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This inventionrelates to jet propulsive nozzles of »the 
variable area type, land more particularly> concerns jet 
propulsive nozzles having automatic control means for 
variably adjusting or controlling the eiîective throat and/ 
orexilt area of rthe nozzle responsive to the air and/ or 
gas ñow conditions through the nozzle. 
The lamount «of jet propulsive power or thrust from 

a propulsion nozzle is partially dependent on the effective 
throat area for the propuls-ive iai-r and/ or gas flows passing 
through the nozzle, as well »as the veloci-ty and static 
pressure of the exhausting air yand/ or gases therethrough 
land the .accomplishment of complete expansion thereof 
at the nozzle exit; or in other words, that the exhausting 
gases are not over-expanded or under-expanded at the 
nozzle exit. In deñnition, the term “over expansion” in 
dicates «the condition where the exhaust gases have ex 

~ panded s'uñ’iciently -to reduce the static pressure to ambient 
pressure before the gases have passed the nozzle exit, 
Whereas the term “under expansion” «indicate the condi 
tion whereby the exhaust gases have not expanded sut’li 
ciently to reduce fthe static pressure to ambient pressure 
before the gases have passed the nozzle exit. 

Notwithstanding that variable area jet nozzles are` 
known in the prior art, such can .be divided into two 
indicative types of control, namely those having tine po 
sitional adjustments «and control, and those having ap 
proximate positional 'adjustments and controls. Those 
variable area nozzles having fine positional adjustments 
and control are usually an integral part of the overall 
power-plant control systemgand represent Ia complicated 
control mechanism attached .to ‘an already complicated 
engine control system whereby the effective tarea of the 
nozzle is dictated and controlled by a plunali-tyof engine 
parameter sign-als from various locations in the power 
plant yas sensed by the engine control system. Although 
this results inA very precise nozzle control 'for elfecting 
efficient nozzle operation, there is great complexity con 
cerned. ‘Such complexity is dispensed within those types 

‘ 'of variable nozzles having approximate positional con-` 
trols whereby the nozzle is positioned by such means as 
the setting of the pilot’s quadrant throttle control, ¿the 
amount of turbine' lback pressure, or being positioned'in 
response yto a powerplant temperature parameten'etc. 

' `It is realized that la `simple and eilicient powerplant 
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installation is »achieved by an eñicient land exacting con- ' 
trol over the expansion of the propulsive gases throughl 
the nozzle, provided Athe cfñcient expansion control does 
not add undue or unnecessary complexity to an already 
complicated engine control system.v Y 

Accordingly, it is an object of this invention yto pro 
v-ide «a variable ̀ area nozzle having a convergent-divergent 
passage wher-ein the effective throat area is ,automaticallyy 
established by control means responsive ‘to `air or gas ilow 
conditions through the nozzle throat y .and upstream 
thereof, ‘ 

It is a further object of .this invention topr-ovide a 
variable area propulsive nozzle ‘wherein‘the diverging 
portion of the nozzle is automatically controlled to ac 
complish complete expansion of the air or gas ñow there~ 
through at the nozzle exit. n I 

’ It is still another object of this invention to provide ya 
multipassaged variable area propulsive nozzle having 
simplified individual control means for automatic posi 
tioning of` a nozzleconñning member in each of the 
nozzle passages should a condition of over-expansion ’or 
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under-expansion of the fluid How occur .at the nozzle 
exit, such positioning control means being actuated and 
controlled by the iluid flow conditions through the nozzle. 
, A still further object of this invention is to provi-de a 
variable 'area propulsive nozzle having .a plurality of 
pivotal vane members whereby one of the vane members 
is of variable size to control the effective nozzle throat 
area. 

=It is a still further object of ̀ this invention to provide 
Áa variable areal propulsive nozzle having a plurality of 
pivot-al vane members whereby positioning of one of the 
vane members establishes the effective nozzle throat «area 
and direction of exhaust efllux, while yadjacent nozzle 
vanes are positionally pivotally adjustable for elïecting 
changes in the divergent nozzle passages to Iaccomplish 
complete expansion of air or gas flow at the nozzle exit 
should a condition of under-expansion or over-expansion 
of the iluid flow through ̀ the nozzle occur. 

Another object of this invention is to provide a variable 
area nozzle meeting all the above objectives and having 
separately controllable vane yset-s in kside by side relation 
whereby the individu-al vane sets can be operated jointly 
or d-iiierentially for effecting aircraft maneuvering iand/ or 
trim or pitch control of »the aircraft. v , 

Ovt-her objects and Iadvantages will become apparent 
from :the following description taken in connection with 
the accompanying drawings in which: . 
FIGURE l is a vertical cross-sectional view of one 

embodiment of a nozzle of this invention showing the 
control means for adjusting the effective nozzle areas -by 
expansion ,or contraction of the central vane ‘and pivotal 
positioning «of the upper and lower vanes; ’ 
` `FIGURE 2 is ya partial cross-section plan view of the 
nozzle of FIGURE l taken along line 2--2 of FIGURE 
3, with a portion ‘broken ‘away to more celarly show 
further details of the nozzle; ~ 
FIGURE 3 is Ia View of «the nozzle of FIGURE l taken 

along line 3-‘3 of FIGURE 2; _ Y 

FIGURE 4 is a diagrammatic view of the lnozzle of 
FIGURE 1 showing 'the lpositions of lthe movable ele 
ments of the nozzle of FIGURE 1 for effecting a down 
ward directed thrust for trimming eifect of the aircraft; 
and 
FIGURE 5 is a diagrammatic view showing the rela 

tive positions ofl the movable members of the nozzle 
shown in FIGURE 1 at an aircraft velocity of Mach l, 
with and without thrust `augmentation operation. 

Generally stated, the invention comprises a propulsive 
nozzle having right and left sides, each side consisting of 
a central vane land top and bot-tom vanes, all of which can 
be rotated »about their‘individual axes. The central vane 
isî split so that it can be expanded or contracted to vary 
or adjust the effective nozzle throat area, while the top 
and bottom vanes of each nozzle side are independently 
adjustable rotationally to vary or adjust the nozzle exit 
areas. lThe right and left sides of the nozzle can be con 
trolled for movement independently, concurrently, or dif 
ferentially to accomplish roll, pitch, and turn trim of the 
aircraft. Thecentral vane in cach nozzle side is pivotally 
mounted about its axis to control direction of the pro 
pulsive jet stream and is split to permit expansion and 
contraction for control of the size of the throat opening, 
the size of the throat opening being regulated to the cor- ` 
rect value by expansion or contraction of eachv of the 
central vanes under control of a pneumatic servo relay 
valve. The airplane may be caused to Vturn by biasing the 
right 'and left side pneumatic servo relay valves oppositely, 
causing -an unbalance of throat areas laterally whereby 
the mass ilow will become greater on one side, and less ' 
on the other. ` 
The top and bottom vanes assume correct positions 

in accordance with the position of the central varies auto 
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rmatically as the margin of the efñux stream departs from 
the line of contour of the `top and bottom vane surfaces 
at the trailing edge if the nozzle is over- or under-expand 
ing. The departure affects outlet pressure taps on the 
top and bottom vanes so that the relay valve restores the 
position of the vane to one of correctness. For example, 
if the automatic pilot moves the central vane 10° down, 
the core of the jet stream will change direction about 
10°, and the body of the stream will be deñected some 
what less than 10°, say 7°. The 7° movement of the 
stream margins, beyond the top and bottom vanes trailing 
edges will, as above mentioned, cause the top and bottom 
vanes to move about 7°. 

Although the nozzle of this invention may be utilized 
in various installations, the details of the embodiment 
shown and depicted are those corresponding to the air 
craft shown and described in my copending application 
Serial Number 677,877, tiled August 13, 1957, and en 
titled Wingless Supersonic Aircraft. Referring to the 
drawings, and in particular to FIGURES 1, V2 and 3, a 
main propulsive gas duct 1 is contained within outer wall 
or surface structure 2. The main propulsive gas duct 1 
is formed by vertical side walls 3 and 4, upper wall 
shaping member 5 and lower wall shaping member 6, the 
walls 3, 4, 5 and 6 forming a rectangular shaped duct. 
The rectangular main propulsive gas duct 1 is divided or 
split into two substantially equal sized, juxtaposed nozzle 
portions 7 and 8 by an intermediate vertical wallmember 
9; nozzle portion 7 being formed by vertical side wall 3, 
upper and lower wall shaping members 5 and 6, and in 
termediate vertical wall 9; while nozzle portion 8 is 
formed by vertical side wall 4, upper and lower wall 
shaping members 5 and 6, and intermediate vertical 
wall9. 
Inasmuch as nozzle portions 7 and 8 are identical in 

structure and operation, speciñc details of nozzle por 
tion 7 will be discussed only, it being understood that 
such specific details are also applicable to nozzle portion 
8. Nozzle portion 7 has a central vane `assembly 10, 
upper vane assembly 11 and lower vane assembly 12, all 
of which are pivotally mounted in horizontal spaced 
relationship in nozzle portion 7, the spacings between 
central vane 10 and upper vane 11 and lower vane 12 
_forming the propulsive fluid nozzle passages 13 `and 14. 
The propulsive ñuids or gases ñowing through the pro 
pulsive ñuid nozzle passages 13 and 14 are indicated by 
4arrows 15 in FIGURE 1, such propulsive gases being 
combustion products generated by ramjet burners 16a 
and 16h, as can best be seen in FIGURES 1 and 2, or 
any other appropriate air or gas flow generating means. 
Details of the burners 16a and 1Gb do not form a part of 
this invention andare merely indicative of any of a 
variety of a specific` ‘type of burner known >in the >prior 
art. ' . 

Central vane assembly 10i comprises a main support 
member 117 having a tapering longitudinal cross-sectional 
area, ,andV having Aa `pair of antipodal members _18 Aand. 
1,9, which are the upper and lower exhaust nozzle area 
forming members >of `central vane Áassembly 10, inter~ 
connected .therewith by a piano type hinge means 20 at 
the trailing edges of members 17, 18 and 19. A Watt 
type linkage 21 interconnects the forward or upstream 
ends of members 17, 18 and 1.9, the watt type linkage 
-21 being arranged ¿to assure equal rotation of members 
18 andv19 _around piano hinge 20 relative topmain sup 
port member 17. Upper exhaust nozzle area forming 
member 18 of central vane assembly 10 has a convex 
surface at the leading portion thereof which transforms 
into a yconcave surface at the trailing portion thereof, 
,such surface, when coacting in conjunction with the 
confronting surface of upper vane assembly 11, provid 
ing a convergent-divergent nozzle passage area 1,3. As 
>stated v-above, lower exhaust nozzle area forming mem 
.ber ¿19 is anwantipode of member 18, and coacts in con 
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4 
,junction with the surface of lower vane assembly 12 to 
form propulsive nozzle ñuid passage 14. 
The effective cross sectional areas of propulsive nozzle 

fluid passages 13 and 14 are controlled by the overall 
size or height of the central vane assembly 10, which 
is adjustable by expansion or contraction thereof. Such 
expansion or contraction is effected in the embodiment 
depicted by inilation or deflation of the central vane 
assembly 10 accomplished by passage of combustion gas 
flow in the propulsive gas duct 1 entering the central 
vane assembly 10 through an oriñce or opening 22 in 
the main support member 17 of central vane assembly 
10. This combustion gas ñow through oritice 22, as 
indicated by arrows 23 in FIGURE l, enters chambers 
Z4 and 25, chamber 24 being formed between the upper 
surface of main support member 17 and the surfaces of 
upper exhaust nozzle area forming member 18, with a 
flexible strip seal member 26 comprising the aft or rear 
ward enclosing surface of chamber 24. Chamber 25 is 
similarly formed between the lower surface of main sup 
port member 17 of central vane assembly 10 and the 
surfaces of the lower exhaust nozzle yarea forming mem 
ber 19, the aft or rearward enclosing member of cham 
ber 25 being a ñexible strip seal member 27. Commu 
nication between chambers 24 and 25 is accomplished 
by passage 28 in main support member 17 of central 
vane assembly 1t). Circular rubbing seals 17a and lineal 
rubbing seals 17b, which may be of carbon, ceramic, or 
any other appropriate rubbing seal material, are included 
in the central vane assembly 10 to reduce any pressure 
leakage from chambers 24 and 2S. 

Pressure of the combustion gases in chambers 24 and 
25, and thus the degree or amount of inflation or della 
tion of central vane assembly 10, is controlled by the rate 
of bleed or exhaust of pressure from chambers 24 and 25 
by venting the pressure through a pneumatic servo relay 
valve 29 to the atmosphere; such pressure from chambers 
24 and 25 being vented through passage 30, annular 
groove 31l in main support member 17, passage 32 from 
annular groove 31 to the hollow interior 33 of axle 34 of 
the central vane assembly 10, and conduit 35 to pneumatic 
servo relay valve 29 for release to the Iatmosphere through 
conduit 36. Piston 37 of servo valve Z9 controls the 
bleed or passage of pressure from chambers 24 and 25 
of central vane assembly 1G to exhaust conduit 36 by the 
axial movement of the piston 37 on rod or shaft 38, one 
of whose ends is connected to aneroid or bellows 39 and 
the other end connected to aneroid or bellows 40. Bel 
lows 39 is subjected to the air or combustion gas pressure 
in the duct 1 upstream of the nozzle by a conduit 41 
connected to a pressure tap in the duct upstream of the 
nozzle (not shown). Bellows 40 is responsive to the air 
or combustion gas pressure at the throat area of the noz 
zle by pressure taps 42 connected to piezometer devices 
43 and 44, piezometer device 43 combining the pressures 
from pressure taps 42 in nozzle ñuid passage 13 into one 
pressure signal being supplied to piezometer device 45 
through conduit 46, while piezometer device 44 corn 
bines the pressure signals from pressure taps 42 in nozzle 
fluid passage 14 to piezometer device 45 through conduit 
47. Piezometer device 45 combines the pressures received 
from piezometer devices 43 and 44 into one signal pres~ 
sure which is supplied to pneumatic relay valve 29 through 
conduit 48 for subjecting bellows 40 to a unitary nozzle 
throat area pressure. 

Bellows 39 and 4t? possess areas in the approximate ratio 
of .53, corresponding to the value of the critical pressure 
ratio for Mach 1 which is the velocity of the air or com 
bustion gases in the throat of the supersonic nozzle. Ac 
cordingly, with this type of control for inflation or detla 
tion of central vane assembly 10, the throat area will be 
proportioned in accordance with the supplied fluid or com 
bustion gas flow to the nozzle. 
The hereinbefore explanation of the control system for 

central vane assembly 10 is indicated as pertaining to the 
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central vane control in nozzle portion 7, and it is to be 
understood that a duplicate control system (not shown) 
is incorporated for control of the central vane assembly 
of nozzle portion 8. 

Directional control of central vane assembly 10 is ac 
complished by rotation of the main support member 17 
around stationary axle 34, supported by members 49 and 
S0, support member 49 being secured to outer wall struc 
ture 2 and is located between _vertical side wall 3 and outer 
wall structure 2, while support member 50 is secured to 
outer wall structure 2 and is located between vertical side 
wall 4 and outer wall structure 2. The main support 
member 17 of central vane assembly 10 is rotationally 
mounted around axleV 34 and supported in bearing or 
bushing 51, held by vertical side wall 3. Mounted on main 
support member 17 between outer wall or surface struc 
-ture 2 and vertical side wall 3 is a Ábell crank device 52. 
Connected to bell crank deviceV 52 .are a pair of cables 
53 which form a part of a closed cable system for rotat 
ing central vane assembly 10 around its transverse axis 
to give directional control to the combustion gases pass 
ingthrough the propulsive nozzle. ICables 53 may be 
movably controlled by an automatic pilot, or the pilot’s 
control column, or any other appropriate contro-1 means 
in the aircraft. 

‘For upward deflection of the exhaust elliux, the centr-al 
vane assembly 10 will be rotated to position 10u, as indi 
cated by the phantom lines in FIGURE l, while when 

` the central vane assembly 10 is positioned as indicated by 
phantom lines 10b of FIGURE l, Ithe exhaust gases will 
be deilected downwardly. The central vane assembly 
of nozzle- portion 8 is likewise controlled for rotation 
around a transverse axis `by a bell crank device 52 and a 
closed cable system as the control means shown _and de 
scribed for central vane assembly 10 of nozzle por 
tion 7. I 

Once the central vane assembly 10 is positioned for di 
rectional control of the exhaust eñiux and expanded to the 
proper nozzle passage crossA sectional areas in response 
to the Huid flow conditions, the upper and lower vane ¿as 
semblies, 11 and 12 respectively, ̀ are then automatically 
positioned to accomplish complete expansion of the ñuid 
Ílow at the nozzle exit. While the control means for up 
per and lower vane assemblies 11 and 12 are identical, 
the following description pertains to the lower vane as 
sembly 12 only, it being understood that the system for 
upper vane assembly 11 is the same. 
Lower Vane assembly 12 comprises a main member 54, 

therupper surface` of which is convex shaped at its tforward 
or upstream portion ‘transforming into .a concave shape 
at the aft or downstream portion, and is yin confronta 
tion with the lower exhaust nozzle area »forming member 
19 of central vane assembly 10 -to form nozzle ñuid pas 
sage 14. Main member 54 is pivotally mounted about a 
transverse axis by a shaft end extension 55 mounted in ' 
.bearing or bushing 56 located in vertical side wall 3. 
The other end of main member 54>is interconnected with 
the main member of the lower vane assembly of nozzle 
portion 8 so as to permit relative rotation between the 
two members, the interconnection being by anappropriate 
cylinder-piston combination or any other well known 
means. 

Located within main member 54 is a cylinder 57 having 
a pneumatic relay valve piston 58 therein. Valve shank 

> 59 connected to valve piston 58, controls the air bleed 
from a servo air cavity 60 through passage 61 and vent 
passage 62 open to the atmosphere. A metered ilow of 
high pressure combustion gases is supplied to servo air 
cavity 60 4through a metering oriñce 63 upstream of the 
nozzle. Rubbing seals _54a vand 54b are provided to 
reduce pressure leakage from servoair cavity 60. 
The amount of pressure bleed from the metered ñow in 

servo air cavity 6€) is controlled by the position of valve 

10 

6 
valve piston 58, one face of which ,is vented to the »ambient 
static air p-ressure through ori-tice 64 which is open to 
ambient pressure, and the other face is subjected to the 
margin pressure of the efflux stream at the trailing edge 

»of the lower vane assembly 12 by a plurality of outlet 
pressure taps 65 located along the downstream tip of 
main member 54. ' 

If the position of lower vane assembly 12, with respect 
to central vane assembly 10, is such that the propulsive 
eliiux through nozzle fluid passage 14 is under-expanding 
or over-expanding, the pressure transmitted to the side 
of valve piston 58 by outlet pressure taps 65 will be 

n affected with a resultant out of balance with the ambient 

20 

25 

30 

40 

50 

60 

static air pressure> on the other side of valve piston S8 
through oritìce 64. If the nozzle passage 14 is such to 
allow the propulsive efñux to over-expand therein, or in 
lother words the efflux pressure is lowered to ambient pres 
sure to achieve complete expansion in the nozzle diverging 
area before passage of the efflux at the nozzle exift, the 
resulting pressure signals through pressure taps 65‘will 
rbe reduced permitting the relay valve piston 5‘8 and valve 
shank 59 to move in a rearward direction thereby com 
municating passage 6‘1 and vent passage 62 for venting 
the high pressure ailr in servo air cavity 60 t0 the at 
mosphere. This in turn will permit the lower vane as 
sembly 12 to rotate in a clockwise direction as seen in 
FIGURE l thereby reducing the eifective exit area of 
propulsive nozzle fluid passage 14. 
On the other hand should the exit of propulsive nozzle 

ñuid passage 14 be too small so as to permit the propulsive 
efflux to pass through »the nozzle exit at a static pressure t 
level above ambient pressure, the outlet pressure taps 65 
will sense a pressure increase from the efflux spilling over 
the trailing edge of lower vane assembly 12 causing pneu 
matic relay valve piston 58 and valve shank 59 to move 
in a forward direct-ion to close communication between 
passage 61 and vent 62. This builds up the pressure 
in servo air cavity 60, causing the main member 54 of 
lower vane assembly y12 to rotate in a counterclockwise 
direction, as viewed in FIGURE 1, for opening the pro 
pulsive nozzle ñuid passage y14 to a position to give an 
elïective nozzle exit area increase over the throat to allow 
complete expansion of the efflux at the nozzle exit. Thus, 
idepending upon the expansion ñow conditions in the 
nozzle passages, the upper and lower vane assemblies 11 
and 12 respectively will automatically position themselves 
for complete propulsive efñux expansion at the nozzle exit, 
such positioning being independent of any control sys-'f 
tems or linkages of central vane assembly 10. 

It is to be understood .that the upper vane assembly 
11 has an identical system incorporated therein as de 
scribed for lower vane assembly 12 which operates in 
fthe same manner. 

By the interaction of the upper and lower vane assem-V 
blies 11 and 12 becoming automatically positioned with 
respect to central vane assembly 10 and the nozzle ilow 
conditions', when central vane assembly 10 is positioned 
as indicaited by phantom lines 10a of FIGURE 1, upper 
vane assembly 111 will adjust to the position indicated by 
phantom lines 11a while lower vane assembly 12 will ad 
just to the position indicated by phantom lines 12a. Like 
wise, when lcentral vane assembly 10 is positioned as 
indicated by phantom lines 10b, the upper vane assembly 
i11 will adjust to the position indicated by phantom lines 
11b, and the lower vane assembly 12 will adjust to the 
position indicated by phantom lines 12b. y 
1 FIGURE 4 depicts the relative positional relationships 
between central vane assembly l10 and upper andlower 

" vane assemblies 11 and 12 when the nozzle is directing 

piston 58 and valve shank 59, such position affected by the » 
balance or unbalance of pressures on opposite faces.. of 75 

the propulsive efñux in a downward direction as compared 
to a straight aft or rearward discharge when the assem 
blies would be in positions >as indicated by phantom lines 
10c, 11C and 12e` respectively. 
FIGURE 5 depicts schematically the positional relation 

ships between centralvane assembly 10‘ and‘upper and 
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lower vane assemblies 11 and '12 when the aircraft is oper 
ating on thrust augmentation having a high velocity, 
large mass efilux as indicated by arrows 66, and when the 
aircraft is on normal powerplant operation without thrust 
augmentation having a relatively low velocity, small mass 
efflux as compared to thrust augmentation operation and 
indicated by arrows 67, whereupon the nozzle vane mem 
bers are located in the phantomed positions indicated by 
10d, 11d and 12d respectively. Thus, for the low velocity, 
small mass efliux resulting in relatively lower thrust, the 
central vane assembly -19 is expanded to phantom position 
10d to reduce the throat‘areas, while upper and lower 
vane assemblies 11 and 12 are rotationally adjusted to 
phantom positions 11d and 12d respectively for reduction 
of the nozzle exit areas. For high velocity, high mass 
efñux resulting in high thrust output, the central vane 
assembly 10 is deflated or contracted for increase of throat 
areas and upper vane assembly 11 is repositioned in a 
clockwise direction and lower vane assembly 12 is reposi 
tioned in a counterclockwise direction for increase of 
nozzle exit areas whereupon the vane assemblies are read 
justed to the positions indicated by solid lines lil, 11 and 
12. 

In operation with'a fluid flow from duct Á1 through the 
nozzle, the direction of efflux from the nozzle is controlled 
by the rotation of central vane assembly 1i) aroundaxle 
34 by cables 53 and bell crank 52. Variable throat area 
sizes are accomplished by expansion and contraction of 
chambers 24 and 25 in central vane assembly 10. Such 
expansion and contraction is controlled by bleed of pneu 
matic pressure supplied to chambers 24 and 25 by passage 
of the fluid pressure in duct .1 into chambers 24 and 25 
through metering orifice 22; such pressure bleed accom 
plished by pneumatic servo relay valve 29 controlled by 
the ratio of the static pressures in the nozzle throats and 
duct 1 upstream of the throats. 

Concurrently with the control of effective throat areas 
responsive to the fluid fiow conditions, control is effected 
of the degree of efiiux expansion at the nozzle exit by 
control of the nozzle exit areas. This control is accom 
plished by »the degree of pressure bleed from a servo air 
cavity in each of the upper and lower vane assemblies 
11 and 12, the bleed from servo air cavity in lower vane 
assembly 12 controlled by the balance or unbalance of 
pressures on opposite faces of pneumatic relay valve pis 
ton 5S; the pressure on one face being the ambient pres 
sure through orifice or passage 64, and the pressure on 
the other face indicating a nozzle efflux margin displace 
ment relative to pressure taps 65. lf the nozzle exit 
areas are such that the efflux expansion at the nozzle exit 
is other than complete expansion thereat whereby the 
efflux static pressure is equal to the ambient pressure, the 
appropriate vane assembly adjacent the central vane as 
sembly 10 will thus automatically increase or decrease the 
nozzle exit area to the point where complete eñlux ex 
pansion is accomplished at the nozzle exit. Wi-th separate 
controls for each of the nozzle exit areas (one exit area 
being defined by central vane assembly l0 and upper vane 
assembly 11, while the other exit area being defined by 
central vane assembly 10 and lower vane assembly 12), 
each exit area is controlled independently of and concur 
rently with the other. 

Thus, it can be seen that I provide a propulsive nozzle 
having right and left sides which can be moved, adjusted 
or controlled independently or differentially, similar to 
elevons, for roll, pitch >and turn trim control of the air 
lcraft. The throat and exit areas of the nozzle are in 
dependently adjustable in accordance with altitude, air 
flow and pressure ratio conditions in the nozzle, the con 
trol and direction of the propulsive jet stream and the 
size of the throat areas being regulated by the expansion 
or contraction of the split central vane. The top and 
bottom vanes of each nozzle portion automatically adjust 
to the correct positions by independent pneumatic con 
trol systems in accordance with the position of the cen 
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8 
tral varie of each nozzle portion and the fluid flow con 
ditions through the nozzle exits, the margin of the efflux 
stream departing from the line of contour of the vane 
surfaces at the nozzle exit if the nozzle is over- or 
under-expanding. When such over- or under-expansion 
occurs, the departure of the efliux stream from the con 
tour of the upper or lower vane surfaces affects the pres 
sure at the outlet pressure taps so that the pneumatic re 
lay system restores the position of the vane to one of 
correctness automatically. 

It is, of course, intended to cover by the appended 
claims all such modiñcations and equivalents as fall with 
in the true spirit and scope of this invention. 
What is claimed is: 
l. A converging-diverging variable area propulsive 

nozzle passage vcombination comprising a first and a 
second vane members in parallel confrontation forming 
opposing portions of the nozzle passage `defining struc 
ture, the confronting surfaces of said first and second 
vane members both shaped to present convex surfaces at 
their yupstream portions transforming to concave surfaces 
at their downstream portions, the first vane member being 
pivotable about its trailing edge with respect to the other 
vane member for varying the effective throat area of 
the nozzle passage, the second vane member being piv 
otable about the axis of its convex portion with respect 
to the first vane member `for varying the effective exit 
area of the nozzle passage. 

2. A converging-diverging variable area propulsive 
nozzle passage combination comprising a first and second 
vane members in parallel confrontation `forming oppos 
ing portions of the nozzle passage defining structure, 
the confronting surfaces of said first and second vane 
members both shaped to present convex surfaces at their 

. upstream portions transforming to concave surfaces at 
their downstream portions, the first vane member being 
pivotable about its trailing edge with respect to the other 
vane member for varying the effective throat area of 
the nozzle passage, the second vane member being 
pivotable about the axis of its convex portion lfor Vary 
ing the effective exit area of the nozzle passage, and 
means responsive to fluid flow pressure conditions through 
the nozzle controlling the position of the first vane 
member. 

3. A convergingdiverging variable area propulsive 
' nozzle passage combination comprising a first and second 
vane members in parallel confrontation yforming oppos 
ing portions of the nozzle passage defining structure, 
the confronting surfaces of said first and second vane 
members both shaped to present convex surfaces at their 
upstream portions transforming to concave surfaces at 
their downstream portions, the first vane member being 
pivotable about its trailing edge with respect to the other 
vane member for varying the effective throat area of 
the nozzle passage, the second vane member being 
pivota‘ble about the axis of its ‘convex portion for vary 
ing the effective exit area of the nozzle passage, and 
means responsive to the propulsive eiliux pressure at the 
nozzle exit controlling the position of the second vane 
member. 

4. A converging-diverging variable area propulsive 
nozzle passage combination comprising a first and second 
vane members in parallel confrontation Aforming oppos 
ing portions of the nozzle passage defining structure, 
the confronting surfaces of said first and second mem 
bers ‘both shaped to present convex surfaces at their 
upstream portions transforming to concave surfaces at 
their downstream portions, the first vane member being 
pivotable about its trailing edge with respect to the other 
vane member for varying the effective throat area of 
the nozzle passage, the second vane member being 
pivota‘ble about the axis of its convex portion for vary 
ing ̀ the effective exit area of the nozzle passage, a first 
means responsive to fluid flow conditions through the 
nozzle controlling the position of the ñrst vane member, 
and second means Iresponsive to the propulsive efliux pres 
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sure at the nozzle exit controlling the position of the 
second vane member. j ` 

5. A converging-diVergin-g variable area propulsive 
nozzle passage combination comprising a first and second 
vane members in parallel confrontation forming oppos 
ing-portions of thenozzle passage defining structure, 
vthe confronting surfaces of said first and second vane 
members both shaped to present convex surfaces at their 
upstream portions transforming to concave surfaces at 
their downstream portions, the first vane member being 
pivotable about its trailing edge with respect to the other 
vane lmember for varying the effective `throat area of 

Athe nozzle passage, the second vane memlber being 
pivotable about the axis of its convex portion -for vary 
ing the effective exit area of the nozzle passage, a first 
means responsive to Huid flow conditions through the 
nozzle controlling the position of the first vane member, 
a second means for controlling the position «of the sec 
ond vane member comprising saidsecond vane mem 
ber combining with the nozzle defining structure to form 
an air cavity of variable volume as the second vane 
member pivotally -readjusts relative to the nozzle defin 
ing structure, a first passage means conducting a por 
tionv of the pressurized nozzle fluid flow from upstream 
of the nozzle passage to said cavity, a second passage 
means venting the fluid from said cavity to the atmos 
phere, and a valve means lresponsive to the propulsive 
efflux pressure at the nozzle exit controlling the venting 
fluid flow in the second passage means for positioning „ 
said second vane member to a position for a maximum 
thrust exit area. 

6. rA converging-diverging variable area propulsive 
nozzle combination comprising a central vane of at least 
two parts extending horizontally across the nozzle open 
ing, second and third vanes disposed parallel to and one 

‘ on each side of said central vane, said central vane having 
an upper surface member in confrontation to the lower 
surface of the »second vane mem-ber and a lower surface 
member in confrontationto the upper surface of the third 
vane member, all of said confronting-surfaces shaped to 
present convex surfaces at their upstream portions trans 
forming to concave surfaces at their downstream portions, 
each of the upper and lower surface members of the cen 
tral vane being pivotable about their trailing edges relative 
to their individual confronting second and third vane 
members for varying the effective throat areas of the 
nozzle passages, said second and third vane members be 
ing each individually pivotable about the axis of its con 
vex portion for varying the effective exit areas of the 
nozzle passages independently without changing the nozzle 
throat areas, and means for effecting concurrent pivotable 
movement of the upper and lower surface members of the 
central vane relative to the confronting second and third 
vane members, the directions of both concurrent pivotal 
movements of .the upper and lower surface members of 
the central vane relative to the confronting second and 
third vane members -being the same whereby variations in 
the effective nozzle throat areas occur simultaneously. 

7. A converging-diverging variable , area propulsive 
nozzle combination comprising structure defining a nozzle 
duct and opening, a central vane assembly extending hon' 
zontally across the nozzle opening, said central vane as- l 
semblyfcompr-ising a main member, a first nozzle passage 
forming member adjacent the upper surface of said main 
member in confrontation with a portion of the nozzle 
defining structure forming .both a first nozzle pass-age area 
with its confronting portion of thenozzle defining struc 
ture and a chamber between it and the main member, a 
second nozzle passage forming member adjacent the lower 
surface of said main member in confrontation with a por 
tion of the nozzle defining structure forming both a second 
nozzle passage area with its confronting portion of the 
nozzle defining structure and a chamber between it and 
the main member, said »first and second nozzle passage 
forming members being pivotally interconnected with the 
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main member at the downstream portions thereof allow 
ing the volume of said chambers to vary 'by rotation of the 
first and second nozzle forming members relative to said 
main member and each other, a first passage means con 
ducting a portion of the pressurized nozzle fluid flow from 
upstream of the central vane member to the chambers, a 
pneumatic servo relayvalve, -a second passage means con 
ducting fiuid from the chambers to said pneumatic servo 
relay valve, said pneumatic servo relay valve responsive 
to the ratio of the nozzle fluid flow pressures upstream 
of the central vane and within the nozzle passage areas 
«whereby the effective throat areas of the nozzle passage 
areas are varied by inflation or defiation of the central 
vane assembly through bleed of Ifluid from- said chambers 
controlled by «the pneumatic servo relay valve Vresponsive 
to fluid flow conditions through the nozzle. » 

8, A converging-diverging variable area propulsive 
nozzle combination comprising a central vane of at least 
two parts extending horizontally across the nozzle open 
ing, second and third vanes disposed parallel to and one 
on each side of said central vane, said central vane having 
an upper surface member in confrontation to the lower 
surface of the second vane member and a lower surface 
member in confrontation to Ythe upper surface of the third 
vane’mem'ber, all of said confronting surfaces shaped to 
present convex surfaces at their upstream portions trans 
forming to concave surfaces at their downstream portions, 
each of the upper and lower surface members of the cen 
tral vane being pivotable about their trailing edges rela 
tive to their individual confronting second and third vane 
members for lvarying, the effective throat areas of the 
nozzle passages, said second and third vane members be 
ing each individually pivotable about the axis of its convex 
portion for varying «the effective ex-it areas of the nozzle 
passages independently without changing the nozzle throat 
areas, means for effecting concurrent pivotable movement 
of the upper and lower surface members of the central 
vane relative to the confronting second and third vane 
members, the directions of both concurrent pivotal move 
ments of the upper and lower lsurface members of the 
central vane relative to the confronting second and third 
-vane mem-bers being the same whereby variations in the 
effective nozzle throat areas occur simultaneously, and 
means responsive to the ratio of pressures of the fluid flow 
upstream of the nozzle passage areas and in the nozzle 
passage areas controlling said means for effecting the con' 
current pivotal movements of the upper and lower surface 
members of the central vane relative to the confronting 
second and third vane members. 

9. A converging-diverging variable area propulsive 
nozzle combination comprising a central vane assembly 
extending horizontally across the nozzle opening, second 
and third vanes disposed parallel to and one on each side 
of said central vane assembly, said central vane assembly 
having a main member, an upper surface member adja 
cent the upper surface of said main member in confronta 
tion to the lower surface of the second vane member, said 
upper-surface member forming a chamber between said 
upper surface member and main member, a lower surface 
member adjacent the lower surface of said m-ain member 
vin confrontation to theupper surface of the third vane 
member, said lower surface member’ forming a chamber 
between the lower surface member and main member, all 
of lsaid confronting surfaces shaped to present convex sur 
faces at their upstream portions transforming to concave 
surfaces at their downstream portions, each ofthe upper v l 
and lower surface members of the central -vane assembly 
being pivotally interconnected with the main member at 
the trailing edges thereof, said pivotal interconnection 
allowing said upper and lower surface members to rota 
tionally »adjust about their trailing edges relative tok their 
individual confronting second and third vane members 
and the main member thereby varying the effective throat 
areas of the nozzle passages, such rotation of the upper 
and lower surface members relative to said main member 
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and each other varying the volumes of said chambers, a 
first passage means in the main member conducting a 
por-tion >of the pressurized nozzle fluid flow from upstream 
of the central vane assembly to the chambers, a pneumatic 
servo relay valve, a second passage means conducting fluid 
from the chambers to said pneumatic servo relay valve, 
said pneumatic servo relay valve responsive to the ratio 
of pressures of the nozzle fluid flow upstream of the cen 
trai vane assembly and in nozzle passage throats whereby 
the effective throat areas of the nozzle passages are varied 
by inflation or deflation of the central vane assembly 
through bleed of fluid from said chambers controlled by 
the pneumatic servo relay valve responsive to fluid flow 
conditions _through the nozzle, said second and third vane 
members being each individually pivotable about the axis 
of its convex portion for varying the effective exit areas 
of the nozzle passages independently without changing the 
nozzle throat areas, and means for effecting concurrent 
pivotal movement of the upper and lower surface mem 
bers of the central vane assembly relative to the confront 
ing _second and third vane members, the directions of both 
concurrent pivotal movements of the upper and lower 
surface members of the central vane assembly relative to 
the ,confronting second and third vane members being theV 
same whereby variations in 4the eñective nozzle throat 
areas occur simultaneously. 

l0. A converging-diverging variable area propulsive 
nozzle combination comprising structure defining a nozzle 
duct and opening, a central vane of at least two parts 
extending horizontally across the nozzle opening, second 
and third vanes disposed parallel to and one on each side 
of said central vane, said central vane having an upper 
surface member in confrontation to the lower surface of 
the second vane member and a lower surface member in 
confrontation to the upper surface of the third vane mem-` 
ber, all of said confronting surfaces shaped to present 
convex surfaces at their upstream portions transforming 
to concave surfaces at their downstream portions, each 
of the upper and lower surface members of the central 
vane being pivotable about their trailing edges relative 
to their individual confronting second and third vane 
members for varying the effective throat areas of the 
nozzle passages, means for effecting concurrent pivotable 
movement of the upper and lower surface members of the 
central vane relative to the confronting second and third 
vane members, the directions of both concurrent pivotal 
movements ,of the. upper and lower surface members 
of the central vane relative to the confronting second and 
third vane members being the same whereby variations 
in the _effective nozzle throat areas occur simultaneously, 
each of said second and third vanes being individually 
pivotable about the axis of its convex portion and corn 
bining with their respective adjacent nozzle defining struc 
ture to form an air cavity of variable volume as the sec 
ond and third vanes rotatively readjust relative to the 
nozzle defining structure, a first passage means in each 
of said second and third vanes conducting a portion of 
pressurized nozzle fluid lflow from upstream of the noz 
zle passages to said cavities,l a second passage means 
venting the fluids from said cavities to the atmosphere, 
and a valve means in each of the second passage means 
controlling the venting of fluid flow from both said sec 
ond passage means for positioning said second and third 
vane members independently without changing nozzle 
throat areas to positions for maximum thrust exit areas. 

l1. A convergingdiverging variable area propulsive 
nozzle combination comprising structure defining a noz 
zle duct and opening, a central vane of at least two 
parts extending horizontally across the nozzle opening, 
second and third vanes disposed parallel to and one on 
each side of said central vane, said central vane having an 
upper surface member in confrontation to the lower sur 
face of the second vane member and a lower surface 
member _in confrontation to the upper surface of the 
third vane member, all of said confronting surfaces 
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shaped to present convex surfaces at their upstream por 
tions transforming to concave surfaces at their down 
stream portions, each of the upper and lower surface 
members of the central vane being pivotable about their 
trailing edges relative to their individual confronting sec 
ond and third vane members for varying the effective 
throat arcas of the nozzle passages, means for effecting 
concurrent pivotable movement of the upper and lower 
surface members of the central vane relative to the con 
fronting second and third vane members, the directions 
of both concurrent pivotal movements of the upper and 
lower surface members of the central vane relative to 
the confronting second and third vane members being 
the same whereby variations in the effective nozzle throat 
areas occur simultaneously, each of said second and third 
vanes being individually pivotable about the axis of its 
convex portion and combining with their respective ad 
jacent nozzle defining structure to form an air cavity 
of variable volume as the second and third vanes ro 
tatively readjust relative to the nozzle defining structure, 
a first passage means in each of said second and third 
vanes conducting a portion of pressurized nozzle fluid 
flow from upstream of the nozzle passages to said cavi 
ties, a second passage means venting the fluids from said 
cavities to the atmosphere, and a servo relay valve re 
sponsive to the ratio of pressures between the margins 
of the nozzle efflux at the nozzle exits and the atmosphere 
controlling the venting fluid flows in both second passage 
means for positioning said second and third vane mem 
bers independently without changing nozzle throat arcas 
to positions for maximum thrust exit areas. 

l2. A converging--diverging variable area propulsive 
nozzle combination comprising structure defining a nozzle 
duct and opening, a central vane of at least two parts 
extending horizontally across the nozzle opening, second 
and third vanes disposed parallel to and one on each side 
of said central vane, said central vane having an upper 
surface member in confrontation to the lower surface of 
the second vane member and a lower surface member 
in confrontation to the upper surface of the third vane 
member, all of said confronting surfaces shaped to pre 
sent convex surfaces at their upstream portions trans 
forming to concave surfaces at their downstream por 
tions, each of the upper and lower surface members 
of the central vane being pivotable about their trailing 
edges relative to their individual confronting second and 
third vane members for varying the effective throat areas 
of the nozzle passages, means for effecting concurrent 
pivotable movement of the upper and lower surface mem 
bers of the central vane relative to the confronting sec 
ond and third vane members, the directions of both con 
current pivotal movements of the upper and lower surface 
members of the central vane relative to the confronting 
second and third vane members being the same whereby 
variations in the eñective nozzle throat areas occur si 
multaneously, means responsive to the ratio of pressures 
of the fluid flow upstream of the nozzle passage areas 
and in the nozzle passage areas controlling said means 
for effecting the concurrent pivotal movements of the 
upper and lower surface members of the central vane 
relative to the confronting second and third vane mem 
bers, each of said second and third vanes being indi 
vidually pivotable about the axis of its convex portion 
combining with their respective adjacent nozzle defining 
structure to form an air cavity of variable volume as the 
second and third vanes rotatively readjust relative to 
the nozzle defining structure, a first passage means in 
each of said second and third vanes conducting a portion 
of pressurized nozzle fluid flow from upstream of the 
nozzle passages to said cavities, a second passage means 
venting the fluids from said cavities to the atmosphere, 
and a valve means in each of the second passage means 
controlling the venting of fluid flow from both said sec 
ond passage means for positioning said second and third 
vane members to positions for maximum thrust exit areas. 
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13. A converging-diverging variable area propulsive 
nozzle combination comprising structure defining a nozzle 
duct and opening, a central' vanefof at least two parts ex 
tending horizontally across the nozzle opening, second 
and third vanes disposed parallel to and one on each 
`side of said central vane, said central vane having an 
upper surface member in confrontation to the lower sur 
face of the second vane membersand a lower surface 
member in confrontation to the upper surface of the third 
vane member, all of said confronting surfaces shaped to 
present convexsurfaces at Atheir upstream portions trans 
forming to concave surfaces at >their downstream por 
tions, each of the upper and lower surface members of 
the central vane being pivotable about their trailing edges 
relative to `their individual confronting second and third 
vane' members for varying the effective throat areas of the 
nozzle passages, means for effecting concurrent pivotable 
movement of the upper and lower surface members of 
the central vane relative to the confronting second and 

' third vane members, the directions of both concurrent 
pivotal movements of the upper and lowersurface mem 
bers of the central vane relative >to the confronting sec 
ond and ‘third vane members' being the same whereby 
variations in the effective nozzle throat areas occur simul 
taneously, means responsive to the ratio of pressures of 
the fluid flow upstream of the nozzle passage areas and in 
the nozzle passage areas controlling said means for eífect- ' 
ing pivotable movements of the upper and lower surface 
members of the central vane relative to the confronting 
second and third vane members, each of said second and 
third vanes being individually pivotable about the axis of 
its convex portion and combining with. their respective ad 
jacent nozzle definin‘g structure to form an air cavity ofk 
variable volume as the Ísecond and third vanes rotatively 
readjust relative to the nozzle defining structure, a first 
passage means in ‘each ofY said second and third ̀ vanes 
conducting a portion of pressurized nozzle fluid flow'from 
upstream of the nozzle passages to saidcavities, a second 
passage means venting the fluids from said cavities to 
the atmosphere, and a servo relay valve responsive to the 
ratio of pressures between the margins of the nozzle ef 
flux at the nozzle exits and the atmosphere controlling the 
venting fluid flows in both second passage means for posi 
tioning said second and third vane members independ 
ently without changing nozzle throat areas to positions 
for maximum thrust exit areas. 

14. A converging-diverging variable area propulsive 
“fiozzle combination comprising structure defining a nozzle 
duct and opening, a central vane assembly extending 
horizontally across the nozzle opening, second and third 
vanes disposed parallel to and one on each side of said 
central vane assembly, said central vane assembly having 
a main member, an upper surface member adjacent the 
upper surface of said main member in confrontation to the 
lower surface of the second vane member, said upper sur 
face member forming a chamber between said upper sur 
face member and main member, a lower surface member 
adjacent the lower surface of said main member in con 
frontation to the upper surface of the third vane member, 
said lower surface member forming a chamber between 
the lower surface member and main member, all of said 
confronting surfaces shaped to present convex surfaces at 
their upstream portions transforming to concave surfaces 
at their downstream portions, each of the upper and lower 
surface members of the central vane assembly being 
pivotally interconnected with the main member at the 
trailing edges thereof, said pivotal interconnection allow 
ing said upper and lower surface members to rotationally 
adjust about their trailing edges relative to their individual 
confronting second and third vane members and the main 
member _thereby varying the effective throat areas of the 

nozzle'passages, such rotation of the upper and lower 
surface members relative to said main member and each 
other varying the volumes of said chambers, a first pas 
sage means in the main member conducting a portion of 
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the pressurized nozzle fluid flow from upstream of the 
central vane assembly to the chambers, a pneumatic servo 
relay valve, a second passage means conducting fluid 
from the chambers to said pneumatic servo relay valve, 
said pneumatic servo relay valve responsive to the ratio 
of pressures of the nozzle fluid flow upstream of the 
central vane assembly and in the nozzle passage throats ' 
whereby the effective throat'areas of the nozzle passages 
are varied by inflation or deflation of the central vane 
assembly through bleed of fluid from said chamber con 
trolled by the pneumatic servo relay valve responsive to 
fluid flow conditions through thenozzle, means for ef 
-fecting concurrent pivotal movement of the upper and> 

' lower surface members of the central vane assembly rela 
tive to the confronting second and third vane members, 
the directions of both concurrent pivotal movements of 
the upper and lower surface members of the central vane 
assembly relative'to the confronting second and third 
vane members being the same whereby variations in the 
effective nozzle throat areas occur simultaneously, said 
second and third vane members being each individually 
pivotable about the axis of its convex portion for vary 
ing the effective exit areas of the nozzle passages inde 
pendently without changing the nozzle throat areas and 
each combining with a portion of the nozzle defining 
structure to form an air cavity of variable volume as said 
second and third vane members rotatively readjust‘rela 
tive to its portion of the nozzle defining structure, a third 
passage means in each of said second and third vane 
members conducting a portion of pressurized nozzle fluid 
flow from upstream of the nozzle passages to said air 
cavities, a fourth passage means in each of the second 
and third vane members venting the fluid from said 
cavities to the atmosphere, and a valve means in each of 
said fourth passage means controlling the venting fluid 
flow in each of said fourth passage means for positioning 
said second and third vane members to positions for maxi 
mum thrust exit areas. ' 

15. A converging-diverging variable area propulsive 
nozzle combination comprising structure defining a noz 
zle duct and opening, a central vane assembly extending 
horizontally across the nozzle opening, second and third 
vanes disposed parallel to and one on each side of said 
central vane assembly, said central vane assembly having 
a main member, .an upper surface member adjacent the 
upper surface of said main member in confrontation to 
the lower surface of the second vane member, said up 
per surface member forming a chamber between said up 

t per surface member and main member, a lower surface 
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' member adjacent the lower surface of said main member 
in confrontation to the upper surface of the third vane 
member, said lower surface member forming a chamber 
between the lower surface member and main member, all 

_ of said confronting surfaces shaped to present convex sur 
faces at their upstream portions transforming to concave 
surfaces at their downstream portions, each of the upper 
and lower surface members of the central vane assembly 
being pivotally interconnected with the main member at 
the trailing edges thereof, said pivotal interconnection al 
lowing said upper and lower surface members to rotation 
ally adjust about their trailing edges relative to their in 
dividual confronting second and third vane members and 
the main member thereby varying the effective throat 
areas of the nozzle passages, such rotation of the upper 
and lower surface members relative to said main member 
and each other varying the volumes of said chambers, a 
ñrst passage means in the main member conducting a 
portion of the pressurized nozzle fluid flow from upstream 
of the central vane assembly to the chambers, a pneumatic 
servo relay valve, a second passage means conducting 
fluid from the chambers to said pneumatic servo relay 
valve, said pneumatic servo relay Valve responsive to the 
ratio of pressure of the nozzle fluid flow upstream of the 
central vane assembly and in the nozzle passage throats 
whereby the effective throat areas of the nozzle passages 
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are varied by inflation or deflation of the central vane 
assembly through bleed of ñuid from said chambers con 
trolled by the pneumatic servo relay valve responsive to 
ñuid ñow conditions through the nozzle, means for ef 
fecting concurrent pivotal movement of the upper and 
lower surface members of the central vane assembly rela 
tive to the confronting second and third vane members, 
the directions of «both concurrent pivotal movements of 
the upper and lower surface members of the central vane 
assembly relative to the confronting second and third vane 
members being the same whereby variations in the ef 
fective nozzle throat areas occur simultaneously, said sec 
ond and third vane members being each individually 
pivotable about the axis of its convex portion for varying 
the effective exit areas of the nozzle passage independent 
ly without changing the nozzle throat areas and each 
combining with a portion of the nozzle defining structure 
to form an air cavity of variable volume as said second 
and third vane members rotatively readjust relative to 
its portion of the nozzle defining structure, a third pas 
sage means in each ofsaid second and third vane mem 
bers conducting a portion of pressurized nozzle fluid 
ñow from upstream of the nozzle passages to said air 
cavities, a fourth passage means in each ofthe second and 
third vane members venting the ñuid from said cavities to 
the atmosphere, and a servo relay valve in each of said 
fourth passage means responsive to the ratio of pressures 
of the nozzle efflux from the nozzle passages at the 
margins ofthe nozzle passage areas at the nozzle exit 
and the atmosphere, said servo relay Valve controlling the 
venting fluid flows in said fourth passage means for 
positioning said second and third vane members to posi 
tions for maximum thrust exit areas. 

16. A converging-diverging variable area propulsive 
nozzle combination as claimed in claim 15 and having 
means rotatively positioning the central vane main mem 
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ber controlling the direction of nozzle efflux discharge, 
said second and third vane members repositioning auto 
matically in response tottheir individual controls to any 
new efflux’discharge direction established by the central 
vane main member whereby they thereafter maintain the 
proper nozzle exit areas for the new efflux discharge di 
rection. 

17. A converging-diverging variable area propulsive 
nozzle combination comprising a first and second nozzle 
combinations as claimed in claim 16 in side-by-side rela 
tion, and said rotatively positioning means of the central 
vane main members controllable independently whereby 
roll control can be effected by the nozzle through dif 
ferential operation of said rotatively positioning means of 
the central vane main members. 
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