
Book of Abstracts

Sibley Graduate Research
Symposium

Show us why your research is awesome...

January 15, 2016

The Sibley School of
Mechanical & Aerospace Engineering

Cornell University
Ithaca, NY



About

The Sibley Graduate Research Symposium (SGRS) is a
student run symposium that strives to promote the sharing
of work among different areas of research to foster academic
collaboration. SGRS provides a platform for students to
introduce and be introduced to exciting research, as well as
benefit from conference participation and attendance, all
while promoting the Sibley Graduate School.

SGRS Committee Members: Robert Carson, Robert Chiodi,
Stephanie Firehammer, Scott Hamill, Dan Houck, David Kem-
menoe, Melanie Roberts, Ryan Snodgrass, Sasank Vemulapati,
Remy Walk, Jay Young

SGRS Advisory Board: Prof. Brian Kirby, Dr. Marcia Sawyer

©Sibley Graduate Research Symposium 2016, Sibley School of
Mechanical & Aerospace Engineering, Cornell University, Ithaca,
NY.

ii



Contents

Contents iii

Schedule 2

Keynote Speaker 9

Presentation Abstracts 15

1 Microfluidics for Health 15
1.1 Electrorotation Reveals Changes to Cancer

Cells in Response to Chemotherapy Resis-
tance and Epithelial-to-Mesenchymal Tran-
sition . . . . . . . . . . . . . . . . . . . . . . 16

1.2 KS-Detect: A portable, solar-thermal, poly-
merase chain reaction system for the point-
of-care diagnosis of Kaposis’ Sarcoma . . . 17

1.3 Surface-acoustics-based separation of cancer-
cell-derived microvesicles and exosomes . . . 18

2 Nanotechnology 19
2.1 Improved accuracy in the size measurement

of dilute, poly-disperse colloidal particles
using nanoparticle tracking . . . . . . . . . 20

iii



2.2 Direct Measurement of Nanoparticle Inter-
actions Using Near-Field Photonics . . . . . 21

2.3 Improving Oil Detection and Extraction Ef-
ficiency by Using Hairy Nanoparticles . . . 22

2.4 Multimode Solitons in Optical Fiber . . . . 23

3 Computational Fluid Dynamics 25
3.1 Simulating evaporating droplets in turbu-

lence from first principles . . . . . . . . . . 26
3.2 Interface Surface Area Tracking for the Con-

servative Level Set Method . . . . . . . . . 27
3.3 Numerical study of liquid-gas flow on com-

plex boundaries . . . . . . . . . . . . . . . . 28

4 Sustainability and Pollution 29
4.1 Improving the performance of a Gaussian dis-

persion model in predicting near-road NO2
concentrations . . . . . . . . . . . . . . . . 30

4.2 A Numerical Investigation of the Role of
Complex Fuels in Spray Combustion . . . . 31

4.3 Spectral Analysis of Cluster Induced Turbu-
lence . . . . . . . . . . . . . . . . . . . . . . 32

5 Solid Mechanics 33
5.1 Mechanical Characterization of Tissue Engi-

neered Cartilage Constructs . . . . . . . . . 34
5.2 A Lattice Strain Standard for Synchrotron

X-ray Diffraction Measurements. . . . . . . 35
5.3 Influence of Slip System Hardening on the

Development of Heterogeneous Intragrain
Deformation during Cyclic Loading with
Correlation to Diffraction Peak Broadening 36

5.4 Effect of Temperature on Texture Transfor-
mation in Thin Ag Films . . . . . . . . . . 37

iv



6 Space Systems and Robotics 39
6.1 Improving Actuation Efficiency of Robotic

Systems through Variable Recruitment Hy-
draulic McKibben Muscle Bundles . . . . . 40

6.2 On the Robotic Assembly of Large Space
Structures . . . . . . . . . . . . . . . . . . . 41

6.3 State Estimation in Optical System Align-
ment Using Monochromatic Beam Imaging 42

6.4 Knowledge-Intensive Evolutionary Optimiza-
tion of Earth Observing Satellite Systems . 43

6.5 Automatically Synthesizing Mission Plans
for Multi-Robot Tasks Involving Many Dy-
namic Obstacles . . . . . . . . . . . . . . . 44

Sponsors 47

v





Schedule

1



Room: Phillips 203
Keynote Speaker: Matthew Bryant
[Phillips 203 | 10:00 PM - 11:30 AM]

Microfluidics for Health [12:00 - 12:45 PM]

12:00 PM Electrorotation Reveals Changes
to Cancer Cells in Response to
Chemotherapy Resistance and
Epithelial-to-Mesenchymal Transition

12:15 PM KS-Detect: A portable, solar-thermal,
polymerase chain reaction system for
the point-of-care diagnosis of Kaposis’
Sarcoma

12:30 PM Surface-acoustics-based separation of
cancer-cell-derived microvesicles and
exosomes

Nanotechnology [1:00 - 2:00 PM]

1:00 PM Improved accuracy in the size measure-
ment of dilute, poly-disperse colloidal
particles using nanoparticle tracking

1:15 PM Direct Measurement of Nanoparticle
Interactions Using Near-Field Photon-
ics

1:30 PM Improving Oil Detection and Ex-
traction Efficiency by Using Hairy
Nanoparticles

1:45 PM Multimode Solitons in Optical Fiber

BREAK [2:00 - 2:45 PM]
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Room: Phillips 219

Computational Fluid Dynamics [12:00 - 12:45 PM]

12:00 PM Simulating evaporating droplets in tur-
bulence from first principles

12:15 PM Interface Surface Area Tracking for the
Conservative Level Set Method

12:30 PM Numerical study of liquid-gas flow on
complex boundaries

Sustainability and Pollution [1:00 - 1:45 PM]

1:00 PM Improving the performance of a Gaus-
sian dispersion model in predicting
near-road NO2 concentrations

1:15 PM A Numerical Investigation of the Role
of Complex Fuels in Spray Combustion

1:30 PM Spectral Analysis of Cluster Induced
Turbulence

BREAK [1:45 - 2:45 PM]
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Room: Phillips 203

Solid Mechanics [2:45 - 3:45 PM]

2:45 PM Mechanical Characterization of Tissue
Engineered Cartilage Constructs

3:00 PM A Lattice Strain Standard for Syn-
chrotron X-ray Diffraction Measure-
ments.

3:15 PM Influence of Slip System Hardening
on the Development of Heterogeneous
Intragrain Deformation during Cyclic
Loading with Correlation to Diffrac-
tion Peak Broadening

3:30 PM Effect of Temperature on Texture
Transformation in Thin Ag Films
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Room: Phillips 219

Space Systems and Robotics [2:45 - 4:00 PM]

2:45 PM Improving Actuation Efficiency of
Robotic Systems through Variable Re-
cruitment Hydraulic McKibben Muscle
Bundles

3:00 PM On the Robotic Assembly of Large
Space Structures

3:15 PM State Estimation in Optical Sys-
tem Alignment Using Monochromatic
Beam Imaging

3:30 PM Knowledge-Intensive Evolutionary Op-
timization of Earth Observing Satellite
Systems

3:45 PM Automatically Synthesizing Mission
Plans for Multi-Robot Tasks Involving
Many Dynamic Obstacles
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Matthew Bryant, Ph.D.

Abstract: Nature offers myriad examples of highly-
optimized solutions to problems ranging from sensor
design to multifunctional structures to locomotion
modalities. While often beautiful to observe and
mimic superficially, much more substantive techno-
logical gains can be achieved by developing an under-
standing of the complex ways living organisms interact
with and manipulate their environments. Taking ad-
vantage of bio-inspiration motivates us to develop and
leverage phenomenological models, design techniques,
transducers, and structures beyond what traditional
engineering practice has offered.

In this talk, I will highlight several research efforts
in applying multidisciplinary bio-inspired engineering
design, active materials and structures, and multi-
domain coupling to create novel energy harvesters,
actuators, and robotic systems. I will present ongoing
work that aims to take advantage of fish-like oscillating
fins or membranes for harvesting kinetic energy from
wind and water flows. This problem leads to modeling
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and experimental investigations of coupling and inter-
actions among the fluidic, structural, and electrical
domains, as well as advantageous nonlinear, unsteady,
and multi-body dynamic behaviors. Another research
thrust draws inspiration from the variable recruit-
ment capabilities of natural skeletal muscle to develop
soft fluidic actuators that improve efficiency by adap-
tively varying their active geometry. This approach
can allow a compliant actuator bundle to selectively
pressurize or vent actuation elements to perform on-
line force control and mechanical impedance matching
while minimizing fluid energy consumption and valve
throttling losses. Finally, I will discuss progress and
opportunities in designing robots and unmanned ve-
hicles with bio-inspired architectures and operating
concepts.

Biosketch: Matthew Bryant is an Assistant Professor
of Mechanical and Aerospace Engineering at NC State
University and the director of the Intelligent Systems
and Structures Research Lab (iSSRL). Dr. Bryant re-
ceived the B.S. degree in mechanical engineering from
Bucknell University in 2007 and the M.S. and Ph.D.
degrees in mechanical engineering from Cornell Uni-
versity in 2011 and 2012 respectively. Dr. Bryant?s
research interests include the dynamics and control of
smart structures and mechatronic systems with appli-
cations to novel actuation techniques, energy harvest-
ing devices, fluid-structure interactions, and robotics
in the land, air, and underwater domains. Dr. Bryant
is the recipient of the Teledyne Scientific Partner of
the Year Award in 2015, the Intelligence Community
Postdoctoral Fellowship in 2012, the Oliver J. Decker
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Prize in 2007, and the Ernest and Josephine Chris-
tensen Award in 2007. Since beginning his faculty
position in 2013, Dr. Bryant has been awarded grants
from the National Science Foundation, DARPA, and
the North Carolina Space Grant.
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Microfluidics for Health
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Electrorotation Reveals Changes to Cancer
Cells in Response to Chemotherapy Resistance

and Epithelial-to-Mesenchymal Transition

Tim Lannin

Advisor: Prof. Brian Kirby

Philips Room No: 203, Time: 12:00 pm

Circulating tumor cells are cancer cells that can be ex-
tracted from patient blood, and their capture provides a
window through which we can examine the progression of
cancer in real time with minimal invasiveness. As these
cells circulate, they are exposed to a variety of physical
and chemical stimuli that putatively change the structure
and composition of the membrane and cytoplasm. For
example, the morphology of the cell membrane is sensitive
to the acquired resistance to Gemcitabine chemotherapy
or to the presence of or deprivation of growth factors. We
seek to understand how stimuli that cancer cells expe-
rience in circulation affect their electrical phenotype in
order to 1) gain insights into cancer cell membrane physi-
ology and 2) inform better cell capture with electrokinetic
techniques, such as dielectrophoresis (DEP).
Although DEP is suitable for applying forces to cells for
separations, electrorotation, a technique related to DEP
in which torques are applied to cells in response to ro-
tating electric fields, is more suitable for experimental
characterization of cells. An electrorotation spectrum
gives complete information necessary to infer a DEP spec-
trum. We have obtained electrorotation spectra of 1) a
Gemcitabine-resistant pancreatic cancer cell line, which
we compare to their Gemcitabine-naive counterparts, 2)
pancreatic cancer cells stimulated with growth factors
to undergo an epithelial-to-mesenchymal transition, and
3) pancreatic cancer cells deprived of growth factors via
serum starvation.
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KS-Detect: A portable, solar-thermal,
polymerase chain reaction system for the
point-of-care diagnosis of Kaposis’ Sarcoma

Ryan Snodgrass

Advisor: Prof. David Erickson

Philips Room No: 203, Time: 12:15 pm

Kaposi’s Sarcoma (KS) is one of the most common AIDS-
related cancers. Incidence of KS is highest in sub Saharan
Africa, where almost nine of ten cases result in death
within five years of diagnosis. Early identification of the
disease has been shown to greatly improve survival, but is
challenging in resource limited settings because of reliance
on benchtop laboratory equipment. We have developed a
portable diagnostic device (termed KS-Detect) that com-
bines microfluidics and solar-thermal heating to perform
the polymerase chain reaction (PCR) for the identifica-
tion of KSHV (Kaposi’s Sarcoma herpesvirus) in skin
biopsies. The portable device operates independently of
traditional energy sources, using focused sunlight and a
continuous-flow microchannel to achieve a thermal pro-
file appropriate for PCR. To test the device, imitation
biopsies were made by clotting together different ratios
of cultured KSHV-positive and KSHV-negative human
cells. We report successful KSHV identification with sam-
ples containing 100% KSHV-positive cells down to 1%
KSHV-positive cells.
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Surface-acoustics-based separation of
cancer-cell-derived microvesicles and exosomes

Prateek Sehgal

Advisor: Prof. Brian Kirby

Philips Room No: 203, Time: 12:30 pm

Recently, cancer-cell-derived extracellular shed vesicles
(ESVs) have gained attention because of their significance
in cancer progression by propagating cancerous traits to
non-cancerous cells and maintaining aggressives molecu-
lar phenotype within the cancer-cell population. Criti-
cally, ESVs exhibit two relevant subpopulations: cancer-
cell-derived microvesicles (CMVs) ranging from 200nm-
1um and cancer-cell-derived exosomes (CEs) ranging from
30nm-100nm. The specific role of larger-diameter CMVs is
currently unknown and important to understand because
it can inform vesicle-specific therapeutics like metabolic
inhibitors. Isolation of CMVs would directly enable in-
quiry into the roles of this subpopulation but has yet to be
demonstrated due to the fragility and density variations
of these vesicles. We have overcome the limitations of the
current state-of-the-art by developing an acoustophoresis-
based nanoparticle manipulation device to isolate and
separate CMVs from CEs in solution. We have imple-
mented a standing surface acoustic wave (SSAW)-based
separation method, in which larger CMVs in fluid are
captured in pressure field over interdigitated transducer
(IDT) whereas smaller CEs escape the field. Acoustically
captured CMVs are displaced to different spatial loca-
tion in our microfluidic device and thus separating them
from CEs based on size. In this work we present acoustic
manipulation of 400 nm liposomes, that mimic CMVs,
to demonstrate our device’s capability to isolate CMV’s.
Acoustic focusing of nanosize liposomes in our device also
demonstrates biological nanoparticles manipulation using
acoustophoresis, which has not been achieved to date.
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Nanotechnology
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Improved accuracy in the size measurement
of dilute, poly-disperse colloidal particles using

nanoparticle tracking

Jack Hartman

Advisor: Prof. Brian Kirby

Philips Room No: 203, Time: 1:00 pm

Nanoparticle tracking is a method to determine the size
and concentration distribution of a dilute colloidal suspen-
sion. This technique is often touted as an improvement
on dynamic light scattering for poly-disperse suspensions
because it measures individual particle motion rather
than correlating bulk motion. However, many imple-
mentations overcome practical limitations of solvent drift
by subtracting an estimated drift and in doing so relate
distinct particles’ motion. In dilute, poly-disperse suspen-
sions this results in spurious peak shifts of the measure
particle distributions. An approach that removes drift
and de-correlates particle motion is presented and shown
to eliminate spurious errors resulting from nanoparticle
tracking of dilute, poly-disperse suspensions. This novel
approach enables simultaneous size, concentration and
surface protein characterization of extracellular shed vesi-
cles, which is usually confounded by photobleaching and
larger particle fluorescence dominating the camera field
of view.
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Direct Measurement of Nanoparticle
Interactions Using Near-Field Photonics

Perry Schein

Advisor: Prof. David Erickson

Philips Room No: 203, Time: 1:15 pm

Nanoparticle suspensions are used in numerous biomedi-
cal applications ranging from sensing and diagnostics to
in vivo therapeutic agents and drug delivery mechanisms.
One key challenge in developing these technologies is en-
gineering particles that remain stable in the presence of
physiological salt concentrations and different pH regimes
encountered in applications. Here, we show an approach
for high-throughput characterization of nanoparticle sta-
bility by directly measuring the interaction energy profiles
between nanoparticles and surfaces. As nanoparticles are
trapped and propelled along an optical waveguide, they
scatter light. Our technique takes advantage of the con-
fined Brownian motion exhibited by the particles as they
fluctuate about the equilibrium position between the opti-
cal and particle-surface interaction forces. This technique,
unlike colloidal probe atomic force microscopy, is capable
of making measurements that are not limited by thermal
noise, and capable of mapping interaction energy pro-
files on the sub-kT scale, driven by sub-pN forces. We
demonstrate direct measurement of the interaction be-
tween nanoparticles with 50 nm diameters and surfaces in
a variety of experimental conditions, giving insight into
biologically relevant systems. These direct measurements
on particles with sub-100 nm diameters offer new insights
into suspension stability missed by indirect measurements
such as absorbance spectroscopy, zeta-potential, and dy-
namic light scattering, and allow for the detailed study of
sub-populations in a heterogeneous sample. Additionally,
the sub-pN force resolution makes this a suitable platform
for fundamental biophysical studies.
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Improving Oil Detection and Extraction
Efficiency by Using Hairy Nanoparticles

Kate Polhemus

Advisor: Prof. Brian Kirby

Philips Room No: 203, Time: 1:30 pm

With the rapid depletion of known oil reserves, optimiz-
ing characterization of oil properties subsurface and oil
extraction is critical. By measuring the fluid properties
of the reservoirs, decisions can be made on which reser-
voirs to drill and the available quantity of oil to extract.
Hairy nanoparticles acting as tracers can potentially not
only map flow patterns but also provide information on
properties of oil and increase oil recovery during any oil
extraction stage. In order to utilize hairy nanoparticles
subsurface, the behavior of the nanoparticles at the oil
water interface needs to be studied. The spatial relation
of microparticles relative to a charged interface, as in a
oil-water interface, is governed by the wall’s zeta potential,
particle’s zeta potential, solution’s permittivity and ionic
strength.
To begin the characterization, the spatial distribution of
the hairy nanoparticles in relation to the interface needs
to be identified. First a model needs to be created to
mimic subsurface conditions, next regular nanoparticles
need to be tested. Afterwards, hairy nanoparticles will be
used in the model to examine their interactions with the
oil water interface. The microfluidic channel is designed
to mimic 1-d flow through porous media. The tests run in
the microfluidic channel will match subsurface extraction
conditions in temperature, salinity, Peclet number in order
to see how the nanoparticles will react.
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Multimode Solitons in Optical Fiber

Zimu Zhu

Advisor: Prof. Frank Wise

Philips Room No: 203, Time: 1:45 pm

The concept of wave propagation underlies countless phys-
ical systems, from electrodynamics and hydrodynamics
to neuroscience and more. Many such systems can be de-
scribed by nonlinear partial differential equations, which
give rise to a particular type of solution called solitons.
Mathematically, a soliton is a wave that maintains its
shape and width as it propagates, a result of multiple
effects canceling out with one another. Solitons are re-
markable as they are stable global nonlinear attractors,
and are key in helping us understand a variety of nonlinear
dynamical systems.
Solitons can manifest themselves in many ways. For
example, they appear in water waves, and in the collective
motion of proteins and DNA. Optical temporal solitons
(short pulses of light in time) form as a result of a balance
of the nonlinear and dispersive effects of the medium in
which the light propagates.
Optical solitons have been studied extensively in the con-
text of single-mode optical fiber (ones that are only large
enough to support one guided spatial eigenmode as there
is no variation across the beam as it propagates). Our
group is performing the first investigations of solitons in
fibers that support multiple spatial modes. In this work,
we study both experimentally and numerically the exis-
tence and formation of multimode solitons in multimode
fiber. These exhibit dramatic spatiotemporal evolution.
The importance of solitons to understanding a variety of
nonlinear phenomena will also be discussed briefly.
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Section 3

Computational Fluid
Dynamics
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Simulating evaporating droplets in
turbulence from first principles

John Palmore

Advisor: Prof. Olivier Desjardins

Philips Room No: 219, Time: 12:00 pm

Understanding evaporation is important for many appli-
cations in the aerospace industry. In the typical aircraft
engine, a liquid fuel is injected into the combustion cham-
ber. There, it atomizes into droplets, which evaporate,
and undergo combustion. A thorough understanding of
evaporation is, therefore, necessary to be able to develop
predictive models of combustion in engines. The current
work focuses on the development of a numerical framework
capable of simulating fuel droplet evaporation and com-
bustion from first principles (using only the fundamental
conservation laws of mass, momentum, and energy). The
simulation framework is NGA, a finite difference code for
simulating reacting, multiphase flows at low Mach num-
bers. The liquid-gas interface is explicitly tracked using
the accurate conservative level set method, ACLS, which
considers the liquid-gas interface as the 0.5 iso-contour of a
smooth scalar variable (the conservative level set). For the
evaporation problem, the velocity is discontinuous across
the liquid-gas interface. Because of this, special care must
be taken in the discretization of the conservation laws to
ensure consistency, stability, and accuracy. The interface
tracking is particularly susceptible to error since a smooth
velocity is necessary to transport the level set. This work
uses a novel reconstruction technique to create a synthetic
velocity field that is smooth enough to accurately trans-
port the level set, but obeys the fundamental physics of
the flow. Studies are performed of evaporating droplets in
homogeneous isotropic turbulence to understand how the
properties of the turbulence will influence fuel evaporation
and the mixing of the fuel vapor.
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Interface Surface Area Tracking for the
Conservative Level Set Method

Stephanie Firehammer

Advisor: Prof. Olivier Desjardins

Philips Room No: 219, Time: 12:15 pm

One key question in liquid-gas flows is how to model the
interface between phases in a way that is mass, momen-
tum, and energy conserving. The accurate conservative
level set (ACLS) method of Desjardins et al. [O. Des-
jardins, V. Moureau, H. Pitsch, An accurate conservative
level set/ghost fluid method for simulating turbulent at-
omization, J. Comput. Phys. 227 (18) (2008) 8395-8416]
provides a tool for tracking a liquid-gas interface with
minimal mass conservation issues; however, it does not
explicitly compute the interface surface area and thus
nothing can be said a priori about the balance between
kinetic energy and surface energy. This work examines
an equation for the transport of interface surface area
density, which can be written in terms of the gradient
of the volume fraction. Furthermore this presentation
will outline a numerical method for jointly transporting
a conservative level set and surface area density. Finally,
we will explore opportunities for energy conservation via
the accurate exchange of energy between the flow field
and the interface through surface tension, with test cases
to show the results of our extended ACLS method.
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Numerical study of liquid-gas flow on
complex boundaries

Sheng Wang

Advisor: Prof. Olivier Desjardins

Philips Room No: 219, Time: 12:30 pm

Simulation techniques for liquid-gas flows near solid bound-
aries tend to fall in two categories, either focusing on
accurate treatment of the phase interface away from wall,
or focusing on detailed modeling of contact line dynamics.
In order to fill the gap between these two categories and to
simulate liquid-gas flows in large scale engineering devices
with complex boundaries, we develop a conservative, ro-
bust, and efficient framework for handling moving contact
lines. This approach combines a conservative level set
method to capture the interface, an immersed boundary
method to represent the curved boundary, and a macro-
scopic moving contact line model. The performance of the
proposed approach is assessed through several simulations.
A drop spreading on a flat plate and a circular cylinder
validate the equilibrium contact angle. The migration of
a drop on an inclined plane is employed to validate the
contact line dynamics. The framework is then applied
to perform a 3D simulation of the migration of a drop
through porous media, which consists of irregular placed
cylinders. The conservation error is shown to remain
small in all of the simulations.
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Sustainability and Pollution
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Improving the performance of a Gaussian
dispersion model in predicting near-road NO2

concentrations

Bo Yang

Advisor: Prof. Max Zhang

Philips Room No: 219, Time: 1:00 pm

Nitrogen oxide (NO2) is a major transportation-related
air pollutant. Various highway dispersion models have
incorporate NO-NO2-O3 chemistry to represent the chem-
ical transformation of nitrogen oxides (NOx). Our recent
study indicates that a large fraction of NO2 is actually
produced through chemical reactions with O3 during the
tailpipe-to-road stage. Furthermore, complex on-road dis-
tributions of NO2/NOx ratios occur on gasoline-powered
vehicle roadways, and the NO2/NOx ratios are greatly en-
hanced due to on-road chemistry. In this study, we present
a new method to improve the performance of a highway
dispersion model, California Line Source Dispersion Model
(CALINE4), in predicting near-road NO2/NOx ratios. We
use the turbulent reacting flow model, CTAG, to simulate
the experimental conditions, and the information pro-
vided was used as inputs to CALINE4 model. The CTAG
modeling results show good agreement with the curbside
measurement data. Our analysis of the CTAG results
reveals that the tailpipe-plane-averaged NO2/NOx ratio
reflects the early stage of on-road NOx transformation
process, and can be fed into CALINE4 as an equiva-
lent tailpipe-level ratio. The CALINE4 modeling results
are significantly improved by using this tailpipe-plane-
averaged NO2/NOx ratio rather than the traditional 5%
NO2/NOx ratio. These findings will benefit the air qual-
ity and transportation management sectors by improving
their dispersion models and developing mitigation strate-
gies of near-road NO2 hotspots.
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A Numerical Investigation of the Role of
Complex Fuels in Spray Combustion

Lara Baker

Advisor: Prof. Perrine Pepiot

Philips Room No: 219, Time: 1:15 pm

Simulating turbulent spray ignition, an important process
in engine combustion, is challenging, since it combines
the complexity of multi-scale, multiphase turbulent flow
modeling with the need for an accurate description of the
chemical kinetics. With the increase in use of alternate
fuels, an understanding of the impact of the fuel used
becomes imperative. In this work, we use direct numerical
simulations with evaporation models to analyze the role of
the complex fuels on evaporation and ignition characteris-
tics in a turbulent spray environment. The complex fuel
is represented as a mixture of several components, known
as a surrogate, with each component representative of
a different chemical class. A reduced kinetic scheme for
the mixture is extracted from a well-validated detailed
chemical mechanism, and integrated into the multiphase
turbulent reactive flow solver NGA. A comparison is made
between ignition characteristics such as heat release and
ignition delay time for evaporation models using aver-
aged thermal characteristics for the surrogate fuel, and
separate thermal characteristics for each fuel component
which result in more realistic differential evaporation rates
and species segregation.
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Spectral Analysis of Cluster Induced
Turbulence

Ravi Patel

Advisor: Prof. Olivier Desjardins

Philips Room No: 219, Time: 1:30 pm

Particle laden turbulent flows are an important feature of
many industrial processes such as fluidized bed reactors.
The study of cluster-induced turbulence (CIT), wherein
particles falling under gravity generate turbulence in the
carrier gas via fluctuations in particle concentration, may
lead to better models for these processes. We present
a spectral analysis of a database of statistically station-
ary CIT simulations. These simulations were previously
performed using a two way coupled Eulerian-Lagrangian
approach for various mass loadings and particle-scale
Reynolds numbers. The Lagrangian particle data is care-
fully filtered to obtain Eulerian fields for particle phase
volume fraction, velocity, and granular temperature. We
perform a spectral decomposition of the particle and fluid
turbulent kinetic energy budget. We investigate the contri-
butions to the particle and fluid turbulent kinetic energy
by pressure strain, viscous dissipation, drag exchange,
viscous exchange, and pressure exchange over the range of
wavenumbers. Results from this study may help develop
closure models for large eddy simulation of particle laden
turbulent flows.
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Solid Mechanics
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Mechanical Characterization of Tissue
Engineered Cartilage Constructs

Jill Middendorf

Advisor: Prof. Lawrence Bonassar

Philips Room No: 203, Time: 2:45 pm

Articular cartilage is avascular and aneural, preventing
cartilage from participating in healing process. Autolo-
gous chondrocyte implantation (ACI) has been proposed
to repair cartilage defects in the knee. Although ACI
has seen clinical success, very little is known about these
implant’s mechanical properties. To increase our under-
standing of ACI, we characterized a 3D collagen graft
seeded with human chondrocytes prior to implantation
in humans. Human cells isolated from cadaver cartilage
(NDRI) and expanded in 2D culture were seeded into a
honeycomb collagen type 1 matrix scaffold for in vitro
growth up to 7 weeks. Implants were removed from cul-
ture at multiple stages of development (0, 1, 3, 5, and
7 weeks post seeding). Boundary friction coefficient was
determined using a custom built tribometer [1]. Surface
roughness features were measured using a MicroXAM 3D
white light profilometer. The shear modulus was deter-
mined through a custom built tissue deformation imaging
stage [2]. This study found the coefficient of friction and
surface roughness values were similar to that of native
cartilage. Tissue deformation videos demonstrate strain
variations in each tissue. The shear modulus of the tissue
stayed well below that of native tissue with no significant
differences between each development stage. These results
indicate which mechanical properties are critical for the
ACI technique to be a viable alternative for focal cartilage
repair.
References: [1] Gleghorn et al, Eur. Cells Mater., 2007;
[2] Buckley et al, Journal of Biomechanics, 2008.
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A Lattice Strain Standard for Synchrotron
X-ray Diffraction Measurements.

Christopher Budrow

Advisor: Prof. Matthew Miller

Philips Room No: 203, Time: 3:00 pm

Design fidelity residual stress measurements remain an on-
going problem for the design of mechanical and structural
components across many industries. X-Ray diffraction is a
proven technique for measuring lattice strains in polycrys-
talline metals. X-Rays from a high-energy synchrotron
source provide two distinct benefits; the high energy allows
for penetration of thicker samples, and the increased flux
allows for faster data collection time. Energy Dispersive
Diffraction (EDD) using polychromatic x-rays at the high
end of the x-ray spectrum and monochromatic reflection
and transmission are techniques that have been applied
to measure lattice strains in plates, resulting in determi-
nation of residual stress trends. However, the unknown
accuracy of lattice strain measurements has largely kept
engineers from employing the actual residual stress values
in the design of structural components. This talk presents
the development of a lattice strain standardİ specimen
that was used to verify x-ray diffraction measurements
made on a steel specimen at the Cornell High Energy
Synchrotron Source (CHESS). Trans-torque collets were
inserted into holes in the plate and were used to induce
various states of internal stress in the specimen. Strain
gage rosettes were used to quantify the surface strains,
which were compared to the EDD-based lattice strain
measurements. Good agreement was attained.
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Influence of Slip System Hardening on the
Development of Heterogeneous Intragrain
Deformation during Cyclic Loading with

Correlation to Diffraction Peak Broadening

Robert Carson

Advisor: Prof. Paul Dawson

Philips Room No: 203, Time: 3:15 pm

Within the fatigue life of metals, systems of persistent slip
networks (PSNs) are being examined as a possible source
for microcrack initiation within polycrystalline metals. A
critical capability is to be able to relate the presence of
PSNs to experimentally observable broadening of diffrac-
tion patterns based on the computed distributions of
elastic strain and crystallographic lattice misorientation.
High energy x-ray diffraction experiments on a fully re-
versed cyclically loaded OMC copper have shown across
all grains an asymmetric development of intragrain mis-
orientation spread being biased towards compression. To
inform the experiments of the heterogeneity of slip activi-
ties’ influence on peak broadening, various finite-element
simulations based on single crystal elasto-viscoplastic the-
ory using a modified Voce harding law are being used.
This talk will explore the effects that varying the strength
of interactions between slip systems with like slip planes
has on the development of this asymmetric intragrain
misorientation spread across all grains.
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Effect of Temperature on Texture
Transformation in Thin Ag Films

Nate Rogers

Advisor: Prof. Shefford Baker

Philips Room No: 203, Time: 3:30 pm

A thickness-dependent (111) to (100) texture transforma-
tion is well known in certain Face Centered Cubic thin
films. During annealing, films that are deposited with
good (111) texture remain (111) when sufficiently thin,
but transform to (100) by an anomalous grain growth pro-
cess when sufficiently thick. Intermediate films transform
to stable mixed textures. In recent years we have shown
that such transformations are driven by elimination of de-
fects during grain growth; however, no current model can
predict the final mixed texture. In the present work, we
show that the stable mixed texture depends on the anneal-
ing temperature, and describe two possible mechanisms,
grain boundary grooving and depletion of the driving
force, by which the anomalous grain growth process can
be stopped in a thickness-dependent manner leading to
the observed mixed textures. Since the stresses and stress
states in such films can vary dramatically with texture,
understanding these structures is critical to improving
the performance and reliability of devices containing such
films.
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Improving Actuation Efficiency of Robotic
Systems through Variable Recruitment
Hydraulic McKibben Muscle Bundles

Michael Meller

Advisor: Prof. Ephrahim Garcia

Philips Room No: 219, Time: 2:45 pm

McKibben muscles are often utilized in mobile robotic
applications that require compliant and light weight actua-
tion capable of producing large forces. These actuators are
typically comprised of an inner elastomeric bladder sur-
rounded by an inextensible, helically braided mesh. They
are activated by a fluidic pressure source that causes them
to contract and/or produce tension axially. For mobile
platforms not tethered by any power source, actuation effi-
ciency is a large concern as it significantly affects the range
and run-time of the system. In order to increase actuation
efficiency, we investigate utilizing hydraulic McKibben
muscle actuators as muscle fibers. These muscle fibers
are then grouped together to form a variable recruitment
artificial muscle bundle. This configuration is biologically
inspired, where in skeletal muscle, different numbers of
motor units are recruited to match the load. This results
in extremely efficient locomotion in nature. It is desired
to use a similar methodology to increase the actuation
efficiency of valve-controlled hydraulic systems. These
systems traditionally induce a pressure drop in the valves
to throttle the flow to the actuators. Using the valves in
this manner is simple, but very inefficient. Hence, this
presentation demonstrates selectively recruiting different
numbers of the hydraulic artificial muscle fibers to match
a required loading scenario seen in our robot arm test
bed. By using fewer muscle fibers for smaller loads, the
valve pressure drops are considerably reduced by effec-
tively changing the actuator area, leading to much higher
efficiencies over a broader operation envelope.
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On the Robotic Assembly of Large Space
Structures

Daniel Cellucci

Advisor: Prof. Mason Peck

Philips Room No: 219, Time: 3:00 pm

The resources available from extraterrestrial sources are
many orders of magnitude larger than what is available
currently on Earth. However, primary investment in the
infrastructure required to extract these resources will
have to come from terrestrial sources, and the massive
energy expenditure required to transport objects out of
the gravity well necessitates maximum utility-for-weight
for all cargo intended for missions to space. Reversibly-
assembled building-block based structures have many
advantages that would maximize this utility, including
robot-amenable periodicity, repairability, reconfigurabil-
ity, extreme fault-tolerance, and predictable performance.
I will describe completed and ongoing projects that have
demonstrated these advantages, including human-scale
structures, satellite modules, and prototype robots.
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State Estimation in Optical System
Alignment Using Monochromatic Beam

Imaging

Joyce Fang

Advisor: Prof. Dmitry Savransky

Philips Room No: 219, Time: 3:15 pm

Automated alignment of optical systems saves the time
and energy needed for manual alignment and is required
in cases where manual intervention is impossible. This
research discusses the state estimation of the misalign-
ment of a reimaging system using a focal plane sensor.
We control two moving lenses to achieve high precision
alignments by feeding back state estimates calculated
from images from a CCD camera. We perform a Princi-
pal Component Analysis (PCA) on a simulated data set.
The monochromatic images are decoupled into Karhunen-
Loève (KL) modes, which are used as the measurement
in state estimation. An Extended Kalman filter (EKF) is
used to estimate the misalignment of the optical compo-
nents, and we describe a closed-loop control system with
monochromatic beam to demonstrate the performance
of the state estimation process. The state and measure-
ment residuals converge with the Kalman observer. The
automated alignment technique can be extended to recon-
figurable systems with multiple lenses and other optical
components.
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Knowledge-Intensive Evolutionary
Optimization of Earth Observing Satellite

Systems

Nozomi Hitomi

Advisor: Prof. Daniel Selva

Philips Room No: 219, Time: 3:30 pm

The space industry is becoming more interested in evo-
lutionary algorithms (EAs) to solve scheduling, resource
allocation, and other decision-making problems that can-
not be solved with conventional mathematical program-
ming approaches due to the multiple nonlinear objective
functions that need to be optimized simultaneously. A
drawback of EAs is that they are not computationally
efficient because they do not utilize information about the
problem structure or the domain. Knowledge-intensive
optimization is a method to integrate domain-knowledge,
lessons-learned, and other expert knowledge within the EA
to create a more efficient and effective optimization algo-
rithm. This work will introduce a multi-strategy, adaptive
optimization algorithm that utilizes domain-knowledge
alongside conventional heuristic optimization techniques.
This knowledge-intensive algorithm will be demonstrated
on an instrument-to-satellite allocation problem. The goal
of the problem is to find the set of optimal assignments of
Earth observation instrument to candidate satellites for
minimal cost and maximum stakeholder requirements.
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Automatically Synthesizing Mission Plans for
Multi-Robot Tasks Involving Many Dynamic

Obstacles

Jonathan DeCastro

Advisor: Prof. Hadas Kress-Gazit

Philips Room No: 219, Time: 3:45 pm

I describe a framework for automatically converting high-
level mission specifications (for instance, "patrol the living
room and bedroom, picking up any garbage you see") into
a set of controllers a team of robots may use when operat-
ing in workspaces shared with other agents (for example,
humans or cars). The framework I describe synthesizes a
(discrete) state machine representing a high-level strategy
for the robot’s motion. This state machine can be used
in conjunction with a local motion planner to produce
collision-free motions satisfying the task. The role of
the local motion planner is to generate trajectories that
guarantee collision avoidance, given the dynamics of the
robot team. While the local planner is able to reason
locally about the motions of each robot, the state ma-
chine provides a global plan that allows the robot team
to react whenever any agent’s motion is impeded by an-
other and cannot be resolved locally. A minimal set of
human-readable assumptions is generated to keep the hu-
man informed of the conditions where the environment’s
behavior can lead to an inability to guarantee the success
of the task. I show that our approach is capable of syn-
thesizing and executing a plan even with a high density of
dynamic obstacles and, in contrast to many existing meth-
ods, is scalable to the number of obstacles present. Our
demonstrations involve simulations and physical experi-
ments in 2D and 3D environments using several different
types of robots, from quadrotors to walking humanoids.
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