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ELECTRIC PROPULSION

EP-Devices:

EP Improves Thrust/Mass (Isp)

Ion/Elec.-Thermal/HET Flying

FRC/MPD/Electrospray/etc. in Dev.

Space notoriously Risk Adverse
(i.e. Tech must be “Proven”)

Hall Thruster Popularity Increasing
(Proven and Improved Thrust/Area)

Plasma still Threat Thruster/Plume

Improved Life Estimates Needed

Space not Replicated in Ground Test

Models needed to Bridge Gap

Aerojet Overview of EP Satellites (3/08)

→

Fakel SPT-100 NASA Hermes Thruster
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TIME AND SPACE SCALES

Inherently Multiscale:

O(109)-Space and Time

Naive 3D-Spatial Scales→ Cost3

e−/Ion Mass→ Scale Separation

Isp & Device Scale→ Transit Time

Pulsed: Spread Right at Scale & Isp

Spacecraft Lifetime Performance?

Modeling Must Exploit Scale Separation
mi/me ≈ O(103.5)-O(105.5)
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HALL EFFECT THRUSTERS

Hall Effect Thrusters (HET):

Traditionally Modeled in R-Z

Named for Hall Current in θ

Uses Quasi-1D Electron Fluid Solve

Ohm’s Law→ No e−-momentum

Zθ Unrolled to YZ

Electron ExB Drift

Unmagnetized Ions

Results in Hall Current (Namesake)

Classic Mobility: e−-Neutral Collision

Electrons Mobility Required for Current

Ion-Acoustic Waves: Collisionless Mobility?

RZ-Plane Simulation

θ-Plane Simulation
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IMPACT OF MOBILITY

Model Sensitive to Mobility:

Classical Mobility Insufficient in
Near Plume

Enhanced Emperical “Bohm” (1/B)
Mobility

Also Needs Coefficient by “Zone”
(i.e. Anode/Channel/Plume Regions)

Behavior Sensitive to Plume
Coefficient

Need Physics Based Model

From LaFleur, Phys Plasmas 23, 053503 (2016)

(Thruster Simulation will not “Light”)

Impact of Mobility on Discharge Profile

(Koo, PhD Dissertation)
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INSTABILITY AND TRANSPORT

Current Driven Instability:

HET Ion-Acoustic Instability
-Driven by jθ Hall Current
-Anomalous e-Transport? (LaFleur)
-Focus of 1D/2D Full-PIC Studies

〈∆ne,∆Eθ〉 → Axial Transport
Initial Exponential Growth Saturates

Electrons Heat & Ions Steepen/Trap

Ion Wave breaks above Cs

Waves not “Turbulence”?...
But only 1D...

jθ → FRC Spiral Charge Separation?

Onset of Plasma Turbulence?
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ENHANCED MOBILITY

Impact of Ion-Acoustic Instability:

Instability→ Extra Mobility

LaFleur Results Promising

Need High-Dim Validation

Model via Lagged Lotka-Volterra?

Model Captures a Bifurcation

How can we Compare
Model, Experiment, and Simulation?

With only I(t) Accessible Experimentally?

From LaFleur, Phys Plasmas 23, 053503 (2016)

(A Posteriori Mobility)

MARTIN, TRAN (AFRL/RQRS) Distribution Statement A: Approved for Public Release; Distribution is Unlimited. PA# 17394 8 / 13



ENHANCED MOBILITY

Impact of Ion-Acoustic Instability:

Instability→ Extra Mobility

LaFleur Results Promising

Need High-Dim Validation

Model via Lagged Lotka-Volterra?

Model Captures a Bifurcation

How can we Compare
Model, Experiment, and Simulation?

With only I(t) Accessible Experimentally?

From LaFleur, Phys Plasmas 23, 053503 (2016)

(A Posteriori Mobility)

MARTIN, TRAN (AFRL/RQRS) Distribution Statement A: Approved for Public Release; Distribution is Unlimited. PA# 17394 8 / 13



ENHANCED MOBILITY

Impact of Ion-Acoustic Instability:

Instability→ Extra Mobility

LaFleur Results Promising

Need High-Dim Validation

Model via Lagged Lotka-Volterra?

Model Captures a Bifurcation

How can we Compare
Model, Experiment, and Simulation?

With only I(t) Accessible Experimentally?

Experimental Discharge Current
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dt = βI(N − N),
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Q0
L exp

[
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Barral & Peradzyński, IEPC-2009-070

MARTIN, TRAN (AFRL/RQRS) Distribution Statement A: Approved for Public Release; Distribution is Unlimited. PA# 17394 8 / 13



ENHANCED MOBILITY

Impact of Ion-Acoustic Instability:

Instability→ Extra Mobility

LaFleur Results Promising

Need High-Dim Validation

Model via Lagged Lotka-Volterra?

Model Captures a Bifurcation

How can we Compare
Model, Experiment, and Simulation?

With only I(t) Accessible Experimentally?
dI
dt = βI(N − N),

dN
dt = −γIN +

Q0
L exp

[
−γ

∫ t
t−τ I dt

]
.
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CONVERGENT CROSS MAPPING I.

Same Could be Done for Hall Thruster Simulation
But Experiment has Limited Access?
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CONVERGENT CROSS MAPPING II.

Shadow Maifold from only I(t)?
Useful Tuning Model/Simulation Parameters?
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CONVERGENT CROSS MAPPING III.

Useful Detecting Causal Relationships.
Potential Tool for Self-Similarity/Causality in Turbulence?
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TURBULENCE FROM DYNAMIC SYSTEM

DMD→ Tubulence:

Low Re Vortex Shedding

Sparse Dynamic System via DMD

What if Flow is Non-Sparse? (Turbulent)

Inertial Range Turbulence really Self-Similar?

Universal if Agnostic to Large and Small k

Bandpass Invariant up to Similarity?
(Filter Local Space/Time: Gabor? Wavelets?)

Inter-Band Dynamics Causal via CCM?

CCM → Kj in Mori-Zwanzig LES?

Von Karman Vortex Street
http://commons.wikimedia.org/wiki/File:Karman_Vortex_Street_Off_Cylinder.ogv

Brunton, Proctor, and Kutz, 3932-3937, PNAS, 4/12/16, v.113, no. 15
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