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ABSTRACT ‘OF THE DISCLOSURE 
A detonation reaction engine having an outer housing 

enclosing a pair of inner walls that form a continuous 
channel. The channel has one open side and forms a 
chamber in which a continuous detonation reaction is gen 
erated. The inner walls have injector ports formed therein 
through which fuel and oxidizer are injected to form im 
pingement points of fuel and oxidizer at spaced intervals 
around the channel. One of the impingement points is 
initially detonated by a detonation wave generating appa 
ratus and thereafter the reaction is continuous and self 
sustaining. 

The invention described herein was made by employees 
of the United States Government and may be manufac 
tured and used by or for the Government for govern 
mental purposes without the payment of any royalties 
thereon or therefor. 

This invention relates in general to reaction type engines 
wherein force or thrust is generated by the expulsion of 
gaseous products of combustion from an engine. More 
particularly this invention relates to a reaction type motor 
wherein the gaseous products expelled to produce thrust 
are generated by condensed detonation rather than by 
a burning as in a conventional type reaction engine. 

Reaction type motors used heretofore on space vehicles 
and capable of producing a large amount of thrust have 
employed a controlled burning of propellants in the com 
bustion or thrust chamber of the motor. The propellants 
utilized have usually consisted of a liquid fuel and oxi 
dizer or a solid fuel and oxidizer. In any event the pro 
pellants are burned in the thrust chamber of the motor 
to produce gaseous combustion products which are at a 
high temperature and pressure. The gases in the thrust 
chamber have a potential energy and when expanded 
and ejected through a De Laval nozzle, or as it is more 
commonly termed a rocket nozzle, the potential energy 
is converted to kinetic energy. The velocityof the gases 
are greatly increased by expansion through the nozzle and 
the pressure thereof is decreased. A force is required to 
accelerate the gases to their increased velocity and the 
reaction to this force produces thrust. 
The development of conventional type engines has pro 

gressed to a very sophisticated level and a point has been 
reached where it is very dif?cult to obtain any signi?cant 
increase in thrust from an engine without resorting to 
increasing the size of the engine. This is true even though 
very potent and high energy content fuels have been de 
veloped as well as very e?icient engines for converting 
the energy content of the propellants into thrust. 
The temperature and pressure at which rocket pro 

pellants are burned in the thrust chamber of an engine 
directly a?ects the exit velocity of the combustion prod 
ucts of a rocket engine. To date the materials available _ 
for fabrication of rocket engines and the operating char 
acteristics of such engines has limited the temperature and 
pressures that such engines can operate at and thus the 
exhaust velocities which can be obtained have also been 
limited. 
Inasmuch as the speci?c impulse, a measure of the force 
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2 
or thrust generated by an engine, is directly proportional 
to the exhaust or exit velocities of the reaction products 
formed by the engine, it is readily apparent that increasing 

. the exhaust velocities of an engine will greatly increase 
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‘ the thrust output thereof. 
The present invention provides a reaction engine oper 

ating on the principles of a controlled condensed detona~ 
tion rather than on the principles of gas expansion. This 
results in reaction products that are expelled at a much 
higher velocity than are the gaseous products resulting 
from a controlled burning as in a conventional ‘reaction 
engine. In any detonation reaction a shock wave is pro 
duced as well as gaseous products of combustion and in 
an engine constructed in accordance with this invention 
the shock wave and gaseous products resulting from the 
detonation are vectored in a symmetrical pattern and are 
co-directional. Thus, the exit velocity of the reaction 
products approaches the velocity of the shock wave. 
The engine described herein includes an outer housing 

enclosing a pair of inner walls that de?nes an oval or el 
liptical continuous channel. This channel has one open 
side and forms a detonation reaction chamber in which a 
continuous detonation reaction is generated. These inner 
walls each have a series of ori?ces or injector ports 
formed therein through which fuel and oxidizer are in 
jected into the chamber. The engine also includes an oxi 
dizer manifold and' a fuel manifold in communication 
with the injector ori?ces formed in the inner walls. The 
injector ori?ces are canted at an angle and arranged in 
pairs so that fuel and oxidizer pass through the ori?ces 
and form impingement points of propellant mixture at 
spaced intervals around the channel shaped detonation 
reaction chamber. ’ _ 

A detonation wave generating apparatus is included in 
the housing and positioned so that when actuated it will 
initiate operation of the engine. The detonation wave gen 
erator‘ is an explosive device capable of generating a deto 
nation wave that will detonate the fuel and oxidizer miX— 
ture at a ?rst one of the impingement points in the 
detonation reaction chamber. 
The shock wave and detonation products resulting from 

the reaction at‘ the ?rst impingement point will have a 
resultant direction toward therear~ or discharge end of 
the engine that is oriented at an angle to the longitudinal 
axis of the engine. The angular direction of the reaction 
is controlled by the injection angle of the propellant mix 
ture. Thus, the reaction at each impingement point pro 
vides a pulse of power that can be broken into two vec 
torial components, one of which is directed to the rear of 
the engine to generate a thrust and the other directed to 
wards the next successive impingement point to reinforce 
the detonation wave generated by the detonation wave 
generating apparatus and thus detonate the fuel and oxi 
dizer at the next point. The reaction is then repeated and 
the next in line impingement point of fuel and oxidizer 
is detonated and so on. Thus, after the initial detonation 
by the detonation wave generating apparatus the reactions 
Within the detonation reaction chamber are continuous 
and self-sustaining since the original detonation wave gen 
erated by the detonation wave generator is reinforced at 
each impingement point. 

Since the detonation reaction at each impingement 
point has a resultant direction having one component 
perpendicular to the longitudinal axis of the engine a 
torque moment will be generated which tends to rotate 
the engine about its longitudinal axis. This moment is 
very undesirable if the engine is to be used in a free 
bodied vehicle like a rocket and the torque moment must 
be countered to prevent rotational motion of the rocket. 
A proper geometrical arrangement of a group of engines 
with opposite direction of ‘detonation wave travel is one 
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solution. However, in an application wherein it is desira 
ble to use a single engine then the unbalanced force can 
be balanced by using an engine employing a multiplicity 
of co-axial and co-planar detonation reaction channels in 
one engine. The number of channels used would be an 
even number with the traveling detonation Wave going in 
opposite directions in alternate ones of the channels. 
The condensed detonation reaction which occurs at 

each impingement point of the fuel and oxidizer is simi 
lar to the reaction created by detonation of a conventional 
shaped charge in that the shock wave and gaseous com 
bustion products that result from detonation are squeezed 
or con?ned to a very small area or volume. Since the 
energy released in the reaction due to condensation of 
reaction products is con?ned to this small volume the 
temperature and pressures which result are very high. 
The velocities of the gases obtainable from such a reaction 
are, due to the high temperatures and pressures involved, 
considerably larger than that obtainable from the con 
trolled burning and expansion of gases in a conventional 
reaction engine. 

It is believed readily apparent from the foregoing that 
a reaction engine constructed in accordance with this in 
vention will have many advantages over those known 
heretofore. 

It is therefore a principal object of this invention to 
provide a reaction type engine whose thrust or speci?c 
impulse is greatly increased when compared to conven 
tional reaction type engines of the same weight and 
volumetric size. 

It is another object of this invention to provide a reac 
tion engine capable of utilizing the energy generated in a 
condensed detonation reaction to produce thrust. 
A yet further object of this invention is to provide a 

detonation reaction engine capable of generating a series 
of continuous condensed detonation reactions to produce 
thrust. 

Other objects and attendant advantages of the present 
invention will become more apparent when considering 
the following detailed description in conjunction with the 
attached drawing wherein: 
FIGURE 1 is a pictorial view of a pair of continuous 

detonation reaction engines mounted in a space vehicle. 
FIGURE 2 is a view partly in section, of the discharge 

end of the continuous detonation reaction engine. 
FIGURE 3 is a sectional view taken along lines 3—3 

of FIGURE 2. 
FIGURE 4 is a view, in section and partially broken 

away, taken along lines 4—4 of FIGURE 2. 
FIGURE 5 is a side elevation of the detonation reaction 

engine. 
Referring now to the drawing wherein ‘like elements 

are referred to by like numerals in each of the several 
views. In FIGURE 1 a space vehicle 10 is illustrated hav 
ing a pair of detonation reaction engines 12 and 14 
mounted in the aft end thereof. The engines are supplied 
with fuel ‘and oxidizer from an oxidizer tank 16 and a 
fuel tank 18. Since a detonation reaction engine as de 
scribed herein tends to develop a torque moment about 
its longitudinal axis which will tend to rotate the space 
vehicle it is necessary, as mentioned above, to use a plu 
rality of engines. For purposes of simpli?cation the em 
bodiment describe-d herein is limited to an engine type 
having only a single detonation reaction chamber which 
necessitates the utilization of at least two of such engines. 
However, inasmuch as both engines function in an iden 
tical manner except for the direction of detonation wave 
travel only one will be described herein. 
The engine includes an outer housing 20 in the form 

of a short cylinder or tube that is elliptical in cross 
sectional shape. One end or side of the housing 20 is 
closed by a wall member 22 and the other side is sub 
stantially closed by wall members 24 and 26. A pair of 
spaced wall members 28 and 30 are disposed within hous 
ing 20 and attached to the wall members that close the 
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4 
housing. Wall members 28 and 30 are concentric with 
respect to one another and with respect to housing 20. 
The wall members form a continuous channel 32 that 
is elliptical and has an open side or discharge end 33 
directed toward the aft end of the missile 10. Channel 32 
forms the detonation reaction chamber. Wall member 24 
is in the form of an elliptically shaped ring attached to 
one end of ‘housing 20 and wall member 28. Wall member 
26 is an elliptical disc attached at its periphery to wall 
member 30. Wall members 24 and 26 close the aft or dis 
charge end of the engine except for the aft end of channel 
32 which is left open to provide an exit for detonation 
reaction products generated in channel 32. Wall member 
28 in conjunction with housing 20 and walls 22 and 24 
forms a chamber or manifold 34 which is supplied with 
oxidizer from oxidizer tank 16 via oxidizer lines 35. 
Oxidizer is supplied to manifold 34 under pressure and 
the oxidizer is injected into the channel 32 through ori 
?ces or injector ports 36 formed at spaced intervals in 
wall member 28.‘Walls 30, 22 and 26 form a second 
chamber or manifold 38 which is supplied with fuel 
from fuel tank 18 via fuel line 40. Manifold 38 is in com 
munication with channel 32 by way of ori?ces 42 formed 
in wall member 30 at spaced intervals along the length 
thereof. 
A one shot detonation wave generator is mounted 

through housing 20 and attached to wall member 28. 
The wave generator includes a housing or barrel which 
de?nes a chamber having an open end 46 which opens 
into channel 327 The other end of chamber 44 is closed 
by a breech block mechanism 48 which is removable from 
cylinder 44 so that a cartridge 50 can be inserted within 
housing 44. An electrical or mechanical ?ring mechanism 
is included in breech block 48 to detonate cartridge 50 
and generate a shock wave which is directed into chan 
nel 32 along axis 51 to the initial impingement point of 
fuel and oxidizer indicated at 47. It is apparent from a 
consideration of FIGURES 2 and 4 that fuel and oxidizer 
injector ports 36 and 42 are arranged in pairs and each 
are canted so that the spray of fuel and oxidizer there 
from will be directed around the detonation reaction 
chamber in a counter-clockwise direction as well as to 
ward the aft or discharge end of the engine. The spray 
of fuel and oxidizer from the paired injector ports will 
be injected along axes 43 and 45 and impinge where 
the two axes intersect as indicated at 47. Due to the 
fact that the ori?ces in the inner and outer walls are 
canted the shock wave and reaction products resulting 
from a condensed detonation at the impingement points 
will have a resultant direction having one vectorial com 
ponent directed toward the discharge end of the engine 
and parallel to the longitudinal axis thereof and the other 
vectorial component will be normal to the axis of the 
engine and directed around the channel to the next im 
pingement point of fuel and oxidizer. The component of 
the detonation reaction directed along the channel will 
reinforce the detonation wave generated by the detona 
tion wave generator and result in detonation of the fuel 
and oxidizer mixture at the next or second impingement 
point. The rearwardly directed component provides 
thrust. Again, because of the slant angles of the injector 
ori?ces, the resultant direction of the detonation products 
will have one vectorial component directed toward the 
discharge end of the engine and one component directed 
along the channel. Thus, detonation at each successive 
impingement point produces a power pulse directed rear 
wardly towards the discharge end of the engine and also 
a power pulse directed along the channel to reinforce 
the detonating wave and detonate the next successive 
impingement point of fuel and oxidizer mixture. The 
detonation reaction continues to race around the closed 
loop channel or detonation reaction chamber so long as 
the propellants are injected in requisite amounts into 
the channel at the successive impingement points in 
sychronism with, but slightly prior to, the arrival of 
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the traveling detonation wave at those points. The rate 
of travel of the detonation wave around the channel form 
ing the detonation reaction chamber is such that con~ 
tinuous pumping of fuel and oxidizer through the ori?ces 
can be used provided control parameters such as ori?ce 
size, ori?ce spacing around the channel, and pumping 
velocity, are suitably chosen. ' 

Operation of the continuous detonation reaction type 
engine described herein is as follows: Oxidizer from the 
oxidizer tank is pumped into the oxidizer manifold from 
which it is injected into the detonation reaction chamber 
32 via ori?ces 36. Simultaneously fuel from the fuel tank 
is supplied through fuel manifold 38 from which it is 
injected into the detonation reaction chamber through 
fuel injection ports 42. Oxidizer and fuel injection ports 
36 and 42 are canted at an angle and spaced in a paired 
relation such that the fuel and oxidizer will impinge upon 
one another at a particular point within the detonation 
reaction chamber. A series of these impingement points 
of fuel and oxidizer will be formed at spaced intervals 
throughout the length of the continuous detonation reac 
tion chamber. An initial detonation Wave is generated 
by the wave generator which is timed to arrive at the 
initial impingement point just subsequent to arrival of 
the impinging streams of fuel and oxidizers. The fuel 
and oxidizer mixture is detonated at the impingement 
point and results in a condensed detonation reaction. 
Because of the slant angles of the fuel and oxidizer ori 
?ces the resultant direction of the detonation products 
will have one vectorial component directed rearwardly 
toward the discharge end of the engine and a second 
vectorial component which will- reinforce the detonation 
wave and direct it to the next impingement point of fuel 
and oxidizer where a second fuel and oxidizer mixture is 
detonated to result in a second condensed detonation 
reaction. Detonation at each successive impingement 
point produces a power pulse directed rearwardly and 
a channel contained thrust to advance the detonation 
wave onto the next impingement point of fuel and 
oxidizer. This reaction continues to race around the closed 
loop channel forming the detonation reaction chamber 
so long as the propellants are injected in proper amounts 
into the channel. 

This completes the description of the invention. While 
a preferred exemplary embodiment has been described 
herein. it should be understood that there will be many 
changes and modi?cations thereto which can be made by 
one skilled in the art to which this invention pertains 
without departing from the spirit and scope of the inven 
tion as de?ned in the claims appended hereto. For ex 
ample, in the event it was desired to have an engine with 
a restart capability, the one shot detonation wave gen 
erator apparatus could be replaced with a wave generating 
assembly having capability of repeatedly detonating an 
explosive cartridge. Such repeating mechanisms are 
known and would be readily adaptable for use with an 
engine such as described herein. 
What is claimed is; 
1. A detonation reaction engine comprising: 
(a) an outer cylindrical housing having one end there 

of closed by a ?rst wall member and the other end 
open, 

(b) inner and outer cylindrical wall members attached 
at one of their ends to said ?rst wall member and 
disposed in a spaced concentric relation within said 
housing so as to form a continuous circuilar channel 
having one open side, 

(c) a disc-shaped plate attached to said inner cylindri 
cal wall member so as to form a ?rst chamber with 
in said housing, 

(d) an annular plate attached to said outer cylindrical 
‘wall member and to said cylindrical housing to form 
a second chamber within said housing, 
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6 
(e) means connected to said ?rst chamber for supply 

ing a propellant fuel thereto, 
(f) means connected to said second chamber for sup 

plying an oxidizer thereto, 
(g) a plurality of canted injector ori?ces formed in 

said inner and outer cylindrical walls to permit the 
?ow of oxidizer and fuel from said ?rst and second 
chambers to said continuous channel, and 

(h) means mounted to said engine for initiating a 
detonation reaction within said continuous channel 
which generates reaction products which are expelled 
from the open end of said continuous channel to pro 
duce thrust. 

2. The detonation reaction engine recited in claim 1 
wherein: 

(a) said injector ori?ces are positioned in a spaced re 
lation around the length of said inner and outer walls 
and arranged in opposing pairs such that a series of 
impingement points of fuel and oxidizer is formed 
along the length of the continuous channel. 

3. The detonation reaction engine recited in claim 2 
wherein: 

(a) said injector ori?ces are canted at an angle such 
that all are directed in one direction around said con 
tinuous channel and toward the open end thereof. 

4. The detonation reaction engine recited in claim 3 
wherein the means for generating a self-sustaining detona 
tion reaction in said continuous channel is a shock wave 
generating device for developing a shock wave to deto 
nate the fuel and oxidizer mixture at a ?rst one of the 
series of impingement points of fuel and oxidizer formed 
in said continuous channel. 

5. The detonation reaction engine recited in claim 4 
wherein: 

(a) said shock wave generating device comprises a 
cartridge receiving cylindrical barrel mounted to said 
engine, 

(b) said barrel having one end thereof opening into 
‘said continuous channel and the other end thereof 
closed by a breech mechanism ‘for ?ring a cartridge 
inserted in the barrel. 

6. A detonation reaction engine for mounting in a space 
vehicle comprising: 

(a) a tubular housing of elliptical shape, 
(b) a ?rst plate closing one end of said tubular hous 
mg, ' 

(c) a ?rst tubular Wall member of elliptical shape at 
tached to said ?rst plate and positioned within said 
tubular housing and spaced therefrom, 

(d) a second tubular wall member of elliptical shape 
attached to said ?rst plate and positioned in a con 
centric relation within said ?rst tubular wall member 
and spaced therefrom; whereby, a continuous chan 
nel having one open side is formed by said ?rst and 
second tubular wall members and said ?rst plate, 

(e) a second plate attached to the end of said second 
tubular member away from said ?rst plate to form 
a fuel manifold, 

(f) an annular ring attached to the ends of said tubular 
housing and said ?rst tubular wall member away 
from said ?rst plate to form an oxidizer manifold, 

(g) means connected to said engine for supplying oxi 
dizers to said oxidizer manifold and fuel to said fuel 
manifold, ' 

(h) injector ori?ces formed in said ?rst and second 
tubular wall members to permit the ?ow of fuel and 
oxidizer to the continuous channel, and 

(i) means mounted in said housing for detonating the 
fuel and oxidizer in the continuous channel and 
generating a self-sustaining detonation reaction there 
In. 

7. The detonation reaction engine recited in claim 6 
wherein: 

(a) said injector ori?ces are spaced around the length 
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of said ?rst and second tubular members and ar- References Cited 
ranged in opposing pairs so as to forma series of UNITED STATES PATENTS 
spaced lmpingement points of fuel and oxidizer along 
the continuous channel, and 3,199,295 8/1965 Connaughton ____ __ 60-3974 

(b) said injector ori?ces are canted at an angle such 5 3,240,010 3/1966 Mormon —————————— —— 60—‘213 

that all are directed in one direction around said . . _ 
continuous channel and toward the open end there- MARK M’ NEWMAN’ P'lma'y Exammc" 
of. D. HART, Assistant Examiner. 
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