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1.1 What is Multiphysics and Why to Model? FH AACHEN
UMIVERSITY OF APPLIED SCIEMCES

« Various real world phenomena interacting simultaneously build up multiphysics.

Magnetic

* Real time interactions among disciplines needs to be considered.
« The desire to understand and improve complex features and processes.
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1.2 Multiphysics Classifications FH AACHEN

UNMIVERSITY OF APPLIED SCIENCES

« Multi-disciplinary: utilises data generated by one code as input for another.

« Multi-physics: two way exchange of information e.g. piezoelectric analysis.

» Closely coupled multiphysics: time and space accurate exchange of used data
e.g. fluid—structure interaction (FSI).
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1.3 Challenges in Multiphysics Modelling FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

* Requires expertise in many engineering fields as well as software and
hardware
* Closely coupled interactions between multiple phenomena
* Analysis software usually phenomena specific:
* Finite element techniques with direct solver structure
* Finite volume techniques with segregated iterative solvers
» Accurate filtering and data mapping for boundary and initial conditions
* Must ensure the accurate deformation capability of the mesh and geometry
where required
Parallel computing issues
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1.4 Multiphysics Modelling Methodology FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

Pre-processing Numerical Post-processing

Simulation

General : Boundary Multiphysic : o
: Preparation " : Analysis Validation
Settings Conditions Solution
- Engineering Data - Solid Modelling - Flow rate, ¢ Solution methods, - Contour plots *Image
* Models * Clean up - Temperature, * Spatial * Graphics * Measurement
- Meshing etc. - Force etc. Discretisation etc. . |ntegration etc.
) 0LICH
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1.4.1 Pre-processing/Engineering Data FH AACHEN

UMIVERSITY OF APP

IED SCIEMCES
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1.4.2 Pre-processing/Clean-up

* Repair edges, holes, cracks, sharp angles etc.

- Simplify fillets, solid geometry.

« Conduct operations, add-subtract domains
« Create, adjust additional volumes etc.
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1.4.2 Pre-processing/Clean-up FH AACHEN

UMIVERSITY OF APPLIED SCIEMNCES

(a) Before cleanup

v_face 4

(b) After cleanup
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1.4.2 Pre-processing/Clean-up FH AACHEN

UMIVERSITY OF APPLIED SCIENCES
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1.4.2 Pre-processing/Clean-up FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

Fillet for CFD
not required!
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1.4.2 Pre-processing/Clean-up FH AACHEN

UNMIVERSITY OF APPLIED SCIENCES

Small features must be removed or merged!

Undesired details!
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1.4.3 Pre-processing/Meshing FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

Set Physics & Meshing MethodJ *  Structural, CFD, EM etc.

Specify Global Mesh Settings J . - Sizing, Pinch etc.
Insert Local Mesh Settings l .
. |

Preview & Generate Mesh J
= . «  Preview surface mesh
Y

« Sizing; refinement etc.

]_ Check Mesh Quality J

*  Mesh metrice
* Remember! Different physics and different
solvers have different requirements for mesh
quality!
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1.4.3 Pre-processing/Meshing FH AACHEN

UMIVERSITY OF APPLIED SCIENCES
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1.4.3 Pre-processing/Meshing FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

Meshing Options

Meshing Options panel appears at the startup

Meshing Options

LIz this panel ba skark the meshing process by defning -— Helps ln Settlng meShlng prefe rence
a phwsics praferance and aninitial Method cortrol, or Eo
28 Spdnn o Jo s dins oo — Can also be accessed through Tool bar
Phvsics Preference I A——— ) e
ol ool - Physics Preference :
; E:;P"Et_ - - 1 ,\ | — Select the type of physics to be solved
chanical |

— Default Meshing parameters differ for each physics type

Mesh Method L | \ ® Mesh Method .
- i . e o e b 5 -
i :“:‘“;E'TPE";“i”::;""mf“’i:””ﬂ e "/’ | — Any Meshing Method can be used for any Physics
gLranedrons [=1an Eperden |
" Tetrahedrons IPatch Conforrming) | l Preference
[T SetPhysics and Create Method | - Set Physics and Create method :
Sets the Physics Pref Far th k Mzsh : : : -
I s R i "\/ — Sets selected Physics in D?talls View of Mesh
T i i ey il VR — Inserts a Method control with all solid bodies selected
j e i e and defines the Mesh method as selected above

. sy .
IUpdates preferences in the Dpkion -:Il.alﬂ. Hi i RN . Set Mes h |ng Defau Its -

fore e B —,’ i — Updates physics preference in Option Dialog box
L —or— | emcer | e = | - Option to display this panel at Meshing startup
) 0LICH

orscnneszevmon— [NStitut flr Energie- und Klimaforschung — Elektrochemische Verfahrenstechnik (IEK-3) 1-15



http://www.fh-aachen.de/

ED SCIEMCES

UNIVERSITY OF APPLI

FH AACHEN

1.4.3 Pre-processing/Meshing

Tetrahedral meshing
approach of an

aeroplane segment

Patch Independent

Patch Conforming
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1.4.3 Pre-processing/Meshing FH AACHEN

UNMIVERSITY OF APPLIED SCIENCES

Typical Mesh Variants
- Hexa

* Tetra

* Poly

« Cut-cell etc.
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1.4.3 Pre-processing/Meshing FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

Hex Mesh count: 875K

CutCell Mesh count: 1.7M
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1.4.3 Pre-processing/Meshing FH AACHEN

UNMIVERSITY OF APPLIED SCIENCES

perature Distribution

CutCell

1385 1665 1745 1924 2104 Time in Hours

m Mesh Generation

O N & O

® Mesh Generation
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1.4.3 Pre-processing/Meshing/Mesh settings FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

Mesh using standard size function Mesh using advanced size function
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1.4.4 Pre-processing/Boundary conditions FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

nmary
Iniet Plenum

Mixing Tube

i e Exit Plenum
o, (;— Ana \
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1.4.5 Numerical Simulation/Multiphysics Solution FH AACHEN
UNMIVERSITY OF APPLIED SCIEMCES

« Information regarding the solution settings must be specified.

* Output of the solver program must be specified

» Upon the multiphysics environment, methods and solver types are chosen
(Pressure based, implicit, Gauss-Seidel, algebraic multigrid (AMG) method etc.

Remember! The whole analysis cannot be done by just
executing a list of tasks one after the other.

The solver may be run, the results being checked and then the
computer model rebuild.
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1.4.6 Post- processing/Analysis FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

What can be analysed?
« Solution convergence
* residuals
» variables at specified locations
* Produced data of the entire domain.
* show the geometry
* modify the view
- display the results

Visual analysis of a fuel cell system

) 0LICH
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1.4.7 Post- processing/Validation FH AACHEN

UMIVERSITY OF APPLIED SCIENCES

Error sources for incorrect results
*  Wrong Input data

* Inappropriate type of mesh

* Poor mesh gquality

*  Wrong boundary conditions

800
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Concluding remarks | ]

FH AACHEN

IWERSITY OF APPLIED SCIEMCES

M Multiphysics modelling is an essential tool for predicting and simu ating complex
engineering systems that comprise coupled phenomena

M The execution of any multiphysics problem can be sub-divided into pre-
processing, numerical solution and post-processing

M The nature of the problem has to be carefully understood prior setting up the
multipyhsics model

M Modelling of multiphysics in general is a very challenging task and requires
expertise in engineering as well as software and hardware knowledge

M Clean-up, numerical grid quality have particular importance, directly affecting the
solution time and quality of the results

M Results of multiphysics simulations have to be carefully analysed and validated
using experimental data or mathematical methods

B Employing multiphysics analyses can save tremendous time and invaluable
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FH AACHEN
UMIVERSITY OF APPLIED SCIENCES

Thank You for Your Attention!
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