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MHD + 3D radiative transfer !
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ARCHeS is a platform being developed to...

provide inlet conditions needed by aerothermal models that
yield flow properties and conditions at the test article,
provide understanding of facility operation,

guide setting up test conditions,

Aerothermal | Material
& Hypersonic u Response

Nozzle

tailor conditions to improve uniformity,
inform electrode maintenance schedule,
inform (V&V) upgrade designs,

optimize current operational capability...
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The magnetic convection is negligible

The Ohm’s law is simplified

The displacement current is ignored (V, << c)

The vector potential formulation ensures zero divergence of the B field
Diverge of Ampere’s law gives the continuity of current

Rotational of Ampere’s law simplifies the equation
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—> System of electromagnetic equations solved in ARCHeS
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Hot electric arc core cools down and the surroundings warm up.

Importance of the 3D radiative transfer.
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ARCHeS simulation with equilibrium

air chemistry. The color represents

the magnitude of the total magnetic field.
Iso-surface of the current density of 1 MA/m?2.

Stable arc next to the electrode chambers.

Instablilities arise in the constrictor.
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> Air mixture
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Magnetohydrodynamic Thruster

https://www.nasa.qov/centers/qlenn/about/fs22grc.html, 08/10/2018

With minimal investment the toolkit can provide modern simulation toolkit
for optimizing in-space electric propulsion systems such as:

« Magnetohydrodynamic Thruster

* Pulsed Plasma Thruster

« Hall Effect Thruster

» Helicon Double Layer Thruster

« Variable Specific Impulse Magnetoplasma Rocket 1


https://www.nasa.gov/centers/glenn/about/fs22grc.html

ARCHeS improvement Coupling to optimization library
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ke, Experimental validation plan g

Electrode arc detachment events

» High frequency electrode current probe
» High frequency electrode voltage probe

Thermal and electromagnetic boundary conditions
» Electrostatic (Langmuir) probes
« External magnetic probes

 Laser induced fluorescence mARC 20
TS division
Internal temperature, flow profiles NASA Ames Research Center

« Emission spectroscopy
 Laser induced fluorescence
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Variable gas mixture
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BC of the Navier-Stokes equations BC of the Maxwell equations



