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A gas turbine engine augmentor radial fuel spray bar (53) has a counterswirling spray bar heat shield (204). Two embodiments of
the heat shield (204) include one with a cambered airfoil cross-section (211) and another with a twisted airfoll cross-section (231)
and may have varying or constant degree of camber or twist, respectively, along a radial length (236) of the spray bar heat shield
(204). The spray bar (53) may have one or more spray bar fuel tubes (206) within the heat shield (204), openings (166) In the heat
shield (204), and fuel holes (153) In the tubes (206) operable for injecting fuel (75) through the openings (166). A gas turbine
engine augmentor (34) having a plurality of circumferentially spaced apart radial flameholders (52) may incorporate a plurality of the
augmentor radial fuel spray bars (53) with one or more of the augmentor radial fuel spray bars (53) circumferentially disposed
between one or more circumferentially adjacent pairs of the radial flameholders (52).
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AUGMENTOR RADIAL FUEL SPRAY BAR WITH
COUNTERSWIRLING HEAT SHIELD

ABSTRACT OF THE DISCLOSURE

A gas turbine engine augmentor radial fuel spray bar (53) has a
counterswirling spray bar heat shield (204). Two embodiments of the heat shield
(204) include one with a cambered airfoil cross-section (211) and another with a
twisted airfoil cross-section (231) and may have varying or constant degree of camber
or twist, respectively, along a radial length (236) of the spray bar heat shield (204).
The spray bar (53) may have one or more spray bar fuel tubes (206) within the heat
shield (204), openings (166) in the heat shield (204), and fuel holes (153) in the tubes
(206) operable for injecting fuel (75) through the openings (166). A gas turbine
engine augmentor (34) having a plurality of circumferentially spaced apart radial
flameholders (52) may incorporate a plurality of the augmentor radial fuel spray bars
(53) with one or more of the augmentor radial fuel spray bars (53) circumferentially

disposed between one or more circumferentially adjacent pairs of the radial
flameholders (52).



Lt M drrobas et -t g 0

CA 02551711 2006-07-06

164913 (13DV)

AUGMENTOR RADIAL FUEL SPRAY BAR WITH
COUNTERSWIRLING HEAT SHIELD

BACKGROUND OF THE INVENTION

The present invention relates generally to aircraft gas turbine engine augmentors and,

more specifically, to radial flameholders and spray bars in the augmentor.

High performance military aircraft typically include a turbofan gas turbine engine
having an afterburner or augmentor for providing additional thrust when desired. The
turbofan engine includes, in serial flow communication, a multistage fan, a multistage
compressor, a combustor, a high pressure turbine powering the compressor, and a low
pressure turbine powering the fan. During operation, air is compressed in turn
through the fan and compressor and mixed with fuel in the combustor and ignited for
generating hot combustion gases which flow downstream through the turbine stages
which extract energy therefrom. The hot core gases are then discharged into an
augmentor from which they are discharged from the engine through a variable area

exhaust nozzle.

The augmentor includes an exhaust casing and a liner therein circumscribing a
combustion zone. Fuel spray bars and flameholders are axially located between the
turbines and an exhaust nozzle at a downstream end of the combustion zone for
injecting additional fuel when desired during reheat, thrust augmentation, or
afterburning operation for burning in the augmentor combustor for producing
additional thrust. Augmentor operation includes fuel injection into an augmentor
combustion zone and ignition is initiated by some type of spark discharge or other
igniter or auto-ignition due to hot core gases. Since the rate of gas flow through an

augmentor is normally much greater than the rate of flame propagation in the flowing
gas, some means for stabilizing the flame is usually provided, else the flame will

simply blow out the rear of the engine, and new fuel being injected will not be ignited.

1
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Various types of flameholders are used for stabilizing the flame and typically have
included circumferential V-shaped gutters which provide stagnation regions there
behind of local low velocity regions in the otherwise high velocity core gases for
sustaining combustion during reheat operation. Radial spray bars have typically been

used for injecting fuel for thrust augmentation.

In regions immediately downstream of the flameholder, the gas flow is partially
recirculated and the velocity is less than the rate of flame propagation. In these
regions, there will be a stable flame existing which can ignite new fuel as it passes.

Unfortunately, flameholders in the gas stream inherently cause flow losses and
reduced engine efficiency. Several modern gas turbine engine's and designs include
radially extending spray bars and flameholders in an effort to improve flame stability
and reduce the flow losses. Radial spray bars integrated with radial flameholders are
disclosed in U.S. Patent Nos. 5,396,763 and 5,813,221. Radial spray bars disposed
between radial flameholders having integrated radial spray bars have been
incorporated in the GE F414 and GE F110-132 aircraft gas turbine engines. This
arrangement provides additional dispersion of the fuel for more efficient combustion
and unload fueling of the radial flameholders with the integrated radial spray bars so

that they do not blowout and or have unstable combustion due to excess fueling.

High levels of swirl may be produced in the exhaust flow downstream of the engine's
turbines. Flow deflected off highly angled sides of radial flameholders impart
considerable swirl to the exhaust flow and this imparted swirl is detrimental to thrust
and stable combustion. Thus, it is highly desirable to have an augmentor or
afterburner that can produce a stable flame and holding down thrust and flow losses

due to swirl produced downstream of the turbines.
SUMMARY OF THE INVENTION

A gas turbine engine augmentor radial fuel spray bar has a counterswirling spray bar

heat shield. The spray bar heat shield may be operable to counterswirl of an inlet flow
having an inlet flow swirl angle resulting in an outlet flow swirl angle being

substantially 0 degrees and an outlet flow substantially parallel to an augmentor

2
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centerline axis. The counterswirling spray bar heat shield may have a cambered airfoil
cross-section pressure and suction sides and the cambered airfoil cross-section may
have a varying or constant degree of camber along a radial length of the spray bar heat
shields. The counterswirling spray bar heat shield may have a twisted airfoil with a
twisted airfoil cross-section and a twist with a varying or constant degree of twist
along a radial length of the spray bar heat shields. One or more spray bar fuel tubes
may be disposed within the counterswirling spray bar heat shield. Fuel holes in the

spray bar fuel tubes are operable for injecting fuel through openings in the spray bar
heat shield.

A gas turbine engine augmentor having a plurality of circumferentially spaced apart
radial flameholders may incorporate a plurality of the augmentor radial fuel spray bars
with one or more of the augmentor radial fuel spray bars disposed between one or
more circumferentially adjacent pairs of the radial flameholders. A more particular
embodiment of the augmentor includes only one of the augmentor radial fuel spray

bars circumferentially disposed between each of the circumferentially adjacent pairs of
the radial flameholders.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, in accordance with preferred and exemplary embodiments, together
with further objects and advantages thereof, is more particularly described in the
following detailed description taken in conjunction with the accompanying drawings

in which:

FIG. 1 is an axial sectional view illustration through an exemplary turbofan gas
turbine engine having an augmentor with radial spray bars including counterswirling

heat shields.

FIG. 2 is an enlarged axial sectional view illustration of a radial flameholder in the

augmentor illustrated in FIG. 1.

FIG. 3 is a sectional view illustration through the radial flameholder illustrated in FIG.
2.
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FIG. 4 is a perspective view illustration of a portion of the radial spray bars disposed

between the radial flameholders in the augmentor illustrated 1n FIG. 3.

FIG. 5 is an enlarged axial sectional view illustration of the radial spray bar and

cambered heat shield radial illustrated in FIG. 1.

FIG. 6 is an enlarged elevational view illustration of the radial spray bar and cambered
heat shield radial illustrated in FIG. 1.

FIG. 7 is a sectional view illustration through 7-7 of the radial spray bar and cambered
heat shield illustrated in FIG. 6.

FIG. 8 is a sectional view illustration of an alternative to the radial spray bar

illustrated in FIG. 7 having a twisted heat shield.

DETAILED DESCRIPTION OF THE INVENTION

Ilustrated in FIG. 1 is an exemplary medium bypass ratio turbofan gas turbine engine
10 for powering an aircraft (not shown) in flight. The engine 10 is axisymmetrical
about a longitudinal or axial centerline axis 12 and has a fan section 14 upstream of a
core engine 13. The core engine 13 includes, in serial downstream flow
communication, a multistage axial high pressure compressor 16, an annular combustor
18, and a high pressure turbine 20 suitably joined to the high pressure compressor 16
by a high pressure drive shaft 17. Downstream of the core engine 13 is a multistage
low pressure turbine 22 suitably joined to the fan section 14 by a low pressure drive
shaft 19. The core engine 13 is contained within a core engine casing 23 and an
annular bypass duct 24 containing a bypass flowpath 25 circumscribed about the core
engine 13. An engine casing 21 circumscribes the bypass duct 24 which extends from

the fan section 14 downstream past the low pressure turbine 22.

Engine air enters the engine through an engine inlet 11 and is initially pressurized as 1t

flows downstream through the fan section 14 with an inner portion thereof referred to
as core engine air 37 flowing through the high pressure compressor 16 for further

compression. An outer portion of the engine air is referred to as bypass air 26 and is
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directed to bypass the core engine 13 and flow through the bypass duct 24. The core
engine air is suitably mixed with fuel by fuel injectors 32 and carburetors in the
combustor 18 and ignited for generating hot combustion gases which flow through the
turbines 20, 22. The hot combustion gases are discharged through an annular core
outlet 30 as core gases 28 into an exhaust flowpath 128 extending downstream and
aftwardly of the turbines 20, 22 and through a diffuser 29 which is aft and downstream
of the turbines 20, 22 in the engine 10.

The diffuser 29 includes a diffuser duct 33 circumscribed by an annular radially outer
diffuser liner 46 and is used to decrease the velocity of the core gases 28 as they enter
an augmentor 34 of the engine. The centerline axis 12 is also the centerline axis of the
augmentor 34 which is circumferentially disposed around the centerline axis 12. A
converging centerbody 48 extending aft from the core outlet 30 and partially into the
augmentor 34 radially inwardly bounds the diffuser duct 33. The diffuser 29 is axially
spaced apart upstream or forwardly of a forward end 35 of a combustion liner 40
inside the exhaust casing 36. Thus, the combustion zone 44 is located radially
inwardly from the bypass duct 24 and downstream and aft of the augmentor 34.

Referring to FIGS. 1 and 2, exhaust vanes 45 extend radially across the exhaust
flowpath 128. The exhaust vanes 45 are typically hollow and curved. The hollow
exhaust vanes 435 are designed to receive a first portion 15 of the bypass air 26 and
flow it into the exhaust flowpath 128 through air injection holes 132. The bypass air
26 and the core gases 28 mix together to form an exhaust flow 210. The exhaust
section 126 includes an annular exhaust casing 36 disposed co-axially with and
suitably attached to the corresponding engine casing 21 and surrounding the exhaust
flowpath 128. Mounted to the aft end of the exhaust casing 36 is a conventional
variable area converging-diverging exhaust nozzle 38 through which the exhaust flow
210 are discharged during operation.

The exhaust section 126 further includes an annular exhaust combustion liner 40

spaced radially inwardly from the exhaust casing 36 to define therebetween an annular

cooling duct 42 disposed in flow communication with the bypass duct 24 for receiving
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therefrom a second portion of the bypass air 26. An exhaust section combustion zone
44 within the exhaust flowpath 128 is located radially inwardly from the liner 40 and
the bypass duct 24 and downstream or aft of the core engine 13 and the low pressure
turbine 22. The exemplary embodiment of the augmentor 34 illustrated herein
includes a plurality of circumierentially spaced apart radial flameholders 52 extending
radially inwardly from the diffusion liner 46 into the exhaust flowpath 128 and
circumferentially interdigitated with augmentor fuel radial spray bars 53, i.e. one

radial spray bar 53 between each circumferentially adjacent pair 57 of the radial
flameholders 52, as illustrated in FIG. 4.

Referring further to FIGS. 2 and 3, each radial flameholder 52 includes one or more
flameholder fuel tubes 51 therein. The flameholder fuel tubes 51 are suitably joined
in flow communication with a conventional fuel supply (not illustrated herein) which
is effective for channeling fuel 75 to each of the flameholder fuel tubes for injecting
the fuel 75 into the exhaust flowpath 128 downstream of the exhaust vanes 45 and

upstream of the combustion zone 44. Similar air cooled flameholders are disclosed in
detail in U.S. Patent Nos. 5,813,221 and 5,396,763.

Each of the radial flameholders 52 include a flameholder heat shield 54 surrounding
the flameholder fuel tubes 51. Fuel holes 153 in the flameholder fuel tubes 51 are
operable for injecting fuel 75 through openings 166 in the flameholder heat shield 54
into the exhaust flowpath 128. A generally aft and downstream facing flameholding
wall 170 having a flat outer surface 171 includes film cooling holes 172 and is located
on an aft end of the flameholder heat shield 54. The radial flameholders 52 are swept
downstream from radially outer ends 176 towards radially inner ends 178 of the radial
flameholders as illustrated in FIG. 2. The flameholding wall 170 and the flat outer
surface 171 are canted about a wall axis 173 that is angled with respect to the

centerline axis 12 of the engine.

Referring again to FIG. 4, the augmentor fuel radial spray bars 53 are

circumferentially disposed between at least some of the radial flameholders 52. The
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augmentor 34 is illustrated herein with one radial spray bar 53 between each
circumferentially adjacent pair of the radial flameholders 52. Other embodiments of
the augmentor 34 can employ more than one radial spray bar 53 between each radial
flameholder 52. Yet other embodiments of the augmentor 34 can employ less radial
spray bars 53 1n which some of the adjacent pairs of the radial flameholders 52 have
no radial spray bar 53 therebetween and others of the adjacent pairs of the radial

flameholders 52 at least one radial spray bar 53 therebetween.

Referring to FIGS. 5 and 6, each of the radial spray bars 53 includes a counterswirling
spray bar heat shield 204 surrounding one or more spray bar fuel tubes 206. The
radial spray bars 53 are illustrated herein as having two spray bar fuel tubes 206. Fuel
holes 153 1n the spray bar fuel tubes 206 are operable for injecting fuel 75 through
openings 166 in the spray bar heat shields 204 into the exhaust flowpath 128.

Referring back to FIGS. 1 and 2, the first portion 15 of the bypass air 26 mixes with
core gases 28 in the exhaust flowpath 128 to form the exhaust flow 210 and further
downstream with other portions of the bypass air 26. The augmentor 34 uses the
oxygen In the exhaust flowpath 128 for combustion. The turbines and the exhaust
vanes 45 impart swirl into the exhaust flow 210 passing through the augmentor 34.

The spray bar heat shields 204 have counterswirling features to counter the swirl

imparted i1nto the exhaust flow 210.

A first counterswirling feature, 1llustrated in FIG. 7, is a cambered airfoil cross-section
211 of the spray bar heat shields 204. The cambered airfoil cross-section 211 includes
pressure and suction sides 212 and 214 of the airfoil shaped spray bar heat shields
204. The cambered airfoil cross-section 211 is operable to counterswirl of an inlet
flow 222 having an inlet flow swirl angle 220, an angle between an inlet flow 222 and
the centerline axis 12, resulting in an outlet flow swirl angle 224 that is substantially 0
degrees and an outlet flow 226 substantially parallel to the centerline axis 12 of the
engine. The outlet flow swirl angle 224 is an angle between the outlet flow 226 and

the centerline axis 12. The degree or amount of camber may be constant or vary along
a radial length 236 of the spray bar heat shields 204.
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A second counterswirling feature, illustrated in FIG. 8, is a twisted airfoil 230 of the

spray bar heat shields 204. The twisted airfoil 230 has a twisted airfoil cross-section
231 which may have a symmetrical airfoil shape 232. The twisted airfoil 230 is
operable to counter the swirl of an inlet flow 222 having an inlet flow swirl angle 220,
the angle between an inlet flow 222 and the centerline axis 12, resulting in an outlet
flow swirl angle 224 that is substantially 0 degrees and an outlet flow 226
substantially parallel to the centerline axis 12 of the engine. A degree or amount of
twist 238 of the twisted airfoil 230 may be constant or vary along the radial length
236 of the spray bar heat shields 204. The twist 238 is an angle between a chord 240
of the twisted airfoil cross-section 231, anywhere along the twisted airfoil 230, and
the centerline axis 12. The twisted airfoil 230 is illustrated herein as being
symmetrical about the chord 240 which extends from a leading edge LE to a trailing
edge TE of the twisted airfoil 230. For example, the twisted airfoil 230 may have a
constant twist 238 of three degrees along the radial length 236 of the spray bar heat

shields 204.

In another example, the twisted airfoil 230 may have a twist 238 which varies linearly
or otherwise from positive 1.5 degrees to a negative 1.5 degrees along the radial
length 236 of the spray bar heat shields 204. For the twisted airfoil 230 with the
varying twist 238 it might be better to have only one spray bar fuel tube 206 to more

easily align the fuel holes 153 in the flameholder fuel tubes 51 with the openings 166
in the flameholder heat shield 54.

While there have been described herein what are considered to be preferred and
exemplary embodiments of the present invention, other modifications of these
embodiments falling within the invention described herein shall be apparent to those

skilled in the art.
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WHAT IS CLAIMED IS:

1. A gas turbine engine augmentor radial fuel spray bar comprising a
counterswirling spray bar heat shield having a cambered airfoil cross-section for
countering swirl in an exhaust flow of an augmentor; one or more spray bar fuel tubes
within the counterswirling spray bar heat shield, openings in the spray bar heat shield,

and fuel holes in the spray bar fuel tubes operable for injecting fuel through the

openings.

2. An augmentor spray bar according to claim 1 further comprising the

cambered airfoil cross-section having pressure and suction sides.

3. An augmentor spray bar according to claim 2 further comprising the
cambered airfoil cross-section being operable to counterswirl an inlet flow having an
inlet flow swirl angle resulting in an outlet flow swirl angle being substantially 0

degrees and an outlet flow substantially parallel to an augmentor centerline axis.

4, An augmentor spray bar according to claim 2 further comprising the
cambered airfoil cross-section having a varying or constant degree of camber along a

radial length of the spray bar heat shields.

. A gas turbine engine augmentor radial fuel spray bar comprising: a
counterswirling spray bar heat shield having a twisted airfoil, the twisted airfoil
having a twisted airfoil cross-section and a twist for countering swirl in an exhaust
flow of a augmentor, the twist defined as an angle between a chord of the twisted

airfoil cross-section and an augmentor centerline axis anywhere along the twisted

airfoil, one or more spray bar fuel tubes within the counterswirling spray bar heat
shield, openings in the spray bar heat shield, and fuel holes in the spray bar fuel tubes
operable for injecting fuel through the openings.

6. An augmentor spray bar according to claim 5 further comprising the
twisted airfoil being operable to counterswirl an inlet flow having an inlet flow swirl
angle resulting in an outlet flow swirl angle being substantially 0 degrees and an

outlet flow substantially parallel to an augmentor centerline axis.
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7. An augmentor spray bar according to claim 5 further comprising the

twisted airfoil having a varying or constant degree of twist along a radial length of the

spray bar heat shields.

8. A gas turbine engine augmentor comprising:

a plurality of circumferentially spaced apart radial flameholders,

a plurality of augmentor radial fuel spray bars,

one or more of the augmentor radial fuel spray bars circumferentially
disposed between one or more circumferentially adjacent pairs of the radial

flameholders, and
the spray bars having counterswirling spray bar heat shields having a

cambered airfoil cross-section for countering swirl in an exhaust flow of an

augmentor.

9. An augmentor according to claim 8 further comprising only one of
the augmentor radial fuel spray bars disposed between each of the circumferentially

adjacent pairs of the radial flameholders.

10.  Anaugmentor according to claim 8 further comprising the cambered

airfoil cross-section having pressure and suction sides.

I1. Anaugmentor according to claim 8 further comprising the cambered
airfoil cross-section being operable to counterswirl an inlet flow having an inlet flow
swirl angle resulting in an outlet flow swirl angle being substantially 0 degrees and an

outlet tlow substantially parallel to an augmentor centerline axis.

2. An augmentor according to claim 10 further comprising the
cambered airfoil cross-section having a varying or constant degree of camber along a

radial length of the spray bar heat shields.

3. A gas turbine engine augmentor comprising:
a plurality of circumferentially spaced apart radial flameholders,

a plurality of augmentor radial fuel spray bars,

10
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one or more of the augmentor radial fuel spray bars circumferentially
disposed between one or more circumferentially adjacent pairs of the radial
flameholders,

the spray bars having counterswirling spray bar heat shields, and

each of the counterswirling spray bar heat shields having a twisted airfoil.

14.  An augmentor according to claim 13 further comprising the twisted
airfo1l being operable to counterswirl an inlet flow having an inlet flow swirl angle
resulting in an outlet flow swirl angle being substantially 0 degrees and an outlet flow

substantially parallel to an augmentor centerline axis.

5. An augmentor according to claim 13 further comprising the twisted
airfoil having a varying or constant degree of twist along a radial length of the spray

bar heat shields.

16.  An augmentor according to claim 8 further comprising:

one or more spray bar fuel tubes within each of the counterswirling spray
bar heat shields,

openings in the spray bar heat shield, and

fuel holes in the spray bar fuel tubes operable for injecting fuel through the

openings.

7. An augmentor according to claim 16 further comprising the

cambered airfoil cross-section having pressure and suction sides.

8. An augmentor according to claim 17 further comprising the

cambered airfoil cross-section being operable to counterswirl an inlet flow having an
inlet flow swirl angle resulting in an outlet flow swirl angle being substantially 0

degrees and an outlet flow substantially parallel to an augmentor centerline axis.

9. An augmentor according to claim 17 further comprising the
cambered airfoil cross-section having a varying or constant degree of camber along a

radial length of the spray bar heat shields.

11
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20. A gas turbine engine augmentor comprising:

a plurality of circumferentially spaced apart radial flameholders having flat
outer surfaces canted about a wall axis angled with respect to a centerline axis of the
augmentor, a plurality of augmentor radial fuel spray bars, one or more of the
augmentor radial fuel spray bars circumferentially disposed between one or more
circumferentially adjacent pairs of the radial flameholders, the spray bars having
counterswirling spray bar heat shields, and each of the counterswirling spray bar heat

shields having a twisted airfoil.

21.  An augmentor according to claim 20 further comprising the twisted
airfo1l being operable to counterswirl an inlet flow having an inlet flow swirl angle
resulting in an outlet flow swirl angle being substantially 0 degrees and an outlet flow

substantially parallel to an augmentor centerline axis.

22.  An augmentor according to claim 20 further comprising the twisted

airfoil having a varying or constant degree of twist along a radial length of the spray

bar heat shields.

12



CA 02551711 2006-07-06




R TR 0

LA RRL N A0

CA 02551711 2006-07-06




- . Rt B ES R 2 . 1 SR 3 *--“..‘ *w“.."h-“'\‘“frﬂ -

CA 02551711 2006-07-06




T I T T & TUURPN NAURR

R 2 BICEIEY TS TR T L . LI

CA 02551711 2006-07-06

210

o2

4

F1G.



I T T Ty PR e e P R LAk e T o AU R R N

CA 02551711 2006-07-06

\
L.

2 N
AT T T T T YV UNTEAN

<

| . |
)

\g

/
/
\
/
/]

\\
1

“

y

_

/

.

/

‘

‘

:

.

_

‘

/

/

“

‘

/

.

__

.

__

/

‘

/

“

n

/"4’"""’ s N NSNS NN Y

/

-

.
-~

....‘.‘.....‘....“‘l
.‘.‘.‘..“.‘1‘...“...‘.‘.‘.“‘t.‘.‘
"'4"4""")“ MR AN R .

|1

O

FIG.



' ' ilee o Fop Il’ H |+7I’¢ 4.“0\"-*71“-.},11. CFEe o

CA 02551711 2006-07-06




T L Y TN A S TR Qoo | RIS AR

CA 02551711 2006-07-06

\ | \" '
TN
=X 99/ \ G

§.2- 4 %17

238 206

53*’/,'

B\

931 224

F1G. 38



10
38
\‘ 126 ,/
21 35 / 36
25 14 2. 24 18 20,22

“'l-lu--..._.
mﬁ{ut‘i“ 4652 a4 \\ .
29

139 25 28



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - abstract drawing

