partlcularly, to apparatus for controlling the flow. of. e s froma
f“prentun1chanber serving as comon exhaust manifold for 5 a |ty of
rocket launching tubes. When a rocket is fired inside a Iaunch tube, the
Qipaust gases nust -be discharged to some safe location. This is a
“particul ar probl em when the rockets are nounted ‘bel ow deck in a ship or
bel ow t he -surface of the ground The 10 exhaust gases are collected and

directed to disc o) t t i.S _bel ow t he
rl)cket exhaus!t ngé’é9\’%’*‘1‘?yl?‘bl("S‘}:i gﬁ;ﬁﬁnﬁ& (y%[?rm%ﬁMst to a

- safe’ | ocat.i on for di scharging into the atnos- phere. During-a nornal

firing, the e%ﬁ@“@&eééﬂﬂslﬁbe 85, 15e gfeéaﬁgune%%?&ﬁQPQ¥%%%%t&Eﬁgelenum

- duct until the ro out e rocC eéxhaust

. gases are genenal, Yefchﬁﬁstnmg'ﬁgfg )fée‘gex‘fé””aﬁﬁ p CLS éﬁ%) c-[ﬁ‘aaﬁ gs will

react with the avallable air in t m and usti on eat and 20

. possi bl e - det oa@i:a@atusEfbbeeomwpmgluaee hf O4e To 0| S EAY %%%lérse%rbﬁan are .
. desirabl e Various known prior art structures hayve neans for con-

. trolling and di peehumgchanker exbaing £OSESmmEH xIRfuSARing AW Foor gas '
- val ves which are operable to admt exhaust gases.into an aSSOCIated
gnanlfold whénaaplovhéfity of rocket launching tubes. :

~TWO- WAY ROCKET PLENUM FOR "‘COVBUSTI ON SUPPRESSI ON The present invention i
r&l ates to:the field of controlted flow, exhaust nanifold s stens and, noré §
nog1ad 1

I

I)

When a-rOCket is fired inside a-launch-tube,-the exhaust
;gaseslmust be discharged to some safe locaﬁion. This is
e particular problem when the rockets are mounted below'
deck in a shlp or below the surface of the ground. The'_-
ld_exhaust gases are collected and directed to dlscharge by
‘use of a plenum tube or duct that is below the rocket
exhaust nozzle and that controls and eontains the ex-
haust te a safe locatlon for dlschargkng into the atmos-
phere, Durlng a normal flrlng, the exhaust flows through
‘15 the . launch tube and into the plenum duct untll the roc~-

'ket is well out of the launch tube.

é , . The rocket“exhausflgases are_generally rich in¥hydro§en
and carbon monoxide. These gasee will ieact with ﬁhe _
available air in the piehum and cause combustion heat ahd

. 20 possible detonation. Either wili produce higher plenum

pressures than are desirable.

Various known prior art structures have means for con~



S fgnited The prlor art also dlscloses a | arge open-. 5 ended exhaust

mani fold for rockets stored ofherwi se than in a |aunch tube to pernit the
saf e detonation of such a rocket by greatly reducting the exhaust pressure
in the [ arge nmanifold. BalanC|ng of exhaust' reaction forces is achieved by
rel gasi ng gases S|nultaneously in oppo- 10 site directions. ‘Structures for
dlrﬁétlng or diffusing rocket or missile exhaust gases safely or, in one .

i nstance, for - suppre55|ng t he noi se of2Teaction engines are also known in
the prior art.. However, none of the prior art structures was found to deal
with the pro n1here I nvol ved, at |east in the manner disclosed

here--in-in EﬁﬂﬁgéFVOﬁnﬂA?hr?+ﬁﬁﬁﬁeiﬂﬁﬁ RrEYSén 2astRe ﬁﬁé@eﬁ? i nvention
' d h t t 1t f ted

P onbuar; on O SFEkY CRBES: SEogts Vo T i s PEESABLE S ERg A EEl Ut ol ¢y
20 of _ rockel,aunehytubesi ,posi dglaogseodclgegeq WA ORBAACL Rk ot

conti nuous plenun ¢ ng genera oriZon y “along Fhe line

of | aunch t Usgs ;aAdtbaY! nghgeaRtof Are wtaﬁ%l%e%a%hﬁgﬁggﬂsggaunch t ubes

-at the base ther nmeans easab y seal i ng each 5 tube
‘adj acent tlechase LRRLASE ﬁxéﬂﬂf@m‘f G d it M dilb el otheryisehaphgr . said
. seal ing neans bei ng adapt ed -3- to open upon the firing of a rocket in
t he associ at &g hamaahchU’eebéOt@d&mmwtsmeﬁﬁ‘dmm&eotfoeheh &nto the
plenun1chanber upon said firing and to close for sea

_ rocket by greatly reductlng the exhaust pressure in the

large manlfold. Balanc1ng of exhausb reactlon forces
is achieved by felea51ng gases 51multaneously in oppo-
s 10;s1te directions. Structures for alrectlng or dlfquLng
.-_rocket or mlSSlle exhaust gases safelv or, in one -
 instance, for suppressxng the n01$e of reaction engiqés
'aﬁé éisé known in the prior art. However, none of the
- prior art_strudtures was found to deal with the prob-
-lS.iem here involved, ét least in:the_manner disclosed'here—

in in connection with the present invention.

Tﬁe.présent iﬁvehtion provides a.rccket pleﬁum exhaust
construction for suppressing unwanted cnmbustior of raw
_exhaust gases w1th1n a manlfold compr151ng. a plurallty
: BLove A

20 cf rocket launch tubes: pos1tloned [Iiﬁp adjacent one

N another; a contxnuous;plenum chamber extendlng generally
horizontally along the iine'bf launch tubes and having
méans for connecting t§ each of the launch tubes ét the
base thérecf; méans for releaéably~sealing.each iaunch_

25 tﬁbe'adjaéent the baée'therecf from communication with

the plehum chamber} said sealing means being adapted



o

" ing off: the launch tube under all other circunstances; 5 and a pair of
~ upst andi ng exhaust ducts. coupl ed respect- EACH DOCT ively to opposi-te end

rof- t he pl enum chanber and bei ng sized to correspond approximately in
~cross-sectional area to the cross-sectional area of the plenum chanber. The
pair of upstandi'ng exhaust ducts can be connected to 10 the pl enum chanber
Lvi smoothly curved el bows.: The ex- -Baust ducts al so may be ali-gned next

- to each other in a: stralght line or may be spatially positioned along a .

*“ curved pl enum chanber h of the |l aunch tubes, where it connects with the -
15 pIenun1crﬁﬁﬁﬁﬁ“n|%Pﬁﬂw§%%ﬁainﬂPﬁh°§ Br 6pekekvénsthe . agspciaend |s

-, preferably & retract daq ni sm and na be controlled to insure

- that the doorglﬁ.é’ %11% %I %"&ge gfméltl gﬁ‘??@s EXRehle weekehelntket in

' the as- soci g S arrangenent 20 serves to

© prevent the-ggc fpe 6@¥Q§E %% ngﬁ?ég FrﬁﬁpanBPﬂeF rotRER REtSeRkveket
whi.ch is stor uky y n Qus .situatjon--or through a

; launch tubeqi‘lfggﬁﬁ?c%ea %%Fbckg%)ghas E%eﬁg%rggflﬁﬁs?yr?wgcﬁ NSH n an

. undesi r abl & #&id wAtd0m MRe3 0 ff the launch tube

©so that-- thg t ube. égnnof servgﬁhaiﬁg eRHEugg &aﬁgg é%%ﬁgf eSpe ¥ whi ch

. the eXhaUStJg&SgStiiQﬁEﬁﬂﬁ&@eanQC5gttHbgBleHhm éﬂgmgg sive com

"~ bi natlon _ VAT ITS ToncTURE WiTH $A10 PLENCM ;
51zedlto correspond approxlmately in cross ~sectional

area to the'crcss~ sectional area of the plenum chamber.

The pair of upstanding exhaust ducts can be connéctéd.to

!—J
<

the plenum chamber via smoothly curved elbows. The ex?

'haustﬁducts also may be aligned next to each other in

N I R

a straight line or may be spatially positionéd along a

curved plenum chamber.

Each of the launch tpbes,;where.it conﬁects with the.

15.plenum chamber, is provided.with a protective seal. ’ - _ ' %

'Thié'seal is preferably a retractable door mechanism- and
may_bé controlled to insure that the door mechanism is.

- cloged at all tlmes except when the rocket in the as~ _ |

. soc;ated launcher tube is firing. Thls arrangemenu .

20 serves to prevent the escape of hot gxhanst gases from

.another.rocket pasf a rocket which is stored in a launch
tube-=a highly dangerous situation--or thfough a launch .
tube from which the rocket has been previously fired,‘
again an undes;rab_« éitﬁation. When closed, the doors

' 25_block orf the launch-tube so that the tube cannot serve



.'As-a bgnef
fihventlon

‘a further burning in the imediate vicinity of the gas which is first

icial ,result of the use of structure enbodylng ‘5 the present

t he exhuast gases whi'ch are driven into the pl enum chanber when
.a-particular rocket is first ignited mix with-the available air and devel op

exhausted by virtue.of the previ ousi4~ unconbusted 10 hydrogen and.

* cswbon: nonoxi de reacting with the avail -

abl e oxygen.. However, as the[

‘exhaust gas continues to be driven into the plenun1chanber fron1the l-aunch

tube i n whashaabiLbnlepocket bef naif iwiddh whiccH rthe exbavghs gBEes riers are
~formed, one.on each side of the firing rocket.
~ the exhausﬁrgasamhtbhrmﬁsckytsmlghﬁtmxxidetﬁéﬂﬁé%k@#ﬂlﬁﬁévﬁh§°ﬁrenum
- chanber  and whi ch very quickly mxed with the avail able air and burned
further tobangsiAR-where the mxture could no | onger support combusti on.
These fronts now maintain a sep- 20 aration between the exhuast gases
'contan|ng to.be driven into the" plenunlchanber by the firing rocket and

the air.

15 -These fronts .consi st of

“are drlven a&é;ggpgg%%gglpggggglf e con &g%té%#%F£§§¥&%%r|ng &gagezfggtfhe

" addi tion
- remmi.nin

termnati on BCtt%ea

separ ation

é:ﬁéhg%agﬁaacseavéﬁt%{‘ng?ﬁ Jd%fqenu dOMnidielard iaed viee

anber and out of the

}:ﬂalﬂ‘ﬁmeeﬂﬁmﬁgﬁrﬁﬁén al ﬂaaf‘afcmﬂ erdBHdY aignifigsithe
etween the air and the .com bustion-rich exhaust gases which

stem ou

are Iater Q@h&%@@ mix with the available air and develop a further

-burning in the immediate vicinity of the gas whlch is

first exhausted by virtue of the previously uncombusted

10

hydrcgén and éarbcn—mon§xide.reacting with the avail-

able'oxygen.' However, as the exhaust gas continues to

;bé driven into the plenum chamber from the.launch'tube

- in ﬁhich.a rocket is- being fired, two fronts or gas bar-

15

-20

riers are formed, one on each side of the firing'rockgf.
These fronts cénsist of the exhaust gas which was first .

emitted by the rocket into the plenum chamber and which

.vefy quickly mixed with the,availablé air and burned

further to a point where the mixture could no longer

support'combustione These fronts now maintain a sep-

aration between the exhuast gases contlnulng to be driven .

-'1nto the plenum chamber by the firing rocket and the air

25

:remalnlng-ln the plenum-cnamber and duct system. As

these fronts are driven away from the launch tube con~
taiﬁing the firing rocket by the additignal_exhaust gases
baing emitted thérefrom, they drive the remaining air in

the system out of the plenum chamber and out of the’

-.5-



'Ehce the,air is driven out of the plenun1chanber and 5 duct systen1 there
"is'mo Ionger ‘any danger . of detona: tion within the systemdue to reaction
of~the unburned hydrogen and other conbustible products in the exhaust.
‘gases.. The particul ar conflguratlon of the structure. conpri- 10 sing the®
:pl enum and ‘exhaust ducts is not considered critical; however, certain
-design-factors should be- taken into conS|derat|on Al t hough not
inecessarily.. round in cross-section, al F3tarners or el bows are curved *

isections with generous radii to aIIOM/the exhaust to flow 15 undi st urbed

.éigrﬁ;?stgﬁdog?ﬁ%ﬁ q;fj_ X thg_ uggglg a'ﬂ%re@f}e’?e% SS‘?ﬁ' &‘uct’fa.“t ngl egxhuast

duct cross- Se%étlﬁ{pdlnq' iode gf‘t}gtg‘gl aééxﬁéust %lalr;rg 3l s IEmerl ng |

dependent -upon € Maxi mum expe ex- CONST

hat the exhausjseid-endiatdad Bagcsrvhess okl bedehibendhe tuo

exhuast  ducts. Since it SitabPe to MaiRtain a reraty ‘ow pl enum

pressure of ahpide 5% %\ﬁr iQUigsli Yenapghient %@s§%ﬁmtm@s%§£ct i onal

‘area shoul d be sized for 25 about a Mach 0.5 ve

ocity at steady state

‘condi tions. PidarAnidysteln eshietel A8 a6NIbAgerasny durgsr sbOWdkdia~ - 6-
;kept to a mninum since any stagnant volune is a po- tential pocket for a

L 114 et

o ox g -

PRI L

‘combusti bl e mitdar @mﬁhmm}nmllsgbeeml Huestpr etactbbr 66 the n.lnsburrtekm exhaust
‘duct Cross-

hydrogen and other combustibkle products in the exhaust

gases.

“The particular configuration of the sﬁructure compri-
10 sing'the plenum and exhaust ducﬁs is not considered
- critical; hoﬁever, cartain'éesign-factors should be-
;takén into considerafion.f Although-not necessafily:
"round in cﬁoss—section, all corners or elbows are curved
Séctibns with generous radii to alloﬁ the exhaust to flow

15 undiétﬁrbed toward thg'outlet ends of the upwardly
directed éxhaus£ ducts. Angled corners and poékéts aﬁe
to be-avoidéd wherever-pdséibie._ The totai exhuast
duct cross«sectlonal area should he relatively small
Thls area is dependent upon the maximum expected ex-

Zb haust flow rate, consxderlng that the exhaust will be
divided ﬁore-or less equally between_the two  exhuast
ducts. Since it is desirable to maintain a relatiﬁely

_léw.plenum pressure of about 15% over outside ambient
pressure, the cross-sectional area should be sized fd:
'2$'aboutia'Mach:0.5 velocity at steaéy state conditioﬁs.-

Discontinuitiasg in.the constant area dﬁcts.shculd.be



SECIIOH&F area essentlally constant or Ieast to pr o- 5 V|de that the

area.increases slightly wth ﬂlstance fronlthe pl enum chanber -
the flow area becones significantly |less wth distance,

proper. _
the plenumtends to

S f

act as an accumul ator and nuch nore nixing of the fuel-rich exhaust.and air

Wil

dISS'

area of the eXhaust

ducts with di3t angenihBan &8cEnhay S RHash Y1 Jbgwand the ) ast of

15 't he #@ Kets In.a row so that.the air in the pl enum chanber proper

may be

cl.eared Qi 1hef poeKEUDEE AN | dbmbht DUl dikddie ) alstur@dses can occur.
The shape of the cross-section may al sobe’varied to -accormpdat e’ certain

space requirenments or .other
herein with respect to the cross-sectional
concer n its ilsoppeéezabla targelnbaumetmeeexhaustrdneﬂ|cndsp-stagnant

turbulently mxed, fuel-rich exhaust and available air fron1deve|op|ng

I|n1tat|ons if the 20 conS|derat|ons dlscussed
area are observed. The primary -

Wit hin aecegmnlzaraaveﬁgeaueum corstant j cr fay kanste 49 P&®-pl enum gases
such a_ situation is not prevented, the: resultlng m xture woul d be

-7-

li kel y5 t\{idéoﬁbéé'rt ‘thRdpERadbneRaRees s R shrEE uritntd isttans
pr essur e,

of

I f

10

.from %e p .enum chamber proper. area
becomes 51gnif1cantly less w1th dlstance, the plenum
tends to act as an accumulator and much more mixing

of he ruel—rlch ‘exhaust and alr w1ll occur near the

rocket.. If the flow area increases too rapxdly w1th dis-

' -tance, then volumetric eff1c1ency is lost. Iif a struc—

ture is selected whlch provrdes an 1ncrease in cross-
'sectlonal area of the exhaust ducts with dlstance,

rthen the enlargement should occur beyond the last of

15 the rockets in a row so that the air in the plenum

chamber proper may be cleared out before substantlal
'nﬁxlng wi th_the exhaust gases_can occur. - The shape of
‘the cross-sectiqn may-aiso'be.varied*to accommodate

certain space requirements'or other limitations-*f the,

20 considerations dlseussed herein w1th respect to the |

25

cross—sectlonal area are observed.
The primary concern is to prevent-a large volume-plenum

of relatlvely stagnant, turbulently mlxed, fuel—rlch

,exhaust and avallable air lrom devéloplng w1th1n a reglon

having a restricted outlet for these-mlxed plenum gases.

S ncrease in
ssure gue to conbustlogfhﬁgt éﬂPUt can be seyera

orders

%

occur near the 10 rocket. lf.the fIOM/area I ncreases 't o0 rapldly Wi th
tance, then volunetric eff|C|ency is lost. If a struc- tureis-
sel'ected whi ch provides an increase in cross- sectional



5. nagnrtude above the steady state pressure mnthout com bustion.
ﬁngnatlon pressures are some 5 to 18 atnos- pheres and may be even higher.
An_one particul ar structural configuration in accordance with the present -
“invention, a plurality (two or nore) -of 10 rockets and rocket |aunch tubes

-are. spatlally di sposed in a |ine above a generally"horizontal, associated

Stuku- lar pl'enum chanber whi ch extends-=tthe full |ength of the line. At
gopp05|te ends of the plenum chanber are a pair of upstandi ng exhaust ducts
. joi-ned. to the pl.enum 15 chanber by respective gently and continuously

(v

tcurved el bovkEf suphe & reddgiadden eﬁamcérpﬁeuﬁneadh tRaavesubiitng appr oxi mat es -

:that of ‘the plenuntchanber Itself, ‘l.east in the vicinity of the region
. wher e’ t he e%h’éi@%rqjd@u%@eplléﬂiﬁ%%ﬁanﬁé’ﬂb&ﬁé pBPded deterak? withn one
‘variation 20 of the invention, the walls of the exhaust duct are tapered

"slightly so %tﬁﬁsq QﬁwﬁﬁéqﬂaﬂHQEwﬁseaﬂé ErPﬁsuEFeasggegPEﬂﬁ%P¥? from't he
“inlet end mh ch 1S CcOo q?c}o th plen ntchagb g o
therefrom aﬁﬁtﬁ% REH @bpfﬁ'aﬁpg et Ph 5838?5 ngﬁ ﬁf?h he 25

“present nnngg%,ﬁﬁﬁ QHSAPHH W0k Blal BUEHLURES i tREGEALLRYED

relative t0 ea orma ge oe COﬂ I'guration.

t] et nd renote

_3plenuntchanggﬁ {*?ﬁﬂﬂkbégbﬁﬁggaqz nu% ,Qgrgeghggmghgpgg ﬂ§n5£@$%gunderneath

“all of the l'aunch tubes anber further extends yond the
: hor seshoe- S@ﬁ%&bé@%ﬁp&ﬁy‘&$an9p&ghdgyﬂmh tubes to the respectlve

.posltlons of the two upmardly-.

- In one partqular sﬁructural-confjguration in accordance
with the present lnventlon, a plurallty ( two or more) of
10 rockets and rocket launch tubes are_s?atlally disposed

in a line above a generally horizontal, associated tubu-

lariplenum chamber which extends the full length of.the
line. At.oppcsite ends of tﬁe plenum chamber are a :
pairx oflupscanding exhaust ducts jcined.to the plenum
15 chamber by respective gently and coctinuously curved
elbcws. The crcss—Sectiona; area of each exhauct duct -
approximates that of the plenﬁm chamber itself, at least
- in the vicinity of the region where_the exhaust duct and
plenum'chamber arecjoinedetcgether_ In one variation
20 of the invention, the walls of the'exhacst duct are
h tapered slightly so that the crcssjsectionél-a:ea.in-
'cfeases éradually from ghe inlet end which is coupled
to the plenum.chambei to the outlet end remote therefrom.
In -another partlcular arrangment in aceox dance Wlth the

25 present 1nventlcn, the respective rccket_launch=tubes



i N-1ine arrangenment of the rocket |'aunch tubes and pl enum duct exhaust.
system.descri bed 10 hereinabove, the exhaust from any one rocket in the

hor seshoe will divide nore or less equally and progress toward the two
exhayst ducts..at opposite ends, develop- ing the two gas barriers or fronts
previously described and driving the rdést of the air in the systemin front
15 .of the barriers and out the respective.ducts. During the transition
period after a rocket _in any one of the [aunch tubes begins firing and.
before the &Ff ?§rﬂY‘F@e¥\e3€ﬁ|¥l‘<ﬁ iheagisdhen ver £oaFedt ARBRTYhSs phases
wi'th-in"the system é%%.the air whichis being driven out, 20 (2) the
conbustion_g?ﬁdﬁﬁ?%er% MR EYIn t RS RIETU8h CHATPRE” FHERRES cAS exhaust
gases and the adjacent air to formthe gas harriers, and (3) e raw _
exhaust Stiflc?gth?ﬂ%u?f&ﬁﬁ?%ﬁpq%ﬁﬁ&ﬁp d“%fﬁg%ﬁf PBdSFpeéﬁgtﬂLPb%friers’or

f ts. out dly._§ ' t anay | the 25, vicinit f the firi

ooket . pus P ag ERECHBIbAT S, R MR srlaRRe Bt h R et ducts
ocket, pushing The Festof ¢ nieai'r U ST ¥ _ luct s

Wth the Brookand; Be e RN R Sl e e B Rk e LA RER Y Ca i

di regt ed éxhauSt”dUcts, one at each end of the horse- shoe. As with the .(:;;

ansition perio

IS g A, POTELE St g WO et T
invention idideceedexRxiist Sqades , Wid Ut < Gid OF adal Askskl as
n Shéé. As_with-the_inmline arrangément“$f the rocket “
lauhch~tubes aﬁd plenum¥ddct exhaust system described
10 hereinabcve,.ﬁhe exhaust from any one rocket in the
horseshoe will divide:more.o:_le;s equally and progress
- towardithe tWolexhauétléucts at'bpposite ends,.ae§elop~
ing tﬁe-two gas bérfiers_or ffoﬁts previously described'.
and dfiving the rest of the éi? in the systeﬁ in front

15 of the barriers and out the respective ducts.

During the transition period after a rocket.in any'one
- of the launch tubes begins firing and before the air is
‘drivéﬁ out of the system, there are three gas phase§ with~
in the systemﬁ (i) the air which is being driven ouﬁ,.

20 (2) the combustion products resulﬁing.ftom the reaction
of the fuel-rich exhaust gases ahd the'adjaceﬁt air to
form the gas bérriers,légd (3) the.raw exhaust étill
iséuing from the rocket and acting to drive the barriers

.ox fronts ouﬁwardly.thrpugh.the system. away from'the

25 vicinity of the.firing'rocket, gushinglthe rest of the

air out of the'plehum.and exhaust ducts ahead of them.

T NN ) oA AR
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: s provrded by arrangenents I n accordance w th the. present i nvention, the !13
2 igitiat raw exhaust gases m.xi Ag i n ‘an ot herw se open pl enum or

- déCunul ating in stagnation 10 pockets and chambers may cause a dangerous
fexpl osion. ‘A better understanding of the present invention may be had from
La consrderatron of the follow ng detarleg_descrrptron taken in conjunction
: mnth the acconpanying drawing.in which: 15 Fig. 1 is an eIevatronaI vi ew of
i a partrcular arrangenent in accordance with the invention;:Fig. 2 is an
g“elevatronal view of another particular arrangenent in- accordance with the

¢ present. i NVentii@R; mbk- r8ckstd BlAnyi BN £f syt rangeIYdankeawighdance 20 -
{wi.th the present invention showing certain details of the rocket:1aunch

: tubes; and Flghe4pr&sanﬁ|&ﬁv&heﬂbﬂf Bﬁiélfi&ﬁﬁrﬁfaﬁyrﬂmm@ememuddnlaccordance
:wi.th the invention. In Fig. 1, a system 10 in accordance with the invention . .
1 25 is shown |nompﬂemaﬂrmnehevaryoahestcbmmerquqﬁxb#ﬁeaﬂuﬁhort-@@-l@hanber

12 posi‘tioned underneath-and connected to a pair of rocket |aunch tubes 14

.and 16. The | &ondR0t nbdlisecondai nsHaweveket 11 8is rwtigraddicomtisifon, the

;Iaunch tube 14 being closed at its- unger end bg a cap 20 and 5 seal ed of f
Lat i ts | ower @8dipdofheke threRuRPEARNBRr vRCH the RTRIRAY VVERHIO%2.  The

seal 22 may ver 1| - conpri.se a dqor chani sm such, as i s discl. sed |n my
. y- 1§/§giectedngx1sts an8 wgghout proéecé&on agarné% f% y

is prov1ded by arrangements in accordance with the present
%-* - 1nventlon, the initial raw exhaust gases m1x1ng in an _
otherwise open plenum or accumilating in stagnation

léfpockets.and chambers may cause a dangerous'explosiqn.

:A'beﬁter_nnaerstanding of the present invention.may be
.had'frcm a'consiceration'of_the'following.eetailed .
-descriptionL taken in conjunction'with the accompanying
- drawmng in whlch'
15 flg. l is an elevatlonal view of a partlcular arrangement
in accordance with the invention; | |
é' , - Fiy, 2 is.an elerational view of anotner particular
| arrangement in accordance with nhe prasent inﬁenrion;
- Fig. 3 is a plan view of an arrangement in accordance_
20 with the present 1nventlon.show1ng certaln details of

- the rocket launch tubes, and -

VISP NP S S

rlg. 4 is a plan v1ew of still another arrangement in

'accordance with the invention.

g . o In.Fig. 1, a system Iolin-aCCordance-with the invention

- 25 is shown in schematic elevation as comprising a plenum



' aforenentroned paten 4, 044, 648. VVthrn the l-aunch tube 16 is shown a rockét
24: . The 10- rocket 24 is firing,’ presunably inthe initial phase of a
,-Iaunch operation, and its exhaust .is directed down- wardly. and into the
~-pl enum chanber - 12: The seal such as 22 at the I'ower end of the |aunch
tube 16 i s open, and the cover, -sucfloas 20, at the upper end of the [ aunch

- 15 tube 16 s renpbved. A pair of upst andi ng . exhaust ducts 26 and 28 are -
connect ed to the pl. enum chanber. 12 at the left -han g éggglrhands ends

_ thereof, r % yglgosytaoﬁédouudexnﬁﬁﬁhmﬁPQtﬂ%&? The system 10
-as- deprcte e

signed 20 for-installation higpe0t aunder gr ound
and a deck %%%':rettslaudchateblebylﬁ hengrbken 'ﬁﬁt ag{zpqzhsTheeconfigUra- tion -
~of the- plenuntchanber 12 and exhaust ducts_ 2

| Seyd rafigrth to provide a
 smoothl y ¢opftidiweus irockeitod 8sénf BERTAPE h°AT |n%%?d|scont|nurt|es " To this

~end, the 25 el bows. 30 and 32 are of const any_gagi Us. capVe0 earl s-
contlnU|tlﬁubéukﬁlhumng(ﬁﬂﬂﬁ§ ng%gs%néf he | aunch tubes 14, 16,

t he chanbers formed thereby are na digs shahh@vwchsmpessidl e by havrngV
‘the.seal § 22abéd &k gvledity AMET f e%gg?ncltoseﬁto the juncture 5 of the

“launch tube wi-th the p] enum ch |§§aheaarhhe,vanu ¥¢lhavi ng the
corner 38 by auwrroFeFerVf % Ied ared, or otherwise faired into the -

wal | of the pl enum chanber fsﬁnsgmym d i ghisclosgd 12 ™E¥e corners 38
~are snuothpymEEF§%da OPhe %%%ctures with the plenum

aforement:oned paten 4,044,648,

§ | ' rock 24, The
' Wlthln the launch tube 16 is shown a rocket 24
vhase of.
10 rocket 24 is firing, ‘presumably in the 1n1t1al D

| down- -
Ca 1auneh operatlon, and its exhaust is’ dlrected d -

yuch as
wardly and into the plenum caamber 12. The seal su |

L 5
22 at the lower end. of the launch tube 16.;5 open, and

' ch
" the cover, such as 20, at the upper end of the laun

15 tube lG_is removed.

B

. '. £ and 28 =On cted’
T A palr of upstanding exhaust ducts 26 and 28 are conne

t—.
to the plenum chamber. 12 at the left-hand and rlgh

r curved
'hands ends thereof, respectlvely, via elbows o

d
tubes 30 and 32. The system 10 as deplcted is desmgne

. ' d a deck
- 20 for installation on board ship OY underground an

i : figura-
1evel is 1nd1cated by the broken line 34. The coniigt

6, 28

tion of the plenum chamber 12 and exhaust ducts 26,
ior

| is arranged to provxde a smooenly contxnuous ‘inter

: s end the
surface thh mlnlmun dlscontlnultles. To thi ’ |

. - where dis-
25 elbows 30 and 32 are of constant radlus .Wherel_

e ooy S —— 9 A ] ST 18 e R




'~10._chanber *12.- In thi.s manner, stagnation pockets which m ght accunul ate é;;>
- .C@mbusti bl e:mi xture of raw exhaust gas and air are avoi ded and el i m nat ed.

-. Mrey rocket exhaust, designated E, is shown entering the plenum 12 fromthe -
{Troeket 24 of launch tube 16. As 15 sholeLh'Figsf | and 2, the rocket 24
has just initiated firing. . The gas barriers or fronts, designated B, are
shgwn forming on either ‘side of the exhaust E and .be- ginning to drive the

air (indicated by the arrows) ahead of themout of the plenum 12 and '
associ at ed- exﬁaﬁéﬂ-nﬂgtéléét gree ungyoidaiie edfmh Handage EERein both

: Jateral ‘directions fromthe immediate vicinity of the rocket 24. Fig. 2 is-
ahS| mlar schefEprl Eubest ildn Howithe shambedsipimsd HSLERERFR 40 to

7 that -depicted in Fig.. :1. 25 Wyere the sane conponents, are enpl oyed, they
Lare  -12- dBaighaLegdops: fhaddmy As AASTPI Having, e,"%p%f%ystem 40
tof Fig. 2, as_shown, is identicaltéﬁ t hat of. he rocket and .

g A
i l'aunch tube affaRfefeftloshd adddth eﬁﬁuﬁ%ﬁé%ﬂﬁﬁléhé JTHREESt em 40
i differs 5 fromthat of Fig. .1.in that .exh t_duct 2 d 44 ed
Fespectivel § 08 FBe: Snunetn e o h A SR O SRR e 13 SEarRELe:
telb 30 and_32, t | i ght | h he. - ' | f
| The exhaust  dabes B0 PAs IR b domen A 14€ e ol SRS FRBkRERe 107 ©
eI__:bovvs ;30’ 32£laé%d%h%vfm_3trﬁé@v&se2’féihreefm?gétt}gélc$§ll of the plenum

' chamber 12. As shown in Figs. 1 and 2, the corners 38

Ve i bra ey mrmansr Aee

. are smoothly curved at the junctures with the plenum
© 10 chamber 12. In this manner,.stagnaticn potkets which
 might accumulate a combustible mixture of_raw exhaust

-gas and air are avoided and eliminated..

%-t '_f;' . Tﬁeiﬁoéket éxhauét;'desigﬁated E, is shown entariﬁg,the _

. plenum 121from the rocket 24'of laﬁnch ;ube.ls; As

15 'sho'wn.ir-l F'igs.-l.a.nd 2, _thé rocket 24 has just initiated
firiﬁg. Tﬁe gés barriers or fronts, designated B, are

" shown forming on either side of the exhaust E and be-

ginning té drive the air (indicated by the arrows) ahead
of them out of the plenum 12 and'assoéiated exhaust -
'-_20 ducts 26, 28 as the exhaust gases E spread in both

;.1aterai_directions frem the immediate vicinity of the

n A conaThm e e ek e
oure e .

.rockeﬁ 24.

Eig;.z is a similar schematic elevation showing an al-
'terﬁative arrangement 40 to that depicted in Fig. 1.

‘25 Where the same componenks aregemployed, they are



-,

42, .44 are |dent|cal to each other in configuration and di mension,.
albhough this - in not essential. For exanple, one of these flared exhaust
“duct s, -such.as 42, n1ght be combined with one of the constant area exhaust
“ducts, 15-such as 28, of Flg 1. it isipmsportant, however, that there not
“be~a S|gn|f|cant Teduction of cross-sectional area’ along t he | engt h of the
“exhaust "duct” for the reasons already discussed. Fig. 3 is a plan view of a
-system | OA i fieefgra d@achyWehd 28méheeifarenteo humeHhils i S easeNtthal |y '
similar to.the system 10 of Fig. 1, except that three rocket launch tubes
14, 16, are syotemi §6teddrof.t 89. asCehoen pdst iidentigAlj dion thiet | aunch
tubes to.the.plenum chanmber wi'th -shallow angles, thus avoiding the
~devel opnent of Biy.2b shaghatronkeachaﬂslannbheimnee@nmmngeMGnﬁrandvm
Iaunch tubes 14 of Fig. 3, the covers 20 are in place. However, .......
........ .associated. plenum chamber 123- mhatbgaham«ﬂﬂldaﬁﬁﬂrSUbe 16,
the cover |s renoved, as well as the rocket normally stored therein, and
t he el emen® sfmmlbl“etvmfhl‘mgt.hé Lautbatt epalgtaductspdid asfd ddors 46 at -
t he ‘bottom of the launch tube together 5 with side portions 48 with which -
‘the doors 46comnectadseaspagtive Vi@nsﬁﬁﬁtmhamdﬂ ¢ighk-hand &’nds | ed de-
scription of this structure is set forth in may ‘afore- nentioned patent 4,
044, 648. TE tbabPhanisn 18f byh&heosddoms i agidH B3 o IRRRF D pr i ses
one artlcular ' -

P s lghtly so that the cross «sectlondl area of the exhaust

ducts 40, 42 increases ¢gr adual]y thh distance from the
ldlelbows 30, 32. As shown in F;g. 2, the exhaust ducts
.42,.44'are'i&éntical to each other in configuration and
.-dimension, although'this'in-not essential. Forlexample,
" one of these Flared exhaust &ucts, such as 42, might be
comblned w;th one of the constant area exhaus* ducts,
:lS such as 28, of Flg. 1. It is lmportant, however, that
there ndt be a.siénificant ieduction éf cross~sectional
| area along the length of the exhaust duct fer the |

reasons already alscussed.

. Fié. 3“is a plan vlew 6f.é éystem lOAAin accordance with
20 ﬁhé invention.. This is eséentiallynsimilar to the
system 10 of Fig. 1, except that three rocket launch
tubes 14, 16, are.shown lnstead of two. Corner portlons'
' 38A join the launch tubes to the. plenum chamner with
shallow angles, ;hus avoiding the development of any
_.25 stagndtlon pockeys in these reglcns._ In the two launch

tubes 14 of Fig. 3; the-co#ers-zd-are-in.place. However,



7710 embodi ment of the seal structure 22 shownin Figs. 1 and 2. Fig. 4 y

" ci¥1ustrates in pl an viemﬁanothef particul ar arrangenent in accordance w I127/

i_,ﬁf‘"h"e present invention showing a plurality of launch tubes 14 simlar to \

~ those 15 shown in Fig. 3. In Fig. -4, -a system50 is shown.com prising a
greater plurality (in this case, five) of rocket launch tubes 14 arrayed in

. a~Aorseshoe- shaped | ayout -which is nore €b3pact than the in-line |ayouts of
Firgs. 1-3 for the same nunber of launch tubes. In 20 Firg. 4, simlar

i -el.ement s haveﬂbeén-designatéd-by“the'sahe-refprénce nuneral s as i'n the
' ~precedi ng fi gdedhe sEnteudlayith i ke ok 61 hbhel epver chansemovedunder cor -

;ihesponding | aunch tubes 14 ar.e connected by curved plenum portions 12B in_a“
| ‘snoot hly cont Meddusisc diike rogkapaermablyf storedythenesn, i andsthatial ly the
same as -14- that described for the systenms of Figs. 1 and 2. Thus, .

~when a.given EIERANYS igihie mthianpre iawechntube 1AuAEhR BuBeifear est

© e e T e ea oo

ﬁ:chanber 12, 5

the ] eft-hand e'gfust'duct-ZG, t he exhaust divides on entering the plenum
oo AR 1AE RE thRF QR O5the hasngs 5EPSr EOURERRTAr o

driven respgctLv ly toward the |left-hand exhaust duct 26.ggd right-hand

exhaust duct ¥&F éﬁ”f@i‘é"?‘%s‘b‘éc‘ﬂ% WhiFRANtRS FPBRPsGehME Fadfich t ube

."14 to the exhaust, .ducts are different it.may.be expected that the 10 gas
barrier. fronlgﬁ?¥ﬁ9ﬁaRﬁ%ﬁpﬁﬁﬁﬁﬂfgkéh%%a?%?s%Qha. tﬁore.geialied_ge-

scriptioﬁ of this structure is set férth in may afore-

meﬁtioned patent 4, 044, 648. The combination of the

dodrs.46 and side portions 48 cbmprises one particular
1d emquiment of the seal structure 22 shown in Figs. 1

~and 2.

| Fig.'4 illustrétes in_?lan view another paéticular'
.érrangemeﬁﬁ in accofdaﬁée.wiéh the present invention
shdwing a plurality of 1aunch'tub§s 14 similar to those. .
15 shown in Fig..3. 'Ih Fig.-4,la system 50 is shown. com-
| .prising-a greater plurality'(in ﬁh;s cése? £ive) ofj
rocket launch tubeé_l4 arrayed in & horséshoe—shaped
layout which is more ¢Ompact_than the in;iine layouts
of Figs. 1-3 for the same number of launch tubes. 1In
20 fig. 4,.siﬁilar elements have been designated by the
'-séme reference nume?als as in the preceding figures.
'Individual portions of the pleﬁum chamber 12 under cor-
responding launch tubes 14 are conﬁectéd.by curved
;élenum portioﬁs izé in a smootle_Continubus'cufve;

-

25 .Operation of the system 50 is eséentially the same as

[ P WP S ST



Nb?ébver because of the differences in distance, the respective back
~pressures -nmy be slightly different.. However, the differences are not 15

- such as to cause any signficant. dlffer‘?ce in the op- eration as described
~or.ion the effecti'veness of the gas barriers in clearing the respective
--pIEﬂuntand exhaust ‘duct passages of the air |n|t|aIIy present therein, thus

' t t g ta '
'gre\e/\ellegpl 2g6?s§ b f%ferxtlﬂ os%’elkn{% i Jrz’%taéih \hé%%g r‘Ih‘?s:erzjg Ve bee Zcr?bed o
above speci b @ Ol%?lg% ot Ofs IAG-NRY £86 @aﬁé‘fé‘“éﬁaé‘”ﬁn Aggoci at ed ex

haust duct systens for stlon syppression cordance wth the

invention fgtyidhe gPaRe Al s e Lohad Nl Ao URAIEE 36 Wk the

i'nvention may e use to al vantage, It be appreC|ated that the

invention eyHa%igtolailvilds b afE 0 dmBg gy} modi-
f.iications, eJEFlgtloﬁstr eqd%valentlgﬁrangg%ents ﬁﬁg may oCcur to those

'skilled 'Snafekt@. iingd hﬂt&ﬁ] wﬁé@e&rt&&%wm&wﬁe%ﬂp&of t he

|nvent|on as de inéd in e appended clainms. C k . A rocket plenum °
exhaust ' copgier Wativath fﬁsfém@lsy NEbwHYE NE 186l r@ﬁm&amnesaﬁaﬁew exhaust
gases within a mani- fold conprising: a plurality of rocket | aunch tubes
[err] posi theiteds ldde Hidacind rexipneifeduce 2O0! i Begsdsse the

duct be;Eore the other gas barrler reaches the ot her exhaust duct . - @

respective distances fron such a. launﬂh tube l4 to the
:exhaust ducts are different, it may be eypected that the
10 gas barrier from one side will reach the nearer exhaust
| auct'before the eﬁher gas barrier reaches the other
exhaﬁst dﬁcﬁ. Moreover, beﬁause of the differences
 1n dlstance, the respectlve back pressures may be
-_sllghtly different.. Howeve:, the dlfferences are not
. 15 such as to cause any'signficant.d;fference in the op-
| eration as described or in the effectiveness of the gas'
barriers ih clearing'the.respective plenum and exhaust
dﬁct passages of the air initially present therein,
thus pfeventing mixiﬁg of the bulk ef the air with the B N

20 exhaust gases to develop a possibly explosiwe mixture.

o ALthoﬁgh there heve been described above specific ar-
rangements of two-~way Eecket plenﬁms and_aseeciated ex-'
- haust duct systems for combustien syppression in ac-
cordance.with.the in&entiqn”for the purpose of illustr-
25 ating the mannef in which the invention may be used to .

advantage, it will be appreciated that :the invention
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{5 :
-5 plenun1chanber extend| generally horlzontal al ong t "Iaunch "
tub®e Ald hawi mg arddn Jf@)g ToRTREE ngAFGQeQ&FFg ot Y K (Q jﬂgfg%&;ét the 19
_Pase thereof; means for releasably seal i,ng_each Iaunch agﬁﬁ
“base t her-eofi.chridimreon M Sati@ns wPEheENE Y, =T Sea

neans bei ng adapted to open upon the firin C|ated :
| aukgh t ube camadiia dxeRgstkghdes Lrofkhen %’?%ocajequo’ctito t OII’Q g%é%achanber

upon said firing and to close for-s fo t u h< nger I
ot'her citcunst dreesitiahy BhBaPFOBE G’%s Ay S Je a%%ta%ggﬁgacgﬁpfglc?
‘respectively to opposite_ends of the pl enum chanber being sized to .
.borrespondaﬁapanﬂednﬁlé#wsrn cross-sectional area to the cross-sectional
ar ea. of the pl enum chamher. 2. The. construction of Caimi, haV|ng means

-for. coup- ﬁ; %Tthﬁ | ower “ends of the exhaust ducts to-the cor- -
respondi ng e g‘ e pl enum chanber. in a snDotth con- tinuous

arrangerens, - e ol dd TS NeLRRas L SRRl o e Ho A TEBL Lo Rty

fications ;variafions or ent arran may ocCC
B e g
B e ST R A G o O
poqltlonedkﬁa line adjacent one another; a continuous
5 plenum chamber extending generally horlzontally alonc the
-'.line of launch tubes and hav1ng means for connecting to
~each of the launch tubes at the.baee'thereof; means for
: releésably sealihg each leunch tube edjacant the base
'theﬁeef_from'eemﬁunication with the plenum chamber, said
- io sealing means being adapted'to open unon.the firing.of a
~ rocket in the associated launch tube to admit exhaust
gases from the rocket into the plenum chamber upon said
_fi:ing and to close for sealing off the launch tube
undexr all other circumstances; and a paif cf upstanding
15 exhaust duc*s coupled respectively to opp031te ends of

ZHCH Die AT TTS ToKNcTVRE wivTH S48 PLENV M ¥
the plenum chambefianﬁlbelng sxzedﬂto correspond approxi-

mately in qross—sectional area to the cross-sectional

area of the plenum chamber.
2. "The cbnstruétion of Claim 1, having heans for coup~-
20 ling the lower ends of the exhaust_ducts'to the cor-
‘responding ends of the plenum chamber in a smoothly con~

tinuvous arrangement.



positioned |ine adjacent one anoth®r; a continuous 5 pl enum chanber
eXtendi'ng genesaliy, horizentaldye al (mgcébﬁ_hhgmy oanauwrh dibescdbd having /
means for connecting to each of the Taunch tubes at the base thereof; nean L
for rel eagablyiseal i per-eaeh daungh dgbbvallpaceatrringdxesess hehboh foaym
cornmuni cation with the plenum chanber, said 10 sealing neans bei ng adapted
tQ open up9RshRerhi EkRG @fq,ca,U‘Cé?d(einlﬁhéharassm@d:& aprsidagedt o adnit
exhaust gases from the rocket into the plenum chanber upon said firing and
to close fgs peakingiof fedded@pmobft the indentdldn aheiefirédninatbes; and

a pair of upstanding 15 exhaust ducts coupled respectively to opposite ends

of [err] thgnehaaameahdates being sized to correspond approxi -

nately in cross sectional area to the cross-sectional area of the plenum
chanber. 2. The construction of Claim1, having neans for coup- 20 ling

t he | ower eﬁb&fbﬂ%ﬁhe exhaust ducts to the cor- respondlng ends of the
plenunch?nber in a snDothI con- tinuous arrangenent. The
constructi'on of® FAFReS, U%ﬁéﬁﬁ ﬁ?ﬂﬁ?%%u%?ﬂﬁ&r#§5ﬁ§ﬁxﬁﬁﬁ|%%P%I%§$#n§f

snoot hl'y continuous el bows, one.  for each exhaust duct, coupling the

associ at &Rt E?fiu%‘?“‘dbﬁt-"?& & FFLPORINRG gAFSt Withig ehuneBhanber. 5

4, The, nstructlon of clal 3, Wherein each el bow is of substantially

const ant % Q§Eﬁ%xt8ndsatRﬁﬂﬁﬁ;%ﬁYaﬁﬁl§°Ske&péﬁMHQﬁu Eeserr]
\ gy..ahg_
positioned{<m line adjacent one anothar, a continuous

5 plenum chamber extending generally horxzontal;y along the
" line of launch tubes and having reans for connecting to
'each of the launch ;ubes at the base-tnerecf; means for

reledsably sealing each launch tube adjacent the base

thereof from communication with the plenum chamber, said
10 sealing means being adapted to open upon the firing of a

rocket in the associated launch tube to admit exhaﬁst

ases from.the rocket into the plienum chamber upcn said

(8}

firing and to close for sealing off the launch tube
under all other circumstances; and a pair of upstanding
15 nxhausu ducts coupled respectively to opposite ends of

LEHEH DU ' LAT TTS TuNeTVRE wimd sa15 PLENV X 3
the plenum chambefiandlbeing sizpdkto correspond approxi-

mately in cross-sectional area £o the cross-sectional

areca of the plenum chamber.

2. The construction of Claim 1, having means for coup-~
20 ling the lower =nds of the exhaust ducts to the cor-
rasponding ends of the plenum chawber in a smoothly con-

tinuvous arrangement, ' ' —_—

W



~are of cross-sectional area t

dycd s 3's of .substantially constant 10 cross-sectional area throughout.

I"ength. 6. - The construction of any of precedi where :
at |least one of the exhaust ducts is of Varying U!Ilmmllmwullﬂl iHrea which -
‘increases with distance fromits inlet ERd adjacefit fhe pi*endm &hamber to
imsfoytlet 15 end renote therefrom 7. The cdnstructiop.of cl-ai m 6,
WhET ei n -bot h3 of sajus e Eiuéi@%ﬁ éf_ec?failu' 5¢ GRBELIY 2hi0Roliing
i-ncreasing cross-sectional area frominlet to out| et end. 8. " Theé _
constructi Oran@énéna!oﬂ;lBrmé_ Qrﬁﬁﬁgl 89 ShebiR1y28oWkehtihs! Bape¥Raust ducts.
re of c _ roughout their extent not |ess than the . _
M Ni FUM Cr 0S§ne SESE OAdh akRaust Bheth! eBupnsRa™@ek. assokilted B =~
construction of any of the preceding clains, wherein the plenum chanber and
exhaust. ducthinseraeetsusf acesraespsaBehl ¥ndoBYE RUGUS 1R icNan®ea L he oc-
~currence of pockets or stagnation passages in which an 5 explosive mxture -
of exhaust gases and air may accurulate. 10.  The construction of any of
the preceding clains, wherein the |aunch tubespl enum chanber and exhaust
ducts are 5o4ipt ed phéstenstabbyibal off theideGk ahexedl padthelbawnds t ubes
and exhaust ducts having openi ngs ex- 10 tendi.ng upwardly through the deck.
- 11, The cooftsubstanthblapycohsthatpradddisngnd extends through an

.5. . The construction of any of the preceding clains, wherein each of(j}%?l
23

- angle of épproximately 80¢°. .

.5. The construction of any of the preceding claims,
: :wherein each of the ducts is of substantially constant .

" 10 crosg~sectional area'throughout_its"length.

_6.:; The construction offanj‘of'precédinglcléims l'tb

4, Qherein'at least;one of the exhaust ducts is of varying
cross-sectional area which increases with distance from
its inlet end adjageht.the plenum chamber'to its outlet

15 end remote therefrom.

~7.. Thg_construction of claim 6, wherein both of said.
exhaust aucts are'of like'configurétion with increasing
cross-sectional area from inlet to outlet end.
__8.  . Tﬁe_constftction.of any of the pfeceding'ciaims,
20 wherein the exhaust ducts are of c:pés-sectional area
| 'throughout their exte@t not less tban'the minimum crosé—

' sectional area of the pienum chamber.
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mhereln t he plenun1|s prOV|ded with a Cross- sect | (i:)_

dqyehaé an exhaust gas flow velocity of about Mach tate
-~ condl fions during 15 l'aunching of ‘a rocket from an Hillm"lﬂmﬁm “E t ube.
~12. . A rocket pl enum exhaust constructlon; ubstant N

- described with reference to the enbodi ments "of the acconpanying dramnngs

 _T e, text of ‘the speC|f|cat|on has been reproduced by .phot ocopyi ng 'the
-appllcants origin onta

which
PR T curt o Bl PR R i o o U el T ASERATE SR <
zjnay be |nspected Qﬂe&% nPQ%F‘%ﬁeﬁgmtéh ngi n&jéﬁﬁgust duct interior

. surfaces are_Smoothly contlnuous to eliminate the oc-

_currencé of pockéts of étagnation ?assagés in which an
-} explosive mixﬁure_of exhaust gases and air may accumulate.
10.  The construction of any of the preceding'claims,n

_whérein the launch tubes,plenum-chambef and eﬁhaust

- ducts are mounted'substaﬁtially below the deék of a ship,
the launch tubes aﬁd.exhaust ducts having 6penings ex- |

10 tending upwardly through the deck. |

_'gl | The constrnctlon of any of the precedlng clalms,.
'.whereln the planum is prov1ded w1th a cross-sectlonal
~area selected to develop an exhaust gas .flow velocity of
about Mach 0.5 for steady state conditions during

15 launching of a rocket_from an aésociated launch tube.:

12. A rocket plenum exhaust construction substantially
- as herein described with reference to the embodiments

- of the accompanying drawings.

e e e mem eeh nmem—— [ R PO c—

The text of the specifi ca,tion has been reprodt..ced by photocooyins the applicants or-.{ginal
typescript. 1t may contain & few amendments which exe difficult to Tesd. The original
' t¥pescript contam:_ng these smendments maJ be inspected on the premises of the I’sr.en*' Office’




