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This invention relates to.combustion equipment for gas-
turbine engines. Tt‘is concerned with combustion equip-
ment of the kind comprising a flame tuibe accommodated
within an air -casing, so as to provide a passage between
‘the outer -wall of the flametube and the air.casing through
which -air passes before being introduced into the flame
‘tube through suitable apertures or ‘entry ducts, and where-
in primary air is introduced at the inlet end of the flame
tube. In combustion equipment of this kind there are at
Jeast two distinct supplies of air into the interior of ‘the
-flame tube, referred to as“‘primary air,” with ‘which .com-
bustion of the fuel is initiated, and "“mixing air)” which
1is ‘introduced ‘mainly te -dilute the -combustion gases and
to cool'them. The mixing air'may also assist the:comple-
‘tion-of combustion.

It has hitherto been the ‘practice in-combustion equip-
‘ment of the kind specified, to-provide fuel injection means
at the inlet end of the flame tube to introduce a ‘spray
of atomized liquid fuel into the flame tube and ‘to intro-
‘duce primary air into-the flame tube through-a perforated
baffle, or swirling device which surrounds -the fuel injec-
tion means. Certain such -arrangements have included a
“wall portion of ‘the ‘flame tube at its inlet-end ‘which is-di-
vergent in the direction of the flow-of air therethreugh.

It has been found in practice that with .such known ar-
rangements there is a tendency for the formation of a
carbon deposit on the perforated baffle or swirl -device
through which the primary -air is introduced ‘and/or-on-the
divergent wall portion, which ‘deposit adversely -affects‘the
metering -of thie primary air into the combustion chamber.
As a result,-deterioration ‘of combusticn-efficiency has ‘oc-
cuirred, adversely affecting the operation of the-engine.

‘The primary:object of the present invention‘is 1o reduce
or obviate the tendency for carbon to be:deposited on the
flame ‘tube parts in the region of intreduction ‘of ‘primary
air, whereby such undesirable deterioration -of ‘comibus-
‘tion efficiency is-avoided.

According to the present invention, in combustion-equip-
‘ment of the kind specified for gas-turbine engines, the
flame tube has, at its inlet -end, ‘2 wall portion which is
divergent in the direction ‘of the flow-of -air'through the
flame tibe, ‘which wall pertion constitutes ‘part of ‘the
boundary surface of the space within the fiame fibe, and
‘has supported adjacent to the wall portion-an annularpart
-of divergent substantially frusto-conical form located so as
to comstitute with ‘the wall portion an annular -channel
through which -a major part-of the flow-of ‘primary-air is
introduced ‘into the flame tube, the primary air-emerging
from the channel along:the inner surface of the wall por-
tion.

Adoption of the invention provides that the main flow
iof primary -air into the flame tube takes place along the
surface of the:divergent wall portion, to sweep thissurface
2nd, in-some cases, :also-that of ‘the .main- wall portionof
-the:flame tube to -which the divergent wall portion -s-at-
tached; the -tendency for carbon formation:on ‘these:sur-
faces is thereby reduced.

Preferably the cross-sectional area of the channel in the
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direction of airflow therethrough is convergentto produce
an acceleration ‘of flow and ‘thus to increase the ‘scouring
action of the primary air flow along the surface of the di-
-vergent-wall portion.

The invention is -applicable ‘to ome type of combustion
equipment of the kind specified in which there are a plu-
rality of flame tubes of tubular form accommodated each
within a separate tubular air casing, so that the ‘gap be-
tween the wall -of the flame tube and -the -air ‘casing is ‘of
-annular section. )

The invention is also applicable to-another type of com-
bustion-equipment of the kind-specified in which:the‘flame
tubes are of tubular form -and are accommodated ‘within
an air casing of annular construction, 'so that a plurality
of flame tubes are accommedated in a-single annilar air
casing.. :

A third type of combustion equipment of the kind speci-
fied to which the invention is applicable is that in ‘which
the flame tube s itself -of -annular form, accommodated
within an annular air casing.

in applying the present invention to combustion-equip-
ment of the first and second -types mentioned, one pre-
ferred construction provides a divergent wall portion-and
annular -part ‘which are both of divergent tubilar form,
the divergent'wall portion being connected to the inlet end
-of the main wall portion of the flame tube, and the annu-
lar-part being supported ‘internally -of the divergent-wall
portion to provide an -annular channel for the passage of
primary -zir into the flame tube. In such an arrangement

uel injection means may be provided concentrically with-
in the annular part to introduce -atomized -or ‘vaporized
fuel into-the flame-tube at'itsinlet-end.

In applying the invention to the third type of combus-
tion equipment mentioned one preferred: construction pro-
vides ‘a first divergent wall portion -which is-attached to
‘the inlet end of the main poriion of an outer defining wall
of the -annular-flame fibe, while a second ‘wall portion ‘is
attached to the inlet end of the main-portion of the inner
defining wall of the annularflame tube, the two-wall-por-
tions together defining a space between the inner and out-
er walls of the flame tube-which is divergent in the direc-
tion of the flow of air through-the flame tube; likewise an
annular part is-associated ‘with each of the wall portions
mentioned, so that inmer and ‘cuter amnular channels are
constituted for the passage of primary -air into the-interior
of the flame tube. ‘With such an arrangement a series-of
fuel injection means are -conveniently located -circumifer-
entially ‘in the annulus ‘between ‘the ‘two -annular parts to
introduce fuel in-atomized or vaporized ‘form to:the com-
bustion chamber.,

According to a feature of this mvention a subsidiary
flow ‘of primary air may be intraduced ‘into the flame
“tube in ‘the region ‘of ‘the transverse “plane ‘through -the
flame tube approximately containing the downstream
end of the annular ring part or parts. T us in the case
‘of ‘the first ‘and ‘second "types of combustion equipment
mentiened such-subsidiary flow may be introduced through
an ‘apnular ‘area between the fnel injection means and
‘the downstream end of the annular part, while in -the
case of ‘the third ‘type ‘of combustion egquipment men-
tioned the “subsidiary flow -may be -introdnced through
an annular area between the two annular parts. Prefer-
ably -such subsidiary air -is ‘supplied to the interior of
the ‘flame tube-with 2 degree of swirl given it by swirl
vanes which, due to the tangential velocity component
of the subsidiary flow ‘of primary air, are efficiently
scoured to reduce ‘the tendency for carbon to deposit
‘thereon.

‘A-further feature of the invention provides fora further

~subsidiary flow .of ;primary air between the:fuel injection
-means-and the flame tube at its inlet end. i

In arrangements of combustion equipment according
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to the present invention the supply of primary air to the
inlet end of the frame tube is preferably effected from the
" engine compressor through a divergent entry duct, which
may be formed integrally with the flame tube or which
may be assembled in conjunction therewith. Thus the
- divergent entry duct may extend into the delivery duct
‘from the air compressor of the engine to divide the flow
of air in the delivery duct so that some of it passes into
the divergent duct while the remainder passes externally
thereof -and thence into the space between the flame. tube
-and-air casing, whence it passes into the iatgrice of the
flame tube as mixing air. The divergent entry duci may
include: an internal duct-defining liner connecting at its
downstream end with the inlet end of the divergent wall
- portion-of the flame tube.

‘An embodiment of the invention will now be described
by way . of example, with reference o the accospanying
drawings of which:

Fig. 1 illustraies diagrammatically a gas turbine engine,

Fig. 2 is a view of part of a combusticn chamber of
the engifie in longitudinal cross-section, on an enlarged
scale,

Fig. 3 shows a modified form of gas turbine engine to-

which the invention is applicable,

Fig. 4 shows a further modified form cof gas turbine !

engine in accordance with the invention, and
" Figure 5 is a perspective view from within the combus-
tion space looking on the fuel injection device.

The gas turbine engine of Fig. 1 comprises a com-
pressor 16, delivering compressed air to combustion
equipment 11, frem which the products of combustion
- pass through a turbine 12 which drives the compressor
19, and thence through a jet pipe 13 having a propelling
nozzle 14, to atmospheré. The engine is suitable for
aircraft jet propulsion.

The combustion equipment 11 comprises a plurality of
substantially tubular flame tubes within substantially tub-
ular air casings.. One such air casing and flame tube is

. 4 _

is of generally cylindrical form, the axis of ‘which lies
on the axis of the flame tube. The fuel injection means
may be as described in U. S. Patent No. 2,700,416 which
issued on January 25, 1955, where provision is made to pre-
vent or reduce the tendency to-carbon formation on the

~ orifice part or parts of the fuel injector.

10

20

shown in section in Fig. 2, the arrangement comprising -

- an entry expansion chamber portion. 15 which is con-
“nected with the delivery. of the engine compressor 19 and
is of divergent substantially circular cross-section. The
expansion chamber- 15 is: connected by a bolted flange

joint 16 with a tubular main air casing part 17 which in- .

turn is connected at its outlet end with a nozzle entry
assembly of the turbine 12. Internally of the air casing
.17 there-is accommodated a generally tubular flame tube
18.- The flame tube 18 is spaced from the wall of the

_air casing 17 to form an annular duct 19 which extends-.

into the expansion chamber 15 and provides a passage
for the flow of mixing air into the flame tube.
Within the expansion chamber 15 is mounted a-duct

50

_-part-20, defining a divergent entry duct 20a, the smaller

end 20b of which duct is directed towards the inlet end
of the expansion chamber 15, and this entry duct part
20 divides the air entering the air-casing 17 from the
compressor system into a mixing air flow which passes
into the annular duct 19 between the flame tube 18 and

.air casing 17 and into a primary air flow which passes. -

through the divergent entry duct 20a into the interior
of the flame tube 18 at its entry end.. The divergent en-
try duct part 20 is also formed at its downstream end 20¢
with a spigot flange 21 which serves to support the
‘flame tube 18, so that the entry duct 20 is in effect an
extension of the flame tube 18 into the expansion chamber
15.:
Fuel ‘injection. means 22 is supported on the axis of
the flame tube in the plane of the exit end of the divergent
_ entry duct part 20, being conveniently carried on a boss
23 by a number of legs 24 (one only of which is shown
. in the drawing) cast integrally with the entry duct part

55

The inlet end of the flame tube is of double skin for-
mation, the outer skin 25 of which provides the: socket
for the spigot 21 on the divergent entry duct part 26,
and the inner skin 26 of which is spaced inwardly of
the divergent eantry duct part 20, to constitute-a divergent
snnular wall portion of the flame tube. ‘This portion
spigots at its inlet end 264 in an annular socket 27 on a
sheet-metal liner 28 within the divergent entry duct 20a.
At its cuter end 26b the divergent wall portion 26 con-
nects with a substantially cylindrical main portion of
the flume tube 18. Within the divergent wall portion 26
an anpular ring 29 of divergent, substantially frusto-
conical form is provided, which ring-is of less axial length
and less maximum diameter than the divergent wall por-
tion 26 of the flame tube. The ring 29 is located so as
to provide, with the divergent wall portion 26, an an-
nular channel 38 which converges from its inlet end 30q,
which end lies substantially in the plane of the exit end
28¢ of the divergent eniry duct 28a to receive air there-
frcm, to its outlet end 38b which les adjacent the di-
vergent face of the inner wall 26. The ring 29 is spaced
from the inner skin 26 by means of tubular spacer mem-
bers 31, and is supported by bolts 32 which conveniently

- pass through the spacer members 31.

In this manner the main flow of primary air enter-
ing the divergent -entry duct 28a passes into this annu-
lar channel 39 and enters the flame tube 18, substan-

tially without swirl, in a direction parallel to the surface

of the divergent wall portion 26 so as to scour this sur-
face.

A sleeve 33 surrounding the fuel injector 22 is sup-
ported within the ring 29 by a number of swirl vanes
34. The latter  (see Figure 5) are so shaped and dis-
posed relative to one another as to provide passages 35
for a subsidiary flow of primary air which at entry are
substantially axial i. e. the entry areas face upstream
into the divergent entry duct, while at exit the passages
35 direct the air flow with a considerable tangential
component of velocity into the flame tube 18. ~ Further
the passages 35 between the vanes 34 are convergent
so that relatively high: exit velocity is obtained prevent-
ing or reducing the tendency for carbon to be deposited
on the-exit surfaces of the vanes 34.. A further annu-
lar gap 36-is formed between the sleeve 33 and the fuel
injection means 22 through which a subsidiary flow of
primary. air passes from the divergent entry duct 20«
into the interior of the flame tube, thus to cool the fuel
injection means 22.

The design is such that the main flow of primary air

_ takes place through the annular channel 30 defined be-

60

tween the divergent wall portion 26 of the flame tube
and the ring 29 associated therewith, while compara-
tively. minor subsidiary flows of primary air take place
through. the swirl vane passages 35 and through the
annular passage 36 surrounding the fuel injector 22.
These flows of primary air. will reduce or obviate the -
tendency for carbon to be deposited on the flame tube
parts in the region of introduction of primary air. i
.~A modified form of gas turbine engine to which the
invention- is applicable is shown in transverse cross sec-
tion in Fig. 3. In this arrangement the combustion
equipment 11e¢ comprises a plurality of flame tubes 18

. accommodated in a single annular air casing 117, which

20. The fuel injection means 22 may be of any known or -

convenient kind, and is preferably of the kind injecting
liquid fuel as an atomized spray through an atomizing
- “orifice. The fuel injection means 22 in this embodiment

-’to such an arrangement.

is -co-axial with the compressor 10 and the turbine 12
of the engine. It will be appreciated that the construc-
tion according to the invention may be readily applied
Each flame tube 18 will be

- identical with those of the émbodiment already described,

75

as will be the divergent entry duct part 20 correspond-
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ing with each flame tube. The annular air casing 117
comprising an inner member 117z and an outer member
117b is bolted to an anmular expamsion chamber .of
divergent cross sectional area in the direction of the flow
of air.

. A further modified form of gas turbine engine to
which the invention is applicable is shown.in transverse
cross section in Fig. 4. In this arrangement, combus-
tion equipment 11) comprises a single annular flame
tube 218 accommodated in a single bar casing 217,
both of which are cc-axial with the compressor 10 and
the turbine 12 of the engine. The construction accord-
ing to the invention may also be readily applied to this

arrangement, as will be appreciated. Fach flame tube

218, while being identical with that of the first embodi-
ment above described in longitudinal cross section, will
extend circumferentially to form a continuous annular
duct. The inner member 2174 and the outer member
217h of the annular air casing 217 will be ‘bolted to an

annular expansion chamber of divergent cross-sectional 2

area in the direction of the flow of air. The divergent
entry duct part 20 will support the inlet end of the
annular fiame tube 218.

1 claim:

1. Combustion equipment for a gas-turbine engine
comprising an air casing and a flame tube accommo-
dated in said air casing and defining a combustion space
within said flame tube, said flame tube having an imper-
forate inlet wall portion curved away frem -said com-
bustion space and bounding a duct through which -air
flows into said flame tube, a first part of said inlet wal
portion being convex toward said combustion space, and
a second part of said inlet wall portion immediately
downstream of said first part being frusto-conical and
bounding the combustion space and being divergent -with
respect to said flow of air whereby carbon formation
is Hable to occur on said second part, aund a further
wall portion which is adjacent said imlet wall portion,
is curved away from said combustion space and is
located on the side of said inlet wall portion adjaceat
said combustion space, said further wall portion being
at least in part convex toward said combustion space,
said further wall portion and said inlet wali portion
affording between the inlet wall portion and .the whole
length of the further wall portion an annular channel
curved away from said combustion space, and said sec-
ond part of the inlet wall portion being substantially
wholly beyond the downstream end of said further wall
‘portion, whereby air eatering the combustion space
through said channel passes along the surface of said
second part of the inlet wall portion, whereby carbon
formation on said second part is substantially reduced.

2. Combustion equipment for a .gas-turbine -engine
comprising an air casing and a flame tube accommo-
dated in said air casing and defining a combustion space
within said flame tube, said flame tube having an imper-
forate inlet wall portion curved away from.said cem-
bustion space and bounding a duct through which air
flows into said flame tube, a first part of said inlet wall
portion being convex toward said combustion space, and
a second part of said inlet wall portion immediately
downstream of said first part being frusto-conical and
bounding the combustion space and being divergent with
respect to said flow of air whereby carbon fermation
is liable to occur on said second part, and ‘a further
wall portion which is adjacent said inlet wall portion
is curved away from said combustion space and is
‘located on-the side of said inlet wall portion adjacent
said combustion space, said further wall portion being
at least in part convex toward said combustion space,
and said further wall portion lying nearer to said inlet
wall portion at its downstream end than at its upstream
end thereby to define between the inlet wall portion
and the whole length of the further wall portion an
annular channel which is curved away from said com-
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.6
bustion space and which converges from its inlet end to
its outlet end, and said second part of the inlet wall
portion being substantially wholly beyond the down-
stream end of said further wall portion, whereby air

_entering the combustion space through said channel

passes -along the surface of said second part of the inlet
wali portion, whereby carbon formation .on.said second
part is.substantially reduced.

3. Combustion equipment for a gas-turbine engine
comprising a tubular air casing and a tubular flame tube
accommeodated in said air casing and defining a combus-
tion space within the flame tube, said flame tube having
an .imperforate-inlet wall portion curved away from said
combustion space towards the air casing and formed sub-
stantially as a body of revolution bounding a duct through
which air flows into said flame tube, a first part of said
inlet wall portion being convex toward said combustion
space, and 2 second part of said inlet wall portion im-
mediately downstream of said first part being frusto-
conical .and bounding the combustion space and being
divergent with respect to said flow of air whereby carbon
farmation is liable to occur on said second part, and a
further wall portion which is adjacent said inlet wall

-portion, is curved away from said combustion space, and

is located on the side of said inlet wall portion adjacent
said combustjon :space, said further wall portion being at
least in part convex toward -said combustion space, said
further wall portion and said inlet wall portion affording
between the inlet wall portion and the whole length of
the further wall portion an annular channel curved away
from said combustion space and said second part of the
drilet wall portion being substantiaily -wholly beyond the
downstream end of :said further wall portion whereby .air
entering the combustion space through said channel passes
along the surface of said .second part of the inlet wall
portion, whereby carbon formation on said second part
is substantially reduced.

4. Combustion equipment for a gas-turbine engine
comprising-a tubular air casing and a tubular flame tube
accommodated in said air casing and defining a combus-
tion space within said flame tube, said flame tube having

-an imperforate inlet wall portion curved away from said

combustion space toward .the air casing and formed sub- .
stantially as a body of revolution bounding a duct through
which air flows into said flame tube, a first part of said
wall portion being convex toward said combustion space,

-and a second part of said wall portion immediately down-

stream of said first-part-being frusto-conical and bound-
ing the combustion space and being divergent with re-
spect to said flow of air whereby carbon formation is
liable to occur on said second part, and a further wall
portion which is adjacent said inlet wall portion, is curved
away from said combustion space and is located on the
side of said inlet wall portion adjacent said combustion
space, said further wall portion being at least in part
convex toward said combustion space, and said further
wall portion lying nearer to said inlet wall portion at its
downstream end than at its upstream end thereby to de-
fine between the inlet wall portion and the whole length
of the further wall portion an annular channel which is
curved away from said combustion space and which con-
verges from its inlet end to its outlet end, and said second
part of the inlet wall portion being substantially whoily
beyond the downstream end of said further wall portion,
‘whereby air entering the combustion space through said
changel passes along the surface of said second part of
the inlet wall portion, whereby carbon formation on said

-second part is substantially reduced..

5. Combustion equipment for a gas-turbine engine
comprising an annular air casing having an inner annular
wall and an outer annular wall, and a plurality of tmbular
flame tubes accommodated in said air casing and defining
a-combustion space within each of said flame tubes, each
of .said flame tubes having an imperforate inlet wall por-
tion curved away from said combustion space and formed
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su‘ostanﬁaﬂy as a body of revoluton bounding a duct
through which air flows into said flame tube, a first part
of said inlet wall portion being convex toward said com-
bustion space, and a second part of said inlet wall por-
tion immediately downstream of said first part being
frusto-conical and bounding the combustion space and
being. divergent with respect to said flow of air whereby

carbon formation is liable to occur on said second part, -

‘and a further wall portion which is adjacent said inlet
wall portlon is curved away from said combustion space
and is located on the side of said inlet wali portion ad-
jacent said combustion space, said further wall portion
being at least in part convex toward said combustion
space, said further wall portion and . said inlet wall por-
tion affording between the inlet wall portion and the
- whole length of the further wall portion an annular chan-
nel curved away from said combustion space, and said
second part of the inlet wall portion being substantially
wholly beyond the downstream end of said further wall
portion, whereby air entering  the combustion space

10
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through said channel passes along the surface of said

second downstream part of the inlet wall portion, where-
by carbon formation on said second part is substantially
reduced. v )

6. Combustion equipment for a gas-turbine engine
comprising an annular air casing having an inner annular
wall and en outer annular wall; and a plurality of tubular
flame tubes accommodated.in said air casing and de-
fining 2 combustion space within each of said flame tubes,
each of said flame tubes having an imperforate inlet
wall portion curved away from said combustion space and
formed substantially as a body of revolution bounding a
duct through which air flows into said flame tube, a
first part of said inlet wall portion being convex toward
said said combustion space, and a second. part of said
inlet wall portion immediately downstream of said first
part being frusto-conical and bounding the combustion
space and being divergent with respect to said flow of air

whereby carbon formation is liable to occur on said
second part, and a further wall portion which is adjacent
said inlet wall portion, is curved away from said com-
bustion space and is located on the side of said inlet

25
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wall portion adijacent said combustion space, said further -

wall portion being at least in part convex toward said
combustion space, and said further wall portion lying
-nearer to said inlet wall portion at its downstream end
than at its upstream end thereby to define between the
inlet wall portion and the whole length of the further
wall portion an annular channel which is curved away
from said combustion space and which converges from
its inlet end to its outlet end, and said second part of
_the inlet wall portion being substantially wholly beyond
the-downstream end of said further wall portion, whereby
air entering the combustion space through said channel
passes along the surface of said second part of the inlet
wall portion, whereby carbon formation on said second
" part is substantially reduced.

7. Combustion equipment for a gas-turbine engine
comprising an annular air casing having an inner annular
wall and an outer annular wall, and an annular flame tube
accommodated in said air casing and having an innper
annular flame tube wall and an outer annular flame tube
wall spaced from the respective air casing walls and de-

" fining a combustion space between.the flame tube walls,
" said flame tibe having an imperforate inner inlet wall

portion and an imperforate outer inlet wall portion, each

of said inlet wall portions being curved away from said
combustion space towards the adjacent annular wall of
the air casing and being formed substantially as a body of
revolistion, said-inlet wall portions together bounding an
air-inlet duct through which air flows towards said-com-
bustion space, a first part of said inner inlet wall portion
being convex toward said combustion space, and a second
_part of said inner inlet wall portion immediately down-

stream of said first part being frusto-conical and bounding

45
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the combustion space and e‘itendmg inwardly from the
first part towards the inner air casing wall whereby carbon
formation is liable to occur on said second part, and a
further inner wall portlon which is- adjacent said inner
inlet wall portion is curved away from said combustion
space and is located on the side of said inner inlet wall,
portion adjacent said combustion space, said further in-
ner wall portion being at least in part convex toward said
combustion space, said further ‘inner wall portion ‘and
said inner inlet wall portion affording between the inner
inlet wall portion and the whole length of the further
inner wall portion a first- annular channel curved away
from said combustion space, and said second part of the -
inner inlet wall portion being substantlally wholly beyond
the downstream end of said further inner wall portion,
whereby air entering the combustion space through said

- first annular channel passes along the surface of said

second part of the inner inlet wall portion and carbon
formation. on said second part is substantially reduced,

- said 1mperf01ate outer inlet wall portion having a first
- part which is convex towards. the combustion space and.

a second part which is immediately downstream of said
first part of the outer inlet wall portion and is frusto-
conical and extends outwardly from the first part towards
the outer air casing wall whereby carbon formation is
liable to occur thereon, a further cuter wall portion which
is adjacent said outer inlet wall portion, is curved away
from said combustion space and is located on the side
of said outer inlet wall portion adjacent said combustion

“space, said further outer wall portion being at least in

part convex toward said combustion space, sald further
outer wall portion and said outer inlet wall portion afford-
ing between the outer inlet wall portion and the whole

“ length of the further outer wall pornon a second annular

channel curved away from said combustion space, and
said second part of the outer inlet wall portion being
substantially wholly beyond the downstream end -of said
further outer wall portion, whereby air entering the com-
bustion space through said second annular channel passes
along the surface of said second part of the outer. inlet
wall portion and. carbon formation on said second part
is substantially reduced.

8. Combustion equipment for a  gas-turbine engine
comprising an annular air casing having an inner annular
wall and an cuter annular wall, and an annular flame tube
accommodated in said air- casing and having an inmer
annular flame tube wall and an cuter annular flame tube
wall spaced from the respéctive air casing walls and de-
fining a ‘combustion space between the flame tube walls,
said flame tube having an -imperforate inmer inlet wall
portion and an imperforate outer inlét wall portion, each
of said inlet wall portions being curved away from- said
combustion space towards the adjacent annular wall of
the air casing and being formed substantially as a-body
of revolution, said inlet wall portions- together bounding
an air inlet duct through which air flows toward said
combustion space, a first part of said inner -inlet wall
portion being convex toward said combustion space, and
a second part of said inner -inlet wall portion immediately
downstream of said first part being frusto-conical and
bounding the combustion space and extending inwardly
from the first part towards the inner air casing wall where--.
by carbon formation is liable to occur on said second
part, and a further inner wail’ portion which is adjacent
said inner inlet wall portwn is curved away from said
combustion space and is located on the side of said inner
inlet wall portion adjacent said ‘combustion space, said
further inner wall porticn being at least in part convex
toward said combustion _space, said further inner wall -
portion lying nearer to said Tnmer inlet wall pomon at
its downstream end than at its upstréam ‘end thereby to
define between the inner inlet-wall portlon and the whole
length of the further mner ‘wall portion a ﬁrst annular
channel curved away- from said’ combustlon space, and
said second part of th\, inner mlet wall portlon bemg sub-
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stantially wholly beyond the downstream end of said
further inner wall portion, whereby air entering the com-
bustion space through said first annular channel passes
along the surface of said second part of the inner inlet
wall portion and carbon formation on said second part
is substantially reduced, said imperforate outer inlet wall
portion having a first part which is convex towards the
combustion space and a second part which is immediately
downstream of said first part of the outer inlet wall por-
tion and is frusto-conical and extends outwardly from
the first part towards the outer air casing wall whereby
carbon formation is liable to occur thereon, a further
outer wall portion which is adjacent said outer inlet wall
portion, is curved away from said combustion space and
is located on the side of said outer inlet wall portion ad-
jacent said combustion space, said further outer wall por-
tion being at least in part convex toward said combustion
space, said further outer wall portion lying nearer to said
outer inlet wall portion at its downstream end than at
its upstream end thereby to define between the outer inlet
wall portion and the whole length of the further outer
wall portion a second annular channel curved away from
said combustion space, and said second part of the outer

10
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inlet wall portion being substantially wholly beyond the
downstream end of said further outer wall portion, where-
by air entfering the combustion space through said second
annular channel passes along the surface of said second
part of the outer inlet wall portion and carbon formation
on said second part is substantially reduced.
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