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This invention relates to combustion chambers and 
more particularly to combustion chambers having oscil 
lating flow and combustion characteristics. 

It is known that highly efficient burning is attained 
in combustion chambers when the phenomenon known 
as screech or oscillating flow occurs. However, with 
this burning characteristic the oscillations are normally 
uncontrollable to the extent that in an extremely short 
time they may become sufficiently violent to damage or 
destroy the particular combustion chamber. This burn 
ing characteristic occurs in afterburners of turbine type 
power plants, ramjets, or similar power plants where high 
temperatures and high burning rates are encountered. 
This type of combustion usually occurs in high output 
combustion chambers and is characterized by high ampli 
tude oscillations occurring at a resonant frequency of 
the combustion chamber cavity. When this type of com 
bustion is encountered the heat transfer rate to the com 
bustion chamber wall is increased greatly. This in 
creased heat transfer rate coupled with the high stress 
repetition rates of the pressure oscillations cause rapid 
failure of the combustion chamber structural components. 

It is therefore an object of this invention to obtain 
the advantages of this type of combustion but to elimi 
nate structural failures by controlling the amplitude of 
the pressure oscillations. 

It is a further object of this invention to increase the 
fluid mixing associated with oscillatory combustion and 
to increase the heat release rates in the process of the 
combustion reactions by providing a means for completing 
combustion in a much shorter combustion chamber length 
for a given efficiency Revel. . 

These and other objects of this invention will becom 
readily apparent from the following detailed description 
of the drawing in which: 

Fig. 1 is a schematic sectional illustration of a combus 
tion chamber of rectangular cross section constructed 
according to this invention. * . 

Fig. 2 is a cross-sectional illustration taken along the 
line 2-2 of Fig. 1. 

Fig. 3 is similar to Fig. 1 but illustrates a combustion 
chamber having a circular cross section, and 

Fig. 4 is a cross-sectional illustration taken along the 
line 4-4 of Fig. 3. 

Screeching combustion can be used practically if the 
amplitude of the pressure pulsations are controlled by 
properly locating the flamefronts with respect to the 
combustion chamber walls and by providing a properly 
designed absorption liner in the combustion chamber. 
Although the type of oscillatory combustion can be 
further controlled by regulating the fuel air limits, it is the 
provision of an absorptive liner of proper character 
istics which can best provide highly efficient yet safe 
combustion. 

It is known that the pressure oscillations during screech 
or oscillatory combustion can be either acting along the 
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of the flameholder. 

axis of flow through the combustion chamber or trans 
versely thereof. It has been found that the transverse . 
oscillations produce more efficient burning and can be 
produced and controlled in accordance with the teach 
ings of this invention. 

Referring to Fig. 1, a combustion chamber is gen 
erally indicated at 10 including a plurality of fuel noz 
zles 2. A V type flameholder 14 with suitable means 
of ignition 15 is provided with its downstream end termi 
nating in a lip 16 radially spaced outwardly from the 
axis of the combustion chamber. The ignition means 
15 may be a pilot flame as shown or any other suitable 
form such as electrical or pyrotechnic ignition. By prop 
erly locating the lip 16 from the axis of the combustion 
chamber the preferred frequency of transverse oscillations 
during combustion can be obtained. In addition an 
absorptive liner 20 is provided between the lip 16 and 
the outer wall 22 of the combustion chamber. The spac 
ing of these components is related to other dimensions 
of the combustion chamber as described hereinafter. It 
should be noted that the perforations in the liner 20 com 
prise radially extending unobstructed passages to per 
mit free radial flow of pressure fluctuations. - 

Fig. 1 illustrates a rectangular combustion chamber the 
relative shape and dimensions of which are more clearly 
shown in Fig. 2. 

Fig. 3 illustrates a circular combustion chambergen 
erally indicated at 30 as having fuel nozzles 32 and a 
conical flame-holder 34 which terminates in a down 
stream lip 36. The downstream lip 36 is spaced radially 
from the axis of the flow through the combustion cham 
ber and this spacing is related to other dimensions of the 
combustion chamber as described hereinafter. An an 
nular absorptive liner 40 is provided, and this liner is 
spaced inwardly from the outer combustion chamber cas 
ing 42 but is spaced radially outwardly from the lip. 36 

The particular configuration of the 
circular combustion chamber is better illustrated in 
Fig. 4. 
The particular size and shape of the elements of this 

invention necessary to produce the proper oscillatory 
combustion with the best efficiency is set forth herein 
after. Thus for example a transverse mode of oscilla 
tion can be excited more easily than a longitudinal mode 
of oscillation if the length to diameter ratio of the com 
bustion chamber is less than or equal to approximately 
4 (see dimensions on Figs. 1 and 3). When the particu 
lar size of the combustion chamber for any particular 
requirement is determined, it is possible to then define 
the location of the flamefront (outer lip of the flame 
holder) and the type of absorptive liner in terms of one 
or more dimensions of the combustion chamber. 

According to this invention, then, it is best to excite the 
lowest frequency of a transverse mode of oscillation. 
This frequency may be expressed as: 

84C 
D for cylindrical duct 

f=5 for a rectangular duct 
where 
f=frequency 
C=speed of sound 
D=liner diameter 
h=longer side of rectangular duct 

Since the absorption liner of this invention will be. 
tuned to the frequency generated or excited in the com 
bustion chamber, its properties are also related to the 
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frequency (f). Therefore it can be further shown that 
the liner qualities or design parameter (b. is given as . 
-- a -13.55 d-Le 

and 

for cylindrical combustion camber 

g 7 
(p = Le eff- for rectangular combustion chambers 

where 
g=percent open area cf absorber 

L=air depth behind absorber facing 
l eff=effective length of air coiunan in liner perforations 
l eff=t-- 1.7-yo (1-0.75a) 
t=liner face thickness 
"Yo=radius of each liner perforation 

Hence once the diameter of the combustion chamber 
is established (in the case of a cylindrical configuration) 
a liner with the proper design properties can be selected. 
Thus knowing that design parameter g) is equal to 
13.55/D, which in turn is identical with the variables 
shown above which comprise gh, it is possible to design 
or choose the correct type of liner. The same holds true 
for a rectangular combustion chamber. 

It has been found that for efficient operation the dis 
tance of the flameholder lip from the longitudinal axis 
of the combustion chamber in the case of a cylindrical 
section is approximately equal to a value of 0.35 to 0.40 
of the diameter of the absorptive iner. On the other hand 
the desirable distance of the flameholdier lip from the 
longitudinal axis in the case of a rectangular section is 
approximately equal to or greater than a value of 0.35 
to 0.40 of the dimension of the side of the rectangle 
formed by the duct, 

It is readily apparent then that as a result of this inven 
tion controlled oscillations can be produced in combus 
tion chambers to reduce space requirements while at the 
same time avoiding destructive, high amplitude pres 
Sure oscillations. 
The term combustion chamber so used herein is in 

tended to include without limitation, reaction chambers 
where chemical reactions, decompositions or other simi 
lar process may occur since this invention is equally ap 
plicable thereto. 

Although only two embodiments of this invention have 
been illustrated and described herein, it will become read 
ily apparent that various changes and modifications may 
be made in the construction and arrangement of the 
various parts without departing from the scope of this 
novel concept. 
We claim: 
1. In a combustion chamber, a cylindrical outer casing 

for defining a cylindrical burner duct, said duct having 
a longitudinal axis, a perforated cylindrical liner coaxially 
disposed in said duct, said liner with said duct forming 
a tuned chamber open at both ends, the perforations 
of Said liner comprising radially extending unobstructed 
passages, a conical flanneholder in said duct and having an 
outer lip located adjacent said liner, said lip being spaced 
from said axis a distance which is greater than 0.35 to 
0.40 of the diameter of said liner, and means for intro 
ducing fuel upstream of said flameholder. 

2. In a combustion chamber, a cylindrical outer casing 
for defining a cylindrical burner duct, said duct having a 
longitudinal axis, a perforated cylindrical liner coaxially 
disposed in said duct, said liner with said duct forming 
an annular chamber open at both ends for free flow 
through said chamber, the perforations in said liner com 
prising radially extending unobstructed passages, a conical 
flameholder in said duct and having an outer lip located 
adjacent said liner, said lip being spaced from said axis 
a distance which is greater than 0.35 to 0.40 of the 
diameter of Said liner, the distance from said lip to the 
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downstream end of said combustion chamber being ap 
proximately equal-to, a distance less than four times the 
diameter of said liner, and means for introducing fuel 
upstream of said flameholder. 

3. In a combustion chamber, a tubular outer casing 
for defining a cylindrical burner duct, said duct having a 
longitudinal axis, a perforated cylindrical liner coaxially 
disposed in said duct, said liner with said duct forming 
an annular tuned chamber open at both ends along said 
axis, the perforations in said liner comprising unob 
structed passages running normal to said axis, a flame 
holder in said duct having a W cross section and having 
its downstream end terminating in an outer lip radially 
displaced from said axis and adjacent said liner, said lip 
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being spaced from said axis approximately equal to a 
distance which is of a value approximately in the range 
of 0.35 to 0.40 of the diameter of said liner. 

4. A combustion chamber having a casing for defin 
ing a burner duct, said duct having a longitudinal axis, 
means for injecting fuel at an upstream station in said 
duct, imperforate flameholder means in said duct down 
stream of said fuel injecting means, and terminating 
in at least one outer lip from which a flamefront ema 
nates in a downstream direction, said lip being located 
a distance away from said axis, and an absorptive liner 
coaxially disposed with respect to said casing and being 
radially located between said lip and said casing thereby 
forming a space therebetween, said liner being cylindrical 
and perforated substantially throughout its length, said 
perforations comprising unobstructed radial passages ex 
tending substantially normal to said axis, the upstream 
end of Said liner being located adjacent said lip and ex 
tending downstream thereof whereby said liner lies sub 
stantially in the flamefront and whereby said space forms 
a tuned chamber open at its axial ends. 

5. A combustion chamber having a casing for defining 
a burner duct, said duct having a longitudinal axis, means 
for injecting fuel at an upstream station in said duct, im 
perforate flameholder means in said duct downstream of 
Said fuel injecting means, and terminating in at least one 
outer lip from which a flamefront emanates in a down 
stream direction, said lip being located a distance away 
from said axis, and an absorptive liner coaxially dis 
posed with respect to said casing and being radially 
located between said lip and said casing thereby forming 
a space therebetween, said liner being cylindrical and 
perforated substantially throughout its length, said per 
forations comprising unobstructed radial passages extend 
ing substantially normal to said axis, the upstream end 
of said liner being located adjacent said lip and extend 
ing downstream thereof whereby said liner lies substan 
tially in the flamefront and whereby said space forms a 
tuned chamber open at its axial ends, said lip being spaced 
from said axis a distance which is .035 to .045 of the 
maximum cross-sectional dimension of said liner, the dis 
tance from said lip to the downstream end of said com 
bustion chamber being approximately equal to a distance 
less than four times the said maximum cross-sectional 
dimension of said liner. 
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