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{57} ABSTRACT

A radioisotopic or radionuclide generator comprises a
radioisotope as a heat source and sealed within a thin-
walled metal cylinder. Thermoelectric energy convert-
ers are arranged in heat transfer relation with the metal
cylinder, and a thermal insulation surrounds the metal
cylinder and the energy converters. The heat source,
the energy converters and the thermal insulation are
sealed within a thick-walled metal safety capsule whose
exterior surface may be provided with a coat of de-
pleted uranium to absorb gamma rays. The thick-
walled sealing capsule has a central cylindrical portion
and two hemispheric end portions welded or otherwise
integral with the central cylindrical portion. The hemi-
spheric ends of the capsule are designed as heat bridges
for the energy converters. The thermal insulation is in
the form of a cylinder whose mid-portion comprises a
plurality of thin radially spaced metal foils of high ther-
mal reflecting power, the spaces between the metal
foils being highly evacuated. The end portions of the
heat insulating cylinder comprise fibrous heat-
insulating material, such as quartz cotton wool.

§ Claims, 2 Drawing Figures
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1
RAPIOISOTOPIC GENERATOR

BACKGROUND OF THE INVENTION

Known radioisotopic generators, particularly for the
production of electric power utilizing a radioisotope as
a heat source, include an enclosure for the radioiso-
tope, thermoelectric energy converters, heat insula-
tion, and heat collecting plates for eliminating the heat
traversing the energy converters, such as shown, for ex-
ample, in German Auslegeschrift 1216955. In these
known radioisotopic generators, the sealing enclosure
of the radioisotope is designed as a thick-walled safety
tank, and the energy converters are positioned on the
exterior of this safety tank.

Since radioisotopic generators work at operating
temperatures of up to 2000°C, the safety tank must
consist of highly refractory material, to make certain
that no radioactive material is released under any cir-
cumstances.

In addition, the safety tank must be corrosion-
resistant at these high temperatures over a long period,
such as decades, or for as long as the enclosed radioiso-
tope emits dangerous radiation.

Since the safety tank also must inclose the radioiso-
tope safely against accidents, for example, falls, it must
be designed, at the same time, as a pressure tank.

These three requirements regarding the stability of
the capsule or radioisotope enclosure to great heat,
corrosion and pressure, limit the selection of the mate-
rial for the safety tank and increase, additionally, the
costs of such radioisotopic generators.

Another disadvantage of known radioisotopic gener-
ators is that the enclosure for the radioisotope, which
must have very thick walls because it must also func-
tion as a safety tank, increases the surface of the heat
source and thus the heat losses.

With reference to the foregoing, a definition of cer-
tain terms would be helpful. Thus, according to the
“Code of Safety Practice on the Design, Installation
and Use of Radioisotope Power Generators,” published
by the International Atomic Energy Agency in June
1968, the term “capsule” denotes a device which ef-
fects the complete and tight sealing of the radioisotope
and which can withstand all transportation loads, oper-
ational loads and accident loads without releasing its
radioactive contents. Specifically, a “‘capsule” is de-
fined as a *‘fuel envelope” designed to prevent any dis-
persion of radioactive material.

In addition, a radioisotopic generator has a so-called
‘“generator housing’’ which holds together mechani-
cally the above-mentioned so-called ‘““hot capsule,” the
thermoelectric energy converter means, the heat insu-
lation, and the like. All known isotopic generators,
such as, for example, SNAP-3, SNAP-7, URIPS,
SNAP-21, SNAP-23, MARGUERIT, and RIPPLE, are
built in accordance with the concept outlined above.

SUMMARY OF THE INVENTION

This invention relates to radioisotopic generators,
particularly for the production of electric power, and,

more particularly, to an improved and simplified radio--

isotopic generator in which the capsule necessary for
safely enclosing the radioisotope contains, in addition
to the radioisotope. the energy converters and the ther-
mal insulation.

The objective of the invention, based on known ra-
dioisotopic generators, is to provide a radioisotopic
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generator which also meets the usual safety require-
ments regarding the enclosure of the radioisotope, but
which is not subject to the restrictions, with respect to
the seiection of the material for the safety tank, and
where the heat source is small. In accordance with the
invention, this problem is solved in that the capsule, re-
quired for the safe enclosure of a radioisotope, con-
tains, in addition to the radioisotope, the energy con-
verters and the thermal insulation.

In accordance with the preferred embodiment of the
invention, the metal cylinder surrounding the radioiso-
tope is thin-walled, and it has two end faces which are
operatively associated, or in heat transfer relation, with
the hot sides of the thermoelectric energy converters
which are surrounded, together with the metal cylin-
der, by a concentric thick-walled heat insulating cylin-
der. This heat insulating cylinder is open at both ends,
and the end zones are associated with heat bridges
which are parts of a thick-walled safety capsule. The
safety capsule is sealed all around and surrounds the
entire arrangement, and has extending therethrough
only the insulated electric conductors. These heat
bridges hold the energy converters, positioned adjacent
opposite ends of thr radioisotope, through the medium
of heat collecting plates which are in good thermal con-
tact with the cold sides of the energy converters.

Such a design has many advantages. Thus, the entire
surface of the safety capsule can be cooled directly
from all directions, so that it is heated only slightly
above the ambient temperature, independent of the
state of the energy converters. For this reason, it is pos-
sible to use materials, for the construction of the thick-
wall safety tank, which need not meet as high require-
ments as hitherto considered necessary with respect to
heat resistance and corrosion resistance at high tem-
peratures.

Another advantage is that the safety capsule at the
same time protects, in this type of radioisotopic genera-
tor, the thermoelectric energy converters against exter-
nal influences such as pressure or shock. It is thus no
longer necessary, when using the radioisotopic genera-
tors at great depths in the sea, to surround the genera-
tors with pressure resistant shells.

Since the cylinder sealingly enclosing the radioiso-
tope does not have to meet the above-mentioned safety
requirements, it can have very thin walls. The surface
of the heat source is thus considerably smaller than in
known radioisotopic generators utilizing the same
quantity of radioisotope as a fuel.

In accordance with a further feature of the invention,
the capsule enclosing the radioisotope, the energy con-
verters and the thermal insulation is highly evacuated,
so that the danger of corrosion for all metal parts within
the safety capsule is thus even further reduced, includ-
ing reduction of the danger of corrosion of the inner
wall of the safety capsule.

In a preferred embodiment of the invention, the
safety capsule consists of a tubular or cylindrical center
piece with two welded-on hemispherical heads or caps.
The tubular center piece and the caps are so designed
that they enclose the heat insulating cylinder.

As a heat insulating material, there are provided sev-
eral layers of thin metal foils, of high thermal reflecting
power, whose interspaces are highly evacuated. How-
ever, it is also possible to use fibrous heat-insulating
material, for example, glass wool.
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As a further feature of the invention, the heat bridges
are designed as hollow cylinders so as to define cavities
within the safety capsule. Within these cavities there
can be arranged, if necessary, consumers of the electric
energy supplied by the radioisotopic generator, or
other auxiliary devices.

Within the scope of the invention, either the capsule
per se or together with an additional coat on its inner
or outer surface, for example, may be provided with an
additional coat of depleted uranium for the absorption
of gamma rays, this coating being designed as a screen
against the radiation of the radioisotope. Furthermore,
in place of thermoelectric energy converters, it is also
possible to use thermoionic converters.

An object of the invention is to provide an improved
radioisotopic generator particularly for the production
of electric power using a radioisotope as a heat source.

Another object of the invention is to provide such a
radioisotopic generator which meets the usual safety
requirements with respect to enclosure of the radioiso-
tope but which is not subjected to the usual restrictions
with respect to the selection of the material for the
safety tank.

A further object of the invention is to provide such
a radioisotopic generator in which the capsule, re-
quired for sealing of a radioisotope, contains, in addi-
tion to the radioisotope, the energy converters and the
thermal insulation.

Another object of the invention is to provide such a
radioisotopic generator in which the radioisotope is
sealed within a thin-walled metal cylinder having end
faces in heat transfer relation with the hot sides of ther-
moelectric energy converters.

A further object of the invention is to provide such
a radioisotopic generator in which the enclosure of the
radioisotope and the energy converters are surrounded
by a concentric thick-walled heat insulating cylinder
open at both ends.

Another object of the invention is to provide such a
radioisotopic generator including heat bridges associ-
ated with the ends of the heat insulating cylinder and
forming parts of a thick-walled safety capsule sealed on
all sides and surrounding the entire arrangement.

For an understanding of the principles of the inven-
tion, reference is made to the following description of
a typical embodiment thereof as illustrated in the ac-
companying drawing.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 is a longitudinal or axial sectional view
through a radioisotopic generator embodying the in-
vention; without the generator housing and

FIG. 2 is a section along the line II-II of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the radioisotopic generator illustrated in FIGS. 1
and 2, four disks 1, of a radioisotope, are stacked to
form a cylinder which is surrounded by a thin-walled
metal cylinder 2 having end faces 3 and 4. A thick heat-
insulating cylinder 5, open at both ends, surrounds
metal cylinder 2 and is arranged coaxially with the lat-
ter. The edge end zones 7 and 8 of heat-insulating cyl-
inder 5 extend beyond end faces 3 and 4 of metal cylin-
der 2.
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The central portion of heat-insulating cylinder 5 con-
sists of numerous thin metal foils of high thermal re-
flecting power, and the space between adjacent metal
foils is highly evacuated. In its two edge zones 7 and 8,
cylinder 5 consists of fibrous heat-insulating material
such as, for example, quartz wool.

The end zones 7 and 8 of heat-insulating cylinder 5
adjacent the respective end faces 3 and 4 of metal cyl-
inder 2 define cavities in which there are positioned re-
spective thermoelectric energy converters ¢ and 10
connected in cascade. The hot sides of these converters
face the respective end faces 3 and 4 of metal cylinder
2. However, between the end faces 3 and 4 and the hot
sides of the respective thermoelectric energy convert-
ers 9 and 10 there are left expansion gaps 11 and 12
which can be filled with a material of good thermal
conductivity but which is elastic by virtue of its geomet-
ric form. For example, this could be a fibrous blend or
a wool of highly refractory material, or an electrical in-
sulating material of good thermal conductivity.

Thermoelectric energy converters 9 and 10 are held
in position by circular heat collecting plates 13 and 14,
respectively, which are in good thermal and electrically
insulated contact with the cold sides of the energy con-
verters 9 and 10. To this end, the heat-collecting plates
13 and 14, whose diameter is equal to the internal di-
ameter of heat-insulating cylinder 5 which secures
them against lateral displacement, cooperate with
metal heat bridges 15 and 16 which form fixed parts of
a thick-walled safety capsule 17.

Safety capsule 17 encloses the entire arrangement,
and has extending therethrough, in sealed relation, only
the insulated electric conductors 18 and 19 for the
thermoelectric converts. This safety capsule consists of
a tubular or cylindrical center piece 20 and two weld-
ed-on hemispherical caps or heads 21 and 22. The in-
side diameter of center piece 17 is equal to the outside
diameter of heat-insulating cylinder 5, so that the latter
is firmly positioned by safety capsule 17. Cavities 23
and 24, defined by heat bridges 15 and 16, are in the
shape of hollow cylinders and serve furthermore to re-
ceive consumers of electric energy supplied by the ra-
dioisotopic generator, and which are not shown, or to
receive other auxiliary devices.

Safety capsule 17 is covered by an additional coat 25
of depleted uranium for the absorption of gamma rays.
Naturally, the surface of capsule 17 can be increased
by convection plates and, instead of the represented
capsule form, it is also possible to use a different cap-
sule form, for example, a sphere.

While a specific embodiment of the invention has
been shown and described in detail to illustrate the ap-
plication of the principles of the invention, it will be un-
derstood that the invention may be embodied other-
wise without departing from such principles.

What is claimed is:

1. A radioisotope capsule, forming a sealed safety en-
closure for a radioisotope and capable of withstanding
all transportation, operational and accident shocks
without release of its radioactive content, said capsule
comprising, in combination, a thin-walled metal cylin-
der forming a sealed enclosure for a radioisotope en-
cased therein; two thermoelectric converters each hav-
ing a hot side in heat transfer relation with a respective
end wall of said metal cylinder; a thick-walled heat in-
sulating cylinder, open at both ends, laterally surround-
ing and containing said thin-walled metal cylinder and
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said thermoelectric converter, and substantially coaxial
_ with said thin-walled metal cylinder; a thick-walled
metal safety capsule laterally embracing and contacting
said heat-insulating cylinder and having closed ends,
said metal safety capsule forming a completely sealed
enclosure encasing said thin-walled metal cylinder, said
thermoelectric converter and said thick-walled heat-
insulated cylinder; insulated conductors for said ther-
moeléctric converter extending in sealed relation
through said metal safety capsule, said thick-walled
heat-insulating cylinder having end zones extending be-
yond said thermoelectric converters; respective heat
bridges operatively associated with said end zones and
forming part of said metal safety capsule; and respec-
tive heat-collecting plates in good thermal contact with
the cold sides of said thermoelectric converters; said
heat bridges engaging said heat-collecting plates to re-
tain said thermoelectric converters in position; said
safety capsule being highly evacuated and consisting of
a tubular central cylinder surrounding said heat-
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insulating cylinder and two hemispherical caps welded
to said central cylinder and having said heat bridges ex-
tending inwardly therefrom; said heat bridges being in
the form of hollow cylinders defining cavities within
said safety capsule.

2. A radioisotope capsule, as claimed in claim 1, in
which said heat-insulating cylinder consists of a plural-
ity of layers of thin metal foils of high thermal reflecting
power.

3. A radioisotope capsule, as claimed in claim 1, in
which said heat-insulating cylinder consists of a fibrous
heat-insulating material.

4. A radioisotope capsule, as claimed in claim 1, in
which said fibrous heat-insulating material comprises
quartz wool.

5. A radioisotope capsule, as claimed in claim 1, in-
cluding a coat of depleted uranium on the exterior sur-

face of said safety capsule, for absorbing gamma rays.
* * % * %



