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Motivation

= Build on existing foundation of laser-induced
fluorescence expertise, improving time-
resolved capabilities

=  Bring high spatial resolution, precision, and
non-perturbing diagnostic to dynamical
studies of Hall thruster oscillations like
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Outline

= BHT-600 Measurement
Campaign

= Time-Resolved Laser-Induced
Fluorescence Method

= Preliminary Results

= Summary
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BHT-600 Measurement Campaign

Goal: Map xenon ion velocity vectors in the channel and near-field plume
evolving over the 48 kHz breathing mode oscillation.

Campaign 1: X-Z Plane (Axial)
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Dataset 1: 26 points in X-Z, axial (04/2015 — 05/2015, 9 days total operation)
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BHT-600 Measurement Campaign

Goal: Map xenon ion velocity vectors in the channel and near-field plume
evolving over the 48 kHz breathing mode oscillation.

Campaign 1: Y-Z Plane (Axial)
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Dataset 2: 34 points in Y-Z, axial (04/2015 — 05/2015, 9 days total operation)
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BHT-600 Measurement Campaign

Goal: Map xenon ion velocity vectors in the channel and near-field plume
evolving over the 48 kHz breathing mode oscillation.

Campaign 2: X-Z Plane (Axial + Radial)
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Dataset 3: 55 points in X-Z, axial + radial (11/2015 - 01/2016, 13 days total operation)
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BHT-600 Measurement Campaign

Goal: Map xenon ion velocity vectors in the channel and near-field plume
evolving over the 48 kHz breathing mode oscillation.

Campaign 2: Y-Z Plane (Axial + Azimuthal)
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Dataset 4: 16 points in Y-Z, axial + azimuthal; 25 additional axial points in channel and
near-field plume (11/2015 - 01/2016, 13 days total operation)
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BHT-600 Operating Condition
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Time-Resolved LIF Method
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Time-Resolved LIF Method
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Time-Resolved LIF Method
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Time-Resolved LIF Method: Validation
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Results: Example Time Series (Radial)

Campaign 2: X-Z Plane (Axial + Radial)
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Results: Example Time Series (Radial)
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Results: Example Time Series (Radial)
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Results: Campaign 1 (Channel, Axial)

Campaign 1: Y-Z Plane (Axial)
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Results: Campaign 1 (Channel, Axial)
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Results: Campaign 1 (Channel, Axial)
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Results: Campaign 1 (Channel, Axial)

Axial Velocity
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Results: Campaign 1 (Near Field, Axial)

Campaign 1: Y-Z Plane (Axial)
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Results: Campaign 1 (Near Field, Axial)

Interesting Behavior: Double axial ion populations near edge of channel
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Results: Campaign 2 (Central Jet)

Campaign 2: X-Z Plane (Axial + Radial)
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Results: Campaign 2 (Central Jet, Radial)

Radial Data: Complex flow field along thruster axis with crossing beams
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Results: Campaign 2 (Central Jet, Radial)

Radial Data: Similar intensity trends, but opposite velocity trends?
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Results: Campaign 2 (Central Jet, Axial)

Axial Data: One main population with a hint of two?  (z,y,2) = (0,0,54) mm
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Results: Campaign 2 (Central Jet, Axial)

Axial Data: Double peak behavior apparent all along central jet
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Summary

= Radial (azimuthal) and axial, time-resolved LIF velocity data has been
taken in the channel and near-field plume of a BHT-600

= Parallelized sample-hold circuits enabled full time-series acquired at
>150 spatial points (axial, with radial/azimuthal at 71) in 22 test days

= Modulations in ion velocity and LIF intensity (excited state ion
population) observed in both axial and radial data at breathing
mode frequency of 48 kHz

= Data analysis is ongoing, but interesting features like multiple, time-
dependent ion populations are already apparent

= Time-resolved ion velocity data can provide benchmark for Hall
thruster simulations that should capture realistic dynamics
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Questions?

= Radial (azimuthal) and axial, time-resolved LIF velocity data has been
taken in the channel and near-field plume of a BHT-600

= Parallelized sample-hold circuits enabled full time-series acquired at
>150 spatial points (axial, with radial/azimuthal at 71) in 22 test days

= Modulations in ion velocity and LIF intensity (excited state ion
population) observed in both axial and radial data at breathing
mode frequency of 48 kHz

= Data analysis is ongoing, but interesting features like multiple, time-
dependent ion populations are already apparent

= Time-resolved ion velocity data can provide benchmark for Hall
thruster simulations that should capture realistic dynamics
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BACKUP

' AFRL | BHT-600 TRLIF | Jan 14, 2016 31
Distribution A: Approved for Public Release: Distribution Unlimited. PA# 16204



Results: Campaign 2 (Azimuthal Velocities)

Campaign 2: Y-Z Plane (Axial + Azimuthal)
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Results: Campaign 2 (Azimuthal Velocities)

Azimuthal Velocities: Small velocity component within measurement uncertainty
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