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VARIABLE JET NOZZLE AND SHROUD

William F. Egbert, Brownshurg, and Theodore 0. Wiese,
Indianapolis, Ind., assigners to General Motors Corpo-
ration, Deireit, Mich., a corporation of Delaware

Filed Jan. 29, 1953, Ser. No. 334,036
5 Claims, (Cl. 60—35.6)

This invention relates ‘to the exhaust system of a tur-
bojet aircraft engine. '

The invention is particularly applicable to turbojet
engines having varjable area jet niozzles such as are usual-
ly provided for turbojet engines equipped with after-
burners. A variable area jet nozzle is necessary in an
afterburner equipped engine because the optimum jet
nozzle area with afterburning is greater than the opti-
mum jet nozzle area without afterburning, and the high
fuel rates associated with afterburning preclude its use
except for take-offs and climbs and for attaining maxi-
mum speeds for short periods of time. A shroud pipe
may be placed in closely spaced surrounding relation-
ship with the exhaust tail pipe of the turbojet engine so
that cooling air will be drawn between the shroud pipe
and the tail pipe by the ejector action of the exhaust gases
flowing through the tail pipe.

In the application of the ejector principle to a turbojet
engine, the outlet of a shroud nozzle is placed in closely
spaced relation with the outlet of the jet nozzle of the
engine to form a mixing or entrainment chamber there-
with. The engine exhaust stream issues from the jet
nozzle and flows across the mixing chamber entraining
cooling air supplied thereto by the shroud nozzle. With
a jet mozzle of variable area type, it is desirable to have
a variable area shroud nozzle to provide the desired
degree of aspiration for all flight conditions, as it is im-
possible to design a non-variable area shroud nozzle that
will provide correct aspiration for all flight conditions.
For example, a fixed area shroud nozzle designed to
aspirate properly for large area jet nozzle operations will
over-aspirate at low area jet nozzle operations. Con-
versely, a fixed area shroud nozzle designed for low
area jet nozzle operations will provide inadequate aspira-
tion at large area jet nozzle operations.

The use of variable area shroud nozzles with high
pressure ratio turbojet engines that may operafe at super-
sonic speeds is particularly desirable, for choking and
reverse flow in the shroud may occur if fixed area shroud
nozzles designed for subsonic speeds are used. The cool-
ing air flow is usually small with Tespect to the engine ex-
haust flow, for example three or four percent thereof.
The degree of aspiration of an ejector of the type de-
scribed is primarily dependent on two ratios; namely,
the ratio of the jet mozzle outlet area to the shroud
nozzle outlet area and the ratio of the distance between
the boundary edges of the nozzle outlets to the square
root of the jet nozzle outlet area.

The invention provides an arrangement whereby the
jet nozzle outlet area may be varied with the shroud
nozzle outlet area in a predetermined manner and where-
in the distance between the boundary edges of the nozzle
outlets may likewise be varied with the square root of
the jet nozzle outlet area in a predetermined manner.
The arrangement includes an axially movable shroud
duct that actuates the jet nozzle through cam means to
vary its outlet area and additional cam means connecting
the jet nozzle to the shroud nozzle for concurrent varia-
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tion of the outlet area of the shroud mozzle. The afore-~
mentioned ratios may vary for different operating condi-
tions, but either one or both of the ratios is preferably
maintained substantially constant for all operating con-
ditions. As a result, the nozzle configuration accom-
modates to various operating conditions so as to achieve
the desired operating effect. The accomplishment of
this result is the principal object of the invention,

Further objects and advantages of the present inven-
tion will be apparent from the following description,
reference being had to the accompanying . drawings
wherein a preferred form of the present invention is
clearly shown.

In the drawings:

Fig. 1 is a longitudinal view of an aircraft turbojet
engine installation, partially broken away.

Fig. 2 is a partial perspective, partially broken away,
of the exhaust portion of the engine, and

Fig. 3 is a partial longitudinal section of the exhaust
portion of the engine illustrating the coordinated move-
ment between the jet and shroud nozzles in accordance
with the invention.

Referring now to Fig. 1, a substantially annular turbo-
jet engine 18 of known design is suitably supported in
spaced relation in the annular interior of an aircraft
nacelle 12. The turbojet engine includes a COMPpressor
14 which receives air from the nacelle inlet 16 and deliv-
ers it to the combustor 18 for expansion through a tur-
bine 20 that drives the compressor. The high velocity
exhaust gases from the turbine pass through an annular
diffused casing 22 and an afterburner which includes an
annular fuel injection and flameholder casing 24 and an
annular combustion casing 26. The high velocity, high
temperature exhaust gases are emitted from the combus-
tion casing 26 through a variable area jet nozzle 30 to
drive the aircraft. An annular chamber 32 is formed
between the turbojet engine 10 and the aircraft nacelle
12 and an annular chamber 34 is formed between an
annular shroud duct 36 and the exhaust duct 26. The
shroud duct 36 is provided with a variable area shroud

"nozzle 38 and is slidably supported for axial movement

with respect to the exhaust duct 26, A number of suit-
able actuating cylinders 40 are secured to the engine to
impart axial movement to the shroud duct 36 through
the piston rods 42. Cam means, to be described, inter-
connect the shroud duct and the nozzles 30 and 38 to
vary concurrently their outlet areas and the spacing be-
tween the boundary edges of their outlets on axial move-
ment of the shroud duct. An annular ejector mixing
or entrainment chamber 44 is formed by the nozzles 30
and 38 to aspirate air from the inlet 16 through the
chambers 32 and 34 to cool the outer surface of the jet
engine 10, especially the afterburner portion thereof.

Referring to Figs. 2 and 3, the jet nozzle 30 is defined
by a plurality of overlapping flaps or staves 46 each
pivotally secured to the end of the exhaust duct 26 at 48.
Each flap 46 includes an actuating plate 56 having a cam
slot 52 therein. A conical member 54, provided with
cooling air passages 56, is secured to the shroud duct 36
and a number of U-shaped brackets 58 are secured there-
to.” Each bracket 58 mounts a cross pin 60 slidably
received in a respective jet nozzle flap cam slot 52 so
that axial shifting of the shroud duct 36 will rotate the
flaps 46 about their hinge axes 48 and thus vary the
outlet area (#J2) of the jet nozzle 39,

The shroud nozzle 38 is formed by a plurality of over-
lapping flaps 62 each pivotally secured to. the shroud duct
36 at 64. FEach flap 62 includes an actuating plate 66
having a cam slot 68 therein. Each jet nozzle flap 46
carries a forked arm 70 and each arm has a cross pin
72 slidably received in a respective shroud nozzle flap
cam slot 68, so that axial movement of the shroud duct
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36 will also vary the outlet area (rS?) of the shroud
nozzle 38. The distance L between the boundary edges
of the outlets of the nozzles 30 and 38 is also varied by
axial movement of the shroud duct 36. The ratio of the
outlet areas of the exhaust and shroud nozzles (J2/52) and
the ratio of the axial distance between the boundary
edges of the nozzle’s outlets to the square root of the

outlet area of the exhaust nozzle (L/J\/;) may be
varied in any desired fashion during axial movement of
the shroud duct by suitably proportioning the nozzles

and cam slots. The J2/S? ratio and the L/J\/= ratio
are preferably maintained substantially constant at all
positions of the nozzles. Figs. 3 illustrates an arrange-
ment that achieves these constant ratios. Dash-dot lines
74 and 76 trace the paths of the boundary edges of the
jet and shroud nozzles during axial shifting of the shroud
duct. Forward shifting of the shroud duct 36 effects
pivotal movement of the nozzle flaps 46 and 62 from the
open throttle solid-line position to the reduced throttle
dash-dot position. The exhaust nozzle flaps 46 are swung
towards the turbine axis about their fixed pivots 48 by
the forward shifting of the camming pins 69. The shroud
nozzle flaps 62 are swung towards the turbine axis about
their forwardly shifting pivots 64 by the axially directed
swinging movement of the camming pins 72. The
shroud nozzle outlet area is thus reduced as a predeter-
mined function of exhaust nozzle outlet area reduction
and the spacing between the outlets is reduced likewise.
The nozzles are so proportioned that substantially con-
stant ratios are achieved with a cam slot 52 of circular
configuration and a cam slot 68 of straight configuration,
thereby simplifying the machining of the cam slots.
Other nozzle proportions and cam configurations or other
kinematic arrangements may be used to achieve a desired
functional relation between the exhaust and shroud ocut-
lets.

While the preferred embodiment of the invention has
been described fully in order to explain the principles of
the invention, it is to be understood that modifications
in structure may be made by the exercise of skill in the
art within the scope of the invention, which is not to be
regarded as limited by the detailed description of the
preferred embodiment.

We claim:

1. A combination fluid nozzle and shroud construc-
tion comprising a plurality of nozzle flaps, support means
having a direct pivot connection with said nozzle flaps
adjacent their upstream ends to provide a nozzle outlet
of variable area, a plurality of shroud flaps spaced from
and about said nozzle flaps, longitudinally shiftable ac-
tuator means having a direct pivot connection with said
shroud flaps adjacent their upstream ends to provide a
shroud outlet of variable area, cam means interconnect-
ing said nozzle flaps and said actuator means to swing
said nozzle flaps about their pivot connection to vary the
area of said nozzle outlet on longitudinal shifting of said
actuator means, and cam means interconnecting said
shroud flaps and said nozzle flaps to swing said shroud
flaps abouf their pivot comnection to vary the area of
said shroud outlet with area variations of said nozzle out-
Tet.

2. A combination fluid nozzle and shroud construction
comprising a plurality of circumferentially overlapping
nozzle members disposed to form a substantially annu-
lar nozzle surface; means pivotally supporting said nozzle
members adjacent to their upstream ends for pivotal
movement to vary the nozzle fluid flow area downstream
of said pivotal supports; a plurality of circumferentially
overlapping shroud members forming a substantially an-
nular shroud co-axial with and about said nozzle mem-
bers; axially moveable annular means co-axial with said
nozzle and disposed adjacent to the upstream end of
said shroud; means pivotally connecting the upstream
ends of said shroud members to said annular means; and
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cam means operatively interconnecting said shroud mem-
bers and nozzle members so that axial movement of said
annular means is operative to pivotally move the down-
stream ends of said nozzle and shroud members inwardly
and outwardly in the same direction.

3. A turbojet engine comprising an exhaust duct, a
shroud duct around said exhaust duct in spaced relation
thereto forming an air passage therewith, means for lon-
gitudinally shifting said shroud duct with respect to said
exhaust duct, an exhaust nozzle comprising a plurality of
flaps pivotally secured to said exhaust duct to provide
an exhaust outlet of variable area, a shroud nozzle com-
prising a plurality of flaps pivotally secured to said shroud
duct to provide a shroud outlet of variable area, the
boundary edge of said shroud outlet being spaced from
the boundary edge of said exhaust outlet to form an
ejector therewith so that air will be aspirated from said
air passage by the propulsive exhaust jet emerging from
said exhaust outlet, cam means interconnecting said ex-
haust flaps and said shroud duct to vary the area of said
exhaust outlet on longitudinal shifting of said shroud
duct, and cam means interconnecting said shroud flaps
and said exhaust flaps to vary the area of said shroud
outlet on longitudinal shifting of said shroud duct, said
nozzles and intercommecting cam means being propor-
tioned to vary the area of said shroud outlet and the
spacing between the boundary edges of said outlets as
a predetermined function of the area variation of said
exhaust outlet.

4. A turbojet engine comprising an exhaust duct, a
shroud duct around said exhaust duct in spaced relation
thereto forming an air passage therewith, means for lon-
gitudinally shifting said shroud duct with respect to said
exhaust duct, an exhaust nozzle comprising a plurality of
flaps pivotally secured to said exhaust duct to provide
an exhaust outlet of variable area, a shroud nozzle com-
prising a plurality of flaps pivotally secured to said shroud
duct to provide a shroud outlet of variable area, the
boundary edge of said shroud outlet being spaced from
the boundary edge of said exhaust outlet to form an
ejector therewith so that air will be aspirated from said
air passage by the propulsive exhaust jet emerging from
said exhaust outlet, cam means interconnecting said ex-
haust flaps and said shroud duct to vary the area of said
exhaust outlet on longitudinal shifting of said shroud
duct, and cam means interconnecting said shroud flaps
and said exhaust flaps to vary the area of said shroud
outlet on longitudinal shifting of said shroud duct, said
nozzles and intercomnecting cam means being so pro-
portioned that the ratio of the area of said exhaust out-
let to the area of said shroud outlet is maintained sub-
stantially constant during longitudinal shifting of said
shroud duct and the ratio of the distance between the
boundary edges of said shroud and exhaust outlets to the
square root of the area of said exhaust outlet is main-
tained substantially constant during longitudinal shift-
ing of said shroud duct.

5. An aircraft turbojet engine installation comprising
a nacelle, a turbojet engine housed in spaced relation in
said nacelle and forming an air chamber therewith, said
engine comprising an annular exhaust duct, an annular
shroud duct around said exhaust duct in spaced relation
thereto forming an annular air passage therewith, means
for axially shifting said shroud duct with respect to said
exhaust duct, an annular exhaust nozzle comprising a
plurality of overlapping flaps pivotaily secured to said
exhaust duct to provide an annular exhaust outlet of
variable area, an annular shroud nozzle comprising a plu-
rality of overlapping flaps pivotally secured to said shroud
duct to provide an annular shroud outlet of variable area,
the annular boundary edge of said shroud outlet being
spaced downstream and radially outward of the annular
boundary edge of said exhaust outlet to form an ejector
therewith so that air will be aspirated from said air pas-
sage and chamber by the propulsive exhaust jet emerging
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from said exhaust outlet, cam means interconnecting said
exhaust flaps and said shroud duct to vary the area of
said exhaust ‘outlet on axial shifting of said shroud duct,
and cam means interconnecting said shroud flaps and
said exhaust flaps to vary the area of said shroud outlet
on axial shifting of said shroud duct, said nozzles and
interconnecting cam means being so proportioned that
the ratio of the area of said exhaust outlet to the area
of said shroud outlet is maintained substantially constant
during axial shifting of said shroud duct and the ratio of
the distance between the boundary edges of said shroud
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and exhaust outlets to the square root of the area of said

exhaust outlet is maintained substan
axial shifting of said shroud duct.

tially constant during
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