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This invention relates to installations for generating 
streams of hot gas. 

It is an object of the invention to provide a hot-gas 
generating installation which will supply a flow of hot 
gas at a relatively high rate, with the temperature thereof 
undergoing considerable periodic variations. It is a fur 
ther object of the invention to provide such an installation 
with which the flow of gas supplied will be subject also 
to periodic variations in pressure and specific mass. 

It is a further object of the invention to provide an 
installation which will supply a substantially continuous 
flow of gas comprising alternating sections or bursts of 
different temperatures. ... 

According to the invention there is provided a hot gas 
generating installation comprising at least two (and pref 
erably three or more) tubular burners arranged in suc 
cession, a first of said burners being of the acoustic reso 
nance type, adapted to effect periodic combustion of fuel 
and combustion-supporting medium supplied thereto under 
pressure, so as to produce a stream of hot gas varying 
periodically at a frequency determined by the dimensions 
of said first burner and the pressures at which fuel and 
combustion-supporting medium are supplied, and a sec 
ond of said burners being adapted to receive exhaust gas 
supplied thereto by said first burner, to effect combustion : 
in said second burner. 

Advantageously the following burner or burners is or 
are designed and shaped so as not to disturb, by their 
own operation, the frequency set up by the first burner. 
The relative disposition and the arrangement of the 

successive burners are advantageously such that the hot 
gases discharged by one burner in the direction of the 
following burner effect at least the partial supply of the 
latter with combustion-supporting medium by an induc 
tion or pump effect, and the ignition of the following 
burner by pilot flame effect, that is to say, the exhaust 
gases supplied to the said following burner by the said 
one burner are at such a temperature that fuel is spon 
taneously ignited in the said following burner. 

In a preferred embodiment of the invention, the burners 
extend, over a considerable part of their length, inside 
gas-tight chambers filled with compressed air or other sup 
porter of combustion under pressure, serving to feed the 
burners. 
The description which follows with reference to the ac 

companying drawing is given by way of non-limitative ex 
ample only but will make clearly understood how the 
invention may be carried into effect, the details appearing 
both from the text and from the drawing forming part 
of the said invention. 
The single figure of the drawing is a diagrammatic 

view in longitudinal section of one form of installation 
constructed in accordance with the invention. 

Referring to the drawing, the installation comprises a 
series of three tubular burners , 2 and 3 arranged one 
after the other on the same axis X-Y and extending, over 
the major parts of their lengths, in gas-tight chambers 
4 and 5 supplied with compressed air or other supporter 
of combustion under pressure, by way of conduits 6 
and 7. 
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The leading burner , which includes a combustion 

chamber 8, is closed at its forward or upstream end and 
is connected in the downstream direction by a short con 
Vergent portion 9 to a tuyere 10 which opens into the 
chamber 4. The combustion chamber 8 is provided with 
injectors if which are located close to its forward end, 
adjacent a sparking plug 2, and are supplied with fuel 
through a pipe 3. Pipe lines 14 deliver compressed air 
into the combustion chamber 8 through one or more pe 
ripheral jets. Advantageously there are four jets arranged 
in opposite pairs, so as to produce good distribution of 
the supporter of combustion and strong turbulence in 
the region of the injectors 11. 

This leading burner is of the so-called acoustic reso 
nance type, that is to say, combustion of fuel takes place 
therein in a spontaneously periodic manner, the frequency 
being a function of the geometrical dimensions of the 
burner and, in particular, a function of the total length 
of the burner and of the ratio of the volumes of the 
combustion chamber 8 and the ejection tuyere 10, and 
also a function of the pressures at which the fuel and the 
Supporter of combustion are supplied. In fact: 

For a given ratio of the volume of the combustion 
chamber to the volume of the tuyere, the shorter the 
burner the higher the frequency; 
For a given total length, the frequency is reduced as 

the volume of the chamber is increased in relation to that 
of the tuyere; 

Finally, for any given set of geometrical dimensions, 
the frequency increases when the pressures at which the 
Supporter of combustion and the fuel are supplied are 
raised, 
Of course, there are limits to the possible frequency 

variations, these limits being imposed by the stability of 
the Self-igniting combustion and being a function of the 
nature of the fuel employed and of its ignition or firing 
time. Beyond these limits, resonant operation is unstable, 
or even impossible, in which case continuous combustion 
of low thermal efficiency takes place in the burner. 

in practice, depending on the value of the geometrical 
parameters and of the supply pressures, the frequency of 
combustion of such a burner may vary from a few cycles - 
per Second to 600 cycles per second and even more where 
a fuel having a small ignition time is used. Thus the 
frequency of combustion can be adjusted within very 
wide limits, according to requirements. 
The intermediate burner 2, located downstream of the 

previously mentioned burner 1, comprises basically a con 
Vergent portion 5 of evolute form leading into a divergent 
conical portion 16 terminating in an evolute widened 
portion 17 which connects the divergent conical portion 
16 with a combustion chamber 18, the chamber 18 being 
generally cylindrical and extended by a short tuyere 9. 
Advantageously the latter is terminated by a short con 
Vergent portion 20. In the Zone where the divergent por 
tion 7 opens into the combustion chamber there is located 
a fuel feeding system consisting of one or more in 
jectors 2. 
The dimension of the intermediate burner 2 will be 

chosen in dependence upon those of the leading burner 
1 and also upon the flow characteristics desired for the 
nominal Supply pressure of the supporter of combustion 
(that is to say, the pressure prevailing in the chamber 4). 
However, in designing the burner 2, it is of advantage to 
bear in mind the following considerations so that a de 
parture may be made, as far as is possible, from the 
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normal dimensional characteristics of pulsatory combus 
tion chambers, in order that the working rhythm imposed 
by the leading burner a shall not be disturbed: 
The total length of the burner 2 will generally be less 



es 

than five times the diameter of its combustion chamber 
18; - . . . 

The length of the divergent feed portion 15-6-7 will 
be of the same order of magnitude as the sum of the 
lengths of the combustion chamber 18, the ejection tuyere 
9 and the convergent portion 20; ... . . . 
The length of the combustion chamber 18 will be of 

the same, order of magnitude as the length of the tuyere 
19, while the diameter of the latter will be more than 
70% of the diameter of the combustion chamber; . 
The angle of the conical part of the divergent portion 

16, relatively to the central axis, will be of the order of 
3 and its smallest cross-section will have an area greater 
than that of the cross-section of the tuyere it of the lead 
ing burneri. 
The final or tail burner. 3 is of similar form to the 

burner. 2. In this case we again find an evolute conver 
gent portion 22, a conical divergent portion 23, a con 
necting divergent. portion 24 and a cylindrical combus 
tion chamber 25 connected by a convergent portion: 26. 
to a terminal tuyere 27 which may be either of circular 
or bi-dimensional cross-section, that is to say, having a 
four sided cross-section such as a square or rectangle. In 
the latter case, the convergent portion 26 will provide 
a gradual transition between the larger circular cross 
section of the combustion chamber 25 and the slightly 
smaller bi-dimensional cross-section of the tuyere 27. 
Fuel injectors. 28 are located in the region of the con 
necting portion 24, that is to say, between the divergent 
feed portion 23 and the combustion chamber 25. Oxy 
gen feed nozzles 29 are advantageously provided up 
stream of the fuel injectors 28 in the conical divergent 
portion. 23. 

For determining the dimensions of 
it is of advantage to take into account the following 
considerations: 
The sum of the lengths of the divergent portions 22, 

23 and 24, the combustion chamber 25 and the connect 
ing convergent portion 26 should be smaller than the 
ength of tuyere 27; 
The length of the combustion chamber 25 should be 

less than twice its diameter; . . . 
The conical divergent portion 23 has an angle of the 

order of 8 relatively to the central axis and its smallest 
cross-section has an area larger than the area of the 
cross-section of the ejection tuyere 9 of the intermediate 
burner, 2. - 

Each chamber 4 or 5 may be formed by a cylindrical 
element terminating at its ends in two hemispherical por 
tions having orifices limited by flanges. To the latter 

the tail burner 3, 
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in succession arises from the fact that the acoustic Teso 
nance burner is necessarily of small dimensions in or 
der that the frequency of combustion should, assis-de 
sirable, exceed some hundred cycles per second. The 
Small volume imposed on this acoustic. burneri has the 
result of limiting rather closely the mass and rate offlow. 
of gas which it is capable of producing. On the other. 
hand, since the performance of the non-resonant burner 
2 is not limited by the requirements of self-feeding and 
self-ignition, it can considerably...increases the mass and 
rate of fow of the gases subjected to the thermodynamic 
process. In brief, it can be said that the acoustic burner. 
I determines the frequency of the periodic combustion 
while the non-resonant burner 2, determines: the rate of 
'flow or delivery. Thus it is possible for an installation. 
constructed in accordance with the invention to include 
only two burners if desired. . . . . . . . . . . 
As regards the installation shown in the drawings, the 

tail burner 3 (hereinafter called the "post-combustion. 
burner") is supplied, in its turn, by supporter of com 
bustion from the chamber 5 by the action of the kinetic. 
energy of the gases which issue periodically from the 
burner 2 and exert an induction effect. This supporter. 
of combustion is enriched with oxygen at 29, as it passes. 
through the intake nozzle 23 of the post-combustion 
burner. . . . . . . . . . 
The periodic combustion of the fuel, in the presence of 

air enriched with oxygen and heated by admixture with. 
the hot gases ejected by the non-resonant burner. 2, as: 
well as by heat transmitted by the walls of the burners. 2 . . . . 
and 3 by convection and radiation, makes it possible to . . 
obtain, at the frequency determined by the acoustic 
burier 1, the periodic production of masses of gas at 
high-temperature which are supplied in the form of hot 
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there are fixed mating-flanges carried by the burners and 
forming the fixing means for the latter. 

the burners. - 

The arrangement which has just been described oper 
ates in the following manner: ... - 
As has already been mentioned, the leading burner 

(hereinafter called the "acoustic burner”) operates at a 
given frequency which can be regulated. 
The kinetic energy of the gas periodically ejected by 

the tuyere 10 of the burner ensures that the intermedi-. 
ate burner 2 (hereinafter called the "non-resonant burn 
er') periodically receives supporter of combustion from 
the chamber 4, by a pump action in accordance with the 
well-known phenomenon of pulsed dilution. When sup 
porter of combustion fed into the burner 2 in this way 
flows into the region of the fuel injectors. 2; which are 
arranged at the inlet of the combustion chamber 18 of 
the non-resonant burner, 2, it forms a carburetted mix-. 
ture which is periodically ignited under the action of the 
hot gases issuing from the acoustic burner. ... In this: 
way combustion takes place in the non-resonant burner 
2 at the frequency determined by the periodic combustion 
in the acoustic burner 1. 
The advantage of arranging the two types of burners 

The orifices are: 
designed so as to permit easy mounting and removal of 
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bursts in the flow emerging from the ejection tuyere 27. 
The function of the gas-tight chambers 4 and 5 is to 

permit the non-resonant burner 2 and the post-combus 
tion burner 3 to be supplied with supporter of combus 
tion at elevated pressure. In the case of either chamber, 
the supporter of combustion may be ordinary compressed 
air or compressed air enriched with oxygen. m 

Moreover, these chambers considerably reduce the ther 
mal losses of the installation, particularly when they are 
provided with thermal insulation since the scalories of 
heat transmitted by the walls of one burner are almost. 
wholly recovered by the supporter of combustion which 
is used at the following combustion...stage. . . . . . . . . . . . 

Finally, these chambers have a silencing function, which 
is particularly important since the noise level of periodic 
-burners is always high by reason of the strong pressure 
vibrations which they set up. 

It is to be observed that with such an installation a large number of adjustable parameters is available. In 
addition to the geometrical dimensions on which the fre 
quency depends, it is possible to regulate the pressure--. 
and consequently the rate of flow-of the fuel feeding the is 
three burners. Likewise the three systems for supplying 
Supporter of combustion to the respective burners are in 
dividually adjustable in pressure. In this respect, it is . 
desirable that the pressure at which the leading burner 
i is supplied with supporter of combustion should be. 
higher than the pressure of the supporter of combustion 
contained in the chamber 4 and supplying the intermedia 
ate burner 2, this latter pressure in turn being higher than 
the pressure of the supporter of combustion contained in 
the chamber 5 and intended for the tail burner.3.7. 

It is also possible to effect regulation by varying the 
operating temperatures. Thus, the supporter of combus 
tion can be pre-heated before admission into the chambers . 
4 and 5 to selected temperatures which, however, must of 
course be compatible with the behaviour of the materials 
used in the construction of the installation. 

Finally, the rate of enrichment of the supporter of 
combustion with oxygen for the purposes of post-combus 
tion in the chamber 3 can be regulated by modifying its 
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Supply pressure, this having a direct influence on the tem 
perature reached by the hot sections or bursts of the flow. 

In short, it will be seen that it is easily possible in this 
way to fix the duration of the alternately very hot and less 
hot flow bursts which the generator will deliver through 
its outlet tuyere 27. 
The gas generator of the present invention is suscep 

tible of many applications, the most interesting of which 
will, it appears, lie in the fields of testing refractory ma 
terials, of experimental studies of non-uniform flow and 
of the direct conversion of heat energy into electrical 
energy by so-called magneto-gas-dynamics. 

For this last application, one of the burners will gen 
erally be equipped with a complementary feed device by 
means of which a solution of a readily ionisable sub 
stance, Such as potassium, is introduced into the flow. 

It is obvious that modifications may be made in the 
form of installation which has just been described, in 
particular by substituting equivalent technical means, 
without thereby departing from the scope of the present 
invention as defined by the appended claims. 
What we claim is: 
1. A hot gas generating installation comprising a first, 

a second and a third intermittent-combustion duct means 
axially arranged in series, fuel injector means in each ; 
of said duct means, each of said duct means having a 
discharge nozzle, inlet passage means in said second duct 
means positioned adjacent the discharge nozzle of said 
first duct means, inlet passage means in said third duct 
means positioned adjacent the discharge nozzle of said 
Second duct means, said inlet passage means of said sec 
ond and third duct mean arranged to collect the gases 
discharged from the discharge nozzles of said first duct 
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6 
means and said second duct means respectively and co 
operating therewith to produce an injector effect inducing 
ambient fluid into said second and third duct means, a 
gas-tight casing surrounding and enclosing a substantial 
part of said second and third duct means including the 
discharge nozzle of said second duct and the inlet passage 
means of said third duct means, oxygen supply means in 
said third duct means, and means for supplying combus 
tion-supporting gas under pressure into said gas-tight cas 
ling. 

2. Installation as claimed in claim , comprising fur 
ther a gas-tight casing surrounding and enclosing a sub 
stantial part of the first and second duct means including 
the discharge nozzle of said first duct means and the inlet 
passage means of said second duct means, and means for 
supplying combustion-supporting gas under pressure into 
said last mentioned gas-tight casing. 
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