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AN ABSTRACT OF A DISSERTATION
A novel circuit-based mathematical model of an electric arc
heater is presented so that an arc heater system can be modeled, and
a control algorithm can be developed and simulated. Due to inherent
arc nonlinearities and complexities, as well as low amounts of arc
heater data, the new model was developed by establishing a holistic
approach to implementing the arc as a circuit element, where
common circuit analysis and control techniques can be easily applied.
The response of the arc heater system was examined at various
voltage and current operating points that represent different regions
of operation within the arc’s characteristic curve. The simulated data
of the arc heater model were compared to the arc characteristics of
the experimental data. The simulations performed demonstrate a
strong correlation between these datasets, indicating the model’s
ability to accurately replicate the physical system, while also allowing
initial control system development to begin with simplistic
proportional-integral-derivative (PID) control of the arc heater.
The arc heater current ranged between 275A and 400A, while
the voltage ranged from 650V to 600V respectively. The voltage
standard deviation between the experimental data and the circuitbased model produced a value of 3.001V, or +/- 0.5%, while the
resistance standard deviation, from comparing the Cassie model to
the circuit-based model, produced a value of 30mΩ, or +/- 0.2% at the
largest span. This research is expected to advance the ability to
successfully model and simulate an electric arc heater system for
control system development.
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Complex (AEDC) on Arnold Air Force Base, with experimental data
collected at the Hypersonic Materials Environmental Test System
(HyMETS) arc-jet wind tunnel located at the NASA Langley Research
Center in Hampton, Virginia, for the partial fulfillment of the Doctor of
Philosophy degree at Tennessee Technological University.

