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My invention relates to an exhaust nozzle for jet pro 
pulsion devices. More particularly the invention is di 
rected to an internal-ribbed nozzle having particular ap 
plication to aircraft jet engines. 
A prime object of the invention is to provide a suitable 

jet engine exhaust nozzle which may be constructed in 
a considerably shorter length than conventionally de 
signed nozzles known in the art. 

It is another object of the invention to provide such 
a nozzle which has variable area means for controlling 
the amount of expansion within the nozzle. 

Other objects and advantages of the invention will be 
come apparent during a reading of the specification. 
The nozzle of the invention includes a central three 

dimensional axially symmetric passage and a plurality of 
other passages, which are preferably substantially two di 
mensional, surrounding the central passage. The passages 
located about the central passage are formed by the side 
walls of a number of rib-iike members. Although the 
central passage and surrounding passages are not physical 
ly separated by a dividing wall, nevertheless, the respec 
tive passages are defined by the matching of longitudinal 
pressure gradients. By expanding a portion of the gas 
flow through the nozzle in the central passage and the 
remaining portion of the flow in the other passages, the 
length of the nozzle may be considerably reduced over 
that required for a nozzle with the same minimum area 
for the passage of gases having only the usual axially 
Symmetric passage. 

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

nozzle of tie invention. 
Fig. 2 is a cross-sectional view taken on the plane 

of the line 2-2 of Fig. 1. 
Fig. 3 is a cross-sectional view taken on the plane of 

the line 3-3 of Fig. 1. 
Fig. 4 is a plan development of the inside of the nozzle 

showing the spoke-like members of the nozzle. 
Fig. 5 is a longitudinal sectional view of a spoke-like 

nozzle provided with closure flaps for varying the throat 
area of the nozzle. 

Fig. 6 is a sectional view taken on the plaine of the 
line 6-6 of Fig. 5. 

Fig. 7 is a transverse sectional view taken on the piane 
of the line i-7 of Fig. 1. 

Fig. 8 is a transverse sectional view taken on the piane 
of the line S-8 of Fig. 1. 

Reference is made to Figures 1-4 inclusive of the 
drawings wherein reference character designates a coil 
verging-diverging nozzle embodying features of the in 
vention. Such nozzie has a three dimensional centrai 
axially symmetric passage 2 and a plurality of other 
longitudinally extending passages 3 disposed about the 
central passage between rib-like members 4 projecting 
rom the nozzie wall 5. As shown, the central passage 
and surrounding passages are converging-diverging in 
form. Such passages extend throughout only a portion 
of the overall length of the nozzle. The lengths of the 
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central and surrounding passages are determined by the 
lengths of the rib-like members 4, and beyond the ends 
6 of the rib-like members the central and surrounding 
passages merge. The rib-like members 4, and therefore 
the separate passages, may in theory be extended to the 
extreme end 7 of the nozzle, however, because of very 
thin rib sections which would be required at the exit, it 
is generally desirable to terminate the members 4 short 
of the end of the nozzle as shown. 
With the desicribed construction, gas flow through the 

nozzle is in part expanded in the central axially sym 
metrical passage 2, and in part in the other passages 3 
about the central passage. As shown the inside surface 
8 of the nozzle wall is parallel to the axially asymmetric 
contour defined by the rib surfaces 8; and as a result the 
pasages 3 are substantially two dimensional and expan 
sion in such passages take place circumferentially. There 
are no physical boundaries between the central passages 
2 and other passages 3. However, longitudinal pressure 
gradients between the central and other passages are sub 
stantially matched at least over most of the length of the 
rib members by properly designing the longitudinal ex 
tending passages 3 between the rib walls 9 in a well known 
manner so that there is substantially no expansion of the 
gas flow in the central passage into the other passages. 
The rib-like members 4 of the nozzle terminate a short 

distance upstream from the throat 0 of the axially sym 
metric passage. The two dimensional passages have 
throats 1: located in the vicinity of the throat 10, how 
ever, the throats 11 do not necessarily occupy the same 
longitudinal position in the nozzle as the throat 16. With 
an axially symmetric passage of a minimum length type, 
that is, such as to provide a maximum thrust in the 
shortest possible length, the throats of the two dimen 
sional passages are preferably disposed upstream from the 
throat 0 of the axially symmetric passage. This is be 
cause of an abrupt divergence at the throat of an axially 
symmertic passage of the minimum length type and a 
resulting pressure discontinuity. In order to match pres 
sures between the two dimensional passage and axially 
symmetric passage at the throat of the axially symmetric 
passage it would be necessary to have a discontinuity in 
area in each of the two dimensional passages. Such dis 
continuity in area would cause flow separation. It is 
therefore preferable to fair the rib contour over the dis 
continuity thereby placing the throat of the two dimen 
sional passage a short distance upstream from the throat 
of the axially symmetric passage. 

Reference is now made to Figures 5 and 6 showing a 
rib-like nozzle provided with structure for varying nozzle 
geometry. i.he effective throat area of such nozzle in 
cludes the throat area of the axially symmetric passage 
2 and the throat area of the two dimensional passages 
3, formed by the ribs 4 extending from the nozzle wall 
15. The throat area of the passages i3 is, however, 
readily varied as by fiaps 6 pivoted in the nozzle as 
at 7 at the upstream ends of the rib-like members 4, 
and operable between the ribs. The flaps 16 are op 
erable between closed positions in which they obstruct 
the flow of gases into the two dimensional passages such 
that the effective throat area of the nozzle is equal to 
the throat area of the axially symmetric passage 2, and 
open positions in which the flaps set in recesses 9 in 
the nozzle wall to provide a maximum effective throat 
for the nozzle. The flaps may be disposed between their 
open and closed positions to provide any intermediate 
effective throat size for the 11ozzle. Various positions of 
the flaps for controlling the effective throat area of the 
nozzle are shown in Figures 5 and 6. The flap positions 
may be adjusted in response to control signals by any 
suitable mechanism which may, for example, include the 
hydraulically operated piston 20 in cylinder 21, a ring 
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22 connected to the piston, and linkages 23, 24, and 25 
connecting the ring to each of the flaps. 

It will now be apparent that I have devised a nozzle of 
unique design which by permitting expansion through a 
central axially symmetrical passage and surrounding two 
dimensional passages, provides for a nozzle of reduced 
length. Furthermore, as indicated the nozzle may be 
readily adapted to vary its geometry, and so provide a 
nozzle which may be operated efficiently under various 
conditions. Because of the adjustable feature the nozzle 
is of course particularly suitable for use on the after 
burner of a gas turbine engine of a jet aircraft. 

It should of course be understood that this invention 
is not limited to the specific details of construction and 
arrangement thereof herein shown and described, and that 
changes and modifications may occur to one skilled in the 
art without departing from the spirit of the invention. 

claim as my invention: 
1. An exhaust nozzle for a jet engine comprising a 

nozzle wall having a plurality of rib-like members extend 
ing therefrom to define a central axially symmetric con 
verging-diverging passage and a plurality of peripheral 
converging-diverging passages about the central passage 
between the rib-like members communicating with said 
central passage, said peripheral passages being formed 
with throats disposed upstream from the throat of the 
axially symmetric passage. 

2. An exhaust nozzle for a jet engine comprising a 
nozzle wall having a plurality of rib-like members ex 
tending therefrom to define a central axially symmetric 
converging-diverging passage and plurality of peripheral 
converging-diverging passages about the central passage 
between the rib-like members and communicating with 
said central passage, the nozzle also having flaps movable 
in the peripheral passages for varying the nozzle throat 

Tea, 
3. An exhaust nozzle for a jet engine comprising a 

nozzle wall having a plurality of rib-like members ex 
tending inwardly therefrom defining a nozzle passage hav 
ing a central converging-diverging portion and a plurality 
of peripheral converging-diverging portions extending 
radially from said central portion and communicating 
therewith and disposed between said rib-like members, 
said wall extending downstream beyond said central and 
peripheral portions. 

4. An exhaust nozzle as defined in claim 3 wherein 
said rib-like members are aerodynamically contoured to 
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4. 
provide said peripheral portions adapted to substantially 
match pressures longitudinally at the boundaries of said 
central and peripheral portions. 

5. An exhaust nozzle for a jet engine comprising a 
nozzle wall of circular cross-section having a plurality of 
longitudinally disposed rib-like members extending radial 
ly inward therefrom a distance less than the radius of 
said nozzle, said rib-like members having inner faces de 
fining a central passage of first converging-diverging con 
tour and lateral faces defining with said wall a plurality 
of peripheral passages of second converging-diverging 
contour and communicating with said central passage, said 
wall extending downstream beyond said central and 
peripheral passages. 

6. An exhaust nozzle for a jet engine comprising a 
nozzle wall of circular cross-section having a plurality of 
rib-like members extending radially inward therefrom a 
distance less than the radius of said nozzle, said rib-like 
members having inner faces contoured to define a central 
converging-diverging passage having a throat, said rib-like 
members having lateral faces contoured to define a plu 
rality of peripheral converging-diverging passages having 
throats and communicating with said central passage, the 
throats of said peripheral passages being positioned up 
stream from said central throat. 

7. An exhaust nozzle as defined in claim 6, wherein 
there are disposed a plurality of flaps between said rib-like 
members, said flaps having their upstream ends pivotally 
mounted to the nozzle wall adjacent to the upstream 
ends of said rib-like members and their downstream ends 
arcuately movable between said rib-like members to vary 
the throat areas of said peripheral passages, and means 
for imparting arcuate motion to said flaps. 
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