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STEP CYLINEDER COMBUSTOR DESIGN 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufac 
tured and used by or for the Government of the United 
States for all governmental purposes without the pay 
ment of any royalty. 

BACKGROUND OF THE INVENTION 
This invention relates generally and primarily to su 

personic combustion ramjet engines and, in particular, 
to an improved stepcylinder combustor chamber there 
for. 

In the past, supersonic combustion engines have gen 
erally employed conical or, in other words, divergent 
combustors whose area naturally increases with length. 
Such divergent combustors are required to prevent the 
phenomenon known as "thermal choking," which lim 
its the amount of heat that may be added to the single 
constant area-combustor chamber or duct. In this con 
nection, the conventional engine of this type has been 
previously designed with a step-cylinder-cone geome 
try, in which a single step is utilized in the combustor 
chamber immediately downstream from the engine-air 
inlet. This step configuration acts to stabilize the com 
bustion and is followed both by a single cylindrical or 
constant area-chamber section or stage in which a lim 
ited amount of heat is added, and, finally, by a diver 
gent or conical section or stage in which is added still 
further heat. However, although this prior art arrange 
ment affords a somewhat increased combustion stabil 
ity, the aforementioned "thermal choking' may still 
occur in the first, constant area stage if too much heat 
is attempted to be added and, therefore, this places a 
definite limit to the actual heat which may be so added 
therein. Moreover, the further heat that is to be added 
in the second, conical or divergent stage or chamber 
section suffers from the inherent disadvantages of the 
expanding flow in such conical stages that has been 
previously found to adversely affect the chemical reac 
tion and mixing therein. On the other hand, the new 
and improved combustor design of the present inven 
tion offers considerable improvement over the said 
step-cylinder-cone configuration by a simplified and 
yet unique means to be set forth hereinafter in the fol 
lowing summary and detailed description. 

SUMMARY OF THE INVENTION 
The present invention consists briefly in improving 

the conventional single step-cylinder-cone geometry of 
current combustor chamber configurations, particu 
larly as used in supersonic combustion-ramjet engines, 
by utilizing a combustor chamber that has at least two 
stabilizing steps or stages, each being followed by a 
constant area-cylindrical or quasi-cylindrical duct 
member or combustor chamber-section or stage in 
which heat may be selectively or collectively added, as 
desired. More specifically, the inventive combustor 
chamber would consist of a first step adjacent to, or im 
mediately downstream of the engine-air inlet, which 
step would be immediately followed by a first, cylindri 
cal or, in other words, constant area chamber section 
or stage, and at least one other step forming a second, 
cylindrical/constant area chamber section or stage, to 
be followed by the expansion nozzle of the engine. 
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2 
In its preferred form, the present invention would be 

applied to a missile with, of course, the main fuel tank 
being centrally disposed along the longitudinal axis 
thereof and with the various constant area stages being 
disposed as annular chamber sections around the fuel 
tank. Actually, it is preferable that a three-step com 
bustor be used in the missile engine in which a total of 
three constant area chambers of progressively increas 
ing diameter would be used, each being preceeded by 
a stabilizing step. In this manner, by utilizing additional 
heat in each of the three constant area stages, the previ 
ously-described adverse effects of the divergent flow of 
more conventional ramjet engines would be avoided, 
while, at the same time, greater amounts of heat and 
thus energy could be added in a quite simplified system. 
Other objects and advantages of the invention will 

readily appear hereinafter from the following disclo 
sure, taken in connection with the accompanying draw - 
ings, in which: 

BRIEF DESCRIPTION OF THE DRAWENGS 

FIG. 1 is a longitudinally-disposed diagrammatic 
view of a conventional supersonic combustion ramjet 
wherein a single step-cylindrical-cone configuration is 
used for the combustor chamber thereof. 
FIG. 2 is a second longitudinally-disposed, diagram 

matic view of an improved and basic two step and con 
stant area combustor chamber used to improve the effi 
ciency of the conventional ramjet engine of FIG. 1; and 

FIG. 3 is a longitudinal, and partly sectional and 
schematic view, illustrating details of the further im 
proved ramjet-three step combustor chamber compris 
ing the preferred form of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring initially to FIG. 1 of the drawings, a prior 
art type of ramjet engine is shown indicated generally 
at 10 as comprising a main casing or duct member 11, 
a spike inlet diffuser 12, a main, air inlet 13, and first 
and second, cylindrical/constant area, and divergent 
combustor chamber-sections of annular or substan 
tially annular disposition and indicated respectively 
and generally at 14 and 15. A single combustion stabili 
ty-step, indicated at 16 as being disposed just down 
stream of the air inlet 13, leads into, and assists in form 
ing the first, cylindrical/constant areacombustor cham 
ber-section 14. An expansion nozzle 17 completes the 
principal portions of the engine. As noted hereinbe 
fore, the single step-cylindrical-cone configuration of 
the combustor chamber of the prior art or conventional 
ramjet of FIG. 1 affords some improvement over the 
formerly-used and simple diverging combustor cham 
ber of other engines for the reason that they are opera 
tive to prevent or at least drastically alleviate the phe 
nomenon called "thermal choking' of the engine that 
limited the amount of heat which could be added in the 
constant area-type of duct. However, again, as stated 
before, although the single step configuration of the 
aforementioned FIG. 1 additionally provides a certain 
amount of improved combustion stability in that lim 
ited amounts of heat may be respectively added in both 
of its constant-area (cylindrical) and divergent 
combustor chamber-sections 14 and 15 by means of 
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fuel injection stages, indicated respectively, and sche 
matically at 14a and 15a, nevertheless, the divergent 
configuration of the second combustor chamber-stage 
15 makes for a relatively low combustion and therefore 
engine efficiency because of the previously-mentioned 
adverse effect, inherent in the expanding flow, on the 
chemical reaction and mixing in the said divergent sec 
tion 15. 
To specifically provide for a further improved com 

bustion stability and therefore an increased efficiency 
of operation of the ramjet engine, in accordance with 
the unique teachings of the present invention, a com 
bustor chamber configuration having two or more sta 
bility step-cylinder elements as respectively depicted in 
FIGS. 2 and 3 may be utilized. In the more basic form 
of FIG. 2, a supersonic combustion ramjet engine is in 
dicated at 18 as again comprising the main ramjet en 
gine-duct member at 19, a main air inlet indicated gen 
erally at 20 and out of which projects the spike inlet dif 
fuser 21, and an expansion nozzle 22. 
Disposed between the expansion nozzle 22 and the 

air inlet 20 is the novel and basic two step-cylinder 
forming the present invention. This consists of a first 
step element 23 and a first, cylindrical or constant area 
combustor chamber-section or stage 24, and a second 
step element 25 and second, relatively increased diam 
eter and constant area combustor chamber-section or 
stage 26, each respectively having heat added thereinto 
by means of the first and second fuel injector stages, in 
dicated schematically and generally at 27 and 28. Thus, 
by adding heat in at least two constant area stages, in 
creased energy may be produced while, at the same 
time, the adverse effects of divergent flow may be 
avoided. 

In FIG. 3, a more elaborate form of the invention and 
one which actually constitutes the preferred embodi 
ment thereof is indicated generally at 29 as comprising 
the main engine structure or duct member at 30 that 
houses and incorporates the main air intake 31, a spike 
inlet diffuser32 that may also carry the missile payload 
and which is supported in position by the struts at 33, 
an expansion nozzle structure 34 supported by struts 
35, and intermediately disposed between said spike 
inlet diffuser 32 and expansion nozzle structure 34 the 
new and improved multiple step-cylinder-combustor 
chamber of the preferred form of the invention. The 
latter comprises a first step 36 and first, cylindrical/- 
constant area-chamber section or stage 37, a second 
step 38 and second, cylindrical/constant area-chamber 
section or stage 39, and a third step 40 and third, cylin 
drical/constant area-chamber section or stage 41. For 
each of the said three sections or stages or, in other 
words, constant area-combustion stages 37, 39 and 41, 
there is heat added respectively and separately by 
means of the fuel injectors, indicated schematically at 
42, 43 and 44, which fuel injectors are suitably incor 
porated in a housing structure, indicated generally at 
45 as surrounding the outer periphery of the missile 
fuel tank 46. These fuel injectors are not illustrated in 
detail since they may be of any well-known conven 
tional design. It is by appropriately varying the outside 
diameter of the corresponding sections of the said fuel 
injector-housing structure 45 that the first, second and 
third, constant area-combustor chamber-sections or 
stages 37, 39 and 41 may be respectively and progres 
sively increased in diameter or otherwise sized as de 
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4 
sired, as is clearly illustrated in the aforementioned 
FIG. 3. 
Thus, a new and improved combustor chamber con 

figuration has been developed primarily for, but not 
necessarily limited to, supersonic combustion ramjet 
engines wherein heat may be added to two or more 
constant area-chamber stages to improve the combus 
tion efficiency thereof and which enables, by preselect 
ing the ratios of each step area, the control of the Mach 
Number at which combustion occurs. Moreover, the 
use of discrete steps, as at 36,38 and 40 (FIG. 3), in 
the combustor allows closer spatial control of the rate 
of heat addition to be achieved, by providing predeter 
mined and various stabilizing zones or stages coupled 
with each fuel injection stage. By well-known fuel con 
trol means that may be located generally in the area in 
dicated at 47, the separate combustion stages formed 
by the present invention may be either placed in opera 
tion or kept out of operation as desired, or they may be 
modulated in such a way as to control the addition of 
heat either to the supersonic or subsonic mode, and 
thereby promote and/or facilitate more efficient engine 
operation under various flight conditions for both su 
personic and subsonic combustion ramjets. 

I claim: 
1. In a ramjet engine having a main duct member, an 

air inlet and an expansion nozzle-forming structure; 
combustor chamber means incorporated in said duct 
member and comprising; a plurality of substantially 
cylindrically-shaped, combustor chamber-sections dis 
posed in direct and continuous alignment with each 
other and in open communication between said air 
inlet and expansion nozzle-forming structure, each 
combustor chamber-sections being formed into a con 
stant area configuration and respectively increasing in 
size in the downstream direction to thereby provide for 
the periodic, non-divergent and relatively even expan 
sion of flow in separate stages and in all directions in 
herently ensuring better fuel-air mixing and thus the 
more efficient combustion thereof, separate combus 
tion stability means inherently incorporated with and 
disposed at or near the upstream end of each of said 
combustor chamber-sections; and individually actuat 
able, heat-adding means positioned immediately up 
stream of each said combustor stability means, and se 
lectively and individually operable to add varying 
amounts of heat to said combustor chamber means to 
thereby provide a positive, built-in control and regula 
tion of the speed being inherently produced during the 
operation of said ramjet engine. 

2. In a ramjet engine as in claim 1, wherein said sepa 
rate combustion stability means each comprise a step 
formed at the upstream end of each of said combustor 
chamber sections. 
3. In a ramjet engine as in claim 2, and relatively 

elongated, center body means centrally disposed in said 
combustor chamber means along the longitudinal axis 
of said main duct member and incorporating a spike 
diffuser element at the front end thereof disposed at 
and through the air inlet, and a center body member 
extending between said spike diffuser element and the 
expansion nozzle-forming structure, said center body 
member comprising a plurality of substantially cylindri 
cal, center body elements respectively decreasing in di 
ameter in the downstream direction to thereby incor 
porate and form each of said combustion stability steps 
at the junctures between adjacent center body ele 



3,864,907 
5 

ments, and further respectively define each of the said 
combustor chambers into a constant area configuration 
disposed in circumferential relation around the corre 
sponding center body element and progressively in 
creasing in size in the downstream direction to thereby 
ensure both non-divergent flow coupled with the addi 
tion of heat by said individually actuatable, heat-adding 
means in one or more selected stages to positively pro 
mote more efficient combustion and the mode of con 
trol to either the supersonic or subsonic range. O 
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4. In a ramjet engine as in claim 1, wherein said main 

duct member comprises a missile having a main fuel 
tank and combined payload and spike inlet diffuser 
member, and said combustor chamber means com 
prises a series of three combustion stability steps and 
combustor chamber-sections annularily disposed be 
tween a supporting structure surrounding said fuel tank 
and the outside wall of said duct member. 
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