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This invention relates to projectiles and ge 
erally comparable missiles and is particularly 
directed to an improvement in missiles of the 
type of that disclosed in my application Serial 
No. 166,593 for United States Letters Patent en 
titled Reaction-Motor Missile executed and filed 
in the United States Patent Office concurrently 
herewith. 

In the said concurrently executed application 
there is disclosed a missile comprising an inner 
body Which if desired may carry a bursting 
charge Or the like and a coaXial Outer casing 
forning thereWith the principal componentS of a 
reaction-motor or ramjet engine Which is auto 
matically operative to impel the missile forward 
in itS flight after there has been imparted to it 
by a gun Or other appropriate launching means 
an initial Velocity adequate to pernit effective 
operation of the Said engine. Butsuch missiles 
require an initial velocity of considerable mag 
nitude to make the engine Work Satisfactorily 
and these are bulky ad eXpensive because of the 
Service required of them. 
The present invention relates to an improve 

ment in missiles of this class in that in corabina 
tion With a generally similar engine there is em 
bodied auxiliary propulsion means of so-called 
rocket characteristics Whereby the missile may 
be launched from a gun or the like at lower ini 
tial or muzzle velocity and then attain the veloc 
ity requisite for operation of the ramjet engine 
under the impulse of a rocket charge carried in 
Side the missile; after the exhaustion of Such 
charge the ramjet is automatically brought into 
play to further propel the missile at the velocity 
then attained or a higher one unti exhaustion 
of the ramjet fuel or arrival at a target, which 
eVer first occurs. 

It is therefore a principal object of the inven 
tion to provide in a projectile or other missile 
having reaction propulsion means, auxiliary 
rocket type propulsion means in Which rocket 
fuel is initially consumed in a combustion cham 
ber and the exhaust gases discharged through 
ain exhaust nozzle and after combustion of said 
fuel is automatically further propelled by a ram 
jet using the Same combustion chamber and ex 
haust nOZzle to afford greatly increased range 
While the necessity of initially discharging it at 
Very high velocity is obViated. 
Another object is to provide a projectile or 

missile of the character aforesaid Wherein the 
preSSures generated by the combustion of the 
rocket fuel automatically maintain the ramjet 
engine air intake port closed during fight until 
exhaustion of the rocket fuel and then alloW the 
Said port to open for intake of ai to support 
combustion of the ran jet fuel and thereby Sup 
ply further impulse to the travel of the missile. 
Other objects, purposes and advantageS of the 

invention Will hereinafter more fully appear Or 
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the missile on discharge. 

2 
Will be understood from the folloWing descrip 
tion of a, preferred embodiment of it diagram 
matically illustrated in the accompanying draW 
ing, in Which 

Fig. 1 is an axial section partly in elevation of 
a miSSile embodying the invention as it appears 
prior to its discharge from a gun or the like; and 

Fig. 2 is a corresponding View Showing the mis 
sile as it appears in fight after exhaustion of the 
rocket fuel and upon initiation of the operation 
of itS contained ramjet engine. 

Referring noW more particularly to the draW 
ing the EmiSSile illustrated therein comprises an. 
outer casing or shell i of generally cylindrical 
forn Within Which is coaXially disposed an inne 
body 2 Which may carry a bursting charge or the 
like. The leading end of the Outer casing is 
curved inwardy and featinered as at 3 for Smug 
engagement With the Substantially conoidal nose 
i Of the inner body 2 and adapted to fOI'm there 
With an annular port 5 When the casing i and 
body 2 are moved aXially relatively to each other 
frorn the relative positions ShoWIn in Fig. i to 
those shown in Fig. 2. Within the outer casing 
rearwardly of the port 5 the inner surface of the 
outer casing and the outer Surface of the inner 
body are substantially cylindrical and form be 
tWeen them a combustion chamber 6 the Walls 
of Which initiaily are defined by a layer i of 
rocket fuel overlying a Subjacent layer 8 of ramjet 
fuel Which may be applied in any suitable manner 
to the opposed Walls of the casing and body. At 
theirrear ends these partSare formed to provide 
an exhaust nozzle 9 the conformation of which is 
appropriately designed to produce a reaction im 
pelling the missile forward aS combustion prod 
uctS are discharged through itat high Velocity. 
The outer casing at a suitable position is de 

Sirably provided With an annular sealing or pack 
ing ring O adapted for cooperation With the bore 
of a gun barrel or other Suitable launching 
mechanism to preventi escape through Said bore 
around the missile of the gaSes emanating from 
the initial propulsive charge While it is in the 
bore, the ring also serving to impart aXial rota 
tion to the missile in the ordinary manner if the 
bore is rifled. 
The missile is initially charged into the gun 

or other launching apparatus in the condition 
ShovVn in Fig. 1, that is, With port 5 closed by 
Èight engagenlent of nose f of the inner body 
With feathered edge 3 of the Outer casing, and 
this gas Seal combined With the Seal betWeen the 
rniSSile a5 a Whole and the gun barrel afforded 
by packing ring 0 enables the full propulsive 
effect of the launching charge to react against 

The pressure of the 
gases produced by the discharge instantaneously 
increases the pressure of the air in combustion 
chamber 6 and the rocket fueli isignited thereby. 
After the missile has beel ejected from the 
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muzzle of the firing mechanism a discharge of 
combustion products through port 9 resulting 
from combustion of rocket fuel I imparts ad 
ditional impetus to the missile and further ac 
celerates its flight, resultant pressure in the COm 
bustion chamber retaining an effective Seal be 
tween the leading feathered edge 3 of the Outer 
casing and nose of the body until exhauStion 
of the rocket fuei. Thereafter, upon decline of 
this presSure the atmospheric air preSSure On 
nose i tends to retard the inner body and per 
mit the outer casing to move forwardly relatively 
thereto, admitting air under pressure to combus 
tion chamber 6 through the now open port 5. 
The ramjet fuel 8 is thereupon ignited and 
products of its combustion are discharged at 
high velocity through exhaust nozzle 9 Which is 
so designed as to afford a larger opening during 
the ramjet operation than during combustion 
of the rocket fuel as a result of the above de 
scribed relative axial movement of the partS. 
The missile is therefore further propelled by 
the action of the ramjet to greaty increase its 
range and velocity as compared With comparable 
missiles depending for their range entirely pOn. 
the propulsive force imparted by the initial 
charge of the gun or other launching device. 
The missile described herein is of c0urSe 

, adapted to be operated with the aid of liquid 
orgaseous as well as solid fuel Or any desired 
combination of fuels in these several phases and 
since the rocket fuei requires no air to Support 
itS combustion it is obVious the entire Space 
between the outer casing and inner Wall nay 
entirely be filled with this and other fuel, con 
sumption of the rocket fuel during the initial 
stage of fight evacuating Space for the paSSage 
of air through the interior of the Outer Casing 
during subsequenti ramjet operation. 
Of course it is obvious that means may be pro 

vided for Inolding the front and rear portions of 
the inner body in coaxial relation With the outer 
Shell While permitting their relative aXial mOVe 
menti, for example, a plurality of radial StayS 
fixed to the inner body, slidaby engaging the 
ininer Wall of the Outer shell and Where the real 
stays are preferably arranged to engage the 
constricted rear portion of said Wall adjacent 
the exhaust nozze or some other Suitable abut 
ment at maximum operative open position of 
port, 5 at the limit of Irelative aXial movenenti 
between the inner body and the Sheli. 
While I have herein described one embodiment 

of the invention With considerable particularity 
it Will be understood I do not desire or intend i 
thereby to be limited or confined in any Way 
as changes and modifications in the form, con 
struction and relationship of the several partS 
and instrumentalities employed other than aS 
herein suggested Will 1readily occur to those skilled 
in the art and may be made if desired Without 
departing from the spirit and Scope of the in 
vention as defined in the appended claim.S. 

Having thus described my invention, I claim. 
and desire to protect by Letters Patent of the 
United States: 

1. A missile comprising coaXial relatively mOV 
able parts including a substantially cylindrical 
hollow outer casing having a constriction at itS 
forward end and a substantially Cylindrical 
inner body having a conoidal nose of greater 
maximum diameter than the minium diamete' 
of said constriction cooperative With Said con 
striction to prOVide an annula1' port adapted to 
be closed by relative aXial movement of the partS, 
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the rear ends of said parts forming a reactive 
discharge nozzle, ramjet engine fuel dispoSed 
interiorly of the casing, and rocket-engine fuel 
adiacent thereto, the reaction of combustion of 
Said rocket-engine fuel maintaining said partS 
in relative positions closing Said annular port 
and the resistance of the atmosphere in fight 
inducing relative novement of the parts to Open 
Said port On exceeding Said reaction. 

2. A missile as defined in claim 1 in Which Said 
ramjet engine fuel comprises a layer of com 
bustible material proximate the inner Wall of the 
casing between said port and Said nozzie and Said 
rocket-engine fuel comprises material adapted for 
self-sustaining combustion proximate the inner 
Surface of Said first material Whereby in fight of 
the missile internal presSure generated by com 
bustion of Said la-St mentioned material reactS 
against said partS to maintain said port cloSed 
and on decrease in Said presSure reaction Of at 
mospheric pressure against Said conoidal nose ef 
fects relative movement of Said parts to open said 
port for passage of atmosphericair under pres 
sure therethrough to support combustion of the 
first mentioned material. 

3. A missile as defined in claim 1 in Which Said 
ramjet engine fuel comprises a combustible ma 
terial forming layers adherent respectively to the 
opposed surfaces of Said parts Within the missile 
and said rocket-engine fuel comprises materiali 
adapted for self-sustaining combustion inter 
posed between opposed Surfaces of Said layer'S 
Whereby in flight of the missile internal pressure 
generated by combustion of Said last mentioned 
material reacts against said parts to maintain 
said port closed and on decrease in Said preSSure 
reaction of atmospheric pressure against Said 
conoida nose effects relative movement Of Said 
part:S to Open said port for paSSage Of atmos 
pheric air unde preSSuie therethrough to Sup 
port combustion of the first mentioned material. 

4. A missile comprising coaXial l'elatively moV 
able parts including a substantially cylindirical 
holloW outer casing having a constrictioin at itS 
forWard end and a Substantially Cylindrical inner 
body haVing a conoidal nose non ally engaged 
thereWith adiacent, its Zone of maximum diam 
eter, said maximum diameter being greater than 
the minimum diameter of Said constriction, the 
rear ends of Said partS defining betWeen them a 
di Scharge noZZle, ramjet fue di SpOSed in the caS 
ing intermediate said nose and said noZzle and 
rocket-engine fuel likeWise in the casing proxi 
mate the l'amjet fuel Whereby folloWing discharge 
of the missile and subsequent combustion of the 
rocket-engine fuel the partS remain in Olima 
position but thereafter move aXially relative to 
each other to simultaneously open a paSSage for 
air betweein the nose of the body and the for Ward 
end of the casing and enlarge the effective area 
of the discharge nozzle preparatory to combus 
tion of the ramjet fuel. 
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