Dec. 10, 1957 : F. L. GEARY ETAL 2,815,643
o » VARIABLE AREA NOZZLE
Filed June 29, 1951 " 8 Sheets-Sheet 1

= [1] 00 [] %g
) .
¥\ i SIS
y
[
B N
9 \| y y
¥ > N Y 3
N\ l\ll N
YRR O n ,
il 3
] g -
v N
L) Q
L R
AN
9
LI Wi\
Y ,@&
& 7
G ) [‘\)
v ¥ §

R -,
Tre v & s s
Foedes:dcse 1. Geaw-&‘;
E Y ]

WEd s devaoe Boarraaidie Tie
7 )
ok 7 e G B



JE

Dec. 10, 1957 F. L. GEARY ETAL 2,815,643
VARIABLE AREA NOZZLE ‘ S

Filed June 29, 1951 A - 8 Sheets-Sheet 2
o ge )
A e
wo {27
SO~ — . v V74
//6 s A5/
oo ey = -
PR i
= op =. _
14
() == E :
= > —
= ] o=z
“eNS &= @ » 9 B %
_ o\ — S5 P il e | T
® ﬁ :
ss— |0 7] P/ﬂ = — 1.
ez L o oy d P
a A
ES5—+ | Y.
‘ Q Q \_66 :
A @ _ P )
’ . O [Y
S5
o2 |OE
o
QP
&0 . N\l o)
6 v
™ A2 S —=
\/ -]
e ‘ “e : -
~Neg T 9t
7= Q_ S @g
) =te
—©:
| #e
2
] o=
[ — 2
/ /80 yHE
/52 . .
Irsvcsaios s

FToedoricéic V.. Gecer
Wl édzwse Crcevau Edde Tirajios s

2L Gock 11 1 (37,




F. L. GEARY ETAL "

Dec. 10, 1957

2,815,643

VARIABLE AREA NOZZLE

8 Sheets-Sheet 3

Filed June 29, 1951

@ T

=74

.

WZEZdpose Grasividée Tiray
P ok 7 W G

Tesresedoaass

Fowelosrzcic V.. Ceaas

&L/

=24

P I R A L L A R AR L AL L e m e = a AP o8 s a AR e A SR SRR AT R AT TALY

.................

ooy



Dec. 10, 1957 F. L GEARY ETAL 2,815,643

VARIABLE AREA NOZZLE

Filed June 29, 1951 8 Sheets-Sheet 4

SO
i SRE N iz
ny . » S
- 66 op SO
Ay V| e N 7=
’ &= ) S5 K e=
63 ' . / — T 84
e . N <5
Z S=2 N 5
Y/ \
' \
_ / ' . =z \
e 75
68
\ / ]
AN ¢ S 7 A o
&5 ' > i
; S = ;
== —=-2
O£ - o 6= od
\ 66 1
72 Nl e
g6 ) S5

NI H
A RPN SN (S
e R R 22 2 2 TR N 7 P77 777 2 77 7 77

S

. Iravrcreiosre
B Frea'.’e?ﬂic?c L. e
3 . : Wadidavaee Coevszdeée The & Ja~
= . % j :
. | , 04 .7t (%)



Dec. 10, 1957 F. L. GEARY ETAL 2,815,643

VARIABLE AREA NOZZLE

Filed June 29, 1951 ) 8 Sheets-Sheet 5
Efy‘ v, 0.
S
/25 29 /155
. i d

& ()

T ecsadoasrs
Foreesdcec I.. Geers ar

L Yucde W . (G~

3»7_99 wi &

Waiidervea Oivicaiiie Tearéoe Js:



Dec. 10, 1957 F. L. GEARY ETAL . 2,815,643
VARIABLE AREA NOZZLE '
Filed June 29, 1951 ' ' 8 Sheets—Sheet 6

(Z3

=50 LS Jsae sadoas
S Fredesdcit L. Geca ey

=’ <
225 . WEiddder Gz idde Thardos

2 [k, e

U?;{,?n" & &



Dec. 10, 1957 F. L. GEARY ETAL 2,815,643
VARIABLE AREA NOZZLE

Filed June 29, 1951 -8 Sheets—Sheet 7
i E’agl&: -

336 IIZ s P2
357 FoE H 2O
225 / ~ = \ 7S F57
7P | et : S
SLE—E~_f / rd ; ]
4 7 7 \ o7~
L7200 7 \ 2
.. | Azzo| [N ez s
L il 2 LY =\
— ! S© \ FOo0
FLE i—-&dﬁ IS5
, :
<[k
ol |20 S50
S

iyem 15, 96 |G \
L&y FO. TF L ey 15

JFOS Jaz
AW : SO,
,////‘{(\'((((\/\; // 3 ;
N/ ///\4{({20 316
AN S\ K .y
A ) — ., Pk
’é§ S/6 = SN
/s = S0 FEE S TE
- g§ [ o< ThE T T3 ciados s e
g§ FO Foredesdicic L. oo
N

CEWE I i sse Crmrsaidiie Tireséns Jv
Tt Sz e (%
N . < ApeicE -




" Dec. 10, 1957

F. L. GEARY ETAL

VARIABLE AREA' NOZZLE

Filed June 29, 1951

2,815,643

'8 Sheets—Shee_jl', 8

_Z?%&gzjez
75 e ———1
T i
Wi ! ’ |
; ! |
e ;
= I~ |l
I ’ " W i () 1
2o @ i Zo.
2o’ 2321 ] E' l !
1|
250 b ' ’ ~—
@ X .: =50 zZo2’
|
,/' / 3 7 : ,___,é_-/-“
LA T
AN/ / | |
A3 ll 1
Q ; : |
/ ’““3\2/5'
2az’ | ! | I
_\
L e N~ 2oz’
BEz’ ' ‘ ‘ l |
1
{ 1 o ———
=z
Fl?j?_ 2 0.
TredeseZoss
Foreodeamicic I.. Cecs e,
Wiidaerere Lo ctsevdiie T @& o

33&”"”‘ e CHrA—



United States Patent O

e 2,815,643
C@ Patented Dec. 10, 1957

1
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VARIABLE AREA NOZZLE

Frederick L. Geary, Springfield, Mass.; and: William
Granville. Taylor, Jr., Glastonbury, Conn., assignors.to
United Aircraft Corporation, East. Hartford, Cenn., a
corporation of Delaware

Application June'29;.1951, Serial No. 234,228
1 Claim. (Cl.-60—35.6)

This- invention . relates. to-a variable -area. propelling.

nozzle for a-turbojet engine:.

An object of this invention is to provide a vanable area'
propelling nezzle of the type which can be positiofied at
any number of ‘positions between. two Jimits.. )

A further object is to provide a propelling.nozzle which
for each position of the.nozzle will provide a substantially
circular opening..

Another object is to provide-a nozzle for a turbojet en-
gine which can be opened.and closed with'a minimum load
being placed on the ‘actuating mechanism. :

A:further object is to. provide a. nozzle for an exhaust
duct of a turbojet-engine which for each position of the
nozzle. will provide an. opening which. is substantxally in
one plane perpendlculal -to.the .axis. of the duct..

Amnother object is to provide a nozzle ‘havinga minimum
of weight.

Fig. 1 is a diagrammatic view of a turbOJet eagine in
partial cross section with the nozzle in-elevation.

Fig. 2 is an enlarged .view of the propelling nozzle
shown in Fig. 1.

Fig. 3 is an. enlarged.sectional view taken. through -one
of the flaps of the propelling :nozzle in Fig. 2.

Fig. 4:is a sectional view .in .a plane through the line
4-—4 of Fig. 1 showing the.pivotal mounting of the.actuat-
ing arms.

-Fig. 5 is.a view .partially in-section.of the fixed hoop
bracket between the actuating arm .and the hoop. -

Fig..6 is-a view of the link hoop. bracket between the
actuating-arm.and the -hoop.

Fig. 7 is.a view taken .on.the line. 7—7 of Fig, 5.

Fig. 8 is.a side view of .a self-aligning béaring showing
the .ball .and. housmg

Fig. 9 is atop view-of a self-aligning-béaring mounted
in a clevis. -

Fig. 10-is a perspective view-of a part of the ;propelling
nozzle showing the arrangement of the faps. '

-Fig: 11.is-an-enlarged view-of.a-modification ofthe pro-
pelling. nozzle.

-Fig.;12.is.an enlarged sectlonal View taken-c -on ‘the line
42—32-of Flg 11, _

-Fig. 13.is.an enlarged view .of another modification of
the. propvllmg nozzle.

F1g 14-is a rear view of.a part of the propelling nozzle
in.Fig. 13 showing the arrangement of the Haps with a
small. portlon in section.

Fxg 15:is a view taken along.the line T5--15in Fig. 14
showing the pivotal. mountmg .of ‘the flaps. -

‘Fig. 16'is.an end view shong atrack and pilley wheel
of the modification $hown in Fig. 13,

‘Fig.'17 is"an élevational view of a track and pulléy wheel
showing the sprmg

Fig. 18 is-a view showing.-the brackét for attaching.the

‘Tinks to the hoop.. .

‘Fig.'19 is an enlarged view of a modification of: the pro-
:pelling nozzle.

»Flg 20 is a.view' taken.on the line 20226 owalg 19.

'Referring to Fig. '1, the’ turboget engme 2 has a com-
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pressor-4 which in the arrangement shown is a centrifugal
type driven by a turbine 6. Combustion chambers 8 there-
between deliver air from the compressor to the turbine.
An afterburner 10 is attached at the turbine outlet to pro-
vide a means of i increasing the thrust.

The engine 2 has two ax1a11y spaced annular intake
opemngs 12 to direct the i incoming air into the two oppo-
sitely facing annular compressor inlets. Compressed air
discharged from the compressor 4 passes to the turbine
through the combustion chambers 8 where it is mixed
with fuel from fuel nozzles 14. These fuel nozzles 14
receive fuel through conduit 15. The fuel-air mixture is
initially ignited within the combustion chambers 8 by
spark igniter 16.

From the turbine, the gases pass around a cone 18 into
the diffuser section 19 of the afterburner. When the

- afterburner is operating, fuel from a conduit 20 is dis-

20

25

charged into these gases through a plurality of fuel nozzles
26 located in the diffuser section19. Since the gases leav-
ing the turbine 6 contain a considerable amount of un-
burned oxygen, the additional fuel introduced by fuel
nozzles 26 provides a combustible mixture which may be
initially. ignited within combustion chamber 27 by any
suitable ignition means 28. The ignition means may be
of the type shown and .claimed in copending application
Serial No. 196,402, filed November 18, 1950, now Patent

. No. 2,780,055, issued Febrnary 5, 1957, to Carlton W.

30

Briston, Jr. The burning of this combustible mixture is
stabilized in the afterburner combustion chamber- 27 by
flameholders 3¢ and 32. The burned gases discharge
from the engine through the nozzle 44 whose area can be

- varied..
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The nozzle 44 is the type which .can-be positioned at
any number of positions between two limits. The three
nozzles herein disclosed are shown in Figs. 2, 11 and 13.
A nezze : actuatmg system similar to the ;one shown with
this invention is shown and claimed in copending applica-
tion ‘Serial No. 193,734, filed November 2, 1950, now
Patent MNo. 2,714,285, issued to F. 1. Geary -on August 2,
1955. 'The actuating system .consists.of the cylmder 130,
piston 132, connecting control red 134, nozzle.control rod
78, piston rod 138, car 140,.and track mechanism 143 for
said car.

Referrmg to Fig. 2, the nozzle shown consists of four
main parts, (1) the actuating arms 46 :and 48, (2) the
hoop 50, (3) the flap supporting ring :52 and (4) the
flaps 54. These four parts are-closely interconnected by
linkages and pivots.

The actuating arms 46 -and 48 each consist of a .semi-
citeilar half-hoop 56 pivoted at two spaced .points.on the
afterbutner 10. The adjacent ends of the .two actuating

. arms-are-connécted by short synchronizing:links 58 which
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are pivoted on the arms and which provide for-synchro-
nization of the opening and closmg of the nozzle and also
permit both arms to be moved in either direction by one
actuating system. These links may be. ad]ustable in length,
as shown. A similar s /nchromzmg system is used with
the -two-position nozzle shown in copending ‘application
Serial No. 193,734, filed November 2, 1950, now Patent
No. 2,714,285, issued to F. L. Geary on August 2, 1955,
and’is not of its¢lf a part of the present invention.

"The pivotal, points for actuating arms 46 .and 48 each
have plates 60 which house self-aligning bearings. Each
of the pivotal points is supported between two brackets 62
and 64. Bracket 62 is fixed to the afterburner and bracket
64 extends over -a pivotal point and has arms 66 which
extend around plates 60 and are fixed to the first bracket
62. Anozzle control rod bracket 68 is fixed on the middle
of each actuating.arm to receive one end of one .of the
nozzle contro! rods 78 which has a self-aligning bearing.

“The 'hoop 50 is a circular member located around the
end of the afterburner to the rear of the actuating arms
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46 and 48 and connected to said arms to move therewith.
Two fixed hoop brackets 70 on one side of the afterburner
and two link brackets 108 on the other side connect hoop
50 to the actuating arms. The hoop brackets are con-
structed to support the hoop substantially concentrically
to the afterburner. The two fixed hoop brackets 70 (see
Fig. 5) on one side of the afterburner are rigidly fixed
at one end to the hoop 50 and pivotally connected at their
other ends to arm brackets 72 which are fixed to the actu-
ating arm 48.

The main body of these fixed hoop brackets 79 is formed

from two U-shaped members 74 and 76. Each member
has notch 80 through each arm of the U near one end
thereof in which the hoop 59 fits when the two U-shaped
members are placed together. The U-shaped member 74
is smaller in width than U-shaped member 76 and slides
therein to form the rectangular bracket around the hoop.
An outwardly extending flange 82 attached to the bottom
of each notch rests on the hoop 50 and is fixed thereto
(see Fig. 7). While the flange is shown welded to the
hoop it may be fixed by any means desired.
* The other end of the fixed hoop bracket 70 also has
a notch 84 which extends through each arm of both of
the U-shaped members 74 and 76. However, this notch
84 extends inwardly from the end of the bracket and
receives upper and lower projections 86 of an insert 88
which is fixedly mounted in the end of the fixed hoop
bracket 70 by bolts 90. Said insert has an internally
threaded hole 92 which receives a bolt 94. A lock nut
96 holds the bolt 94 in place, thus providing for adjust-
ing the length of the connection. The free end of the
bolt 94 carries a self-aligning bearing which consists of
a ball shaped member 98 mounted in a housing 100 (see
Figs. 8 and 9).

The arm brackets 72 have two flat projections 102 ex-
tending rearwardly from the arms forming a clevis 104.
The projections 102 of the arm bracket extend horizon-
tally therefrom, one over the other. The ball shaped
member 98 of the self-aligning bearing of the fixed hoop
bracket 70 is held in the clevis 104 by a vertically ex-
tending bolt 106.

The two link hoop brackets 108 on the other side of
the afterburner provide flat projections 110 extending for-
wardly of the hoop forming a clevis 112. The projec-
tions 110 of the link hoop brackets extend horizontally
therefrom, one over the other. The actuating arm 46
on this side of the afterburner has arm brackets 72 iden-
tical to the arm brackets on the actnating arm 48 on the
other side of the afterburner. Mounted between the
clevis 104 on the actuating arm 46 and the clevis 112
on the hoop 50 is an adjustable bolt 114.

The adjustable bolt 114, Fig. 6, has a self-aligning
bearing on each end with the ball member of one bear-
ing being held in the clevis 104 by a vertically extending
bolt 116 and the ball member of the other bearing being
held in the clevis 112 by a vertically extending bolt 118.
This connection of the hoop to the actuating arms locates
the complete hoop in position but does not interfere with
the relative expansion of the afterburper, half hoops,
complete hoop or other parts.

Referring to Fig. 3, the flap supporting ring 52 which
is fixedly attached to the afterburner consists of several
parts. One part, the ring 128, is fixed to the afterburner
and has a flange 122 at its free end. A second part, an-
other ring 124, has a mating flange 126 which is bolted
to flange 122 by bolts 128. This ring 124 has a curved
sealing portion 130 for a purpose to be described later.
A third ring 132 is fixed to the outer periphery of said
sealing portion and carries the mounting brackets 134
for the flaps.

* Each bracket has two mounting bosses 136, Fig. 10,
for the flap between which each flap 54 is pivoted.

Each of the flaps 54 has mounted thereon, as by bolts

138, a boss 140 on which each flap pivots. This boss is
‘placed near the center of the flap to balance the loads

10
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153 and 159 face each other but do not meet.

35

. this application there are twelve (12) flaps.
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imposed on each end of the flap by the exhaust gases
passing from the afterburner. A bolt 142 pivotally con-
nects each boss 140 between mounting bosses 136 on
each bracket. The boss 140 on the flaps has a projecting
built-up arm 144 for actuating each flap (see Fig. 10).
For each flap there is a connection on the hoop.

These connections consist of brackets 146, Figs. 2 and
3, which are formed from two sets of members, members
148 and 150 and members 149 and 151. These mem-
bers 148 and 150 have projections 152 extending from
one end and flanges 154 extending outwardly from the
other end. One member 148 is placed on hoop 50 with
its flange 154 fixed thereto and its projection 152 ex-
tending to the rear of the hoop. The member 150 is
placed on the opposite side of hoop 50 with its flange
154 fixed thereto and its projection 152 extending to
the rear of the hoop and adjacent the projection 152 of
member 148. These two projections are fixed together
such as by welding. A small flange 153 extends along
the top of the members 148 and 150 in a direction oppo-
site to flange 154. Members 149 and 151 have projec-
tions 152 extending from one end and flanges 157 ex-
tending outwardly from the other end. One member 149
is placed on hoop 50 near member 148 with its flange
157 fixed thereto and its projection 152 extending to the
rear of the hoop. The member 151 is placed on the
opposite side of hoop 50 with its flange 157 fixed thereto
and its projection 152 extending to the rear of the hoop
and adjacent the projection 152 of member 149. These
two projections are fixed together such as by welding.
A small flange 159 extends along the tip of the members
149 and 151 in a direction opposite to flange 157. Flanges
Members
149 and 148 are interchangeable, as are members 151
and 150.

The connections from the hoop to the flaps are equally
spaced around the hoop. In the arrangement shown in
Four (4)
of these brackets fall at the same point on the hoop as
the hoop brackets. In this case the ends of the two
fixed hoop brackets 70 which extend rearwardly of the
hoop are used in place of the brackets 146, and the brack-
ets 146 are merely placed over the holding band of the
link hoop brackets 108 for the other two points. Two
brackets 146 are equally spaced between each of the
points on the hoop at which the hoop brackets are fixed.
An adjustable link 156 having self-aligning bearing on

. each end extends between each connection on the hoop

50

60
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and the ends of each built-up arm 144 of each flap. The
link 156 has the ball member of the self-aligning bearing
of one end held in the bracket 146 on the hoop and the
ball member of the self-aligning bearing of the other
end held between the ends of the built-up arm 144 of

_ the flap,

The flap itself is a plate having end portions 162 and
164 angularly displaced inwardly from a center portion
166 (see Fig. 10) and is reinforced by a plate 168 on
the center portion 166 and end portion 164. The end
of the flap which mates with the sealing portion of ring
124 has a flange member 170 fixed thereto on the inner
side in which a sealing strip 172 is mounted. Holes 174
are placed in the flange 170 to allow pressure from the
afterburner to act against one side of the sealing strip
to press it against the sealing portion of ring 124. How-
ever, where the adjacent flaps overlap, this flange is lo-
cated on the outer side with the holes to allow pressure
from the afterburner to act against the sealing strip being
located in the flap.

Along the inner side of end portion 164 of each flap
which carries part of the reinforcing plate there extends
an overlapping plate 176 which is attached to said. flap.
The ‘end portion 162 of the adjacent flap is received in
the opening formed by the first mentioned flap and said

75 ‘plate 176. This arrangement provides for sealing be-

tween the flaps themselves.
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Opemtz‘on of the modification shown in Figs. 1-10

Assuming..the: device to..be. in the -position -shown:-in:
Fig:..1, when. the piston.132:is moved to the-right,. or
rear, this. action in turn moves. the- connecting :control
rods 134.in the same. direction. - Bach connecting control:
rod.134.is.connected. to its.associated car.140-on.its track

mechanism 142 and-moves- the car to. the right. along the.

track.., The nozzle control rods 78 are pushed by their
respective cars 140-to the:right, or-rear, to pivot each:
actuating. arm..around its.pivotal- point.
moves. hoop 50 through: fixed hoop-brackets 7¢ and-link
hoop brackets 108.: -This: movement of. the hoop-in turn:
pivots: each flap: simultaneously. through - built-up:arms

144-on the flaps: and: the connecting adjustable links- 156

between said arms and the-hoop. - This pivoting -of the
flaps is in a closing direction. thereby reducing. the area
of the exhaust nozzle. - If the nozzle is to. be opened the
piston: 132 is moved: to. the :left, or. front, and: through a;
sequence. of operation;. the:'reverse of  that . described-
above, the flaps are moved in an opening direction:.

Referring to Fig. 11, the nozzle shown consists -of three
main-parts; (1) the -bell crank lever and flap supporting
ring. 200, (2) the bell crank levers 202 and.(3) the flaps:
204. . These three parts are closely: interconnected by
linkages-and pivots.

Referring to Fig. 12, the flap supporting ring 200 which
is fixedly attached to the afterburner:10 consists: of sev=
eral parts. One part, a ring 206, having-holes 208; is
fixed to the end of the afterburner and extends as a ra-
dial: flange.
the:-afterburner and has ‘a curved ‘sealing portion 212
for: a: purpose to be described later.~ A third :flat ring:
214 extends. around “the afterburner and is attached -at.
each side to the free end of the two rings: 206 and 210
and supports the bell crank levers: 202. - A fourth built-
up ring 216 is fixed to said sealinz ring and carries the
mounting ‘brackets 218 for the flaps.

The bell crank lever 202 consists of two- members 220
and 222 similarly shaped which are placed one over the
other and pivoted between- two brackets 224 and 225
by a bolt 226. A spacer 228 is located around-the bolt
226 between the members 220 and 222 These bell crank
levers are mounted around the third ring 214. A spacer
229 is fixedly mounted between the members 220 and
222. They have two levers 230 'and 232. Lever 230
is  offset downward at its free end ‘and is connected to
each adjacent lever 2390 by links 234 having a self-aligning
bearing on each end.  Each link 234 has the ball- mem-
ber 236 of the self-aligning bearing-of one end held be-
tween the free ends. of the parts of the members 228 and
222 forming lever 230 of a bell crank lever and the ball
member of the self-aligning bearing of the other end held
between projections 239 extending from the free ends of
the parts of the members 228 and 222 forming lever 239
of the adjacent bell crank lever.

Each of the flaps 204 has mounted thereon a bracket
240 having a boss 242 at each end which is placed be-
tween two bosses 244 on the mounting brackets 218 on
the flap supporting ring 200. Also mounted on the flap
is a built-up arm 246 which has a clevis 248 at its free
end. An adjusiable link 259 having a self-aligning bear-
ing on each end is connected between the free end of
each lever 232 of the bell crank levers 262 and the clevis
of the built-up arm of the flap which it is to actuate.
The link 256 has the ball member 252 of the self-aligning
bearing of one end held between the ends of the parts
of the members 220 and 222 forming lever 232 and the
ball member of the self-aligning bearing of the other end
held in the clevis 248 of the built-up arm 246 of the flap.

The bell crank lever on each side of the afterburner
has an extension 254 on the lever 232 which permits the
nozzle control rod 78 to be connected thereto to actuate
the nozzle 44. The flaps themselves are formed in a
manner similar to those shown in Fig. 10. A U-shaped
member 256 is fixed on the end of the flap 204 which

This" action:

A second ring 2190 extends similarly: from: ©
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mates with the sealing portion of ring 210 in which a
sealing “strip. 258 is ‘mounted. - Like the -flap shown.in
Fig: 3, where adjacent flaps- cverlap this U-shaped mem-:
ber is located on the outer side with the holes to allow
pressure. from the afterburner to' act against- the sealing
strip being located in the flap:

A modification "of this- nozzle is shown in Figs. 19
and 20 having the' same main parts. - However, the bell
crank-lever 202" is' of a differént construction- and . is
mounted at an angle to.the centerline of the afterburner.

This bell crank lever 202" has two levers 230’ and:
132’, Lever 230" extends in a manner similar. to lever
230 of the modification' shown in Fig. 11, however; the
links 234" are’ connected 'to the- lever 230" adjacent each
other at the end of the lever. - This end of the lever is
bifurcated and twisted so as to receive the ends of ad-
jacent links 234’ at different angles. Lever 232’ extends.
in a manner similar to 232 of the modification shown:
in Fig: 11 and is connected to a built-up arm 246" of a
flap 264’ by a link 250" to actuate the flap. The center
part of the bell’ crank lever 202’ has two bosses, 211" and
213" each having a hole for pivotally mounting said lever
between ring 214’ and flange 215" by a bolt 217°.  This
pivotal mounting'is arranged so that the axis of the bolt
217" is at.an -angle to the centerline of the afterburner,.
the -end- of the bolt nearest the afterburner being located
forward: of the other end of the bolt. = This arrangement
maintains-the distance between the free ends of adjacent
levers 239’ substantially constant as the bell crank levers
are rotated:

Operation: of the modification shown-in Figs: 11, 12;
19 ‘and 20

Assuming: the- nozzle. to be in the: position shown in:
Fig. .11, when the nozzle control rcds-78 are moved
to the left, or front, the bell crank levers:202 connected.
to said control rods are moved about their pivots with:
levers: 239 moving the adjacent bell crank: levers through.
links. 234. Each other bell crank. lever :202.is moved:
by its adjacent lever 23%. - The motion of the links is.
transferred. to the flaps through links 258 ‘and:built-up
arms 246. This pivoting of the flaps is in an opening
direction . thereby increasing the. area of the exhaust:noz-.
zle. If the nozzle is to be closed,. the nozzle control rods:
78 are moved to the right, or rear, and:through a sequence:
of operation, the reverse of that described: above, .the
flaps are moved in a closing direction..

Referring to Fig. 13, the nozzle shown. consists of four
main parts, (1) the hoep 300, (2) the hoop tracks 302,
(3) 'the flap supporting ring 304 and (4) the:flaps 366.
These four parts are closely interconnected by linkages
and pivots.

Referring to Figs. 13, 14, 16, 17 and 18 the hoop 300
is a circular tube located around the end of the after-
burner and mounted for axial movement on tracks 302.
A plurality of these tracks 302 are mounted around the
afterburner. They are formed from a plate and have
a single rail with flanged out parts 308 being fixed to
the afterburner. For each track 302 there is a bracket
316 located on the hoop on which there is mounted two
pulley wheels 3%2. The bracket 310 consists of two
plate membess 314 fixed to the hoop and extending front
and rear thereof. A pulley wheel 312 is rotatably mount-
ed on each end by a bolt 316. These wheels support
the hoop 380 and permit axial movement.

The flap supporting ring 394 consists of two circular
members 318 and 328 which are fixed to the end of
the afterburner. Circular member 318 has a flange 322
which extends radiaily therefrom and circular member
329 has a similar flange 324 which extends radially there-
from. These two flanges are located adjacent each other
and form a single flange projecting radially from the
afterburner. Brackets 326 are bolted to said flanges 322
and 324, by bolts 328. These brackets have a boss 330 on
each end, each with a hole for pivotally mounting the flaps
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306 in a manner to be hereinafter described. A plurality
of these brackets 326 are located around the flap support-
ing ring 304.

The flap itself is a plate 332 with a hinge plate 334
and sealing plate 336 fixed thereto. The hinge plaie 334
is flanged up at 338 to strengthen the flap and flanged
up at 340 to provide hinge points for the flap 306. These
flanged portions 340 are placed between the end bosses
330 of adjacent brackets 326. A bolt 342 extends through
each hole in a hinge plate and its mating hole in the
boss of the bracket 326.

Each flap has an arm 344 for actuating it. These
arms 344 consist of two members 346 spaced apart and
fixed to the flap by flanges 348. For each flap 306 there
is a connection on the hoop 300.

These connections are brackets 350 fixed to the hoop.
Each bracket consists of two rearwardly extending bosses
352 fixed to said hoop and having a hole through the
outer ends thereof. These brackets 350 are equally
spaced around the hoop. An adjustable link 354 having
a self-aligning bearing on each end extends between each
bracket 350 on the hoop and the end of the arms 344
of the flap which it actuates. The ball member of the
self-aligning bearing of one end of a link 354 is held
between the bosses of a bracket 350 by a clevis pin 353
and the ball member of the self-aligning bearing of the
other end of the link is held between the free ends of
the two members of an arm 344 by a clevis pin 355. On
each side of the afterburner the bracket 350 has two for-
wardly extending bosses 356. The end of the nozzle
control rod 78 on each side of the afterburner is held
between the bosses 356 located on that side.

A seal is formed between the afterburner and nozzle
44 by having a channel 357 extend around the end of the

afterburner over the hinge points of the flaps 306. A -

sealing member 358 is placed within said channel and
extends around the afterburner. The part of plate 332,
forming a part of the flap 306, which is located over
the hinge points is bent at 369 to mate with the sealmU
member 358 as the flap moves to any position.

Brackets 362 on the hoop 300 are mounted on opposite
brackets 364 on the flap supporting ring 364. A spring
366 is located between said brackets, one end of said
spring being fixed to bracket 362 and the other end of
said spring being fixed to bracket 364. This construc-
tion biases hoop 300 to the rear for a purpose to be de-
scribed hereinafter.

* Operation of the modification shown in Figs. 13-18

Assuming the nozzle to be in the position shown in
Fig. 13, when the nozzle control rods 78 are moved to
the left, or front, the hoop 300 is moved in the same
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direction. This movement of the hoop in turs moves
each link 354 to the left turning flaps-306 simultaneously
by arms 344. This action is against the force of spring
366 but with the aid of the exhaust gas against the
inner side of the flaps.. If the nozzle- is to be closed, the
nozzle control rods 78 are moved to the right, or rear,
and through a sequence- of operation, reverse of that
described above, the flaps are moved in a closing direc-
It is to -be noted that-in closing the flaps the
spring 366 is arranged so that its force aids in this
movement, this is to counteract the force of the exhaust
gases acting against the-inner side of the flaps.

Although specific embodiments have been shown and:
described herein for the purpose of illustration, it-will
be evident to those skilled in-the art that the invention
is capable of various modifications and adaptations with-
in the scope-of thé appended claim. Another variable
area nozzle of. the. multiple’ flap type is shown and
claimed in copending apphcatlon Serlal No. 234,256,
filed June 29, 1951

We claim:

In combination, a duct having an outlet a plurality
of flaps pivotally’ mounted to vary the effective area of
said outlet; said flaps being spaced outwardly from said
duct to form a space between the outlet of said duct
and said flaps, said flaps having their pivots located in-
wardly from. their ends, each flap having a section pro-
jecting forwardly of said pivot and a section projecting

. rearwardly of said pivot, sealing means extending around
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said ‘duct and being in contact therewith, each flap
having its:forwardly projecting section engaging with said
sealing means to form a chamber between said sealing
means, duct and flaps, said chamber being in communi-

. cation with said space and thereby with the outlet of said

duct to receive pressure fluid therefrom
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