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Quasicontinuum(QC) Simulation of Aluminum Film  Nanoindentation 
M.Salimi , S.ziaierad , A.M.Ebrahimpoor 
Department of Mechanical Eng., Isfahan University of Technology, Isfahan, Iran, 

salimi@cc.iut.ac.ir 
Abstrac: The idea of the QC method is a relatively simple one. With the goal of 

modeling an atomistic system without explicitly treating every atom in the problem, 

the QC provides a framework whereby degrees of freedom are judiciously eliminated 

and force/energy calculations are expedited. This is combined with adaptive model 

refinement to ensure that full atomistic detail is retained in regions of the problem 

where it is required while continuum assumptions reduce the computational demand 

elsewhere. 
 This paper presents a large scale atomic resolution simulation of nanoindentation into 

a thin aluminum film using the quasicontinuum method. The purpose of the simulation 

is to study the initial stages of plastic deformation under the action of an indenter. Two 

different crystallographic orientations of the film are studied. We obtain macroscopic 

load versus indentation depth curve and detailed information regarding the atomistic 

mechanisms responsible for the macroscopic curves. 

Keywords: Quasicontinuum; nanoindentation; dislocation; nucleation4 
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1-   Application of LBM for Simulation of Flow in Microchannels and Micro Porous 

Media 

 

E. Shirani*, S. Jafari 
Isothermal gas flow is simulated in micro-channels and in micro porous media using the 

lattice Boltzmann method. To consider compressibility and rarefaction effect, relaxation 

time is related with local density and Knudsen number. Also slip velocity in wall is 

obtained by combining bounce back and specular boundary conditions. Nonlinear pressure 

drop and velocity distribution along the streamwise direction are presented and compared 

with available results. Finally gas flow characteristics in micro porous media are studied 

for different Knudsen numbers and inlet to outlet pressure ratio. The effects of 

compressibility and rarefaction are considered and a model for the pressure drop is 

presented. 

International Conference on Micro and NanoTechnologies  
ICMNT06, Tizi-Ouzou Algeria, 19-23 Nov. 2006  

��

2-   International School on Environmental Micro and Nano Technologies 



 ��

YISEMNT2009[��

The aim of the International School on Environmental Micro and Nano Technologies 

is to provide an open forum for the presentation and discussion of recent research and 

development results of nano for environmental applications. Two aspects of the 

environmental issues will be addressed at the School: 1) Applications of micro and 

nanotechnology for environmental monitoring, environmental treatment and 

remediation of pollution such as cleaning up waste streams of contaminants, 

particularly those substances that are highly toxic, environment-friendly devices such 

as development of clean energy sources, 2) The potential environmental and health 

risks of nanotechnology. For example the potential risks associated with nanoparticles 

are becoming a central cause for concern and the subject of much public debate.��
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Application of LBM in Simulation of Flow in Simple Micro-Geometries and Micro 

Porous Media 
E. Shirani and S. Jafari 

 Isothermal gas flow is simulated in micro-Couette, micro-channel and micro porous media 

using the lattice Boltzmann model (LBM). To consider compressibility and rarefaction 

effects, two relaxation time models related to Knudsen number Kn and local density are 

used. Diffuse-scattering boundary condition (DSBC) and a combination of bounce back 

and specular boundary conditions are used to obtain slip velocity at the wall. For micro-

Couette flow, the slip velocity and the slip length as a function of Kn are calculated and 

compared with that of MD, DSMC and Maxwell theorem. For micro-Couette, the velocity 

profile along with the slip velocity for different values of Kn and the slip length as a 

function of Knudson number are studied. It is shown that the flow structures are changed 

by changing the values of Kn. The nonlinear pressure drop and the velocity distribution 

along the streamwise direction in the micro-channel flow are obtained and compared with 

available data, which resulted in good agreement. The Knudsen minimum phenomenon is 

successfully predicted within the LBM framework. Finally, gas flow characteristics in 

micro porous media for different Kn numbers, porosity and inlet to outlet pressure ratio are 

studied. The effects of compressibility and rarefaction are considered.  
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