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METHOD FOR GAS-PRESSURE DELIVERY OF FIRE SUPPRESSANT

FIELD OF THE INVENTION

The present invention relates to the field of fire
5 extinguishing compositions and methods for delivering fire
extinguishing compositions to or within a protected hazard
area.

DESCRIPTION OF THE PRIOR ART

Certain halogenated hydrocarbons have been employed as
10 fire extinguishants since the early 1900°'s. Prior to 1945,
the three most widely emplbyed halogenated extinguishing
agents were carbon tetrachloride, methyl bromide and
bromochloromethane. For toxicological reasons, however, the
use of these agents has been discontinued. Until only
15 recently, the three halogenated fire extinguishing agents in
common use were the bromine-containing compounds, Halon 1301
(CF3Br), Halon 1211 (CFZBrCI) and Halon 2402
(BrCFZCFZBr)._ One . of the major advantages of these
halogenated fire suppression agents over other fire
20 suppression agents such as water or carbon dioxide is the
clean nature of their extinguishment. Hence, the halogenated
agents have been employed for the protection of computer
rooms, electronic data procéssing_facilities, museums and
libraries, where the use of water, for example, can often
25 Cause more secondary damage to the property being protected
than is caused by the fire itself. _
Although:the above named bromine and chlorine-containing
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named broni ne sapdt§hbObE NP0 SOMAI HET6h 1211 has an ODP of 3. As a result of
concerns over ozone depletion, the production and sale of
these agents after January 1, 1994 is prqhibited under
international and Uhited States policy.
The Halon agents'Halon 1301 and Halon 1211 are employed
10 both in total flooding applications, in which the entire
facility being brotécted is filled Wi;h the agent following
detection of a fire, and in streaming (also termed
“portable")'applicatibns, in which a stream of the agent is
directed at the fire source, typically from a hand-held or
15 wheeled extinguisher (hence the term "portable®).
Conventional fire suppression systems employing Halon
1301 or Halon 1211 utiliie an agent storage cylinder fitted
with a dip tube to afford delivery of the agent. At lower
agent cylinder storage temperatures, the vapor pressure of
20 the agent is reduced} and hence the driving force for
expulsion of the agent from the dip tube is also reduced,
leading to a longer discharge time for the agent delivery.
Longer discharge times are undeSirable as it is well known
that longer discharge_iimes lead to longer extinguishment
25 times and henée'incréased fire-damage and combustion product
formation. 1In order to provide for a more rapid discharge
and to allow for consistent system operatiom over a wide
range of temperatures, Halon systems are superpressurized
with an inert gas, typically nitrogen. For total flood
30 applications, Halon 1301:is superpressurized with nitrogen to
a total pressure of 360 psig at 70°F. Halon 1211 systems
designed foi Streaming applications are superpressurized with
nitrogen to 150 to 195 psig at 70°F.
The use of hyd:ofluorocarbons, for example
35 1,1,1,2,3,3,3-heptafluoropropane (CF3CHFCF3), as -
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-2- conpounds are effective fire fighting agents, those agents

contaimng pbromne or chtortMe are assertedto be capabteof ttre
destruction of the earth's protective ozone |ayer. For exanpl e, Hal on
1301 has W@96/238%8 Depl etion Potential (ODP) 5 rating ofpcifusesuvgriial on
1211 has an ODP of 3. As a result of concerns over ozone depletion, the
production and sal e of t hese agents after January 1, 1994 is prohibited
under i nternational and United States golicy. The Hal on agents

Hal on 1301 and Hal on 1211 are enployed I8 both in total fl ooding
applications, in which the entire facility being protected is filled with
t he agent foH(mgqé%q detection of a fire, and in stream ng.(al so terned

"port abl e")eXAR ings agentiyhaf Beg?rgﬁ?i?%?eq Ly sacently, for
example as described in U.S. Patent 5,124,053. Since the

hydrofluorocarbons do not contaln bromine or chlorine, the
compounds have no effect on the stratospheric ozone layer and

5 their ODP is zero. As a result, hydrofluorocarbons such as
1,1,1,2,3,3,3-heptafluoropropane are cﬁrrently being employed
as environmentally friendly replacements for the Halons in
fire suppression applications. This_inventien'relates to the
use of such Halon replacements. _ ' _

10 Nitrogen superpressur1zatlon as descr1bed above for the
Halons may also be employed with Halon replacement agents,
for example with 1;1,1,2,3.3.3-heptafluoropropane. However,
the use of nitrogen superpressurization with the new agents
creates several problems:that were npt encountered in the

15 case of the Halon agenta; For example, the rate of

: dlssolutlon of nitrogen 1nto i,1,1,2,3,3, 3-heptafluoropropane
is much slower than the rate of d1ssolut1on of n1trogen in
Halon 1301, and hence the time requ1ted for the
1,1.,1,2,3,3,3- heptaf1uoropropane/n1trogen system to come to

20 equ111br1um is much longer than that for the Halon N
1301/nitrogen system. It is essential to know that the
system has equilibrated in order to ensure proper operation,
as an undercharged or overcharged system'will not function
properly. Slow nltrogen dissolution leads to 1ncreased time

25 and hence cost when filling and superpressurrzlng
1,1,1,2,3,3, 3-hepta£1uoropropane system cylxnders, as more
time must be allowed for the system to equilibrate between
incremental addition of nitrogen to the
1,1,1,2,3,3,3-heptafluoropropane. The equilibration time can

30 be shortened by vigorous agitation of'the cylinder,_but'this
again leads to increased costs of cylinder filling.

It is therefore an object of this invention to provide a
method for e11m1nat1ng the lengthy equ111brat1on times which
would exist for Halon replacements if used with the present

35 methods of system cylinder f1111ng wherein the cylinder is



directed at the fire source, typically froma hand-held or 15 wheel ed
extingui sher (hence the term "potrtable"). - Conventtomal fire
suppressi on systens enpl oyi ng Hal on 1301 or Halon 1211 utilize an agent
st.orage cyl i ndwo der2béssd with a dip tube to afford delivery dicrniseaent .
At | owner agent cylinder storage tenperatures, the vapor pressure of 20
the agent is reduced, and hence the driving force for expul si on of the
agent fromthe dip tube is also reduced, | eading to a | onger discharge
time for the agent delivery. Longer discharge tines are undesirable as it
s well known that | onger discharge tines |ead to | onger extingui shnment
25 tinmes and hence increased fire damage and conbusti on product

formation. In ordbargedpwith dthe agentmend subseauenthvr superpressux igedwith
for consistent systggyeneration over a wide range of tenperatures Hal on

systens are superpressuyized n.i.nert itro For
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same level of superpressurization, e.g., 360 psig at 70°F for
total flooding applications. Additionally, greater
departures from the equilibrium pressure occur when the

10 replacement agent/nitrogen system is heated rapidly compared
to the case of the Halon 1301/nitrogen system. When a
nitrogen superpressurized liquid is heated rapidly, nitrogen
comes out of solution in quantities such that the amount of
nitrogen in the vapor phase is greater than the amount

15 present in the vapor phase under equilibrium ¢onditions, and
a high pressure non-equilibrium condition is established. As
the temperature stabilizes, the system siowly equilibrates
and the pressure decreases to the equilibrium pressure
corresponding to that temperature. For systems such as the

20 1,1,1,2,3,3,3-heptafluoro-propane/nitrogen system, the
temporary, non-equilibrium pressures resulting from rapid
heating of the cylinder can reach high levels, potentially
exceeding the pressure rating of the equipment and creating a
potential hazard.

25 It is therefore a further object of this invention to
provide a method for eliminating the potential problem of
high non-equilibrium pressures associated with the
superpressurization offHalon replacement fire suppression
agents.

30 An additional problem encountered with the practical use
of the Halon replacement agents ié that of retrofitting
existing systems. For example, due to their differing
transport properties and nitrogen solubility, the flow of
superpressurized 1,1,1,2,3,3,3~-heptafluoropropane in a given

35 piping system is slower than that of superpressurized Halon
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- 3- ext i ngui shi ng agents has been proposed only recently, for

exanpre as descriped in U S, Pafent b, 124, 053. Since the

hydr of | uor ocarbons do not contain bromne or chlorine, the @ conpounds
have no eVOeR3sYN t he stratospheric ozone layer and 5 tlpemssifisi2s zero.
As a result, hydrofluorocarbons such as 1,1,1, 2,3, 3, 3-hept af | uor opr opane
are currently bei ng enpl oyed as environnentally friendly repl acenents
for the Halons in fire suppression apgllcatlons This invention rel ates
to the use of such Hal on repl acenent 3 - Ni trogen
superpressurization as described above for the Hal ons nay al so be

I d t h Hal | acenent ents - exanple wt
T Y S dba e Haricsh, 35, BoasEenoaetigned Yo YA @ 3 ss5ona

superpresswmszﬂtar@e wift Halbe mau/lagernisscharge time of greater than 30
seconds results when replacing the Halon 1301 system cylinder
with a 1,1, 1'2 3,3,3-heptafluoropropane system cylinder. As

5 po1nted out previously, shorter d1scharge tlmes are desired
1n order to provide more rap1d extlngulshment and to reduce
the amounts of combustion products formed. In order to
achieve a discharge time of 30 seconds or less in an existing
Halon 1301 system, replacement of the ent1re ex1st1ng piping

10 network may be required, adding significantly to the cost of
system changeover. | '

It is therefore a further obJect of thrs 1nventron to
provide a method for retrofitting exrst;ng systems with the
Halon replacements without the need to replace existing

15 piping networks. | ' '

- A further problem associated w1th superpressurrzed Halon
rep;acement agents concerns the ease of modeling their flow
in'piping'networks. The flow of nitrogen'superpressurized
Halon 1301 is known to be a two-phase flow, and considerable

20 effort was expended in the past to model the f£low of nitrogen
superpressurized Halon 1301 to allow the design of engineered
systems. The flow of superpressurized Halon replacements is
also two-phase, and in order to properly characterize and
model their flow, considerable effort will be required

25 It is therefore a further object of this 1nvent10n to
provide a method for ellminat1ng two phase flow of
superpressurlzed Halon replacements to allow 51mp11f1cation
of the modeling of agent flow in piping netowrks.

Further objects of the invention will become apparent

30 from the following description. '



creates several problens that were not encountered in the 15 case of the
Hal on agents. For exanple, the—ate-—of dissol ution of—nA+trogen into
1¢1,1,2,3,3,3-heptafluoropropane is mich slower than the rate of
di.ssol uti on of wgidshsd@gn i n Hal on 1301, and hence.the tinme rRevisosisiL"
t he 1,1,1,2,3, 3, 3- heptafluoropropane/nltrogen systemto come to 20
equilibrlunlls much | onger than that for the Hal on. 1301/ ni trogen system
It is essential to know that the - systemhas equilibrated in order to
ensure proper operation, as an under char gedé-or overcharged system w ||
not function properly. Slow nitrogen dissolution |eads to increased
time 25 and hence cost when filling and superpressuri zing
1,1,1, 2, 3,3, 3-heptaf | uor opr opane sSUMMARYyOF fEHE STNEENTION: time nust be
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high pressure gas. Immediately prior to delivery of the
agent to the fire, the high pressure gas source is coupled
with the container for the fire extinguishing agent, thereby
providing a superpressurized agent for delivery to the fire.

10 A system for deiivery of a fire extinguishihg agent to a fire
is similarly provided.
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-4- charged with the agent and subsequently superpressurized with

Tt rogem Fur t herT—t1E 501UDFII[y of nitrogen im Halron replracement -
agents such as 1, 1_«_,,-_Jeee —————————— gor opropane is nmuch 5 greater than its .
sol ubi |'i tvyomzsm { i 8§ bHEET ka\SBEENt | ar ger quant i t PECH/USS6/0R372r 0Ogen ar e
required to achlevi the REPENEEDIeveI of superpressurization, e.g., 360
psig at 70[err]F fd t=cH g applications. Addltlonally, greater
departures fromthe eqU|I|br|un1pressure occur when the |10 repl acenent
agent/nitrogen systemis heated rapidly Zonpared to the case of the

Hal on 1301/ nitrogen system \Wen a nitrogen superpressurized liquid is

PﬁgtgﬁDLﬁFigLy, nitrogenBRIEEMB%EC%§¥TQB“S8£u&hgnnﬁﬂwﬂMﬁgtities such t hat

| FIG. 1 is a schematic v1ew of a fire suppression agent
delivery system according to the present invention.
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nitrogen in the vapor phase is greater’ than’the amount 15 present in the
vapor phase under equilibrium-cendi-tions, and .. a high—pressure

non-equilibriumcondition is established.”"As  the tenperature stabilizes,
the system sl ogbleaskdy ! | brates and the pressure decreases perjulfenisr
equi librium pressur.e corresponding to that tenperature. For 'systens such
as the 20 1,1,1, 2, 3, 3, 3-hept af | uor o- propane/ ni trogen system the

tenporary, non-equilibrium pressures resulting fromrapid heati ng of the
cylinder can reach high levels, potentially -8-exceeding the pressure
rating of the equipnment and creating a potential hazard. 25 It is

therefore a further object of this invention to provi de a nethod for
elimnating the potential PESCREPTTON ORI THE NPREFERRED EMBODIMBNTSUI €S
associated with the superpressuri zati on of Hal on replacenent fire

suppr essi on agents. 30 An addi tional praoblem encquntered, with the
practical use of tﬁBrl—ﬁPBnP‘l'%QH%ﬁ:éffer&m&g’éﬁPg PR pRdergtending of(they
exi sting systeanrEnc1anspbe thiediverntieon, deferencg willanepobé made to

properties and ”B 'EPeEOLHl%&irﬁéhtst 0 ft'h%WiQaﬁrentiUHeEH&eéﬁé'éiE language

1,1,1, 2, 3,3, 3-he uoropropane In-a_given 3 ¥sten1|s s| ower
that Of supeere§§&F|ESd“FEﬂoFP describe the same will nevertheless be
understood that no limjation of tlie scope of the invention is

thereby intended, such alterations, further modifications and
applications of the principles of the invention as described
herein being contemplated as would normally occur to one

10 skilled in the art to which the invention relates.

In accordance with the present inverition, it has been
found that the superpressurization of a fire suppression
agent immediately prior to system activation eliminates the
above-described problems. As used hexein; the term

15 "superpressurize® is used to indicate that the fire
suppression agent is raised to a pressure greater than its
equilibrium pressure at the temperature of its storage
container by the introduction of a separate pressurization
gas.

20 In accordance-with_one emobidment of the present
invenﬁion, there is provided a method for extinguishing fires
which comprises a syStem'consisting of a fire suppression
agent stored in a suitable cylinder, and a pressurization
system connected to the storage cylinder. The suppression

25 agent is stored as the pure ligquefied compressed gas in the
storage cylinder under its own equilibrium vapor pressure at
ambient temperatures. Upon detection of a fire, the
suppression agent cylinder is superpressurized by suitable
means, and oncé sqperpressurized to the desired level, the

30 agent delivery is activated.

Storage of the suppression agent as the pure agent
eliminates the problems associated with superpressurization.
System cylinders may be filled rapidly and without agitation,
as the cylinder pressure will always equal the vapor pressure
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-5- 1301. Hence, in a systemdesigned to provide a 30 second
drscharge or Halron 1301, a discharge ti1ne ol greater than 30 ~ seconds —
results when replacing the Hal on 1301 system cyli nder wth a.

1,1,1, 2, WO2¥Pt af | uor opr opane systemcylinder. As 5 poujussaeisnut
previously, shorter discharge tinmes are desired In order to provide nore
rapi d extingui shnent and to reduce the amounts of conbustion products
formed. In order to achieve a discharge tinme of 30 seconds or less in
an existing Hal on 1301 system replacgﬁent of the entire existing piping
10 network may be reqU|red adding significantly to the cost of system

changeover. t heref o a_further object of this jnvention to
9 of the agent atlyie amﬂ?ent %emperat L At the h1g est

temperatures expected for cylinder exposure in typical
applications, the'vapor'pressure of the neat agents is low
compared to typical storage cylinder pressute ratings, and

5 hence there is no need for concern about the develoﬁment of
excessive cylinder pressures as is the case for

superpressurized agents.
A further desirable aspect of the present 1nvention is
that rapid superpressurization of the fire suppress1on agent
10 immediately prior to system activation has been found to
provide agent mess flow fates several times greater than that
achievable from'conventional superpressurized systems.
Hence much shorter d1scharge times are possible employing the
method of this invention compared to the prior art method of
15 employlng superpressur1zed agents. This allows the
replacement of existing Halon systems with the new agents
without the need for replacing ex1st1ng piping networks. A
further desirabie aspect of the ptesent invention is that by
superpressurizing the agent immediately prior to discharge,
20 essentlally single phase flow of the agent occurs, greatly
51mp11fy1ng the mode11ng of the agent flow and hence the
des1gn of suppressxon systems.
Specific fire suppression aqents useful in accordance
w1th the present invention include compounds selected from
25 the chemical compound classes of the hydrofluorocarbons.
' perfluorocarbons, hydrochlorofluorocarbons, and
jodofluorocarbons. _ _
Specific hydrofluorocarbons useful in accordance with the
present invention include trifluoromefhane (CF H),
30 pentafluorcethane (CF3CF2H), 1,1,1, 2-tetraf1uoroethane
(CF CH F), 1,1,2,2-tetrafluoroethane (HCFZCF H),
1,1,1, 2 3, 3 3-heptafluoropropane (CF CHFCF ),
' 1,1,1,2,2,3,3- heptaf luoropropane (cr CFZCFZH),
1,1,1,3,3, 3-hexaf1uoropropane (CF3CH CF ),
35 1,1,1,2,3,3-hexafluoropropane (CF CHFCFZH),
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provide a nmethod for retrofitting existing'systens with the Hal on
repl acenents without the need to—eplace existing 15 pi pire—net works.
A further problem associated with superpressurized Hal on repl acenent

agents concer ngygd spasgise of nodeling their flow in piping neppRikssnizrse
fl ow.of nitrogen superpressurized Hal on 1301 is known to be a two- phase

flow, and considerable 20 effort was expended in the past to nodel the flow
of nitrogen super pressuri zed” Hal on 1301 to al |l owithe design of engi neered
systens. The flow of superpressurized Hal on ~aplkacenents is al so

t wo- phase, and in order to properly characterize and nodel their flow,
considerable effort will be required. 25 It is therefore a further

obj ect of this invant2,an3td-hepabiudeopropdim HQE St rgdt wo phase

f1 ow of superpregeqyPzgd3Hﬁthfi§9£@5§5§gﬁ§ @é?eégéa“ npllflcatlon of

the nodel f t on ts.of Lh
oot on o1 P bagonBeasatAEn RSB RAERF A yafh ld’esa&%erlﬂuab‘Jﬁec Witk ehe®

present invention include octafluorqpropane (C ) and

5 decafluorobutane (C,F,,). '

Specific hydrochlorofluorocarbons useful in accordance
with the present invention include chlorodifluoromethane
(CF,HC1), 2,2-dichloro-1,1,1-trifluoroethane (CF,CHC1,)
and 2-chloro-1,1,1,2~tetrafluorcethane (CF3CHFCl).

10 Specific iodofluorocarbons useful in accordance with the
present invention include iodotrifluoromethane (CF.I).

It is also an aspect of the present invention that
combinations of the above mentioned agents may be employed to
provide a blend having improved characteristics'in terms of

15 efficacy, foxicity and/or.environmental safety.

The method of the present invention may be applied for

'the delivery of fire suppression agents in the variety of
methods employed for the Halons, including application in a
flooding system, portable system or speciélized system.

20 Suitable agent storage cylinders include those employed for
the Halons or specialized systems, and in general are
equipped with a dip tube to facilitate delivery of the agent.
. Specific means of agent superpressurization useful in
accordance with the present invention include pressurization

25 by inert gases contained in an external cylinder bank, or
other suitable means of pressurization as are known to those
skilled in the art, for example the use of azide-based
techni@ues as employed in automotive air bag systems;
Specific inert gases useful in accordanceewith the present

30 invention include nitrogen, argon and carbon dioxide.

The delay time between the start of agent
superpressuriiation and the release of the pressurized agent
can vary from fractions of a second to several minutes. The
preferred delay time between the start of agent

35 pressurization and pressurized agent release is between 1 and
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SUWWARY OF THE | NVENTI ON Briefly describing one aspect of the
present 1tnventrom — there 5 providea a nechodfor thedetivery of—=afire

extingui shing agent to a-fire..-The nmethod includes providing 5 a container
of the fiWe%%R3ssAgui shing agent ~and a.source of hi gh prCIRSYSORIS .

| medi ately prior to delivery:of »the agent to the fire, the high pressure
gas source is coupled -with the container for the fire extinguishing
agent, thereby provi ding a superpressurized agent for delivery to the
fire. 10 A systemfor delivery of a firel¥xtinguishing agent to a fire is

simlarly provided.
60 seconds. Longer_delpy times result in higher agent
pressurization levels and shorter discharge times.
' Refefrihg to FIG. 1, there is shown an agént delivery
system in accordance with the present invention. The system
5 10 includes a storage cylinder 11 containing a fire
suppression agent 12. Dip tube 13 extends from the cylinder
~and is coupled with”valée 14. Piping 15 léads from the valve
to one or more delivery'ﬁozzles 16. - _ .
A pressurized gas soufce 17 is coupled wifh the storage
10 cylinder 11. In one embodiment, the gas source 17 comprises
a plurality of cylinders 1BICOntaining nitrogen under
pressure. Each cylinder 18 is coupled through piping 19 and
20 to the storage Cylinder 11. 'Valves 21 and 22 are included
in the piping system to control gés floﬁ, and ptessure gauges
15 23-25 are used to assist in monitoring the system.
~ In operation, a control means is used to operate the
valves 21 and 22 in response to the sensing of a fire. Such
sensing and controlling is'conventional in the fire
suppression art, and is'used'to détect the presence of a fire
20 and then trigger the operation of the fire suppression
system. In the present sYsﬁem, the sensing of a fire is used
to open the valves 21 and 22 and deliver the pressurized gas
to the storage cylinder. 1In turn'the valve 14 is also opened
and the fire suppression agent is delivered to the fire
25 through nozzle 16. .

The invention will be further described with reference to
the following specific Exahples. However, it will be
understood that these Examples are illustrative and not
restrictive in nature.

30 EXAMPLE 1
A test enclosure was constructed with internal dimensions
of 11.25 x 19.25 x 11.83 ft. providing 2,562 £t of
floodable volume. It was constructed with two layers of 0.5
inch gypsum wallboard over 2 x 4 inch wood framing, and was
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-7- BRI EF DESERHH ON CF FHE DRAW NGS——— FIG 1 is
a schematic view of a fire suppression agent’ dellvery system according to
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equipped with five 2 x 3 ft. polycarbonate windows and a
steel door with magnetized seals. Agent was stored in a Fike
Halon 1301 rated for 100 1lb of agent fitted with a
guarter~turn ball valve. The outlet of the cylinder was

5 connected to a pipirng network constructed of 0.5 inch NPT
schedule 40 pipe terminating at a pendant nozzle located in
the center of the enclosure ceiling. The piping and nozzle
were sized to provide a 30 second liguid runout of Halon 1301
at a concentration of 5.0% v/v.

10 Connected to the head space of the cylinder through a
second quarter-turn ball valve was a bank of three high
pressure nitrogen cylinders. Pressure transducers were
installed to monitor the nitrogen bank pressure (the
"pistoning” pressure) ahd agent cylinder pressure. An

15 additional pressure transducer was located at the nozzle to
allow the determination of the discharge time from the
pressure vs. time plot. |

The agent cylinder was charged with 87.5 1lb of
1,1,1,2,3,3,3-heptafluoropropane and then superpressurized

20 with nitrogen to a toﬁal pressure of 360 psig at 70°F. The
cylinder was then connected to the pipe network, the
instrumentation initialized and the agent released through
the pipe'network. From the pressure transducer output, the
liquid runout time was found to be 36 seconds, corresponding

25 to a mass flow rate of 2.43 lb/sec. Additional details are
shown in Table 1. ‘

EXAMPLE 2
The procedure described in Example 1 was followed, with
the exception that the 1,1,1,2;3.3,3,—heptaf1uoropropane was
30 not superpressurized with nitrogen. The pressure of the
nitrogeh bank (the initial "pistoning pressure”) was set to
360 psig and at time equal to zero the valve connecting the
nitrogen bank and the agent cylinder was opened to allow
pressurization of the agent. One second later, the valve
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- 8- ~ DESCRI PTI ON OF THE PREFERRED EMBODI MENTS For -

the purpose of promoting an understandlng of the principles of the
Wi € pref erred enpodtrments of the .

i nvention and spec Fmgsgﬁggv@g@E3 | be used to describe the sanme. It ‘
wi || nevaO HE3s80s ~ REMGHED éFNN at. no |inm ation of POwUssemsr2of the

I nvention is t h alteratlons further nodifications
and applications of ‘the. pr|n0|ples of ‘the invention as described

herei n being contenpl ated as woul d nornglly occur to one 10 skilled in the
art to which the invention rel ates. I n accordance with the present

I nvention, it has been found that the superpressurization of afire

2bove: descropagchin LR e ELRode o, ding biHe satuPr Has, BReRBResour  ve- s
used to i ndediverihat thécagént. Thﬁunnﬁaiyhlnuagemunnntrwasedeterm1me®ssure
greater thag bkSz20 sé&&h&épréd¥Qé§§Sﬁﬂﬂﬂb o %hﬁa%%”ﬁ@h@tHE%eOBf'£§3§t°rage
1b/sec. o o
5 This example demonstrates thé_increased m@ss"flow rates
attainable by pressurizing_the ageht immediately ﬁefdre
release. Additional details are shown in Table 1.

(¢

o EXAMPLE 3 |
The proéedure of Example 2 was repeated except the
10 nitrogen bank pressure (the pistoning pressure) was set to an
initial pressure of 600 psig. The resulting mass flow rate
was 5.15 lb/sec. | .

~ EXAMPLE 4
The procedure of Example 2 was repeated except that the
15 delay time between pressurization and agent release was
increased to 10 seconds. The :esulting mass flow rate was
6.26 1b/sec.

EXAMPLE 5 _ _
The procedure of Example_4 was repeated except that the
20 nitrogen bank was set at an initial pressure of 775_psig.
The resulting mass flow rate was 7. 96 lh/sec
The above examples, demonstrate the increased mass flow
rates attainable by pressurizing the fire suppression agent
immediately prior to system discharge.

25 | TABLE 1

Nitrogen o Max. Ave. Mass

Bank Pressuri- Nozzle Nozzle Liquid Flow

Pressure zation Pressure Pressure Runout ' Rate
{psig) _  Time(s) {psig) J(psig) = Time(s) (lb/s)

30 0* - 150 125 36 : 2.43

- 360 1l 2290 85 20 4.38

600 1 300 120 17 5.15

600 10 300 160 14 6.26

775 5 500 250 11 7.96

This Sheet Has Been Replaced
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contai ner by the introduction of a separate'pressurization gas. 20 In
accordance with one ensbidnment of t+he present | nventton; there is
provi ded a nethod for extinguishing fires °~ which conprises a system

consi sting of wipédrd38s0SUPPr €SSi ON agent stored in a suitabl pcrrusdenesys .
and a pressurization system connected to the storage cylinder. The
suppression 25 agent is stored as the pure |iquefied conpressed gas in the
storage cylinder under its own equilibriumvapor ptfessure at anbi ent
tenperatures. Upon detection of a fire, the-=l4suppression agent cylinder is
superpressuri zed by suitable means, and once superpressurized to the
desired level, the 30 agent delivery is activated. St orage of the

i Th Super pr cac e 20088 RUEpRaaRcyr8R b CIRE Y oY PR SRR bR
wi t hout agitati&?? emgs the cylinder pressure will always equal the vapor
pressure EXAMPLE 6
Repeating the foregoing examples with variation of the
5 indicated parameters within the scope of the present
invention also provides desirable results. Use of alternate
pressurization gases such as argon and carbon dioxide
provides similar results. Variation of the initial gas
pressures yields acqeptable delivery of the fire suppression
10 agents, with such variation permitting control over the
delivery times and rates. The various other Halon and Halon
replacement suppression agents described previously are
suitably delivered in accordance with the foregoing examples.
While the invention has been illustrafed and described in
15 detail in the drawings and foregoing description, the same is
to be considered as illustrative and not :estrictive in
character, it being understood that only the preferred
embodiment has been shown and described and that all changes
and modifications that come within the spirit of the
o0 invention are desired to be protected.



Y\g- °¢/ 235(5)19 t he agent ,m,“r"u"luuwlmmmperature PCI\{ Utsgg/gilgztzast
rtenperatuares. expected flor ‘cyli nler® expostre Tn typi:

vapor -pressure of the neat agents is low . conpared to typi-cal storage

cyl i nder Wers£23880e ratings, and 5 hence there is no needpdTUsssOIBIEr N about
t he devel opnent of excessive cylinder pressures as is the case for

super pressurized agents. A further desirable aspect of the present

i nvention is that rapid superpressurization of the fire suppression
agent 10 immediately prior to systen1at}?vat|on has been found to

provi de agent mass flom/rates several tines greater than that achi evabl e
fron1convent|onal ressurized systens. Hence much shorter

di scharge tinRat, is éﬁﬁiﬁﬁ43¥§Wploylng the  method of this invention
conpared to the prlor art met hod of 15 enpl oyi ng superpressuri zed agents.

This a||0WB t e ‘ﬂé¥i¢%&hﬁb'ngk?hoguﬁﬁfééinﬂ“éébﬁ ‘%d“%”

agent s out™t e nee replacing existing piping networ
further degﬁﬁb‘t"el%%p‘%@“’%‘fsecsné:hﬁr &ters Phvention is that by

a. providing the fire suppression agent in a storage

container;
5 b. providing a source of pressurized gas;
¢. less than about 60 seconds prior to desired delivery
of the fire suppression agent to the fire, coupling the
source of pressurized gas to the storage container to
communicate the pressurized gas into the storage container
10 and thereby superpressurize the fire suppression agent within
the storage container; and. '
d. emitting the superpressurized fire: suppressxon agent
from the storage container to the f1re.

. 2. The method of claim 1 in which step ¢. comprises

15 coupling the source of pressurized gas to the storage
container between about 1 and about 60 seconds before the

emitting of step 4. ' '

3. The method of claim 2 in which said coupling of step
c. is between about 5 and about 10 seconds before the
20 emitting of step 4.

4, The method of claim 1 in which the fire suppression
agent is selected from the group consisting of
hydrofluorocarbons, perfluorocarbons,
hydrochlorofluorocarbons, and iodofluorocarbons.

25 5. The method of claim 4 in which the fire suppression
agent is selected from the group consisting of
trifluoromethane (CF3H). pentafluoroethane (CF,CF,H),
1,1,1,2-tetrafluoroethane (CF3CHZF),
1,1,2,2-tetrafluoroethane (HCFZCFZH),

This Sheet Has Been Rerlaced
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superpressuri zing the agent inmmediately ' ﬂ' ge, 20 essentially
singl e phase flow of the—agent oceurs, Hmlilﬂllmﬂll mfyi' ng the nodeling

of the agent flow and hence the desi gn of Suppressi dbn systens.

Specific fire wpRps@sei on agents useful in accordance wth tporusseasisnt

I nvention include conpounds sel ected from25 the chem cal conpound cl asses

of the hydrofl uorocarbons, per fl uorocarbons, hydrochl or of | uorocar bons,

and i odof | uor ocar bons. Speci fi ¢ hydrofl uorocarbons useful in

accordance with the present invention incltlfe-trifluoronethane

(CF[err]H), 30 pentafluoroethane (CF3CF2H), 1,1,1, 2-tetrafl uoroethane
CF3CH2F), 1,1, 2,2-tetrafl uoroethane (HCF2CF2H),

3, 3, 3- hept af L upy D3 opehaptaEAdOHPEESPane (CF,CHFCF,),

3, 3- hept af L ugr ne (CF.CF.CF.H),

3-hexaE[??%?gfggéé%iggg%gﬁ%gg%%gﬁieS(£F§CQZEE§)?ghéxafIuoropropane
1,1,1,2,3,3-hexafluoto§ropane (CF3CHFCF2H),

51,1,2,2,3,3-hexafluoropropane (HCFZCFZCFZH),
1,1,1,2,2,3-hexafluoropropane (CF3CF2CH2F),
octafluoropropane (C3F8), decafluorobutane (C4F10),
chlorodifluoromethane (CFZHC;),
2,2-dichloro-1,1,1-trifluoroethane (CFSCHCIZ),

10 2-chloro-1,1,1,2~-tetrafluoroethane (CF3CHFCl), and
jodotrifluoromethane (CF3I).

i
—
LN

6. The method of claim 1 in which step a. comprises
providing in the storage container a composition consisting
essentially of the fire suppression agent.

15 7. The metod of claim 1 in which step b. comprises
providing a source of a'pressurized_gas selected from the
group consisting of argon, nitrogen and carbon dioxide.

8. a method for delivering a fire suppression agent to a
fire which comprises the steps of:
20 a. providing a storage container containing a composition
consisting essentially of a fire suppression agent;
b. detecting a fire to be suppressed by the fire
suppression agent;
c. following step b., pressurizing the agent within the
25 storage container with a pressurized gas for a period of
between about 1 and about 60 seconds; and
d. following step c., emitting the superpressurized fire
suppression agent from the storage container to the fire.

9. The method of claim 8 in which said pressurizing of
30 step c. is for a period of between about 5 and about 10
seconds before the emitting of step d.

This Sheet Has Been Replaced -
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perfluorocarbons useful” i i atcotdance with the present.invention include
oct af | uonepeén3ssee ( C3F8) and 5 decafl uor obut ane (CAF10) . PCTUSISOI R eci fi c
hydr ochl or of | uor ocarbons useful in accordance with the present invention
i ncl ude chl orodi fl uor onet hane (CF2HC1)
2,2-dichloro-1,1,1-trifluoroethane (CF3CHC 2) and
2-chloro-1,1,1,2-tetrafl uor oet hane (CF3 ca). 10 Specific

i odof | uorocarbons useful in accordance with the present invention include
i odotrifluoromethane (CF3I). - It is also an aspect of the present

i nvention that conbi nati ons of the above nentioned agents nay be enpl oyed
to provide aobl eTdehmethodi upm:/aarm dhdmasthdchs thes £iget spppression

efficacy, tQ n Iy ag9 ggegn tégoﬁﬁﬂayﬁglstlng ofhe nethod of the
present in i-on may dellvery of fire suppression
agents in @W@ﬁvéﬂP9F9°8F5°“ﬁetH% BSsr the Hal ons, including

app'|CatlOmydio&hlorofluorocarbons, and iodofluorocarbons.

This Sheet Has Been Rer
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ftoodi ng system portable system or speci alized system 20 Suitable agent,

st orage-cytTders—Tncthude t hose—enptoyed—for——the Hal ons—or—specratrzed

systens, and in general are equi pped with a dip tube to.facilitate

del i very owoldsmassgent . Speci fic neans of agent superprasHEpisFat i On
useful in accordance with the present invention include pressurization 25
by inert gases contained in an external cylinder bank, or ot her suitable
means of pressurization as are known tad/hose skilled in the art, for
exanpl e the use of azi de-based techni ques as enployed in autonotive air
bag systens. Specific inert gases useful in accordance with the present
30 invention include nitrogen, argon and carbon di oxi de. The del ay
time between the start of agent superpressuri zation and the rel ease of
the pressurized agent can vary fromfractions of a second to several

m nutes. The preferred delay tine between the start of agent 35

pressuri zation and pressurized agent release is between 1 and
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VIO 96/ 23550 PCT) USS6/ 01377, 60 P
seconds. Longer delay tinmes result in higher agent %}ﬁi" tion levelisi_/
and shorter discharge tines. Referring to FIG 1, there is shown an

agent delivery system i aYala) ] o LESE } NV eRt--0A——TFRE ==~

system 5 10 includes a stg’ gs%ﬁﬁ%ﬂ@@d 1 Xn e

suppressi on agent 12. Dip tube 13 ext romthe cyli hdtBC'D 0@ JUN 1997

coupled with valve 14. Piping 15 Ieadif& the valve [ G One or-Tore:

del i very nozzl es 16. A pressurized gas source 17 coupled_wit F¢he

storage 10 cylinder INFERNATIONALARELIMINARY EXAMDBTIONURERORI? conpri ses

a plurality of cylinders 18 containing nitrogen under pressure. Each

cylinder 18 is coupled through pi (PCAArtige 3fmhd Rule) t 0 t he storage cylinder

11. Valves 21 and 22 are included in the piping systemto control gas

flow, W%ﬁ&%—%«%

system N operati on,} FORJURTHER ACRONS §@ Uaibdltidn0 oD [Teanartite! tof) clnternational

val ves | 29LC8P9D in responsd to the sensi ng ofrelimimsy Examinatiop Report (Form RETAPENALG)

cont r of Inemgioniakapglicationd¥et | ghal immdmedﬁﬁnz&wﬂayhmmy’ Priority date (day/month/year)
PCT/US96/01372 01 FEBRUARY 1996 03 FEBRUARY 1995

International Patent Classification (IPC) or national classification and IPC

IPC(6): A62C 35/64; and

| US CL: 160/9. 46

Applicant

GREAT LAKES CHEMICAL CORPORATION

—

1. This international preliminary examination report has been prepared by this International Preliminary
Examining Authority and is transmitted to the applicant according to Asticle 36.

2. This REPORT consists of a total of sheets,
is report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have

been amended and are the basis for this report and/or sheets containing rectifications made before this Authority.
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consist of a total of _Q_ sheets.
3. This report contains indications relating to the foilowing items:
I E(] Basis of the report
1] D Priority
Im. [:l Non-establishment of report with regard to novelty, inventive step or industrial applicability
Iv [] Lack of unity of invention -

V [X] Reasoned statement under Asticle 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

VI ['_‘,_:_] Certain documents cited
VIl [x] Certain defects in the intemational application
vl E Certain observations on the international application

Date of submission of the demand _ Date of completion of this report

30 AUGUST 1996 28 APRIL 1997 A
' 2 £ :
Name and mailing address of the IPEA/US Authorized officer '/ 227 M’/
W of Patcots and Trademarks ‘7
Washiogtos, D.C. 20231 ' ANDREW C '
Facsimile No. (703) 305-3230 Telephone No.  (703) 308-3423

Form PCT/IPEA/409 (cover sheet) (January 1994)»



supp}eséion
trigger the
system the

deliver the

14 is al so _opened and the fire suppressi on agent infematiduml applicationcdNot 0 t he
fire 25 tmﬁwﬂeyﬁé’%wmm Eﬂﬂﬁxﬂﬂvéﬁﬁ%ﬁ wi lj| pepubsdolsper described
| . :

with reference tao the follow ng Qppriiir‘ Exanp

art, and is used to detect the presence of a fire 20 and then

operation of the fire suppression system |In the present
sensing of a fire is used to open the valves 21 and 22 and
pressurized gas to the storage cylinder ln turn the valy

under 9t000eti0 5 it RBeE Exanples are illustrative and not restrictive in
220

nat ur €

| ayerq of O.

3.[:]

NONE

<

e 4 g e b besiy o (Suhpage dhgets whih Feygied o F g Qo regops o b
gfzsf;iﬁg-%?%@%w%r%ﬁ Tl e BT i el

2. The amendments have resulted in the cancellation of:

4. Additional observations, if necessary:

therintémaionsbapplioplion aperigingdllyflesk 2 x 4 i nch wood framing, and wg
@ the description, pages (See Attached) | as originally filed.

pages » filed with the demand.
pages -, filed with the letter of
pages , filed with the letter of

[X] theclaims,  Nos. (SecAached) , as originally filed.

Nos. » as amended under Article 19.
Nos. , filed with the demand.
Nos. _________, filed with the letter of
Nos. » filed with the letter of

@ the drawings, sheets/fig (See Attached) _ , as originally filed.

sheets/ig , filed with the demand.
sheetstfig | filed with the letter of
sheetséfig -, filed with the letter of

[x] the description, pages NONE
[x] theclaims,  Nos. 110
@ the drawings,  sheetstfig NONE

This report has been established as if (some of) the amendments had not been made, since they have been considered
to 2o beyond the disclosure as filed, as indicated in the Supplemental-Box Additiona] observations below (Rule 70.2(c)).

Form PCT/IPEA/409 (Box I) (January 1994)«
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equi pped with five 2 x 3 ft. polycarbonate wi ndows and a st eel

ddor with nagnetized seals. Agent was stored in a Fike Hal on 1301 rated

for 100 I b of agent fitted with a quarter-turn ball valve The outlet o
the cylinder _was_ 5 connected to a %gg ng net work c iopel applicalish N®. 5 i nch

NPT
center
provid
5.0% v
second
nitrog
nitrog
pressu
al | ow
pl ot .

sc hmwmwwm% ‘FW t nokzpErniseg@bRd i n t he

of the onclosure caoilinag The ninina and nazbzl.o Meroe sized to
o . B

b Va Kadboned Giaresheht widercAvticle 85(2) with rejakdte b8, inventite step 00 indasnial applicsbiliag;
v. citgfions andexplanatiens supporting sych stdtementce of the cylinder through a

gquarter-turn ball valve was a bank of three high pressure

bﬁ'C§T¢ﬁH¥F§? Pressure transducers were installed to nonitor the
EN banigvl ure (the "pisg@RRkNgs pressure) and agent cylinderygs
e. An 15&5 ditional pressure ﬁ&gﬂiﬁ%ﬁ§§§§ﬂ§?17ﬁiﬁ?ﬁT?ﬁ'TﬂT?‘ﬁﬁf?lﬁbt
he determ nation of the discharge o e pressure vs. tin

Inventive Step (IS) Claims NONE YES
Claims 11-18 NO

O

D

Industrial Applicability (TA) Claims 11-18 YES
Claims NONE NO

2. CITATIONS AND EXPLANATIONS
Claims 11-14 and 16-18 lack novelty under PCT Article 33(2) as being clearly anticipated by Miller et al.

. Claims 11-14 and 16-18 lack novelty under PCT Asticle 33(2) as being clearly anticipated by Briinsicke.
Claim' 15 lacks an inventive step under PCT Article 33(3) as being obvious over either Miller et al. or Briinsicke.

Either of Miller et al. or Brinsicke clearly discloses almost all of the claimed features. As to claim 15, the compounds listed
therein are known compounds with known fire-extinguishing properties; and thus the use thereof would have been obvious to
one skilled in the art.

Claims 11-18 meet the criteria set out in PCT Article 33(4) as being usable in industry.

NEW CITATIONS
NONE
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The agent cylinder was charged with 87.5 | b of
1,1,1,2, 3,3, 3-hept af | uor opropane and then superpressurized 20 with nitrogen
to atotal pressure of 360 psig at 70[err]F. The cylinder was then
connected to the pipe network, the instrunentation initialized and the
agent rel eased through t he pi pe network. From {kemstionalapplicationfNoansducer
out put , ﬂH’BERNAmPWgRFHW’E H&“W‘P%Bﬁﬁoﬁ) be| 3¢cH66e0ds correspondilng
25 to,amass flaowrate of 2 42 |hlsec  Additionalldetails.are shown g,l,
Tabl ¢ ; : EXAMPLE 2 The procedure
desciibed 1 n Ex as—{ollowsd—wi-th he cepti-ohr—th he

1, 1, 1,12 Castaig phiblisheidoariniests (Rupr 70d8ne was 30 not superpressurized with '
ni trggen. . sure of ionBade” 00€N  bangdy I Ni ti aprioriy e Qalid \Ghim
presgure" pmmlgots' to BGMd at ti lfaay/ﬁa?%far}o zero M) )
conngct i rg—t+He—ni t r ogen bamk—amd—t he agemt——cytTmder was openmed—to ati oy
presurusat 5.69.06f t he agentl2 SERTEMBERYMA | at @f JUNE[®3yg| ve NONE

-

2. Non-written disclosures (Rule 70.9)

l?ateofwﬁtteqdisclqsme .
Kind of non-written disclosure . Dateo;dx;ym-wriwendis)clos:m. lefemng(t:aynon—wnttend)nsclosne

Form PCT/IPEA/409 (Box VI) (January 1994)«



- 13- connecting the cylinder to the pipe network was opened,
delivering the agent. The total |iquid runout was determ ned to be 20
séconds, corresponding to a mass flow rate of 4.36 | b/sec. 5 Thi s
exanpl e denonstrates the increased nmass flow rates attai nabl e by

pressurizing the agent i mediately before I el eaq@uematidahllippicaibiatio. det ai | s
are shown INTERNBYIONAL PRELIMINARY EXAMINATION REPORT The

procedure of Exanple 2 was repeated except the 10 nitrogen E“an’k pressure

(the ﬂLﬁ*‘ff%‘ggﬁm&éégai“%&%ﬁé@qﬁig | initial pressure of 600 psig.

The r DRSS QW rate h/sec
' The following defects in the form or conteats of the international application have been noted:

Claims 14-17 are objected to under PCT Rule 66.2(a)(iii) as containing the following defects in the form or contents thereof:
The word "the” should follow "of", second occurrence, in claim 14, Line 1. The word “the” should follow "of", second

occurrence, in claim 18, line 1. The word "the” should follow “of", second occurrence, in claim 16, line 1. The word "the”
should follow "of", second occurrence, in claim 17, fine 1.

Form PCT/IPEA/409 (Box VII) (January 1994)«



EXAMPLE 4 The procedure of Exanple 2 was repeated except that the 15

del ay tine between pressurization and agent rel ease was I ncreased to 10

séconds. The resulting mass flow rate was 6.26 | b/sec.

EXAMPLE 5 The procedure of Exanple 4 was repeated except that the 20

ni trogen bank was set at an initial pressure of 77 ifiiatbnal applkition ReSul ti ng

mass fl| ow INTERNATIGNAL PRBLIMISARY EXAMINATION REFPGRE X 3 nrgcq.ﬁjs%%pnlgst rate the
zing t

i ncreased mass_flow rat es attai nabl e by pressuri Ire
TABLE [LVIE " GREER ghrrabor S8 R sierkaRppt Boptlei)0 O 1 SCNATOS 2D ok
Pr oss F%ﬁ“@ﬁﬁﬁﬁwﬁﬁwuw despn M i 5D el e e e
'2“ Zg( S ﬂ%ﬁfﬁ :::i%ectfd to Under PCT Rulo $6.20) as lgking cﬂ:ﬁpundmé%'r AdR 6 becauge ﬂé%ﬁmm indefinite for

The phrase "the stoiagc container” in claim 11, lines 11-12, lacks clear antecedent basis as to which "storage container” is
referenced: the "first storage container” or the "second storage container”,

Form PCT/IPEA/409 (Box VII) (January 1994)*
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Int@Ha6dng Afplication No.

EXAVPLE 6 INTERNATEHMAIaPREIGMINARY BXAMNATIONRERRTes W t fovaniation of the 5
t.

i ndi cated ra 1thin the scope of fhe prese

Supplemental Box

(To be used when the space in any of the preceding boxes is not sufficient)

Continuation of: Boxes I - VIII
i. BASIS OF REPORT:

This report has been drawn on the basis of the description,
pages, 1-6, 8-11, and 14, as originally filed.

pages, 7, 12, and 13, filed with the demand.

and additional amendments:

NONE

- This report has been drawn on the basis of the claims,

numbers, NONE, as originally filed.

numbers, NONE, as amended under Article 19.
numbers, 11-18, filed with the demand.

and additional amendments:

NONE

This report has been drawn on the basis of the drawings,
sheets, NONE, as originally filed. .
sheets, 1, filed with the demand.

and additional amendments:

NONE

Sheet 10
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invention al so provides desirable results. Use of alternate

pressuri zati on gases such as argon and carbon di oxi de provi des S|nllar
results. Variation of the initial gas pressures Yyi @gwg&;

delivery of the fire suppression 10 agents, w th such, uar;aélon { ng
control over the delivery tinmes and rates. The varlbx iﬁqﬁrﬂé{nﬁ
Hal on repl acenent suppression agents desgribed previously are sui tably

delivered in accordance with the foregoing exanples. Wil e the
invention has been illustrated and described in 15 detail in the draw ngs
and foregoi ng description, the sane is to be considered as illustrative

Ot S Ve oM BSOSl P PO, YA e

and nodifications that come within the spirit of the 20 invention are

desired to be prot g4{Ltigure is a YEhdRhE325Piew of a fire s ession
PCT/ US96/ 01372 igure i iew ire suppressi
agent delivery system according to the present invention.

AMENDED SHEET
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-15-° What is claimed is: " 1. A nmethod for delivering a fire

suppression agent to a fire which conprises the s of: a.

provi ding the fire suppression agent in a storage ﬁbﬁﬁh&tﬁl 936/ %1 3 p%
provi ding a source of pressurized gas; c. lessg than about 607seconts
prior to desired delivery of the fire suppressio vy Eﬁitoagni Lre,
coupling the source of pressurized gas to the storage cont AD '5'{
comuni cate the pressurized gas into the storage container 10 and theréBy
superpressurize the fire suppression agentlZithin the storage contai ner;
and d. emtting the superpressurized fire suppression agent from
the storage container to the fire. 2. The nethod of claim1 in

whi ch step c. conprises
equipped with five 2 x 3 ft. polycarbonate windows and a

steel door with magnetized seals. Agent was stored in a Fike
Halon 1301 rated for 100 1lb of agent fitted with a
quarter-turn ball valve. The outlet of the cylinder was

5 connected to a piping network constructed of 0.5 inch NPT
schedule 40 pipe terminating at a pendant nozzle located in
the center of the enclosure ceiling. The piping and nozzle
were sized to provide a 30 second liquid runout of Halon 1301
at a concentration of 5.0% v/v.

10 Connected to the head space of the cylinder tHrough a
second quarter-turn ball valve was a bank of three high
pressure nitrogen cylinders. Pressure transducers were
installed to monitor the nitrogen bank pressure (the
"pistoning” pressure) and agent cylinder pressure. An

15 . additional pressure transducer was located at the nozzle to

' allow the determination of the discharge time from the
pressure vs. time plot. .
" The agent cylinder was charged with 87.5 1b of
, 1,1,1,2,3,3,3—heptéf1uoropropane and then superpressurized

20 with nitrogen to a total pressure of 360 psig at 70°F. The
éylinder was then connected to the pipe network, the
instrumentation initialized and the agent released through
the pipe network. From the pressure transducer output, the
liquid runout time was found to be 36 seconds, corresponding

25 to a mass flow rate of 2.43 lbm/sec. Additional details
are shown in Table 1.

EXAMPLE 2 .

The procedure described in Example 1 was followed, with

the exception that the 1,1,1,2,3,3,3,-heptafluoropropane was
30 not superpressurized with nitrogen. The pfessure of the

nitrogen bank (the initial "pistoning pressure") was set to
360 psig and at time equal to zero the valve connecting the
nitrogen bank and the agent cylinder was opened to allow
pressurization of the agent. One second later, the valve
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15fcc=)uplxi ng the source of pressurized gas to the storage cont ai ner
bet ween about 1 and about 60 seconds before the emtting of step d.

3.-The method of claim2 in which said coupling of ste S t

about 5 and about 10 seconds before the 20 enmitting of pgp@i.[ﬁ ¢% yeﬁnh}? 2
The method of claim1 in which the fire suppression 3“3 iﬂf,
fromthe group consisting of hydr of | uorggar bons, perfl uorocar b % 96
hydr ochl or of | uor ocar bons, and i odof | uorocar bons. 25 5. The nethod of

claim4 in which the fire suppression agent is selected fromthe group
consi sting of trifluoronethane (CF3H), pentafl uoroethane (CF3CF2H),

1,1,1, 2-tetragLporoet hane, { ERIRE: to kb v Sekdblionst Babkeq,

(HCF2CF2H) ,
delivering the agent. The total liquid runout was determined
to be 20 seconds, corresponding to a mass flow rate of 4.36
lbm/sec.
5 This example demonstrates the increased mass flow rates
attainable by pressurizing the agent immediately before =,

release. Additional details are shown in Table 1.

"EXAMPLE 3
The procedure of Example 2 was repeated except the
10 nitrogen bank pressure (the pistoning pressure) was set to an
initial presSure of 600 psig. The resulting mass flow rate
was 5715 lbm/sec.

EXAMPLE 4
The procedure of Example 2 was repeated except that the
15 delay time between pressurization and agent release was
increased to 10 seconds. The resulting mass flow rate was
6.26 lbm/sec.

EXAMPLE 5
The procedure of Example 4 was repeated exgept that the
20 nitrogen bank was set at an initial pressure of 775 psig.
The resulting mass flow rate was 7.96 lbm/sec.
The above examples demonstrate the increased mass flow
rates attainable by pressurizing the fire suppression agent
immediately prior to system discharge.

25 TABLE 1
Nitrogen Max. = Ave. Mass
Bank Pressuri- Nozzle Nozzle Liquid Flow
Pressure zation Pressure Pressure Runout Rate
{psig) Time(s)  (psig) (psig) Time(s) Llhméﬁ Example
30 0* - 150 125 36 2.43 1
360 1 220 85 20 4.38 2
600 1 300 120 17 5.15 3
600 10 300 160 14 6.26 4
775 5 500 250 11 7.96 5
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- 16_
1-1,1, 2, 2 3,
l,1,1, 3, 3, 3-
( CF3CHFCF2H) ,
1,1,1, 2,2, 3-
deca quorobu
2, 2-di chl or o-
2-chloro-1, 1,
(CF31).

5

10

15

20

1,1,1,2 3,3, 3- hept af uJJlIllIIJlMIIIIHIIJIJMIILE%; US98/ 01372

3- heptafluoropropane ( CE3CE2¢Ck
hexaf | uor opr opane ( CF3CH2CF3),

1 1,1, Pé y%egﬁ (DL 382

51,1, 2, 2, 3, 3-hexaf | uor opr opane (HCF2

h
tane (C4F10),

xafluoropropane (CF3CF2CH2E

e
a
1,1, 1-trifluoroethane (CF3CHC 2), 10
1,

oct af | uor opr opaniQAgBS)gs

chl or odi f | uor onet hane (CF2HA ),

2-tetrafluoroethane (CF3CHFC1), and I odot ri fl uor onet hane
(%héghe nethode%f .claim1 in which step a. conprises

is claim

is:

11. A method for delivering a liquid fire suppression

agent to a fire with a separate pressurized gas which

comprises the steps of:

(a)

(b)

(c)

()

storing the fire suppression agent in a first
storage container;

storing a pressurized gas in a second storage
container;

less than about 60 seconds prior to desired
delivery of the fire suppression agent to the
fire, coupling the first storage container to
the second storage container to communicate the
bressurized gas into the storage container and
thereby superpressurize the fire suppression
agent within the first storage container; and
emitting the supefpressurized fire suppression
agent from the first storage container to the
fire.

12. The method of claim 11 in which said coupling

comprises coupling the first storage container to the second

storage container between about 1 and about 60 seconds

before said emitting.
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providing in the storage contai nﬁllil“lm'lmwmnuconm sting essentially
of the fire suppressi on agent. I n which step
b. conpri ses provi di ng a source *of “a brdssdri Zed g §J§]c'39 g@; %? aj
group consisting of argon, nitrogen and carbon di OXI%& h
for delivering a fire suppression agent to a fire Fﬂ?‘ rrpc% th&
steps of: 20 a. providing a storage qggafainer containing a m
consisting essentially of a fire suppression agent; b. detecting a
fire to be suppressed by the fire suppressi on agent; c. follow ng
step b., pressurizing the agent within the 25 storage container with a
pressuri zed gas for a period of bet ween about 1 and about 60 seconds; and

d. following step c., emtting the superpressurized fire suppr essi on
agent from theldt orBee mefhad mf qleimhd %f jiinewhich saidgcogpdingthed of

claim8 i n potwdes bt 65 dHd ot tof103@eToRdsC beFdrbOsadaPeni 0€iRg . bet ween
about 5 and about 10 seconds before the emtting of step d.
14. The method of claim 11 in which said storing of fire
suppression agent comprises'storing an agent selected from
5 the group consisting of hydrofluorocarbons,
perfluorocarbons, hydrochlorofluorocarbons, and
iodofluorocarbons.

15. The method of claim 14 in which storing of fire
suppression agent comprises storing an agent selected from

10 the group consisting of trifluoromethane (CF3H),
pentafluoroethane (CFBCFZH), 1,1,1,2-tetrafluoroethane
(CF3CH2F), 1,1,2,2-tetrafluoroethane (HCFZCFZH),
1,1,1,2,3,3,3~-heptafluoropropane (CF3CHFCF3),
1,1,1,2,2,3,3-heptafluoropropane (CF3CF2CF2H),

15 1,1,1,3,3,3-hexafluoropropane (CFZCHZCF3),
1,1,1,2,3,3-hexafluoropropane (CF3CHFCF2H),
(1,1,2,2,3,3-hexafluoropropane (HCFZCFZCFZH),
1,1,1,2,2,3-hexafluoropropane (CF CF CH F),
octafluoropropane (C3F8)) decafluorobutane (C 10),

20 chlorodifluoromethane (CFZHCI),
2,2-dichloro-1,1,1-trifluoroethane (CF3CHC12),
2-chloro-1,1,1,2-tetrafluoroethane (CF3CHFC1), and
iodotrifluoromethane (CF3I).
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agent is selected fromthe group cohsiSstitng®of *hydréf] uofpcl hopsiq 2
perfl uorocarbons, = hydrochl orof | uor ocarbons, and i odof | uoroc r@%iﬂ 5 { ¢

T ARG 30 40006

16. The method of claim 11 in which said storing of fire
suppression agent comprises storing in the first storage
container a cohposition consisting essentially of the fire
suppression agent.

5 17. The method of claim 11 in which said storing of
pressurized gas comprises storing a gas selected from the
group consisting of argon, nitrogen, and carbon dioxide.

18. The method of claim 11 in which said emitting
comprises discharging the superpressurized fire suppression
10 agent from a total flooding system connected with the first
storage container.
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(57) Abstract

A fire suppressant (12)fouuppmssmgaﬁm is stored in a stovage container (11) under its own vapor pressure, and a source (18) of
pressurized gas for supespressurizing thé fire supressant (12) is separately stored in cylinders (18). Upon detection of the fire, the storage
container (11) is coupled to the source (18) of the pressurized gas to mperpressume the fire suppressant (12) within the storage container
(11). Within about 60 seconds, the superpressuﬂzed fire suppressant (12) is then emitted from the storage container (11) by opening an
outlet valve (14) and delivered through piping (15) and nozzle (16) into the vicinity of the fire. The method and associated system are
useful with a variety of fire suppressants (12), including Halons, with reduced equilibration times without expensive retrofitting of existing
equipment for new agents.




