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Spacecaft for misgons to explore the
outer planets of our solar system, that is planets
beyond the orbit of Mars, require a source of
eledric power which is not dependent on
external sources such as lar energy. These
spacecaft typicdly rely on a radioisotope
system to provide hea which is converted
diredly to electric power. Large missons now
underway, such as Galileo (launched 1989and
now studying the Jupiter system) and Cassni
(launched 1997 and naw studying the Saturn
system) use Radioisotope Thermoeedric
Generators (RTG) to provide power. The
Galileo spaceaaft has an RTG system which
provides ~ 500 Watts of eledric power, and the
Cassni misson's RTGs provide ~ 650 Watts.

Future missons to the outer planets will
be sdignificantly smaler than Galileo and
Casgni, and will have smaler power nedls;
however, the smaler missons will also have
more restricted limits on mass and vdume.
Thus, over the last severa yeas, there has been
interest in developing several types of dired
thermal-to-eledric conversion systems. This
paper will address three nonmedanicd
systems which have been considered: advanced
thermoeledrics, thermophaovadtaics (TPV),
and the dkali metal thermal to eledric converter
(AMTEC). There ae dso medhanicd systems
under considerations, bu they will nat be
addres=d here.

Conventional thermoeledric  systems
(TE) such as those used in previous missons
use Si-Ge dements and have a onwersion
efficiency on the order of 5% . The focus in
recet yeas has been on improving the
efficiency of conversion systems 9 the massof
fuel required for the conwversion system can be
reduced, thus reducing the overall mass and the
fuel isthe most massve part.

The principal on which thermoeledric
converters works in the Seebed effed, in which
a temperature gradient aaoss thermoeledric
elements is converted into a voltage. Increasing
the dficiency of thermoeledric energy

conversion focuses on system isales, where hea
loss is addressed, and on fundamental isaues,
where increasing the overall conwversion
efficiency of the thermoeledric dements is
addresed. Fundamenta iswues that have been
addresed in recett yeas include materias
development and development of micro and
nano-scde materias and systems. Work on
advanced thermoeledrics is promising and may
produce materials with efficiencies above 12-
15%.

Thermophaovoltaic conwerters (TPV)
are dired conversion cevices which operate on
principals smilar to conventional solar cdls, in
which phdonic energy is converted to eledric
energy in a semicondwcting material. TPV uses
the infrared energy of a heda source & the
phaonic energy to be mnwverted, instead o the
visble ad rmea-iR energy used in a
conventional solar cdl. Work in TPV has
focused on many parts of the system, including
cdl materials for optimum conversion efficiency
and system isaues such as hea loss Efficiency
of TPV cdlsis predicted to approach 20%.

The dkali-metal therma to eledric
converter (AMTEC) is an eedrochemicd
system which is based onthe dedrolyte used in
the sodium-sulfur battery, sodium beta’-
alumina. The deviceis a sodium concentration
cdl which uses a ceamic, pdycrystdline (3"-
alumina solid eledrolyte (BASE), as a separator
between a high presare region containing
sodium vapor at 900- 1300K and alow pressure
region containing a cndenser for liqud sodium
a 400 - 700 K. Recet work has focused on
isaues such as high efficiency cathodes as well as
on system isaues such as hermetic seds, passve
pumping of working fluid, and hea loss
Efficiency of AMTEC cdls has reated 16% in
the laboratory and is predicted to approach 20%.

This paper will review the principals of
ead o these goproadies to direct conversion d
thermal energy, and will discussrecent reseach
in eat techndogy. Deeg space & well as
terrestrial applicaions for ead techndogy will
be considered.



