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UNITED STATES PATENT OFFICE
’ 12,638,745
:GAS TURBINE :COMBUSTOR HAVING TAN-
: GENTIAL ‘AIR INLETS :FOR PRIMARY ‘AND
'SECONDARY -AIR ‘

‘Ma.‘tthew“ Lewis Nathan, Godalming, England, as-
signor to ‘Power Jets (Research & ‘Devélep-

* ‘ment) Limited;Loxdon, England

.Applicdtion November 7, 1945,» Serial Neo. 627,168
. - .In.Great:-Britain April.1, 1943

Section 1, Public Law 690, ‘August 8, 1946
Patent expires April'l, 1963:

.4 Claims. (CL 60—39.65)

:1‘ | ‘

This invention:relates: to combustion arrange- ‘

ments ‘for burning fuid fuel in an -air.stream.
1t is-applicable more -particularly i (though : not
exclusively) to an arrangement for:combustien

tube as being of ‘twoor even:three:kings; “pri-
mary” -air  is ‘that proportion’ ¢f :the ‘whole
throughput which is required - to sustain combus-
‘fion.in:all operative: conditions, “secondary’ -air

is:the remainder: or that proportion which isire- =

.quired to effect :complete -combustion - and-as:a
diluent, ~and “tertiary” air if:provided for,-is
mainly air which is a diluent. Diluent:airiis; of
reourse, air overand-abeve that which is regquired
‘for combustion bhut which: is reguired to be heated
for the operation of:the power unit-or other pur-
-poses. ‘
“Thepresent invention comprises inveffect-a form
of Aame tube which has:shown itsélf:in:practise

to meet ‘actual requirements, :has ‘areasonably -

leng life, is simple tomake and.is light: innweight.
-Arfunebional:objeet of therinvention: is to-ohtain
-, -eorrect Uhalance “hetwesn primary, :secondary
and- tertiary wir Sow and to-so control these that
rthe ‘distribution of the flow is favourable for.com-
“pustion ; in: particular it:appears from: experiment
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that the -arrangement permits: the injeeted: fuel

‘4o vaporize ‘theroughly without being -¢hilled.
sAccording to the inventionss! flame: tuke forwuse

“irr a7 corabustion system comprites-a’ bubular. body 7

9

with- one -end: open - for emission .of . combustion
.products and :the other end .closed except for

minor, perforations, provision heing:made for the

-introduction of fuel into'the tube in the region.of

of liquid-pressure~fed fuel in a.compressor and 8 the closed-end,.the-wall of the:tube in this.region
gas-turbine power unit. ‘The patticular use:of (within which primary. combustion takes place)
the invention at present envisaged is-as'a flame-  “having openings assoeiated:with means which di-
tube in an aireraft propulsion poweriunit com- reet primary . air -into the.tube in a .tangential
prising an air compressor, a plurality of .combus- -sense, whilst. other openings areprovided.in.the
tion chambers:supplied ‘thereby, and.a gas tur- 10 tube wall:further towards.the: open end.likewise
‘hine driving -the comipressor by power derived associated-with.air directing:means-for secondary
from the combustion products on:a. continuous -airitosenter thestube: in-a: tangential sense. The
basis. Trrsuch units it may be assumed that-each :fuel is;preferably liquid.fuel.injected in.the.re-
combustion - chamber -comprises :a ~cylindrical gion-of - the closed-end;  the . air.directing means
outer-chamber into -which: aitr-enters:at one end 19 :are mainly -extermal to-the bore of the.tube and
and an inner ‘fame tube of'less diameter, into their purpose.is:to cause the entering-air to:swirl
which: the: air: pagses from the annular spacebe- in'the bore in'vortex manner. /The gpenings and
tween  the ehamber and ‘flame: tube; the:latter associated air directing means in.any ene axially
‘distharges from one end, substantially-axially. ;défined region of the.tube-are; provided as.a.ring

"The achievemerit ¢f refficient combustion over 20 -or-cireumferential -series .and evenly .spaced .in
a:wide range of mixture strengths and.in various -the- ¢ircumferential -sense. -Beside.the.openings
operating conditions isiin itself adifficultitechni-~ -which have-air direeting means other gpenings
eal problem when limitations: of:volume, high:air are preferably provided which-are plain and these
-velocities, and the necessity for :avoiding :carbon -are distributed -mainly ;towards:-the open.end of
deposition arnd-excessive locdl heating;.are taken 25 the tube. The airdirecting means in one axially
intoraccount. It iscdlso deemed:to-be desirable Jocated: region may he-oppositely:handed. in rota-
that stratification of:gases in'the outlet: (i.cerwide tional sense to those of -an adjaeent region,. i.-e.
.variations of tempersture across a section of:the -one further upor dewn stream. .The.air direct-
"flow) :is to be minimised. ing ‘means. may-comprise chutes of.rectangular

Tt is usualto regard the flow of air into-aflame 80 cross-seetion which are convergent. in the direc~

tien of: airi lowand this:lends.itself to their:con-

struction: from:sheet metal. The extent to which
-air directing means project:into: the ‘bore of .the

tube: is small-and: the nature of-any-such:projec-
‘tion:isssueh-that: it does net substantially inter-
fere with -the air ‘flow within- the :tube: so0 that
serious loeal turbulence caused thiereby is avoided

and-also the suseeptibility:of the means: todam-

‘age by the impingement-of flame or hot: gas:is

minimized,

A flame tube according:to.the invention:and:its
arrangement iwithin: a. combustion chamber are
illustrated (in ‘the saccompanying rdrawings «in

‘which

“Fig.'1.is a. se¢tional-view:showing:a flame:fube
and:associated partstogether withithermethod of
mounting :andilocating.

Fig. 2 isa partlysectioned: illustrationshowing

‘the: external-appearance ¢f-a flame tube.

‘Fig. 3:.is-assectional fragmentary: view:of:ohe-air
‘directing: means.
Fig.'4 is.a representation of :a power unit-for:jet

propulsion :intended. for:use-on :ancairevaft and

is an:example of-onevease in-which the invention
may be applied.
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Referring first to Fig. 4, a compressor rotor 22
of a double sided centrifugal compressor draws
in air through double air intakes 23 and the
compressed air is delivered from the compressor
casing 24 through outlets 25 to a plurality of in-
terconnected combustion chambers or air casings
i arranged symmetrically in a circular series
around the axis of the compressor- 22. Each
chamber | comprises a flame tube 8 provided
with suitable apertures through which the air
enters and by means of a fuel injector 4 fuel
under pressure from a supply source and pump
26 is sprayed into the flame tube 8 and the gase-
ous mixture ignited, for example by means of an
electric spark plug. The gaseous products are
then delivered through elbow ducts 5 to the noz-
7le assembly 6 of a fturbine 31 mounted on the
same shaft 32 as the compressor rotor 22. The
hot gases thus drive turbine 31 which in turn
drives the rotor 22, and the gases affer passing
through the turbine 31 flow into an annular duct
33 formed between a conical fairing 34 and a
jet pipe 38, being finally ejected to atmosphere
through the outlet 36 of jet pipe 35 and forming
in this way a main propulsive jet stream.

The flame tube 8 is illustrated on a larger scale
in Fig. 1. Each combustion chamber consists of
a cylindrieal wall i, with an air entry 2 and with
one end closed by a hemispherical end 3 through
which extends axially a fuel injector 4 the pur-
pose of which is to inject liquid fuel in at atom-~
ised state. From the interior of the combustion
chamber i there leads an elbowed receiving duct
5 to lead combustion products laterally out of
the chamber | to the nozzles 6 of the gas turbine
31 (Fig. 4). The lateral air duct 7T leads from
the combustion chamber | to an identical neigh-
bouring chamber.

Coaxially within the chamber | is mounted
the flame tube. This consists of a sheet metal
body 8 made in the form of a tubular cylinder
with an open end at 9 which fits spigot-wise
into the corresponding open end of the receiv-
ing duct 5, and is a sliding fit therein. The
‘other end of the flame tube 8 is virtually closed
by a dished end closure 10 which has minor per-
forations through it arranged as a ring at If.
The closure 10 also has an axial central hole
provided with an inwardly extending mounting
sleeve; through which the fuel injector 4 ex-
‘tends. Out side the closure 10 there is also pro-
vided a frusto conical screen (2 with a com-
paratively large central aperture. The space be-
tween the elements {0 and 12 serves as a distrib-
uting duct to lead primary air to the entrance
13 of air directing chutes 14 which are arranged
as a ring or circumferential series equally spaced
around the flame tube and terminating in .open~
ings in the wall of the flame tube, the direction
of the chutes being tangential. The air enter-
ing chutes 4 when it reaches the interior or
bore of the flame tube 8 constitutes a flow of
vortex nature and it will be appreciated that this
air mixing with the injected fuel burns in the
region of the closed end of the flame tube; this
combustion being relatively rich mixture com-
bustion which is self-sustaining in all intended
operational conditions is the primary combustion.
The fact that it is self-sustaining appears to be
‘due largely to the fact that the vorticity pro-
duces a reversal of flow or reversed core whereby
a certain amount of flame is always sustained in
the region of fuel injection. Beyond the region
of primary combustion openings are provided in
the flame tube wall for the introducfion of sec-
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ondary air. Some of these simply constitute
rings of plain holes 1% but other openings 16 and
i1 are associated with air directing chutes 164,
{TA. The openings 16 are arranged in a ring
and it has been found successful to arrange these
with an opposite rotational direction to the
chutes 14. The chutes {TA again arranged as
a ring and axially spaced from the chutes {6A
are again oppositely handed, that is to say they
are of the same hand as the chutes i4. The
last openings in the downstream direction are
somewhat elongated holes 18 this shape having
been found most suitable for the introduction of

tertiary air in this region.
The flame tube of which the open end 8 is

- supported against all movement except axial by

its sliding fit, is supported towards its closed
end by various means which may be used to-
gether or alternatively. In some cases it may be
supported by and located with respect to the fuel
injection 4 or any tubular fuel injector mount-
ing such as 4A. Again it may be supported by
an igniter plug exemplified at 19 or in the case
of a combustion chamber not having such a plug
a dummy plug occupying the place of an igniter
plug, and further it may be supported by a tubu-
lar element 20 which constitutes a branch con-
nection between the interior of the flame tube 8
and a like adjacent flame tube in an adjacent
combustion chamber. As is apparent the branch
connection 20 lies within the branch duct 7 and
may be supported therein by a perforated plate
21 interposed in an assembly joint of the duct 1.

The general form of the chutes is illustrated by
Fig. 3 in which it can be seen that the air passage
of a chufe is convergent in the direction of fiow
and that the structure of the chute lies mainly
external to the bore of the flame tube the only
internal projection being so inclined to the direc-
tion of whirl of the gases within the flame tube
and so adequately cooled by the air flow in the
chute that the structure is not susceptible to
damage due to the combustion nor is it such as to
promote any substantial amount of turbulence
within the bore. The chutes at 14 only differ
from the form represented in Fig, 3 by having the
air entrance to the chute somewhat differently
disposed as can be seen most clearly at 13 in Fig. 2.

In the construction described it can be seen
that the flame tube as a whole can be mounted
within the combustion chamber | prior to final
assembly and sufficiently supported therein for
the combustion chamber with flame tube com-
plete to be assembled to the other parts. In
general so far as the flame tube itself is concerned
the closed end is regarded as the upstream end
and the open end 9 the downstream end.

I claim:

1. In combustion apparatus for the combustion
of fuel in a combustion supporting gas supplied
as a high velocity stream, and of the kind com-
prising a flame tube which is open at its down-
stream end for emission of combustion products
and is provided with swirl inlets at its upstream
end constituting main primary combustion sup-
porting gas entries from said stream and with
additional inlets downstream of said primary en-
tries constituting secondary combustion support-
ing gas entries, in combination with a fuel injec-
tor which enters the upstream end of said flame
tube along the axis of the tube, and which accord-
ingly directs the fuel into the core of reverse flow
which will be formed by the primary combustion
supporting gas entering by said swirl inlets and
swirling around the axis of the tube, the improve-
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ment that said flame tube is made up of a periph-
eral wall and an upstream end closure wall and
said swirl inlets are ports formed in said periph-
eral wall, adjacent to said end closure wall and
around said fuel injector, and are shaped to direct
the air into the flame tube substantially tangen-
tially on to the inner surface of the said periph-
eral wall.

2. Combustion apparatus according to claim 1
wherein said inlets for secondary combustion sup-
porting gas are also located to direct the combus-
tion supporting gas inward substantially tangen-
tially to the periphery of said tube.

3. Combustion apparatus according to claim 2
wherein the said inlets for primary combustion
supporting gas are located to direct said primary
combustion supporting gas to swirl around the
axis of the tube in one sense and the inlets for
secondary combustion supporting gas are located

to direct said secondary combustion supporting o

sas to swirl in the opposite sense around: the axis
of said tube.

4. Combustion apparatus according to claim 3
in which there are inlets downstream of the inlets
for secondary combustion supporting gas, said

<

€
downstream inlets being located to direct addi-
tional secondary combustion supporting gas to
swirl m the same sense as the primary air.

MATTHEW LEWIS NATHAN.
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