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Welcome! 
Welcome to the 2019 Sibley Graduate Research Symposium! We look forward to an engaging              
afternoon exploring all of the research being conducted in the Mechanical and Aerospace             
Engineering Department at Cornell University. 
 
In this document, you will find the presentation abstracts for our keynote address in addition to                
that of each student presenter. We encourage each and every attendee to take a step outside of                 
their comfort zone at this research symposium: attend a presentation on a research topic that is                
outside of your realm of expertise, maybe even expand your academic network! 
 
All in all, we truly hope that this will be an interactive and educational experience for everyone                 
involved! Enjoy! 
 
- Carlos Diaz-Ruiz, Corey Spohn, Gabriel Soto, Kasey Laurent, Maura O’Neill, Sean Kim 
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Keynote Speaker: Itai Cohen, Ph.D.  
 

 

 

 
 
 
 
 
 
 

 

Biography 
Professor Itai Cohen studies the physics of matter in motion. At Cornell, his research has               
focused on building robots the size of cells, investigating the shear thickening behavior of              
microscopic and nanoscopic particles suspended in a fluid, exploring the mechanics of materials             
ranging from biological tissues to origami inspired metamaterials, discovering the aerodynamic           
and neuromuscular mechanisms used by insects during flapping flight, and determining how            
Tango dancers and audiences at heavy metal concerts coordinate their movement.           
Understanding how emergent behaviors arise from the microscopic rules governing these           
systems remains one of the biggest challenges in Physics.  

Abstract: Cell sized robots 
What would we be able to do if we could build machines the size of a single cell? If these                    
machines can be interfaced with electronics, then at a scale of 50 microns, or about half a hair’s                  
diameter, semiconductor devices are small enough that we could put the computational power             
of the spaceship Voyager onto a machine that could be injected into the body. Such robots                
could have on board detectors, power sources, and processors that enable them to sense,              
interact, and control their local environment. In this talk we will describe several cutting edge               
technologies we are developing to achieve this vision. 
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Ryan Snodgrass 
Refrigeration 
Stephen Erikson 
 
 
 
 
 
 
 

A three-stage elastocaloric refrigerator 
Alternative methods of refrigeration are being pursued because current techniques (i.e. the            
vapor compression cycle) use refrigerants with high global warming potential. Additionally, the            
energy cost to meet the global demand for cooling is large and is only expected to grow in the                   
coming decades because of global warming and the rising standard of living worldwide: any              
alternative that may have better efficiency compared to the status quo would be highly valued.               
One alternative to the vapor compression cycle is elastocaloric cooling, which uses a             
crystal-structure phase transition in shape memory alloys to generate latent heat for use in a               
refrigeration cycle. Put simply, it is possible to mechanically stress certain metal alloys to              
achieve heat pumping or refrigeration. We have built the first multistage elastocaloric            
refrigerator, bringing the record temperature span in the field from about 20 K to 28 K. In this                  
talk, we describe how an elastocaloric refrigerator operates and characterize the performance of             
our system compared to others in the field. 

 
https://tinyurl.com/SGRS19Ryan 
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Fernanda Fontenele 
Solid Mechanics 
Nikolaos Bouklas 
 
 
 
 
 
 

Modeling fiber kinking in soft 
composites with fiber plasticity 
 

 
https://tinyurl.com/SGRS19Fernanda 
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Pablo Naoki Manzano Miura 
Experimental Fluid Mechanics 
Gregory Bewley 
 
 
 
 
 
 
 

Spectra in compressible turbulence 
Compressible turbulence is found in many engineered and natural settings, such as in scramjet              
engines and astrophysical jets. Even at subsonic speeds, if turbulent fluctuations are fast             
relative to the speed of sound, regions of local strong compression and expansion randomly              
appear in the flow. Experiments are needed to further develop models that quantify the              
influence of compressibility on turbulence. In our laboratory, we fabricate miniature hot wire             
probes capable of resolving inertial range statistics and measure turbulence in a specialized             
pressure vessel filled with sulfur hexafluoride. This dense gas has a low speed of sound               
compared to air, which enables us to attain turbulent Mach numbers up to 0.2. Additionally, the                
Taylor microscale Reynolds number can be modulated with pressure adjustments between 200            
and 3700. We report on the scaling of spectra towards high turbulent Mach numbers and               
compare the results with direct numerical simulations. We also discuss the large scale flow              
structure and turbulence statistics. 

 
https://tinyurl.com/SGRS19Pablo  
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Sean Kim 
Biomechanics 
Larry Bonassar 
 
 
 
 

Buckling Instabilities, Global and Local 
Response in Collagen Scaffolds Used 
for Tissue Engineering 
Porous polymer scaffolds are commonly used to template cell growth for therapeutic            
applications in the repair and regeneration of structural tissues such as bone, cartilage, tendon,              
and ligament. Regardless of the specific application, prior to generation or ingrowth of new              
tissue, the mechanical function of such implants is dominated by the scaffold. We are              
interested in the use of such scaffolds for cartilage tissue engineering, in which these materials               
may experience contact pressures greater than 10 MPa in daily use in vivo. Such loading leaves                
implants vulnerable to structural instabilities that both compromise their mechanical function and            
may damage cells living inside the pores of the scaffold. Prevention of these structural              
instabilities, through optimizing scaffold design, is crucial for improving constructs’ global           
function and compressive properties leading to a successful implantation. Previous work has            
shown a relationship between global biochemical composition and aggregate mechanical          
properties, but the connection to local mechanical phenomena is not known. Here, we             
demonstrate that non-linear phenomena observed in macro-scale testing of tissue engineered           
scaffolds are tied to micro-scale buckling instabilities induced during compression. We           
performed macroscale compression studies accompanied by confocal elastography on two          
different specimens; a honeycomb structure and a polydisperse polyhedral cellular structure.  

 
https://tinyurl.com/SGRS19Sean 
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Jeffrey Sward 
Energy and Meteorology 
Max Zhang 
 
 
 
 
 

Optimizing the Weather Research and 
Forecasting Model Physics to Support 
Wind and Solar Energy Integration 
As concerns surrounding impacts associated with climate change continue to grow, policy            
makers from cities, states, and countries have begun to implement strategies to accelerate             
drawdown of greenhouse gas emissions. Electrification of transportation, space heating, and           
industrial processes, improved energy efficiency for buildings, and replacement of fossil fuels            
with clean or renewable fuels when generating electricity are among the most commonly             
proposed policy-based mechanisms. However, as the fraction of electricity obtained via variable            
renewable energy resources -- such as wind and solar -- grows, the dependence of power               
system operations upon micro to mesoscale meteorological phenomena increases as well. The            
weather research and forecasting (WRF) model is a community-based mesoscale numerical           
weather prediction tool that consolidates decades of work investigating all relevant physical            
meteorological processes in a single repository. In this work, we present a methodology for              
optimizing available physics options within the WRF model, using a genetic algorithm, for the              
purpose of forecasting wind and solar energy production. We evaluate this methodology by             
running a collection of 5-day hindcasts using WRF on several nested domains over New York               
City, New York State, and the Eastern United States, respectively. 

 
https://tinyurl.com/SGRS19Jeff  
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Hao Ma 
Nanoscale heat transfer 
Zhiting Tian 
 
 
 
 
 
 

The importance of van der Waals 
interactions to thermal transport in 
Graphene-C60 heterostructures 
Graphene-C60 heterostructures assembled by van der Waals (vdW) interactions between          
graphene and C60 have shown exciting potential for multifunctional devices. Understanding           
thermal transport in graphene-C60 heterostructures is the key to guiding the design of vdW              
heterostructures with desired thermal transport properties. In this work, we report the first study              
of thermal transport in a graphene-C60 heterostructure and elucidate the importance of vdW             
interactions to heat conduction using molecular dynamics simulations. We find that the in-plane             
thermal conductivity of the graphene-C60 heterostructure is as high as about 234 W/(mK) at             
room temperature, exceeding those of most pure metals. As the vdW interaction parameter, χ,              
varies from 0.1 to 2, the in-plane thermal conductivity first increases then decreases. On the               
other hand, as vdW interactions increases, the interfacial thermal conductance between           
graphene and C60 is enhanced. Our study demonstrates that graphene-C60 heterostructures           
have high in-plane thermal conductivity and their interfacial thermal conductance is comparable            
to that of graphene-hexagonal boron-nitride (hBN) heterostructure. Graphene-C60        
heterostructures are promising candidates for multifunctional devices with inherent heat          
dissipation capability. 

 
https://tinyurl.com/SGRS19Hao  
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Alap Kshirsagar  
Human-Robot Interaction 
Guy Hoffman 
 
 
 
 
 
 

Specifying and Synthesizing 
Human-Robot Handovers 
We present a controller for human-robot handovers that is synthesized from specifications in             
Signal Temporal Logic (STL). In contrast to existing controllers, this approach provides            
guarantees on the timing of each of the handover phases. In addition, this approach allows               
users to specify and dynamically change the robot’s behaviors using high-level abstractions of             
goals and constraints rather than by tuning controller parameters. We illustrate this approach by              
replicating the behavior of existing handover strategies from the literature. Based on a public              
database of human-human handovers, we also identify specification parameters that are likely            
to lead to successful handovers. 

 
https://tinyurl.com/SGRS19Alap 
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Jinghang Dai 
Heat Transfer 
Zhiting Tian 
 
 
 

Anharmonicity strongly enhancing 
thermal interface conductance: A new 
anharmonic atomistic Green's function 
formalism 
Heat dissipation in microelectronics is a burning issue that limits their performance and             
reliability. Large thermal resistance at solid-solid interfaces often presents the major bottleneck            
for heat removal. Understanding interfacial thermal transport is, thus, in great demand. The             
atomistic Green’s function (AGF) has been a powerful tool to study the interfacial thermal              
transport. However, the traditional AGF was formulated in the harmonic regime, preventing it             
from capturing the role of anharmonicity. Incorporating anharmonicity into AGF has long been             
considered challenging. In this work, we developed a rigorous formalism to include the             
anharmonic interactions in AGF for 3-D structures in a fully quantum mechanical way. In the               
anharmonic regime, Thermal conductance of silicon- and aluminum-based interfaces is          
significantly enhanced compared to the harmonic case resulting from the new phonon channels             
opened by inelastic scattering. By overcoming this long-standing challenge, this work brings the             
AGF method to a new height. The application scope of AGF has been remarkably extended,               
and the importance of anharmonicity at the interface has been highlighted.  

 
https://tinyurl.com/SGRS19Jinghang  
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Houston Claure 
Human-Robot Interaction 
Maite Jung 
 
 
 
 

Reinforcement Learning with Fairness 
Constraints for Resource Distribution in 
Human-Robot Teams 
Much work in robotics and operations research has focused on optimal resource distribution,             
where an agent dynamically decides how to sequentially distribute resources among different            
candidates. However, most work ignores the notion of fairness in candidate selection. In the              
case where a robot distributes re- sources to human team members, disproportionately favoring             
the highest perform- ing teammate can have negative effects in team dynamics and system              
acceptance. We introduce a multi-armed bandit algorithm with fairness constraints, where a            
robot distributes resources to human teammates of different skill levels. In this problem, the              
robot does not know the skill level of each human teammate, but learns it by observing their                 
performance over time. We define fairness as a con- straint on the minimum rate that each                
human teammate is selected throughout the task. We provide theoretical guarantees on            
performance and perform a large-scale user study, where we adjust the level of fairness in our                
algorithm. Results show that fairness in resource distribution has a significant effect on users’              
trust in the system. 

 
https://tinyurl.com/SGRS19Houston 
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Dean Keithly 
Spacecraft Design 
Dmitry Savransky 
 
 
 
 
 
 

Lander Launched Impact Probe Exterior 
Ballistics and Landing Altitudes 
In-situ exploration of extraterrestrial caves, mountains, volcanoes, rifts, and geysers are           
inevitable destinations of discovery. Such a mission requires landing tolerances on the order of              
10 meters, at high altitudes, on often rocky or uneven terrain. However, modern landing              
technology produces landing ellipses on the order of 10 kilometers at low altitudes. To              
circumvent these limitations and open these extreme regions to exploration, I present a new              
mission architecture concept of operations summarizable as a lander Launched Impact Probe            
(LIP). A lander LIP enables landing at lower altitudes and ``safe'' locations up to 100's of                
kilometers from a point of interest and launching a probe as small as an 80 mm world war 2                   
mortar filled with instrumentation or a sample collecting tip and possibly tethered to the lander. 
In this paper, I explore ranges and altitudes of a LIP by varying the environment, launch energy,                 
and launch system tolerances using dynamic simulations. I apply these simulations to the set              
Mars Cave Candidates (MCC), where I calculate the minimum landing altitude possible vs             
launch energy for each MCC and create a Mars surface heat map indicating the number of                
caves reachable at a fixed launch energy. The dynamic simulations in this paper account for the                
reduced Martian atmospheric drag vs altitude, coriolis acceleration due to the use of a rotating               
frame, and forces from a trailing tether. This work demonstrates Mars Caves are reachable with               
near future landing altitudes and this lander launched impact probe architecture. 

 
https://tinyurl.com/SGRS19Dean 
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Gabriel Soto 
Aerospace 
Dmitry Savransky 
 
 
 
 

Navigation of Modular Spacecraft for     
Segmented Telescope Assembly about    
Sun-Earth L2 Using Solar Sails 
Future space telescopes require large primary mirrors to image fainter objects in our universe              
with higher resolution. Manufacturing and launch costs prevent scaling up the size of monolithic              
mirrors fabricated on Earth; a segmented design is therefore needed to produce a large              
diameter primary mirror when assembled in space. We propose a novel mission concept for a               
segmented space telescope where identical mirror segments are placed individually on modular            
spacecraft. Modules are launched as payloads of opportunity that self-assemble about the            
Sun-Earth L2 point. They use a solar sail as a means of continuous thrust propulsion; after                
docking, the solar sails are steered to overlap and create a planar sun shield for the telescope.                 
Each module begins on GTOs or other Earth orbits simulated by sampling the distribution of               
potential launch orbits. Modules then target insertion onto a quasi-periodic Lissajous orbit;            
modules inserted at different locations on the Lissajous are likely to encounter one another and               
clump together to form the final primary mirror. In this work, we outline the framework for                
transferring modules from Earth orbit to the Sun-Earth L2 with a solar sail onto a Lissajous orbit,                 
creating design reference missions (DRMs) for the full endeavor. 

 
https://tinyurl.com/SGRS19Gabriel 
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Dan Houck 
Fluid Dynamics, focus on instrumentation 
Edwin Cowen 
 
 
 
 

A high-accuracy torque transducer for 
small-scale wind and hydrokinetic 
turbine experiments 
The design, assembly, use, and analysis of a torque transducer for small-scale wind and              
hydrokinetic turbines is presented. The new transducer provides a calibration between the            
torque and electrical current produced by a model turbine that uses a DC motor as a generator.                 
The transducer transfers the torque generated by the turbine's shaft to a small beam              
instrumented with a full bridge configuration of strain gauges whose voltage response is             
calibrated to known torques. The design of the transducer, coupled with specific procedural             
considerations, yields torque measurements from 5 to 50 mNm and a calibration uncertainty of              
1.2%. We believe this is the lowest uncertainty achieved to date for a torque transducer               
calibration of this type. The primary difference between the presented approach and previous             
approaches in the literature is that we use a control motor to impart the applied calibration                
torque as opposed to relying on the fluid flow, which improves both the ease of use and                 
accuracy. The presented calibration allows for an accurate measurement of mechanical power            
by non-intrusive means. Measurement of mechanical power is preferred over other methods of             
quantifying turbine power as it makes the fewest assumptions and is most closely related to the                
fluid dynamics. 

 
https://tinyurl.com/SGRS19Dan  
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Arjun Sharma 
Fluid Dynamics 
Donald Koch 
 
 
 
 
 

Extensional rheology of a dilute 
suspension of spheres in a dilute 
polymer solution 
We investigate the steady-state rheology of a dilute suspension of spherical particles in a dilute               
polymer solution modeled by the FENE-P constitutive relation. This work uses a semi-analytical             
method based on ensemble averaged equations, a perturbation for small polymer concentration            
and the generalized reciprocal to determine the polymers' influence on the particle stresslet and              
the particles' influence on the polymer stress. In the undisturbed flow, polymers undergo a rapid               
transition from a coiled to almost fully stretched state at a critical Deborah number (ratio of                
polymer relaxation to ow time scale) of De_c=0.5. The particle-polymer contribution enhances            
the averaged stress below Dec due to a strong local stretch enhancement in specific regions of                
the flow. Above De_c, polymers passing around the particle tend to collapse in response to a                
time history of strain rates which on average are smaller near the particle. These insights are                
elucidated through a variant of the Finite-time Lyapunov exponent for the Stokes velocity around              
the sphere. Similar to the undisturbed stress, below De_c we find the particle- polymer              
contribution to the average stress to be independent of the maximum stretching length (L) and               
for higher De to scale as L^2 for L>>1. 

 
https://tinyurl.com/SGRS19Arjun 
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Jacob Shapiro 
Astronomical Image Processing 
Dmitry Savransky 
 
 
 
 

Identifying exoplanets with common 
spatial pattern filtering and a forward 
model matched filter 
Technology currently allows us to directly image some planets orbiting stars outside of our solar               
system. Doing so is understandably difficult – the light of an Earthlike planet is about a billion                 
orders of magnitude less than that of the sun. Image post-processing techniques can be used in                
tandem with great technology onboard telescopes in order to help reveal these planets in the               
presence of these strong noise systems. This work specifically shows that Common Spatial             
Pattern Forward Model Matched Filtering is an effective method for detection of point sources in               
specific examples of high-contrast astronomical images. A framework has been developed to            
allow analysis across many different true science datasets. This allows for systematic,            
large-scale statistical analyses of the CSP method applied to a variety of stars and injected               
data. We present results for multiple sets of observational data and show how CSP FMMF               
compares to KLIP-FMMF (the current standard) in terms of SNR. 

 
https://tinyurl.com/SGRS19Jacob 
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Jane Shin 
Dynamics and control 
Silvia Ferrari 
 
 
 
 

An informative sensor planning for 
underwater target classification using 
an imaging sonar 
This presentation introduces a path planning approach for an underwater imaging sonar            
equipped onboard an unmanned underwater vehicle (UUV) deployed for classifying multiple           
underwater targets with a desired classification confidence level in a minimum time. Since sonar              
images are highly dependent on the sensor’s configuration and environmental conditions,           
multiple images from different views are required for an accurate target classification. In the              
present approaches, the classification uncertainty is characterized by an information-theoretic          
function and used to select the most informative views that the sonar needs to visit for                
classification. The minimum-time path that visits each planned view is constructed using an             
approximate algorithm for a generalized form of traveling salesman problem. The proposed path             
planning algorithm is demonstrated using an integrated simulation which implements dynamics           
of a UUV and sonar image acquisition. The simulation results including total traveling time,              
number of images obtained from a path, and classification performance are presented. 

 
https://tinyurl.com/SGRS19Jane 
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Kalani Danas Rivera 
Aerospace 
Mason Peck 
 
 
 
 
 
 

Optical Navigation Using Jupiter’s 
Atmospheric Bands 
The gravity-assist flyby maneuver at Jupiter has played a critical role in space exploration,              
enabling spacecraft to reach the outer solar system with significantly less fuel expenditure than              
a direct transfer would require. During this maneuver, spacecraft position is established from             
two-way communications from the Deep Space Network on Earth. We consider resources within             
the vicinity of Jupiter as means of determining spacecraft position independent of Earth             
resources for navigation. The proposed technology uses the atmospheric bands of Jupiter as             
sources of information for establishing a spacecraft’s latitude relative to Jupiter. Latitude            
estimates are obtained from the projection of the atmospheric band edges onto the spacecraft              
camera’s image plane. The pixels corresponding to these edges within an image are extracted              
and clustered. Each cluster produces a latitude estimate obtained from the parameters that             
define the ellipse that is fit to the cluster. Latitude estimates from all clusters are considered to                 
produce a final spacecraft latitude estimate. 

 
https://tinyurl.com/SGRS19Kalani 
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Macy Castaneda 
Biomechanics 
Chris Hernandez 
 
 
 
 

Faecalibacterium Prausnitzii May Alter 
Bone Tissue Strength and Obesity in a 
Murine Type II Diabetic Model 
Type II diabetes is a condition with symptoms of insulin resistance, inflammation, immune             
dysregulation, and often obesity; in particular to orthopedics, type II diabetes increases bone             
fracture risk. Altering the gut microbiome has recently been studied to decrease bone fracture              
risk. Faecalibacterium prausnitzii is the most common bacteria found in the human gut             
microbiome and can reverse insulin resistance in mice with type II diabetes. Thus, the objective               
for this study was to determine if F. prausnitzii could rescue the increased fracture risk in a                 
murine type II diabetic model. We induced type II diabetes in mice using a high-fat diet (60%                 
kcal by fat) and exposed them to F. prausnitzii for 3 months. Mice were weighed and underwent                 
a glucose tolerance test at the end of treatment. Left femurs were collected and analyzed using                
microcomputed tomography and unnotched 3-point bending. High-fat diet mice exposed to F.            
prausnitzii gained significantly less weight than mice not exposed to F. prausnitzii. The bone              
tissue strength and peak bending moment also increased in mice exposed to F. prausnitzii. This               
research expands on the relationship between the gut microbiome and bone health, and offers a               
novel treatment for type 2 diabetes using probiotics. 

 
https://tinyurl.com/SGRS19Macy 
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Thank you! 
From your SGRS committee members: 
 
President: Maura O’Neill 
Corporate Liaison: Sean Kim 
Secretary: Kasey Laurent 
Marketing Strategist: Gabriel Soto 
Treasurer: Carlos Diaz-Ruiz 
Event Coordinator: Corey Spohn 
Webmaster: Kasey Laurent 
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