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Abstract

The radiation emitted by air plasmas is an essential consideration for the design of
heat shields in atmospheric re-entry applications. Although re-entry generates non-
equilibrium conditions, the relevant radiative parameters may be investigated in an
equilibrium air plasma as well. In this study, an atmospheric pressure air plasma was
generated using a radio-frequency inductively coupled plasma torch, and optical
diagnostics were developed to measure the thermodynamic state and radiative emission of
the plasma. Measurements were then compared with results of numerical codes which
were subsequently improved from the basis of this work.

Electronic, vibrational, and rotational temperatures, along with electron number
densities, were measured at the exit plane of the plasma torch by means of emission
spectroscopy. All results indicated that the plasma was close to local thermodynamic
equilibrium. The maximum temperature and degree of ionization were 7600 K and 0.1%,

respectively.

The spectrum emitted by the plasma was measured from the ultraviolet to the near
infra-red (2000 to 8000 A). After correction for the spectral response of the detection
system and absolute intensity calibration, this spectrum provided a benchmark for the
testing of radiative codes. Detailed comparisons were then made with numerical simula-
tions performed with the NEQAIR code of Park (1985).

These comparisons led to a number of enhancements to the radiative module of
NEQAIR. In particular, the radiative transition probability database of NEQAIR was re-
* placed with accurate results based on reliable spectroscopic constants and ab initio elec-
tronic transition moments. Also, intense radiating systems in the ultraviolet, such as NO
delta and NO epsilon, were added to the code. By these improvements, NEQAIR now
reproduces the benchmark spectrum with an accuracy better than 20%.

Separate, independent measurements of the air plasma's radiative source strength
were also performed for temperatures between 4500 and 7500 K. While the original
NEQAIR underestimated the source strength by up to a factor 3 in this temperature range,
simulations performed with the enhanced NEQAIR are within 20% of the measurements.
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