COMPUTATIONAL MECHANICS:
A POWERFUL SCIENTIFIC
METHODOLOGY

F o

J. N. Reddy

Advanced Computational Mechanics Laboratory
Department of Mechanical Engineering

Texas A&M University

College Station, Texas 77843-3123
jnreddy@tamu.edu

Talk presented at

_ ' Super Computer Annual User Meeting - 6 May 2009

20" Anniversary Celebration




'
W

-

One of the most important things
engineers and scientists do iIs to
model physical phenomena

(1) Conduct physical experiments

(2) Develop mathematical models

(3) Numerically simulate them

(4) Design systems

(5) Manufacture systems
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CURRENT DEVELOPMENTS

1 Numerical simulations of new systems

! Enhancement/refinement of existing
element technologies

1 Development of novel computational
frameworks
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The displacement field:
v(6')=u(6")+6°g(67)+(6")y (67)

Seven kinematic variables (Ui @, ,W3>

» Refined shell theory that accounts for transverse
shear deformation and thickness change is developed

» Use a hyperelastic constitutive model, and assume
linear relation between S and E.
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Composite hyperboloidal composite shell
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Desirable Features
of a Computational Approach

Must preserve all features of the
mathematical model in the formulation
and associated computational model.

Must be based on a formulation that seeks

to minimize (in some meaningful sense) the error

introduced in the anernlng equ_aty)ns_

Avoid ad-hoc approaches to "fix" numerical
deficiencies of the computational model.
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e FEM in structural mechanics is based on
minimum (energy) principles.

* FEM in fluid mechanics is based on weak
forms (integral statements) of governing

equations, and they are not equivalent to
any minimum principle.

* FDM has no minimum principle in any
field; they are based on truncated Taylor’s
series expansions of the derivatives in
governing differential equations.
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LEAST-SQUARES FINITE ELEMENT
MODELS - BASIC IDEA

L(w.v)=l|v=Vulfo+[|-V-v-fllo+]lD-v-7 |}

Minimize 1 : oI =0 gives
B, ((u,v),(0 u,0v)) =1 ,,((0u,0v))




Example (using LSFEM Model 2):

Differential Equation
~Vu=fin-1<x,y<1

Boundary Conditions

=v=0o0n y=1=%1

—=w=q%(y)=0o0n x =-1
dx

u=u*(y)=8cosmy on x =1
Analytical solution:

u(x,y) = (7x+ x")cos zy
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Polynomial order, p
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ressure-vorticity Formulation
(uWDu+Vp—J;VXm:f in Q
Re

o -Vxu=0 In Q

V-u=0 In Q

V-o=0 In Q
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Oscillatory Flow of a Viscous
Incompressible Fluid in a Lid-driven Cavity

Oscillatory Lid-Driven Cavity Flow

Velocity Vector Field and Vorticity Contours

‘ FluidMech LSFEM - 13 \




Incompressible Fluid
past a Cylinder

Circular Cylinder in Crossflow
Yorticity Contours

Mon-stationary incompressible M-3 equations, Re = 100
Least-Sguares time f space decoupled formulation

1200 elements with p = 2 TANTF
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Incompressitle fiow past two circular cdinders in a side-y-side amangement
surface-to-surface gap, S/0=085 , Re=100
velocity magnitude contours shiming the "histable gap jet 300.000
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Least-squares finite elem ent farmulation

p-levelz of 45402 in space-time
JPOPontaza, 2004
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e Material modeling at different scales presents
new challenges in developing more
sophisticated and accurate computational
techniques.

Constitutive models of new and multifunctional
materials (nano-composites; biological
materials; micromechanics and mesomechanics
studies)

Novel computational procedures for multi-
physics and multi-scale modeling
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