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My invention relates to an exhaust nozzle for jet 
propulsion devices. More particularly, the invention is 
directed to a leaky-type nozzle having particular applica 
tion to aircraft jet engines. 

Variable geometry exhaust nozzles for jet engines are 
well known. The construction of a convergent nozzle 
may be such as to provide for variations in the exit area 
of the nozzle, and a convergent-divergent nozzle may be 
constructed so that both its throat and exit areas may be 
varied. The type of structure provided for this purpose 
is generally complex and in a convergent-divergent nozzle 
the complexity and weight of the structure may be intoler 
able. A practical convergent-divergent type of nozzle 
construction for a jet engine consists of a convergent 
nozzle disposed within an engine casing, which extends 
for some distance beyond the end of the nozzle. The 
converging walls of the nozzle are movable so that the 
throat area may be varied, and expansion of gases beyond 
the nozzle throat is controlled by a secondary jet flowing 
over the nozzle thereby eliminating the necessity of pro 
viding an adjustable divergent section. This nozzle con 
struction does have some disadvantages, however, in that 
a very long shroud is required for properly controlling 
expansion with the secondary jet. In addition, the per 
formance of this type of nozzle construction is not en 
tirely satisfactory since losses resulting with such a con 
struction are quite large. Furthermore, the converging 
wall of the nozzle is generally formed of overlapping sec 
tions so that the sections may be moved relative to one 
another to vary the throat. It is very difficult to cool 
such overlapping portions and any leakage of hot air be 
tween the sections may damage the nozzle. 

It is an object of the invention to provide a nozzle con 
struction of the described type having features resulting in 
a decrease in the length of the shroud required to obtain a 
given expansion of nozzle exhaust gases. 

It is another object of the invention to provide such a 
nozzle construction by means of which the angularity of 
flow at the exit of the converging nozzle may be reduced 
to result in improved nozzle performance. 

It is still another object of the invention to provide 
such a nozzle construction which may be assembled from 
a small number of parts and which is light in weight. 

Other objects and advantages of the invention will be 
come apparent during a reading of the specification. 
To obtain the objects and advantages of the invention, 

I provide a converging nozzle within a jet engine casing 
extending some distance beyond the exhaust end of the 
nozzle. In accordance with the invention, such nozzle 
is comprised of a number of segments which converge to 
the nozzle throat, and each such segment is separated by 
a gap through which gases in the nozzle may escape. 
Gases expand beyond the throat of the nozzle and the 
expansion of these gases along with gases escaping 
through the gaps between the segments are controlled 
by a secondary jet flowing over the segments. By permit 
ting a portion of the gases flowing in the nozzle to escape 
through the gaps, it is possible to decrease the angularity 
of flow of the exhaust gases at the throat of the nozzle, 
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and to decrease the length of the shroud required for ob 
taining a given expansion. Preferably, the segments of 
the nozzle are movable radially for controlling the size 
of the throat and areas of the gaps between the segments. 

Referring to the drawings: 
Fig. 1 is a longitudinal sectional view showing the 

nozzle construction of the invention. 
Fig. 2 is an end view of the showing in Fig. 1. 
Fig. 3 is a perspective view of the nozzle clearly show 

ing the nozzle segments. 
Fig. 4 is a longitudinal sectional view of the nozzle 

construction showing apparatus for controlling the posi 
tion of nozzle segments. 
As shown in the drawings, the nozzle construction in 

cludes a converging nozzle 1 for receiving the exhaust 
gases of a jet engine, and a shroud 2 which encases the 
nozzle 1 and extends some distance beyond the exit end 
3 of the nozzle. The shroud 2 is a continuation of a 
wall 4 which may be part of the engine housing and which 
forms a passage 5 with a cylindrical section 6 connect 
ing with the nozzle 1. 
The nozzle consists of a plurality of segments 7 which 

converge to define a throat 8 at the exhaust end of the 
nozzle. Such segments are separated one from the other 

5 by gaps 9. These gaps preferably extend throughout the 
converging length of the nozzle and gradually taper from 
the nozzle end 3 where they are of maximum width to 
the cylindrical section 6 where the gaps close. As shown, 
the gaps extend between adjacent longitudinal edge por 
tions 8a and 8b of the segments which edge portions ex 
tend outwardly with respect to the nozzle axis and bend 
away from each other. 

In the operation of the nozzle, engine exhaust gases ex 
pand in the nozzle 1. A portion of such gases escape 
through the gaps 9 and the remainder of the gases flow 
out of the exit end 3 of the nozzle. The gases escaping 
through the gaps 9 and flowing out of the exit end 3 of the 
nozzle further expand in a region encased by the shroud 
2. The expansion of such gases is controlled by a sec 
ondary jet 10 flowing through the passage 5 and between 
the nozzle 1 and shroud 2 which jet may (for example) 
be drawn through openings 11 in the engine casing con 
trolled by flaps 11 disposed circumferentially about said 
casing. By suitably controlling the flaps 11 through 
linkages 12 and 13, and other suitable actuating mecha 
nism, the jet 10 may be controlled to regulate the ex 
pansion of exhaust gases from the nozzle so as to pro 
vide a jet of exhaust gases at the end 14 of the shroud 2 
having a velocity everywhere in the direction of the thrust 
axis, and a static pressure at 14 equal to atmospheric 
pressure, such regulation providing for a maximum thrust. 
Instead of drawing air from the atmosphere to provide 
the jet 10, combustion gases may be used for the purpose 
of providing such a jet. In a gas turbine engine com 
pressed air from the compressor may be used for this 
purpose. 
With the conventional type of nozzle construction of 

the type described wherein the converging nozzle has a 
continuous wall, expansion within the nozzle and beyond 
the exit end of the nozzle is of the axially symmetric 
type. All expansion waves are produced in a plan and 
reflected at the axis. As a consequence, it is necessary 
with this type of construction to provide a rather long 
shroud to obtain maximum thrust. As has been indicated 
hereinbefore, in the nozzle construction of the invention 
a portion of the exhaust gases escape through gaps in the 
converging nozzle to expand in the region within the 
shroud 2. Jets of gas escaping through the various gaps 
interfere with the jet stream 10 which tends to cause the 
escaping gas streams to become parallel. The expansion 
of the gas flowing out of the gaps 9 is more nearly of 
the two-dimensional type than of the axially-symmetric 
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type and is more rapid than axially-symmetric expansion. 
Accordingly, with the nozzle construction of the inven 
tion, a given expansion may be obtained in a shorter 
length than with the aforesaid conventional construction, 
and the required length of the shroud for maximum ef 
fectiveness may be considerably reduced. Even with a 
shroud of reduced length, the nozzle construction of the 
invention will provide a jet at the exit end of the shroud 
which flows more nearly parallel to the axis of the nozzle 
than the jet obtained with the convention type nozzle, 
and losses are reduced as a result. 

In the nozzle construction of the invention, the throat 
8 may be readily varied in size by providing suitable 
apparatus for moving the nozzle segments 7 radially, in 
wardly and outwardly. Such apparatus as may be used 
for moving the segments 7 in a radial direction is shown 
in Fig. 4 wherein reference character 15 denotes a hy 
draulically operated piston movable in a cylinder 16 in 
response to control signals from a remote location. Each 
of the segments 7 connects with the shroud 2 by linkages 
i7 and 8, connects with a ring 9 through the said 
linkages and rod 20 such that when the piston 16 moves 
in one direction or the other the segments 7 will be moved 
radially, inwardly or outwardly. 

if desired, the segments 7 may be connected to cylin 
drical section 6 by hinges to facilitate their radial move 
ment; however, such movement may be accomplished 
without such provision being made since by reason of the 
described construction of the converging nozzle the seg 
ments will nevertheless move substantially about the end 
of the cylindrical section. 

In effect, the combination of the converging portion 
of the nozzle with the rearwardly extending portion of 
the shroud forms a convergent-divergent nozzle, but 
with the divergence taking place in the shroud, without 
such a defining diverging wall as would be found in the 
prior art. As is well known, some portions of a fluid 
escaping under pressure from a simple convergent nozzle 
may have components of motion in a backward direction; 
a familiar illustration of this is the fact that it is pos 
sible to get wet by spray from an ordinary hose nozzle, 
while standing behind the nozzle. At the very least, with 
the conventional converging nozzle there will be tur 
bulence of the fluid immediately adjacent the nozzle, 
rather than smooth expansion, and expansion waves 
produced in a plane and reflected at the axis. 
As a consequence, use in the prior art of a converging 

nozzle having a continuous wall, within a shroud, re 
quires a very long shroud for the flow to smooth out 
and reach a static pressure equal to atmospheric pressure 
with a velocity everywhere in the direction of the thrust 
axis. If a converging-diverging nozzle with continuous 
walls is used, it is necessary to provide adjustment of 
the divergent portion consonant with variability in the 
throat, in order to have an efficient nozzle. 
The present invention, on the other hand, obviates the 

necessity for either a long shroud or an adjustable 
divergent section. This is achieved by allowing gas ex 
pansion from a convergent nozzle within a short shroud 
and suppressing turbulence and damping expansion 
waves by controlling the expansion by the two means 
cited, namely, leakage of exhaust gas in an axial direction 
through apertures in the convergent nozzle upstream 
from the throat, and by shaping the expanding flow 
with a secondary, generally annular jet. 

It will now be clear that I have provide a nozzle con 
struction having obvious advantages over prior art con 
struction, including the advantages of reducing the 
length of the shroud required for a nozzle construction 
of the described type and improving the performance of 
such nozzle construction by reducing the losses there 
in. Also, the weight of the nozzle construction is reduced 
by reason of the shortening of the shroud, and com 
plexity in the structure is avoided. With the gap struc 
ture of the invention, there are no overlapping segments 
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A. 
which are difficult to keep cool and no complex system 
of linkages is required for varying the throat and exit 
area.S. 
While I have described my invention in detail, it will 

be appreciated that various changes and modifications 
may be made therein within the scope of the appended 
claims without departing from the spirit of the invention. 

claim as my invention: 
1. A superSonic nozzle construction for the exhaust 

gases of a jet propulsion device, comprising in combina 
tion, a generally cylindrical shroud member having an 
crifice, a nozzle member disposed within said shroud and 
substantially coaxial therewith and defining therewith an 
annular space, said nozzle comprising a generally cylin 
drical upstream portion and a downstream converging 
portion, said converging portion comprising a plurality 
of tapering segments with their smaller ends disposed 
downstream and defining a nozzle throat positioned up 
stream from said crifice, said segments being separated 
by substantially triangular gaps having their maximum 
width at the throat end of said nozzle and through which 
a portion of said exhaust gases may escape with the re 
mainder being expelled from said throat, and means pro 
viding a jet stream in said annular space and generally 
coaxial with said shroud. 

2. The combination as defined in claim 1 with the addi 
tion of linkage means connected to each of said segraents 
and actuating means operatively connected with said link 
age means, said linkage means and actuating means being 
adapted to move the smaller ends of said segments radi 
ally to vary the size of said throat. 

3. The combination as defined in claim 2 wherein said 
segments are provided with stiffening means consisting of 
outwardly recurved longitudinal edges on each of said 
Segments. - 

4. A supersonic nozzle construction for the exhaust 
gases of a jet propulsion device, comprising in combina 
tion a generally cylindrical shroud member having an ori 
fice, a nozzle member disposed within said shroud mem 
ber substantially coaxial therewith and defining therewith 
an annular space, said nozzle comprising a generally cy 
lindrical upstream portion and a downstream converging 
portion, said converging portion comprising a plurality of 
tapering segments with their smaller ends disposed down 
stream and defining a nozzle throat positioned upstream 
from said orifice, an expansion chamber defined by said 
shroud and extending between said throat and said orifice, 
said segments having their longitudinal edges outwardly 
recurved and being separated by substantially triangular 
gaps having their maximum width at the throat end of 
said nozzle and through which a portion of said exhaust 
gases may escape with the remainder being expelled from 
said throat, linkage means connected to each of said seg 
ments and actuating means operatively connected with 
said linkage means, said linkage means and actuating 
means being adapted to move the smaller ends of said 
segments radially to vary the size of said throat, and 
adjustable air intake means disposed in said shroud up 
stream of said converging portion and adapted to provide 
an air jet within said annular space and generally coaxial 
with said shroud to diminish radial expansion of said ex 
haust gases within said expansion chamber. 
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