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There is always a trade between accuracy and computational cost in 
aircraft design, particularly for hypersonic vehicles

Uncertainties and/or biases in conceptual design tools can result in 
risk to performance and closure in later design stages

Multi-fidelity methods can “correct” low-fidelity models using a small 
number of high-fidelity samples, to improve accuracy for minimal cost

We focus on improving the information state in conceptual design 
while maintaining tractable computational cost through:

● Multi-fidelity Gaussian Process surrogates of 
aerodynamic/aerothermal loads, incorporating model 
uncertainties 

● Adjoint-based sensitivity analysis to guide sampling and 
improve surrogate accuracy for mission-based objectives

● Multidisciplinary vehicle-trajectory co-design and 
optimization

CFDPanel Code

Multi-fidelity Gaussian Process

Adjoint-based trajectory sensitivities inform sampling

Trajectory Informed Multi-fidelity Surrogates for Hypersonic Vehicle 
Optimization
Jacob Needels (PhD Candidate), Prof. Juan J. Alonso
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Fly-By-Feel: Bio-Inspired Flight Awareness via Distributed Sensing

Distributed 
Sensor Network
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Neural Methods for Processing 
Sensor Data

PI: Prof Fu-Kuo Chang Presenter: Dominic Yamarone, M.S. Student



An Interdisciplinary Investigation of Hypervelocity Impact Plasmas
Nancy Diallo (PhD Student), Raymond Lau (PhD Candidate), Dr. Nicolas Lee, and Prof. Sigrid Elschot 
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Figure 1: 
Depiction of 
HVI Plasma 
Expansion 
Process

Figure 2: Optical flashes from projectile impacts on a 
metallic target

 

Figure 4: 
Damaged Targets 
from HVI 
Experiments 
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Satellite Ephemeris Parameterization for Lunar PNT
Marta Cortinovis, Keidai Iiyama, and Grace Gao

 Ephemeris coordinate-parameterization 
as a constrained convex optimization 

problem, comparing different surrogate 
models and approximation intervals

Background
Increasing international interest in 

providing communication and 
navigation services  in the lunar regime 

via satellite constellations.

Objective
Develop satellite ephemeris 

approximation methods compliant with 
system requirements

Reference: Cortinovis, M. et al. “Satellite Ephemeris Approximation Methods to Support Lunar Positioning, Navigation, and Timing Services”, 
ION GNSS+ 2023, Denver, CO, Sept 2023

Approach

Broadcasted 
parameters 
considered

➔ Sat Position
➔ Sat Velocity

Identified compliant Chebyshev 
parameterization at low data 

volume for various approximation 
intervals
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Signal-in-Space Error Analysis

Message Length

Elliptical Lunar Frozen Orbit (ELFO) Scenario



 

Low Temperature Plasma (LTP) Fluid Moment Modeling
Derek Kuldinow (PhD candidate), Daniel Troyetsky (PhD Candidate), Adnan Mansour (PhD candidate)
Yusuke Yamashita (Postdoc), Kentaro Hara (Advisor)

Developing high-fidelity, robust fluid models for low temperature plasmas in industrial applications 

References
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2: Mansour and Hara, Plasma Source. Sci. Tech. 31, 055012 (2022)
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1D/2D Full-Fluid Moment (FFM) Model
• Multifluid model that solves for mass, momentum and energy including inertia, non-neutrality, etc.: 
Improvement over state-of-the-art, drift-diffusion models in the LTP community

• Applications: Hall effect thrusters [1] and Penning discharge [2]
• Current development: axisymmetric (cylindrical) FFM [3] for industrial applications, e.g., 
capacitively coupled plasmas (CCPs), spacecraft propulsion, atmospheric-pressure arc discharge

Rotating spoke in a Penning 
discharge:  Plasma density profile [2]

Density profile of a supersonic ramp 
with low collisionality [4]

10-Moment Fluid Model
• A fluid approach that models an anisotropic pressure 
tensor, which can capture kinetic (non-Maxwellian velocity 
distribution function) effects. cf. Rarefied gas flow 

• Applications: shocks, plasma sheaths, discharge [4]
• Goal: Bridge the gap between kinetic (microscopic) and 
fluid (macroscopic) descriptions of fluid and ionized gases 
(i.e., plasmas) 

• Current development: plasma instabilities, turbulence, 
cross-field plasma discharges, rarefied gas conditions, 
laser-plasma interaction

Anisotropic Plasma

x, m
Anisotropic temperature profile 

inside a Hall-effect thruster
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Fueled by Purpose: Diffusion and Flattery in Self-Driving
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  Graphene Aerogel in Microgravity: Electrical Property Characterization
Synthesizing GA from a graphene hydrogel (GH) starts 
with a hydrothermal reduction:

What if we completed this first 
step in space?

Preliminary Electrical Characterization: van der Pauw Method

Applications 
➔ Sensor technology
➔ Capacitors and batteries
➔ EM wave absorption
➔ Thermal insulation for spacecraft

Current/Future Electrical Characterization: Electrochemical

Image 
courtesy 
of NASA

Astronaut Woody Hoburg completing our experiment! Synthesis Hardware on the ISS

The GA 
Working 

Electrode

Solvent 
Exchange



Italy, Europe
Station: IN04 B3-E6 2022-09-01

California, US
Station: IN61 B3-E6 2022-09-01

Figure 3: Initial Interference Detection

Detecting Space Based Interference on GNSS Signals
Akshata Patil, R. Eric Phelts, Yu-Hsuan Chen, Sherman Lo, Todd Walter

Figure 1: Detection And Localization of Interference in GNSS Data
Figure 2: Trimble’s Receiver Network
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Figure 4: Additional Investigation


