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5 The present invention relates to fire and expl osion prevention systens
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| nput smptyindithe®BE TThi Akéign Piremetetscat thaxpuntainey ahé ehe TlBY dntiPPesssrizaéiarei ved from
a 30 fthereof mmm@embﬁﬂthe | atter concurgently recei ves respect ive inputs
fr o :

aQe "'urggm;_ e oD GATE
Ia Q al e ' . ! % ration ect Whl l ést h
{ ﬁlsrd e:gxﬁh%é) gﬁfv $18mb Wé ?:%ﬁgeesﬁrae.oﬂutéa%;gy ,E: ?ﬁndef DRI'VER °

cir CUldeﬁarmAHnorﬂ&QB& §Mbht D BRINGuidRth g6t 1 Bé corasthédin dath sdﬂts.ﬁéf i#0 are
provi ceiledyt.a. VOLTAGE REGULATOR shown in Fif g. 3wt hout its connections in

35 %0 deln practice. np¢ cé a|n¢res t;llqglokltanragﬁt@gwshmg agent such as Halon 1301, _ 50
'35 Ref'@t“éf?é@'ﬁdsbm%‘% theoUS.4y. The extipguishing aagat is stoeed ippdiouidtate nent 6f an

extin so%’tgﬂré o 1 i%lfté’fgﬁf‘ &f thercontaifiers, APressiizing gase Hsh ps &ﬁﬂ’gﬁ? Bssure

moni t SrpEBRefEuaba 6L AL Yard et GG BRI ARGSm thd nt of the

| NV tek Iﬂ{bm %fng'a%etﬁ I&@Bﬁ ﬂﬁlﬂoﬁlralriégﬁﬂéié ?}Rc&?&ab Eﬁ@%&e%gggge {Le Com!‘:%' ner
can ewrpprgssidns contents within 150 ml| |sec0nds of receipt"

actuation signal..
40 The contai ner 210 is of a special construction deS|gned to prOV|de
extrenely fast emptying thereof. The design parameters of the container and
the filling and pressurization thereof w |t -now be described: On the basis
of a calculation of the total volunme of a ¢onpartnent, 'such as the troop 45
conpartment of an arnored vehicle, to be prfotected and the total number and
pl acenent 45 of the extanU|sh|ng agent. containers therein as well as the
desired concentratlon of “exti ngui shi ng agent in this volunme to achieve
suppression, typically five per cent, a - L -

*



determ nati on of the anmount of extinguishing agent to be contained in eac
container is arrived at. 50 In practice, the container is filled with an-
extingui shing agent such as Halon 1301, 50 manufactured by Du Pont of the
U. S. % Bhe . extr ngur sh| ng agent i's stored in a Irqur d state urGBazomMre 5
and fil 6
Is al so cont ai ned in the cont ai ner. The | nterrel at i onshi p bet ween vari ous
paramet ers which govern the speed at which the 55:extingui shing agent '
| eaves the confainer outlet i‘s determ ned by the f ol | owi ng appr oxr mat e\ 95

expr essi on: GB 77022 409B - ‘5 [err] [err] - | 1b 45
5 where:gU - | thg out/et speed of t ext i ngui shi ng agent jn I qui d
state (ft/sec) - [thefgravitational agcklerdtion (ft/sec2) Y) [ ] :
the densit of f t{ ngui shYmy agent \in - Vio 4 1 buid
state (I bs rlerr‘fﬂ . the partral p edshr GT—r‘h'e—pT'E's'SUTi rrgF’gaS| _
t he cont, |ner bS/ it 2) \ v th-e_ pe dt / e \of pr i 7i ng gay 25}
in the d8ntainkr (flt 37 NoSS foeat | Vi teer Jep - 10
25 a - the effectlive outlet openr ng area (ft2) 20 - the weight" df t he
pressurizing ghs in the container (l'bs) [err] - the polytropic Tons}ant

.of the pressuri

ing 30 ' gas (unit-less). ~
30 Pf - 15 the parti al pressure of the extinguishing agent vapor. (I bs/ft2) 15

[err] - herep e |f| vol ume o l?e exti ri}?w shi ng agent vapor in the cont ai ner

(ft3/1 bs) err] f’a F,tu Py '5hi ng agent in the. the gaseous
phase in the conlﬂgr F‘gﬁ,&at cc, setcls}e pol ytropi c constant of the

exti nguipghf ng. agmatreésavlottﬂee&ﬁa Lﬁéhrrrgfagem in atmospheric pressure - 20
(I'bs/ft2) 40 a liquid state (lbs/ft3) 5

40 The aboRg expmesantrarpressuscﬂf\tmjprbssuonmwent|onal corrputer t echni ques usi ng
atrial and errocasanttrerqoetaater ﬂiPF/rﬁf)ogram In the programthe following

par anet.grsVear & v P ‘°t"8t BPPRIFZ0®Pe, the pressure in the . - o8
cont ai néP yhen ptﬁé 2 lt/] Xygégp of extinguishing agent, effective
out| et opepp ng a&,ga,e u,% Q.Lrﬂge in the 45operating environnent.
45 The corrputer mgq}rea rovr des for a given enptying tinme and vol une of
ext i ngui shk,ng- agﬁabolyﬁoppd: uordtant yf thé paesizingt i on of the various paraneters

from whid0h a usedasl(urgdess) na- tion thereof may be sel ected, on the basis .of30
whi ch the Bont altherpa'ﬁ'a VEQ?U@cﬂis'ter%ﬂMSh'Me value for U the outl et speed

of the extrngur v f Edto be sufficiently large 50 to-
producve e'esi r e;f “{%Z(ﬁ AR Wlaﬁﬁnlfl shing agent in the vol une

wi t hi n '%30., 59 nas, lghp%fﬁ &R i@ given conbination of paranetersg
has been sel ect ade ghde u@.ﬂ(&dé\tn{h c@m .hg,qwsshl ng agent and of nitrogen and
thus the cintai nee pulgtrepie caistint bicthe ektingtiskipgni ng area are known for a gi.ven

operating envir omgeenunit-tesger at ure. 55  The container dinensions and inner
conflgur at?aon-lsaft"h%?'i'ed%t”éﬁqwm@nfﬁﬁ the bas| s that 55 the rati o bet ween

t he out 4 v re e{éb d § % range of 1. 5 t 40

110, Li m tﬁgggn ‘g{a o ﬂiﬁga rr%resrorz,rrg ¢ r-r:gg% i e

requiremen o%tar Qol8 th’@ iMiNe cBMaingr RREA p ﬁ | Welhetber

connect i Ngextinguistatly/ageat, telffecb’trv@fouﬂéi%p&ﬂlﬁ aleB@hd hﬁbrent temperature in the L
45 operating environment. S 45

The computer program provides for a grven emptyrng time and volume of extmgurshlng :
agent, a plurality of combination of the various parameters from which a useful combina-
tion thereof may be selected, on the basis of which the cortainer may be constructed. The
. value for U, the outlet speed of the extinguishing agent is selected to be sufficiently large

50 to produce the desired concentration of extinguishing agent in the volume within 150 50

msecs. of actuation.,
Once a given combination of parameters has been selected, the amount of extinguishing

agent and of mtrogen and thus the container volume and the outlet opening aréa are

~ known for a given operating environment temperature : _

55 The container dimensions and inner configuration is then determined on the basis that - 55
the ratio between the outlet diameter d and body diameter D should be in the range of 1:5 . '
to 1:10. Limits to these dimensions are deterimined by installation requirements. The shape
of the narrowing portion of the container connecting the body portion of the container to
the outlet thereof is determined in accordance with the teachings of Rouss-Hassen set forth

60 at pages 580-581 of the Engineering Handbook by S. G. Ettingen, Volume |, 1954 ' 60
(Hebrew) which determine the relationship between the length of the narrowing portion L -
which is defined in cross section by two intersecting parabolas 212 and 214 and the body
diameter D as well as the relationship between L and the point of intersection 216 of the
two-parabolas 212 and 214.

65 In the exemplary embodiment built and tested by applrcants the body diameter D is 150 65




ss- Hassen set forth 60 at pages 580-581. of the Engi neering Handbook by
G Ettingen, Volunme |, 1954 - 60 (Hebrevv) whi ch det
g\tlonshlp bet ween the | ength of the narrow ng portlonec{é%\#f%%&e% defsl\laéd
In cross section by two intersecting parabolas 212 and 214 and the - body
di anetgmn, Meastt¥Edidméasr 4 RE2E RNPAADIRE NNGtDEbIMBE Makrowing poRRN RO 16 nih.
i Nt er Smyetpo oPibtedsedfiorn dfahé perapalasib @0asmAlshgantiord tHe outfet. The ovrall exenpl ary
enmbodileregth obthe Icontainer is @I6edmby appl i cants the body diameter Dis 1 50 65

6 The container is made of high strength metal by molding or deep drawing technlques .
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di scharge thereof and the actuation circuitry, such as control circuitry 20
operates an additi onal cyI i nder within 30 msecs. follow ng '




fdilure 'to discharge. 50 Ref erence is now, made to Fig. 5 which shows é
Odl ment of a deflector which may 50 be used in association with the

] hing materi al contaizner illustrated exenplarily in Fi
def | ect or may conprise a genefally pyrani dal strTc)Lurg 300 forér;%a%:i&z%ZM@B
plurality of triangular planar port| ons 302 joined together at their
respecti ve THietdfleclorost Fig 60ie biraeged abowtriDéenapleakisABO wHibieisaaxllyi digha aTohd v
arranged al tbagxia ot tiowpagh 268 (g.31) Gndiprasives s rewersal ofefiumedireptivrat¢dupledivitithie axi s
of the fl uuadlﬁldjvtﬂhlhth flowpath 260 (Fig. 4). The deflector 55 nmay be
- symmetric_a t aX|s 306 and have a 360 exposure or it may have only a' 1
1 50 expos%r eap rgtt& @gl nr%mon the desired application and the
(direction ing B cdntai ébfr,ﬁ aq%tt.rgggtshtngenﬁm BRHs3 0G0 RAlca. T
def | ect or |t§,n EHT@ toYectdAWaimsk: 1 N “a desir orrentation ont.o
ext i ngui shi Nnghea@efor séitingand apei@fon@thté 6f BB Plurklity 6f ¢dntaat‘ee@5rdafaserowmg a
pr ef er r etio eosvomdiindications oftthe openateiity bod dischardgeOofabiatte cdntditned; dddow of 10
&xt i ngui shi ngaagthlmwtmrmgnsmdo dn alaon iingticatipn hnditodaid ertpytdhdi¢atioes foon and
with a m nl'mﬁ‘ﬁ“‘/o?e";rb? P@%ﬁ%ﬂ ?‘#tﬂl‘°d’éf°|99@t"6r a‘ﬁ‘t‘ﬁﬁ‘“ﬂ ﬁ@debf?f*ﬁl‘wér

r

a

oot | o L i S0 Sy T 8 Al

tefl ecto
confi gur a§' 0 u@a&%ﬂﬁrf P, 3brein Eﬂué‘%ndﬁ%&ﬁe&ﬂ@ opdRftive YéreVied i n
Cross sect |§éﬁsmg Qﬁcharge of the container with 10 mse &3rge thereof andlthe def | ect or
of Fig. 6 istatiomoigediredpetdtescancaiditioasl cantaine?8fhintB0chsdcs. foltowdng ¥ fadluieged

al ong the &dischbangb. f | owpat h 260. gFI g. 4) and provides a reversal* of flow

di recti oR0 co@ |éepwtvﬁa%9°tdm t9|Claimst ef Hwhesein sgjd cpntpipgs of pressurised

5 1. Suppreeé‘ ptatia) alse sARIRING prgssudsing gasgndiase gharaaisized Pethe of
pressuri sed® '7'?1 QA HAPBI"al di sposed for communica- tion with a
protected volune; neans for sensing the operational state of the plurali t¥
of cont apgers d for providing 10 output indications of the operabili ”1 =25
and di-scharge qf eagh container; and 10 actuation circui tfy
responsive to gn al pfrmindi cation and {o said output indications for
initially sele ting at feast one contalfer indicated to be opgrfabl e,
act uat i ng sal d agg pastf one coabai ner t “di schar ge s¥jgl extindui shin

mat eri al ppﬁ']rth. aki ant—eactuatrng—a |r espegy i ve? 30
additional cont aithe ct uat ed\ cont ai &er ffor ich an|15
out put i ndicatijon of di %’P‘Pdrgm,q sﬂgbg{Jl 9 i /D dt

15 2. Apparatug accprding to Caiml, wher ei n sai d sendl ng nmeans is
operati ve@sfor densify discharge of the container with 10 nsecs. of tte . 35°
di scharge thereef and the actuation circuitry operates an additional /

. container within 30 nsecs. following a failure to di scharge. 20 3.
Appar at us FNEEF di ng to Claim1 or 2, wherein said containers of pressurised

- 20 exti nﬂb“t?h' ngy Ltﬁfet eealoﬁﬁte%qmg%'léﬂxn% ﬁlépnsiﬁlér' sing gas and are 40
characterized by g stdpd (fPekd) & (BOBI @X/fsBL € expression: 25

- [err] 2 [erg] wharegradithtiohal acceldrdtdn @it dee?) =IpESLnfs2t he - ext i ngui shi ng agent
~in a r, - the density of the extmguushué@aben]undhgmdte (ft/sec) = (30.5 cnis) g
‘5 the gravitati @M('W&@Iﬁﬁ&ﬁ%ﬂ%ﬁ/sew (30.5 cni's2) [err], - the -
‘density % ‘the ei't‘i . "lgﬂfﬁl"bl state (lbs/ft3) = (0.016 45

U
g/ cnB) 45 rr the E{ e pressurizing gas in
45 the cont a1 ner tajmn 3 'z JJ the specific volune of the
(drda

7

' pressurizing gas tﬁé‘eﬁe‘&ﬂvec&ﬁ'l ﬁb;ﬂeﬁf §2§cn€1§2 ScnB/g) a - the
ef fecti veo anjt | et tiedREigMOpfakiepredsuti |)g gasﬁaghséﬁlm)auﬁeﬁ [err]. - the weight of 50
the pressuri zi ng (lgsis= (453t6ge cont ai ner 50 (lbs) = -
(453. 69) krk -- t:ht%fﬁmroytorqs’pﬁe"t@ﬁﬂiﬂ RIAYSUCHING @RS pressurizing gas
unit-less)
P, - the partial pressure of the extinguishing agent '
55 vapor (lbs/ft?) = (0.488 g/cm?) 55
V,, - the specific volume of extinguishing agent vapor '
in the container (ft3/lbs) = (62.5 cm3/g)
m; ~ the weight of the extinguishing agent in the
gaseous phase in the container (lbs) = (453.6q)
60 K, - the polytropic constant of the extinguishing agent ‘ 60
{unit-less)
P, - atomspheric pressure (lbs/ft?) = (0 488 g/cm?).

4. Apparatus according to Claim 1, 2 or 3, wherein said container defines a discharge
65 flow path past a container opening, said apparatus also comprising: 65

5



(unit-I ES'S.)' Pf - the parti al pressur shr ng agent 55 ' Z,é
vapor (lIbs/ft2) = (0.488 g/cnk) ﬂji ,
55 V, 0+~ - the speC| f ic vol une of extl apor in the

cont ewne?r (ft3/1bs) = (62. 5 cnB/g) [err] t he wei ght of t he @RR20234D8BI ng 7
agent ims -

the polytr onstapt the e ur Shl 81 ag ?
: effgctor o tr ch_is
RRUHRE St 31 L peycs b el s e
Appar at us aacoqatpd 'hosard contai

di scharge 65 flow path past a cont ai ner openr ng, said apparat us aI so - .
conpri Si BYTLAIMS: 65 ° C L St 7 5
GB2022409B 1. Suppressidhappdeftuscoivprisiof: Fig. 6 i s arranged about - a central

axi s 280 mnua:p!urabtvwé@amtweralot awew"a#dow@nsm@'wmtem' ehqpewﬁatphc%nur(@rg 4)

n Wit
gpgt Pr B\L;{dd@g 4 P ?‘§§P tk?ne operana'l gtgt%tolf ?he ;(J:Iurapty og contarners angl gor provrdmg

of the operability and dischar ch container; an , 10'

3

5 L Suppresaﬁtﬁno@ana& S S oGl S S5 Lot o3 salh oLEUL AHRRIGHs R

pressuri sechigy isélgéting bk RPst oAb @bAtainedindipsted tb beDépefabl8)1abiubtiing daidOdt |8dst bhed -

“protect ed vaitsingr; torlisaBgd said eainguisigng matetiplein aéspomszl to stidarefinditatiopbnd al i ty

of cont ai neetyatingck fespectivepadditiong cootaimet mmplamasatactgatsd oénteiner fopehighahi 'y

and di scthap '@“b‘F‘d'é%Hﬂﬁ‘ o 6 %ﬂ’%g -absgag actuation circuitry 1

responsi ve {4 | dfﬁf&tsrﬂci NS0 PBIT, Aouoere caite °Bﬂ0§§) fea e epieer f or

initially §%IL& 8y ob&iatsk - a99§d.ﬁarat Gl iofoh ARSIl £

actuati ng afkihrgy. Feali one contal ner to dis arge said extr gul shi ng

mat er i al20 n 3.e Appastustadcading taCRinM iond, %éﬂemrbamnm{ebﬁflmSﬁ'rséeSpect ive 20

addi ti onal extinguighing matevial &g m:marptesatrtsmatgeslamd)anea:haamerﬁzted bu/rthe:h an 15

out put i ndfdiawingrappfoximateenpregeion:s absent .

15 2. Apparatus according to Caiml, wher ei n said ‘sending neans is .

operati s for nsing di scharge of the container with 10 msecs. of thew _1_25
12

di schardge therpof gnd the actuation circuitry operates an additional
container wwthin 3Q nsecs. following a failure to discharge. .20 - 3. :
Appar at us- accofding to f aiml or 2, i ei n gai d contai ners\Bf pregsur|sed
20 exti ngui shi ter al al sg.contain\a pregsurisi gg.,gas and are- 1
char act é&0zed y_guhep L-Low_n.gn_cg.p.p.mau. e pp prﬁsclﬂo 25 '.'_pa “}130
- 252 [err] 3p T |

35 where: 40 t h& Voot r"ﬁ s&e’ed’to t he \‘ffqd'u mfrt{; Hgdnt in 4.

40 liquid stat (ft/sec = (30 5cms) g - ‘the graV|tat|o al . -

accel ergjg on (ft/sde2) = (30.5 cm's2) rfl - the density of the: -J '35
ext i ngui shing ent in aliquid state (Ibs/ft3) = (0.016 g/ cnB) 45 [eru -

the partial pressure of the pressurrzrng gas in .
45 t he convﬁpmer (Ibs/ft2) = (0.488 g/cnR) [err] - the specifrc vol une of

t he pres; |zrng n ntaJner t3/1bs) = (62.5 cnB/g) a - the

effecti v dut I%et §§ zf%')& ”'Sh'é%ggec%' % 50 [err] - the weight of 40_
the pressu 'Z'ﬁgt %?a\)utg‘n pa&a /sec2)—(305cm/sz) 50 '
(I'bs) = (4g3. 69) théensity of e §x@ yttué’lﬁr@ sgeRORS Idfatd Of "t he pressurl zi.ng gas

_(uni t-I ess) [er ritate-(lbs;tft‘f)a=mou6@I/crp?)essure of the exti ngur shi ng agent 55

vapor ( 145s Pf t 2 the(p@m@Bg (%U[mﬂ)the pressurizing gas in 45
‘55 the container (Tbs/ft?) = (0.488 g/cmz) ' : .
V., — the specific volume of the pressurizing gas in
the container (ft3/lbs) = (62.5 cm3/g) . '
~ . the effective outlet opening area (ft’) = 929 cmz)

a .
50 m, - the weight of the pressurizing gas in the contamer . 50
(Ibs) = (453.69)
k, - the polytropic constant of the pressurizing gas 3
{unit-less) ’
Py - the partial pressure of the extinguishing agent .
55 vapor (Ibs/ft?) = (0.488 g/cm?) - 55
V., - the specific volume of extinguishing agent vapor
in the container (ft3/lbs) = (62.5 cm3/g)
-m; - the weight_ of the extinguishing agent in the
. gaseous phase in the container (lbs) = (453.6g) :
60 K; - the polytropic constant of the extinguishing agent 60
{(unit-less) '
P, - atomspheric pressure (Ibs/ft?) = (0 488 g/cm?).

4. Apparatus according to Claim 1, 2 _or 3, wherein said container defines a discharge _
65 flow path past a container opening, said apparatus also comprising: 65



] - the specific voI ume of ext| ngur shr ng agent vapor in the cont ai ner
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60 (umit=tessy [err] - atornspnerrc pressure @ DS/TTZ) = (0. 488 g/ cm¢) 4
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fire whigh Supp@ssicesbparatus according to any of the preceding claims, constructed and 25 13.
Ap3or arcrenyea@abntamnty dscheggiy desveberf with eefqeremed |tlmgaqcbrapanymghka\emgs said 35
Pri te orer ajey's atnery Office by ug & & Am don) Ltd ccond dl ffer ent rmdes one
of saPwisHaEBEPat 'fngzmcﬁweﬂudmgmmg W ah ftom@mm)#smexmarteed projectile
inputs and providing the actuation of a greater anount of extinguishing
material initially in response to an alarm-i ndication. 30 14. Apparat us
~according to any one of the pr eceding claim wherein said actuation '
30 circuitry is operative for repeated detéction and exti ngur shi ng
operations. 1 5. Apparatus according to.. Ciaimi14, whergin said actuation
circuitry is operative for repeated actuation five seconds. after a previ ous
.actuation. 16. Suppression apparatus accorelr ng to any of the preceding A
clains, constructed and 35 arranged substantr ally as herein described with “_:
reference to the acconpanyi ng draw ngs. 35 Printed for ‘Her Majesty's X
Stationery Ofice by Burgess E Son (Abi ngdon) Ltd.-1982. Published at The
Patent Office, 25 Southanpton Buil dings, London. WC2A.1. AY from whi ch
copi es may be obtai ned. _ o




