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Research Projects:
Finite Element Analysis of Small Size Structural Elements
In addition to the analytical solution, finite element formulations were used to investigate the sizedependent static and dynamic behavior of small scale structures with applications in bioengineering
and micromechanics. Based on published data from a series of physical experiments, the bending
response of microtubules, some protein filaments in living cell structures, are found to be strongly
size-dependent. Using analytical solutions for deformation of a fully clamped cantilever beam, we
studied the mechanical properties of microtubules of differing lengths. By assuming isotropic
behavior for the microtubules, we estimated the bulk Young’s modulus and the length scale
parameter required within this theory. We have also studied the vibration of ultrathin silicon
cantilever micro-beams and estimated the couple stress length scale parameter of single crystal
silicon, based on measured data for the resonant frequency.
Boundary Element Analysis of Size-Dependent Multiphysics
The objective of this research was to explore the effects of size effects in coupled physical
problems. In particular, we were interested in the behavior of the materials under electrical and
thermal effects. Knowing the fact that the classical theories cannot explain any piezoelectrical or
size-dependent thermal response from isotropic materials, we investigated these responses within
the framework of the newly developed consistent couple stress theory. For both size-dependent
multiphysics problems discussed, we developed the boundary integral representation and numerical
implementation. Then, we applied the new BEM formulation to several basic problems in an effort
to validate the robustness of the numerical implementation and to examine size-dependent
response. The results suggest that flexoelectric and thermoelastic size effects could become
important in a broad range of small scale components and devices subjected to electrical and
thermal loadings. They also offer exciting new opportunities for nanotechnology by observing sizedependent piezoelectric or flexoelectric behavior in isotropic and other centrosymmetric dielectric
materials and the importance of thermal flexion in non-centrosymmetric materials (unlike the
classical theory).
Development of Size-dependent Fluid Mechanics Theory
I have been involved in the development of a consistent size-dependent couple stress theory for
fluids, which we believe may represent an important step in advancing fluid mechanics for flows
with small-scale characteristics. In this theory, we define the force-stress and couple-stress tensors
and formulate the equations of motion. Based on purely kinematical considerations, we suggest the
mean curvature rate tensor as the corresponding compatible measure of deformation. Next, by
using the energy rate equation, we demonstrate that in a continuum theory of couple-stress
materials, body-couples cannot be distinguished from an equivalent body-force and surface forcetraction system. More importantly, based on resolving properly the boundary conditions, we show
that the couple-stress tensor is skew-symmetric and, thus, completely determinate. This also
confirms the mean curvature rate tensor as the fundamental deformation rate measure, energetically
conjugate to the couple-stress tensor.
3

Arezoo Hajesfandiari
Contact: ah62@buffalo.edu, Tel: (716) 445-2582

Research Projects (continued):
Numerical Analysis of Size-dependent Fluid Flows
In order to explore consequences of the fully determinate couple stress theory, we concentrated on
steady creeping flow and used the Boundary Element Method to solve two-dimensional problems.
The boundary integral equations were written in terms of velocities, angular velocities, forcetractions and couple-tractions as primary variables. Boundary element method was applied for the
solution of two basic problems in the framework of size-dependent couple stress fluid mechanics.
We also examined the effects of couple-stresses in lid-driven cavity and Rayleigh-Bénard
convection problems by developing a stream function-vorticity CFD formulation. The focus was
on the potential effect of size-dependency on the stability of both problems. For the lid-driven
cavity problem, the investigation covered a range of Reynolds numbers and includes an evaluation
of the critical state beyond which a stationary response was no longer possible. In the case of the
Rayleigh-Bénard convection, the onset of convective instabilities and the flow characteristics for
different combinations of size-dependent parameter, Prandtl number and Rayleigh number were
investigated. The additional boundary conditions associated with couple stress theory were found
to be important in determining the flow pattern and critical flow characteristics in both problems.
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