free, open source CFD software package
produced by OpenCFD Lid. It has a large user base across most areas of engineering and science, from both commercial and
academic organisations. OpenFOAM has an extensive range of features fo solve anything from complex fluid flows involving
chemical reactions, turbulence and heat transfer, to solid dynamics and electromagnetics. It includes tools for meshing, notably
snappyHexMesh, a parallelised mesher for complex CAD geometries, and for pre- and posi-processing. Almost everything
(including meshing, and pre- and post-processing) runs in parallel as standard, enabling users to take full advantage of computer
hardware at their disposal.

By being open, OpenFOAM offers users complete freedom to customise and extend its existing functionality, either by themselves
or through support from OpenCFD. It follows a highly medular code design in which collections of functionality (e.g. numerical
methods, meshing, physical models, ...) are each compiled into their own shared library. Executable applications are then
created that are simply linked to the library functionality. OpenFOAM includes over 80 solver applications that simulate specific
problems in engineering mechanics and over 170 utility applications that perform pre- and post-processing tasks, e.g. meshing,

data visualisation, etc.
VTE/ ParaView

paraFoam

Pagt-processor

OpenFOAM C++ Library

Field Operation and Manipulation Data Conve

Interfaces to Other
Post-processors

Post-Processing

Standerd User
Solvers Applications

Solving
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Pre-processing (Mesh generating: blockMesh, snappyHexMesh, mesh converting)
Setup Boundary Condition, choose PDE solver, Run
Post-processing (Visualization: paraview)

Pre-processing

— Block mesh
» Vertex / Edge / Face
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. . Block mesh
— Snappy hex mesh (Automatic Mesh generating)

* Create base mesh
Refine base mesh L B RRRS
Remove unused cells ] ]
Snap mesh to surface
Add layers
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— Mesh converting to Foam e ey 4
* Ansys, CFX, Fluent, gambit, plot3D, etc

Automatic mesh procedure
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Flow Dynamic Modeling

o 8
g

» Governing Equations

— Navier-Stokes Equation
 Continuity

Bu. 1|8y Ba
- - = I:I 5"— = — o -+ Ea
gz, : 2|dr, Or
* Momentum * Body Force = porous drag (Darcy-Forchheimer) + gravity
- i i Fa) | l 1
(o) — —(pun)=——= ——(2uS, )= B, B =—\pD, ——plulFu —pg,
ot . OF, - ar, FT, E : ' i = "l
* Volume of Fraction « Ergun
l-i:.:\..:t. Ll .ﬂE .-:'-t':J._:' ) D D s le:l]'_ III:I: F = 1-El _l:IJ-I
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* Turbulence Model
— Two equation model: k-o SST model

Eal Eal My

g . . o) ok -
—(pk ) — puk) = —(t— o, i ) — —F — 3 phku
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Flow Dynamic Modeling

* Time Integration
— Backward Euler

— Crank-Nicholson

« Spatial Discretization 5| Momentum Outer
— Second / Fourth order central difference: linear / cubic p"e‘i"dor loop
— First / Second order upwind: upwind / linearUpwind >

ressure
- correction cdrrector

* Matrix Solver ‘l'. oop
— Iterative Method (e.g. Gauss-Seidel): smoothSolver J/; (;ZE:%

— Preconditioned (bi-)conjugate gradient methods: PCG, PBICG )

— Geometric and algebraic multigrid: GAMG 0

* Solution Algorithm
— SIMPLE Output
— PISO
— PIMPLE
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Computational Result
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» Experiment of porous dam break (Lin, p., 1998)

— Porous dam in fish tank
— Two type of granular materials: crushed stone, glass beads

open
rush
Crushed Material D d, [cm]
stone
Crushed stone 0.49 1.59
Glass beads 0.39 0.3
Experiment schematic view Porous media property

* Benchmark test
— Darcy-Forchheimer Coefficients
« 2D simulation
— k- SST turbulence model
« 2D simulation

— Grid dependency
+ 3D simulation
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Computational Result
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2D computational Set up

— Domain Size: 89cmx58cm ngk

— Cell size: 1cmx0.5¢cm
— Total cell No.: 10,324 wall

wall porous zone 58 cm

slip wall

3D computational Set up I

NI
. wall
— Domain Size: 89cmx58cmx44cm 44®® 0 em

29 cm

— Cell size e
* Coarse: 1cmx0.5cmx1cm
* Fine: 0.5cmx0.25cmx0.5cm i
— Total cell No. o
- Coarse: 454,256 b
- Fine: 3,634,048 g D en
 Boundary and initial condition
— Wall: non-slip, slip "
— Qutlet: extrapolation K B K B
— Initial water height: 25cm Initial Condition
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¥ Computational Result

» Dependency of Darcy-Forchheimer Coefficients
— Comparison coefficients

Coeff. Value
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» Dependency of Darcy-Forchheimer Coefficients
— Comparison coefficients

Coeff. Value
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Computational Result

» Dependency of Darcy-Forchheimer Coefficients
— Comparison coefficients

Coeff. Value
D 1.3x10°
F
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Computational Result

 Grid dependency and turbulence effect
— Coarse: 1cmx0.5cmx1cm, Fine: 0.5cmx0.25cmx0.5cm, k- @ SST model

* Turbulence dose not affect the flow field

D - 1.3x10° - * Need to consider porosity in turbulence model
F - 945 - + Same result of grid dependency (may BC)
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Summary and Remark
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* OpenFOAM

— Used one of precompiled solvers, called porousinterFoam
* Pressure drop is considered only, as body force without other details
 But it shows good performance

* Darcy-Forchheimer Coefficients
— Guess D and F coefficient from fixed porosity and nominal diameter with Ergun equation
— The result shows very similar behavior of motion
— But real is not homogenous porous media
— Need new approach, guessing D and F coefficients. e.g. Gaussian distribution.

* Grid and turbulence
— Grid dependency
» Both 2D and 3D are applied same BC (slip wall on sides)

— Turbulence model dose not affect the flow field
 |nitial distribution of flow field
* Need test other turbulence models. e.g. k-¢.
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