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(57) Abrégée/Abstract:

Fire suppression apparatuses include a housing with gas generant material disposed therein, an Initiator for igniting the gas
generant material, and a cooling system. The cooling system Includes a first chamber with a coolant material disposed therein and
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(57) Abrege(suite)/Abstract(continued):
a second chamber. The coolant material is caused to flow from the first chamber into the second chamber to cool gas formed by

the ignition of the gas generant material upon exiting from the housing under pressure. The cooling system may further include a
piston disposed within the first chamber and movable responsive to gas pressure. Methods for cooling a fire suppressant gas and
methods for suppressing a fire include flowing a fire suppressant gas into first and second chambers of a cooling system, flowing a
coolant material from the first chamber into the second chamber, and contacting the fire suppressant gas with the coolant material

to cool the fire suppressant gas.
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FIG. 5

(57) Abstract: Fire suppression apparatuses mnclude a hous-
ing with gas generant material disposed therein, an initiator
for 1gniting the gas generant material, and a cooling system.
The cooling system includes a first chamber with a coolant
material disposed therein and a second chamber. The
coolant material 1s caused to tflow from the first chamber
into the second chamber to cool gas formed by the 1gnition
of the gas generant material upon exiting from the housing
under pressure. The cooling system may further include a
piston disposed within the first chamber and movable re-
sponsive to gas pressure. Methods for cooling a fire sup-

- pressant gas and methods for suppressing a fire include

flowing a fire suppressant gas into first and second cham-
bers of a cooling system, tflowing a coolant material from
the first chamber mto the second chamber, and contacting
the fire suppressant gas with the coolant material to cool the
fire suppressant gas.
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LIQUID-AUGMENTED, GENERATED-GAS FIRE SUPPRESSION
SYSTEMS AND RELATED METHODS

FIELD
Embodiments of the disclosure relate generally to fire suppression.
Embodiments of the disclosure relate to fire suppression apparatuses having a gas
generator and a cooling system and to methods of using such fire suppression
apparatuses to suppress a fire. Embodiments of the disclosure also relate to methods

of cooling a fire suppressant gas using a liquid coolant.

BACKGROUND

In the past, Halon halocarbons have found extensive application in
connection with fire suppression. The term “Halon halocarbons” generally refers to
haloalkanes, or halogenoalkanes, a group of chemical compounds consisting of
alkanes with linked halogens and, in particular, to bromine-containing haloalkanes.
Halon halocarbons are generally efficient in extinguishing most types of fires,
desirably are electrically non-conductive, tend to dissipate rapidly without residue
formation and to be relatively safe for limited human exposure. In the past, Halon
halocarbons, such as the halocarbon Halon 1301 (bromotrifluoromethane, CBrF3),
have found utility as fire suppressants in or for areas or buildings typically not well
suited for application of water sprinkler systems, areas such as data and computer
centers, museums, libraries, surgical suites and other locations where application ot
water-based suppressants can result in irreparable damage to electronics, vital
archival collections or the like.

Halon halocarbons, however, have been found to have a detrimental impact

on the environment due to an ozone depleting aspect with respect to the atmosphere.

DISCLOSURE
Fire suppression apparatuses are disclosed, including a housing having gas
generant material disposed therein, an initiator configured to ignite at least a portion
of the gas generant material to form gas, and a cooling system disposed adjacent the

housing. The cooling system includes a first chamber with a coolant material
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disposed therein and a second chamber. Upon actuation, at least a portion of the
coolant material flows from the first chamber into the second chamber to mix with
and cool the gas formed by the ignition of the gas generant material. In some
embodiments, the fire suppression apparatus further includes a piston disposed
within the first chamber of the cooling system, the piston being movable within the
first chamber to pressurize the coolant material and flow the coolant material from
the first chamber into the second chamber. The coolant material may be a liquid.
Methods for suppressing a fire with a fire suppression apparatus are
disclosed, including igniting a gas generant material to form a fire suppressant gas,
flowing the fire suppressant gas into first and second chambers of a cooling system,
and flowing a coolant material from the first chamber into the second chamber by
forcing a piston to move in the first chamber with the fire suppressant gas. The
coolant material may mix with and cool the fire suppressant gas. The mixture of the
coolant material and the fire suppressant gas may be directed toward a fire.
Methods for cooling a fire suppressant gas are also disclosed, including
flowing a fire suppressant gas into a first and second chamber, moving a piston
operatively disposed in the first chamber by pushing against the piston with the fire
suppressant gas, flowing a coolant material from the first chamber into the second
chamber by pushing against the coolant material with the piston, and mixing the

coolant material and the fire suppressant gas in the second chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1is a cross-sectional view of a gas generator of a fire suppression
apparatus according to an embodiment of the present disclosure.

FIG. 2 1s a cross-sectional perspective view of the gas generator shown 1n
FIG. 1.

FIG. 3 1s a cross-sectional perspective view of a portion of the gas generator
shown in FIG. 1, taken along the line 3-3 as shown 1n FIG. 1.

FIGS. 4A through 4C show cross-sectional views of a cooling system of a
fire suppression apparatus according to an embodiment of the present disclosure.

FIG. 5 shows a cross-sectional view of a cooling system of a fire suppression

apparatus according to another embodiment of the present disclosure.
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FIGS. 6A and 6B show cross-sectional views of a cooling system of a fire
suppression apparatus according to another embodiment of the disclosure.

FIG. 7 shows a cross-sectional view of a cooling system of a fire suppression
apparatus according to yet another embodiment of the present disclosure.

FIG. 8 shows a cross-sectional view of a cooling system of a fire suppression

apparatus according to an additional embodiment of the present disclosure.

MODE(S) FOR CARRYING OUT THE INVENTION
FIGS. 1 through 8 1illustrate portions of embodiments of a fire suppression
apparatus of the present disclosure. Fire suppression apparatuses of the present
disclosure include a gas generator (see FIGS. 1-3) and a cooling system (see
FIGS. 4A-8) configured to cool a fire suppressant gas generated by the gas

generator.

FI1G. 1 shows a cross-sectional view of an embodiment of a gas generator 20
of a fire suppression apparatus of the present disclosure. The gas generator 20
includes a generator housing 22, a first end wall 24 positioned at a first longitudinal
end of the generator housing 22, and a second end wall 76 positioned at a second
longitudinal end of the generator housing 22 opposite the first longitudinal end. The
generator housing 22, first end wall 24, and second end wall 76 may each be formed
of a material able to withstand elevated temperatures and/or pressures produced
during actuation of the gas generator 20. For example, the generator housing 22,
first end wall 24, and second end wall 76 may each be formed ot one or more of a
metal (e.g., steel), a polymer, a composite (e.g., a fibrous composite), and a ceramic.
The first and second end walls 24, 76, may be formed integrally with the generator
housing 22 or formed separately and attached to the generator housing 22 by way of,
for example, a weld, an adhesive, a crimp, threads, mechanical fasteners, a press fit,
etc.

A gas generant material 52 may be disposed within the generator housing 22
for generating a gas (e.g., a fire suppressant gas). Materials that may be used for the
gas generant material 52 include, for example, materials known in the art of
inflatable vehicular occupant safety restraint systems (e.g., airbag systems).

Compositions suitable for gas generant material 52 are known to those of ordinary
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skill in the art and may differ depending upon the intended application tor the
generated gas. For use in fire suppression, particularly for human-occupied areas,
the gas generant material 52 of the gas generant wafers 66 may be a HACN
composition, as disclosed in United States Patent Nos. 5,439,537, 5,673,935,
5,725,699, and 6,039,820 to Hinshaw et al., the disclosure of each of which patents
is incorporated by reference herein. The HACN used in the gas generant material 52
may be recrystallized and include less than approximately 0.1% activated charcoal or
carbon. By maintaining a low amount of carbon in the gas generant material 52, the
amount of carbon-containing gases, such as CO, CO,, or mixtures thereof, may be
minimized upon combustion of the gas generant material 52. Alternatively, a
technical grade HACN having up to approximately 1% activated charcoal or carbon
may be used. It is also contemplated that conventional gas generant matenals that
produce gaseous combustion products that do not include carbon containing gases or
NO, may also be used.

The HACN composition, or other gas generant material 52, may include
additional ingredients, such as at least one of an oxidizing agent, ignition enhancer,
ballistic modifier, slag enhancing agent, cooling agent, a chemical fire suppressant,
inorganic binder, or an organic binder. By way ot example, the HACN composition
may include at least one of cupric oxide, titanium dioxide, guanidine nitrate,
strontium nitrate, and glass. Many additives used in the gas generant material 52
may have multiple purposes. For sake of example only, an additive used as an
oxidizer may provide cooling, ballistic modifying, or slag enhancing properties to
the gas generant material 52. The oxidizing agent may be used to promote oxidation
of the activated charcoal present in the HACN or of the ammonia groups coordinated
to the cobalt in the HACN. The oxidizing agent may be an ammonium nitrate, an
alkali metal nitrate, an alkaline earth nitrate, an ammonium perchlorate, an alkali
metal perchlorate, an alkaline earth perchlorate, an ammonium peroxide, an alkal
metal peroxide, or an alkaline earth peroxide. The oxidizing agent may also be a
transition metal based oxidizer, such as a copper based oxidizer, that includes, but 1s
not limited to, basic copper nitrate ([Cuy(OH)3sNO3]) ("BCN”), Cuy0O, or CuO. In
addition to being oxidizers, the copper based oxidizer may act as a coolant, a

ballistic modifier, or a slag enhancing agent. Upon combustion of the gas generant
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material 52, the copper based oxidizer may produce copper containing combustion
products, such as copper metal and cuprous oxide, which are miscible with cobalt
combustion products, such as cobalt metal and cobaltous oxide. These combustion
products produce a molten slag, which fuses at or near the burning surface of the
wafer 66 and prevents particulates from being formed. The copper based oxidizer
may also lower the pressure exponent of the gas generant material 52, decreasing the
pressure dependence of the burn rate. Typically, HACN-containing gas generant
materials that include copper-based oxidizers 1 gnité more readily and burn more
rapidly at or near atmospheric pressure. However, due to the lower pressure
dependence, they burn less rapidly at extremely high pressures, such as those greater
than approximately 3000 psi.

The gas generant material 52 may, by way of example, be a solid material
that 1s formed as wafers 66 that are generally cylindrical. The wafers 66 of gas
generant material 52 may each have one or more holes therethrough to provide
improved 1gnition of the gas generant material 52 and increased gas flow through the
gas generator 20 upon actuation thereof. The waters 66 of gas generant material 52
may be arranged 1n one or more stacks, as shown in FIG. 1. Each stack of waters 66
may be disposed at least partially within a gas generant container 54. Each gas
generant container 54 may be generally cylindrical and contain perforations
therethrough for improving gas flow and 1gnition of the gas generant material 52. A
space 34 may be provided between each gas generant container 54 to enable gas to
flow therethrough upon actuation of the gas generator 20. Any number of gas
generant containers 54 may be disposed within the generator housing 22. The
number of gas generant containers 54 and, therefore, the quantity of gas generant
material 52, may be modified to, for example, tailor the amount of fire suppression
provided, the cost of the fire suppression apparatus, the weight of the fire
suppression apparatus, etc.

Reterring to FIG. 1 in conjunction with FIG. 2, the waters 66 of gas generant
material 52 may be held in place within the gas generant container 54 with a first
retainer disk 62 at one end of the gas generant container 54 and a second retainer
disk 64 disposed at an opposite end of the gas generant container 54. The first and

second retainer disks 62, 64 may each have one or more openings therethrough for
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enabling flow of ignition products and/or gas therethrough. Optionally, additional
retainer disks (not shown) may be disposed between each wafer 66 of gas generant
material 52.

As shown in FIGS. 1 through 3, a first retainer plate 48 may be positioned
within the generator housing 22 proximate the first end wall 24 and a second retainer
plate 70 may be positioned within the generator housing 22 proximate the second
end wall 76. The first and second retainer plates 48, 70 may be .co‘nﬁgured to hold
the gas generant containers 54 in place within housing 22 of the gas generator 20.
The first retainer plate 48 may include a recess 36 in which an ignition material 50
may be disposed. The first retainer plate 48 may include holes 44 therethrough to
allow 1gnition products to pass therethrough for igniting the gas generant material 52
upon actuation of the gas generator 20. Actuation of the gas generator 20 may occur
through actuation of an igniter 72 positioned proximate the first end wall 24 and
positioned proximate at least a portion of the ignition material 50. By way of
example, the igniter 72 may be an electronic igniter configured to ignite when, for
example, a fire alarm is activated. Thus, when the 1gniter 72 1s actuated, the 1gnition
material 50 is ignited and, consequently, the gas generant material 52 1s 1gnited and
combusts to generate a fire suppressant gas. In other words, the gas generant
material 52 may react to form a fire suppressant gas upon contact with 1gnition
products of the 1gnition material 50.

Referring again to FIG. 1, the second end wall 76 may include openings 78
for enabling the fire suppressant gas generated by the gas generant material 52 to
flow therethrough and out of the gas generator 20. A barrier 81 may be positioned
over the openings 78 in the second end wall 76 to prevent passage of materials
through the openings 78 before the gas generator 20 1s actuated, and to enable a
pressure increase within the gas generator 20 so that combustion of the gas generant
material 52 becomes self-sustaining. The barrier 81 may be a pressure-sensitive
barrier configured to rupture when sufficient pressure 1s applied thereto, thus
allowing passage of the fire suppressant gas generated by the combusting gas
generant material 52 through the openings 78 when the gas generator 20 1s actuated.

By way of example, the barrier 81 may be a foil band or tape and may be chosen to
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rupture at a predetermined pressure above ambient pressure outside of the gas
generator 20.

Although a particular embodiment of a gas generator 20 is shown with
reference to FIGS. 1 through 3, the disclosure 1s not so limited. By way of example,
any source of fire suppressant gas or other fire suppressant material which may
require removal of heat from a fire suppressant material stream for a particular
application may be used with cooling systems of the present disclosure.

As can be seen in FIG. 1, the gas generator 20 may be coupled to a cooling
system, such as the cooling system 100 described in more detail below (FIGS. 4A
through 4C). A connection element 30 may, optionally, be disposed between the gas
generator 20 and the cooling system 100. In other embodiments, the cooling
system 100 may be connected directly to the gas generator 20, such as by a weld, a
crimp, a press fit, threads, an adhesive, mechanical fasteners, etc. Thus, fire
suppressant gas generated by the gas generator 20 may pass through the openings 78
in the second end wall 76 of the gas generator 20 and into the cooling system 100, as
described 1in more detail below.

Although the views of FIGS. 4A through 8 do not show a gas generator, 1t 1S
to be understood that a gas generator as described above may be positioned adjacent
the cooling systems of FIGS. 4A through 8 so that fire suppressant gas generated by
and exiting from the gas generator may be cooled by the cooling systems. For
example, the gas generator 20 described above may be attached to any of the cooling
systems of FIGS. 4A through 8§ at the bottom of the cooling systems, when viewed in
the perspectives of FIGS. 4A through 8. Thus, gas may exit the gas generator 20
through the openings 78 and into any of the cooling systems 100, 200, 300, 400, 500
to flow therethrough and to be cooled, as will be described 1n more detail below.

Referring now to FIG. 4A, a cooling system 100 of a fire suppression
apparatus is shown and described. The cooling system 100 may include a first
chamber 110 defined at least in part by a first housing 132. The first chamber 110
includes a piston 112 disposed therein and configured to move within the first
chamber 110 upon application of sufficient force (e.g., pressure) against the
piston 112. One or more seals 114 (e.g., O-rings) may be disposed between the

piston 112 and the first housing 132 to inhibit fluid communication around the
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piston 112. A coolant material 130 may be disposed within the first chamber 110.
The coolant material 130 may be provided in the first chamber 110 through, for
example, a fill port 118. The coolant material 130 may be in liquid form at least
prior to operation of the cooling system 100. However, during operation of the
cooling system 100, at least a portion of the coolant material 130 may vaporize to
form a gaseous material, as will be described in more detail below. During
operation, the coolant material 130 may flow out of the first chamber 110 through a
nozzle 116. The nozzle 116 may be covered or closed by a pressure-sensitive
barrier 117, such as a foil, as described above with reference to the barrier 81 of
FI1G. 1.

The cooling system 100 may include a second chamber 120 defined at least
in part by a second housing 122. The second housing 122 may optionally include a
flange 123 for connection to the gas generator 20. A plate 124 with at least one
opening 126 therethrough may be disposed within the second housing 122. The
second housing 122 may include at least one opening 140 for discharging fire
suppressant gas therethrough, such as to suppress a fire.

FIGS. 4B and 4C illustrate the cooling system 100 in operation. As fire
suppressant gas 1s generated by the gas generator 20 (FIGS. 1-3) coupled to the
cooling system 100, the fire suppressant gas may exit the housing 22 and flow into
the cooling system 100. The fire suppressant gas may tlow against a structure in the
form of the plate 124, increasing pressure of the fire suppressant gas exiting the
housing 22 upstream of the plate 124. Such an increased pressure may act more
effectively on the coolant material 130 1n the first chamber 110 through the piston
112. In other words, the pressure of the fire suppressant gas may push against the
piston 112 in the first chamber 110, forcing the piston 112 to move in the first
chamber 110 and to press against the coolant material 130. Thus, the size of the
plate 124 and the corresponding openings 126 can be tailored to cause sufficient
pressure to move the piston 112. Due to the movement of the piston 112, the coolant
material 130 may pressurize and break the barrier 117 (FIG. 4A) covering the nozzle
116, causing the coolant material to flow into the second chamber 120 of the cooling
system 100. At least a portion of the fire suppressant gas may flow through the at
least one opening 126 in the plate 124 and 1nto the second chamber 120. The
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coolant material 130 flowing through the nozzle 116 may contact and cool the fire
suppressant gas flowing through the second chamber 120. Depending on the
materials (e.g., the coolant material 130 and the fire suppressant gas) and conditions
(é. g., temperature, pressure, etc.) involved, at least a portion ot the coolant material
130 may vaporize and become a mist or even substantially gaseous upon exiting the
nozzle 116 and contacting the fire suppressant gas. Such a phase change may
remove heat from the fire suppressant gas and therefore may enhance the cooling
thereof. Thus, a combination of fire suppressant gas and coolant material 130 (in a
liquid, gaseous, or a combination of liquid and gaseous form) may be expelled from
the cooling system 100 through the opening 140 at a reduced temperature compared
to a temperature of the fire suppressant gas exiting the gas generator 20 and entering
the cooling system 100. The reduced temperature of the fire suppressant gas may
enhance the fire suppression thereof and may reduce or eliminate harm (e.g., burns)
to people who may be proximate the fire suppression system when it 1s actuated.

As can be seen in FIG. 4C, the piston 112 may continue to move through the
first chamber 110 forcing the coolant material 130 to tlow into the second
chamber 120 until either the pressure from the fire suppressant gas pushing against
the piston 112 is sufficiently reduced or substantially all of the liquid coolant
material 130 1s forced out of the first chamber 110.

Various materials may be used as the coolant material 130. In one
embodiment, the coolant material may include at least one endothermically alterable
material. The endothermically alterable material may include a liquid that may
vaporize and/or decompose upon contact with the fire suppressant gas generated by
the ignition of the gas generant 52, which may cool the fire suppressant gas.

In some embodiments, the endothermically alterable material may
endothermically decompose and/or vaporize to form additional gaseous products,
thus increasing the resulting quantity of gaseous products. Such an increase in the
quantity of gaseous products may reduce the quantity of the gas generant material 52
required for proper functioning of the fire suppression apparatus. By reducing the
required quantity of gas generant material 52, the size of the gas generator 20 of the

fire suppression apparatus may be reduced, thus reducing the cost and/or size of the
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fire suppression apparatus and/or increasing the fire suppression capability of the fire
suppression apparatus.

Suitable coolant materials 130 may include liquid materials that remain a
liquid at ambient temperatures in which the fire suppression apparatus may operate
(e.g., between about -35°C and about 85°C). Furthermore, any products formed
from the coolant material 130 may be within acceptable eftluent limits associated
with particular fire suppression applications. Also, the coolant material 130 may be
non-corrosive to facilitate storage in the first chamber 110. Examples ot coolant
materials 130 that generally meet such cri‘teria include water mixed with calcium
chloride (CaCl,) and water mixed with propylene glycol.

In addition to or as a part of the coolant material 130, the first chamber 110
may include one or more active fire suppression compounds that are generally usetul
for suppressing a fire upon contact therewith. Examples of chemically active fire
suppression compounds that may be used include potassium acetate and alkali metal
bicarbonates. '

For example, a solution of 30% by weight potassium acetate in water can
reduce the quantity of gas generant 52 required and generator housing 22 size and
welght of a subject fire suppression apparatus by about 40% without significantly
changing either the size of the first chamber 110 or the fire suppression capability ot
the fire suppression apparatus, as compared to an otherwise similar apparatus lacking
the potassium acetate solution.

Another embodiment of a cooling system 200 of a fire suppression apparatus
of the present disclosure is shown in FIG. 5. The cooling system 200 of FIG. 5 1s
similar to the cooling system 100 shown in FIGS. 4A through 4C and may include a
first chamber 110 defined at least in part by a first housing 132, a second
chamber 120 defined at least in part by a second housing 122, and a piston 112
disposed within the first chamber 110. The first chamber 110 may be at least
partially filled with a coolant material 130, provided, for example, through a fill
port 118. At least one seal 114 (e.g., O-ring) may be disposed around the piston 112
to inhibit fluid flow around the piston 112. The second housing 122 may include a
flange 123 for connection with a gas generator (e.g., the gas generator 20 described

above), a plate 124 with at least one opening 126 therethrough, and an opening 140
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for discharging fire suppressant gas therethrough. However, the cooling system 200
differs from the cooling system 100 of FIGS. 4A through 4C 1n that 1t includes one
or more openings 216 positioned radially around the second housing 122 for
injecting the coolant material 130 therein. The one or more openings 216 may be
covered by a pressure-sensitive barrier 217, such as a foil band, as described above
with reference to the barriers 81 and 117.

The cooling system 200 may operate in a similar manner to that described
with reference to FIGS. 4A through 4B in that the fire suppressant gas entering the
cooling system 200 may press against the piston 112, causing it to move within the
first chamber 110. Pressurized coolant material 130 may rupture the barrier 217,
enabling coolant material 130 to flow into the second chamber 120 through the one
or more openings 216 to mix with and cool the fire suppressant gas. However, the
position of the one or more openings 216 radially around the second housing 122
may enable modified mixing and cooling characteristics, compared to the position of
the nozzle 116 shown in FIGS. 4A through 4C.

Although FIGS. 4A through 5 show embodiments of a cooling system 100,
200 with a first chamber 110 at least partially defined by a first housing 132
positioned laterally adjacent a second chamber 120 at least partially defined by a
second housing 122, the present disclosure is not so limited. For example, the first
chamber 110 may be at least partially disposed within the second housing 122 of the
second chamber 120. By way of another example, the second chamber 120 may be
at least partially disposed within the first housing 132. By way of yet another
example, the first chamber 110 may at least partially laterally surround the second
chamber 120. Further example embodiments of cooling systems 300, 400, 500 of
the present disclosure are shown in FIGS. 6A through 8 and described 1n more detail
below.

Referring to FIG. 6A, a cooling system 300 may include a first chamber 310
defined at least in part by a first housing 332 with coolant material 130 disposed
therein. A second chamber 320 defined at least in part by a second housing 322 may
be at least partially disposed within the first housing 332 and the first chamber 310.
A piston 312 may be disposed within the first chamber 310 and may laterally

surround a portion of the second housing 322 defining the second chamber 320. One
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or more seals 314 (e.g., O-rings) may be disposed between the piston 312 and the
first housing 332 and between the piston 312 and the second housing 322, to inhibat
fluid communication around the piston 312. The first housing 332 may include a
flange 323 for connection with a gas generator. A plate 324 with at least one
opening 326 therethrough may be positioned within the second chamber 320. The
second housing 322 may include one or more openings 316 therethrough providing
fluid communication between the first and second chambers 310, 320. The one or
more openings 316 may be covered by a pressure-sensitive barrier 317, such as a foil
band, to inhibit fluid communication through the one or more openings 316 when the
cooling system 300 1s not in operation.

As can be seen in FIGS. 6A and 6B, when fire suppressant gas 1s introduced
into the bottom of the cooling system 300 (when viewed in the perspective of
FIGS. 6A and 6B), the fire suppressant gas may push against the piston 312, forcing
it to move through the first chamber 310. At least some of the fire suppressant gas
may flow through the one or more openings 326 in the plate 324 and 1nto the second
chamber 320. The movement of the piston 312 may force the coolant material 130
to rupture the barrier 317 and flow into the second chamber 320 to mix with and cool
the fire suppressant gas flowing therethrough. Thus, as described above, the fire
suppressant gas may be cooled by the coolant material 130 before and/or atter being
discharged from the cooling system 300.

FIG. 7 shows another embodiment of a cooling system 400 of a fire
suppression apparatus of the present disclosure. The cooling system 400 shown 1n
FIG. 7 is similar to the cooling system 300 shown in FIGS. 6A through 6B and may
include a first chamber 310 defined at least in part by a first housing 332 that at least
partially laterally surrounds a second chamber 320 defined at least in part by a
second housing 322. The coolant material 130 may be disposed within the first
chamber 310. One or more openings 316 may extend through the second
housing 322 to provide fluid communication between the first and second
chambers 310, 320. A barrier 317 may cover the one or more openings 316, as
described above. A plate 324 with at least one opening 326 therethrough may be
positioned within the second chamber 320. However, the cooling system 400 does

not include a piston. Rather, the cooling system 400 may include additional one or
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more openings 406 through the second housing 322 covered by another barrier 407,
the another barrier 407 similar to the barriers 81, 117, 217, 317 described above.
The additional one or more openings 406 may be positioned in the flowpath before
the plate 324 so that fire suppressant gas flowing through the cooling system 400
may rupture the another barrier 407 and enter the first chamber 310 to pressurize the
first chamber 310 and cause the coolant material 130 to rupture the barrier 317 and
flow into the second chamber 320 through the openings 316. Thus, the coolant
material 130 may mix with and cool fire suppressant gas flowing through the second
chamber 320, as described above, before being discharged from the cooling

system 400.

FIG. 8 shows another embodiment of a cooling system 500 of a fire
suppression apparatus of the present disclosure. The cooling system 500 shown 1n
FIG. 8 is similar to the cooling system 300 shown in FIGS. 6A through 6B and may
include a first chamber 310 defined at least in part by a first housing 332 that at least
partially laterally surrounds a second chamber 320 defined at least in part by a
second housing 322. The coolant material 130 may be disposed within the first
chamber 310. One or more openings 316 extend through the second housing 322 to
provide fluid communication between the first and second chambers 310, 320. A
barrier 317 may cover the one or more openings 316, as described above. A
plate 324 with at least one opening 326 therethrough may be positioned within the
second chamber 320. However, the cooling system 500 does not include a piston.
Rather, the cooling system may include a perforated plate 508 disposed at a
Jongitudinal end of the first chamber 310 closest to a source of fire suppressant gas
(e.g., a gas generator 20, as described above). Perforations of the pertorated
plate 508 may be referred to as at least one additional opening. An additional
barrier 507, similar to the barriers 81, 117, 217, 317, 407 described above, may
cover the perforated plate 508. Fire suppressant gas flowing through the cooling
system 500 may rupture the additional barrier 507 and enter the first chamber 310
through the perforated plate 508. The fire suppressant gas may pressurize the first
chamber 310 and cause the coolant material 130 to rupture the barrner 317 and flow
into the second chamber 320 through the openings 316. Thus, the coolant

material 130 may mix with and cool fire suppressant material flowing through the
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second chamber 320, as described above, before being discharged from the cooling
system 500.

The present disclosure includes methods for cooling a fire suppressant gas. A
fire suppressant gas may be flowed into a first chamber and a second chamber of a
cooling system. The first chamber and the second chamber may be proximate each
other. The fire suppressant gas may push against a piston in the first chamber to
move the piston, causing a coolant material within the first chamber to tlow from the
first chamber into the second chamber. The coolant material may mix with the fire
suppressant gas in the second chamber to cool the fire suppressant gas. The cooling
of the fire suppressant gas may occur as described above with reference to any of
FIGS. 4A through 8.

The present disclosure also includes methods for suppressing a fire. Such
methods may include generating a fire suppressant gas with a gas generant maternal,
as described above, and cooling the fire suppressant gas. The fire suppressant gas
may be cooled by flowing the fire suppressant gas through a cooling system. The
fire suppressant gas may force a coolant material to flow from a first chamber 1nto a
second chamber to mix with and cool the fire suppressant gas. In some
embodiments, the fire suppressant gas may force a piston to move within the first
chamber to pressurize the coolant material and flow 1t through a nozzle or an
opening into the second chamber. After the coolant material and the fire suppression
gas mix, the resulting mixture may be discharged from the second chambér. The
mixture may be directed towards a fire and/or discharged in a space in which a fire
exists to suppress the fire. The fire suppressant gas may be generated as described
above with reference to FIGS. 1 through 3. The fire suppressant gas may be cooled
as described above with reference to any of FIGS. 4A through 8.

While the disclosure is susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings
and have been described in detail herein. However, the disclosure is not intended to
be limited to the particular forms disclosed. Rather, the disclosure encompasses all
modifications, combinations, equivalents, and alternatives falling within the scope ot
the invention as defined by the following appended claims and their legal

equivalents.
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CLAIMS

What 1s claimed 1S:

1. A fire suppression apparatus, comprising:

a housing having gas generant material disposed therein;

an initiator operatively associated with at least a portion of the gas generant
material and configured to ignite at least a portion of the gas generant
material to form gas upon actuation of the initiator; and

a cooling system disposed adjacent to the housing, the cooling system including
a first chamber having a coolant material disposed therein and a second
chamber, wherein upon actuation responsive to pressure of gas exiting
the housing, at least a portion of the coolant material 1s caused to tlow
from the first chamber into the second chamber to contact and cool the

gas exiting the housing.

2. The fire suppression apparatus of claim 1, further comprising a piston
disposed within the first chamber, the piston movable within the first chamber to
pressurize the coolant material responsive to the pressure of the gas exiting the

housing and to cause the coolant material to flow from the first chamber into the

second chamber.

3.  The fire suppression apparatus of claim 2, wherein the piston further
comprises at least one seal disposed around the piston to inhibit fluid flow between

the piston and a wall of the first chamber.

4. The fire suppression apparatus of claim 2, wherein pressure produced
by reaction of at least a portion of the gas generant material to form the gas serves to

move the piston and flow at least a portion of the coolant material from the first

chamber 1nto the second chamber.

3. The fire suppression apparatus of claim 1, wherein the coolant

material comprises at least one endothermically alterable material.
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6. The fire suppression apparatus of claim 5, wherein the
. 11 1 o P | £L * 1 o 1 .2 41 i ~4 1~ — i I e
endothermically alterable material comprises a liquid that at least one of vaporizes
and decomposes upon contact with the gas formed by 1gnition of the gas generant

material.

7. The fire suppression apparatus of claim 6, wherein the
endothermically alterable material forms additional gas products upon contact with

the gas formed by the ignition of the gas generant material.

8. The fire suppression apparatus of claim 5, wherein the

endothermically alterable material comprises water.

9. The fire suppression apparatus of claim 8, wherein the
endothermically alterable material further comprises at least one of calcium

chloride, propylene glycol, potassium acetate, and an alkali metal bicarbonate.

10.  The fire suppression apparatus of claim 1, further comprising at least
one of an opening and a nozzle configured to direct flow of the coolant material into

the second chamber.

11. The fire suppression apparatus of claim 10, further comprising at
least one additional opening into the first chamber for enabling pressure of the fire
suppressant gas to force at least a portion of the coolant material to tlow from the

first chamber into the second chamber.

12.  The fire suppression apparatus of claim 1, further comprising a
structure disposed in the second chamber, the structure for increasing pressure of gas

exiting the housing to act on the coolant material.

13.  The fire suppression apparatus of claim 12, wherein the structure

comprises a plate having at least one opening therethrough.
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14.  The fire suppression apparatus of claim 1, wherein the first chamber

is positioned laterally adjacent the second chamoer.

15.  The fire suppression apparatus of claim 1, wherein the first chamber

at least partially laterally surrounds the second chamber.

16. A method for suppressing a fire with a fire suppression apparatus, the

method comprising:

igniting a gas generant material to form a fire suppressant gas;

flowing the fire suppressant gas into a first chamber and a second chamber of a
cooling system;

flowing a coolant material from the first chamber of the cooling system into the
second chamber by forcing a piston to move in the first chamber responsive
to pressure of the fire suppressant gas; and

contacting the fire suppressant gas with the coolant material to cool the fire

suppressant gas.

17.  The method of claim 16, further comprising directing the

combination of the fire suppressant gas and the coolant matenal toward a fire.

18. A method for cooling a fire suppressant gas, the method comprising:

flowing a fire suppressant gas into a first chamber and a second chamber proximate
the first chamber;

moving a piston disposed in the first chamber by applying pressure of the fire
suppressant gas to the piston;

flowing a coolant material disposed in the first chamber from the first chamber into
the second chamber responsive to movement of the piston; and

contacting the fire suppressant gas with the coolant material in the second chamber

to cool the fire suppressant gas.
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19.  The method of claim 18, further comprising igniting a gas generant

material to form the fire suppressant gas.

20. The method of claim 18, wherein flowing a coolant material

5  comprises flowing at least one of water, calcium chloride, propylene glycol,

potassium acetate, an alkali metal bicarbonate, and combinations thereof.
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