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This invention relates to combustion appa 

(C. 60-39.65) 

ratus of the kind in which fuel is burnt in a con- . 
tinuous airstream. Whilst as will be seen after 
consideration of its details, the combustion ap 
paratus of the invention has possible applica 
tion in a wider field, the invention is primarily 
concerned, and is at present conceived to have 
its maximum utility in connection. With Con 
bustion apparatus in which special problems arise 
due to the necessity for supporting combustion 
by means of a fast moving air current involving 
a large mass flow, as for example, in gas turbine 
or/and jet propulsion power units, the descrip 
tions “fast moving' being used here to indicate 
that the mean speed of the combustion-Support 
ing air current in its general direction of flow 
past a combustion zone, calculated from the ratio 
air volume passing in unit time/cross sectional 
area of flow path, is substantially higher than 
the speed of flow propagation in the fuel/air 
mixture concerned. For hydrocarbon fuels burn 
ing in air the speed of flame propagation is con 
sidered as being of the order of one foot per Sec 
ond at atmospheric temperature; the invention, 
on the other hand, is especially applicable to Con 
bustion apparatus for gas turbine or/and jet 
propulsion units in which the speed of the air 
current in its general direction of flow past a 
combustion zone, calculated on the basis indi 
cated, night be of an Order as low aS 10 or aS 
high as 300 feet per Second or even more, de 
pending on the design. 
In certain applications of . Combustion appa 

ratus in which the reduction of bulk and weight 
to a minimum are important considerations, it 
is of value to be able to keep the flame length as 
short as possible; this is notably the case in a gas 
turbine used as an aircraft power plant, in Which 
the combustion apparatus is usually arranged 
annularly about the longitudinal axis of the 
plant, so that a Small increase in the axial length 
of the combustion apparatus results in a dispro 
portionate increase in the structural mass. A 
further. Consideration in combustion apparatus 
of the kind indicated, which again is of partic 
ular importance in relation to gas turbines, is 
the attainment of an even air/fuel flow pattern, 
which ideally should be such that the distribu 
tion of fuel and air, and the combustion tem 
perature, are uniform at all points in the cross 
sectional plane of the outlet from the apparatus. 
In addition, in the case of a gas turbine the com 
bustion apparatus should be capable of Satisfac 
tory Operation Over a Wide range of air mass flows 
and fuel ratios without the flame being extin 
guished. 
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With a view to enabling the satisfaction of the 

requirements mentioned in the foregoing the in 
vention proposes a combustion apparatus in 
which the fuel to be burnt (whether liquid, gase 
Ous Or pulverulent) is injected in or near a region 
of the combustion-supporting air stress in which 
a component or reverse flow is afforded by cre 
atting in the air stream a whirl having the general 
form of a toroidal annulus lying in a plane trans 
verse to the stream (that is to say, of an annular 
envelope which defines a more or less closed 
figure in diametrical cross section). 

It is intended that the fuel should be injected 
in Such a way as to secure as far as possible a 
uniform distribution of fuel over the whirling 
air flow, but the manner in which the injection 
Will take place will depend upon the circum 
stances of the case. Thus, the fuel may be in 
jected into the toroidal air whirl in a generally 
circumferential direction, that is to Say, in a 
general Sense tangentially to the annulus formed 
by the toroid, and at a plurality of points dis 
tributed around it. Alternatively the fuel may 
be injected at one or more points in a down 
stream or an upstream direction and more or 
less along or parallel with the axis about which 
the annulus of the toroid is formed, or radially 
inwardly or outwardly with respect to said an 
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nulus. In any of these arrangements, by pro 
viding for an appropriate location and divergence 
of the jet from a single injection nozzle, or an 
appropriately close spacing and arrangement of 
a plurality of fuel jets, a more or less uniforn 
toroidal annulus of fuel/air mixture may be pro 
duced, with fuel/air mixture leaving the whirl 
in the general direction of the air flow. 
The number of fuel jets required to ensure 

reasonably uniform distribution of the fuel, and 
the location thereof, will be influenced by the 
form of the combustion chamber. In this con 
nection the invention has particular application 
to the case of a combustion apparatus, such as 
is employed in Some types of gas turbine pOWer 
plant, in which there in a single annular CO 
bustion chamber receiving the whole of the Out 
put from a compressor and constituting the sole 
Source of Supply for a turbine but it can also be 
applied to the corresponding case in Which the 
combustion apparatus is formed by a Simple tubu 
lar combustion chamber or is Sub-divided into a 
number of such combustion chambers Operating 
in parallel. In either case a whirl having the 
general form of toroidal annulus may be pro 
duced in the air flow by the provision of air in 
lets to the fuel injection zone Suitably disposed 
to direct a series of air jets along mutually in 
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tersecting axes each more or leSS tangential to 
the envelope of a toroidal annulus; thus, pro 
vision may be made for annular Series of air jets 
directed axially downstream (with respect to the 
general direction of air flow) and radially out 
Wardly and radially in Wardly of the chamber, 
the three Series of air jetS acting in conjunction 
to produce the required Whiri. In the case of 
the fuel Supply, however, an annular chamber 
will almost inevitably require that injection 
should take place at Several circumferentially 
Spaced points and in these circumstances the 
fuel jetS may With advantage be arranged with 
their axes of injection in the circumferential di 
rection and contained within the envelope of the 
toroidal air Whirl, although desirably not coin 
ciding with the centre of the whirl. Such an 
arrangement allows fuel to be well distributed 
about the annulus with the use of a minimum 
number of fuel jets, but where uniformity of the 2 
fuel distribution is of less importance or a larger 
number of jets is permissible the injection may 
take place in a direction upstream, downstream, 
or radially in Wardly or outwardly against the 
toroidal Whirl. On the other hand, in the case 
of a Single tubular combustion chamber, whilst 
the method of injection may be similarly to those 
described, the annulus formed by the toroidal 
Whirl may be Sufficiently Small to allow the fuel 
to be distributed unifornly to it, by a single jet 
directed upstream or downstream along the axis 
about which the toroid is formed. 
The air introduced to for the toroidal. Whirl 

could constitute the whole of the primary air 
Supply for Supporting the initial stages of con 
bustion, thus eliminating the need for a separate 
primary air Supply. In any event it will be neces 
tional broadly novel feature, for a combustion 
sary to introduce further or secondary air for 
the completion of combustion into the flame zone 
at Successive points in the downstream direction. 
In an annular combustion chamber such intro 
duction is commonly effected through both the 
outer and inner walls, and adequate air supply 
thereby maintained; normally, however, a tubu 
lar combustion chamber permits of such intro 
duction. Only through its outer wall and the core 
of the flame may, in consequence, be inadequate 
ly supplied with air. 
The invention therefore provides, as an addi 

tionally broadly novel feature, for a combustion 
apparatus comprising a simple tubular combus 
tion chamber, or group of such chambers oper 
ating in parallel, in which secondary air for the 
Completion of combustion is fed, in each cham 
ber, to an inner Zone thereof extending for a 
Substantial distance downstream from the region 
at which fuel is injected, so to maintain a supply 
of air to the core of the flame in the chamber. 
Thus, in a simple tubular combustion chamber 
in which a toroidal annulus of fuel/air mixture 
is Created, air may be supplied through the centre 
of the annulus of the toroid to the core of a 
flame extending and converging downstream 
thereof. This may be effected in a tubular cham 
ber having annularly disposed fuel injectors by 
providing at the upstream end of the chamber 
an axially extending inner tube having commu 
nication at its upstrean end With the air Sup 
ply and extending downstream as fair as required 
for the Supply of Secondary combustion air. 

In order that the various aspects of the in 
vention may be more readily understood, they 
Will now be described With reference to the 
accompanying drawings in which 
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4. 
Figure 1 represents diagrammatically a cross 

Section in a plane extending in the direction 
of the combustion-supporting air stream of the 
fuel injection zone of the combustion chamber of 
a combustion apparatus according to the inven 
tion. 

Figure 2 is a CrOSS Section in a plane trans 
Verse to the combustion Supporting airstream of 
the combustion chamber of Figure 1. 

Figure 3 is a half axial cross-section of an 
annular combustion apparatus (that is having an 
annular outlet) according to the invention. 

Figure 4 is an axial cross-section of a tubular 
combustion apparatus (that is having a non-an 
nular outlet) according to the invention. 
In Figure 1 the fuel-injection Zone is shielded 

from the main air stream (the direction of which 
is indicated by the arrow A) by the three walls, 
2, 3, and 4 respectively, of a casing. Three 
groups of air inlets 5, 6 and 7 are provided in 
the Walls 2, 3, and 4 respectively, situated in 
the manner shown. Air jets entering the respec 
tive groups of inlets are so directed as to act in 
conjunction to produce the required whirling air 
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flow path as indicated generally by the arrows 
It is apparent that a combustion chamber 

WhOSe upstream end Comprises such a casing with 
the three Walls 2, 3, 4 extending circumferen 
tially to form a complete chamber annulus about 
an axis parallel with the air stream (as shown 
partly in elevation in Figure 2) and with the 
groups of air inlets extending around its en 
tire circumferences, will have a toroidal air whirl 
formed within it. Arrangements of air inlets 
other than that shown could be used to produce 
a Similar effect. The fuel injector 8 distributes 
fuel from a point 9 radially outward from the 
centre of the Whirl to take advantage of the 
whirl velocity in mixing the fuel and air. Fig 
lure 2 ShoWS, diagrammatically, the manner in 
which even fuel distribution around the annulus 
may be effected; a plurality of fuel injectors 8a, 
8, 8b are distributed eveniy around the annulus 
of the injection Zone, the fuel jets from each be. 
ing directed circumferentially to diverge and in 
tersect in the manner indicated by the arrows 
C; in this Way a substantially even annulus of 
fuel is deposited in the region of the toroidal air 
Whirl. This arrangement is considered to be 
most preferable for use in a combustion cham 
ber of the annular type, and a practical example 
of Such an application is illustrated in Figure 3 
Which represents a cross-section in a longitu 
dinal plane through the axis of a chamber in 
tended for use in a gas turbine power unit. With 
reference to Figure 3, an annular air Casing 
receives the output of air (indicated by the 
arrow A) from a compressor (not shown) through 
an annular discharge passage 2, and encloses an 
annular flame chamber 3 which is provided at 
its upstream end with three circumferentially ex 
tending sets of air inlets, 4, 5 and 6 respectively, 
disposed in a manner similar to that described 
With reference to Figure 1, to produce, inside 
the flame chamber, a toroidal whirl whose annu 
lus is concentric with that of the flame cham 
ber as indicated by the arrows B. Fuel injectors 
7 are arranged to project into the chamber 3 
and to discharge fuel in the circumferential di 
rection in the Zone of the whirl, but offset with 
respect to the annular 'axis' about which the 
Whirling takes place as described with reference 
to Figures 1 and 2. The air entering the inlets 
4, 5 and 6 in the flame chamber 3 constitutes the 
primary air for combustion and mixing, and sec 



2,687,010 
5 

ondary air is supplied through the ports 8, 9. 
and 0 respectively as indicated by the arrows 
C in the chamber downstream from the injection 
ZOne. The products of combustion are finally 
ejected from the chamber through the annular 
outlet if to the blade annulus of a turbine (not 
shown). 

Figure 4 illustrates an embodiment of the in 
vention in a tubular type of combustion appa 
ratus and represents a longitudinal cross-section 
thereof. Referring to the figure the apparatus 
comprises a casing f receiving air flowing in 
the direction of the arrow A through a part 2 
and enclosing a flame tube 3. The upstream 
end of the flame tube 3 has a tubular centre piece 
4 providing an axial passage extending into the 
tube, which centrepiece has radial ports therein 
to provide, in conjunction with ports 6 and in 
the upstream end wall 8 and the radially outer 
wall 9 of the flame tube respectively, air jets 
producing a whirl as indicated by the arrows 3. 
The upstream end iO of the centre piece projects 
from the end wall 8 into the airstream to form 
a Splitter allowing a metered quantity of air 
to enter the axial passage and diverting the re 
mainder radially outwardly over the upstream 
end of the flame tube. The latter is provided 
With Shroud axially spaced from it which 
Screens the axially directed air inlets 6 in the 
end wall 8 and meters off a proportion of the air 
flow diverted by the splitter 0 for supply through 
these inlets. The tubular centre piece 4 is ex 
tended axially beyond the radial air ports 5 by 
Which it contributes to the formation of the 
toroidal whirl in the form of a cone 2, tapering 
in the downstream direction and having holes 
3 in it to supply secondary combustion air to 

the core of the flame. The balance of air sup 
ply as between this extension and the preceding 
radial air portS is determined by a tubular split 
ter 4 at the base of the cone 2. Additional 
Secondary Combustion air is supplied through 
holes 5 in the outer wall 9 of the flame tube. 
Fuel is injected circumferentially into the region 
of the Whirl from a plurality of nozzles 6 in a 
manner similar to that of the embodiments pre 
viously described. 
Although the foregoing description relates to 

a Self-contained combustion apparatus having a 
single flame tube it is apparent that an appa 
ratus could comprise a plurality of flame tubes 
Similar to that described arranged for operation 
in parallel in annular or other formation in a 
Suitable air casing. 
The invention may be applied with particular 

advantage in association with the use of gaseous 
or vaporised fuel, since the use of such fuel in 
itself assists in minimising the flame length, 
and the features of the invention accentuate this 
advantage, and also because multiple injection 
giving good fuel distribution is facilitated by 
the use of gas or vapour. 

I claim: 
1. In a combustion apparatus for burning fuel 

0. 

5 

20 

25 

30 

6 
the combination of a combustion chamber hav 
ing an outlet for combustion products at one end 
and a chamber annulus at the other end Com 
prising radially spaced inner and outer tubular 
walls defining a zone of substantially annular 
cross-section and an end wall substantially en 
closing said Zone at the end of the chamber re 
mote from said outlet, means for introducing 
combustion air in said chamber annulus con 
prising a circumferential group of Spaced air in 
let openings in said inner wall located in a first 
common plane transverse to the axis of the 
chamber and a second circumferential group of 
spaced air inlet openings in Said outer Wall lo 
cated in a second common plane transverse to 
the axis of the chamber and axially Spaced from 
said first plane, said outer wall being character 
ized by the absence of openings in said first plane 
and said inner wall being characterized by the 
absence of openings in Said second plane, means 
for Supplying combustion air to Said inlet open 
ings in such a manner that discrete jets of air 
produced by the inlet openings of each respec 
tive group flow transversely across said chamber 
annulus and thence axially toward the jetS pro 
duced by the inlet openings of the other group and 
being at least partly entrained therewith to de 
scribe a uniform symmetrical substantially toroi 
dal path located substantially between said trans 
verse planes containing the respective groups of 
inlet openings, and means for discharging fuel 
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in said chamber annulus in a plane axially in 
termediate Said first and Second planes and Sub 
stantially evenly around the circuinference 
thereof of Said annulus in a Zone bounded by said 
toroidal path. 

2. The combination according to claim 1, 
wherein said means for introducing combustion 
air. in Said chamber annulus further comprises 
a third circumferential group of spaced air inlet 
openings in Said end wall located adjacent that 
one of said tubular walls whose circumferential 
group of inlet openings are contained in the more 
axially remote from said end wall of said two 
transverse planes, said means Supplying combus 
tion air to said first and second mentioned groups 
of inlet openings supplying air also to said third 
mentioned group of inlet openings in such a man 
ner that discrete jets of air produced thereby 
flow axially along said adjacent tubular Wall. 
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