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•CLVcKSt. PLOW ;*r7 IWLLY .lA’UlLT SÏSTE.I 

AjSTKACT OF TiiL UISCLOiJJJPr 

A couuin«d rocK.’t/ramjet for :^rop«lltivi a nits»!!« includ 

i:v; o fissile a/load joduLu and an Intuqral roc<tît/rair j«t engine 

«j-ste-a lítrapfed on tn? .nÍHs»ili layloau module, and incorf.'orating 

à a lirait, or *olid fuel racK< t engirr and a raiajet engine naving a 

coi4i u«ttio.. cnamoar conwon with tae rocket engine, an exhaust 

nozzl •, and multiple af t-.a«auntcd air inl.it« aova .-Ir between a 

retracted r>Oiition during rochet Loo..t flignt and an extended, 

t o4 - out tx>sition to rece ive and direct ran air in a roverae flow 

10 direction into t ,- cou uution c...,atar during ramjet flight. 

ALFL-ti*;.hL y0_ RI.1AÏED APPLICATION 

Thir i? a division of xorlication Serial in. 431,130, filed 

January 7, 1974. 

WACKC^wUN OF Trd UlLCLOSURil 

1> Luis invention relates jcnorally to integral rochot/ramjets 

an-., ii articular, to ramjets Laving nultipl* , aft mounted air 

inlets a.ui used to . roj.oi mia^ilc-s. 

On*- oroolom involved with tur aforementioned ramjets is 

tnat the aft-mounted air inlets thereof permanently protrude outside 

d0 t.i*; missile ‘od4 cuvulof e and thu . make internal bomi.- Lay stowage 

ver* uifficult. Orí tac ot .or hand, the new and improved ramjet 

■ij st-mn of the present invention eliminates the foregoing problem 

principally by mahing tau alt mounted air inlets tueroof retractable 

[¿et. reduced from 
l)e5 available copy. 1 



iiito a coa,>lotaly rooc*H*tsu position v»n<*n not in uie ty nov<? 1 and 

yot «car.:! to hwri'inafter further aiicloutKi in the 

following iwumary and dctailc-u Jescri.>tion t.‘i«>roof. 

SJJHflARY OF ThL Iim «TIOli 

Tnc- >resant invention consists orinci; ally in a novel air 

launched ra^ij t“ >cv(t:r€*<i or a co.1 -in.^1 roclct an<i ramjet 

¿ropaiaion ur.it Lnat uay i.'C ur.i* u iy 3tra,»pod on, or to a .jiaatle 

i ay load .acxiule and vhich nay indud»? a li.jui»' or solid fuel 

cotaponuni or rocket engine aau a rvajct encino integrated thrre 

■'.it-.i a.iv* iacorworatinq a coo u tion c.,j...: or iiu.acdi©tnly JovnatrearA 

«. r, a «d rod«Ivin; t ;< Jiac. .-u- jl froa the liquid or eolid fuel 

caaionant or rocket engine. ï i ui i ae coaitin.ition vith ana fena- 

ir.-; an intograi - art of tu rastet .inline are & Plurality of aft 

toanteJt air inlets .'ion*ad wit:,in tdo exhaust nozzle atcucturo of 

tne co.*»i i.iftd ui»,It and uajuitalil« nctvo*au a first, retracted an3 

recessed position complet«!/ out of the air atroam and disposed 

*it.iih 11.--- onqir»e casin'? aurio* t.h' t.oost/2anne). operation to uo 

effected either by »it ans of th< air launc . th *r >oi, or oy onara 

tioh oC t .e rocKBt engine, and u secon.i, ♦.•xturv ed or 00, out 

position to receive ram air tv.-ruinto iurin ? the cruiaino opera¬ 

tion of tnc ramjut onnino. 

¿ 



A coTnon air injector tu^e, in comamication witJ. aaoi» 

of tü« a formt at ioncd air inlata, uniquely aid yot in a rola 

tively aiaplif iod manner dirtets thn ineexiin i rxu air in a reverae 

fiow direction to thereby pronote tae more efficient mixing, reae~ 

¿ tlOU antl co«c“«tion of fuel tiier«with in the said c«»on combu.- 

tion charujur. 

Other ohjectu and inJierent advantage« of tno invention 

wi.il roauily appear hereinafter in connection vith tne following 

diucloauro, taX^n with tne accompanying drawings; in which: 

* ifh.SCiUp4*10« or Till! DKAhINGS 

«igure 1 i, a longitudinal or axial viev, partly acnematic, 

sectioned and broken-away, Ulu^trating the unique reverse-flow 

aft mounted, multiple inlets of the invention an applied to a 

convergent-divergent norrle anu with tne une of an end burning 

15 grain; 

Figure la 1« a detailed fragmentary, aj^i partly schematic 

and 3‘iCtional vi** ««ra clearly depicting the aft mounted. multi> 

pie Inlets of Figure l; 

Figuro ¿ ia a aeconu longitudinal or axial view, partly 

2u (chactatic aK| actioned, .nowin» ta. n.v and laprov.nl 

ouitiri. air ial.th of the invention at applied to a plug nottie, 

3 



r'iyor« 3 lu atïothof longitouiü«! or axial view, . artly 

actmaaLic, broken-dway and sectionou, ahov/iay a raoaifiacl, simlc 

iId;.» iiilt't-f;>r;n of tna invention, a.ain, .*3 appliad tc a oonvorgox»t 

divergent noixle; 

3 riguro 4 ia »till another longiiuUindl or axial view, 

partly acluindtio, n« ctian^J a.id broken-a1 vay , of a farther modified, 

suoacrged inift fora of the invention, as may he applied to either 

a convergent-clivcrgw.c, or plug nor«!1; and 

fijar * i in a not.«er Ion it udinal or ixial vi«w, f artly 

ij nroK«n-away, »cn<*adtio and jtinr.>.i, r.;. reneutin» a atill further 

iodifiod for.« of the prenant i.-.vention, a» .*p¡'livcl to. or used 

¡¡articularly with a 1 i ;uia fuel. 

JEnCRIfTl'PÍ or T ^t'FkdSLD i-íòüüI ihhT 

Referring /e.-ieral 1;. to tuo irawinaa a..d, in articular. 

1j to Fiqurea 1 and 1» t/ • reo1 , the n<‘v; and in? roved ramjet mittaile 

prof ul»tion sy.:i of t:. rouent invention i-> incicate-i generally 

at 1) a« bei O'" • trn >-;eu or., or, in ot t r words, releaaahlv attach • 

où to a ¡.»i-nlc t ayloai aiouule at 11, jy aoanr, of the lolte at 

13, and inelud.ee a tain engine casing 12, and an and turning, 

2> iiolit. fuel grain 1J Uiapoitd in the for wan. ano of the casing 12 

an-i vivin ; implantei at the aft cad thorao* an Igniter 15. \ 

com unción c 1C receive.! t-ie ii.ec'.argf from tac «nd Purnimr 

4 



qirairt 14, ami tue unique af t-iountod, .-aultipl« air inlet me an a 

of the present invention is !.. 'icateu qenurally at 18. h 

convergent-divergent nozzle 17 correlates t ie principal cornponant« 

of the overall ¿yste-n. It 1» noted tant, in th** simi^leat arvi lost 

vasic fora of tac invention, ta<' a forano nt ion od end burning grain 

14 is, as noted hereinbefore, a "fuel" grain valen ¿nay ue cora- 

tAj5öd of a single coraposition to .vu uiua only iuring rarajet flight, 

after the* com. lined ai asile aal ram jot-t ropulsion aya tem of the 

invention h ta Peen air laurc.iod frota a surer sonic aircraft. Bov- 

jver, ti. jaL'. grain 14 could, as *a alcerr.ative, be comprised 

of a iclia propclla.vt‘ train savivf a relatively fast 

burning somrxaaltion portion at tin are¿a, indioatea generally at 

14a and a second, relatively .low-iuning composition jortion, 

indicated «'»norally at 14.j. Ir this i:\aaner, ti;e invontive ramjet 

, ropuisicn gy >tem 10 coul t ..-e co.nLinud a.<d iade integral vita a 

racket encino portion luí - ,;rovi '>• ta necessary aoost/ 

launching » naac of operation, i place ot t.»c air launch thereof 

fro.& a supernoni^ aircraft. 

The inventive multiple air ini -t .n> ans la, waicn map be¬ 

moan ted in the throat area 17a of têu. noczlo 17, consists of a 

plurality of retractable air inlet olou.-nta, as indi catou at 19, 

id, 21 and ¿2 in Figure la, vliic!. ara mounted in suitable 



«ur,.>ortiiHj pansagits ^oniv>à at 9-t* ancflas to «ach oui#x anti »xtend 

ing tiurough tno aali noasile-tnroat aroa 17a. In occordanc«! wit!i 

th<‘ novol toaciiingn of tha preaant Invention, aaid Inlnt elmaenta 

Id are uni juel/ ^ .acontud in th* aforesw«utiwr.od supporting 

lUdiajo-i "er the noval a ij un taunt t unroof, a-, tauout. by the ,.r j?ant 

invention, I/«tween extendía!, k>; - out and rf*CHro.*>vî 'ositionn to 

further uoucril<<3. Lac.» of tn- raid inlet ulencut» 19 to 22 com¬ 

prise a first, rolutivt 1/ unlargod, ir.lot head portion on the 

outur and thereof, as is indicated respectively at 19a, 20a, 21a 

a.id 22a m Figure la, and a second, relatival/ elongated, inlet 

acad-supporting portion res actively indicated at 15b, 20: , 21h 

Uiic /2..», wale « all .adl/ ai.J aujuntadly engage in the previously 

mentioned passages u. ecifically •.••revised therefor in and through 

t.it sala not2Lo throat erea 17j. Tncue passage;; r*a/, it is noted, 

o-e offa« t somowhat rolitive to their oi -xisite naaoer in order to 

provide sufficient space for alloving said air inlet elfuacnta 

U to 22 to oe moved to th^ir coaplatcly retracted punition. 

Thf aforementioned air inlet elementa 19 tc 22, the 

retractable ai.i extenuadla nature of nica constitute the •jrinci <al 

tee ture of tie ore sent invention, uay t«» normally stowed in an 

inner recossed and compact position wit tin tu noxsie tnroat ar^a 

17a ny providing suitably configurou recesses in th^ outer wall 



. ||^i¡||n||pif| Uipilllip fifi 

atxactor« of ta« noazle 17, an la iaiicataU r«a¡>ectlv«ly at 19c, 

iOcf 21c and 2¿e (Fiyor® la), wltijin wl»ic¡* racasso« .nay ba adjyat-* 

aoiy i>oaitioaad in a relatively aao^-fit and rc^as.ied relation 

tue ralativaly «a lar fed, inlet <i.ad-port loua 19a, 2ua, 21a and 

22a corra«1 oikIln<2 titerero. In tui^ connectioit, w utr* tüe [ resent 

ayate» 1« either air~launoned, or, altorsativoly, t.*it coaninod 

rooaet/rnajet arratie^aent th«reof ia oainy uaed, in waicn event 

tue rocact enqite ccr-tprisiny tuu* propellant ¡ ortion 14a would le 

operated to oooat and launch tur* mi.s»ile payload -.nodulo 11 and 

comiectinq prop ule ion unit 12 to tae r« iUired or desired raaijct' 

cruiainj «[-eod, tnc aoove deucrit-eu ¿aultiplc air inlet elements 

it ¿2, inclus iva, ar* in ti. tir inner, retracted, closei, recessed 

and compact position, as is snown in the dotted line cocfiyuration 

t-terenf In Loti. Figures 1 an*- la. 

Thus, if the Train 14 represents a solid ¿.ropullant drain, 

as a ta ted uefore, coaposition, as wu*-n u»< cotatlnud rocket raiajet 

fora it boil« operated, ignition of tin first, relatively fast- 

i urniny composition * ortiot 14n .,y t*»e iynitur 1Ü would produce 

iiot rjas<*ü discnary'fsJ into tnoj cotis^tuition cnaiuí cur 1 ¿ for t *c «xhaus 

tren tía-re*©* out of tii^ unhaunt norrio 17, as indicated i*y the 

arrow ‘à’ , ar i, in trtia atanritir, tnu rocket loost/laurtc*iin<7 pJias« 

of operation woulu rusulv:. Of course, during this tlm«, tint aft 
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inl“t U-22 '"“i“ >* i» retrae ton position, as 

neto* bafora. Tneraaftar, the air ialct amants 1, to 22 would 

u. aovad, as by any -U-known r-aot.ly-eontroUod «.an. 3Uch as 

-xrloslva s„uio, (not shown), to their extsndad, pop-out position 

to reçoive .„a direct rao air into the coaoustion ohaanar H an; 

tl,u, provide the raajot operation. Sieilorily, where tue air- 

launcnod foro of the invention is helo, contouriatod, then, tea: 

on., turnlny <jral;, 14 would he comprised of a suitaole solid -fuel- 

rather than a propellant, and would be mired with the Incoming ram 

air In the same ooubu.tion chamimr It to thereby provide u.e pro¬ 

pulsion needed for ramjet-cruising operation. 

The above-described extension of the air inlet elements 

1S'", ln0i“,iV*- Lo position, illustrated In the 

soud line depletion thereof in Pleur. 1, ;or „sample, of course, 

diaposea their inlet head-portions at tne aforementioned M* *ml„ 

and therefore in nouai spaced apart relation to each other, and 

naturally facinc forward or upvind, as is seer, for '.»a air inlet 

element 19 in pleura 1. i„ this manner, incoein, ran air, as 

seen at the arrow -f, would enter the air inlet entrance open¬ 

ings. as at 19) (Picure 1), from whence it would be directed 

initially for a snort dlrtancs to the rear in a substantially 

horizontal direction and immediately thereafter turned and forced 

i 



1 > 

¿ • 

lnU“Uly tOV“dl ““ »‘»W« „U. „ i, denoled for 

by tne «rrow "C*. n^Uy a:W ln accorJlnc„ vUh 

nOV,íl t“Cftin*i' °f P««»» invention, the 1 nacra Ing rara .1, 

fro, nach of the air inlot oXnra.nt, li to 2; eonla b. farther 

tornad an,! „«.ciflclly and ponrtlonly forced in a rever« low 

direction (arrow -D*) into tne coraomtion c:,»rai,or K by oay of 

another important teaching of tn, rr.s.nt invention, naneiy, the 

ti n;l.-, uni ¡ueiy-orionted and aira, lifted air injector tu!« at 23, 

«ich Is contraen to, and coraran.-, i cate a vita the inner, air 

o- eninc of eac, cf the inventive, retractaole air inlet eXraaante 

It is noted that ta. tuno 13 ia open only at it. fortard 

a“' Us *ft ^ ^ *'“V clo ,f», »y a hdet Plato at 24. 

nooauae of its rover ,» flow, t ,.. incorain, rara air ne,.ter -sites 

a-,a reacts Vit;, the burning end surface of tne grain id to thereby 

créait- a ranch «or- efficient coa- estira:, therewith. ,lot „„ 

¡ roaucte being thus for»,Hi in th- coraburation charai.er 16 are t-r- 

• laustc-d around tina air iri-ietnr •>» . » -xr iio-actor tuo« ¿3 *r,d out throtum tUe exhaust 

iiOeijXct 17 to tíií-r »í/v om«’*«'ib 
ti *Jí/y th« necessary propulaion ^or ranjet 

flit: ht. 

.o properly sui raort t.ie ahovo-notod air injector tul« 23, 

t... latter aay bo raounted to the «haust norcle 17, by „„ans of 

• plurality of four supporting struts, ont- of which ..uin, indicated 

5 



at 24a in Figure i. Tiw*t strata, a.j at 24a, arc sail« hollow in 

form ana, in this BimolifieU manner, not only ¿-rovi<lc thï ¡nountina 

»«ans for th<? tuLo 23 ijJt, in addition, actually. In the* pros^nt 

instance, provide tac previously-siuntionod pabsagö« wit: in wtilcii 

Ú ¿'iiw inventivo air inlets, as at 1j , are *1 i a »ly positioneci and 

guided in t»i»ir inuard ami outward .uovernents. 

’■■Itn specific referenco to Figure 2, the inventive ramjet 

lai.silc propulsion system is indicated generali/ at 2j as com- 

priaing a raias 11^ payload 26 ana a con»«. ir.»x! end burning, solid 

lu grain 27 and rarajet engine 23 reapeotfuliy x>iittoned in the for 

ward and aft-end portion» of a casing 2^, Agai.,, if aosired, the 

ena i»urning grain 27 could be composed of ‘>otd relative] / fast 

ana relatively alow-burning "propellant" grain portions to tuereby 

for» a rocket encin. integral with the ramjet engine 2«. Altar 

lu natively, tu-.; und burning grain 27 could be a solid 'fuel" grain, 

us uaen the pro ulsion 3y»te*a 20 would he air launched. Tin* 

Figure 2 arra^aeiacnt i« socaewhat mocifi *d over that of Figure 1 

hi incorroratiiKT a ulug-typ* of exhaust nettle at 30, as dis 

tingáis ..-d fror, th:; convergeant-divergent norzlc 17 of Figure 1, 

¿'j Wit Xu.. plug nos 7.1 u 30 incorporates prc-fora^ily a plurality of four 

supporting strut«, au at 31, that both racunt the nozsle 30 to the 

engine casing 29 and wnich are made uollow in configuration to 

10 
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tr^r.'.^y forr. opon« guid« ^aasag«« within wnici» tiu invantive 

aaititl« aft'wountou, ran air-inlets, as at 32, may be slidably 

--:v.jajvid for t.iiiir unique adjuataoiit between retracted, recesseci 

and •ixtonded, j op-out >o»xtionji, ten- la tLor i^sition being du 

pActeu in jiolia iti the aforementioned Figure 2. 

Integrally formed to a forward ecu portion of tii<» plug 

noszle 17 and having a paaaag« 33 (Figure 2) diapoaed in open 

communication o«itw«.aa tue roiBjat-combustion chamber 35 and tiio 

interiorily-uironed air paiaagu, au at 34 for toe inlat ale-flent 

32, of each of the said air ini.t elment.i, is the air injector 

taoe 3t. * no uaid air inlet alemrnta, as at 32, oaca incorporate 

un outer ra- air-rcceivin;, entrance opening-containing »«d inlat 

nua^ portiou, as at 32a, t.mut facea in a;i up«truan direction to 

ruooiv« rata air t hc-r« in to from tue direction indicated by tno 

arrow c , anc a.u inner, inlet head-sat porting i-ortion, as at 

32b, that is -slidably mounted a ad guidou in the guide pa a »ages 

uiapoued in, a a. formed by tito hollov au'porting struts, as at 31. 

• »dn in t.ht‘ir axtenlod or nop-out »xisition, an noted 

acr.iinacfore, euch of Un-, said air i.-.iets, as at 32, would receive 

ram air, frow tn« direction of th.» arrow WE“, into t'.eir inlot 

heuu-portions, as at 32a, fro;« w »once tho iacoaing ram air t^ould 

u.croafter be directed ii.waruly, downwardly and initially to the 

11 



rear toy built-in air passageway» in each of the said aft inlets, 

in fcîio direction indicated generally by the arrow f', and, oub_ 

aoïuently, be turned by the arcuate and inwardly-curved configura“ 

tion-portion 30a of thn inner nollow vail surface of the plug 

" nozJEln 33 lnto the or reverse fiery direction indicated 

by tne Arrm? "3“* fo «pcciflcally provide for the said reverse 

flow, in addition to the rearyurdly curved configuration-portion 

sOa of tne olug notsle 30, the previously-described, air injector 

tube 36 i* utilized to thereby receive the collective, reverse 

n flow of the incoming ra;n air, as indicated at t.>c arrow -g , for 

each of the raultiplu aft inlots, finally, the rata air so collected 

is specifically and positively introduced through the upstream 

oponing of th„ said injector tune 3c in the said roverso flow 

airoction of the arrey "C“ into the combustion c laiaLer 35, as is 

la indicated at v.ht arrows "I“. 

Opon the Introduction of the abor^ noted ram air into 

tnc combustion chamber 35, the end burning grain ?7 would b« 

ignited by wall-knovm igniter myans (not sho-vr) and the hot gases 

heme produced by the thorough mixture therewith of the incoming 

20 and r,ver»c flowing-ram air would thereafter by exhausted around 

ta* injector tube 36 and plug noral^ 30 for tha discharge thereof 

out o* the rear sxhauat nonio opening of the combined oroeulsion 

12 



unit 2t. Tiií», of course, -rcvl !es tiie prc .uljloa nsedeJ for 

rauj*t-cruising flignt. 

fit ferring jvirticularli to Figure 3, it is clearly seen 

t.iat th-i »iusic concept of tiu- present invention of an aft aountoa 

air inlt:t wean« for providing t’w rati* air re ¡airea for ramjet- 

cruise operation nan been ennouiad in an overall engine unit 

casing L!»ut, once again na/ Pe comprised of a missile payload 

• <rcf«rally incor orated in n scr/arataole module 3ï* und, in tnio 

instance, combined wit., an integral rocket/ramjet-propu Is ion unit 

indicated generally at 3* cij corapriaing a rocket engine 40 and 

.» ranji.t engin • 41. In cni- further modi fiad arrangement, the 

recket engiae 40 incorporate.; loth a first, relatively slov- 

haruing, propellant-suatainor grain 4 3 located in tne raain engine 

casino iawaedlately Jownstroa.n or aft of the missile payload 

flocule 33 and a second, relatively fast-burr, in j, lolid prooellsnt- 

ooost grain 44 disposed furtn«*-r aft an i in axial or longitudinal 

alignment wit the first-named grain 43. Hoth sustainur and 

noostrr grains 44, 41 are of ttu radiai-tur ni no configuration 

uia^ alio may no composed of different conpoaitions to uebiev« 

tii« different burning rates specified above. 

Continuous or nuustantia1ly continuous combustion chambers 

4 3 and 4>>, Jipara tad by a partition 33a, are res¿ actively proviried 



for the ïx>ostf and aaatainor grains 4J an<î 44. A straight and 

£>ortion of an air injector tub-a 41 project« into the cosooustion 

c.-^nher 4S# wnieh tute 47 also incorporates an opposite tube end 

portion 47a that ia curved outwardly towards and is appropriât«!/ 

intu^rated wit.n, or otherwise mounted tc on® aide 4ia of a 

convergent-divergent noz*le 4k. The noszle side 42a, which con¬ 

tain* an opening, located generally at the area indicated at 47b, 

and which ia auitaoly aligned with the outer end opening of the 

tuce 47, io »ade of a uniquely hollow configuration and ia accord¬ 

ingly cornpriaed of a relatively thin walled surface of an arcuate- 

auupc and w.iici* has been appropriately inwardly curved, a« i« 

indicated generally at 4i, for thereby «pacifically and precisoly 

intarfitting and exactly matching a conplaraeutarily curved, inner 

aide 43a of a single, two-ponition flap inlet a win bar 49 that may 

•jc pivoted about a pivr.it at 49b between a first, extended and 

ram air-receiving position, a« depicted in tao aforementioned 

Figure 3, and a second, retracted, r^coaaed and compact position 

coraplately out of the airstroan and in snug-fit and meshing rela¬ 

tion witi. and against the previously-described arcuate-shaped, 

outer wall surface 42a of the nozzle 42. Naturally, in the latter 

position, the outer opening, al*o indicated generally at 47b, of 

tl.it air passage extending through th<- air injector tube 47 is 



closud to t-'i« dtraosph«ru ami tnu;; no rara air vfoald i<e adxaitted 

luto tiui ranjf t angina 41. Of courco, tnis is tho position of 

1-0¾ *Ali flap manbar 4 9 ah an the rocket or.<îir»t 40 Ls being ocorat- 

for the rookat boo*t/laanening phaac of overall englua opera¬ 

tion. 

Toé Al«ovo~»entioned rochet i>oo3c./íau;ic". of»eration voul»-! 

naturall/ lx x.iitiated by tii*i u^c* of ai» igniter (not anown since 

this ia a well-known device anl the detail * thereof are not inpor- 

tant to the present invention) to ignite and t u-rohy lorn the 

radial burning-boost, rotella.it grain Î4. Tne hot g*.? products 

tnorucf are naturally discharged into tho first coral ustiou ciiarai er 

45 ano thereafter exhausted around the injector tube 47 and out 

through the norrio 42 to produce tho rocket booet/launcniug pnate 

of operation. A temporary partition could be used at 3!>a to olock 

fio..- between the combustion cha.*, era 4 5 and 4i anti] the boost 

grain 44 iu corai lately or practically coraplatvly consumed, at 

wi.ich ti:ae, tha te*paraturo in the chamber 45 would be high a no ugh 

to vaporise the . re selected material out o* w.ich tn* r artition 

J9a voulu have been constructed. 

After the boost grain 44 has completely burned off and 

thus rocket engine operation is finisned, with tn? partition 35a 

nov; oeiag dastroyod, the flip mwn^er ij would x* ojienad, again 



uy *ny w«ll-kDowr¡ «mi already-*v«U«bl« renot«ly ocntrollod rtteaa» 

(nut »¡.own) and* ai¡aviltan»ou«ly th »rawith# bur oing of tn« austainar 

grain 4J would joraaienca to tneroby oeyin ra.Qjwt fliabt. To tiàis 

enuf tn» opening of tno flap uiactuur 4 9, wnioa would tnon act as 

an air scoop, weald oau«« ram air to antar too air iujactor rate 

47 and '«cause of taa spool fio configuration and orientation there¬ 

of, to flow in a ravarae flow direction through tna »aid tubo 47 

into the con »astion cnaaeor 4ó (by way of the comuustion cnanbex 

45 now opar.au therewith by tue uoatruotion of t .e partition 39a) , 

where the nixture thoreof and tue production of additional hot 

g«'. products with tno now-burninp, suritalncr grain 4 3 occurs for 

the exhaustion of the latter around the tube 47 and out of the 

nozzle. 42. In tais manner, cue continual production of the thrust 

necessary for the afor«nentiou«i~ ranjet flight !•» efftctao. 

ln Figur« 4, a still further ¡xodifiu'.l form of t..a inven¬ 

tion is inuicateu genaraliy it 5G a.3 oonprisim? a coni ined rocket/ 

ranjet-oropulsion unit, to the forward end of wuich ¡xa/ be mounted 

a /liaslie payioau 51, aro. which inclua«* an exhaust nozzle section 

51, a roexet engine, inuicated generally at 52 as again Having 

boost, and austainer grains 55 and 5t mounted ia a*!* I aliginent 

witii each ot.« -r, and a ramjet engine -4 incorporating a novel anu 

altocnatfe tyj*« of ran air Iniot nu ans coapriainu at least one pair 

10 



of ran air inlet pasaayes, jÖ and 59, timt are unicuely suumnrgad 

or, in other worda, ertirely built into the* oauing of the combined 

unit to thereby for*: and provide th» banic rec*a«ed and th-us com¬ 

pact configuration concept taught oy th* preaunt invention for the 

j li iw and improvoii aft mounted-ram air inlet moans tharoof. 

The aforenientioaed ram air ini* t panaaga» 5¾ arul 59 aach 

contain a firat, straitât, invaruiy-inclined and rcarwaraly directed 

air entra nee-op« ning - paaaagv ixjrtic-n, res{ ectively delineated by 

the arrows at " t* and ">j’', and a second arcuate passaoo portion 

id at the arrows "S'* and *rr that ar-i inwardly and forwardly curved 

to specifically direct any incoming ram air passing therethrough 

in the inventive upstream or reversa flow direction. A forwardly- 

aireeted prctubarance, intermediately-disposed, as sean at 60, 

in the path of the incoming ram air from both of t ie inlets 53 

la and 59 acta to positively turn ana force*, th? air in the aaid 

reverse flow direction. 

To unsure t»iAt the i.teaming ran air Leir.g turn xl in thu 

seconc ar cerate - ua s nage portions, indicated at the arrows ".N'* and 

A'’, ia lee irto tv second, ram •Jot-com.' untion cna-aber at 57, 

2U once ^cr?., an air injector tuí^e at tl is utilicud, which air 

injector tube 51 is made integral with the samt interlorily • 

dispos id casino wall ourfaccs, an at t*1 ana CJ, within wh*ch is 
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formel L..C of t.i»* «ir iniota Ü3 and i», .laturally, tho. 

air paao.iqc iacorporated in the injoetor tui>e 61 is «rranq«<i in 

a continuous and op«n ewaraunication witn ttu* iuneraost Of>enin«j3 

of tnu !-as.*ajes of the air inlets 51, 59. Tïia further path of 

ti»* pruviouily-turnoi incoming ra^.i air is indicated b\ the arrows 

*0* and . 

In a aanner ¡uite similar to that of the ii:veitiv*' form 

of Figure 3, for example, when it Lu dt wired to ^cjin operation 

of t.¿e ccMahined unit of Fijurc 4, the voost grain 53 may he ignited 

by Known iqnitar moans (not s ¡own) to initiate combustion and thus 

c.i. nuriii ig taereof to , ruduce not ganes ta- ref rom in a first 

ooa /untion c]«aml>ar at i»4. Au l>eforc, ar* ex pend au lu partition may 

:x' employed at t ; to civi le and separat« th>- two combustion cnan 

««ra 57 and Ó4 and, of course, the oooat and .»ustainer grains 55, 

u7 until the total or almost total consumption of the boost grain 

j5 na» cauled an increase in the tern.-¿ratur«, of the hot gas pro 

ujcts in taa chamber C4 sufficient to destroy the* defected material 

ot L..1». said partition 55. A - ■ r^viously ex. lained. t.u not can 

P’rtxiucts i i L.u coct;-ustión v i arr ox.iaust»*<4 to ta«> rear around 

1injector tule úi for expulsion from the norsle section 53 to 

tnertiby prouucc tlio initial, rocket ooost/1 aunch thrust reouirad. 

Id 



After exinuetlnn and produciría th«» nacaaoary thrust re- 

t^utrod for roci.st boo^t onerstion« fr«« the coni amotion of tne 

loost grain 53, which may he selected fron a relatively fast 

burning composition, si desired, a ooeed suitable for ramlet 

3 operation Having thereby been ©•■»tained, the operation of the rani 

Jet enainr 54 then cortmenc^s for the cruialna phase of engine 

operation. This occurs from ths opening of s flap or vane elauer.t, 

inuicated respectively and schematically at fit and <7 for each of 

the inlots 58 and 5#, which flan clnments 68 and 67 may be eult- 

10 ably hingedly mounted for oiwoting oeteeen open ann closed posi¬ 

tions. To <v>en them, any appropriate and well-known remotely- 

controllí^d m^ans (not shown) mav ue used, or, alternatively, they 

may be designed to automatically open under the action of tha 

dynamic pressure of tne surrounding air which would become auto- 

13 statically operative to open the »aid flap elements 66» 67 when 

the preonure in the combustion ch-Msber 64 has decreased a suffic¬ 

ient amount, as a result of tno complete bumia»# off of the boost 

grain 55. Upon openino of the flam elements 66 and 67, ram air 

admitted thereinto is directed in a reverse flow direction, as 

2) noted lereinbofore, by the inwardly and forwardly-oriented, 

curvature of th* air inlet oassages 58, 59 and, in particular, 

by the specific disposition of the air injector tube 61 where 
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it is iutxcKioccu into «nd tnorou.j:jiy Jii> sd ia tn^ ocMUiuation 

anaouwr 67 wit*» tu« not pcoduct» L«tnu aimai tanca as 1 y f*ro- 

Uucad Croa tiic uarninj of tn«* uuat«ÍA«r jtain >á. Of ooari*wt a« 

notad atttainOaCor«, tno partition un wauid, at tai» ii-to, .»<*ve 

6 coan destroyod. i’Uia nuatur« of caa air and auatainoi; vjsaxa ncyt 

gasaa naturally uroducas tue t*»ru¿t rouira«- for ra*&j*t cruining 

operation uy th« oa.iauatlon tnareot to tlvi ruar around ti*t- injac¬ 

tor tuna 61 and out tnrougu tax «x ,auut norria action 61. 

In« anisa* retracta >1« aft uoantad, rau air inlet anana 

lw of t*»c pruaeit inventio** naa a^oai apflloatloa to a coauinod 

rouxet/raaijct^propulaion UJiit in wmen a liquid faeiuu roexat 

angine ir utilized in ¿ lac« of tne pravloauly-da-aoriJu«d solid fu j1 

arranu«it.ent. In tni* con ¡action, auch a liquid fa-sl oyat«.u is 

iuuicat«d generally at tn<* ref or one« nagerai 6ä in Figur« 6 na 

16 inclauing a mis til«* pa y loa ¡ Medule 61 tnat may Le raleaaaLly 

attacnad on t/»e forward end of a cornu moo cocxnt/raajet propulaion 

unit indicated g«nara 11 y at 73. Ti»a latter .auy com^riue a r^clet 

*ngin«~portion'ii-iuin fuvl coutainiug-tan/. 71* a ran»jat ongin«- 

portio.i 72, and a ainglo ooiuouetloa cna.¡d»ar 7) t.ut in caaaon 

¿J to ootii t*.o to*^i at anglno-f>ortion 71 and ramjet unjii-e portion 72. 

Tde axuaust r>ozsle section ia danotod generally at 74 and tna 

exuaust flov. taorafrou at tu« arrows "ii ‘. Contained witnin t.ia 
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ran] et «m»]iræ~ fort loa 7 J. 1« u unique an4 sonevtiat «ociflod for a 

of a coüttir.ed ait «ouittea -ratract«).!* air inlat ami iajoator tubo- 

incorporating naana comi: ria lug and ixicori orating tha basic concept 

of Ukj prasrttit invent ion and wnlc.. In Indicated generally at 75. 

ïuo a oovo-»en t ion« 1 conoinctl retractadlo air inlet and 

injector tuiu-incorporating neana 7* aaj preferauly conrrlsa an 

incegxal housing JMiiibar or atructuro. inuicated generally at 76 

ano wnich aay incorporate a first, ram air-inl* t aureortxng 

housing portion at 77 and a .iwoond, axr injector tuoe containing- 

aoauing portion 7t» tnat is integrally formed to and with Urn 

first-named lioaeing portion 77 and vuicn extends into the oonmon 

couc ustioi. c .aoner 7J. Tííc firat, ram air- inlet-»uv^rting 

nowiing portion 77, wnioii ma, prefornhly he comprisod of and 

formed from supporting wall aurtacus iateriorily dicpojoo in and 

incegratod vitr, the casing of tnu cmanined unit 70, incor;x«atce 

a plurality of tna inventive retract.bl« air inlet elementa, aa 

at 7S and 00, wnich, ar- in tne ot.ier forma of tno invention, are 

axteneanle free a« inner, rccasacd ana compact position and an 

outer, po;>-out position, as ie illustrated In tho aforeSf-ntioneu 

Figure 5. 

Whan tne Air inlet ulomenta 7ÿ, de are in tnair pop-out 

position of Figure b, tiie incominy ram air naturally initially 

¿I 
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"ntcr‘ r,M Jir *ntr*™c« op««!,.,, at 7¾ a:.d oja, as i, furt.W 

4».>ot<Kl bv th« arroua -r aod -U*, vbnro it U turned ir.v/.ardlv 

in * fi,rJ“rJ or reversa flov direction, as is roap.ctivalv 

Ulu.tr.ted at tbu errovn "V and ‘W. At till, -»oint, tua incoainç, 

ruu air 1. introduced Into t!.e nou in.! portion 7. containing a 

icuKied air injector tunc and v.io. baa beer, previously described 

a. being Integrally forsu* with the housing structure 77 of the 

air inlet aloaeats 79 and 3u. the air Injector tube passage is 

ia « naturally opon anc; contimaoua ooatnu nient ion wití» the air 

clenant^»a80a^ 7^, 80. Th« a for «mentioned air injector 

tul.e contained witiiin tile hocino 78 ha« been .aodifiod to bo 

icelly adapted to and acco»r,ftoaAtoij th« 11, jld fuel fon o' 

tne present invention, au will be furtnar deacripod hereinafter. 

Tn« modification reforrea to abovo for the air injector 

tui* coatainino hoaaing 73 insudo* th: formation therein cf a 

Plurality of air paa^ago-openin«?«, as indicated generally at 21 . 

tnat are disposed aIon; the outer circuaferencs thereof and vhicc 

wommuiloate with th«» common ram-air-receiving passage naturally 

formisd in and along tne lonjitudinal axis of the tut^e 75. Tt is 

this longitudinal pa«*,ge that /oulh be, and is in open communica- 

tio.1 hetweon the air passage« of the inlet element« 7«), si, at 

ta« aft and thereof, and the com.jU.«tion «hamper 73 at the 'orward 
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ôitu La •-•roof, in tï;i r» o^-irtr c , of cour««, t/»c¡ i acota i- q r*ra air is 

iatreducsid lato the con^uJtlor. c.ia?u>«r 7 3 nota tîirouga the forward 

eau of tat tube 73 ana, apans of tno conaiu/iioatlrç openinqs 81, 

t.’.rougaout tac aaiü cuOiaoer. 

lu it a ¿aoat oasic for.n, as is sresifically iliusuratod 

La tía aforementioned Figure 5, tac ooabineu unit 68 thoroof could 

a«? air launched froM a supersonic aircraft to thcroby acliievo the 

neceasar/ or dnaired spaed for carajat operation. Thereafter, tha 

ranijet unqine 72 aould he ( laced into imnadiaLs operation to 

propel it and t»c aiasil« paylcad uodule 65 attached therewitr at 

thj *pucxf l id cruising o-oratir.. u; extending t*m retractable 

air iiil it elements, a« at 7i> and 83 to tneir outer, pop-out posi¬ 

tion for tnc capturo of rat air t‘:—reby and its introduction in 

tiii inventive reverse flov direction by arid tnrouqh means of tnc 

axr injector tune-containing nouainq 78 and its flurality of air 

passages, as at 81, into t n cor* ustión cnaaibnr 73 where it would 

*jc rtixod, ignited ami tnu- >roduc*» :u11 i*»;; products with liquid 

fuel being fed from t-.*.- li-ruid fuel containing taiU 71. 

ï.u uooVwi referred to liquid fual would Irave boon fed or 

injected into the incomiug ram air within each of the plurality 

of air passage openings il by way of tue fuel injection manifold 

*'• AiîJ tha fu.»l iiijectora, as at extending between the 



la 

nanifold d* <tuU oaci. of tac» air opaninga dl. Of courao, to 

thij Uquil fuel froin the tank 71 to manifold 94, fuöl 

fc«d lines and 93 a:*i a fuel purap and control valve, aa at 36 

anu 87, inu/ bo utilised. In this ooan.^tion, in place of the 

initial air launc ling aten, a tuilt-in source of ox/gdn, for 

oxam^lr, ,,a/ be carried for introducing oxygen into the combustion 

enaaber 7J for ira mixture w, -, tan Li?uij fuel from the tank 71 

to t.. r<- / produce t.. initial roexet boost/lauacninq operation 

required to brinq Uo raajwt engine 7’ up to th, cif.,3ired speed 

range, after whion ramjet fliant /ouIf o« mitiateci for cruising 

oparationa, an noted oefore. 

ibas, a neu -end improved otra '»n ramjat syatem for -ro- 

pulling aisailcj or aircraft nas oeeu developed by ta., present 

invention in which aft-mounted, pu,.-out ra;n air inlets nave oeen 

utilisée together wit i a reverse flow combustion preer ji that 

promotes greater comnuttion effici-ncy in a *uc;, cleaner an i m-re 

coopack pacnag., facilitating t.is internal bom, „ay stowage lucre 

of. 
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