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1. 

2,902,823 
DESIGN FOR ASTANLESS STEEL OR ALUMNUM 
GAS GENERATOR WALL, SPRAYING SYSTEM 
FOR COMBJSTON CHAMBER 

Clarence E. Wagner, Snyder, N.Y., assignor to the United 
States of America as represented by the Secretary of 
the Air Force 

Application November 21, 1956, Serial No. 623,716 
6 Claims. (Cl. 60-35.6) 

This invention relates to a gas generator for driving a 
turbine or the pressurized tanks of a rocket power plant. 
More particularly, the invention relates to a wall spray 
ing system utilized in the gas generator combustion cham 
ber. 

In the developement of rocket type power plants, it has 
been found necessary to control the temperature of com 
bustible products within predetermined limits to attain 
the most efficient burning. The use of additional nozzles 
to spray additional fuel into the combustion chamber ax 
ially against the wall thereof and radially downstream to 
cool said combustion products to a workable temperature 
has, heretofore, involved the disadvantage of a substantial 
formation of free carbon on the chamber walls and in 
the nozzle openings and piping and thereby susbtantially 
reducing the cooling effect thereof. 

It is an object of this invention, therefore, to provide a 
gas generator incorporating a wall spraying system that 
is effective to cool the combustible products to a workable 
temperature. 

It is a further object of the invention to provide a wall 
spraying system having nozzles formed in the walls of 
the gas generator to substantially reduce the effect of the 
formation of free carbon produced by the injection of 
additional fuel into gas generator combustion chamber. 
Another object of the invention resides in the injection 

of fuel at a plurality of positions circumferentially ar 
ranged around the combustion chamber to cool the com 
bustible products and thereby effect efficient burning char 
acteristics. 
An additional object of the invention provides a plu 

rality of nozzles integral with the combustion chamber 
wall to effect multiple spray patterns and even distribu 
tion of the propellant and good combustion. 

Other objects and advantages of the invention will be 
come apparent from the following description, taken in 
connection with the accompanying drawings in which like 
reference characters refer to like parts in the several 
figures: 

Figure 1 is a longitudinal sectional view of the gas gen 
erator utilized in the invention illustrating the relation 
ship between the injector assembly and the gas generator 
assembly. 

Figure 2 is a sectional view taken along 2-2 of Figure 
1, illustrating the arrangement of spray nozzles at a par 
ticular location in the combustion chamber wall. 

Figures 3 and 5 are additional sectional views taken 
along 3-3 and 5-5, respectively, of Figure 1, illustrat 
ing the arrangement of other spray nozzles at different lo 
cations in the combustion chamber wall. 

Figure 4 is an end view taken about on line 4-4 of 
Figure 1 illustrating the arrangement of cooling tubes 
and other spray nozzles utilized in the invention with the 
forward inlet closure removed. 

Figure 6 is a sectional view taken about on line 6-6 
of Figure 1 illustrating the arrangement of a plurality of 
cooling tubes, a plurality of spray nozzles, and a plurality 
of fuel-oxidizer nozzles utilized in the invention. 
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2 
Figure 7 is an enlarged fragmentary sectional view of 

the spray nozzle utilized in the invention. 
With particular reference in Figure 1 of the drawings, 

the gas generator of the present invention, generally indi 
cated at 1, includes a gas generator assembly 2, an in 
jector assembly 3, and an outlet duct 4. The injector as 
sembly 3 consists of a blank assembly 6 and a ring as 
sembly 5. Said ring assembly 5 includes a recessed open 
area at one end thereof, which area is known as the com 
bustion zone, generally indicated at 3a. It is noted that 
the gas generator assembly 2 is open at both ends, one 
end of which is affixed to the injector assembly 3 and the 
other end to the outlet duct 4. The open end of said 
generator assembly 2 adjacent to said injector assembly 
3 forms a continuous chamber or passageway with said 
combustion zone 3a. Said blank assembly 6 is welded 
to said ring assembly 5 at 5a and 5b, respectively. To 
said ring assembly 5 are welded two tube fittings 7e and 
7f at 6a, 6b, 6c and 6d, respectively. Said tube fittings 
are adapted for the reception of two tubes 7 and 8, re 
spectively. Said tubes 7 and 8 are adaptable for con 
nection to suitable sources of fuel supply and oxidizer sup 
ply, respectively. Said injector assembly 3 is welded to 
said gas generator assembly 2 at 7c and 7d, respectively. 
Said injector assembly 3 is also internally screw threaded 
at 7a and 7b for attachment to any desired supporting 
structure. The gas generator assembly 2 may be made 
either of aluminum or stainless steel. Aluminum may be 
used even though it has a relatively low melting point 
due to the cooling means of the present invention which 
is to be hereinafter described in detail. Where stainless 
steel is utilized, the need for a regenerative cooling jacket 
is eliminated by the cooling system of the subject in 
vention. 
As seen clearly in Figure 1, the gas generator assem 

bly 2 has a combustion chamber generally indicated at 
9 which is in continuous communication with the com 
bustion zone 3a of the injector assembly 3; it is into said 
chamber 9 that steam or combustible products flow after 
being formed by combustion in said combustion zone 3a 
on admission therein and ignition of a mixture of fuel 
and oxidizer admitted into said injector assembly 3. The 
steam so formed flows into the outlet duct 4 from whence 
it flows on to operate the turbine or pressurized tanks of 
a rocket power plant. The injector assembly 3 includes 
three main circular passages indicated at 14, 15 and 16, 
respectively. Fuel is admitted into said injector assembly 
3 by way of the tube 7, the circular passage 16, the in 
tercommunicating channel 13, and the circular passage 
14 at which point it enters a plurality of fuel-spray noz 
zles 1, whereas oxidizer is admitted into said injector 
assembly 3 by way of the tube 8 and the circular passage 
15 at which point it enters a plurality of oxidizer-spray 
nozzles 17. It is noted with particular reference to Fig 
ure 6 of the drawings that said plurality of fuel-oxidizer 
nozzles 1, 17 are integrally formed in pairs in said injec 
tor assembly 3 and are circumferentially arranged as 
shown in Figure 1 around the combustion zone 3a, said 
circular passage 14 providing fuel for said plurality of 
fuel nozzles 17 and said circular passage 15 providing 
oxidizer for said plurality of oxidizer nozzles 17. It is 
noted that said plurality of pairs of fuel-oxidizer nozzles 
31, 17 are arranged so as to inject their respective mix 
tures of fuel and oxidizer into the combustion zone 3a at 
which time said mixtures are ignited by any appropriate 
ignition means which may be incorporated in the interim 
Wall Surface of said injector assembly 3 adjacent to said 
plurality of fuel nozzles 11 as indicated generally at 10 
in Figure 1 of the drawings. 

Furthermore, the circular passage 16 provides a supply 
of additional cooling fuel to a plurality of additional 
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casing surrounding said combustion chamber in com 
munication with said third fluid-passage to receive addi 
tional fuel therefrom, and a second plurality of fuel 
spray nozzles circumferentially mounted and integrally 
formed in the walls of said main casing at spaced inter 
vals downstream of said combustion zone towards said 
outlet duct in communication with said plurality of 
cooling tubes. O 

2. A gas generator wall spraying system including a 
gas generator assembly comprising a main housing en 
closing a combustion chamber open at both ends, an 
outlet duct engaged with said main housing at one of 
said open ends, and an injector assembly affixed to the 
other of said open ends, said injector assembly having 
an inner outwardly flared circumferential portion form 
ing a recessed combustion Zone separate from and hav 
ing an open end in continuous communication with said 
combustion chamber and a relatively restricted central 
opening in communication with said combustion zone, 
tube means for admitting and mixing oxidizer and fuel 
under pressure in said combustion zone, and means cool 
ing said combustion chamber, said first-named means 
comprising a plurality of axially aligned fuel spray noz 
zles integrally mounted in the wall of said recessed com 
bustion Zone adjacent said central opening and a plu 
rality of radially aligned oxidized spray nozzles integrally 
mounted in the wall of said combustion zone in said 
outwardly flared circumferential portion with each of 
said radially aligned oxidized spray nozzles paired with 
a corresponding axially aligned fuel spray nozzle, said 
cooling means comprising a plurality of staggered sets 
of spray nozzles integrally mounted in spaced relation in 
the wall of said combustion chamber downstream of said 
combustion zone toward said outlet duct at predeter 
mined intervals to provide maximum cooling of the 
combustible products downstream of the combustion 
Zone, a plurality of circumferentially disposed cooling 
tubes arranged in the wall of said combustion chamber 
in communication with said plurality of staggered sets 
of spray nozzles downstream of said combustion zone, 
and means diverting some of the fuel delivered to said 
combustion Zone to said plurality of cooling tubes. 

3. A gas generator wall spraying system as in claim. 
2, said injector assembly having an enlarged outer open 
ing in communication with said restricted, central open 
ing, means extending into said enlarged outer opening 
in closing engagement in said restricted opening forming 
a first circular passage between said closing means and 
the walls of said injector assembly, first tube mounting 
means affixed to said injector assembly rearwardly of said 
combustion Zone forming a second circular fluid pas 
Sage between said first tube mounting means and the 
outer circumferential walls of said injector assembly, sec 
ond tube mounting means affixed to said injector as 
sembly adjacent its end nearest said combustion cham 
ber forming a third circular fluid passage, and intercon 
necting passage means between said third and first fluid 
passages transferring fuel admitted thereinto from said 
third fluid passage. 

4. A gas generator wall spraying system as in claim 
2, said injector assembly comprising a substantially cy 
lindrical body adaptable for connection at spaced cir 
cumferential locations, respectively, to oxidizer and fuel 
Supplies, a plurality of circular passages incorporated 
in said injector assembly, and a plurality of fuel and 
oxidizer Spray nozzles mounted in pairs and integrally 
formed in the wall of said combustion zone in com 
munication with said circular passages to direct oxidizer 
and fuel into said combustion zone, said plurality of cir 
cular passages, comprising, a first circular passage in 
communication between said oxidizer supply and said 
oxidizer Spray nozzles, a second circular passage in com 
munication with said fuel supply, a third circular pas 
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6 
sage in communication with said fuel spray nozzles, and 
an interconnecting passage in communication between 
said second and third circular passages delivering fuel 
to said fuel spray nozzles. 

5. In a gas generator, a gas generator assembly hav 
ing a combustion chamber open at its forward and aft 
ends, an injector assembly having a recessed inner end 
portion forming a combustion zone affixed to the for 
ward end of said combustion chamber in open and con 
tinuous communication with said combustion chamber, 
an outlet duct affixed to the aft end of said combustion 
chamber, means for admitting fuel and oxidizer into said 
combustion Zone, said means comprising a fuel inlet and 
an oxidizer inlet in said injector assembly, a first plu 
rality of jet nozzles integrally machined in the walls 
of said combustion zone forward of said combustion 
Zone delivering axially flowing fuel spray into said com 
bustion Zone, a second plurality of jet nozzles integrally 
machined in the walls of said combustion zone and in 
dividually paired with and at an angle to a respective 
fuel nozzle delivering oxidizer spray at an angle to said 
fuel spray and mixing said oxidizer and fuel sprays in 
said combustion Zone, and channel means in intercom 
munication, respectively, between each of said plurality 
of fuel and oxidizer spray nozzles and said fuel and 
oxidizer inlets, means adaptable for igniting said mix 
ture of oxidizer and fuel spray in said combustion zone 
to form combustible products flowing under pressure 
from said combustion zone into said combustion cham 
ber, and means cooling the walls of said combustion 
chamber and reducing the temperature of said com 
bustible products, said means comprising a plurality 
of longitudinally extending, circumferentially arranged 
cooling tubes positioned in the outer walls of said com 
bustion chamber in intercommunication with and di 
Verting part of the fuel delivered to said fuel inlet chan 
nel intercommunicating means, a cooling chamber in in 
tercommunication with said cooling tubes, and a plu 
rality of additional spray nozzles internally contoured 
With and circumferentially arranged in the walls of said 
combustion chamber at spaced, predetermined intervals 
downstream from Said combustion zone and terminating 
adjacent said outlet end of said combustion chamber in 
communication with said cooling chamber for spraying 
additional cooling fuel into said combustion chamber 
at predetermined spaced locations, each of said jet noz 
zles consisting of an internal contour of a spray nozzle 
body integrally machined in the walls of said combus 
tion Zone and chamber with a predetermined baffle af. 
fixed therein to regulate the pattern of the jet sprays in 
jected into said combustion zone. 

6. In a gas generator as in claim 5, and a plurality of 
additional jet nozzles each consisting of an internally 
contoured nozzle body integrally machined in and cir 
cumferentially positioned in the walls of said combustion 
chamber in communication with said intercommunicat 
ing channel means and circumferentially arranged around 
the area of communciation between said combustion zone 
and chamber directing additional axially flowing fuel 
spray downstream of said combustion zone mixing with 
the combustion products formed downstream from the 
oxidizer and fuel spray injected in said combustion zone 
by said first-named plurality of jet nozzles. 
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