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(54) IMPROVEMENTS IN REMOVABLE FLAMEHOLDER

(71} We, GeneraL Evectric Com-
PANY, a corporation organized and existing
under the laws of the State of New York,
United States of America, residing at 1,

5 River Road, Schenectady, 12305, State of
New York, United States of America, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,

10 to be particularly described in and by the
following statement:—

The present invention relates to gas tur-
bine engines having afterburners and, more
particularly, to a removable flameholder for

15 use therein,

The invention herein described was made
in the course of or under a contract, or a
subcontract thereunder, with the United
States Department of the Air Force.

20 Moddern gas turbine engines for fighter
aircraft application utilize afterburners (or
augmenters) to augment the energy level
of the hot gas stream exhausted from the
engine nozzle, thus increasing the thrust

25 level. In such augmenters, fuel is injected
into a hot gas stream and ignited. Flame-
holders mounted downstream of the in-
jectors establish a stable flame front or
Iécalized combustion zone for the augment-

30 ing fuel

V-shaped sheet metal gutters have been
found to be effective as flameholders, the
apex of each gutter being oriented in an
upstream direction toward the fuel injectors.

35 These flameholders necessarily operate at
very high temperatures and are among the
shorter life components of a gas turbine en-
gine. Therefore, it is especially desirable
that these parts be easily installed and re-

40 mdéved without removal of the engine from
the aircraft or removal of the augmenter,
or exhaust nozzle, from the engine.

Fan engines with mixed flow augmenters
are generally equipped with multilobe

45 mixers to comingle the hot core engine ex-

haust gases with the relatively cooler fan
exhaust gases, and the flameholder is
mounted within this mixer at its downstream
end. Typically, the mixer envelopes the
flameholder resulting in very difficult access 50
to the fasteners attaching the flameholder to
the remaining fixed nozzle structure; here-
tofore the fasteners had to be shielded from
the extremely hot afterburning gases and
were normally located on the back side (up- 55
stream side) of the gutter. Assembly and
remcéval of this type of flameholder with
twenty or more (for example) such in-
accessible fasteners was extremely difficult,
time consuming and costly. This method 60
has been used for many years, however,
since it was believed that any fastener
accessible from inside the gutter would be
over-heated. Such fasteners located inside
the gutters have, in fact, been tried and 65
have melted. A simple means of mounting
flameholders in mixed flow augmenters,
therefcre, is a needed improvement.

In order that high augmenter perform-
ance can be achieved, the flameholder dia- 70
meter is often larger than the exhaust nozzle
diameter. This means that the flameholder
cannot be removed and replaced through
the exhaust nozzle, thus requiring that the
engine be removed from the aircraft and 75
the entire augmenter removed in order to
replace the flameholders. This is a time-
consuming, costly maintenance procedure.
Thus, simple means are needed for remov-
ing the flameholder through the exhaust g0
nozzle.

Accordingly, the present invention pro-
vides a method of cooling a fastener con-
necting a flameholder gutter to a support
member, the flamehdlder being disposed in 85
a combustible gas stream, said fastener pro-
truding into said gutter upstream of the
point at which combustion of said gas
stream takes place, the fastener being ac-
commodated in a heat shield disposed with- 90
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in said gutter, a proportion of the com-

bustible gas stream being passed into the

heat shield, and over the fastener at a

velocity at least as great as the local flame
5 propagation velocity.

The invention also provides a flameholder
apparatus for dispcsition within a com-
bustible gas stream comprising a gutter for
holding a flame; a heat shield disposed

10 within said gutter and upon a surface there-
of, said heat shield having therein a cavity
into which opens a cooling aperture extend-
ing through an upstream wall of the gutter,
and means for fastening said gutter to a

15 support member, said fastening means being

partially accommodated within said heat
shield cavity; said fastening means being
cooled in use by a portion of the gas
stream passing through said cooling aper-
ture, and the size of said cavity and the size
of said cooling aperture being such that the
velocity of the cooling pdrtion passing be-
tween said fastening means and said heat
shield is at least as great as the local flame

25 propagation velocity.

The invention will be more fully under-
stood from the following description of the
preferred embodiment which is given by
way of example with the accompanying

30 drawings, in which:

Figure 1 diagrammatically depicts in
partial cut-away an augmented gas turbine
engine incorporating the subject invention;

Figure 2 is an enlarged schematic view

35 of the flameholder of the engine of Figure 1
depicting in greater detail the subject in-
vention;

Figure 3 is a circumferential section of
the flameholder taken along line 3-3 of

40 Figure 2;

Figure 4 is a further enlarged view show-
ing the flameholder support structure;
Figure 5 is a top view of the support

structure of Figure 4;

Figure 6 is a fragmentary view of the pin
connection between adjacent flameholder

segments taken aléng line 6-6 of Figure 3;

20

45

Figure 7 is a fragmentary top view of the -

stucture of Figure 6; and

Figure 8 is an enlarged fragmentary view
of the structure of Figure 2.

Referring to the drawings wherein like
numerals correspond to the elements
thréughout, reference is first directed to
55 Figure 1 wherein an engine depicted gener-

ally at 10 and embodying the present inven-
tion is diagrammatically shown. This en-
gine may be considered as comprising
generally a core engine 12, a fan assembly
60 14, including a stage of fan blades 15 and
a fan turbine 16 which is interconnected to
the fan assembly 14 by shaft 18. The core
engine 12 includes an axial flow compressor
20 having a rotor 22. Air enters inlet 24
65 and is initially compressed by fan assembly

50

14. A first portion of this compressed air
enters the fan bypass duct 26 defined, in
part, by core engine 12 and a circumscrib-
ing fan nacelle 28 and discharges through
a chuted mixer 30. A second portion of the 70
compressed air enters inlet 32, is further
compressed by the axial flow compressor 20,
and then is discharged to a combustor 34
where fuel is burned to provide high energy
combustion gases which drive a turbine 36. 75
The turbine 36, in turn, drives the rotor 22
through a shaft 38 in the usual manner of a
gas turbine engine. The hot gases of
combusion then pass to and drive the fan
turbine 16 which, in turn, drives the fan 80
assembly 14. The combustion gases from
the core engine, after exiting fan turbine
16, are discharged through the chuted mixer
30 where they are comingled with the air
from bypass duct 26 in the known manner. 85

The engine of Figure 1 is also shown to
include an augmenter indicated generally at
40. The augmenter is shown to include at
least one fuel injector 42 disposed upstream
of a flameholder 44. Fuel injector 42 injects 90
fuel into the gas stream upstream of the
flameholder, the fuel becoming carbureted
by the time it reaches the flameholder 44
where it is ignited and stabilized. The gases
of combustion then pass to, and are dis- 95
charged from, nozzle 46’ to produce a pro-
pulsive force to the left in Figure 1.

Referring now to Figures 2 and 3, there
is depicted therein an enlarged view of the
flameholder and nozzle structure of Figure 100
1. It will be noted that a double annular
flow path is shown, with a first duct 46 de-
fined by nacelle 28 and chuted mixer 30
which serves to pass a limited portion of the
bypass duct (26 in Figure 1) flow around the 105
mixer for purposes nét relevant to the pre-
sent discussion. The inner annular flow
path 48 carrying the carbureted gas stream
to the flameholder 44 is defined by the
rigid mixer wall 50 and a central plug 52’ 110
(Figure 1). As best shown in Figure 3, the
mixer is of the known * daisy ” or chuted
type which comingles alternating streams of
core engine and fan gases, 48 and 52, re-
spectively.

The flameholder includes an outer annular
V-shaped gutter 54, preferably formed of
sheet metal and having its apex pointed up-
stream relative to the combustible gas
stream direction. An inner, coannular, V- 120
shaped gutter 56 is located radially inwardly
of gutter 54 and a plurality of radial gut-
ters 58 extend therebetween. As can best
be seen in Figure 4, a slip joint 59 is pro-
vided to permit thermal expansion between
the circumferential gutter 54 and each radial
gutter 58. These gutters provide a stabilized
combustion zdne for the carbureted mixture
which is ignited by means not shown. Thus,
in operation, a stabilized flame front is 130
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formed in the plane of the flameholder to
ignite the carbureted gas mixture generated
further upstream, significantly increasing the
propulsive thrust.
5  The flameholder 44 is mounted to a sup-
porting member, here mixer 30, by a means
noéw to be described and which comprises,
in part, the subject of the present invention.
Referring primarily to Figures 2 and 4, there
10 is depicted a relatively simple flameholder
mounting or fastening means comprising a
threaded bolt 60 passing through cooperat-
ing bolt holes 62 in the outer V-gutter 54
and a lug 64, the function of which will be
15 described later. Nut 66 completes the con-
nection of the gutter and the lug. Lug 64,
in turn, is operatively connected to the rigid
mixer 30 by means of a hinged link 68. A
hole at 72 receives pin 76 passing through
20 lug 64 and the pin, in turn, is captured by
means of cotter pins or, as shown at 78,
an S-shaped fastener passing therethrough
(Figure 8). This hinged link arrangement
retains the flameholder while still permitting
25 relative thermal expansion between the
flameholder and the mixer 30. It will be
recognized that such a provision is necessary
since the mixer receives relatively cool fan
air in alternating chutes while the flame-
30 holder serves to stabilize the extremely hot,
augmenting flame front.
Upon first consideration, it may appear
that the foregoing is so straightforward that
it would present no advancement over the
35 prior art. However, such an arrangement
has not heretofore been adopted because
there was no way to protect the head of
bolts 60 from the intense heat inside the
gutters. Therefore, in the past, lug 64
was formed integral with gutter 54 and
the removal procedure for the flameholder
consisted of disconnecting the link 68 from
the lug 64 by removing S-shaped fastener
78. It becomes readily apparent from
45 Figures 2 and 3 that since the mixer struc-

ture 30 envelopes the flameholder, access to

fasteners 78 from the downstream direction

(from the right in Figure 2) is very difficult

at best. Assembly and removal of this type

50 of flameholder with twenty 6r more in-
accessible fasteners (for example) was diffi-
cult, time consuming and costly. However,
as previously noted, it was necessary to
locate the fasteners behind the gutters to

55 prevent them from becoming overheated.
The present invention has overcome this
problem.

The present invention makes use of a
scheme for protecting the head of bolt 60

60 from overheating. In particular, referring
now to Figure 3, the bolt head is recessed in
a cavity 79 formed by heat shield 80 which
is disposed upon an inside surface of gutter
54. The heat shield limits the bolt heating

65 flux and provides a first amount of thermal

protection. Additionally, the bolt head is
cooled by a portion of the carbureted gas
mixture passing through an aperture 82
within gutter 54 which fluidly communi-
cates the upstream gas mixture with the 70
cavity 79. This aperture is preferably
aligned with the upstream gas direction to
capture as much of the gas flow dynamic
head as possible.

Since the augmenter fuel inpectors (not 75
shown) are well upstream of the flame-
holders to carburet the gas mixture, it might
be expected that such a combustible mix-
ture would ignite as it flowed through aper-
ture 82 and thus heat bolt 60. However, if 80
the velocity of the flow between the bolt
60 and heat shield 80 is maintained as a
value at least as great as the flame propa-
gation velocity, the flame will be unable
to propagate upstream to the bolt and 85
the bolt will, instead, be effectively cooled.
Thus, an arrangement has been provided
which permits the rapid installation or re-
moval of the flameholder since nut 66 can
be held with a box wrench while the bolt 90
60 is driven with a speed wrench.

In order to maintain the proper orienta-
tion of link 68, lug 64 is positioned in a
close-fitting, generally elongated slot 84 on
the reverse side of gutter 54 from heat shield 95
80, and generally aligned threewith (Figures
4 and 5). The lug, therefore, provides the
means to orient the flameholder within the
nozzle structure and, along with link 68
and bolt 60, provides the necessary struc-
tural connection between the flameholder
and the rigid suppcrting structure.

Often, the flameholder diameter is larger
than the exhaust nozzle diameter. In order
that such a flameholder can be removed
through the exhaust nozzle for rapid
replacement, it is proposed to segment
it. Referring now to Figures 3, 6 and 7,
it can be seen that the circumferentially
extending gutters 54 and 56 have been seg-
mented along plane 86 which splits the
flameholder in half. While only two seg-
ments are shown, it is clear that the flame-
holder may be split in as many segments
as desirable in order to facilitate removal. 115
Figures 6 and 7 show in detail the means
for connecting the two halves of the flame-
holder. Referring to the outer gutter 54, it
can be seen that adjacent segments are pro-
vided with cooperating flanges 88 which ex-
tend upstream from a point proximate the
apex of the cutter in order that flow block-
age pressure losses are minimized. These
cooperating flanges are connected as by
nut and bolt 90, for example. A single
connector (nut and bolt) is used, again to
minimize pressure losses. To prevent the
two mating flanges 88 from rotating relative
to each other about the single bolt, align-
ment pins 92 are used. The alignment pins 130
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extend between segments in the tangential

direction and are received within appro-

priate cooperating holes in each segment.

Obviously, a similar structure would appear
5 for the inner gutter 56. Thus, according to
the objects of the present invention, a
flameholder apparatus has been provided
which is easily removable and wherein the
mounting structure is protected from the
intense heat inside the gutters. Further,
simple means are provided to remove the
flameholder through a relatively small ex-
haust nozzle.

Additionally, a method of cooling a
fastener, such as bolt 60, connecting a
flameholder gutter 54 to a support member
(i.e., mixer 30), has been provided. Such a
method is seen to include the steps of re-
cessing the fastener in a heat shield 80, dis-
posea within the gutter, and then passing
a portion of the combustible gas stream
into the heat shield and over the fastener at
a velocity at least as great as flame propa-
gation velocity.

It will be obvious to one skilled in the
art that certain changes can be made to
the above-described invention without de-
parting from the broad inventive concepts
thereof. For example, the subject invention
is not limited to engines incorporating
mixers since the flameholder could be
affixed to the nozzle casing which would
provide the necessary structural support.
Also, the specific fasteners and connectors
discussed herein are merely illustrative of
many alternatives which may be employed
and still remain within the scope of the pre-
sent invention. Further, the concept of
cooling a fastener with a combustible gas
mixture is not limited to afterburner flame-
holders, but may be employed equally
effectively with any structure disposed with-
in such an environment.

WHAT WE CLAIM IS:—

1. A flameholder apparatus for disposi-
tion within a combustible gas stream com-
prising:

a gutter for holding a flame;

a heat shield disposed within said guitter
and upon a surface thereof, said heat shield
having therein a cavity into which opens
a cooling aperture extending thréugh an up-
stream wall of the gutter; and

means for fastening said gutter to a sup-
port member, said fastening means being
partially accomodated within said heat
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shield cavity; said fastening means being
cooled in use by a portion of the gas
stream passing through said cooling aper-
ture; and

the size of said cavity and the size of
said cooling aperture being such that the

60

“velocity of the cooling portion passing be-

tween said fastening means and said heat
shield is at least as great as the local flame 65
propagation velocity.

2. The flameholder apparatus as recited
in claim 1 wherein said fastening means
comprises a threaded bolt having a head
accomodated within said cavity.

3. The flameholder apparatus as recited
in claim 1 wherein said guiter is generally
annular.

4. The flameholder apparatus as recited
in claim 3 wherein said gutter is segmented 75
circumferentially,

5. The flameholder apparatus as recited
in claim 4 further comprising pin means
received within adjacent gutter segments to
provide relative alignment thereof,

6. The flameholder apparatus as recited
in Claim 5 further comprising; co-operating
flanges formed upon upstream surfaces of
adjacent gutter segments, and means for
attaching adjacent flanges together.

7. A method of cooling a fastener con-
necting a flameholder gutter to a support
member, the flame holder being disposed in
a combustible gas stream, said fastener pro-
truding into said gutter upstream of the 90
point at which combusion of said gas
stream takes place, the fastener being
accommodated in a heat shield disposed
within said gutter, a proportion of the com-
bustible gas stream being passed into the 95
heat shield, and over the fastener at a
velocity at least as great as the local flame
propagation velocity.

8. A method of cooling a fastener con-
necting a flameholder gutter to a support 100
member, substantially as hereinbefore de-
scribed with reference to the accompanying
drawings.

9. Apparatus substantially as herein-
before described with reference to and as 105
illustrated in the accompanying drawings.
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BROOKES & MARTIN,
High Holborn House,
52/54, High Holborn,
London WCI1V 6SE.

Agents for the Applicants.
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