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2013 Student Capstone Conference Final Proceedings Introduction

2013 marks the seventh year of the VMASC Capstone Conference for Modeling, Simulation and Gaming.
This year our conference attracted a number of fine student written papers and presentations, resulting
in 44 research works that were presented on April 11, 2013 at the conference.

The tracks that the papers were divided up into included the following:

e Science & Engineering

e Homeland Security/Military M&S
e Medical M&S

e Gaming & VR

e Training & Education

e Transportation

e Business & Industry

For each track there were two awards given out- The Best Paper award, and the Best Presentation
Award.

Those recipients are listed below by track.
Science & Engineering:

Best Paper: Jan Nalaskowski - International Studies -ODU
Best Presentation: Sirisha Mushti - Department of Mathematics and Statistics -ODU

Homeland Security & Military:

Best Paper: Nicholas Wright - United States Military Academy
Best Presentation: Christopher Lynch - VMASC/MSVE - ODU

Medical & Health Care Simulation:

Best Paper: Andrew McKnight - Computer Science Department -ODU
Best Presentation: Erik Prytz - Department of Psychology - ODU

Gaming & Virtual Reality:

Best Paper: Gary Lawson MSVE - ODU
Best Presentation: Carmelo Padrino-Barrios RDH-ODU

Training & Education:

Best Paper: Umama Ahmed MSVE - ODU
Best Presentation: Rebecca Law - International Studies - ODU



Transportation Track:

Best Paper: Khairul Anuar -Civil Engineering Department - ODU
Best Presentation: Terra Elzie VMASC/MSVE - ODU

Business & Industry:

Best Paper: Daniele Vernon-Bido VMASC/MSVE - ODU
Best Presentation: Daniele Vernon-Bido VMASC/MSVE - ODU

Overall Best Paper- The Gene Newman Award

The overall best paper is awarded the Gene Newman award. This award was established by Mike
McGinnis in 2007; the award is presented to the outstanding student for overall best presentation, best
paper, and research contribution. The Gene Newman Award for Excellence in M&S Research is an
award that honors Mr. Eugene Newman for his pioneering effort in supporting and advancing modeling
and simulation. Mr. Newman played a significant role in the creation of VMASC by realizing the need for
credentialed experts in the M&S workforce, both military and industry. His foresight has affected both
the economic development and the high level of expertise in the M&S community of Hampton Roads.
The Students receiving this award will have proven themselves to be outstanding researchers and
practitioners of modeling and simulation.

For the 2013 Student Capstone Conference, The Gene Newman Award went to: Andrew McKnight, from
the Computer Science Department for his paper entitled 'Estimating Lower Bounds on the Length of
Protein Polymer Chain Segments using Robot Motion Planning’, this work was co-authored by Jing He,
Nikos Chrisochoides and Andrey Chernikov.

The following proceedings document is organized into chapters for each of the tracks, in the above
order. At the beginning of each section is a front page piece giving the names of the papers and the
authors.



Science and Engineering
VMASC Track Chair: Dr. Bridget Giles
MSVE Track Chair: Dr. Masha Sosonkina

Modeling Two Dimensional Molecular Couette Flows in a Nano-Scale Channel
Author(s): Wei Li, Zhaoli Guo, and Li-Shi Luo

Experience of Using AHP for ASV Design Improvement
Author(s): Bradley Lesher, Christopher Johnson, Timothy Hahn, and Michael LaPuma

Simulation of Dynamic Structures of Active Nematic Nano Particle
Author(s): Panon Phuworawong, and Ruhai Zhou

Measuring Success of Separatists’ Demands: Development of the Tool
Author(s): Jan Nalaskowski

Modeling and Analysis of Continuous Longitudinal Data
Author(s): Sirisha Mushti, and N. Rao Chaganty

Describing the Role of Calibration in System Dynamics Models: Some Issues and Answers
Author(s): Ange-Lionel Toba

An Analysis of Various GPU Implementations of Saint-Venant Shallow Water Equations
Author(s): Joseph C. Miller I

Simulation on the Clouds
Author(s): Hamdi Kavak

Exploring the M&S Body of Knowledge
Author(s): Olcay Sahin

Autocorrelation Functions Applied to the Benthic Community of the Chesapeake Bay Suggest a Lack of
Seasonality
Author(s): Kevin Byron, and Daniel Dauer
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Abstract

The burgeoning development of nano technology has intrigued numer-
ous researches on nano scale flows. The study of molecular gaseous flows
in macro or nano scale channels have been widely applied in realms like
micro-reactors [1], nanopumps [2], and other lab on a chip micro-fluids [3].
In molecular gaseous flows in microfluidics, detailed molecule-surface inter-
action that cannot be considered in continuum theory are usually neglected
in kinetic theory. However the forces are dominant effect to produce near
surface physical phenomenon. Consequently, molecular dynamics (MD) be-
comes an indispensable computational tool to study molecular gaseous flows
in micro or nano scales. There have been studies using MD to investigate

*The paper based on this research has been submitted to Physical Review Letters and
is under review.



various gaseous flows, such as Couette flow and Poiseuille flow [4] [6]. The
MD simulations reveal microscopic nature of molecular flows in microfluidics
which are hard to obtain by other means. However, because of its demanding
requirement on computational resources, MD is not yet a viable tool for real-
ist problems of engineering application. There is a pressing need to develop
effective and efficient computational models to simulate molecular gaseous
flows in microfluidics.

The present study is a trial to expedite the simulation of molecular flows.
We propose an approach based on kinetic and continuum theory to model the
molecular flows in micro or nano-scale channels, in which the wall-molecule
interaction is the dominant effect. This approach is used to reproduce the
density and velocity of the molecular Couette flow in two dimensions with the
modified Knudsen number £ = 10.0 and k£ = 1.0 obtained by MD simualtions
[5]. Specifically, we propose the concept of effective radial distribution func-
tions according to kinetic theory. By observation, on one hand the averaged
density profile from MD simulation can be approximated by a certain type
effective radial distribution function; on the other hand, the averaged veloc-
ity profile can be approximated by the product of another type of effective
radial distribution function and the velocity from the linearized Boltzmann
equation. Via determining the parameters in our density and velocity mod-
el, we procure smooth curves of the modeled density and velocity profile of
the underlying flow. This smooth profiles enable us to evaluate the corre-
sponding effective viscosity profile of the flow by using continuum theory,
which completes the modeling. To validate our model, We implement lattice
Boltzmann equation (LBE) simulation with the modeled effective viscosity
profile and the same wall-molecule force field used in MD simulation. The
LBE simulation demonstrates the proposed approach can accurately repro-
duce the phenomena due to the molecule-wall interaction dominated in the
MD simulation. Moveover, our model accelerates the simulation by at least
two orders of magnitude in term of the computational time.
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Simulation of Dynamic Structures of Active
Nematic Nano Particle

Panon Phuworawong, Ruhai Zhou
Department of Mathematics and Statistics, Old Dominion University, Norfolk, VA 23529

I. INTRODUCTION

We consider an ensemble of rod-shaped, rigid, active ne-
matic nano particles (or active liquid crystal polymers). These
particles are driven in the suspension either by their own
biological/chemical forces or external electric/magnetic fields.
Hydrodynamic interactions introduce complex spatio-temperal
structures with strong fluctuations and long range correlations.
There has been much research effort in the past decade
to understand the dynamics, interactions and structures of
active nematic suspensions which is a key to produce high
performance active materials with desired properties. The goal
in this research is to numerically study the behavior of local
particle concentration, polarity and nematic director, and the
velocity field, as well as their correlations.

II. PROBLEM

Recently a kinetic theory is proposed for dilute and semidi-
lute active liquid crystal polymer solutions where the concen-
tration is low [1]. Each particle is described by its center-
of-mass position x and axis of symmetry m. The force
generated by the active rods is assumed to be along the
direction of m. Let f(x,m,t) be the active nematic particle
distribution density. The dimensionless kinetic model consists
of the Smoluchowski equation for f and the Navier-Stokes
equation:

94V ((v-+ U (am + VT = a?mb)) f) =
V. -D:(Vf+fVU)+ 2R (Rf + fRU)
~R-(mxmf),

W=V (—pl+7+7) = (Vi),

(D
V-v=0

where 7, = G(,(M — %) is the active stress generated by the
active force, M is the second moment of f, 7 is other extra
stress, R is rotational gradient operator, m is Jeffery orbit,
and potential

U=N (1) —’y<m>~m—%(mm>:mm
where Ni,v, N are strength of space in homogeneity, polar,
and nematic interactions respectively. We refer the reader to
[1] for other symbols in the equation.
In this research, the model is considered in two dimensional
physical space where the orientation can be written as m =

(cos p,sinp)".

III. METHODS

We approximate the active nematic particle distribution
density by truncated Fourier series

K
f(x,m,t) = (ar (x,t) sin (kp) + b (x,t) cos (kp)) (2)
k=0

This research impose K = 20 which correspond to a system
of 41 nonlinear PDEs in physical space x and time ¢ that
are strongly related to the hydrodynamic variables and flow
equations. Then, we solve the system numerically. The dis-
cretization for the spatial variables follows a standard finite
difference method. For the time integration of Smoluchowski
equation, we use the linearly semi-implicit scheme

(I-D:AtV? — 8LR.R) frtl =

P (e fom ) )
+DIAtV - (f*VU™) + %’R. (f"RU™)

—R - (m x mfm")

The Navier-Stoke equation is solved by a projection method
with staggered grid [2], [3], [4].

IV. RESULTS

The simulations are conducted on square and rectangle
domains by varying nematic strength N and active parameter
Cq- In the case of pusher, (, < 0, we observe various
interesting spatio-temperal structures.

For N = 1,(, = —4, the simulation is performed in a
unit square domain. Figure 1(a)(b)(c) show some snapshots
of concentration, velocity, polarity and nematic director fields
at one time. We observe strong fluctuations of the local
concentration (indicated by the background color in Fig. 1a).
There are four quadrants in the domain with two circles and
two hyperbolic points. At the circles, the concentration takes
the minimum value and the nematic orientational order (Fig.
1c) is weak, while at the hyperbolic points, the concentration
takes the maximum value and the nematic orientational order
is strong. Yet the flow field (Fig. 1b) is weak at both circles
and hyperbolic points, it is at its peak value in the middle of
the transition from one circle to another. Figure 1d shows the
correlation between particle polarity and fluid velocity fields
along the simulation time. Most of the time in the period, the
polarity director positively correlates with the flow (indicated
by the value 1 of the cosine angle between these two fields).
But reversal occurs when the flow is weak and the polar
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Fig. 1: The simulation on a 1 1 square domain with N = 1,
and 2 = 4 (a) Velocity field superimposed to the densitv plot of
concentration. (b) Polarity director. {c¢) Nematic orientation. (d) The
domain averaged cosine angle between the particle polarity director
and the fluid velocity.

director goes against the flow direction (indicated by the value
-1 of the cosine angle).

Another simulation is performed in a rectangular region for
N = 0.5 and {, = —2.5. Strongly oscillatory spatio-temporal
structure is also observed. Figure 2 shows the snapshots of the
flow field (superimposed to the local concentration) and the
polarity director field. There are two shear layers (roughly
the top half and the bottom half) with opposite flow and
polarity directions. At the concentration valley, the flow field is
strong, while at the concentration peak, the velocity is almost
quiescent. A movie of this structure shows rapid flow reversal
when these two layers change direction.

V. CONCLUSION

This research conducts 2D numerical simulations of ac-
tive nematic polymers using the Kinetic model [1]. Local
concentration, velocity field, polar direction, and nematic
orientational order are explored in the dilute regime where the
stable passive isotopic phase is driven out of the equilibrium,
Due to the active stress, rapid concentration fluctuation is
observed in the physical domain for some concentration and
active parameters. Polarity and the orientational directors are
closely correlated with the flow field in the period of structure
oscillations. These findings are in agreement with reports in
[5] when a linear model is used.

{a) (b)

Fig. 2: The polarization direction on a 4 1 rectangle domain with
N =0:5 and a = 25 (a) Velocity field superimposed to the
density plot of the concentration. (b) Polarity director.
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