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57 ABSTRACT 
A device for generating gases such as a combustion 
chamber of a rocket engine includes a solid fuel 
propellant in the form of a substantially cylindrical 
hollow main charge having a central bore 
therethrough and located within the combustion 
chamber at a spaced location from the interior walls 
thereof and between a detonating charge and a prim 
ing charge. The end of the main charge facing the 
detonating charge is located adjacent an outlet for the 
combustion chamber and it is formed in a manner to 
ensure that some of the ignition and combustion gases 
which are formed by ignition of the center of the main 
charge will flow downwardly through the opposite end 
of the main charge past the priming charge and 
around the outside of the main charge to cause and 
maintain ignition of this outside portion of the main 
charge. The remaining portion of the gases will flow 
directly from the end of the charge adjacent the 
detonator to the outlet. To accomplish the desired 
flow conditions, the main charge itself is formed with 
a total or partial constriction or nozzle portion at its 
end which is adjacent the combustion chamber outlet. 

6 Claims, 3 Drawing Figures 
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GAS GENERATOR ANDTUBULARSOLD 
CHARGE CONSTRUCTION THEREFORE 

SUMMARY OF THE INVENTION 

This invention relates, in general, to the construction 
of a solid charge for a gas generator and to an arrange 
ment of a gas generator and, in particular, to a new and 
useful rocket engine combustion chamber with a solid 
charge therein arranged between a detonating charge 
and a priming charge and having a hollow bore with 
one end adjacent the combustion chamber outlet which 
is formed in a manner to ensure the flow of gases 
generated by ignition of the interior of the hollow 
charge around the exterior of the hollow charge to 
cause and maintain ignition thereof. 

It is generally known to use tubular rocket charge 
compositions for the operation of solid fuel rocket en 
gines and to set them afire by means of one or more 
priming charges which are arranged in the combustion 
chamber head. Such priming charges are usually ig 
nited by detonator caps. The ignition of such solid fuel 
rocket compositions, particularly for small engines and 
engines which must work at very low ambient tempera-2 
tures, is difficult. Special problems arise with the use of 
tubular charges because the outer jacket or outer sur 
face of the charge is not sufficiently admitted by the ig 
nition gases of the priming charge and it is not main 
tained at a high enough temperature for a long enough 
period of time to ensure its continued ignition. The 
reason is that the flow resistance in the annular passage 
defined between the exterior wall of the tubular charge 
and the combustion chamber is substantially higher 
than that from the end of the hollow charge which is 
adjacent the combustion chamber outlet. This means 
that the ignition gases produced by the ignition of the 
interior of the hollow charge and by directing the gases 
of the priming charge through the interior will follow 
the path of least resistance and flow primarily through 
the interior of the rocket composition to the com 
bustion chamber outlet. In addition, the smaller 
amount of ignition gases which flow through the nar 
row outlet provided by the annular passage around the 
exterior of the hollow charge will cool off very rapidly 
due to the great heat transfer to the cold combustion 
chamber wall which forms a comparatively large sur 
face surrounding the tubular charge. This causes a 
great ignition delay and poor combustion efficiency 
and reduced specific impulse. In many cases, the igni 
tion temperature which is necessary for kindling the 
combustion of the charge is not reached adjacent the 
outer wall of the tubular charge. This means that the 
pressure necessary for the operation of the combustion 
chamber will drop below a critical value and may even 
result in the complete extinction of the rocket charge 
composition. It is for these reasons that the use of the 
tubular burners which have certain advantages from 
other aspects in terms of combustion and less insulation 
requirements are counter balanced and this is particu 
larly true in respect to small rocket engines and engines 
which must work above the normal operating condi 
tions. However, until the present time, the installations 
of this nature required frontend pure inner burners. 

In accordance with the present invention, the com 
bustion chamber is constructed so that a tubular burner 
may be employed without the disadvantages of the 
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2 
prior art and to achieve such an arrangement the tubu 
lar burner is advantageously made of a construction so 
that gas flow through one end thereof is inhibited to the 
extent that it ensures flow of the generated gases 
produced by combustion around the opposite end of 
the charge and the exterior wall of the charge at least 
initially. The present invention is directed specifically 
to the particular construction of the tubular charge and 
the combustion chamber arrangement. The tubular 
charge has an end which is adapted to be located ad 
jacent the combustion chamber outlet which is pro 
vided with a closing or throttling portion to reduce or 
temporarily stop the direct flow of generated gases and 
ignition gases from this end to the outlet and to 
promote a flow around the opposite end and around 
the exterior wall of the charge to the outlet of the com 
bustion chamber. In this manner, the gases produced 
by ignition of the interior of the hollow charge and by 
the primer charge and detonator will flow around the 
exterior wall of the tubular charge at least for a period 
and to an extent such that the exterior will burn freely 
and continue burning. In accordance with one embodi 
ment of the invention, the end of the charge is con 

5 structed in a nozzle form or otherwise narrowed to 
define a constriction or closure at the end closest to the 
combustion chamber outlet. This constriction or clo 
sure exists at least during the ignition phase or initial 
phase of the combustion end and is progressively 
reduced by combustion. 

Since solid rocket compositions suitable for charges 
and thrust gas generators can be either cast or formed 
by many other production methods into a desired shape 
without great expenditure, it is easily possible to form 
the charge in a desired manner with a nozzle formation 
or a closed end. By constructing the charge itself of the 
desired configuration, it is assured that the optimum 
operating conditions would prevail independent of the 
environmental conditions. 
The end of the tubular main charge may, for exam 

ple, be formed as a cylindrical jacket having a star 
shaped inner end burner adjacent one end which ex 
tends inwardly beyond the uniform diameter bore of 
the remaining portion and provides a nozzle restriction 
at this end. By constructing the end in a star-shaped 
configuration, a faster burn-off is assured than would 
be the case if the surface were smooth. The remaining 
portion of the bore of the hollow charge may be made 
smooth, however, so that the nozzle constriction will be 
burned down at a rate which is slightly faster than the 
burning of the interior of the hollow charge so that a 
non-restricted end formation will result after operation 
progresses to the extent that the exterior surface of the 
charge has achieved a desired burning characteristic. In 
an alternate arrangement, a fuel insert is arranged at 
the end of the hollow charge which is adjacent the com 
bustion chamber outlet. The fuel insert provides a noz 
zle throat section which is narrower than the remaining 
bore of the hollow charge and it advantageously is 
made of a chemical substance having a faster com 
bustion rate than the main charge. In those instances in 
which the detonator cap and the priming charge are ar 
ranged at the same end of the charge, that is, the end 
which is remote from the combustion chamber outlet, 
then the end which is adjacent the combustion 
chamber outlet may be closed by the charge materialit 
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self, the thickness of the charge material being relative 
ly slight so that the burn-off will be effected after the 
exterior of the charge has fully ignited. After the burn 
off, the gases will flow through each end of the charge 
through the outlet of the combustion chamber. 

Accordingly, it is an object of the invention to pro 
vide an improved tubular charge for use in a gas 
generator such as a rocket engine wherein one end of 
the charge is formed with a closure, or a restriction to 
either throttle or temporarily reduce the flow of com 
bustion gases out through this end after ignition of the 
interior of the charge takes place, the closure or restric 
tion being preferably formed of a material which will 
burn-off to open this end and to permit gas flow 
therethrough. 
A further object of the invention is to provide a com 

bustion chamber construction in which a tubular 
charge is arranged between a detonator and a primer 
charge and which includes a bore having one end ad 
jacent the detonator which is also located adjacent the 
outlet of the combustion chamber and an opposite end 
adjacent the primer charge, the end adjacent the 
detonator being closed at least partially or restricted in 
order to ensure that at least some flow of the con 
bustion gases will be through the end adjacent the 
primer and around the exterior of the charge before 
passing to the outlet. 
A further object of the invention is to provide a tubu 

lar charge construction and a combustion chamber 
construction which are simple in design, rugged in con 
struction and economical to manufacture. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this specifica 
tion. For a better understanding of the invention, its 
operating advantages and specific objects attained by 
its uses, reference should be had to the accompanying 
drawings and descriptive matter in which there are il 
lustrated preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a partial transverse sectional view of a 

rocket engine constructed in accordance with the in 
vention; 

FIG. 2 is an axial sectional view of another embodi 
ment of the tubular charge of the type indicated in FIG. 
1; and 
FIG. 3 is a view similar to FIG. 2 of still another em 

bodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawings, in particular, the inven 
tion embodied therein in FIG. 1 comprises a tubular 
rocket charge or rocket composition 2 arranged within 
a combustion chamber 1 and spaced from the interior 
walls 13 of the combustion chamber by means of a cen 
tering and holding device 3. The combustion chamber 
1 includes a closed wall a adjacent which is mounted a 
priming charge 4. The charge 4 is located at one end of 
a uniform diameter bore portion 5' of the tubular 
charge 2 in a position to permit gas flow therethrough 
and over or through the primer charge 4 and passages 
of the centering and holding device 3 and into an annu 
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4. 
lar passage 4 formed between an exterior wall 16 of 
the hollow charge and the interior wall 13 of the com 
bustion chamber. 

in accordance with the invention, a detonating cap 5 
is carried in an elongated tubular housing 6 which is 
mounted on an opposite closed wall of the combustion 
chamber (not shown) and which includes an inner tu 
bular end 6a having a flange or extension 10 defining a 
screen with a plurality of bores 10a. The housing 6, 
together with the flange 10, define annular space 11. 
Ignition and combustion gases may pass from the interi 
or J of the charge 2 through openings 10a of the screen 
10 into the annular space 11 and out through a 
discharge or outlet 2 of the combustion chamber. 

In accordance with the invention, the outflow end of 
the tubular charge 2, that is, the end adjacent the outlet 
12 is provided with a constriction 21 which, in ac 
cordance with this feature of the invention, is an in 
tegral portion of the solid charge material. The con 
striction includes a nozzle projection forming a star 
shaped burner 22 which extends inwardly further than 
the smooth bore portion 5' of the tubular charge 2. 

In the embodiment according to FIG. 2, a tubular 
charge 2' includes a smooth bore portion 5' and an 
outlet end having a nozzle forming constriction 31. The 
constriction 3A comprises a rocket composition materi 
all which burns faster than the material of the tubular 
charge 2'. 

In the embodiment indicated in FIG. 3, there is pro 
vided a tubular charge 2' in which the constriction is 
reduced to zero in the form of a closure 41 at the outlet 
end of the tubular charge 2'. The closure 41 at the out 
let end is made very concave on it inner side so that the 
thinnest central region of the constriction burns-off 
first and rapidly during the initial phase of the com 
bustion and before the full pressure build-up on the in 
terior of the tubular charge 2' can take place. With 
this arrangement both the primer charge 4 and the 
detonator must be located adjacent the open end of the 
charge 2''. 
The method of operation of the device is as follows: 
The ignition jet of the detonator cap 5, as indicated 

in FIG. I., will penetrate through the interior J of the 
rocket tubular charge 2 and impinge on the priming 
charge 4. This ignites the priming charge and its igni 
tion gases will split into an inner partial current Zi and 
into an outer partial current Za. The ignition gas cur 
rent Zi ignites the inner wall 15 of the rocket composi 
tion while the ignition gas current Za moves through 
the passages of the centering piece 3 and the annular 
space 14 to ignite the exterior walls 6 of the tubular 
charge 2. The constriction 21 ensures that a major part 
of the ignition gases produced which would otherwise 
take the direct way through the interior I and out 
through the combustion chamber 12, will be forced by 
the constriction at this end to move in an opposite 
direction and pass around the exterior wall 16 to ignite 
and to maintain ignition of this wall. In addition, a part 
U of the combustion gases which are produced by the 
burning of the interior wall 15 will be forced to move 
downwardly around the end remote from the outlet 2 
and upwardly along the exterior wall to aid in the com 
bustion of this wall by maintaining the temperature at 
this location very high. The partial gas current leaving 
the interior space J through the constriction 2 is 
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designated with the legend Giand it follows the path of 
the primer gas flow Zi. A paraboloidal design of the 
constriction 21 is provided to facilitate the threading of 
the ignition jet which is produced by the detonator cap 
S. 5 
The operation for the arrangement of FIG. 2 is sub 

stantially the same as that of FIG. 1. In respect to FIG. 
2, the total amount of the ignition gases and the total 
amount of the propellant gases produced in the interior 
J is forced to flow during the ignition phase, and if 10 
necessary during the partial phase of the combustion, 
through the annular slot 14 along the outer wall 16 of 
the rocket composition. 
The direct outflow of all propellant gases produced 

by the combustion on the inner wall 15 to the outlet 12 15 
should be effected as soon as possible in order to avoid 
unnecessary flow losses inside the annular slot 14. 
The screen 10 serves to retain any solid pieces which 

may become detached from the tubular rocket charge 
2. These pieces are retained until they are completely 20 
burned in order to avoid the carry-over and possible 
damage to an operating device receiving the gases such 
as a gas turbine. In addition, the flow screen 10 has the 
function of reducing the very high temperatures of the 
propellant gases by the withdrawal of heat to an operat- 25 
ing temperature which may be admissible for a turbine, 
for example. In addition, soot and other impurities are 
deposited on the screen by the cooling effect of the 
SC 

In the embodiment of FIG. 3, a construction extend- 30 
ing inwardly into the bore and closing the outlet end 
thereof comprises the closed end 41 which burns away 
quickly to open the outlet and permits gas flow out this 
end after the initial gas flow causes ignition of the ex 
terior wall 16'. 35 
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6 
What is claimed is: 
1. A tubular charge construction comprising a tubu 

lar burner body made entirely of an ignitable charge 
material in the form of a tube and having an exterior ig 
nitable circumferential wall, a first annular exterior end 
wall and an opposite second annular exterior end wall, 
said body having a through bore defined by an interior 
wall, said interior wall being at least partly closed at 
said first end forming a constriction for at least partly 
cutting down on the flow of combustion gases out of 
the first end, the opposite second end being opened for 
the flow of combustion gases therethrough for flow 
around the adjacent exterior end wall and circum 
ferential wall. 

2. A tubular charge construction, according to claim 
1, wherein said constriction includes a formation of 
said charge extending inwardly into said bore and 
defining a nozzle of substantially star-shaped configura 
tion. 

3. A tubular charge construction, according to claim 
1, wherein said constriction comprises an ignitable 
faster burning insert at the outlet end of said tubular 
charge of annular shape and defining a flow area 
aligned with the bore of said charge which is less than 
the diameter of the bore. 

4. A tubular charge construction, according to claim 
3, wherein said insert defines a nozzle passage. 

5. A tubular charge construction, according to claim 
1, wherein said constriction comprises a portion of said 
charge extending inwardly into said bore and closing 
the outlet end s 

6. A tubular charge construction, according to claim 
1, including an igniter charge adjacent said first end 
and a primer charge adjacent said second end. 

k sk 
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