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propulsion and energy
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https://web.stanford.edu/~cantwell/



3/2/21
Stanford AeroAstro Visit Day March 4-5, 2021

2

Ashley Karp
NASA – JPL

Propulsion Lead,Deputy Manager,
Mars Ascent Vehicle (MAV)

Beth Jens
NASA – JPL

Perseverance cold gas 
subsystem for dust removal

Tim Szwarc
NASA – JPL

Perseverance core 
drilling system

SPaSE lab Alumni at JPL working on space exploration

Flora Mechentel
NASA – JPL

Project Starshade

William Hart
NASA – JPL

Cruise phase lead for mission Psyche
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Liquifying fuels for hybrid propulsion - I

Fast burning paraffin-based 
fuels for hybrid rockets first 
identified in the SPaSE lab at 
Stanford by Arif Karabeyoglu. 
Large scale tests at NASA 
Ames led by Greg Zilliac.

15,000 lb thrust hybrid motor test

Not all tests are succesful!

Karabeyoglu, Altman and Cantwell, 
“Combustion of liquifying hybrid propellants”
parts 1 and 2, J. Prop. and Power, vol 18, 2002. 

Thin film instability plus nonlinear 
growth and wave breaking leads to 
entrainment of droplets along the port
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Visualization of hybrid rocket combustion, liquid layer instability and fuel droplet entrainment mechanism

Direct visualization of fuel regression in a clear-grain hybrid rocket

Liquifying fuels for hybrid propulsion - II

Oxygen compatible combustion 
visualization tunnel

Ashley Karp
NASA - JPL

Beth Jens
NASA - JPL

Flora Mechentel
NASA - JPL
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Lithium aluminum hydride (LAH) and LAH doped paraffin reacting with Reagent grade Nitric acid

Ignition and combustion of Energetic Ionic Liquids (EILs) reacting with  Nitric Acid

Ignition and Combustion of Green Propellants for In-space Propulsion - I

Variable pressure droplet ignition chamber for studying ignition 
delay from vacuum to 3 MPa

Javier Stober
MIT

Paraffin/40%LAH + 70% nitric acid at 95CLAH reacting with 70% nitric acid at one atmosphere

Density Functional Theory (DFT) used to find the lowest energy configuration

1 Hartree =  
27.211 ev

• Decomposition reaction 
pathways were determined 
using

• Thermogravimetr
ic Analysis (TGA) 

• Fourier 
Transform 
Infrared 
Spectroscopy 
(FTIR)

• Computational 
chemistry  (code 
Gaussian) 

Anna Thomas
NREL
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Ignition and Combustion of Green Propellants for In-space Propulsion - II

Low power laser ignition of solid fuels for hybrid propulsion

David Dyrda
Boeing Space Systems

Ignition mechanism – Soot particle entrainment and heating

28.8W input power, 1.6V, 18A. Spot 
3-6 MW/m2, 0.2 sec, 5.76J.
For comparison, one AA battery 
stores 14,000J.
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Experimental Studies of Flame Spread from an Ignition Point in a Boundary Layer

Veronika Korneyeva
Stanford AA

𝒎̇𝒐𝒙

Laser

Fuel Sample
Ignition Point

Space-time flame 
propagation map

AIAA paper 2020 – 3731
Experimental Studies of Flame Propagation on 
Planar Hybrid Fuel Samples in Opposed Flow

AIAA Propulsion and Energy Forum Aug 2020
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Matt Subrahmanyam
Stanford AA

A Universal velocity profile for near-wall flows
AIAA SciTech Conference Jan 2021

A new turbulent boundary layer 
velocity profile is used that is 
uniformly valid from the wall to the 
free stream for all Reynolds numbers

AIAA 2021 - 0061
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Matt Subrahmanyam
Stanford AA

A Universal velocity profile for near-wall flows
AIAA SciTech Conference Jan 2021

A new turbulent boundary layer 
velocity profile is used that is 
uniformly valid from the wall to the 
free stream for all Reynolds numbers

AIAA 2021 - 0061
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HR-02: Combustion Stability, Motor Performance, and Related Issues• AIAA-2020-3730

• Combustion of Liquefying Hybrid Propellants: Long-Wave Instabilities of Sheared Liquid Films Subject to Blowing

• Eylul Bilgin (ebilgin@stanford.edu) Prof. Brian Cantwell (cantwell@stanford.edu)

• Summary 
• Investigation of the long wave stability characteristics of pressure and shear driven liquid layers forming over 

liquefying hybrid propellants and the introduction of a mathematical technique for solving over-posed stability 
problems.

• Key results
• A new method (method of variational iterations) was used for the first time to solve a hydrodynamic stability 

problem.
• The sensitivity of long wave stability characteristics to velocity curvature was demonstrated through both a 

numerical scheme and theoretical analysis.

Stability of thin liquid films subject to shear flow
AIAA Propulsion and Energy Forum Conference Aug 2020

Eylul Bilgin
Stanford AA

http://stanford.edu
http://stanford.edu
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Energy from waste nitrogen
In collaboration with Prof. Craig Criddle of the Stanford Department of Civil and Environmental Engineering (CEE), This is 
the first project to propose a new process for recovering waste nitrogen from waste water for energy production. 

Yaniv Scherson
Anaergia

Prof. Craig Criddle



3/2/21
Stanford AeroAstro Visit Day March 4-5, 2021

11

Working in the SPaSE lab



People

Jonah Zimmerman
Blue Origin

Ashley Karp
NASA - JPL

Beth Jens
NASA - JPL

Ben Waxman
Blue Origin

Yaniv Scherson
Anaergia

Pavan Narsai
Momentus Corp.

David Murakami
NASA Ames

Tim Szwarc
NASA - JPL

Kevin Lohner
SpaceX

Javier Stober
MIT

Recent PhD grads

AshleyMicks
Ford Motor Co

Brian Cantwell, Arif Karabeyoglu, Greg Zilliac

Ashley Coates
NASA Ames

Flora Mechentel
NASA - JPL

David Dyrda
Boeing Space Systems

Anna Thomas
NREL

Laura Simurda
Stanford AA

Current PhD students

Scott Hubbard
Stanford

Matt 
Subrahmanyam

Stanford AA
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Eylul Bilgin
Stanford AA

Veronika Korneyeva
Stanford AA

Colleagues

Dave Altman
Vice pres CSD, 

Ret.


