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Finite Element Method  by G. R. Liu and S. S. Quek 



MODELING PROCESS 



MODELING PROCEDURE 



MODEL CONSTRUCTION 

•  Assumptions 

•  Boundaries and balance volumes 

•  Conservation equations 

  - mass 

  - energy 

  - momentum 

•  Constitutive equations 

  - reaction rates 

  - transfer rates property relations 

  - balance volume relations 

  - control relations & equipment constraints 

•  Characterizing Variables 

•  Conditions (ICs, BCs) 

•  Parameters 

 



MODEL SOLUTION 

  

•   Algebraic systems 

 

•   Ordinary differential equations 

 

•   Differential-algebraic equations 

 

•   Partial differential equations 

 

•   Integro-differential equations 
 



Discretization 
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Discretization 



Discretization 



 

• Typical example: Solution of the laminar Navier – Stokes equations for 

viscous flow of an incompressible fluid, in velocity-vorticity form 

• 2D: independent variables: velocity vector u (u, v), vorticity rot u  

• System of equations: 3 nonlinear PDEs 

• Method: 4th order Finite Difference Method (FDM) 

• Mesh: rectangular domain with 50 grid lines in each space direction 

• Unknowns: 50 x 50 x 3 = 7500 

• Nonzero elements: 50 x 50 x 9 (elements) x 9 (diagonals) = 203 000 

• Full matrix: 75002 = 56.3 x 106 

• 3D: independent variables: velocity u (u, v, w), vorticity rot u 

• System of equations: 6 nonlinear PDEs 

• Unknowns: 50 x 50 x 50 x 6 = 750 000 

• Nonzero elements: 50 x 50 x 50 x 36 x 13 = 58.5 x 106 

• Full matrix: 750 0002 = 563  x 109 

Computational volume 1 



 

• Flow around a structure: 5003 grid, 750 x 106 unknowns, 58.5 x 109 nze 

 

• Types of computers: 

• SISD – Single Instruction stream / Single Data stream 

• SIMD – Single Instruction stream / Multiple Data stream 

• MIMD – Multiple Instruction stream / Multiple Data stream 

 

• Computer performances: 

• Shared memory vector computer: rsustained =  0.1 rtheoret 

• Massively parallel computer: rsustained = 0.01 rtheoret 

Computational volume 2 



Peak performance development for supercomputers & PC processors 

(Bartels, C. et al. 2002)  

Evolution of processing power 



Finite Element Method  by G. R. Liu and S. S. Quek 

Simulation 



Supercomputers 



DISTRIBUTED ENERGY RESOURCES 



SOLAR ENERGY PLATFORM 



Ecosystems 



Decomposition 



Multidimensions: 

 

• Economical; 

• Ecological; 

• Social & Institutional. 

 

 

Multicriteria: 

 

• Economical: Growth competitiveness index, Economic freedom index; 

• Ecological: Environmental sustainability index; 

• Social & Institutional: Quality of life index, Human development index, 

Knowledge society index. 

 

DIMENSIONS & SCALES 



Multiscales: 

 

• System; 

 

• Local cluster of end-users 

 

• Urban / Rural agglomeration; 

 

• Sub-region; 

 

• Country; 

 

• Region. 

DIMENSIONS & SCALES 



MULTI-DIMENSIONAL MODELING 

 Multi-dimensional models or „multi-scale” as well as the integrated multi-

phenomenological models or „multi- physics” have been developed in time, covering 

today a large number of applications including the materials science,  the 

nano/microelectronics, the ecological reconstruction, the deactivation of the atomic 

armament and biotechnologies. 
 

 The multi-dimensional modeling approaches (MMD) can be grouped in the following 

generic categories: 

- MMD with the transfer of the parameters – which integrates two or more models 

associated to different dimensional and/or temporal scales and the resulted parameters 

based on a model are used as input data for the other models;   

- MMD  with simultaneously solved multi-dimensional models (in the way used in 

Concurrent Engineering) – which integrates more mutual influenced  models which 

leads to the necessity of simultaneous simulations  with mutual data exchange protocols;  

- MMD unitary integrated – consisting of the use of a mathematical device that includes 

terms associated to different dimensional and/or temporal scales in a unitary 

configuration.  



GAUGING MATRIX OF SUSTAINABLE DEVELOPMENT 
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GENERAL MATHEMATICAL MODEL  



GLOBAL INDICES  



SUSTAINABLE DEVELOPMENT CLUSTER ANALYSIS  



REVERSE ANALYSIS PROCEDURE 
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Data Integration in the 
Biosciences 
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Where can we most safely build a nuclear waste dump? 

Where should we drill for oil?  

 What is the distribution and U/ Pb zircon  

ages of A-type plutons in a specific location?  

How does it relate to host rock structures? 
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Storage hardware 

Networked Storage (SAN) 

Grid Storage 

Filesystems, Database Systems 

Data Mining, Simulation Modeling,  

Analysis, Data Fusion 

Applications: Medical informatics, 

Biosciences, Ecoinformatics,… 

Knowledge-Based Integration  

Advanced Query Processing 

Visualization 

High speed networking 

sensornets 

How do we configure computer 

architectures to optimally support 

data-oriented computing? 

How do we collect, access 
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relationships in data? 

How do we represent data, 
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to the user? 

How do we combine data, knowledge 

and information management with  

simulation and modeling? 
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Technical challenges 

http://www.sdss.org/news/features/20001005.ded.html


INTEGRATED PLATFORM 



Modeling & Science 



Modeling & Ecosystem Service 



 "For a finite-size system to persist in time (to live), it must 

evolve in such a way that it provides easier access to the 

imposed currents that flow through it.“ 

 
Adrian Bejan, 1996 

 

 The constructal law was proposed in 1996 as a summary of all design 

generation and evolution phenomena in nature. 

  

 "Constructal" is a word coined by Adrian Bejan, coming from the Latin 

verb construere, to construct, in order to designate the natural tendency 

of flow system (rivers, trees and branches, lungs and also the engineered 

forms) to morph in a constructal evolutionary process toward greater and 

greater flow access in time. 

THE CONSTRUCTAL THEORY – ADRIAN BEJAN 
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Thank you for your attention! 

and pleased, send your comments at: 
emamut@univ-ovidius.ro  
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