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Finite Element Analysis COMSOL: A Comprehensive
Guide

Introduction:

Are you ready to unlock the power of advanced simulations? Finite Element Analysis (FEA) is a
cornerstone of modern engineering and product design, allowing engineers and scientists to predict
the behavior of complex systems before they're even built. COMSOL Multiphysics, a leading FEA
software package, offers a powerful and versatile platform for tackling a wide range of simulation
challenges. This comprehensive guide delves into the world of Finite Element Analysis using COMSOL,
providing a detailed exploration of its capabilities, applications, and best practices. We'll cover
everything from basic concepts to advanced techniques, equipping you with the knowledge to
effectively leverage this powerful tool. Prepare to transform your design and analysis workflows!

Understanding Finite Element Analysis (FEA)1.

Finite Element Analysis is a numerical method used to solve complex engineering and physics
problems. It works by breaking down a complex geometry into smaller, simpler elements (hence the
name "finite element"). These elements are interconnected at nodes, and equations governing the
physical behavior (stress, strain, temperature, fluid flow, etc.) are applied to each element. By solving
these equations simultaneously for all elements, the software approximates the overall behavior of
the entire system. FEA's strength lies in its ability to handle intricate geometries and diverse material
properties, making it invaluable for analyzing real-world scenarios.

COMSOL Multiphysics: A Powerful FEA Platform1.

COMSOL Multiphysics stands out as a leading FEA software due to its unique approach. Unlike many
FEA packages focused on a single physics domain (e.g., structural mechanics), COMSOL excels at
coupling multiple physics phenomena. This means you can simulate interactions between different
physical effects – for instance, the thermal stresses on a component due to electrical heating or the
fluid flow around a vibrating structure. Its intuitive graphical user interface (GUI) makes model
creation and analysis relatively straightforward, even for complex problems.

Key Features and Capabilities of COMSOL for FEA1.



COMSOL boasts an impressive array of features essential for robust FEA simulations:

Multiphysics Coupling: The cornerstone of COMSOL, allowing for the simultaneous solution of multiple
physics equations.
Extensive Physics Modules: A wide range of pre-built modules cater to diverse applications, including
structural mechanics, heat transfer, fluid dynamics, electromagnetics, acoustics, and chemical
engineering.
Advanced Meshing Techniques: COMSOL offers powerful meshing capabilities to accurately represent
complex geometries, optimizing the accuracy and efficiency of the simulation.
Robust Solvers: A variety of efficient solvers ensure accurate and reliable results, even for large-scale
models.
Post-processing and Visualization: Powerful tools for visualizing results, including animations, contour
plots, and data exports, allowing for a thorough analysis of the simulation output.
App Designer: Create custom applications to streamline your workflow and share simulations with
colleagues who may not have direct experience with COMSOL.

Step-by-Step Guide to Performing a Simple FEA Simulation in COMSOL1.

Let's illustrate the process with a straightforward example: analyzing the stress distribution in a
simple cantilever beam under load. This example will highlight the core workflow:

Geometry Creation: Define the geometry of the cantilever beam using COMSOL's built-in CAD1.
tools or import a CAD model.

Physics Selection: Choose the appropriate physics module – in this case, the "Solid Mechanics"2.
module.

Material Properties: Assign material properties (Young's modulus, Poisson's ratio) to the beam.3.

Boundary Conditions: Define the boundary conditions: fixed support at one end and an applied4.
load at the other.

Mesh Generation: Generate a suitable mesh, ensuring adequate resolution in critical areas.5.

Solver Settings: Select a suitable solver and run the simulation.6.

Post-processing and Results Analysis: Visualize the stress distribution, displacement, and other7.
relevant parameters.

Advanced Techniques and Applications of COMSOL in FEA1.



Beyond basic simulations, COMSOL enables tackling sophisticated problems:

Nonlinear Analysis: Simulating materials with nonlinear behavior (e.g., plasticity, large deformation).
Optimization Studies: Optimizing designs based on specific criteria (e.g., minimizing weight while
maintaining strength).
Uncertainty Quantification: Assessing the impact of uncertainties in material properties and geometry
on simulation results.
Coupled Fluid-Structure Interaction (FSI): Simulating the interaction between fluids and structures,
critical in many engineering applications.
Electromagnetic-Thermal Coupling: Analyzing the heating effects of electric currents in electronic
components.

Best Practices for Effective COMSOL Simulations1.

To maximize the accuracy and efficiency of your simulations:

Mesh Refinement: Focus mesh refinement on areas with high gradients (e.g., stress concentrations).
Convergence Studies: Ensure the solution converges to a stable result by varying mesh density and
solver settings.
Validation: Compare simulation results with experimental data or analytical solutions whenever
possible.
Appropriate Physics Selection: Choose the appropriate physics modules for the problem at hand.
Documentation: Maintain thorough documentation of your model, assumptions, and results.

Troubleshooting Common COMSOL Simulation Challenges1.

Encountering issues is part of the simulation process. Common challenges and their solutions:

Meshing Errors: Review geometry for imperfections and try different meshing techniques.
Solver Convergence Issues: Adjust solver settings, refine the mesh, or check for errors in boundary
conditions.
Unrealistic Results: Verify material properties, boundary conditions, and geometry.

Sample COMSOL Finite Element Analysis Project Outline:

Project Title: Thermal Stress Analysis of a Pressure Vessel

Introduction: Background on pressure vessels, the importance of thermal stress analysis, and the
chosen methodology.
Chapter 1: Geometry and Material Properties: Detailed description of the pressure vessel geometry,
material selection (e.g., stainless steel), and relevant material properties.
Chapter 2: Physics Setup: Specification of the physics modules used (Solid Mechanics and Heat
Transfer), boundary conditions (pressure, temperature), and loading conditions.



Chapter 3: Meshing Strategy: Detailed description of the meshing approach, including mesh
refinement techniques and element type selection.
Chapter 4: Results and Discussion: Presentation and interpretation of simulation results, including
stress distribution, temperature gradients, and potential failure points.
Chapter 5: Conclusion and Recommendations: Summary of findings, implications for design, and
recommendations for future work.

(Each chapter would then contain a detailed, technical explanation and visual representations of the
data).

FAQs:

What is the difference between COMSOL and other FEA software? COMSOL distinguishes itself1.
through its multiphysics capabilities, allowing for the simultaneous simulation of multiple
physical phenomena.

Is COMSOL difficult to learn? While it has a steep learning curve initially, COMSOL's intuitive GUI1.
and extensive documentation make it accessible with sufficient training.

What type of hardware is required for COMSOL? The hardware requirements depend on the1.
complexity of the simulations. Powerful processors, ample RAM, and a dedicated graphics card
are recommended for large-scale models.

What are the licensing options for COMSOL? COMSOL offers various licensing options, including1.
individual licenses, network licenses, and academic licenses.

Can I import CAD models into COMSOL? Yes, COMSOL supports importing various CAD formats,1.
simplifying model creation.

How do I validate my COMSOL results? Compare simulation results with experimental data or1.
analytical solutions whenever possible.



What are the limitations of FEA using COMSOL? FEA results are approximations based on1.
simplifying assumptions. Accuracy depends on model fidelity, mesh quality, and solver
selection.

Can I perform optimization studies in COMSOL? Yes, COMSOL offers powerful optimization tools1.
to optimize designs based on specific criteria.

What industries use COMSOL for FEA? COMSOL is used across various industries, including1.
aerospace, automotive, biomedical, and electronics.

Related Articles:

COMSOL for Structural Mechanics: A deep dive into using COMSOL to analyze structural1.
components.

Heat Transfer Simulations in COMSOL: Focuses on using COMSOL for thermal analysis problems.2.

Fluid Dynamics Modeling with COMSOL: Explores the application of COMSOL in fluid flow3.
simulations.

Electromagnetic Simulations using COMSOL: Covers the use of COMSOL for electromagnetic4.
analysis.

Coupled Multiphysics Simulations in COMSOL: A guide to advanced multiphysics simulations.5.

Meshing Techniques for Optimal COMSOL Simulations: Best practices for generating high-quality6.
meshes in COMSOL.

COMSOL for Optimization Studies: Explores using COMSOL for design optimization.7.

Validation and Verification of COMSOL Simulations: Ensuring the accuracy and reliability of8.
COMSOL results.

Advanced Post-Processing Techniques in COMSOL: Effective visualization and interpretation of9.
COMSOL simulation data.

  finite element analysis comsol: Multiphysics Modeling With Finite Element Methods William
B J Zimmerman, 2006-10-25 Finite element methods for approximating partial differential equations



that arise in science and engineering analysis find widespread application. Numerical analysis tools
make the solutions of coupled physics, mechanics, chemistry, and even biology accessible to the
novice modeler. Nevertheless, modelers must be aware of the limitations and difficulties in
developing numerical models that faithfully represent the system they are modeling.This textbook
introduces the intellectual framework for modeling with Comsol Multiphysics, a package which has
unique features in representing multiply linked domains with complex geometry, highly coupled and
nonlinear equation systems, and arbitrarily complicated boundary, auxiliary, and initial conditions.
But with this modeling power comes great opportunities and great perils.Progressively, in the first
part of the book the novice modeler develops an understanding of how to build up complicated
models piecemeal and test them modularly. The second part of the book introduces advanced
analysis techniques. The final part of the book deals with case studies in a broad range of application
areas including nonlinear pattern formation, thin film dynamics and heterogeneous catalysis,
composite and effective media for heat, mass, conductivity, and dispersion, population balances,
tomography, multiphase flow, electrokinetic, microfluidic networks, plasma dynamics, and corrosion
chemistry.As a revision of Process Modeling and Simulation with Finite Element Methods, this book
uses the very latest features of Comsol Multiphysics. There are new case studies on multiphase flow
with phase change, plasma dynamics, electromagnetohydrodynamics, microfluidic mixing, and
corrosion. In addition, major improvements to the level set method for multiphase flow to ensure
phase conservation is introduced.
  finite element analysis comsol: Finite element analysis with COMSOL Pramote Dechaumphai,
2019
  finite element analysis comsol: The Finite Element Method Darrell W. Pepper, Juan C.
Heinrich, 2017-04-11 This self-explanatory guide introduces the basic fundamentals of the Finite
Element Method in a clear manner using comprehensive examples. Beginning with the concept of
one-dimensional heat transfer, the first chapters include one-dimensional problems that can be
solved by inspection. The book progresses through more detailed two-dimensional elements to
three-dimensional elements, including discussions on various applications, and ending with
introductory chapters on the boundary element and meshless methods, where more input data must
be provided to solve problems. Emphasis is placed on the development of the discrete set of
algebraic equations. The example problems and exercises in each chapter explain the procedure for
defining and organizing the required initial and boundary condition data for a specific problem, and
computer code listings in MATLAB and MAPLE are included for setting up the examples within the
text, including COMSOL files. Widely used as an introductory Finite Element Method text since 1992
and used in past ASME short courses and AIAA home study courses, this text is intended for
undergraduate and graduate students taking Finite Element Methodology courses, engineers
working in the industry that need to become familiar with the FEM, and engineers working in the
field of heat transfer. It can also be used for distance education courses that can be conducted on
the web. Highlights of the new edition include: - Inclusion of MATLAB, MAPLE code listings, along
with several COMSOL files, for the example problems within the text. Power point presentations per
chapter and a solution manual are also available from the web. - Additional introductory chapters on
the boundary element method and the meshless method. - Revised and updated content. -Simple and
easy to follow guidelines for understanding and applying the Finite Element Method.
  finite element analysis comsol: Finite Element Analysis with COMSOL Pramote
Dechaumphai, Sedthawat Sucharitpwatskul, 2019-06-30 Presents a clear theory of finite element
method with the use of COMSOL Multiphysics software. This book describes the finite element
procedures for solving structural mechanics, heat transfer and fluid flow problems. In each chapter,
the governing differential equations and corresponding finite element formulations are described.
Academic examples are presented together with detailed steps on using COMSOL. In addition, the
last chapter shows how to use the software to solve general form of the differential equations by the
finite element method. This chapter demonstrates a unique capability of COMSOL that does not exist
in most of other software packages. The book is ideal for beginners to understand the finite element



packages. The book is ideal for beginners to understand the finite element method and how to use
COMSOL Multiphysics software in a short time.
  finite element analysis comsol: The Finite Element Method Darrell W. Pepper, Juan C.
Heinrich, 2005-10-31 This much-anticipated second edition introduces the fundamentals of the finite
element method featuring clear-cut examples and an applications-oriented approach. Using the
transport equation for heat transfer as the foundation for the governing equations, this new edition
demonstrates the versatility of the method for a wide range of applications, including structural
analysis and fluid flow. Much attention is given to the development of the discrete set of algebraic
equations, beginning with simple one-dimensional problems that can be solved by inspection,
continuing to two- and three-dimensional elements, and ending with three chapters describing
applications. The increased number of example problems per chapter helps build an understanding
of the method to define and organize required initial and boundary condition data for specific
problems. In addition to exercises that can be worked out manually, this new edition refers to
user-friendly computer codes for solving one-, two-, and three-dimensional problems. Among the first
FEM textbooks to include finite element software, the book contains a website with access to an
even more comprehensive list of finite element software written in FEMLAB, MAPLE, MathCad,
MATLAB, FORTRAN, C++, and JAVA - the most popular programming languages. This textbook is
valuable for senior level undergraduates in mechanical, aeronautical, electrical, chemical, and civil
engineering. Useful for short courses and home-study learning, the book can also serve as an
introduction for first-year graduate students new to finite element coursework and as a refresher for
industry professionals. The book is a perfect lead-in to Intermediate Finite Element Method: Fluid
Flow and Heat and Transfer Applications (Taylor & Francis, 1999, Hb 1560323094).
  finite element analysis comsol: An Introduction to the Finite Element Method Junuthula
Narasimha Reddy, 2006 The book retains its strong conceptual approach, clearly examining the
mathematical underpinnings of FEM, and providing a general approach of engineering application
areas.Known for its detailed, carefully selected example problems and extensive selection of
homework problems, the author has comprehensively covered a wide range of engineering areas
making the book approriate for all engineering majors, and underscores the wide range of use FEM
has in the professional world
  finite element analysis comsol: Geometry Creation and Import With COMSOL
Multiphysics Layla S. Mayboudi, 2019-09-20 This book focuses on the geometry creation
techniques for use in finite element analysis. Examples are provided as a sequence of fin designs
with progressively increasing complexity. A fin was selected as it is a feature widely employed for
thermal management. As the content progresses, the reader learns to create or import a geometry
into a FEM tool using COMSOL Multiphysics®. The fundamentals may also be applied to other
commercial packages such as ANSYS® or AbaqusTM. The content can be utilized in a variety of
engineering disciplines including mechanical, aerospace, biomedical, chemical, civil, and electrical.
The book provides an overview of the tools available to create and interact with the geometry. It also
takes a broader look on the world of geometry, showing how geometry is a fundamental part of
nature and how it is interconnected with the world around us. Features: Includes example models
that enable the reader to implement conceptual material in practical scenarios with broad industrial
applications Provides geometry modeling examples created with built in features of COMSOL
Multiphysics® v. 5.4 or imported from other dedicated CAD tools Presents meshing examples and
provides practical advice on mesh generation Includes companion files with models and custom
applications created with COMSOL Multiphysics® Application Builder.
  finite element analysis comsol: Comsol Heat Transfer Models Layla S. Mayboudi,
2019-10-15 This book guides the reader through the process of model creation for heat transfer
analysis with the finite element method. The book describes thermal imaging experiments that
demonstrate how such models can be validated. It presents application examples, such as heating
water in a kettle, to basement insulation, a heated seat, molten rock, pipe flow, and an innovative
extended surface. A companion disc provides the files so models can be run (using COMSOL or other



software) in order to observe real-world behavior of the applications. Historical background
information is provided to show the progression of heat transfer science and mathematical modeling
from the earliest developments to the most recent advances in technology. Features: Includes
example models that enable the reader to implement conceptual material in practical scenarios with
broad industrial applications Includes companion files with models and geometry files created with
COMSOL Multiphysics(R) or imported from a third-party CAD tool.
  finite element analysis comsol: Modelling Organs, Tissues, Cells and Devices Socrates Dokos,
2017-03-08 This book presents a theoretical and practical overview of computational modeling in
bioengineering, focusing on a range of applications including electrical stimulation of neural and
cardiac tissue, implantable drug delivery, cancer therapy, biomechanics, cardiovascular dynamics,
as well as fluid-structure interaction for modelling of organs, tissues, cells and devices. It covers the
basic principles of modeling and simulation with ordinary and partial differential equations using
MATLAB and COMSOL Multiphysics numerical software. The target audience primarily comprises
postgraduate students and researchers, but the book may also be beneficial for practitioners in the
medical device industry.
  finite element analysis comsol: COMSOL5 for Engineers Mehrzad Tabatabaian, 2015-07-24
COMSOL5 Multiphysics® is one of the most valuable software modeling tools for engineers and
scientists. This book, an updated edition of the previously published, COMSOL for Engineers, covers
COMSOL5 which now includes a revolutionary tool, the Application Builder. This component enables
users to build apps based on COMSOL models that can be run on almost any operating system
(Windows, MAC, mobile/iOS, etc.). Designed for engineers from various disciplines, the book
introduces multiphysics modeling techniques and examples accompanied by practical applications
using COMSOL5.x. The main objective is to introduce readers to use COMSOL as an engineering
tool for modeling, by solving examples that could become a guide for modeling similar or more
complicated problems. The book provides a collection of examples and modeling guidelines through
which readers can build their own models. The mathematical fundamentals, engineering principles,
and design criteria are presented as integral parts of the examples. At the end of chapters are
references that contain more in-depth physics, technical information, and data; these are referred to
throughout the book and used in the examples. COMSOL5 for Engineers could be used to
complement another text that provides background training in engineering computations and
methods. Exercises are provided at the end of the text for use in adoption situations. Features:
•Expands the Finite Element Method (FEM) theory and adds more examples from the original
edition •Outlines the new features in COMSOL5, the graphical user interface (GUI), and how to
build a COMSOL app for models •Includes apps for selected model examples-with parameterization
of these models •Features new and modified, solved model examples, in addition to the models
provided in the original edition •Companion disc with executable copies of each model and their
related animations eBook Customers: Companion files are available for downloading with order
number/proof of purchase by writing to the publisher at info@merclearning.com.
  finite element analysis comsol: The Mathematical Structure of Classical and Relativistic
Physics Enzo Tonti, 2013-09-07 The theories describing seemingly unrelated areas of physics have
surprising analogies that have aroused the curiosity of scientists and motivated efforts to identify
reasons for their existence. Comparative study of physical theories has revealed the presence of a
common topological and geometric structure. The Mathematical Structure of Classical and
Relativistic Physics is the first book to analyze this structure in depth, thereby exposing the
relationship between (a) global physical variables and (b) space and time elements such as points,
lines, surfaces, instants, and intervals. Combining this relationship with the inner and outer
orientation of space and time allows one to construct a classification diagram for variables,
equations, and other theoretical characteristics. The book is divided into three parts. The first
introduces the framework for the above-mentioned classification, methodically developing a
geometric and topological formulation applicable to all physical laws and properties; the second
applies this formulation to a detailed study of particle dynamics, electromagnetism, deformable



solids, fluid dynamics, heat conduction, and gravitation. The third part further analyses the general
structure of the classification diagram for variables and equations of physical theories. Suitable for a
diverse audience of physicists, engineers, and mathematicians, The Mathematical Structure of
Classical and Relativistic Physics offers a valuable resource for studying the physical world. Written
at a level accessible to graduate and advanced undergraduate students in mathematical physics, the
book can be used as a research monograph across various areas of physics, engineering and
mathematics, and as a supplemental text for a broad range of upper-level scientific coursework.
  finite element analysis comsol: Finite Element Modeling Methods for Photonics B. M. Azizur
Rahman , Arti Agrawal , 2013-08-01 The term photonics can be used loosely to refer to a vast array
of components, devices, and technologies that in some way involve manipulation of light. One of the
most powerful numerical approaches available to engineers developing photonic components and
devices is the Finite Element Method (FEM), which can be used to model and simulate such
components/devices and analyze how they will behave in response to various outside influences. This
resource provides a comprehensive description of the formulation and applications of FEM in
photonics applications ranging from telecommunications, astronomy, and sensing, to chemistry,
imaging, and biomedical R&D. This book emphasizes practical, problem-solving applications and
includes real-world examples to assist readers in understanding how mathematical concepts
translate to computer code for finite element-based methods applicable to a range of photonic
structures. In addition, this is the perfect support to anyone using the COMSOL Multiphysics© RF
Module.
  finite element analysis comsol: Smart Energy Empowerment in Smart and Resilient
Cities Mustapha Hatti, 2019-12-24 International Conference on Artificial Intelligence in Renewable
Energetic Systems, IC-AIRES2019, 26-28 November 2019, Taghit-Bechar, Algeria. The challenges of
the energy transition in the medium term lead to numerous technological breakthroughs in the areas
of production, optimal distribution and the rational use of energy and renewable energy (energy
efficiency and optimization of consumption, massive electrification, monitoring and control energy
systems, cogeneration and energy recovery processes, new and renewable energies, etc.). The fall in
the cost of renewable energies and the desire for a local control of energy production are today
calling for a profound change in the electricity system. Local authorities are at the center of energy
developments by taking into account the local nature of certain energy systems, heat networks,
geothermal energy, waste heat recovery, and electricity generation from household waste. On the
other side, digital sciences are at the heart of connected objects and intelligent products that
combine information processing and communication capabilities with their environment. Digital
technology is at the center of new systems engineering approaches (3D modeling, virtualization,
simulation, digital prototyping, etc.) for the design and development of intelligent systems. The book
deals with various topics ranging from the design, development and maintenance of energy
production systems, transport, distribution or storage of energy, optimization of energy efficiency,
especially in the use of energy. innovation in the fields of energy production from renewable
energies, management of energy networks: electricity, fluids, gas, district heating, energy storage
modes: battery, super-capacitors , overseeing energy supply through supervision, control and
diagnosis, risk management, as well as the design and management of smart grids: microgrid,
smartgrid. This imposes the model of energy empowerment in the advent of smart cities. Empower
the world’s most vulnerable energy-poor citizens and establish growing and vibrant socioeconomic
communities, by academics, students in engineering and data computing from around the world who
have chosen an academic path leading to an electric power and energy engineering and artificial
intelligence to advancing technology for the advantage of humanity.
  finite element analysis comsol: Multiphysics Modeling Using COMSOL? Roger Pryor, 2011
Multiphysics Modeling Using COMSOL? rapidly introduces the senior level undergraduate, graduate
or professional scientist or engineer to the art and science of computerized modeling for physical
systems and devices. It offers a step-by-step modeling methodology through examples that are linked
to the Fundamental Laws of Physics through a First Principles Analysis approach. The text explores



a breadth of multiphysics models in coordinate systems that range from 1D to 3D and introduces the
readers to the numerical analysis modeling techniques employed in the COMSOL? Multiphysics?
software. After readers have built and run the examples, they will have a much firmer understanding
of the concepts, skills, and benefits acquired from the use of computerized modeling techniques to
solve their current technological problems and to explore new areas of application for their
particular technological areas of interest.
  finite element analysis comsol: Digital Simulation in Electrochemistry D. Britz, 2013-06-29
This book is the result of frustration. When I first became interested in digi tal simulation in 1967 (I
didn't know the name then), there were no texts to tell one the how of it. This has not changed
greatly since then; it is significant that just about all publications about the technique refer to a
chapter by Feldberg in an electrochemical series, written in 1969. When I ran a course on the
method recently, it became evident that this chapter is not enough for the raw beginner. Neither
does he/she get much help from the mathematical textbooks which, at best, leave the special
electrochemical aspects (if not a lot else) to one's imagination. This book, then, is written for
practical digital simulators who do not have a friend who will tell them how to do it. The beauty of
the digital approach is that one can separate out various dynamic processes taking place
simultaneously. I have structured the book in this way. The major computing usually lies in the
diffusion of substance, while the major program ming effort (and preparatory paper work) goes into
the boundary conditions. These are treated separately.
  finite element analysis comsol: The Boundary Element Method in Acoustics Stephen
Kirkup, 1998
  finite element analysis comsol: Heat Transfer Modelling Using COMSOL Layla S.
Mayboudi, 2018 Fins have been used historically as reliable design features for thermal
management, which continues to be an important problem in engineering today. This book develops
heat transfer models for progressively complex fin designs. Mathematicians, engineers, and analysts
may equally benefit from the content as it provides the reader with numerical and analytical tools to
approach general and thermal management heat transfer problems. The main focus is on the
COMSOL(R) Multiphysics Heat Transfer module; however, the fundamentals may be applied to other
commercial packages such as ANSYS and Abaqus. The content can be utilized in a variety of
engineering disciplines including mechanical, aerospace, biomedical, chemical, civil, and electrical,
etc. Features: +Includes numerous example models that enable the reader to implement conceptual
material in practical scenarios with broad industrial applications +Uses COMSOL Multiphysics(R)
version 5.3 in combination with the Heat Transfer Module to set up and carry out the numerical
analysis for the models presented in the book +Presents mathematical methods related to the
problems +Includes a companion disc with models and custom apps created with COMSOL
Application Builder (available by emailing info @ merclearning.com with proof of purchase if
e-version)
  finite element analysis comsol: Optics Modeling and Visualization with COMSOL Multiphysics
Hee C. Lim, 2018-07-28 This manuscript is a step-by-step graphical instructions for COMSOL
Multiphysics with Ray Optics Module and Wave Optics module modeling and computational physics
simulation. All the example models investigated and visualized with the help of Finite Element
Analysis are referenced from the standard USA undergraduate text on Optics by E. Hecht. The
simulations include the use of geometrical ray tracings for point source, hemispherical, and conic
rays as well as full electromagnetic waves source employing the Maxwell's wave equations for
Gaussian waves input. Both 2D and 3D computational physics approach will be discussed with the
introduction of the trick-of-the-trades meshings, and modeling skill besides setup options that are
skillfully hidden in the simulation software from plain sight.The geometrical model covers 2D and 3D
electromagnetic waves propagation in user defined refractive index domain; Laws of Refraction for
2D converging and diverging lens; Laws of Reflection for specular mirrors, 3D Prism, 3D Prism
mirror equivalent system; Polarizations for 3D linear polarizers, 3D circular polarizer, 3D linear
wave retarder such as half wave plate, quarter wave plate; the Theory of Superposition for the 2D



Young's double slits Wavefront-splitting interference experiment, 3D thin film uniform thickness
Amplitude-splitting interference experiment, 2D Michelson interferometer Mirrored-interference
setup with the 1D interference fringes line graph; Fermat's principle for 2D single slits diffraction,
3D circular aperture diffraction experiment, 3D rectangular slit diffraction experiment, 3D
diffraction gratings experiment with Fresnel near field and Fraunhofer far field diffraction pattern,
diffraction pattern: Sinc() function observation discussions, the Limitation of ray tracing physics vs.
full electromagnetic waves simulations in the physics of optics, the Babinet's principle of transparent
openings or opaque obstacles diffraction slit; and finally the Modern optics of 2D and 3D LASER
cavity multiphysics models with the application of multiple release time of rays for Stimulated
Emission lasing. One of the most important and crucial component of the computational physics
subject, the user customizable library of material properties that governs the realisticality of the
final modeled results, is highlighted in the appendix section.
  finite element analysis comsol: Computational Contact Mechanics Peter Wriggers, Tod A.
Laursen, 2008-04-01 Topics of this book span the range from spatial and temporal discretization
techniques for contact and impact problems with small and finite deformations over investigations
on the reliability of micromechanical contact models over emerging techniques for rolling contact
mechanics to homogenization methods and multi-scale approaches in contact problems.
  finite element analysis comsol: Extended Finite Element Method Amir R. Khoei,
2015-02-23 Introduces the theory and applications of the extended finite element method (XFEM) in
the linear and nonlinear problems of continua, structures and geomechanics Explores the concept of
partition of unity, various enrichment functions, and fundamentals of XFEM formulation. Covers
numerous applications of XFEM including fracture mechanics, large deformation, plasticity,
multiphase flow, hydraulic fracturing and contact problems Accompanied by a website hosting
source code and examples
  finite element analysis comsol: The Finite Element Method Darrell W. Pepper, Juan C.
Heinrich, 2017 This self-explanatory guide introduces the basic fundamentals of the Finite Element
Method in a clear manner using comprehensive examples. Beginning with the concept of
one-dimensional heat transfer, the first chapters include one-dimensional problems that can be
solved by inspection. The book progresses through more detailed two-dimensional elements to
three-dimensional elements, including discussions on various applications, and ending with
introductory chapters on the boundary element and meshless methods, where more input data must
be provided to solve problems. Emphasis is placed on the development of the discrete set of
algebraic equations. The example problems and exercises in each chapter explain the procedure for
defining and organizing the required initial and boundary condition data for a specific problem, and
computer code listings in MATLAB and MAPLE are included for setting up the examples within the
text, including COMSOL files.
  finite element analysis comsol: Practical Finite Element Analysis Nitin S. Gokhale, 2008
Highlights of the book: Discussion about all the fields of Computer Aided Engineering, Finite
Element Analysis Sharing of worldwide experience by more than 10 working professionals Emphasis
on Practical usuage and minimum mathematics Simple language, more than 1000 colour images
International quality printing on specially imported paper Why this book has been written ... FEA is
gaining popularity day by day & is a sought after dream career for mechanical engineers.
Enthusiastic engineers and managers who want to refresh or update the knowledge on FEA are
encountered with volume of published books. Often professionals realize that they are not in touch
with theoretical concepts as being pre-requisite and find it too mathematical and Hi-Fi. Many a times
these books just end up being decoration in their book shelves ... All the authors of this book are
from IITÂ€Â™s & IISc and after joining the industry realized gap between university education and
the practical FEA. Over the years they learned it via interaction with experts from international
community, sharing experience with each other and hard route of trial & error method. The basic
aim of this book is to share the knowledge & practices used in the industry with experienced and in
particular beginners so as to reduce the learning curve & avoid reinvention of the cycle. Emphasis is



on simple language, practical usage, minimum mathematics & no pre-requisites. All basic concepts
of engineering are included as & where it is required. It is hoped that this book would be helpful to
beginners, experienced users, managers, group leaders and as additional reading material for
university courses.
  finite element analysis comsol: Theory and Computation of Electromagnetic Fields Jian-Ming
Jin, 2015-08-10 Reviews the fundamental concepts behind the theory and computation of
electromagnetic fields The book is divided in two parts. The first part covers both fundamental
theories (such as vector analysis, Maxwell’s equations, boundary condition, and transmission line
theory) and advanced topics (such as wave transformation, addition theorems, and fields in layered
media) in order to benefit students at all levels. The second part of the book covers the major
computational methods for numerical analysis of electromagnetic fields for engineering applications.
These methods include the three fundamental approaches for numerical analysis of electromagnetic
fields: the finite difference method (the finite difference time-domain method in particular), the finite
element method, and the integral equation-based moment method. The second part also examines
fast algorithms for solving integral equations and hybrid techniques that combine different
numerical methods to seek more efficient solutions of complicated electromagnetic problems.
Theory and Computation of Electromagnetic Fields, Second Edition: Provides the foundation
necessary for graduate students to learn and understand more advanced topics Discusses
electromagnetic analysis in rectangular, cylindrical and spherical coordinates Covers computational
electromagnetics in both frequency and time domains Includes new and updated homework
problems and examples Theory and Computation of Electromagnetic Fields, Second Edition is
written for advanced undergraduate and graduate level electrical engineering students. This book
can also be used as a reference for professional engineers interested in learning about analysis and
computation skills.
  finite element analysis comsol: Fog, Edge, and Pervasive Computing in Intelligent IoT
Driven Applications Deepak Gupta, Aditya Khamparia, 2021-01-07 A practical guide to the design,
implementation, evaluation, and deployment of emerging technologies for intelligent IoT
applications With the rapid development in artificially intelligent and hybrid technologies, IoT, edge,
fog-driven, and pervasive computing techniques are becoming important parts of our daily lives. This
book focuses on recent advances, roles, and benefits of these technologies, describing the latest
intelligent systems from a practical point of view. Fog, Edge, and Pervasive Computing in Intelligent
IoT Driven Applications is also valuable for engineers and professionals trying to solve practical,
economic, or technical problems. With a uniquely practical approach spanning multiple fields of
interest, contributors cover theory, applications, and design methodologies for intelligent systems.
These technologies are rapidly transforming engineering, industry, and agriculture by enabling
real-time processing of data via computational, resource-oriented metaheuristics and machine
learning algorithms. As edge/fog computing and associated technologies are implemented far and
wide, we are now able to solve previously intractable problems. With chapters contributed by
experts in the field, this book: Describes Machine Learning frameworks and algorithms for edge,
fog, and pervasive computing Considers probabilistic storage systems and proven optimization
techniques for intelligent IoT Covers 5G edge network slicing and virtual network systems that
utilize new networking capacity Explores resource provisioning and bandwidth allocation for edge,
fog, and pervasive mobile applications Presents emerging applications of intelligent IoT, including
smart farming, factory automation, marketing automation, medical diagnosis, and more
Researchers, graduate students, and practitioners working in the intelligent systems domain will
appreciate this book’s practical orientation and comprehensive coverage. Intelligent IoT is
revolutionizing every industry and field today, and Fog, Edge, and Pervasive Computing in
Intelligent IoT Driven Applications provides the background, orientation, and inspiration needed to
begin.
  finite element analysis comsol: The Proceedings of the 9th Frontier Academic Forum of
Electrical Engineering Weijiang Chen, Qingxin Yang, Laili Wang, Dingxin Liu, Xiaogang Han,



Guodong Meng, 2021-04-20 This book includes the original, peer-reviewed research papers from the
9th Frontier Academic Forum of Electrical Engineering (FAFEE 2020), held in Xi’an, China, in
August 2020. It gathers the latest research, innovations, and applications in the fields of Electrical
Engineering. The topics it covers including electrical materials and equipment, electrical energy
storage and device, power electronics and drives, new energy electric power system equipment,
IntelliSense and intelligent equipment, biological electromagnetism and its applications, and
insulation and discharge computation for power equipment. Given its scope, the book benefits all
researchers, engineers, and graduate students who want to learn about cutting-edge advances in
Electrical Engineering.
  finite element analysis comsol: Proton Exchange Membrane Fuel Cells Alhussein
Albarbar, Mohmad Alrweq, 2017-11-17 This book examines the characteristics of Proton Exchange
Membrane (PEM) Fuel Cells with a focus on deriving realistic finite element models. The book also
explains in detail how to set up measuring systems, data analysis, and PEM Fuel Cells’ static and
dynamic characteristics. Covered in detail are design and operation principles such as polarization
phenomenon, thermodynamic analysis, and overall voltage; failure modes and mechanisms such as
permanent faults, membrane degradation, and water management; and modelling and numerical
simulation including semi-empirical, one-dimensional, two-dimensional, and three-dimensional
models. It is appropriate for graduate students, researchers, and engineers who work with the
design and reliability of hydrogen fuel cells, in particular proton exchange membrane fuel cells.
  finite element analysis comsol: The Finite Element Method in Electromagnetics Jian-Ming Jin,
2015-02-18 A new edition of the leading textbook on the finite element method, incorporating major
advancements and further applications in the field of electromagnetics The finite element method
(FEM) is a powerful simulation technique used to solve boundary-value problems in a variety of
engineering circumstances. It has been widely used for analysis of electromagnetic fields in
antennas, radar scattering, RF and microwave engineering, high-speed/high-frequency circuits,
wireless communication, electromagnetic compatibility, photonics, remote sensing, biomedical
engineering, and space exploration. The Finite Element Method in Electromagnetics, Third Edition
explains the method’s processes and techniques in careful, meticulous prose and covers not only
essential finite element method theory, but also its latest developments and applications—giving
engineers a methodical way to quickly master this very powerful numerical technique for solving
practical, often complicated, electromagnetic problems. Featuring over thirty percent new material,
the third edition of this essential and comprehensive text now includes: A wider range of
applications, including antennas, phased arrays, electric machines, high-frequency circuits, and
crystal photonics The finite element analysis of wave propagation, scattering, and radiation in
periodic structures The time-domain finite element method for analysis of wideband antennas and
transient electromagnetic phenomena Novel domain decomposition techniques for parallel
computation and efficient simulation of large-scale problems, such as phased-array antennas and
photonic crystals Along with a great many examples, The Finite Element Method in
Electromagnetics is an ideal book for engineering students as well as for professionals in the field.
  finite element analysis comsol: An Introduction to Finite Element, Boundary Element, and
Meshless Methods with Applications to Heat Transfer and Fluid Flow Darrell W. Pepper, Alain J.
Kassab, E. Divo, 2014 When students once master the concepts of the finite element method (and
meshing), it's not long before they begin to look at other numerical techniques and applications,
especially the boundary element and meshless methods (since a mesh is not required). The expert
authors of this book provide a simple explanation of these three powerful numerical schemes and
show how they all fall under the umbrella of the more universal method of weighted residuals. The
book is structured in four sections. The first introductory section provides the method of weighted
residuals development of finite differences, finite volume, finite element, boundary element, and
meshless methods along with 1D examples of each method. The following three sections of the book
present a more detailed development of the finite element method, then progress through the
boundary element method, and end with meshless methods. Each section serves as a stand-alone



description, but it is apparent how each conveniently leads to the other techniques. It is
recommended that the reader begin with the finite element method, as this serves as the primary
basis for defining the method of weighted residuals. Computer files in both MathCad and MATLAB
are available from the fbm.centecorp.com website, along with example data files.
  finite element analysis comsol: Solving PDEs in Python Hans Petter Langtangen, Anders
Logg, 2017-03-21 This book offers a concise and gentle introduction to finite element programming
in Python based on the popular FEniCS software library. Using a series of examples, including the
Poisson equation, the equations of linear elasticity, the incompressible Navier–Stokes equations, and
systems of nonlinear advection–diffusion–reaction equations, it guides readers through the essential
steps to quickly solving a PDE in FEniCS, such as how to define a finite variational problem, how to
set boundary conditions, how to solve linear and nonlinear systems, and how to visualize solutions
and structure finite element Python programs. This book is open access under a CC BY license.
  finite element analysis comsol: Computational Finite Element Methods in
Nanotechnology Sarhan M. Musa, 2017-12-19 Computational Finite Element Methods in
Nanotechnology demonstrates the capabilities of finite element methods in nanotechnology for a
range of fields. Bringing together contributions from researchers around the world, it covers key
concepts as well as cutting-edge research and applications to inspire new developments and future
interdisciplinary research. In particular, it emphasizes the importance of finite element methods
(FEMs) for computational tools in the development of efficient nanoscale systems. The book explores
a variety of topics, including: A novel FE-based thermo-electrical-mechanical-coupled model to study
mechanical stress, temperature, and electric fields in nano- and microelectronics The integration of
distributed element, lumped element, and system-level methods for the design, modeling, and
simulation of nano- and micro-electromechanical systems (N/MEMS) Challenges in the simulation of
nanorobotic systems and macro-dimensions The simulation of structures and processes such as
dislocations, growth of epitaxial films, and precipitation Modeling of self-positioning nanostructures,
nanocomposites, and carbon nanotubes and their composites Progress in using FEM to analyze the
electric field formed in needleless electrospinning How molecular dynamic (MD) simulations can be
integrated into the FEM Applications of finite element analysis in nanomaterials and systems used in
medicine, dentistry, biotechnology, and other areas The book includes numerous examples and case
studies, as well as recent applications of microscale and nanoscale modeling systems with FEMs
using COMSOL Multiphysics® and MATLAB®. A one-stop reference for professionals, researchers,
and students, this is also an accessible introduction to computational FEMs in nanotechnology for
those new to the field.
  finite element analysis comsol: Mathematical Theory of Subdivision Sandeep Kumar, Ashish
Pathak, Debashis Khan, 2019-07-09 This book provides good coverage of the powerful numerical
techniques namely, finite element and wavelets, for the solution of partial differential equation to the
scientists and engineers with a modest mathematical background. The objective of the book is to
provide the necessary mathematical foundation for the advanced level applications of these
numerical techniques. The book begins with the description of the steps involved in finite element
and wavelets-Galerkin methods. The knowledge of Hilbert and Sobolev spaces is needed to
understand the theory of finite element and wavelet-based methods. Therefore, an overview of
essential content such as vector spaces, norm, inner product, linear operators, spectral theory, dual
space, and distribution theory, etc. with relevant theorems are presented in a coherent and
accessible manner. For the graduate students and researchers with diverse educational background,
the authors have focused on the applications of numerical techniques which are developed in the
last few decades. This includes the wavelet-Galerkin method, lifting scheme, and error estimation
technique, etc. Features: • Computer programs in Mathematica/Matlab are incorporated for easy
understanding of wavelets. • Presents a range of workout examples for better comprehension of
spaces and operators. • Algorithms are presented to facilitate computer programming. • Contains
the error estimation techniques necessary for adaptive finite element method. This book is
structured to transform in step by step manner the students without any knowledge of finite



element, wavelet and functional analysis to the students of strong theoretical understanding who
will be ready to take many challenging research problems in this area.
  finite element analysis comsol: Compact Heat Exchangers Bahman Zohuri, 2016-09-28 This
book describes the fundamentals and applications of compact heat exchangers in energy generation.
The text focuses on their efficiency impacts on power systems, particularly emphasizing alternative
energy sources such as Concentrated Solar Power and nuclear plants. The various types of compact
heat exchanger surfaces and designs are given thorough consideration before the author turns his
attention to describing how these compact heat exchangers can be applied to innovative plant
designs, and how to conduct operational and safety analyses to optimize thermal efficiency. The
book is written at an undergraduate level, but will be useful to practicing engineers and scientists as
well.
  finite element analysis comsol: Modern Spectroscopic Techniques and Applications
Maaz Khan, Gustavo Morari Do Nascimento, Marwa El-Azazy, 2020-03-04 Modern spectroscopic
techniques have a number of applications in many fields including material science, physics,
chemistry, biology, and medicine. This book, Modern Spectroscopic Techniques and Applications,
presents knowledge about these techniques and their applications. The chapters cover many aspects
such as an introduction to atomic microscopy, Raman spectroscopy, infrared spectroscopy and their
applications covering both the experimental and theoretical aspects. This book is aimed to provide
understanding about modern spectroscopic techniques and their applications to students, scientists,
and engineers working in the relevant areas.
  finite element analysis comsol: Concepts and Applications of Finite Element Analysis
Robert D. Cook, 2001-10-29 Authors Cook, Malkus, Plesha and Witt have revised Concepts and
Applications of Finite Element Analysis, a text suited for both introductory and more advanced
courses in Finite Element Analysis. The fourth edition of this market leading text provides students
with up-to-date coverage and clear explanations of finite element analysis concepts and modeling
procedures.
  finite element analysis comsol: The Boundary Element Method W.S. Hall, 2012-12-06 The
Boundary Element Method is a simple, efficient and cost effective computational technique which
provides numerical solutions - for objects of any shap- for a wide range of scientific and engineering
problems. In dealing with the development of the mathematics of the Boundary Element Method the
aim has been at every stage, only to present new material when sufficient experience and practice of
simpler material has been gained. Since the usual background of many readers will be of differential
equations, the connection of differential equations with integral equations is explained in Chapter 1,
together with analytical and numerical methods of solution. This information on integral equations
provides a base for the work of subsequent chapters. The mathematical formulation of boundary
integral equations for potential problems - derived from the more familiar Laplace partial differential
equation which governs many important physical problems - is set out in Chapter 2. It should be
noted here that this initial formulation of the boundary integral equations reduces the dimensionality
of the problem. In the key Chapter 3, the essentials of the Boundary Element Method are presented.
This first presentation of the Boundary Element Method is in its simplest and most approachable
form - two dimensional, with the shape of the boundary approximated by straight lines and the
functions approximated by constants over each of the straight lines.
  finite element analysis comsol: Optical Waveguides and Devices Modeling and Visualization
Using COMSOL Multiphysics Volume 2 Hee Lim, 2018-10-20 This pictorial manuscript is a
step-by-step graphical illustrations for waveguides and devices modeling and computational physics
simulation using COMSOL Multiphysics with Ray Optics, Wave Optics and AC/DC Electrostatics
modules. All the example models investigated and visualized with the help of Finite Element Analysis
are referenced from the standard USA undergraduate text on Optical Guided Waves and Devices by
Richard Syms and John Cozens. The simulations include the use of geometrical ray tracings for point
source and full electromagnetic waves source employing the Maxwell's wave equations for plane
wave input. Both 2D and 3D simulation results will help in visualize the electromagnetic field



propagating inside the waveguides and devices. Readers without fundamental handle on optics
modeling are suggested to read the Optics Modeling and Visualization with COMSOL Multiphysics:
A step by step graphical instruction manuscripts for detailed discussion. These models may be
expanded to post-graduate research and industrial photonics waveguides and devices development.
There are 46 chapters of different 2D and 3D optical waveguides & devices structures modeled and
simulated in Volume 1 and 2. Volume 1 models include 3D single mode optical fiber, planar
waveguide, channel waveguide, longitudinal and transverse phase modulator, surface plasmon,
optical square waveguide, tapered waveguide, FTIR beamsplitter in ray tracing and electromagnetic
wave solvers, full prism coupler, halved prism coupler, plano convex overlay lens, overlay Luneburg
lens, geodesic lens with control setup for resulted electric field comparison, corrugated gratings,
transmission and reflection gratings, chirped grating lens, beam expander grating, grating coupler,
chirped grating coupler, buried channel waveguide. Volume 2 models continue with the ridge
channel waveguide, strip loaded channel waveguide, GaAs GaAlAs planar waveguide, GaAs GaAlAs
heterostructure waveguide, radiation leaks at fiber bend, radiation leaks at waveguide bend, c-axis
Calcite polarizer waveguide, integrated optic normal reflector, horn channel waveguide, Y-Junction
waveguide, optical phase modulator, cut off modulator, electro optic Mach-Zehnder interferometer
waveguide, parallel coupling waveguide, electro optic directional coupler, single polished fiber
directional coupler, double polished fiber directional coupler, tunable-coupling strength of polished
double fiber coupler, cross sectional coaxial fiber coupler, 2D directional coupler with tapered
coupling, corrugated reflection gratings, optical fiber grating on half polished fiber coupler, and
track-changing reflector with grating assisted-coupling fiber.
  finite element analysis comsol: Finite Element Analysis David Moratal, 2012-03-30 Finite
Element Analysis represents a numerical technique for finding approximate solutions to partial
differential equations as well as integral equations, permitting the numerical analysis of complex
structures based on their material properties. This book presents 20 different chapters in the
application of Finite Elements, ranging from Biomedical Engineering to Manufacturing Industry and
Industrial Developments. It has been written at a level suitable for use in a graduate course on
applications of finite element modelling and analysis (mechanical, civil and biomedical engineering
studies, for instance), without excluding its use by researchers or professional engineers interested
in the field, seeking to gain a deeper understanding concerning Finite Element Analysis.
  finite element analysis comsol: Fluid Mechanics for Chemical Engineers James O. Wilkes,
2017-07-20 The Chemical Engineer's Practical Guide to Fluid Mechanics: Now Includes COMSOL
Multiphysics 5 Since most chemical processing applications are conducted either partially or totally
in the fluid phase, chemical engineers need mastery of fluid mechanics. Such knowledge is
especially valuable in the biochemical, chemical, energy, fermentation, materials, mining, petroleum,
pharmaceuticals, polymer, and waste-processing industries. Fluid Mechanics for Chemical
Engineers: with Microfluidics, CFD, and COMSOL Multiphysics 5, Third Edition, systematically
introduces fluid mechanics from the perspective of the chemical engineer who must understand
actual physical behavior and solve real-world problems. Building on the book that earned Choice
Magazine's Outstanding Academic Title award, this edition also gives a comprehensive introduction
to the popular COMSOL Multiphysics 5 software. This third edition contains extensive coverage of
both microfluidics and computational fluid dynamics, systematically demonstrating CFD through
detailed examples using COMSOL Multiphysics 5 and ANSYS Fluent. The chapter on turbulence now
presents valuable CFD techniques to investigate practical situations such as turbulent mixing and
recirculating flows. Part I offers a clear, succinct, easy-to-follow introduction to macroscopic fluid
mechanics, including physical properties; hydrostatics; basic rate laws; and fundamental principles
of flow through equipment. Part II turns to microscopic fluid mechanics: Differential equations of
fluid mechanics Viscous-flow problems, some including polymer processing Laplace's equation;
irrotational and porous-media flows Nearly unidirectional flows, from boundary layers to lubrication,
calendering, and thin-film applications Turbulent flows, showing how the k-ε method extends
conventional mixing-length theory Bubble motion, two-phase flow, and fluidization Non-Newtonian



fluids, including inelastic and viscoelastic fluids Microfluidics and electrokinetic flow effects,
including electroosmosis, electrophoresis, streaming potentials, and electroosmotic switching
Computational fluid mechanics with ANSYS Fluent and COMSOL Multiphysics Nearly 100
completely worked practical examples include 12 new COMSOL 5 examples: boundary layer flow,
non-Newtonian flow, jet flow, die flow, lubrication, momentum diffusion, turbulent flow, and others.
More than 300 end-of-chapter problems of varying complexity are presented, including several from
University of Cambridge exams. The author covers all material needed for the fluid mechanics
portion of the professional engineer's exam. The author's website (fmche.engin.umich.edu) provides
additional notes, problem-solving tips, and errata. Register your book for convenient access to
downloads, updates, and/or corrections as they become available. See inside book for details.
  finite element analysis comsol: The Cell Method for Electrical Engineering and
Multiphysics Problems Piergiorgio Alotto, Fabio Freschi, Maurizio Repetto, Carlo Rosso,
2013-01-24 This book presents a numerical scheme for the solution of field problems governed by
partial differential equations: the cell method. The technique lends itself naturally to the solution of
multiphysics problems with several interacting phenomena. The Cell Method, based on a space-time
tessellation, is intimately related to the work of Tonti and to his ideas of classification diagrams or,
as they are nowadays called, Tonti diagrams: a graphical representation of the problem's equations
made possible by a suitable selection of a space-time framework relating physical variables to each
other. The main features of the cell method are presented and links with many other discrete
numerical methods (finite integration techniques, finite difference time domain, finite volumes,
mimetic finite differences, etc.) are discussed. After outlining the theoretical basis of the method, a
set of physical problems which have been solved with the cell method is described. These single and
multiphysics problems stem from the authors' research experience in the fields of electromagnetism,
elasticity, thermo-elasticity and others. Finally, the implementation of the numerical technique is
described in all its main components: space-time discretization, problem formulation, solution and
representation of the resulting physical fields.
  finite element analysis comsol: Resonant MEMS Oliver Brand, Isabelle Dufour, Stephen
Heinrich, Fabien Josse, 2015-04-22 Part of the AMN book series, this book covers the principles,
modeling and implementation as well as applications of resonant MEMS from a unified viewpoint. It
starts out with the fundamental equations and phenomena that govern the behavior of resonant
MEMS and then gives a detailed overview of their implementation in capacitive, piezoelectric,
thermal and organic devices, complemented by chapters addressing the packaging of the devices
and their stability. The last part of the book is devoted to the cutting-edge applications of resonant
MEMS such as inertial, chemical and biosensors, fluid properties sensors, timing devices and energy
harvesting systems.
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