1 AUTOVATI C FI RE EXTI NGUI SHI NG SYSTEM W TH GASEQUS AND DRY POWDER

FI RE SUPPRESSI ON AGENTS BACKGROUND OF THE | NVENTI ON [ 0001] The present
I nvention relates to fire extinguishing systens, and nore
specifically, to systens and nmethods for an attitude insensitive high
rate di scharge extingui sher having gaseous and dry powder fire
suppressi on agents. [0002] Automatic Fire Extinguishing (AFE) systens
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resol ve e prob a suppressor
typically use high speed Infra red (IR} and/or ultra violet (UV) sensors to detect the early

stages of fire/explosion development. The AFE systems typically include a cylinder filled
with an extinguishing agent, a fast acting valve and a nozzle, which enables rapid and
efficient deployment of agent throughout the confined space. Conventional AFE systems are
mounted upright within the vehicle to enable the entire contents to be deployed effectively at
the extremes of tilt, roll and temperature experienced within military vehicles, for example.
In order to maintain system efficacy, the nozzles are located such that they can provide an
even distribution of the agent within the vehicle. For these types of systems this requirement
can be met by adding a hose at the valve outlet which extends to the desired location within
the vehicle. Though effective this measure adds an extra level of system complexity and

therefore cost.

[0003] Several solutions exist that resolve the problems of a suppressor that is
required to be mounted upright. For example, a pipe type extinguisher design can be
mounted at any orientation within a vehicle and still provides an efficacious discharge of
extinguishing agent against a vehicle fire or explosion challenge. The extinguisher would
also work were the vehicle to assume any orientation prior to or during the incident. Rapid
desorption of dissolved nitrogen (or other inert gas) from the fire extinguishing agent(s)
forming a two phase mixture (e.g., a foam or mousse) substantially fills the volume within the
extinguisher and causes the discharge of agent from the valve assembly. The formation of

this two-phase mixture enables the fire extinguishing agent to be adequately discharged



required to be nmounted upright. For exanple, a pipe type extinguisher
design can be nounted at any orientation within a vehicle and stil
provi des an efficaci ous di scharge of extinguishing agent against a
vehicle fire or explosion chall enge. e extingui sher would al so work
were the vehicle to assune any orientdtion prior to or during the
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P with the chhsts” and cou}%eci1 to the Butiet port, a propeﬂant gas mixture having a first
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agent disposed in the canister and a dry powder fire suppression agent disposed in the

canister.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which:

[0007] FIG. 1 illustrates a first view an automatic fire extinguishing (AFE) system in

accordance with one embodiment;

[0008] FIG. 2 illustrates a second view an AFE system in accordance with one

embodiment;



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The subject matter which is
regarded as the invention is particularly pointed out and distinctly
claimed in the clains at the conclusion of the specification. The
foregoi ng and ot her features, and advgint ages of the invention are
apparent fromthe follow ng detail ed description taken in conjunction
wi th the acconpanying draw ngs in which: [0007]FIG 1 illustrates a
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syst ementbod@iieitdance w th one enbodi ment;

[0010] FIG. 4 illustrates a fourth view of an AFE system in an open and fully

activated state; and

[0011] FIG. 5 illustrates a fifth view of an AFE system in an open and fully activated

state.
DETAILED DESCRIPTION OF THE INVENTION

{0012] FIG. 1 illustrates an automatic fire extinguishing (AFE) system 100 in
accordance with one embodiment. FIG. 2 illustrates a close up perspective view of a portion
of the system 100. FIG. 3 illustrates an internal view of the system 100. The system 100 is
configured to rapidly disperse extinguishing agents within a confined space such as the crew

compartment of a military vehicle following a fire or explosion event.

[0013] The system 100 includes a canister 105, which can be any suitable material
such as stainless steel. The canister 105 is configured to receive both gaseous fire
suppression agents and propellant gases (e.g., inert gases such as N;). It can be appreciated
that there are many conventional gaseous fire suppression agents are contemplated including
but not limited to 1,1,1,2,3,3,3-heptafluoropropane (i.e., HFC-227ea (e.g., FM200®})),
bromotrifluoromethane (i.e. BTM (e.g. Halon 1301) and 1,1,1,2,2.4,5,5,5-nonafluoro-4-
(trifluoromethyl)-3-pentanone (i.e., FK-5.1.12 (e.g., Novec 1230®)). In addition, the canister
105 can include other propellant gas components (e.g., CO,) as further described herein. The
pressure in the canister 105 can be monitored via a switch 106 from a source of the gases
(i.e., fire suppression agent and propellant gas). The system 100 further includes any suitable
nozzle manifold 110 and nozzle 115 for directing and releasing extinguishing agents and
propellant gas into the confined space. The system 100 further includes a dip tube 120
disposed within the canister 105. The dip tube 120 is configured to be in fluid
communication with the canister 105 and the nozzle manifold 110 as further described herein.
The dip tube 120 includes an intemnal ring 125 that is coupled to a central rod 160, which is
disposed in the canister 105 and the dip tube 120 about a central axis 101. The central rod
160 includes a stop 161 having a radius larger than a radius of the central rod 160. The dip



[0010]FIG 4 illustrates a fourth view of an APE systemin an open
and fully activated state; and [0011]FIG 5 illustrates a fifth view
of an APE systemin an open and fully activated state. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0012] FI (2. 1l illustrates an automatic
fire extinguishing (APE) system 100 in” accordance wi th one enbodi ment
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[0014] An outlet port 111 is disposed between the canister 105 and the nozzle
manifold 110, and is coupled to the dip tube 120. A broad cutting head 165 is coupled to
the central rod 160 and positioned adjacent a burst disc 170 and covers the outlet port 111
when the system 100 is in the closed and non-activated state. The burst disc 170 maintains
hermetically sealed isolation between contents of the canister 105 including the dip tube 120,
and the nozzle manifold 110. As such, the canister 105 remains pressurized with respect to
the external environment. The system 100 further includes an electric actuator 150 coupled
to the canister 105. The electric actuator 150 is configured to on actuation mechanicaily
couple to the central rod 160 disposed in the canister 105 and the dip tube 120. A mechanical
pin 151 is coupled between the electric actuator 150 and the central rod 160. A diaphragm
152 hermetically seals the canister 105 from the external environment so that the compressed

gases within the canister 105 do not escape.



4 tube 120 includes a nunber of dip tube side holes 130 di sposed
around a circunference of the dip tube 120. The internal ring 125
convers the dip tube side holes 130 when the system 100 is in a

cl osed and non-activated state. The dip tube 120 further includes an
inlet port 135 having a nunber of opeéings 136, which are covered by
a sem - perneabl e nenbrane 137. In addition, the canister 105 is
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[ 0016] As described herein, the inert propellant gases can include N2.
Al t hough 62 bar(g) (900 psig) of nitrogen overpressure, for exanple,
can provide sufficient suppression efficiency when the canister 105
is filled with a design concentrationﬁpf gaseous fire suppression
agents and dry powder fire suppression agents, suppression
performance and mass of agents out of the canister 105 can suffer at
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confined spaces described herein, certain parameters are set in order to meet requirements of



gaseous fire suppression agent and propellant gases. In addition, the
di p tube 120 can include a dry powder fire suppression agent. In this
way, the dip tube 120 ensures delivery of a dry powder fire
suppressi on agent at the early stages of the discharge regardl ess of
the orientation of the system 100, greby providing the attitude
insensitive features of the systenthO As shown in FIGS 1-3, the
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enbodi ments. Rather, the invention can, be nodified to incorporate any
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[0019] As described herein, in one embodiment, the dip tube 120 can be customized
to provide adequate attitude insensitive delivery of the gaseous fire suppression agent and the
dry powder fire suppression agent, which can be a particular issue in cold storage conditions.
As described herein, the dip tube 120 includes a series of dip tube side holes 130 as well as
inlet openings 136. The dip tube side holes 130 are adjacent the inlet port 135 and the inlet
openings 136. In one embodiment, by altering the ratio of areas between the inlet port 135
{via the inlet openings 136) and dip tube side holes 130 relative to the outlet port 111 of the
canister 105, the discharge characteristics can be adjusted to provide very similar properties
regardless of attitude or operating temperature. The adjustments also maintain adequate
suppression performance and meet confined space requirements. Examples of the dip tube
120 design are based around an outlet port 111 diameter of 40 mm. For example, the area of
the inlet openings 136 is 100% of the area of the outlet port 111, and the area of the dip tube
side holes 130 is further 50% of the area of the outlet port 111. In another example, the area
of the inlet openings 136 is 50% of the outlet port 111 and the area of the dip tube side holes
130 is 100% of the area of the outlet port 111. In both examples, the sum of the areas of the
inlet openings 136 and area of the dip tube side holes 130 is 150% of the area of the outlet
port 111. It can be appreciated that the dip tube 120 can include no dip tube side holes 130.
However, an initial discharge of the dry powder fire suppression agent and a slug of the
gaseous fire suppression agent, which changes from a liquefied state to gaseous upon
discharge, can result in a reduction in the mass flow rate and density of agent from the outlet
port 111 whilst the gaseous fire suppression agent still is forming into a two phase solution
within the canister 105. By including a dip tube with side holes 130 and controlling the
relative proportions of the areas within the dip tube 120 design, the time taken to discharge

agent from the canister 105 with two-phase agent is reduced. As a result after the initial



a gaseous fire suppression agent disposed in the canister; and a dry
powder fire suppression agent disposed in the canister. 2. The
systemas clained in Claiml wherein the dry powder fire suppression
agent is pressurized by the propellan%)gas m xture. 3. The system as
claimed in Gaim1l further conprisinga sen-pernmeabl e nenbrane
di sposed in the dip tube. 4. The systemas clainmed in Caim3
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di spos SRBHNE FRREHTH rod: and
[0020] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.



11 a burst disc disposed in the outlet port and adjacent the broad
head cutter. 9. An automatic fire extinguishing system conprising:
a canister having a central axis; an outlet port disposed on the

cani ster; a dip tube disposed ig t he cani ster about the central
axis and in partial fluid communicati % wi th the canister and coupl ed
to the outlet port; a propellant gas m xture having a first
propelkgg&mﬂgs and a second propellant gas within the canister; a
gaseous fire suppression agent disposed in the canister; and a dry
powder fire suppression agent disposed in the canister. 10. The
systemlas cl/wi amdmatic DcaixtmSuiskieg eysterb hengmsingowder fire suppressi on
agent is pressurized by the propellant gas m xture.

a canister having a central axis;

an outlet port disposed on the canister;

a dip tube disposed in the canister about the central axis and in partial fluid

communication with the canister and coupled to the outlet port;
a propellant gas mixture disposed within the canister;
a gaseous fire suppression agent disposed in the canister; and
a dry powder fire suppression agent disposed in the canister.

2. The system as claimed in Claim 1 wherein the dry powder fire suppression agent is

pressurized by the propellant gas mixture.

3. The system as claimed in Claim 1 further comprising a semi-permeable membrane
disposed in the dip tube.
4. The system as claimed in Claim 3 wherein the dry powder fire suppression agent is

isolated from the canister by the semi-permeable membrane.

5. The system as claimed in Claim 1 wherein the system is configured to discharge the

dry powder fire suppression agent prior to the gaseous fire suppression agent.

6. The system as claimed in Claim 1 further comprising a central rod disposed in the

canister and the dip tube.

7. The system as claimed in Claim 6 further comprising an electric actuator which when

initiated is mechanically coupled to the central rod.
8. The system as claimed in Claim 7 further comprising:

a broad head cutter disposed on the central rod; and



11. The systemas clained in Caim9 further conprising a

sem - per neabl e nmenbrane di sposed in the dip tube. 12. The system as
claimed in Cdaim1ll wherein the dry powder fire suppression agent is
i solated fromthe canister by the sem’H-qperneabI e nmenbrane. 13. The

systemas clained in Claim9 wherein

e systemis configured to

di scharge the dry powder fire suppression agent prior to the gaseous
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15. The systemas clained in Caim14 further conprising an electric
act uat @ whifhawb@etic fite dxdingaishiag sRtdaoadrisihge oupl ed to the central

r od.

16. The systemas clainmed in Caim15 further conprising: 12 a

broad head cutter disposed on the central rod; and

a canister having a central axis;
an outlet port disposed on the canister;

a dip tube disposed in the canister about the central axis and in partial fluid

communication with the canister and coupled to the outlet port;

a propellant gas mixture having a first propellant gas and a second propellant gas

within the canister;
a gaseous fire suppression agent disposed in the canister; and
a dry powder fire suppression agent disposed in the canister.

10.  The system as claimed in Claim 9 wherein the dry powder fire suppression agent is

pressurized by the propellant gas mixture.

11.  The system as claimed in Claim 9 further comprising a semi-permeable membrane
disposed in the dip tube.
12.  The system as claimed in Claim 11 wherein the dry powder fire suppression agent is

isolated from the canister by the semi-permeable membrane.

13. The system as claimed in Claim 9 wherein the system is configured to discharge the

dry powder fire suppression agent prior to the gaseous fire suppression agent.

14.  The system as claimed in Claim 9 further comprising a central rod disposed in the

canister and the dip tube.

15.  The system as claimed in Claim 14 further comprising an electric actuator which

when initiated is mechanically coupled to the central rod.

16. The system as claimed in Claim 15 further comprising:



a burst disc disposed in the outlet port and adjacent the broad head
cutter.

12

a broad head cutter disposed on the central rod; and

a burst disc disposed in the outlet port and adjacent the broad head cutter.



