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3 Z
This-invention relatessto:combustion apparatus: of mixing: s between: thie:combustion: air -and the:
inrwhich: comGustion:is: required: to:be supported: fuel: to. besburnt, and- of atomisation and’ dis=
by ey fiowing: current of-air or:ather: gas: (herein=- tribution;in:the case of a:liguid-or powdered fuel..
aftersreferred:. to: as:“aif”): of flame-extinguish=- The:usual’ practice im.gas: turbine angd similar’
ing:veloeity-and its primary object; stated in'gen-- 5 ccmbustion: systems: s to: inject liquid fuel into

eral;terms;.is the:provision:of-sucl an apparatus: a- region:which-iscprotected by a bafle from the:
which- will- offer the-possibility ofeffective: and full: blast: efféect of’ the aiy fow, the fuel being:
efficient-combustion over:a: wide:range:of operat— ignited in:this:region torproduce’a pilot flame to:
ing-conditions. which the mainair-How isintroduced at a down=

Whilst, as- will: ber.seen “after- consideration of 1o stream-point; and the use of specially designed’
its:details, the-invention:has:possible application: nozzles: or: of impact: surfaces  arranged in the-
in' a-wider-feld; it.is-primarily concerned and is- path of the- fuel:jét being relied upon-to achieve”
at:present conceived:to-have-its-maximum utility satisfactory atorisation of the fuel

in- connection: with: combustion . apparatus in According: to the present invention' there is
which special problems:arise:due-to-the necessity: 15 provided: a combustion® apparatus'in which com-
for: supporting -continuous: combustion by means: bustien: has-to beisupported by & ductéd air flow”
of. a fast moying: air-current-involving .a large of - flame-extingushing velocity and in- which:
mass flow, as-for example, in:gas turbine or-other means: are: provided: for- forming: in the flow &

jet. propulsion: power: units and-in- gas turbines: stabilised: Aame adapted to act as a pilot capable
for-other purposes, the description “fast moving” gq. of- maintaining” combustion against” an extin-
being used here to indicate-that the-mean speed. guishing: veloeity of:the flow, wherein fuel to be"
of the- combustion supporting air:current-in its burnt is introdueedinto air flowihg into jgnition~
general: direction:of flow past g-combustion zone; relationstip: with-said> stabilised flame; and- at a
caleulated -from: the ratio airrvolume passing in . poirt:upstreant of that at  which such relation” is’
unit:; timeycross- sectional - avea - of: flow path, iS:o - first-established, the: establishment” of such rela~

]
i

substantially higher than' the speed of flame- = tion at a point downstream of ity point’of: intro=-
propagation in-the: fuel/air: mixture -concerned. ductism being® relied  upom: for- ignijtion~ of* said
Yor hydrocarbkon fuels: burning in.air the-speed ~  fueland-therarrangement:being suchithat’in op=-
of . fiame. propagation is- considered .as-being’ of: eration: amopportunity is afforded to the fiiel of -
the-order: of one-foot per. seeond at atmospheric mixing with- the’ aircflow prior to- igmiticd.

temperature; the invention; on the other hand, is 80  Thus, ih accordance with the invention, a com-~
espeeially. applicable-to:combustion -apparatus for bustion® apparatus may comprise” air” ducting,.

so-called “ram-jet” jet propulsion power units; mesns-in said ducting -adapted toform’in & flow”
as.well: as-to -other. jet propulsien.units and-to. therethrough & combustion=stabilising zone in
gas:turbine power. unifs.in general; in.which the- whicl a:stable fAame ean be mairtained notwith=

speed.of the:air-current: in-its-general direction 86 standing:a Asme-extinguishing mean overallve=
of. flow past.a combustion zone, calculated -on the~ logity of- the-flowpast the combustion zone, and"

basis:indicated, might:be of.an order as low:-as- means for introducifig-fuel ‘without ignition into.

10.or as-high as 500 feet per.second:or even more, o flow- through the dueting-at-a point upstream

depending on the desizgn.. i . of that-at which said flow eters -the -gtabilised”
Satistaetory. operation.of a- combustion. sys--- 40 flame zone-

" tem.of-the. kind.indicated.over. a. wide-range of. According to:a-further. feature-of ‘the-inven-

air mass.flow.and density requiresthat the flame- tion-means are-provided for dividing the Alow-in~
should not: be-extinguished . under. any.conditions. the ducting and. supplying: a-metered-proportion:
of. operation. and. in.order .to prevent . this- the thereof directly~to:the-stabilised flame zone:so
range .of ‘air/fuel ratio.over. which. burhing. will. 45 that. combustien. therein -is- effected : under. con-
take. place. must. be ass widé  as. possible: whilst. ~ trolled conditions of flow and fuel/air ratio, the-
maintaining.combustion efficiéncy at a reasonable:  remainder.of the air flow-being by-passed around
level ‘with weak mixture. Further, it is desirable said stabilised -fiame zone and mixing at.the.
that>pressure_losses should be low and that.an. downstream, side thereof with-the-hot gases. gen-
even temperatire distribution over.the.cross.sec- -50 eratedtherein.

tion of the flow should:be.achiévable. Apart” T4 a preferred form of the.invention the flame-
from  tHe necessity for providing some means of”  stabilising. means is a baffle. adaptéd.to. produce
preventing:the flame from-being plown outby:the. ol its dowrstream- side "a. 16calised reverse. flow
air—fiow;” these: requirements. involve. amongst:  cifculation system, said ‘bafls being disposed. to-
othei-things the attainment of "a high- standard” 54 lie in a flow/air mixture derived from tHe intio-
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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 independently 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; accorcing to a further feature of the in-
vention, however, the stabilising zone is used only
to produce 2 pilet fame, 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 iz 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 hased on the idea of introducing
fuel into the air fiow at some substantial distance
upstream of the point at which burning com-
mences, and of mainfaining s standing fAame
upen reaching which the fuel is ignited. Whilst
such an arrangement has the advantage of im-
proving the combustibility of the mixture by al-
lowing the fuel o 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-
lised flame is so introduced that a non-uniform
fuel/air ratio is produced over the cross-section
of the fiow to he ignited in said zone, and further
fuel to be burnt is introduced at o 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 complementary 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 fo one further feature of the
invention, by providing a flow-accelerating re-
striction in a region of fuel introduction and ac-
cording to a second further festure by providing

that the fuel to be burnt is injected in lquid
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 com-
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 5 gas turbine
plant.

Figure 3 is a fragmentary transverse section
taken on the line IIT—TIT 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 clevation of a gas turbine plant
embodying the combustion chamber shown, in
Figure 2.
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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 affer 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
oniy a part of the air fiow, 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 simple spray jet 4. The
entry portion 2 is folicwed downstream by a di-
vergent diffuser or mixer portion § of which the
downstream end contains a conical perforated
baffle § having at its apex an ignition device T in
a pocket 8, and downstream of which again is a
cylindrical discharge portion 2. The parts so
far described together form a pilot flame device ;
fuel injected by the jet 4 is stomised by the air
flow and mixes and evaporates therein before
passing through the holes in the baffle 8. The
air/fuel mixture is discharged through these
holes as small jets which, due to their inclina-
tion, set up standing eddies of iocal reverse fow
circulation as indicated by arrows in the draw-
ing, thereby providing the conditions reguired
for a stable fame. The fow velocity in the dif-
fuser § in use is of course far greater than the
possible rate of upstream flame propagation by
nomal combustion, so that there is no combusg-
tion upstream of the bafile 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 Hlustrated
or a pyrotechnic cartridge.

The main body of fuel to be burnt is introduced
(again by upstream injection of liquid fueD) in
two stages at {9 and {i, the fuel supply 1§ being
into the main air flow by-passed arcund the inner
duct, 2, §, 8, but substantially upstream of the out-
let from 9 at which the main air flow first enters
ignition relationship with the pilot flame emerg-
ing therefrom, and the fuel supply 1 { being down-
stream of the outlet from §. The purpose of this
two stage arrangement is to allow the fuel at 19
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 mixture upstream of the outlet
from 8, the pattern of the supply at !t being
made complementary to that at {8 in the sense
of rendering the flame intensity more uniform
downstream of the outlet 9. 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 (8 may
have six nozzles {0a symmetrically disposed
around its circumference, which will give rise to
six streams of fuel which trail downstream from
the ring 19, and which are ignited at the ocutlet
from 9 to form six petal-like streaks of flame as
indicated in dotted lines at 185. The downstream
fuel supply ring i1 also has six nozzles {ia sym-
metrically disposed arcund its circumference,
but as shown in the lower half of Figure 6, these
nozzles are circumferentially staggered with re-
spect to. the nozzles {8a so that the patterns of
the fuel supply at 18 and {1 are complementary
(in g circumferential sense) to one another, as
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mewntioned above. Tartherthe radits:of tHering
14t is*somewhat 1éss-than: that of“tlie ring«{ Fso»
thad the fuel” supply: patterns:of thes tivorrings:
are:alic complémentary in’ a-radial sense:
Asparticuiar-adventage of the method of fiame:
f6rmation- it accordance with'-the: invention: is:
that it may-readily be epphied to shapes:of com~
Bustion: chamlar- not” possessifig: cifeular. sym=--
metry: with: respecttto> the-path -off the: aiv: 16w
For examplé; in:the-désign- of “annular: combuss-
tibm- cHambers: £6r gas: turbihes: it is-difficult-to:
muke-fill use offthie air for primary comtbustion’
when the:fiel; asds customary; 184nj ected ditectiy-
ifito: the-primary combustion zone: By:the use-
ofttte-inventién the:-whieole -cross* section:-of “an:
annuldy: flow to:a primary- or-pitét ‘combustion’
zone may Have-a relatively yniform-distiibutions
of fuel and air since the location and distribution
of tHe" fuel’ injectors: being: separate from: and
upstream of the stabilised Aame:zone;.do not con-
trol the requirements of the mixture flow in the.
stabilised . flarae zone. An axample of -suplica-
tién.of the.invention i§ illustrated in Higures "2
and’3; similar reférence. numbers to those .in
Figure-1 being used to indicate.li¥e.or equivalént
parts. Tn this case the main air ditet is formed as
an.annular. air casing bounded .by outer. and
ihner walls. {; g, and contaihs.an inner. dixet,
alée.formed as an annulils, which. comprises.an
annular entty 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 o perforated baffle 4 (whichsin this caseris
annular) provided at one or more points in the

peripheral direction with an igniter device 7 in 3

azpocket8;: In place:ofithe shortudischargespor-
tion 9, however, is an annular:flame: chamber-9g:
having a convergent annular discharge portion
op whose outlet is coincident with that from the
air casing i, {a, the flame chamber 9a, gb having
ports 12 for the entry of air from the air casing
{, la. The mode 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 bafle 8, which constitutes a
primary or pilot combustion zone in which part
of the fuel is burnt, the remainder being burnt
and the combustion products diluted by the ad-
mission in the flame chamber 8a, 8b, in succes-
sive stages through the ports 12 of all the air
by-passed at the eniry 2 around the flame cham-
per %z, $b. The combustion apparatus illus-
trated in Figures 2 and 2 is intended to be used
in a continuous combustion gas turbine of the
kind shown in Figure 5 comprising a compressor
21 supplying air by way of & combustion system
to s turhine 22, the air casing {, fe, 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
2 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 1 is the exhaust
duct of an axial flow combustion turbine wheel

13, there being a blunt-ended fairing {4 down- 7

stream of the turbine wheel {3 defining with the
duct | an annular channel 5. There is also an
inner duct comprising an entry portion 2 forming,
with the blunt downstream end of the fairing 14
a restricted annular inlet for the exhaust gases,
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tHesmaihy-fAow-of whidli-is by=passed: aroundithes
thner: diiet; The:fuel spray 4 is:in this case-of!
thesrings type- to: conform- to-the: annulgr: inlet:
andSigf6Howed as before by a: diffuser or: mixer:

> portion~ 5 a+ coniéal” perforated  baffie: 6: with”

igniter-T*and’ poeket+8; and a-discharge portion:
o¢ TDewnstiean:of this; again, is-a: second ‘stagex
fuel-supply-i1i The: modé-off operation: in- this:
cose-ds simpilar-to-that déseribed with: reférence-
torFigure-1Yexceptt £0r tie o orofi the fvsts
stagesofTliel supplyr at~13 in" gure'1 and:that:
the Wimt endiof-thefairing-14; together with: the:
ving type-spray 8 iscusedto-f orm -a-l0cal-reverse:
fowcireulation: suel' as-is-indicated” by the-ar=-

5: rows- in- Figure-4 to-ihcrease: the possibility of’

vapourisigrand naiking of tile fiie} Defore-ignition’
downsiresm of the-bafe= 6+

T elaime -

1 Combustion- apparatus -l which:-fuel’ is- to:
he burnt in a fast moving-gas: flow comprising-
a- duct-conveying saidigas flow, an-open ended
tubular: member- located within andextending
lengitudinally-of said duet; said member Having-
a:seetion whieh is-divergent in the downstream:

! direction; and’forming-a- further - duet through:

which-a-portion+of the gas flow is - passed; a-sta—
vilizing bafile:loested 'in’a downstreamy region-of’
said further duct, which bafie forms-a: stabilized’
combustion zone: on-its-downstream- side;- means:+
for- intredueing fuel- into- the -portion of! the-gas:
fiow- passing: through' the ‘tubular membper- in-an:
upstream- region thereof: and also-into- the" gas:
fiow- outside ~said 4tubular member; and ignitien:
means located in-said stabilized ‘ecombustion-zone:

9. Combustion apparatus-in- which fuel" is>to"
ba-Burnt in-a-fast moving gas-flow comprising:a-
duct conveying: said gas- flow, an- open ended’
tibular member 1beated’ 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 flow 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 fiow, an open ended tu-
bular member located within and extending lon-
gitudinally of said duct, sald meinber having a
section which is divergent in the downstream
direction, and forming & 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 bafile forms a sta-
bilized combustion zZone on its downstream side,
fuel injection msans located in an upstream 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 downstream end of said tubular membper, and
ignition means located in said stabilized combus-
tion zone.

4. Combustion apparatus 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, ssid member 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 downstream region of said
further duct, which bafile forms a stabilized com-~
bustion zone on its downstream 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-mentioned 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-
nally of said tubular member and intermediate
its ends, and ignition means located in said sta-
bilized combustion zone.

5. Combustion apperatus in which fuel is to
be burnt in a fast moving gas fow 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 fiow is passed, a con-
ical foraminated baffie having its apex directed
upstream located in 2 downstream region of said
Turther duct, which baffle forms a stabilized com-
bustion zone on its downstream side, fuel injec~
tion means located within said first mentioned
duct end upstream of said baffle, introducing
fuel into said portion of the gas flow flowing
through the tubular member, and ignition means
located in said stabilized combustion zone,

6. Combustion. apparatus in which fuel is to

(1
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8
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 downstreamn
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 bafile 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
bortion 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,
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