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[57] ABSTRACT 
A thrust vectoring and reversing exhaust nozzle struc 
ture for a gas turbine engine is described which com 
prises a rotatable flap mounted within the exhaust duct 
of the engine, and being rotatable about an axis of rota 
tion extending transverse of the exhaust duct and sub 
stantially central of the flap, control means for rotating 
the ?ap between an open position allowing substantially 
unrestricted exhaust flow through the nozzle and a 
closed position substantially closing the exhaust duct, 
and a cascade of rotatable vanes in the engine housing 
structure operatively interconnected with the flap for 
rotation to an open position in response to rotation of 
the flap to the closed position. 

3 Claims, 2 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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THRUST VECI‘ORING AND REVERSING NOZZLE 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to exhaust 
nozzle structures for gas turbine engines, and more 
particularly to a thrust vectoring and reversing nozzle 
structure incorporating a single ?ap. 
Use of thrust reversal devices in the nozzle discharge 

region of a gas turbine engine exhaust is well known. 
Thrust reversal may be used to selectively divert nor 
mally axially ?owing, rearwardly directed exhaust 
gases from the engine in order to provide enhanced 
thrust vectoring, braking, in-flight maneuverability and 
lift for the aircraft and short take-off and landing capa 
bility. Conventional thrust reversal or vectoring struc 
tures normally take the form of a plurality of ?aps piv 
otally mounted at the exhaust. A cascade of individually 
pivotable vanes adjacent the exhaust nozzle in the side 
walls de?ning the exhaust duct of the engine may be 
provided for cooperative action with the pivotable ?aps 
and through which gaseous exhaust ?ow is diverted 
from the engine housing. 
The invention provides a thrust reversal and vector 

ing nozzle structure utilizing a single rotatable flap 
across the discharge region of the nozzle. The ?ap may 
be selectively rotated to intermediate positions in order 
to controllably direct the exhaust stream in a vectoring 
function, or to a closed position to direct the exhaust 
?ow through a cooperating cascade in a braking func 
tion. 

It is a principal object of the invention to provide an 
improved exhaust nozzle structure for a gas turbine 
engine. 

It is a further object of the invention to provide a 
thrust vectoring and reversing nozzle for a gas turbine 
engine. I 

It is yet a further object of the invention to provide a 
thrust vectoring and reversing nozzle structure which 
may be retro?tted into an existing gas turbine engine. 
These and other objects of the invention will become 

apparent as a detailed description of representative em 
bodiments proceeds. 

SUMMARY OF THE INVENTION 

In accordance with the foregoing principles and ob 
jects of the invention, a thrust vectoring and reversing 
exhaust nozzle structure for a gas turbine engine is de 
scribed which comprises a rotatable ?ap mounted 
within the exhaust duct of the engine, and being rotat 
able about an axis of rotation extending transverse of the 
exhaust duct and substantially central of the flap, con 
trol means for rotating the ?ap between an open posi 
tion allowing substantially unrestricted exhaust flow 
through the nozzle and a closed position substantially 
closing the exhaust duct, and a cascade of rotatable 
vanes in the engine housing structure operatively inter 
connected with the ?ap for rotation to an open position 
in response to rotation of the ?ap to the closed position. 
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DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood from 
the following detailed description of representative 
embodiments thereof read in conjunction with the ac 
companying drawings wherein: 
FIG. 1 is a view in axial section of the exhaust end of 

a gas turbine engine showing an embodiment of the 
nozzle structure according to the invention; 
FIG. 2 is a top view of the FIG. 1 nozzle structure; 
FIGS. 3a-c illustrate non-vectoring, vectoring and 

reversing positions of the nozzle according to the inven 
tion; and 
FIG. 4 is a perspective view of an alternate vectoring 

?ap structure of the invention. 

DETAILED DESCRIPTION 

Referring now to the drawings, FIG. 1 is a side view 
in axial section of the exhaust end 10 of a gas turbine 
engine 11 showing a ?rst representative embodiment of _ 
the nozzle structure 13 of the invention. FIG. 2 is a top 
view in axial section of the FIG. 1 nozzle structure. 
Engine 11 may comprise conventional structure de?n 
ing compressor region 15, combustor 17 and turbine 19. 
The structure of_engine 11 may terminate at nozzle 
interface 21 in the unconventional nozzle structure 13 
including conventional convergent wall structure 23 
de?ning exhaust duct 25, rotatable thrust reversing 
cascades (vanes) 27,28, and divergent wall structure 29 
de?ning nozzle discharge region 31. One embodiment 
of nozzle structure 13 of the invention may be de?ned 
by the spool 33 structure depicted in FIGS. 1,2. Spool 
33 comprises a substantially rigid and flat vectoring ?ap 
35 mounted transverse of exhaust duct 25 between two‘ 
movable side elements 37,38 rotatably mounted in side 
walls 39,40 de?ning duct 25. Bearing races 41,42 de 
?ned in sidewalls 39,40 receive conventional (roller) 
bearings 43 and bearing races 45,46 on each periphery 
of side elements 37,38. 

Vectoring ?ap 35 is most preferably generally flat in 
structure and may assume any appropriate cross-sec 
tional shape, such as the aerodynamic cross section 
suggested in FIG. 1, as would occur to one skilled in the 
appropriate art, the details of which shape are not con 
sidered limiting of the invention. Flap 35 is attached at 
corresponding ends thereof to side elements 37,38 for 
rotation therewith about a substantially horizontal axis 
H. Axis H is de?ned along the length of ?ap 35 substan 
tially central thereof between leading edge 35a and 
trailing edge 35b. Flap 35 may preferably be con?gured 
and mounted such that axis H is central of ?ap 35 be 
tween edges 35a,35b, although for certain purposes 
occurring to the skilled artisan, flap 35 may be mounted 
for rotation about a rotation axis somewhat off center. 

Spool assembly 33 structure of the invention is con 
nected through suitable linkage 49 to motor means 50 
for selectively rotating vectoring ?ap 35 about axis H in 
accordance with the principal function of the invention 
as described more fully below in relation to FIG. 3. 
Vectoring flap 35 may be cooled in any suitable conven~= 
tional fashion such as the central cooling arrangement 
suggested in FIGS. 1,2 comprising cooling tubes 52 for 
conducting engine by-pass air from compressor region 
15. Accordingly, the internal structure of flap 35 may be 
con?gured to define passageways therethrough for 
conducting air for cooling purposes. Means (not shown) 
de?ning a conduit through side elements 37,38 along 
axis H (FIG. 1) or through hubs 63,64 (FIG. 4) may be 
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included to conduct coolant air through ?ap 35 or 61. 
()ne or more ejector nozzles 53 may be disposed as 
suggested in FIG. 1 for forming a pressure boundary 
equal to that of the exit pressure for optimizing gaseous 
flow through exhaust duct 25. 

Referring now to FIGS. 3a—c, shown therein are 
three representative positions of vectoring flap 35 illus 
trating the operation of the FIG. 1 embodiment in pro 
viding vectoring or thrust reversal for engine 11. In 
FIG. 3a, vectoring flap 35 is in the neutral horizontal, 
non-vectoring position whereat rearward exhaust flow 
55 along thrust axis T of engine 11 is undisturbed. In 
FIG. 3b, vectoring flap 35 has been rotated to an inter 
mediate position whereat exhaust flow 55’ is directed 
rearwardly and at an angle to thrust axis T, whereby 
some directional control of the vehicle powered-by 
engine 11 may be achieved. In FIG. 30, it is noted that 
linkage means 57,58 interconnecting vectoring flap 35 
and thrust reverser cascades 27,28 allow for reversal of 
exhaust flow 55" when vectoring flap 35 is rotated to a 
position substantially blocking exhaust duct 25. As vec 
toring ?ap 35 closes to the position shown in FIG. 30, 
thrust reversing cascades 27,28 open to allow exhaust 
flow 55" to discharge outwardly and forwardly as sug 
gested by the flow lines in FIG. 36. 

Referring now to FIG. 4, shown therein is an alterna 
tive vectoring ?ap 61 con?guration of the invention. As 
seen in FIG. 4, vectoring flap 61 may include on either 
end thereof hubs 63,64 de?ning bearing races 65,66 for 
receiving bearings 67 and for joumalization into side 
walls 39,40 de?ning exhaust duct 25. Vectoring flap 61 
may ordinarily require seals 69,70 on either side in order 
to provide an adequate seal at the sidewalls of the noz 
zle when vectoring flap 61 is in the thrust reversal posi 
tion. 
An advantage of the invention herein which is not 

readily apparent from the foregoing description is that 
the rotatable ?ap structure claimed herein may, with 
routine engineering and minimal structural modi?ca 
tions, be integrated with and retro?tted into the exhaust 
nozzle structure of an existing gas turbine engine. 
The invention therefore provides an improved thrust 

vectoring and reversing nozzle structure for a gas tur 
bine engine. It is understood that modi?cations to the 
invention may be made as might occur to one skilled in 
the ?eld of the invention within the scope of the ap 
pended claims. All embodiments contemplated hereun 
der which achieve the objects of the invention have 
therefore not been shown in complete detail. Other 
embodiments may be developed without departing 
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4 
from the spirit of the invention or from the scope of the 
appended claims. 

I claim: 
1. A thrust vectoring and reversing nozzle structure 

for a gas turbine engine, comprising: 
(a) a housing structure de?ning an exhaust duct and 

nozzle discharge region of a gas turbine engine; 
(b) a rotatable ?ap mounted within said exhaust duct; 
(0) means on said housing structure for mounting said 

flap for rotation about an axis of rotation extending 
transverse of said exhaust duct and substantially 
central of said flap; 

(d) means for controllably rotating said ?ap between 
an open position whereat exhaust flow through 
said nozzle discharge region is substantially unre 
stricted and a closed position whereat said exhaust 
duct is substantially closed; 

(e) a cascade of rotatable vanes in said housing struc 
ture, said vanes being rotatable between an open 
position and a closed position; and 

(f) means interconnecting said flap and said cascade 
for selectively rotating said vanes to said open 
position thereof in response to rotation of said flap 
to said closed position thereof. 

2. The nozzle structure of claim 1 wherein said means 
on said housing structure for mounting said flap for 
rotation about said axis includes a pair of rotatable 
plates attached to corresponding ends of said flap, each 
of said plates including a peripheral bearing race, and a 
plurality of bearings disposed within said peripheral 
bearing race within said housing structure. 

3. In an exhaust nozzle for a gas turbine engine, said 
exhaust nozzle including a wall structure de?ning an 
exhaust duct and nozzle discharge region, an improve 
ment comprising: 

(a) a rotatable ?ap; 
(b) means for mounting said ?ap for rotation about an 

axis of rotation extending transverse of said exhaust 
duct and substantially central of said flap; 

(c) means for controllably rotating said ?ap between 
an open position whereat exhaust flow through 
said nozzle discharge region is substantially unre~ 
stricted and a closed position whereat said exhaust 
duct is substantially closed; 

(d) a cascade of rotatable vanes in said housing struc 
ture, said vanes being rotatable between an open 
position and a closed position; and 

(e) means interconnecting said ?ap and said cascade 
for selectively rotating said vanes to said open 
position thereof in response to rotation of said ?ap 
to said closed position thereof. 
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