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INTRODUCTION 

Research and development of the solar powered rocket engine was initiated at the 
United States Air Force (USAF) Operating Location (OL-AC) Phillips Laboratory (PL), 
Propulsion Directorate, Edwards AFB California, in the early 1980s. By heating hydrogen 
gas with concentrated solar radiation, a solar powered propulsion system capable of 
delivering around 1000 sec of specific impulse could be created. This basic research 
project was initiated to determine the engineering requirements for one advanced 
absorber/energy converter concept called a volumetric absorber. The efficiency of energy 
conversion (solar radiation to propellant enthalpy) in the volumetric absorber is 
substantially larger than simpler flat plate, cylindrical or other black body absorbers 
because the absorption medium traps energy that would be lost by reradiation. 

The objective of this project was to measure the temperature and density- 
dependent optical absorption properties of alkali metal vapor seedant materials that were 
mixed with hydrogen gas. Experimental high temperature spectroscopy was carried out 
with lithium in 1991, with sodium and lithium in 1992, and with lithium and aluminum in 
1993. These experiments quantified the engineering requirements for a volumetric solar 
energy absorber, provided a plethora of new high temperature spectra of metal vapors in 
hydrogen, and became the basis for parts of two Ph.D dissertations. 

RESULTS 

The technical details produced during this project are contained in 21 publications 
listed in the Appendix. 

CONCLUSIONS 

The measured spectra of lithium and sodium and their mixtures with hydrogen 
showed that these seedant materials could be used in a volumetric solar absorber and 
provide solar rocket performances in excess of 1000 sec of specific impulse. The 
absorption coefficients of the mixtures decreased drastically as the temperature increased 
from about 1600 to 2100 K, principally because the absorbing species, metal dimer 
molecules, were dissociated to atoms at higher temperatures. However, the atomic 
species themselves absorb strongly in the visible. Thus, the mixtures become transparent 
at higher temperature over the wavelength ranges where dimers absorb intensely at lower 
temperatures. 
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