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. This invention relates to vapourizing systems
for the combustion chambers of gas turbine en-
gines. :

Those skilled in the art will be familiar with
the prineciples of operation of a gas turbine en-
gine wherein fuel is burned in a high pressure,
high velocity air stream and discharged from
-the combustion chambers into a furbine. Com-
bustion actually takes place within a liner (also
known in the art as & “flame tube”) situated in-
side the combustion chamber and in spaced re-
lationship to the walls thereof, so that the liner
is in effect jacketted by a stream of air which is
progressively admitted to the liner to support
combustion and to provide a working medium.
Combustion is initiated at the upstream end of
the liner by the introduction of fuel to a limited
supply of primary air in a region of reverse flow,
so that once started by an electric spark or
some similar means, the flame becomes self-pro-
pagating.

" Fuel may be introduced into the liners of com-
bustion chambers of gas turbine engines either
by means of an atomizing spray, in the form of
_vapour or as a rich mixture of vapour and air.
In the last-mentioned case, liquid fuel and a
supply of air are introduced into special vapour-
izing elements exposed externally to the heat
of combustion so that the fuel passing through
them is vapourized before it is discharged into
the flame zone. In the past these vapourizing

" elements usually have been tubes extending di-
" reetly into the flame zone, but it has been found
difficult to distribute the fuel evenly over the
internal surfaces of these tubes and since in the
process of vapourizing, the fuel serves to cool the
tubes, this uneven distribution has resulted in
many tube failures due to excessive local heat-
ing. Furthermore, local heating has been ag-
gravated by the deposition of carbon upon the
external surfaces of the vapourizer tubes, neces-

sitating such precaution as the provision of a
film of insulating air over the said surfaces;
but such complications have not proved to be
completely effective.

" The principal object of this invention is to
. provide a vapourizing element for a combustion
chamber liner, which will not be subject to lo-
cal over-heating and the risk of such failures
as may result in pieces of the element becoming
‘detached and being carried downstream to do
“'serious damange to the turbine. Another ob-
ject is to eliminate the likelihood of cracking
" of the fuel due to contact with high tempera-
ture surfaces, with its attendan{ gumming ef-
Teets. Yet another object is to provide a va-~
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pourizing element which is easy and cheap to -

2

manufacture, being of simple configuration and
robust construction. .

Further objects and advantages of the inven-
tion will be apparent from the following de-
scription of an application of the invention to a
combustion system of the annular type. It will
be understood, of course, that the invention can
be similarly applied to combustion systems hav-
ing tube type combustion chambers and that
this description of a preferred construction is
not to be taken as restrictive tfo any particular
arrangement. ]

In the accompanying drawings forming a part
of this application and in which like characters
of reference are used to designate like parts
throughout the same:

Fig. 1 is a view in side elevation, partly broken
away, of a gas turbine engine embodying an
annular combustion system constructed accord-
ing to this invention;

Fig. 2 is a cross-sectional view of the annular
combustion system of the engine, the said view
being taken on the line 2—2 of Fig. 1; and

Fig. 3 is a cut-away perspective view of the
said annular combustion system.

In the operation of the engine shown in Fig.
1 air is compressed in a compressor 10 and fed
into a combustion system {1 through a diffuser
{3. Fuel is injected into the combustion sys-
tem and burnt in the stream of air, and the
products of combustion are discharged at high
velocity into & turbine 14, which drives the com-
pressor and, according to the construction of
the turbine, otherwise generates power from the
energy contained in the hot gases. The final
discharge of the gases from an exhaust 15 may
be employed for jet propulsion of the unit.

The combustion system comprises an annular
combustion chamber bounded by an inner wall
i6 and an outer wall 1T arranged coaxially with
the usual backbone member 18 of the engine.
Between the walls 18 and {71 is the combustion
chamber liner or “flame tube” having an inner
wall 20 and an outer wall 21; these walls are
supported in spaced relationship to the walls of
the combustion chamber so that there are annu-
lar spaces 22 and 23 between the inner and outer
walls, respectively, of the combustion chamber

The annular entry to the flame tube, between
the inner and outer wall 20 and 21, is divided
into two concentric annuli by a wall 24. This
wall, as shown in Fig. 3, runs substantially paral-
1el to the inner wall 20 and extends downstream
for a short distance, defining, with the wall 20,
an annular space 25 which constitutes the inner

- of -the 'two concentric annuli -mentioned ‘above;
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at the upstream end of the annulus 25 are a
numbper of swirl vanes 26 circumferentially
spaced around the annulus to induce swirl to
the air enfering the said space. The outer of
the two concentric annuli, which is the principal
entry into the liner, is also traversed by a se-
ries of eircumferentially spaced swirl vanes 2§,
extending between the outer wall 2i and the
wall 24,

Spaced downstream of the end of the wall 24
is a transverse annular baffle 21, mounted on the
inner wall 20 of the liner and carrying on jts pe-
riphery, remote from the said wall 20, a for-
wardly extending flange 28, which overlaps the
terminal portion of the wall 24 and is of sub-
stantially greater diameter than the said ever-
lapped portion of the wall.

Fuel is introduced through a manifold 29 and
a plurality of ecircumferentially spaced jets 30

situated in the space 25 immediately downstream o

of the swirl vanes 26. The jets 38 are arranged
to inject fuel tangentially into the space 25 in
the same sense as the swirl induced in the air
by the said vanes.

In accordance with normal practice relating
to combustion chamber liners the inner and outer
walls 20 and 21 are perforated at intervals along
their length (downstream of the haffle 2T) by 2
Jumber of holes 32 and 33, for the progressive
admission of air from the spaces 22 and 23 be-
tween the walls of the liner and the combustion
chamber, as will ke explained hereunder.

In operation, air from the compressor snbers
the combustion system in the direction of the

arrows A.and a horiion of the stream is directed 3

along the annular spaces 22 and 23, forming a
Jacket.of comparatively cold air around the iiner.
Another portion of the enfering air is directed
into the annular space 25, between the swirl
vanes 26, and the remainder enfers the upstream
end. of the cembustion chamber liner between
the swirl vanes 262, which impart a rotary mo-
tion to the air passing over them, as indicated
by the arrows B; thus the air enters the liner-in
-2 helical stream and the centrifugal forces act-
Jing -thereupon .cause the air to flow along the
outer wall 21 .as indicated by the arrows .C and
Jbrovide a..corresponding region of low pressure
.adjacent the wall 24.

Liquid fuel is injected through the jets 38 into
the siream .of air .flowing through the annular
.space 25 and because .of the tangential direction
of this injection and the swixl imparted to the
.air.stream by the vanes 28, the fuel is carried out-~
ward by centrifugal action until it impinges upon
the inner surface of the wall 24. The mixture
of fuel and air thys.passing through the annular
space 25 is turned through approzimately 18p°
by the bafile 2T and its flange 28, so thatthe fusl-
air mixture.emerges into the low pressure region
of the flame zone within the liner, along the
.outer surface.of the wall 24, in the direction of
the-arrows D.

The main flow of air entering the flame tube
in the-direction of the.arrows C.and the flow . of
rich fuel-air .mixture entering in the direction
of the arrows D together generale ;a torgidal
vortex E .in the .region of .low .pressure hetween
them. This rgroidal vortex .extends .entirely
around the .annulus-of the liner .and, in it .2

. thorough:mixing. of the two.streams is.achieved;
the-vortex forms the.gore -ofthe combustion. tak-
ding: place-inthe lingr:and, . as.its:peripheral.ele-
anents-are.condinpally -earried. downstream, fur-
Sherairis:added $hrough -the holes 32 .and 33
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to support combustion and provide the working
fluid for the turbine. Once lighted, the com-
bustion in the vortex is self-propagating.

The wall 24 is directly exposed to the combus-~
tion in the vortex and becomes, in ¢onsequence,
very hot. Deterioration of the wall 24, which
such high temperatures would normally cause,
is prevented by the cooling effect of the fuel
being sprayed by the jets onto ifs inner surface
and by the additional influence of the air stream
in the annular space 25. In cooling the wall the
fuel is itself vapourized and the air-vapour mix-
ture is heated, so that the gases emerging into
the combustion zone of the liner are in a suit-
able condition for .combustion. The vapourizing
surface of the wall 24 is so extensive in com-
parison with the surface available in tube type
vapourizer installations that it can achieve more
complete vapourization at a lower temperature,
thereby, eliminating gumming and carbon-
deposition, improving combustion and enhancing
the life of the vapourizer element. Further-
more since vapourization is complete there is no
tendency to .centrifugal separation of the fuel
from the air as the flow of mixture is reversed
by the bafle 217.

In the foregoing description the terms “inner,”
“auter’” and the like have been used in reference
to the longitudinal axis of the engine; for ex-
ample, the “inner” wall of the liner is of lesser
diameter than the “outer” wall thereof. How-
ever, such expressions as “within the combustion
chamber,” “internally to the flame tube” and the
like have been used in the sense that the com-
bustion champer and its liner are supstantially
enclosed chambers or conduits, regardless of their
external configuration; for example, the expres-
sion “witlin the flame tube” -in an annular sys-
tem, as described, would signify “external to the
inner wall and internal to the outer wall” of the

annulus, whereas in a tube type system it would

signify simply “surrounded by the wall” of the
tube. Such adverbial phrases may be applied
generically to both annular and tube type coms-
bustion systems and are so used in the subjomed

.claims.

It will be understood that -the above descrip-
tion has included certain features peculiar-to an

annular type combustion, system and that in ap-

plying the invention to a tube type combustion
system advantage cannot be taken of centrifugal
effects in directing the flow of fuel and gases;

furthermore, in some annular type systems in

the interest of acce551b111ty of the fuel supply
installation or other reasons, it may be _desirabie
{0 situate the vapourizing element on the outer
Wall .of ‘the liner rather than on the inner wall
and in such ecircumstances any centrifugal forces
acting upon the fuel-air mixture would detract

from the.cooling of the vapourizing surface. The

use of swirl vanes, as deseribed,-is not essential
to the satisfactory operation of the 1nvent1on
The principal feature is the vapourizing element

Jbaking the form of a double wall extending over
the whole or a part of the llner around the flame

zone (the “doublel” may be either msuie the
liner, .as herein described, or outside the-liner)
and .this feature may be applied with advantace

to.any type of combustion chamber to develop

a vortex core and an 1mp10ved ﬂame pattern

..over those now commonly in use, prowdmg at the

same time a cheaply manufactured and robust
vapgurizer, functmmng at comparatwely low
temperatures and. v1rtua11y ehmmatlng all sus-

. ceptlbxhty to local overheatmg
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The application of the invention herein shown
and described is to be taken therefore as a pre-
ferrd example of the same and various changes
in the shape, size, and arrangement of the parts
may be resorted to, without departing from the
spirit of the invention or the scope of the claims.

What I claim as my invention is:

1. A vapourizing system for a gas turbine en-
gine embodying a combustion chamber through
which a stream of air is caused to flow and a
liner having open ends to receive part of the air
and disposed substantially coaxially within the
combustion chamber, comprising, a wall spaced
from a wall of the liner and defining with the
said liner wall an annular vapourizing space ex-
tending downstream substantially from the up-
stream end of the liner, an inlet in the said space
for directing a portion of the air entering the liner
into the upstream end of the said space, means
for introducing fuel into the said space for con-
version to fuel vapour, and a flow reversing sur-
face extending into the flow path of the fuel
vapour emerging from the downstream end of the
said space into the liner whereby the fuel vapour
is directed upstream.

2. A vapourizing system for a gas turbine en-
gine embodying a comhustion chamber through
which a stream of air is caused to flow and a
liner having open ends to receive a part of the air
and disposed within and spaced from the combus-
tion chamber, comprising, a wall disposed coaxi-
ally within and spaced from the liner and extend-
ing downstream substantially from the upstream
end of the liner, the said wall with the liner defin-
ing an annular vapourizing space open at the up-
stream end for directing a portion of the stream
of air into the said space, means for introducing
fuel into the said space for conversion to fuel
vapour, and a flow reversing surface extending
into the flow path of the fuel vapour emerging
from the downstream end of the said space into
the liner whereby the fuel vapour is directed up-
stream.

3. A vapourizing system for a gas turbine en-
gine as claimed in claim 2 in which the said flow-
reversing surface is provided by an annular baffle

disposed transversely of the liner downstream of.

the said wall.
4. A vapourizing system for a gas turbine en-
gine as claimed in claim 2 in which said flow-

reversing surface is provided by an annular bafile '

disposed transversely of the liner, the said bafile
being in concentric spaced relationship to the
downstream end of the said annular space and
being provided with a flange extending upstream.

5. A vapourizing system for a gas turbine en-
gine as claimed in claim 2, in which the fuel intro-
ducing means includes a plurality of jets situated
within the said annular space adjacent the up-
stream end thereof.

6. A vapourizing system for a gas turbine en-
gine embodying a combustion chamber through
which a stream of air is constrained to flow and
a liner having open ends to receive part of the
stream of air and disposed substantially coaxially
within the combustion chamber, comprising an
annular vapourizing element coaxial with the
liner and extending downstream substantially
from the upstream end thereof, an inlet in the
vapourizing element for directing a portion of the
air entering the liner into the upstream end of
the vapourizing element, means for introducing
fuel into the vapourizing element, a baffle dis-
posed adjacent the downstream end of the va-
pourizing element and extending into the flow
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path of said portion of the air stream and the fuel
emerging from the downstream end of the va-
pourizing elerent into the liner whereby the air
and fuel emerging from the said element are di-
rected substantially upstream, and means at the
upstream end of the liner for imparting & swirl to
the remaining portion of the air entering the
liner.

7. A vapourizing system for a gas turbine en-
gine embodying a combustion chamber through
which a stream of air is constrained to flow and
a liner having open ends to receive part of the
stream of air and disposed substantially coaxially
within the combustion chamber comprising, an
annular vepourizing element substantially coax-
ial with the liner and extending downstream sub-
stantially from the upstream end thereof, an inlet
in the vapourizing element for directing a portion
of the air entering the liner into the upstream
end of the vapourizing element, mesans in the
vapourizing element for imparting a swirl to the
said portion of the air, means for introducing fuel
into the vapourizing element, and means for re-
versing the flow of the said porticn of the air
stream and the fuel as they emerge from the
downstream end of the vapourizing element into
the liner whereby the air and fuel emerging from
the said element are directed substantially up-
stream.

8. A vapourizing system for a gas turbine en-
gine as claimed in claim 7 in which the said swirl
imparting means comprises a plurality of swirl
vanes in the inlet of the vapourizing element.

9. A vapourizing system for a gas turbine en-
gine as claimed in claim 7 in which the means
in the vapourizing element for imparting a swirl
to the said portion of the air comprises a plural-
ity of swirl vanes in the inlet of the vapourizing
element, and in which means are also provided at
the upstream end of the liner for imparting a
swirl to the remaining portion of the air entering
the liner.

10. A vapourizing system for a gas turbine en-
gine embodying a combustion chamber through

_ which a stream of air is constrained to flow and
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a liner having open ends to receive part of the
stream of air and disposed substantially coaxially
within the combustion chamber comprising, a
wall disposed coaxially with respect to the liner in
spaced relationship thereto and extending down-
stream substantially from the upstream end of
the liner, the said wall with the liner defining an
annular spaced adapted to receive a portion of the
air entering the flame tube, a plurality of swirl
vanes disposed at the upstream end of the annu-
lar space for imparting a swirl to the said portion
of the air, means for introducing fuel into the
annular space, an annular bafle mounted trans-
versely of the liner and in concentric spaced rela-
tionship to the downstream end of the said wall,
and a flange on the bafile extending upstream be-
yond the downstream end of the wall and spaced
therefrom.
RONALD GUERIN MESCHINO.
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