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NOTICE
The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
; programs of the National Aeronautics and Space Administration.
The invention is owned by NASA and is, therefore, available for
licensing in accordance with the NASA Patent Licensing

Regulation (14 Code of Federal Regulations 1245,2).

R

To er.courage commercial utilization of NASA-owned inventions,
it is aSA policy to grant licenses to commercial concerns.
Although NASA encourages nonexclusive licensing to promote
competition and achieve the widest possible utilization, NASA
will consider the granting of a limited exclusive license,
pursuant to the NASA Patent Licensing Regulations, when such a
license will provide the necessary incentive to the licensee to

achieve early practical application of the invention,

Address inquiries and all applications for license for this
s invention to NASA Patent Counsel, Marshall Space Flight Center,
Mail Code CCOl, Huntsville, AL 35812. Approved NASA forms for
application fox nonexclusive or exclusive license are available

from the above address.
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EXOTHERMIC FURNACE MODULE

Technical Abstract

This invention relates to an exothermic furnace module
for processing materials in space.

The module includes an insulated casing (10) and a
sample support (16), (18) carried within the casing which
supports a sample c¢ontainer (1l4). An exothermic heat source
A includes a plurality of segments (20) of exothermic material
stacked one upon another to produce a desired temperature
profile when ignited. The exothermic material segments are
constructed in the form of an annular element having a recess
opening (22) which defines an open central core (23) through-
out the vertical axis of the stacked exothermic material (A).
The sample container (14) is arranged within the core (23) of
the stacked exothermic heating material. Igniters (24) are
spaced vertically along the axis of the heating material to
ignite the exothermic material at spaced points to provide
total rapid burn and release of heat. To rapidly cool and
quench the heat, a source (30) of liquid carbon dioxide is
provided which is conveyed through a conduit (32) and a
metering orifice (36) into a distribution manifold (34) where
the carbon dioxide is gasified and dispersed around the exo-
thermic heating material and the sample container via tubes
(38) for rapidly cooling the material sample.

Novelty of the invention is believed to reside in the
provision of a source of cooling gas and means for dispersing
it around the sample. This feature enables attainment of a
stable, controlled temperature profile.

INVENTOR: RICEARD M. POORMAN
EMPLOYER: NASA-MSFC
APPLICATION S. N.: 359,627

DATE FILED: March 18, 1982
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EXOTHERMIC FURNACE MODULE

Origin of the Invention’

The invention described herein was made by
an employee of the United States Government and may
be manufactured and used by or for the Guvernment
for governmental purposes without the payment of any
royalties thereon or therefor.

Background of the Invention
The invention relates to the processing of
material samples in space and, particularly, to the

rapid heating and cooling of a material sample in
space by means of a controlled temperature profile,

The environment for heating and cooling
processes of material samples in space does not lend
itself to conventional heating and cooling techniques.
In space, a stable and controlled temperature profile
must be established from a heat source which is a
problem to which considerable attention need be given,
particularly at elevated temperatures of 1000 to 1200
degrees Centigrade. Combustion reactions are too
dependent on environmental pressure and tend to be
unstable and difficult to control for accurate heat
processing in space., Exothermic reactions produce
heat reactions fairly independent of environmental
pressure and have been utilized as heat sources
mainly for unsophisticated domestic applications,
such as for thermal batteries as disclosed in United
States Patent No. 4,158,084,

Accordingly, an important object of the
present invention is to provide a highly controllable
and reliable means for heating material samples in
space experiments. .

Yet another important object of the present
invention is to provide apparatus for heating and
cooling material samples by means of a controlled
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temperature profile in space environments,

Still another important object of the
present invention is to provide apparatus for rapidly
heating material samples and thereafter rapidly
gquenching the temperature for the processing of
foamed metals in space environments.

Summary of the Invention

The above objectives are accomplished
acgording to the present invention by providing a
furnace module which includes an ingulated casing and
a sample support carried within the casing which
supports a sample container. An exothermic heat
source includes a plurality of segments of exothermic
material stacked one upon another to produce a desired
temperature profile when ignited. The exothermic
material segments are constructed in the form of an
annular element having a recess opening which defines
an open central core throughout the vertical axis of
the stacked exothermic material. The sample container
is arranged within the core of the stacked exothermic
heating material. Ignition means are spaced vertically
along the axis of the heating material to ignite the
exothermic material at spaced points %o provide total
rapid burn and release of heat. To rapidly cool and
quench the heat, a source of liquid carbon dioxide
is provided which is conveyed through a conduit and
a metering orifice into a distribution chamber. A
pressure drop across the metering orifice is such that
the temperature and pressure of the liguid carbon
dioxide is reduced to a point where the liquid carbon
dioxide is solidified and gasified in the chamber.
The guasified carbon dioxide is dispersed around the
exothermic heating material and the sample container
for rapidly cooling the material sample. The gases
from the cooling medium and heating reaction are
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vented through a non-propulsive vent on the exterior
of the module casing which may be exhausted on the
outside of the rocket or other vehicle in which the
experiment is being carried such that no reactive
forces are produced.

A very effective heating and cooling furnace
is thus provided in which the temperature of a material
sample may be brought to above 1200 degrees Centigrade
and thereafter cooled to below 900 degrees Centigrade
in a manner of a few minutes. This is particularly
useful in space experiments for processing foamed

. metals such as cupper.

Description of the Drawings

The construction designed to carry out the
invention will be hereinafter described, together
with other features thereof,

' The invention will be more readily under-

stood from a reading of the following specification
and by reference to the accompanying drawing forming
a part thereof, wherein an example of the invention
is shown and wherein:

Figure 1 is an elevation of a sounding rocket

vehicle in which an exothermic furnace module con-
structed according to the present invention is
utilized to carry out processing and experimentation
of material samples in space;

Figure 2 is a partially cutaway view
illustrating exothermic heating apparatus construct-
ed according to the present invention; and

Figure 3 is an elevation of exothermic
heating apparatus constructed according to the
present invention with parts thereof shown in phantom
lines to illustrate the cooling of the exothermic
material and sample container.
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Description of a Preferred Embodiment

Referring now in more detail to the drawings,
appa.atus for heating material samples in a low gravity
space environment by means of an exothermic reaction
is illustrated as including a casing having a
generally closed interior and a sample support means
carried within the casing for supporting the sample.
Exothermic heating means A, is provided foxr rapidly
releasing heat having an open core in which the
sample is supported to be heated. Ignition means
activates the exothermic material A to release the
heat. After heating, guenching means C rapidly
quenches the temperature of the sample material at
a desired cooling rate for controlled cooling.
Insulation is carried within the casing surrounding
the exothermic heating means and the sample support.
The sample material is rapidly heated and cooled by
means of a controlled temperature profile.

In reference to Figure 3, it can be seen
that the casing includes a cylindrical casing 10
having a removable top 12 which may be secured to
casing 10 in any suitable manner such as by screws.
Within the interior of the casing, the means for
supporting a sample container 14 is provided in the
form of a lower container support 16 and an upper
container support 18, The sample containef 14 is
held by its ends between the upper and lower sample
supports.

The exothermic heating means A includes a
plurality of segments 20 of an exothermic material
which are stacked one upon another to produce the
desired temperature profile for the heating process.
When activated, the exothermic imaterial produces a
certain amount of heat depending on the number of
segments and hence amount of material whereby the
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tempzrature profile (temperature versus time) of the
sample heating may be reliably controlled. The
segments may be made from any suitable exothermic
material such as iron oxide and aluminum which is
mixed with water in powdered form &nd then cast in
the desired shape. Each segment includes a central
recess 22 which defines open core 23 when the
segments are stacked one upon another, The recess 22
is defined by a first generally vertical surface 20a
extending from a top surface 20b of the segment which
terminates in a generally horizontal ledge surface 20c.
A seccnd generally vertical surface 204 extends from
the ledge surface 20c and terminates at a bottom
surface 20e of the segment. Thus, with the segments
stacked one upon another, the continuous central core
opening 23 is provided along the axis of the verti-
cally stacked exothermic heating material in which
the saﬁple container 14 and material sample contained
therein are received,

Ignition means B includes an annular heating
element 24 which is carried on a the ledge surface 20c
of at least two of tiie segments 20, as can best bé
seen in Figures 2 and 3. Electrical leads 26 connect
the heating elements 24 to an exterior voltage control
source by means of which the furnace may be remotely
activated by energizing the heating elements 24 which,
in turn, activate and ignite the exothermic material,
Any conventional remote control may be utilized to
energize the heating elements. Heating elements are
provided in number and spaced such that total burn of
the exothermic material is accomplished to release the
total heat therefrom. Thermal couple leads coupled 28
are operatively connected to the sample container 14
to monitor the temperature of the container and sample
by remote station in a conventional manner. By achiev-
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ing total burn of the exothermic material, control of
the temperature profile in the heating process is
achieved, .
Cooling means C is illustrated in the form
5 of a source of a cooling fluid which is preferably 4
liguid carbon dioxids carried externally of the casing
10. Conduit means 32 conveys the cooling fluid from j
the container 30. A manifold 34 is connected to the
conduit 32. A metering orifice 36 in flow relation~
10 ship with the conduit 32 includes a restricted opening
which causes the pressure and temperature of the cool-
ing fluid passing through the orifice to drop whereby
the cooling fluid is solidified and gasified in manifold
34. Distribution means 38 conveys the gasified coolant
15 for distribution to and around the exothermic heating
| material A and the sample container 14. Heat is
i absorbed by the solidified carbon dioxide which causes
‘ more gas coolant to be released. By way of example,
conduit 32 may be one-eighth of an inch tubing and |
20 orifice 36 restricted to about .0017 of an inch. |
Liquid carbon dioxide in container 30 is pressurized

RS o2 S K
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f to approximately 1000 psi. The pressure drops to
about 1 or 2 psi across the metering orifice whereby |
solid and gaseous carbon dioxide are formed at

25 a temperature of about minus seventy five degrees
Centigrade.

; The segments 20 of exothermic material are

f A

stacked upon a lower base 40 on the bottom of casing
10. An upper retaining cap 42 is resiliently biased e
| 30 toward base 40 such that the stack of segments 20 are :
| . resiliently held between base 40 and cap 42. For this 3

purpose, a biasing spring 46 is provided at the top %
of the casing which urges the cap 42 and segments 20 ?

against the bottom base support 40. The cooling gas
35 difuses in and around exothermic material normally
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exiting the top through gap 44 betwecis the upper
container support 18 and and cap 42. In,one experi-~
mentation, for example, foamed copper i3 processed
in space aboard a sounding rocket vehicle by healing
carbon, copper oxide, and copper in container 14 to
about 1200 degrees Centigrade in approximately one
minute. After the material reacts for approximately
one minute, the temperature is guenched by cooling
fluid and gases to about 900 degrees Centigrade in
one minute. The entire process takes less than

five minutes.

A solenoid valve 48 is provided in the
conduit 32 for contxclling the flow and amount of
gooling fluid from the source 30 and hence the cooling
temperature profile and rate. In space processing,
this may be done remotely by conventional means.

A non~propulsive vent 50 is carried by the
casing 10 which communicates with the interior of the
casing. The exhaust gases from the heating and cooling
disperse through the heating material A and insulation
52 wind exit through the opposite vent ports 54 and 56
of vent 50. The vent ports 54 and 56 are connected by
sujtable tubing to exterior ports 58 and 60, respect-
ively, on the exterior of the rocket which nullify
each other and whereby no reactive force is produced
on the vehicle,

while a preferred embodiment of the invention
has been described using specific terms, such
description is for iliustrative purposes only, and it
is to be understood that changes and variations may
be made without departing from the spirit or scope
of the following claims.
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EXOTHERMIC FURNACE MODULE

Abstract of the Disclosure

An exothermic‘furnace module is disclosed
for processing materials in space which includes an
insulated casing (10) and-a sample support (16), (18)
carried within the casing which supports a sample
container (14j. An exothermic heat source A includes
a plurality of segments (20) of exothermic material
stacked one upon another to produce a desired temper-
ature profile when ignited. The exothermic material
segments are constructed in the form of an annular
element having a recess opening (22) which defines
an open central core (23) throughout the vertical
axis of the stacked exothermic material (A). The
sample container (14) is arranged within the core
(23) of the stacked exothermic heating material.,
Igniters (24) are spaced vertically along the axis
of the heating material to ignite the exothermic
material at spaced points to provide total rapid burn
and release of heat. To rapidly cool and quench the
heat, a source (30) of liquid carbon dioxide is
provided which is conveyed through a conduit (32)
and a retering orifice (36) into a distribution
manifold (34) where the carbon dioxide is gasified
and dispersed around the exothermic heating material
and the sample container via tubes (38) for rapidly
cooling the material sample.
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