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JET NOZZLE 

This invention relates to a jet nozzle for gas turbine engines. 
In a known form of nozzle the ?ow area or throat of the noz 

zle is varied by an annular arrangement of flaps whose 
downstream ends lie in an annulus de?ning said throat and 
which are pivoted at their upstream ends to a jet pipe, and in 
respect of each flap there is provided a mechanism connecting 
the ?aps to a shroud surrounding the flaps such that if the 
shroud is moved axially the flaps are pivoted to vary the 
diameter of said throat. 
The presence of the mechanism makes it necessary for the 

shroud to have a signi?cant radial thickness, and this is a 
source of base drag on the aircraft in respect of which the en 
gine is installed. 

Normally, base drag in an aerodynamic structure is avoided 
by tapering the downstream end of the structure to an ap 
propriately small so-called boat tail angle. 

In the case of a nozzle as described above, this would means 
that if undue base-drag is to be avoided said shroud has to be 
extended a substantial distance downstream of the throat. This 
not only imposes a weight and size penalty on the engine but is 
also undesirable in that it may inhibit the free expansion of the 
jet. . . 

According to this invention there is provided a jet nozzle for 
a gas turbine engine wherein the minimum flow area or throat 
of the nozzle is varied by an annular arrangement of ?aps 
whose downstream ends lie in an annulus de?ning said throat 
and which are pivoted at their upstream ends to a jet pipe, and 
wherein there is provided in respect of each ?ap a mechanism 
connecting the flaps to a shroud surrounding the flaps such 
that if the shroud is moved axially the ?aps are pivoted to vary 
the diameter of said throat, characterized in that the shroud 
comprises a conical arrangement of walls extending at a boat 
tail angle from the position of maximum throat diameter to a 
larger diameter upstream thereof, each of the walls extending 
between two adjacent said mechanisms, and wherein there is 
provided in respect of each mechanism a strake connected to 
the adjacent walls and extending radially outwards therefrom 
to enclose the mechanism. 
The arrangement of said walls and strakes makes it possible 

for ?ight wind over the shroud to converge gradually to the 
maximum throat diameter and so make it possible to reduce 
base drag without the need to extend the shroud signi?cantly 
downstream of the ends of the ?aps. 

Said walls may be adapted to be extensible in the 
downstream direction for the purpose of compensating at least 
partially for an increase in base drag when the shroud is 
moved to pivot the flaps radially inwards from the position of 
maximum throat area. 
An example of a nozzle according to this invention will now 

be described with reference to the accompanying drawings 
wherein: ‘ 

FIG. 1 is a side elevation of the nozzle. 
FIG. 2 is a fragmentary plan view of FIG. 1. 
FIG. 3 is an end view of FIG. 1. 
FIG. 4 is a section on the line lV—lV in FIG. 3. 
FIG. 5 shows FIG. 4 in a different operational position. 
FIG. 5a is a section on the line Va-Va in FIG. 4. 
FIG. 6 is a section on the line VI-VI in FIG. 3 and em 

bodies a modi?cation. 
FIG. 7 shows FIG. 6 in a different operational position. 
Referring to FIGS. 1 to 5, a jet engine 10 has a jet pipe 11 

terminating in a nozzle 12 situated downstream of a cowl or 
nacelle 13 enclosing the engine. The nozzle includes an annu 
lar arrangement of ?aps 14 whose downstream ends lie in an 
annulus de?ning the minimum flow area or throat, denoted 
16, of the nozzle. To enable the throat diameter to be varied 
each ?ap is connected at its upstream end to the jet pipe by 
pivots 15. FIGS. 4 and 5 show the maximum and minimum 
throat positions of the ?aps denoted 14A and 14B respective 
ly. 
Each ?ap is adapted to be pivoted by a mechanism 20 

operated by a shroud 21 surrounding the nozzle and supported 
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2 l l 
on the jet pipe for movement therealong under the action of 
?uid pressure motors 22. In the present example each 
mechanism 20 comprises a cam 23 forming part of} the as 
sociated flap and a roller 24 supported by the shroud. FIG. 4 
shows the shroud in the extended or downstream position in 
which the ?aps form the maximum throat diameter'while FIG. 
5 shows the shroud in the retracted or upstream position being 
the position corresponding to minimum throat diameter. 
The shroud comprises an annularly continuous wall 30 sur 

rounding the downstream end of the jet pipe with a clearance 
necessary, for example, to allow for'the presence of the ?ap 
pivots and of the connection between the shroud and the mo 
tors 22. The ‘shroud further comprises'an arrangement of walls 
31 converging from the wall 30 and terminating at their 
downstream ends at a position close to the downstream ends 
of the ?aps when the latter are in the position of maximum 
throat area. In this way it is possible to give the shroud an 
aerodynamically satisfactory boat tail angle a (FIG. 1) and 
substantially avoid the occurrence of base drag in the max 
imum throat diameter position of the‘ ?aps. It will be noted 
that in the FIG. 5 position the walls 31 are virtually in line with 
the taper of the nacelle surface while in the FIG. 4 position the 
wall 30 de?nes the transition between the nacelle and the 
walls 31. ' ' ' 

The walls 31 extend peripherally between the mechanisms 
20, i.e., radially inwardly‘ of the maximum radial extent 
thereof. To house the mechanisms there are provided elongate 
projections or strakes 32 projecting from between adjacent 
walls 31. The strakes 32 are elongate in the direction of air 
?ow. The strakes are streamlined as particularly shown in FIG. 
2 so as not to present any signi?cant drag problem. The walls 
31 are connected at their downstream ends by an annular 
member 33 which provides the necessary hoop strength 
against the loads on the rollers 24. The member 33 is 
polygonal, i.e., it is straight between successive rollers 24 so as 
to. be stressed in tension only. The walls 31 are cor 
respondingly shaped to be ?at at least towards their 
downstream ends. The flaps 14 are shaped so as to form angles 
B ?tting the shape of the walls 31. Gaps between adjacent 
?aps 14 are covered by auxiliary ?aps 16 (FIGS. 1, 3). 

It will be seen that in the FIG. 4 position the base drag area, 
denoted C, is minimal. However as soon as the ?aps are 
pivoted inwardly base drag occurs at the outside of the flaps. 
To reduce this, the modi?cation shown in FIGS._‘6 and 7 pro 
vides for the walls 31 to be made extensible by being each pro 
vided with a plate 34 supported on the wall 31 by guides 35, - 
36 for movement towards and away frornthe apex of theconi 
cal arrangement of the walls. Each plate 34 is connected to the 
jet pipe by a link 37 which controls the position of the plate so 
that when the shroud is in the FIG. 6 position the downstream 
ends of the wall 31 and the plate 34 coincide, but when the 
shroud is moved into the FIG. 7 position the plate does not 
participate in the upstream motion but is merely lowered from 
the position 34A into the position 34B. In consequence the 
taper of the walls 31 is extended to» a position relative to the 
?aps in which the base drag area of the nozzle is given by the 
dimension D as distinct from the larger dimension E which 
would apply if the walls 31 are not extended. 

It will be appreciated that the plates 34 may be moved inde 
pendently of the walls 31 by any appropriate mechanism and 
not necessarily by the links 37. 
What we claim is: . 

1. A jet nozzle for gas turbine engines wherein the minimum 
?ow area or throat of the nozzle is varied by an annular ar 
rangement of flaps whose downstream ends lie in an‘ annulus 
de?ning said throat and which are pivoted at their upstream 
ends to a jet pipe, and wherein there is provided in respect of 
each flap a mechanism connecting the flaps to a shroud sur 
rounding the ?aps such that if the shroud is moved axially the 
?aps are pivoted to vary the diameter of said throat, charac 
terized in that the shroud comprises a conical arrangement of 
walls extending at a boat tail angle from the position of max 
imum throat diameter to a larger diameter upstream thereof, 



3,643,868 
3 

each of the walls extending between two adjacent said 
mechanisms, and wherein there is provided in respect of each 
mechanism an elongate housing connected between the ad 
jacent walls and extending radially outwards therefrom to en 
close the mechanism. 

2. A jet nozzle according to claim 1 wherein the mechanism 
comprises a cam secured to the flap and a roller supported for 
rotation within the strake, the cam extending into the strake 
through a gap between the adjacent walls and cooperating to 
pivot the ?ap when the shroud is moved. ' 

3. A jet nozzle according to claim 1 comprising in respect of 
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4 
each said wall a platelike member supported on the wall for 
sliding motion towards and away from the apex of the conical 
arrangement of the walls, and means for moving the members 
relative to the walls, thereby to vary the length of the boat tail 
de?ned by the walls. 

4. A jet nozzle according to claim 3 wherein each said 
member is connected to thejet pipe by a link so that said rela 
tive movement of the members is effected by the movement of 
the shroud. 


