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OVERVIEW

The equipment purchased under Grant AFOSR 84-291 has been used in a
series of experiments funded by the Air Force Office of Scientific Research to
study a new form of orbit-raising rocket propulsion: laser propulsion. A
complete report documenting the progress and results of these experiments has
been submitted along with this document (Annual Report UILU ENG 86-4001).

Presented below is a brief summary of the purposes of the experimental
program, followed by a discussion of how the purchased equipment has been
used, and detailing some of the key results. This is then followed by a
summary of the budgeted purchases.

I) Laser Propulsion Research

Laser propulsion is a potentially promising new form of rocket propulsion
which makes use of a laser-sustained plasma (LSP) to convert laser energy into
the thermal energy of a propellant gas. Complete studies of LSP's is
necessary if the feasibility of laser propulsion is to be assessed.

m.In particular, it is necessary to completely map temperatures within the
plasma core. Because of the extreme temperatures encountered (> 10,000 K),
spectroscopic techniques are required. The plasma temperature maps can be
used to calculate fractional absorption and radiative losses by the plasma,
and to study the spectra of the radiative emissions.

It is also important to measure the fraction of the incident laser power
that is retained by the gas as thermal energy. Only if a high fraction is
retained by the propellant can laser propulsion be practical. These
measurements are made by constructing temperature mappings of the downstream
flowfield, where temperatures are the 2000-8000 K range.

S II) Equipment Uses and Key Results

A) OMA Spectroscopic System

The EG&G OMA III spectroscopic system is used to record two-dimensional
temperature mappings of the core of laser-sustained plasmas, at temperatures
up to 20,000 K. The system consists of an automated controlling console, a
detector controller, a silicon-intensified target detector, a monochromator
for fine spectral resolution, fiber optics for remote measurements, and a
gated power supply to record transient events.

o A sample temperature mapping produced using the OMA is shown in Figure
1. The system has allowed accurate measurements to be made at a variety of
laser power and flow conditions, revealing considerable detail concerning the

I" nature and behavior of laser-sustained plasmas. The temperature scans have
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also permitted comparison with the predictions of a theoretical model
currently under development (see Figure 2), allowing us to test the basic
assumptions used in the model.

In addition, it is possible to use the measured OMA temperature fields to
calculate the percentage of the incident laser power that is absorbed and
reradiated by the plasma. Such calculations have been performed, and the
results compared to experimental measurements of absorption and thermal
efficiency, as shown in Figure 3. The excellent agreement between the
results, as well as the modeling predictions, confirm the validity of the
independent measurement schemes.

The OMA system is also used to record the fluorescent emissions from seed
molecules in the laser-induced fluorescence studies discussed in Section C.

A few related pieces of equipment were purchased along with the OMA III
system. These include a Unislide assembly to allow translation of the
detector to produce the 2-D maps, spectral calibration lamps to aid in
alignment and spectral response of the detector, and gratings and imaging
optics for the monochomator.

B) Additional Equipment

A small portion of the equipment budget has been used to purchase some
additional equipment needed for fractional absorption measurements at high
pressures and flow velocities. This equipment consists of a Polytran laser
inlet window, used in tests at pressures up to four atmospheres, and NaCI
windows, used in the high flow rate tests. A small storage oven was also
purchased in which to store the laser windows to prevent fogging of the
crystals in humid air.

Using this equipment, the global absorption data presented in Figure 4
was recorded. The data are important in evaluating what fraction of the laser
power can be absorbed by the plasma, and in exploring the dependence of this
property on pressure and flow rate.

C) Excimer/Dye Laser System for Planar Laser-Induced Fluorescence

One of the key parameters of the laser-sustained plasma is its ability to
retain the absorbed laser energy in the form of thermal energy of the
propellant gas. Such measurements have never before been attempted, and are
crucial in evaluating the feasibility of laser propulsion.

We are now in the process of conducting such measurements, using laser-
induced fluorescence (LIF) techniques. Basically stated, LIF is a process in
which an electronic transition of a seed atom is excited by a pulse of laser
energy from a tunable dye laser; the intensity of the fluorescent emission
from the excited atom can then be used to calculate temperatures and flow
velocities, both of which are necessary to measure thermal efficiency.
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The excimer/dye laser system makes such measurements possible. The
excimer laser is used to pump the dye laser, and the dye laser is used to
excite the seed atoms. The wavelength of the dye laser output can be tuned to
the transition of interest using the wavelength controller stepper motor.
Additional optics for the excimer pump beam make it possible to work at a
wider range of emission wavelengths.

To date, no efficiency measurements have as yet been completed. However,
the LIF system is fully operational, and is now being tested through
temperature and concentration measurements of methane flames. A schematic of
the LIF system is presented in Figure 5.

III. Budget

A breakdown of equipment purchases is summarized on the following
pages. A few differences between proposed and actual purchases should be
noted.

Because the cost of the excimer/dye laser system was greater than
Sexpected, portions of the OMA III system were purchased using contract

funding. This includes the SIT detector and detector controller. Also,
several small components of the OMA system, such as the Unislide device, were
not discussed in the proposed equipment purchases.

In addition, the purchase of Additional Equipment was not originally
budgeted; these purchases were made after promising new areas of research
became apparent during the preliminary stages of the experimental work.
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Figure 3 Experimental and Numerical Model Results for Global Absorption
and Thermal Efficiency as a Function of Laser Power
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