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6. Claims. 

This invention relates to.combustion apparatus. 
in which combustionis, required to be supported 
by:a::fiowing current of air or other gas. (hereins 
after refered to, as 'air'), of flame-extinguish 
ing:velocity, and its primary object, stated ingen 
eral terms...is the provision of such an apparatus" 
which will offer the possibility of effective: and 
efficient combustion overa. Wide-range of operat-r 
ing conditions. 

Whilst, as will be: seen after consideration of 
its: details, the invention has: possible application 
in a widerfield, it is primarily concerned and is 
at present conceived:to have its maximum utility 
in, connections with: combustion apparatus in 
Which Special problems: arise; due to the necessity 
for supporting continuous: combustion by means 
of a fast moving air, current involving a large 
mass flow, as for example, in gas turbine or other 
jet propulsion: power units and in gasturbines. 
for other purposes, the description,"fast moving' 
being used here to indicate that the mean speed. . 
Of the cornbustion. Supporting 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 flame 
propagation in the fuel/air: 'mixture: concerned. 
For hydrocarbon fuels burning in air the speed 
of fame. propagation is considered, as being of: 
the-order, of. One foot per second at atmospheric 
temperature; the invention, on the other hand, is 
especially, applicable to 'combustion apparatus for 
So-called 'rain-jet' jet propulsion power units, 
as: well as to other jet-propulsion units and to. 
gas: turbine power, units in general in which the - 
speed of the air-current; in its's general direction 
of flow past: a combustion zone, calculated on ther 
basis:indicated, might be of an Order as low. as 
10 or as high as 500 feet per-second or even more, 
depending on the design. 

Satisfactory operation of a combustion. Sys-- 
tem of the kind.indicated over... a. Wide-range of 
airmass-flow, and density requires that the flame." 
should not be extinguished. under...any conditions. 
of. operation, and in order to prevent this: the 
range of air/fuel ratio over which burning. will. 
take place must.be as wide...a.S. possible. Whilst . 
maintaining-combustion efficiency at a reasonable: 
level with weak mixture. Further, it is desirable 
that pressure losses should be low, and thiatan. 
eventemperature distribution over the cross. Sec 
tion of the flow should be achievable. Apart 
from the necessity for providing some means of 
preventing the flame from being blown outbythe. 
airflow, these requirements involve amongst 
other things the attainment of a high" standard 
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of mixing as betweenthie combustionair and the 
fuels to be: burnt, and of atomisation and dis 
tribution in the case: Of aliquid or powdered fuel. 
The: usual practice in gas: turbine and similar 
combustion: systems is to inject liquid fuel into 
a region: whichiis' protected by a bafile from the 
full: blast effect of the air flow, the fuel being 
ignited in this region to produce a pilot flame to. 
Which the mainlairflow is introduced at a down 
stream", point, and the use of specially designed 
nozzles", or of impact surfaces, arranged in the 
path of the 'fuelijet being relied upon to achieve 
Satisfactory atonisation of the fuel 
According to the present invention" there is: 

I provided a combustion" apparatus in which come 
bustion:has:to be supported by a ducted air flow 
of flame-extingushing velocity and in which 
means are provided for forning in the flow a 
Stabilised flame adapted to act as a pilot capable 
of maintaining conibustion against an extin 
guishing velocity of the flow, wherein fuel to be 
burnt is introduced into airflowing into ignitioni 
relationship; with said stabilised flame, and at a? 
point upstream of that at which such relation is 
first established, the establishment of such rela 
tion at a point downstream of its point" of intro. 
duction being relied upon for ignition of said 
fuel-and-the-arrangerinent being such that in op 
eration an opportunity is afforded to the fuel of 
Imixing with the air flow prior to ignitiori. 
Thus, in accordance with the invention, a coma, 

bustion: apparatus may comprise air ducting, 
means in said ducting adapted to form in a flow, 
therethrough a combustion-stabilising zone" in 
which a stable flame can be mainitained notWithin 
stalding a fame-extinguishing mean overalive 
locity of the flow"past the combustion Zone, and 
means for introducing fuel Without-ignition into. 
a flow, through the ducting at a point upstream 
of that at: which said foW enters the Stabilised 
flame Zohe. 
According to a further feature of the inven 

tion means are provided for dividing the flow-in 
the ducting and supplying: a-metered proportion 
thereof directly to the -stabilised flame Zone: so 
that... combustion...therein is - effected UElder. Con 
trolled conditions of flow and fuel/air ratio, the - 
remainder of the air flow-being by-passed around 
said stabilised flame zone and mixing at , the 
downstream side.thereof...with the hot gases.gen 
erated therein. 
In a preferred form of the invention the flame. 

stabilising. means is a baffle adapted to. produce 
on its downstream side a localised reverse, flow 
circulation system, said baffle being disposed to 
lie in a flow/air mixture derived from the intro 
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duction of fuel without ignition at a point up 
stream thereof; furthermore, the stabilising 
means preferably also provides for a pocket of 
“dead' air in which is disposed ignition means 
operable independentiy of the remainder of the 
System for Starting purposes. 
The fuel introduced upstream of the stabilising 

zone may, in some cases, constitute the Sole or a 
main supply of fuel to be burnt, in which case 
the whole of the fuel introduced upstream of the 
flame stabilising zone may pass through Said 
zone; according to a further feature of the in 
vention, however, the stabilising zone is used only 
to produce a pilot flame, in which case whilst a 
part of the fuel introduced upstream thereof is 
made to pass through it, a further part of the 
fuel so introduced is by-passed around said ZOne 
and mixes at the downstream side thereof With 
the hot gases generated therein. 

It will be appreciated from the foregoing that 
the invention is based on the idea of introducing 
fuel into the air flow at Some substantial distance 
upstream of the point at which burning con 
mences, and of maintaining a standing flarine 
upon reaching which the fuel is ignited. Whilst 
Such an arrangement has the advantage of in 
proving the combustibility of the mixture by al 
lowing the fuel to vapourise and diffuse before 
ignition, it may effect such improvement to the 
extent of giving rise to a dangerously explosive 
condition. With a view to meeting this difficulty 
the invention accordingly further contemplates 
an arrangement in which at least a part of the 
fuel supplied upstream of the zone of the stabi 
ised fare is So introduced that, a non-niforn). 
fuel/air ratio is produced over the cross-section 
of the flow to be ignited in said Zone, and further 
fuel to be burnt is introduced at a Zone preferably 
downstream, and in any case not substantially 
upstream, of that at which such flow first enters 
the zone of the stabilised flame, the distribution 
of Such further fuel supply over the cross Section 
of the flow being coin plementary to that of the 
first-mentioned supply in the sense of rendering 
the fuel/air ratio more uniform over the cross 
Section of the flow. 
A valuable feature of the invention, particu 

larly when the air flow is very fast moving is 
that it allows the fuel supplied to be exposed 
to the full impact effect of the air blast in order 
to assist in atomising and distributing the fuel. 
In this connection, this advantage may be en 
hanced, according to one further feature of the 
invention, by providing a flow-accelerating re 
Striction in a region of fuel introduction and a,c- 
cording to a second further feature by providing 
that the fuel to be burnt is injected in liquid 
form upstream into the air flow. 

For the better understanding of the invention 
three examples of its application are illustrated 
in the accompanying diagrammatic drawings. 

Figure 1 is a longitudinal Section of a corn 
bustion apparatus for a “ram jet' or a propulsive 
duct type of jet propulsion device. 

Figure 2 is a longitudinal half-section of an 
annular combustion chamber for a gas turbine plant. 

Figure 3 is a fragmentary transverse Section 
taken on the line II-III in Figure 2. 

Figure 4 is a longitudinal Section of a turbine 
exhaust duct having provision for reheating the 
turbine exhaust gases. 

Figure 5 is an elevation of a gas turbine plant 
embodying the combustion chamber shown in 
Figure 2. 
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4. 
Figure 6 is a transverse section on the line 

VI-VI in Figure 1. 
in the arrangement illustrated in Figure 1, 

represents a duct which is presumed to receive 
atmospheric air due solely to its forward motion 
at high velocity, the arrow A representing the 
direction of the relative air flow in the duct, and 
to discharge it as a propulsive jet after the energy 
of the air flow has been increased by combustion 
of fuel therein. The combustion apparatus, fol 
lowing the invention, includes an inner duct 
comprising an entry portion 2 adapted to pass 
only a part of the air flow, this portion prefer 
ably containing a flow-accelerating restriction 3 
in the neck of which liquid fuel is injected up 
stream by means of a sinple spiray jet 3. The 
entry portion 2 is followed downstream by a di 
vergent diffuser or mixer portion 5 of which the 
downstream end contains a conical perforated 
baffle 6 having at its apex an ignition device in 
a pocket 8, and downstream of which again is a 
cylindrical discharge portion 3. The parts SO 
far described together form a pilot flane device; 
fuel injected by the jet A is atomised by the air 
flow and mixes and evaporates therein before 
passing through the holes in the baffle 6. The 
air/fuel mixture is discharged through these 
holes as Small jets which, due to their inclina 
tion, set up standing eddies of local reverse idow 
circulation as indicated by arrows in the dra W 
ing, thereby providing the conditions required 
for a stable flane. The flow velocity in the dif 
fuser 5 in use is of course far greater than the 
possible rate of upstrean fame propagation by 
nomal combustion, so that there is no combus 
tion upstream of the baffle 6 in the conditions of 
use. Ignition is best effected by arranging for 
the pocket 8 to constitute a “dead’ region with 
out mixture injection, the actual ignition device 
being either an electric spark gap as illustrated 
or a pyrotechnic cartridge. 
The main body of fuel to be burnt is introduced 

(again by upstream injection of liquid fuel) in 
two stages at 0 and the fuel Supply being 
into the main air fiow by-passed around the inner 
duct, 2, 3, 3, but substantially upstream of the out 
let from 9 at which the main air fiow first enters 
ignition relationship with the pilot fiane emerg 
ing therefroin, and the fuel Supply being down 
strean of the outlet from 9. The purpose of this 
two stage arrangement is to allow the fuel at ) 
to be introduced deliberately with a markedly 
non-uniform distribution. Over the croSS Section 
of the air flow in order to avoid the formation 
of an explosive inixture upstream of the outlet 
from 9, the pattern of the supply at being 
made complementary to that at 3 in the sense 
of rendering the fame intensity more uniform 
downstream of the outlet 3. For each stage of 
fuel supply a simple ring type liquid injection 
nozzle is used. As shown in the upper part of 
Figure 6, the upstream fuel supply ring 3 may 
have six nozzles a symmetrically disposed 
around its circumference, which will give rise to 
Six streams of fuel Which trail downstream from 
the ring (), and which are ignited at the outlet 
from 9 to form six petal-like streaks of fiane as 
indicated in dotted lines at b. The downstream 
fuel Supply ring also has six nozzles a syn 
metrically disposed around its circumference, 
but as shown in the lower half of Figure 6, these 
nozzles are circumferentially Staggered With re 
spect to the nozzles G. So that the patterns of 
the fuel Supply at and are complementary 
(in a circumferential sense) to one another, as 
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mertioned above. Furthier the raditis of the ring 
if is somewhat less-than that of the ring Olso 
that the fuel supply: patterns, of the two-rings 
are also complénentary, in a radial sense: 
A particular: advantage of the method of flaine 

formation in accordance with thie invention: is 
that it may readily be applied to shapes: of corn 
bustion chambe's not possessing: circular. Symi" 
metry: withi respect to the path of the aii flow: 
For example, in the design of annular combus 
tion chambers for gas-turbines-lit is difficult: to: 
make full use of the airfor primary combustion 
whien the fuel, asis custorinary; is-injected directiy. 
ifton the primary combustion zone. By tie use 
of thie-invention the whole Cross-section of all. 
antilar flow to a primary} or pilot combustion 
zone-may-hiave a relatively uniform distribution? 
of fuel and air since the location and distribution 
of the fuel-injectors, being separate from and 
upstream of the stabilised flane Zone, do not cOn 
trol the requirements of the mixture flow in the 
Stabilised fiarie zone. Ain exampie of apica 
tion of the invention is illustrated in Figures 2 
and 3, similar reference. numbers to those...in 
Eigures being used to indicate.like...or equivalent 
parts. In this case the main air duct is formed as 
an... annular. air casing bounded by outer, and 
inner walls, , d, and contains an inner. duct, 
also formed as an annulius, which comprises an 
annular entry portion 2 provided with a flow 
accelerating restriction 3 and Spray jet 4 as in 
Figure: 1.followed by a diffuser or mixer portion 
5 and a perforated baffle 6 (which in this case:is 
annular) provided at one or more points in the 
peripheral direction with an igniter device 7 in 
a:pocket:8. In place of the short discharge por 
tion 9, however, is an annular flane chamber-9a. 
having a convergent annular discharge portion 
9b. Whose outlet is coincident With that from the 
air casing , (i, the flarine chamber 9a, 3b having 
ports 2 for the entry of air from the air casing 
, a. The node of operation is, in general, sim 

ilar to that described with reference to Figure 1, 
except that the whole of the fuel to be burnt 
passes through the flame stabilising Zone formed 
downstream of the baffle S, which constitutes a 
primary or pilot combustion zone in which part 
of the fuel is buriat, the remainder being burnt 
and the combustion products diluted by the ad 
mission in the flame chamber 9a, 9b, in succes 
Sive Stages through the poits 2 of all the ail 
by-passed at the entry 2 around the fame chann 
ber 9a, 9b. The combustion apparatus illus 
trated in Figures 2 and 3 is intended to be used 
in a continuous combustion gas turbine of the 
kind shown in Figure 5 comprising a compressor 
2 Supplying air by way of a combustion system 
to a rhine 23, ie air casing , (, being fed 
With air from the compressor outlet and dis 
Charging into the turbine nozzle, all of which is 
conventional and requires no further description. 

Figure 4 is a longitudinal section illustrating 
a combustion turbine exhaust duct having the 
invention applied thereto for reheating the tur 
bine exhaust gases, the same reference numerals 
as in the previous figures again being used as 
far as possible to indicate like or equivalent parts. 
In this case the main air duct is the exhaust 
duct of an axial flow combustion turbine wheel 
3, there beig a liuint-&nded fairing is down 
Strean of the turbine wheel 3 defining with the 
duct f an annular channel 5. There is also an 
inner duct comprising an entry portion 2 forming, 
With the blunt downstream end of the fairing 4 
a restricted annular inlet for the exhaust gases, 

5. 
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thie-main föw.iof' whichi is bypassed; aroundi the 
inner duct. The fuel spray. 4 is in this case of 
the-ring type' to conforms to the annular: inlet 
and is f6Flowed as before by a diffuser or mixer 
portion. 5; ai conical perforated baffe: 6i withi: 
igniter:3 and pocket.8 and a discharge portion: 
9. Downstream: of this, again, is a second stage": 
fuel-supply...'. f. The mode of operation in this; 
case..is siiniilar: to... that described with: 1eference. 
to Figure it exicepti.f5F ties ornissin' off thie first, 
stages ofiftiel stupply at is in Figure 1 and that 
the bint end of the fairing. 4, together with the: 
iting type-spray: 4;is used to 'form a local reverse: 
fioWi-circulation suchi as-is-indicated by thesar 

i rowsi in Figure .4 to increase: the possibility of 
wabourizii gaindmiskiing of the feibeforeignition: 
dow Stream of the baffles 6. 

I claim: 
1: Görnbustion- apparatus in which i fuel is to: 

be burnt in a fast moving gas-flow coraprising 
a duct conveying said: gas-fiew, an open ended 
tubular. Inember. ocated within and extending 
longitudinally of said duct, said member, having. 
a seetion which is divergent in the downstrealil: 
direction, and forming a further duct through: 
which a portions of the gas flow is passed, a sta-. 
bilizing baffle located in a downstream regions of 
said further, duct, which baffle forins-a stabilized 
combustion zone on its downstrean side-means: 
for introducing fuel-into the portion of the gas: 
flow passing through the tubular member in an 
upstream region thereof, and also into the gas: 
fiow... outside said tubular riegsje', and ignition 
means located in said stabilized combustion zone: 

60 

65 

2. Combustion apparatus in which fuel is to: 
be burnt in a fast moving gas foW comprising 'a' 
duct conveying said gas flow, an open ended; 
tubular meinber" located within and extending 
longitudinally of said duct, Said member having 
a Section which is divergent in the downstream 
direction, and forming a further duct through 
which a portion of the gas flow is passed, a sta 
bilizing bafile located in a downstream region of 
said further duct, which baffle forms a stabilized 
combustion Zone on its downstream side, fuel in 
jection means located in an upstream region of 
Said tubular member introducing fuel into the 
portion of the fiow passing therethrough, further 
fuel injection means within the first-mentioned 
duct but Outside Said tubular member introduc 
ing fuel into the gas flow outside said tubular 
member and ignition means located in said sta 
bilized combustion zone. 

3. Combustion apparatus in which fuel is to 
be burnt in a fast moving gas fiow, comprising a 
duct conveying Said gas flow, an open ended tu 
bular member located within and extending lon 
gitudinally of Said duct, Said member having a 
Section which is divergent in the downstream 
direction, and forming a further duct through 
which a portion of the gas flow is passed, a 
Stabilizing baffle located in a downstream region 
of Said further duct, which baffle forms a sta 
bilized combustion zone on its downstream side, 
fuel injection riniea is located in an upstrean re 
gion of Said tubular member introducing fuel 
into the portion of the flow passing therethrough, 
fuel injection means symmetrically distributed 
around the first mentioned duct in the region of 
the doWinstream end of Said tubular member, and 
ignition means located in said stabilized combus 
tion Zone. 

4. Combustion appalatus in which fuel is to 
be burnt in a fast moving gas flow comprising a 
duct conveying Said gas flow, an open ended tu 
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bular member located within and extending lon 
gitudinally of said duct, said hember having a 
flow accelerating restriction at its upstream end 
and a portion which is divergent in the down 
stream direction, and forming a further duct 
through which a portion of the gas flow is passed, 
a stabilizing baffle in a downstrean region of Said 
further duct, which baffle forms a stabilized con 
custion zone on its downstrealin Side, fuel injec 
tion means located within said flow accelerating 
restriction introducing fuel into the portion of 
the flow passing through the tubular member, 
fuel injection means symmetrically distributed 
around the first-ineiationed duct in the region of 
the downstream end of Said tubular member, 
further fuel injection means symmetrically dis 
tributed around said first-mentioned duct exter 
inally of said tubular member and intermediate 
its ends, and ignition means located in said sta 
bilized combustion zone. 

5. Combustion apparatus in which fuel is to 
be burnt in a fast inoving gas flow comprising 
a duct conveying said gas flow, an open ended 
tubular neimier located within and extending 
longitudinally of said duct, said member having 
a section which is divergent in the downstrealin 
direction, and forgning a further duct through 
which a portion of the gas fioW is passed, a con 
ical foraminated bafie having its apex directed 
upstream located in a dowIistream region of said 
further duct, which baffle forms a stabilized coin 
bustion zone on its downstream Side, fuel injec 
tion means located within said first mentioned 
duct and upstream of said baffle, introducing 
fuel into said polition of the gas flow flowing 
through the tubular member, and ignition means 
located in Said stabilized conibustion zone. 

6. Combustion apparatus in which fuel is to 
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3. 
be burnt in a fast moving gas flow comprising 
a duct conveying said gas flow, an open ended 
tubular member located within and extending 
longitudinally of said duct, said member having 
a section which is divergent in the downstream 
direction and forming a further duct through 
which a portion of the gas flow is passed, a sta 
bilising baffle located in a downstream region of 
said further duct, which baffle forms a stabilised 
combustion zone. On its downstream Side, fuel in 
jection means located in an upstream region of 
said tubular member introducing fuel into the 
portion of the flow passing therethrough, fur 
ther fuel injection means disposed within said 
first mentioned duct externally of said tubular 
member and intermediate its ends and ignition 
means located in said stabilised combustion zone. 

References Cited in the file of this patent 
UNITED STATES PATENS 

usinger Nane Date 
2,225,775 Garrett ------------- Dec. 24, 1940 
2,410,881 Hunter ------ - - - - - - Nov. 12, 1946 
2,440,491. Schwander --------- Apr. 27, 1948 
2,446,059 Peterson et al.------- July 27, 1948 
2,475,911. Nathan ------------ July 12, 1949 
2,510,572 Goddard ------------ June 6, 1950 
2,517,015 Mock et al. --------- Aug. 1, 1950 
2,520,388 Earl --------------- Aug. 29, 1950 

FOREIGN PATENTS 
Nrner Country Date 

920,910 France ------------- Jan. 8, 1947 
OTHER REFERENCES 

Society of Automotive Engineers Journal, pages 
507-508, September 1946. 


