May 8, 1951 M. L. NATHAN 2,552,492

ATR ‘DUCTING ARRANGEMENT FOR COMBUSTION CHAMBERS

Filed May 31, 1949

m . PR AR AN . . R, W ", W 4




Patented May 8, 1951

2,552,492

UNITED STATES PATENT OFFICE

2,552,492

AIR DUCTING ARRANGEMENT FOR
COMBUSTION CHAMBERS

Matthew L. Nathan, Godalming, England, as-
signor to Power Jets (Research and Develop-
ment) Limited, London, England, a  PBritish

company

Application May 31, 1949, Serial No, 96,181
In Great Britain June 7, 1948

(CL 60—44)

9. Claims.

1

This invention relates to improvements in com-
bustion apparatus intended to be particularly
applicable to cases where combustion has to be
supported by a fast-moving stream of gaseous
fluid (hereinafter considered as being air).

The description “fast-moving” as applied to a
combustion supporting air stream is intended
herein to indicate that the mean speed of the
air stream in its general direction of flow past a
combustion initiating zone, calculated from the
ratio air volume passing in unit time/cross sec-
tional area of the flow path, is sufficiently high
in relation to the speed of flame propagation in
the fuel-air mixture concerned to have flame ex-
tinguishing properties. For hydrocarbon fuels
burning in air the speed of flame propagation is
considered as being of the order of one foot per
second at an atmospheric temperature; the in-
vention, on the other hand, is especially applic~
able to combustion apparatus for internal com-
bustion gas turbine and/or jet propulsion power
units in which the speed of the air stream in its
general direction of flow past a combustion zone,
calculated on the basis intended, might be from
10 to 300 feet per second or even more depending
on the design. The invention is further of par-
ticular interest in relation to installations which,
in common with such power units, require stabil-
ised burning to be supported not only by a fast-
moving air stream but also with high air/fuel
ratios, and in which stable burning is required to
be maintained at high rates of fuel injection with
a minimum of pressure loss.

The particular use of the invention at present
envisaged is as a flame tube suitable for use in a
gas turbine aero engine and of the kind having
entries at an upstream region for a part of an
airstream to constitute primary air, further en-
tries located downstream of the primary air en-
tries for the entry of additional air to constitute
secondary and tertiary air, and a downstream
outlet for the gases of combustion. Preferably,
the primary air is swirled during its admission
into the tube and the secondary air may also be
swirled. Such a flame tube has been described
in our prior British specification No. 588,086.

It has been found that at high altitude it is
beneficial to use a rich mixture, i. e.,. with a rel-
atively smaller quantity of primary air as for ex-
ample 15% of the total air flow. On the other
hand this involves a decreased velocity of the
gases through the flame tube, and as in addition
the density of the air is decreased relative to the
density of the fuel droplets which are injected
into the upstream end of the flame tube, it may
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happen that a substantial part of the fuel is no
longer carried along with the air flow within the
tube, but tends to fall and be deposited on the
lowest surface of the flame tube to form a pool
of fuel thereon, and this is liable to interfere
seriously with the efficiency of the combustion
process.

Such a condition is especially liable to occur in
the case of a wide flame tube, e. g., having a ratio
of length to maximum diameter of less than 3:1,
with low primary air admission, e. g., less than
15 per cent of the total air flow. :

Moreover while it is generally desirable to lead
secondary air to an axial region within the flame
tube, the pipes, chutes or other devices which
have been used for this purpose are situated
within the flame tube and are exposed to the hot
gases, and therefore frequently suffer such con-
siderable damage after a relatively short operat-
ing period as to be comparativley useless, thereby
substantially diminishing the useful life of the
apparatus.

The present invention seeks to minimise these

" disadvantages, and for this purpose provides a

flame tube of the kind set forth comprising, ar-
ranged coaxially within and located downstream
of said primary air entries, a device in the form
of two chambers arranged one within the other
of which the inner chamber has one or more
openings for the passage of gas from the outer
chamber into the inner chamber and one or more
further openings for the passage of gas from the
inner chamber into the flame tube, and a plu-
rality of ducts leading from the periphery of the
flame tube into the outer chamber, the latter
having one or more openings for the passage of
gas from the outer chamber into the flame tube.

Preferably the outer chamber has an open
downstream end and the inner chamber has an
open downstream end and an open upstream end.
The two chambers may both be of circular sec-
tion, and the upstream end of the annular space
between them may be partly or wholly clesed.
In the preferred form, the upstream ends of both

5 chambers are of the same diagmeter, while the

outer chamber is of frusto-conical form with its
narrower end pointing downstream, Preferably
also the inner chamber is in the forin of g cone,
having its apex pointing downstream so that in
effect the device presents a frusto-conical cham-
ber having an open downstream end, and hav-
ing its upstream end closed by a hollow conical
element which enters into said chamber. With
this arrangement. air flows from the periphery of
the flame tube through the ducts into the outer
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ehamber and thence mainly through the open
downstream end of the device to the outlet of the
fiame tube while a smaller part of this air passes
through the inner chamber into the flame tube.

The device above described has two effects.
" Firstly, it enables secondary air to be delivered
from the periphery of the flame tube to an axial

[+

region thereof, while at the same time providing .-

a large mass flow of relatively cooler air through
the structure so preventing it from becoming tco
hot. '

Secondly, since the presence of the.device with-
in the flame tube reduces the available cross.sec-
tional area of flow, the mean velocity of the air
within the flame tube is increased. This pro-
motes the movement of the fuel -droplets along
with this air, thus preventing the above-men-
tioned tendency of forming, in some conditions,
a pool of fuel along the lower surface of the flame
tube. '

The invention is illustrated by way of example
in. the accompanying drawing in which, Figure 1
is ‘a longitudinal section; Figure 2 is a section
on the line II—II of Figure 1; Figure 3 is a sec-
tion-on the line III—IIT of Figure 1.

In Figure 1-a flame tube 1 having a closed - up-
stream conical end la and an open downstream
end 10 is disposed- within an air ‘easing 2 so as
to-form an annular space 3 into which air can
be led via the entry 2a. At the upstream end
{a¢ of the flame tube 1.is provided an axially dis-
posed burner 4 by means of which a stream of
atomised liquid fuel is injected downstream into
the flame tube. In the wall of the conical por-

tion la are entries in the form of tangentially

directed chutes le for the entry of primary air
thus swirling this air around the axis of the flame
tube 1 5o as -to provide the usual vortex flow with
reversed core for ‘flame stabilization. Down-
stream of the primary air entries lc are entries
id for secondary air and fte, {f, 1g for tertiary
air, the gases of combustion leaving the flame
tube ! through its downstream outlet 1. A small
amount of secondary air also enters through ap-
~ertures 1h.

The main entries for secondary air comprise
a number of wide ducts 5 extending into the space
'3 and leading from this space into & frusto-con-
ical chamber § within which is co-axially ar-
tanged a conical chamber or baffle T having an
open upstream end and an open downstream end.
The upstream end ©f chamber § abuts around
the upstream end of chamber 7 and the wall of
chamber § is perforated with openings 6a.

With this arrangement the major part of the
secondary air flows from -space 3 through ducts
-5 into the space '8.and thence through the open
‘downstream end of chamber § towards the out-
let 1b of the flame tube 1. )

Some of the air in the space 8 flows through
aperture Ta into the chamber T and ‘out through
its upstream end ‘Tb and-is thence absorbed in
the reverse core of the vortex formed of the
‘chutes fc.

Downstream of the entries for secondary air
are provided three groups-of apertures {e, If and
{g whereby further air ‘can pass from the space
3 to within the flame tube 1, all three groups of
apertures being preferably distributed symmetri-
cally in a circumferential ‘direction as a circular
series around the wall of flarne tubef. The aper-
tures e’ immediately downstream of-the chamber
are of relatively smaller diameter while the next
succeeding group of apertures 17 in the down-
stream. direction-gre -of greater diameter.

10
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At its downstream outlet 1b, the fame tube |
is narrowed down to a diameter which is small
relative to the diameter of the main body of the
tube f, and it is general practice to narrow down
the diameter of the end 2b of the casing in this
region so as to form an annular space-9 of very
small radial dimensions relative to space 8 and

“through which space 9 a small proporticn of the

air stream passes for cooling purposes.

The small -dimensions of this annular space 9
give rise however to a stagnant region which does
not provide sufficient.cooling at the outlet 1b, and
in order to ‘avoid this effect the flame tube wall
1-is provided ‘in -the immediately upstream. vi-
cinity of its outlet” ib, with a series of apertures
tg which are of still smaller diameter than the

apertures sle and are about the same diameter
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as aperture lh.

Preferably, matters are arranged so that ap-
proximately 10-15 per-cent of the air stream
enters the primary air .entries ¢ approximately
'20-40 % enters the axial region.of the flame tube
through the entries 1d.and the remaining:part of
the air stream enters the flame tube .| through
the three groups of apertures le, {f and lg.

I claim: .

1. A flame tube of circular section for the com-~
bustion of & high wvelocity air stream, having
means defining entries at ‘an upstream region of
said tube for the admission of & part of said air
stream into said tube to constitute primary air,
a hollow hody of circular section arranged coaxi-
ally within said tube and downstream of said
primary air entry defining means, a plurality of
ducts -for -leading . air from the periphery of the
flame tube to the interior of said body, a bafile
of-circular section arranged coaxially within said
body at an upstream region thereof and with its
upstream face arranged to be exposed to a down-
stream fow of combustion gases, the baffle wall
having at least one opening to admit a relatively
minor flow of air from the interior of said body
to the upstream face of the bafle, and said body
having at least onhe opening at ifs downstream

5 region to admit a relatively major flow of air

from the interior of the body into the flame tube.

2. A flame tube according fo claim 1 wherein
the bafile is of conical form having its narrower
end pointing downstream. -

3. A flame tube aceording to claim 1 wherein
the baffle fits within the body in the region-of the
upstream end of said body.

4. A flame tube according to claim 1 wherein
the bafle is of ‘conical form having its narrower
end pointing downstream and fits within the body
in the region of the upstream end of said body.

5. ‘A flame tube according to .claim 1 wherein
the body is -of conical form having its narrower
end open and pointing downstream and the
baffle is of conical form having its narrower end
pointing downstream, said baffie fitting within the
said body in the region of the upstream end of
said body.

6. A flame tube according to claim 5 compris-
ing towards the downstream end of the iflame
tube two circumferentially axially-spaced series
of openings for the admission of tertiary air, the
more downstream series being of small diameter
relative to the more upstream series.

7. A flame tube according to claim 6 compris-
ing a cireumferential series of openings for sec-
ondary air in the wall of the flame tube and in
the region ‘of the ‘ducts, the didmeter of these
opéenings being small relative to the diameter of

5 the more upstream openings for tertiary air,
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8. A flame tube according to claim 5 wherein
the outer ends of the ducts broject beyond the
wall of the flame tube and are inclined at an
angle to the axis of the flame tube.

9. A flame tube according to claim 5 wherein
the longitudinal wall of the body is perforated in
the region of its upstream end to admit a minor
flow of air from the interior of said body over
said upstream end.

MATTHEW L. NATHAN.
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