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This invention relates to combustion apparatus
for gaseous or liguid fuels ang has for its object
to provide j, combustion apparatus suitable for
use in circumstances in which combustion has to
be supported hy a fast moving ducted gas Aow of
ﬁame-extinguishing velocity. Whilst, as will be
seen after consideration of its details, the inven-
tion has possible applications in a wider fielq, it
is primarily concerned and is at present conceived

to have its maximum utility in connection with

combustion apparatus in which special broblems
arise due to the necessity for supporting continu-
ous combustion by means of a fast moving gag~
€0Us current involving a large mass fiow, as for
example, in gas turbines or other jet propulsion
bower units and in gag turbines for other pur-
boses. The description “fast moving” as applied

toa combustion-supportmg gas flow is used here-

Ing in unit time/cross sectional area of fow
vath, is substantially higher than the speed of
flame propagation in

the speed of Aame Dropagation is considered as
being of the order of 1 foot per second at atmos-
pheric temperature; the invention, on the other
hand, is especially applicable to combustion appa-
ratus for gas turbines or/and jet propulsion power
units in which the speed of the air current in its
general direction of flow past g combustion zone,
calculated on the basis indicated, might be of an
order as low as 10 or as high as 300 feet ber sec-
ond or even more, depending on the design.

The object of the invention stated in general
terms is to enable stable combustion to be sup-
ported not only by a fast moving gas flow but
also with high air/fue] ratios and with high rates
of fuel injection and low pressure loss, all of
which are requirements further arising in con-
nection with gas turbines and jet propulsion
units; the invention in fact owes its origin to the
needs of such units and it is primarily to these
that its application is contemplated, although of
course it may be applied in other cases where
comparable problems arise,

In combustion systems employing velocities of
the order indicated, the gas flow must de diffused
or reduced in velocity before combustion can be
effectively maintained. It has accordingly been
the practice to employ a diffuser section of sub-
stantial length in series with the inlet to the ap-
baratus and the combustion zone, which has
hecessarily involved undue length and weight of

the fuel/gas mixture con- ,
cerned. For hydrocarbons fuels burning in air °
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the apparatus. This difficulty is 5 serious one in
bower plants, especially those for aircraft, of the
turbine type in which a compres-
by way of g combustion system

is gquite disproportionate, It is accordingly g
further object of the invention to reduce the over-
all length required for the diffusion and combus-
tion processeg a5 compared with known combus-
tion systems. Equally however, the invention
may be applied to the reduction of length of g
combustion system éven where. there is no com-
pressor, '

The invention may conveniently be considered
as having two Principal aspects which, whilsg
being closely inter-related, have also some degree

Considered in its first aspect the invention pro-
boses to employ upstream injection of fuel into
the upstream limiting region of the combustion
in association with division of the gas flow
upstream of the said limiting re~
gion of the combustion one, a proportion of the gas
flow being decelerated and by-passing the up-

stream limit of and being allowed to enter the

that limit, whilst the remainder of the flow is
allowed to enter the upstream limiting region of
the combustion Zone, preferably also after diffu-
sion.

In its second aspect the invention may be con-
sidered from the boint of view that it provides
for the combustion zone to be in overlapping re-
lationship in the general direction of the gas flow
with a diffusion or gas deceleration system em-
bodied in the ducting through which passes at
least a part of the combustion-supporting gas
flow, the diffusion system being such as to effect
under the conditions of operation controlleq diffu-
sion of the gas fow bassing therethrough and de-
livering said gag flow into g continuation of the
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dueting downstream of the upstream limit of the
combustion zone.

In the preferred embodiment of the invention
the features of both these aspects.of the inven-
tion are used in combination, but it will be
evident to those skilled in the art that they are
capable of some degree of independent applica-
tion. Preferably also the foregoing features of
the invention are used by constructing the com-
bustion chamber at
a part only of a gas flow ‘in the -duct at one oY
more points into a radially inner part of ‘a fuel
jet or spray directed upstream into the upstream
iimiting region of the combustion zone.

Preferably also, in regard to the second aspect
of the invention, the diffusion -or flow velocity
reducing systern through which air is by-passed
around the upstream end of the combustion zone
is afforded between the combustion chamber and
the ducting, preferably by mutually relating the
internal form of the ducting and the external
form of the chamber defining the combustion
zone so as to form a diffusion passage between
said dueting and chamber having its-entry:at the
upstream limit of said
at o downstream region .of the combustion zone
therein.

According to.a further feature of the inven-
4jon the division of the gas flowis such that only

;2 minor -proportion of the.gas flow is supplied 2

to the upstream limiting region of the combus-
tion zone, the major proportion of the fiow being
by-passed and having itsfirst enbry to the cham-
ber asa.major inflow in:a.zone of the combustion
chamber downstream of its upstream
region but yet ‘gtill in 2 region of upstream fuel
injection thereto. The intention here is.to pro-
-vide 2 primary combustion-zone at the upsireaim
end of the combustion chamber in which.a major
part of the combustion fakes place.
pustion chamber, ‘however, preferably extends
.downstream for 2 sufficiently substextial dis-
tance ‘to allow combustion to be substantially
completed within it, the wall of the combustion

its upstream end to direct

chamber and ifs cutleb -

limiting @

The com- ¢
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:chantber being ported at successive zenes spaced .5

in the direction of flow :in order +0 -admit :sec-
ondary .combustion .gas inflows and diluent and
mixing inflows.

_A particular constructional form which may be

regarded as representing a more limited ;aspect !

of the invention is that arising from ihe ap-
plication of.a combustion apparabus according:to
the invention to 2a.gas turbine unit :of the kind
comprising a coaxial compressor and turbine
and having its combustion apparatus -embodied
therein :as an annular series of combusbien
.chambers contained in ducting annularly dis~
. posed:coaxially with the compressor and turbine
.and conducting the output of the former to the
Jatter.
the combustion chambers, by making use of ithe
feature of the invention which provides for an
overlap between the diffusion system of the com-
bustion apparatus and its combustion zone, may
e made to lie close up to the cempressor outlet
g0 that virtually no additional length is required
for diffusion of {he compressor cutput after leav-
ing the compressor proper. It will be appreci-
ated, of -course, that in such a case eitherthe gas
ducting . may be an annular air casing containing
a1l the combustion chambers, -or there may bea
separate air casing for each combustion chamber.

Examples of construction in accordance with
the invention are {llustrated in the drawings of
which:

In such a case the upstream ends of
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Figure 1 is a longitudinal sectional view of a
complete and self-contained combustion appa-
ratus, the downstream end of the ducting being
proken away for convenience of illustration;

Figure 2 is a.similar view of a:somewhat modi-
fied self-contained combustion apparatus con-
taining one combustion chamber and showing
fragments of the upstream compressor and
downstream turbine;

Pigure 3 is a longitudinal sectional view of one
radius of the combustion apparatus in which the

-ducting ‘which receives a plurality of flame tubes

is annular; and,

Figure 4 is a view in section taken along the
Jine 4—4 of Figure 3.

Referring to the drawings, the combustion ap-
paratus comprises an air duet | having at its up-
stream end a flange 2 by which it is intended that
i% -should be secured direct to the outlet from a
compressor in a gas turbine of conventional type.
A-fragment of @ cOMPIessor of conventional type
4s shown in Figure o and is indicated by the
reference character 2a. The opposite or down-
stream end of the air-duct has aflange 3 by which
it-is intended to pe secured o the nozzle housing
of a turbine. A fragment of a conventional
turbine nezzle housing is indicated at 8¢ in

Figure 2. A general arrangement of this char-

acter is of course well know -and so is ‘not con-
sidered ‘to Tegquire further ‘description. Witddn
the air iduct is a combustion -chamber in the
form of a flame tube 4 having its upstream end
formed by a conical bafile§ with:its apex -peint-
‘ing downstream. Inside the flame tube a fuel
nozzle 6 -is arranged in alignment with the apex
of the .conical bafile 5 to inject fuel in -an up-
stream -direction into -the -upstream limiting
region -of the flame tube 4, that isat the apex of
the cone 5,.as indicated in Figure 1. The conical
bafile is Lmountedron,a.frustoconical part T of the
flame tube 4 which .forms in effect :an -outward
and downstream extension from the ‘base :of the
cone, but :also forms a lip 8 extending some
-distance ‘upstream beyond the base -of the cone
to -form an aperture 9 dimensioned to admit &
desired proportion of the total air flow o the
interior of the .cone, the -proportion in the pre-
ferred cases illustrated being a minocr proportion
whieh is in the nature of -2 pilot flow. The flame
4ube is so arranged that the-plane of its entry 9
4s«close up to that of the flange 2. The air duct,
.except for a short -cylindrical part immediately
downstream of the compressor :at {0, also in-
creases-in diameter in ‘the downstream direction
so as to form with the frusto-conical nose 7 of
the flame tubean annular space f {-of increasing
<cross sectional area in the:downstream direction
.designed as 2 diffusion ;passage suitable -for the
velocity conditions involved. It will :be :ap-
preciated that .although the walls .of :the :annulus
41 in the drawings .do not diverge appreciably,
the progressive increase in the .downstream .di-
rection of its mean radius is sufficient to afford
-an increasing cross-section. From the .down-

« -stream end of the annular diffusion passage iy

so ‘formed both the flame tube :and the air duct
are of cylindrical form for.some distance, the.air
duct terminating at its downstream end in &
tapering section 12 leading to ithe surbine .inlat.
Upstream -of ‘this region the flame tube has.an
outwardly flared frusto-conical portion {3 ‘whieh
4increases in -diameter nearly to that -of the sadr
casing, the downstream end of this part being
radially located by spaced peripheral projections
engaging the -wall of the air duct. A small



2,667,033

“amount of air leakage is thus allowed between
the flared portion 13 and the air duct as indi-
cated by the arrows in Figure 1, to prevens over-
heating effects,

It will be noted that the fuel injection nozzle
supply pipes 14 are arranged to enter the cham-
ber laterally, being screened from the air flow
by an enclosing fairing 135, so that the nose of
the chamber is completely free from unnecessary
structure, thus assisting in allowing the combus-
tion chamber to be brought up close to the entry
to the air duct and giving the maximum freedom
in designing the upstream end of the chamber,
It is contemplated that the fuel injection noygzle
should be of the spill-controlled type, since this
type of injection nozzle has excellent character-
isties from the boint of view of good atomisation
over a wide range of fuel flows and is also capable
of fine regulation.

The conical baffie
entering at 9 and has at least one port or set of
borts 16 at or near its apex in order to introduce
t0 a radially inner region at the base of the fuel
Jet or spray a pilot supply of combustion air in-
sufficient to cause reversal thereof whilst further
ports (1, {8, respectively are provided at intervals
towards the base of the cone to provide a pilot
supply of air to g radially inner intermediate
region of the jet or Spray and also to the radially
outer part of the fuel jet spray at a region where,
as indicated by the arrows in Figure 1, flow
reversal thereof will take place in use due to the
air flow.

The major primary supply of combustion air
enters through a set of ports 19 at or near the
outlet from the annular diffusion bassage 1i]
(that is at about the shoulder of the flame tube) ;
this supply of air, it will pe noted, is so arranged
in the region of the fuel jet or spray as to in-
troduce air enveloping the latter somewhat
downstream of its region of flow reversal. Fur-
ther sets of ports 20, 21 for the inlet of second-
ary combustion air and of cooling or diluent air
respectively are provided at spaced downstream
zones of the combustion chambers.

The constructions illustrated in the Figures
land2 respectively differ mainly in the arrange-
ment of the ports 18, 11, 18, in the conical baffle
5, and in the arrangement of the ports 19, 20, 2§,
in the flame tube, which are self-evident from
the drawing. It will be noted also that the
diluent air is introduced in the case of Figure 2
through scoop-type elements 22. These have the
advantage of introducing the mixing air with less
pressure loss than the simple ports of Figure 1
but naturaily involve somewhat greater manu-
facturing complication.

The nature of the fow path of air and fuel in
the two cases is similar and is indicated by the
arrows in Figure 1; summarising, it will pe noted
that first the flow is divided immediately on entry
to the duct 1, g major broportion being by-passed
through the diffuser channel {[ around the up-
stream limiting region of the primary combus-
tion zone, and there being 2 major inflow of
primary air for combustion at {9, with secondary
inflows at 20, 21, which complete the combustion
and effect dilution and mixing of the combustion
gases with cooler air to reduce the temperature
to a level and degree of uniformity acceptable for
operation of a turbine. A minor or pilot flow of
air is diffused while entering the cone 5 through
the inlet 9 to be fed to the interior and reversal
region of the fuel jet or spray. The latter, due to
the air flow, reverses in the upstream limiting

5 forms a diffuser for air ¢
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region of the combustion chamber, whilst due to
the bafiling effect of the chamber construction
there is a recirculation of hot gases to the root
of the fuel jet.

The constructions llustrated are intended to
be used in a gas turbine power plant in which
several identical combustion units are disposed
annularly about the common axis of a compres-
sor and turbine, but it will be evident that the
duct could be of annular form with a plurality of
flame tubes disposed around its annulus, the
barts again being mutually formed to brovide a
diffusion channel corresponding to the passage
{I. An example of this type of construction is
shown in Figures 3 and 4 wherein an annular
duct 23 is provided with a plurality of flame
tubes 24 disposed in circumferentially spaced
relation within the duct, The spatial relation-
ships between the Same tubes 24 and the annular
duct 23 are such that s diffusion channel 25 is
brovided which is similar in funection to the dif-
fusion channel (1. 'The remaining parts. in
Figures 3 and 4 correspond to the disclosure of
Figure 1 except that the turbine and compressor
are more fully illustrated.

Throughout the specification the term “diffy-
sion” is used to express a zone in which kinetic
energy is converted to pressure energy and in
which the gas is decelerated without energy loss.

Iclaim:

1. Combustion apparatus comprising means for
supplying a combustion Supporting gas flow in-
cluding a compressor, 5 duct directly connected
to the output of said compressor for receiving the
output of said supply means and conveying it in g,
common general direction, means for injecting
fuel in an upstream direction Wwithin said duct,
the flow of injected fuel being reversed by the
gas flow, and structure defining within the duct
at least one passage for by-passing gas past the
region of fuel reversal, each such passage increas-
ing in cross-sectional area in the downstream di-
rection to provide for diffusion of all the gas by-
Dassing said region.

2. Combustion apparatus comprising means for
supplying a combustion supporting gas fiow in-
cluding a corpressor, a duct directly connected to
the output of said compressor for receiving the
output of said supply means and conveying it in g
common general direction, g combustion chamber
within said duct, means for injecting fuel in an
upstream direction in said chamber adjacent its
upstream end, inlet means in said chamber up-
stream of said fuel injection means for admitting
gas to reverse the flow of injected fuel, at least
one passage defined within the duct but without
the chamber for by-passing gas past the region
of fuel reversal, each such passage increasing in
cross-sectional ares in the downstream direction
to provide for diffusion of all the gas by-passing
said region and further inlet means in said cham-
ber for admitting by-passed gas therethrough. )

3. In a combination gas turbine power plant
having a compressor, a turbine coaxia] with said
compressor, ducting annularly disposed coaxially
of said compressor and turbine and conducting
the output from the former to the latter in a com-
mon general direction, a pPlurality of combustion
chambers arranged in annular series within said
ducting and each defining a zons of at least initial
combustion, and means injecting fuel in an up-
stream direction with respect to the general di-
rection of flow of the compressor outpug through
the ducting in each chamber, each chamber hav-
ing inlet means upstream of said fuel injecting
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means admitting ‘pax of 4he comMpressor -outputb
to reverse the fiow of injected fudl, the dmprove-
;ment that comprises the provision of :a diffuser
system between said ducting and chambers incor-
porating at least one gas flow PAsSAge hypassing
‘the vegion of weversal of #uel flow in each.cham-
per having inlet means ab its upstream end for
admitting :at least parbof the .compressor -outiut,
.and outlet means &t its downstream end dar «de-
1livery -of :same into a continuation if the ducting
downstream of said region of fuel reversal, .each
:such ‘passage increasing 4n cross-aectional area in
the .downstream direction so as to effect under
conditions.cf :operation .eantrolied :diffusion of:all
the.gas by-passing said region .of fuel reversal.in
_each chaniber.

4. .A combustion apparatus comprising means
for -supplying & combustion -supporbing ‘gas flow
jmeluding :a COMpPressor, a «luct gireetly- connected
40 the.output of said:compressor for receiving the
-output of said supply means snd -conveying it-in
8 comImon genersl - direction, a combustion cham-
iper :within :said - Guct, ‘1means for injecting fuel in
.an upstream girection in.sgid:chamber adjacent
its upstream end, inlet ‘means in .said ichamber

[+

-upstream of said fuel injection means £or pdmit-
fing gas to reverse the “flow of -injected ;fuel, sgid
.combustion chamber and duet together defining
at least one passage for by-passing €as mash the
region of fuel revensal, ;eagh sugh -passage in-
creasing Jin cross-seetional area in -the down-
-stream direction fo provige for diffusion of allthe
ing-said region.

PETER FREDERICK ASHWEOD.
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