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Filed Apr. , 1969, Ser. No. 29,421 
2 Clainias. (Ci. 60-35.6) 

This invention relates to adjustable fluid nozzles for 
jet propulsion engines, and more particularly to improved 
means for controlling secondary air flow in a nozzle hav 
ing an ejector passage for introducing secondary air 
into a stream of working fluid. The invention has par 
ticular utility in a nozzle of the type described and 
claimed in application Serial Number 776,387 to W. W. 
Carlton et al., now Patent No. 3,044,258, issued July 
17, 1962, and assigned to the assignee of this applica 
tion, but its application is not limited thereto. Anozzle 
of the type described in the application to Carlton will 
hereinafter be referred to as a “Carlton nozzle' for 
C0FW?ill:6106, 

The Carlton nozzle is an adjustable converging-diverg 
ing nozzle whose effective discharge orifice area is not 
only mechanically, but also aerodynamically, variable in 
accordance with the pressure of working fluid discharged 
through the nozzle by a jet propulsion engine. A pri 
mary convergent-divergent nozzle section is formed of 
slidably-mounted flaps, such that the throat area and dis 
charge orifice area are adjustable in a predetermined rela 
tionship to accommodate a wide range of engine work 
ing fluid temperatures and pressure ratios. The “critical” 
pressure ratio is that at which fluid velocity in the nozzle 
throat becomes Sonic. At super-critical nozzle pressure 
ratios, a divergent nozzle portion becomes necessary to 
realize the full thrust available from expansion of the 
Working fluid. In the Carlton nozzle, pressure ratios 
Substantially exceeding the critical value are accommo 
dated by a fixed secondary nozzle section, forming a 
divergent extension of the adjustable primary section in 
an expanded condition of the latter. An ejector passage 
is formed between the sections, and is thus spaced along 
a divergent portion of the combination nozzle. A Supply 
of SubSonic Secondary fluid to the ejector passage causes 
the Working fluid to separate from the nozzle at points, 
which may be spaced upstream from the secondary dis 
charge orifice, at which equilibrium with atmospheric 
pressure is reached. Thus the effective discharge orifice 
area is aerodynamically varied to prevent overexpansion 
and provide the correct nozzle form for realization of 
maximum thrust, over a wide range of Super-critical work 
ing fluid pressure ratios. 
The Supply of secondary fluid may conveniently be 

air bled from a compressor of the associated jet pro 
pulsion engine, or may comprise ram air that is reduced 
to subsonic velocity. The rate of flow of secondary air 
into the secondary section of a Carlton-type nozzle is 
determined by the area of the ejector passage, as deter 
mined by the adjusted position of the primary section, 
and by the pressure ratio of the secondary air across the 
passage. The pressure of the secondary air supply de 
pends upon flight velocity, being dependent upon ram 
effect. However, the rate of flow theoretically required 
depends upon nozzle position, and the latter is controlled 
in accordance with Working fluid temperature and pres 
sure, rather than flight velocity. Furthermore, the design 
requirements of the primary nozzle form result in a varia 
tion in ejector passage area which does not directly con 
form to the variation in secondary air flow rate which is 
theoretically required. As a result of the failure of ram 
pressure and ejector passage area to conform correctly 
to nozzle position, the rate of secondary air flow in a 
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Carlton-type nozzle has been found to exceed the re 
quirement for proper nozzle operation under certain 
conditions, especially at super-sonic flight speeds. 
The energy loss required to ram ambient air is sub 

stantial at high flight speeds, and a material loss in 
thrust results from a relatively small increase in the quan 
tity of air rammed. For example, an increase of 1% 
in the mass flow rate of rammed air may produce a de 
crease in thrust of about 3/2%. Therefore, any excess 
of ram air flow induced by a Carlton-type nozzle results 
in an appreciable loss of thrust. 

It is the primary object of our invention to provide 
means for controlling the rate of supply of secondary air 
to an adjustable nozzle of the type having an ejector 
passage for introducing secondary air into a stream 
of Working fluid, with improved response to nozzle 
setting, so that the mass flow rate is limited in accordance 
with predetermined requirements for proper nozzle opera 
tion. 

Further objects and advantages of our invention will 
become apparent as the following description proceeds, 

Briefly stated, in accordance with one embodiment 
thereof, we carry out our invention by providing an ad 
justable fluid nozzle with means for adjustably throttling 
secondary air Supplied to an ejector passage thereof. 
Since reduction in the pressure of secondary air due to 
throttling effect is proportional to the ram pressure, the 
effect of flight velocity on the pressure is reduced. The 
adjustable fluid nozzle includes a primary section which 
is movable by actuating means, the actuating means in 
cluding an actuating member connected to the primary 
nozzle section. The throttling means is comprised of 
at least one throttling duct having varying cross section 
along its length and a movable throttle body mounted 
therein to vary the flow area, the throttle body being 
fixed to the actuating member for movement there with. 
The rate of flow of secondary fluid is thus more nearly 
limited to that necessary for proper operation of the 
nozzle, and the loss in thrust associated with excess flow 
is substantially reduced. 

While the specification concludes with claims partic 
ularly pointing out and distinctly claiming the Subject mat 
ter which we regard as our invention, it is believed that 
the invention will be better understood from the follow 
ing description taken in connection with the accompany 
ing drawing, in which: 

FIG. 1 is an elevation in section of a fluid nozzle 
made in accordance with our invention, shown in a first 
or closed position; and 

FIG. 2 is a similar view, showing the nozzle in a 
second or open position. 

Referring to the drawing, a fluid nozzle made accord 
ing to the aforementioned Carlton et al. application 
Serial No. 776,387 is shown to illustrate our invention, 
which is not, however, necessarily limited in application 
to a nozzle of this specific type. The Carlton-type nozzle 
generally comprises an adjustable primary nozzle sec 
tion , and a fixed secondary nozzle section 2. These 
nozzle sections define fluid passageways receiving a flow 
of working fluid, designated by broken arrows, from a 
jet propulsion engine through a conventional exhaust 
collector 3 of cylindrical form. The Working fluid is 
passed to the exhaust nozzle by the exhaust collector for 
the conversion of pressure and temperature energy in 
ternally contained therein into a kinetic or velocity form. 
in the exhaust nozzle, thereby generating a useful thrust 
reaction upon the exhaust nozzle. The jet propulsion 
engine, exhaust nozzle, and exhaust collector are enclosed 
Eby an aircraft skin 4, in order to minimize the resistance 
of the atmosphere to their pasage therethrough. The air 
craft skin may follow any form Suitable to specific air 
craft applications. A cylindrical duct 5 is circumfer 
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entially spaced about exhaust collector 3, and extends 
axially therefrom into overlapping engagement with skin 
4, for the purpose of Supporting the nozzle structure and 
conducting secondary fluid (air) thereto. 

Secondary nozzle section 2 is formed as a sheet metal 
annulus diverging in a downstream direction, and is Sup 
ported in a fixed position by duct 5. The secondary sec 
tion includes a throat portion 6, defining a variable area 
secondary fluid ejector passage 7 in cooperation with ad 
justable primary section 1. At its downstream end, the 
secondary section forms a fixed-area secondary discharge 
orifice 8, whose diameter is designated DS in FIG. 2. 
The adjustable primary nozzle section 1 is comprised 

of a circumferentially disposed set of overlapping flaps 
9, which are relatively slidable axially and circumferen 
tially. Flaps 9 are of convergent-divergent form, and in 
clude a throat portion 10 and a primary discharge orifice 
11, both of whose areas are varied by sliding motion of 
the flaps. The diameters of throat 10 and orifice 11 are 
designated TP and DP, respectively, in the closed posi 
tion of FIG. 1, and TP' and DP', respectively, in the open 
position of FIG. 2. 

Flaps 9 are mounted for sliding motion along predeter 
mined curved paths upon a plurality of curved track ele 
ments 12, each of which is supported in rolling engage 
ment by a pair of rollers 13 and 14. A track element 
may be provided for each flap 9, or for alternate flaps only, 
as described in the aforementioned Carlton et al. applica 
tion. Rollers 13 and 14 are rotatably mounted in car 
riage frames 15 and 6, respectively, whose positions and 
lengths combine with the form of track elements 12 to 
determine the relative areas of throat 10 and primary ori 
fice 11 over the range of movement of the flaps. Frames 
15 and 16 are stationarily mounted in duct 5. A theoret 
ically optimum nozzle form would require independent 
adjustability of the throat area in accordance with work 
ing fluid temperature, and of the primary orifice area in 
accordance with the pressure ratio of the Working fluid 
to the ambient atmosphere. However, it has been found 
in practice that the predetermined program of relative 
values of these areas established by a Carlton nozzle pro 
vides a satisfactory approximation to optimum nozzle 
form. 
An annular sliding seal 17 of conventional type is inter 

posed between flaps 9 and exhaust collector 3 to seal the 
working fluid passage while permitting sliding movement 
of the flaps relative thereto. 
Means for adjusting flaps 9 to vary the configuration of 

the primary nozzle section are provided, comprising a 
plurality of fluid actuating motors 18 mounted circum 
ferentially about duct 5. Each of motors 18 controllably 
actuates a drive rod 19 for axial reciprocation, and may 
comprise any suitable type of hydraulic, mechanical, or 
electric motor well known in the art. Each drive rod 
19 is drivingly connected with one of track elements 12 
by means of a pivotally-connected link 20. Alternatively, 
a smaller number of motors than flaps may be provided, 
and driving connection may be established through a 
unison ring (not shown) circumferentially spaced about 
exhaust collector 3. 
The adjustable fluid nozzle which has thus far been de 

scribed in itself forms no part of the present invention, 
and is disclosed and claimed in the aforementioned ap 
plication Serial No. 776,387 to W. W. Carlton et al. 
The rate of secondary air flow through the ejector pas 

sage 7 of the Carlton-type nozzle as thus far described is 
controlled by two factors: the area of the passage, as 
varied by movement of flaps 9, and the pressure ratio of 
the secondary air across the passage. Neither of these 
factors corresponds directly to the secondary air require 
ment of the nozzle, which is established by the position 
of the primary nozzle section relative to the secondary 
nozzle section. The inherentform of flaps 9 does not per 
mit control of the area of passage 7 in direct conformity to 
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4. 
nozzle section is adjusted. Furthermore, the secondary 
air ram pressure is directly affected by flight velocity, 
which is not dependent upon nozzle position. We have 
found that the resulting secondary air flow in practice ex 
ceeds the nozzle requirements under certain conditions 
of flight speed and nozzle setting, resulting in loss of 
thrust caused by the excess ram effect. 
Our invention is directed to the provision of means, in 

combination with an adjustable nozzle having an ejector 
passage, such as illustrated by the Carlton type nozzle, 
for controlling the secondary air flow in more direct con 
formity with nozzle requirements. In the embodiment 
shown, we carry out our invention by providing a plurality 
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of adjustable throttling means generally designated 21, 
each of which comprises a throttle body 22, and a throt 
tling duct 23 arranged in serial flow relation with duct 5 
for transmitting secondary air to ejector passage 7. Duct 
23 is generally frusto-conical as shown, and is mounted 
upon an end Wall 24 of duct 5, in communication with an 
opening 25 therein. Throttle body 22 is mounted upon 
drive rod 19 for reciprocating axial movement relative 
to passage 23, to provide a secondary air throttling area 
which is directly controlled by the nozzle setting. As 
shown, both passage 23 and body 22 are frusto-conical 
in form, providing a throttling area variation which is 
linear with respect to nozzle movement. However, it 
will be apparent that any desired relationship between 
throttling area and nozzle position may be established 
by suitably forming passage 23, e.g. paraboloidally, hyper 
bolically, or according to any desired function. 

Lov Temperature, Closed-Nozzle Operation 
The fully-closed position of primary nozzle section 1, 

shown in FIG. 1, is employed when the temperature of the 
Working fluid is at a minimum, corresponding to a con 
dition in which no afterburning is taking place, and the 
pressure ratio in the Sub-critical range. Optimum pro 
pulsive efficiency is achieved with a primary discharge 
orifice 1 which is only slightly larger than throat 10, so 
that the nozzle has a minimum divergency. The working 
fluid expands substantially to atmospheric pressure in 
throat 0, developing maximum thrust with less than sonic 
flow velocity. In this position, the primary discharge 
orifice 11 is located substantially in the plane of the sec 
ondary discharge orifice 3; overexpansion of the working 
fluid in the "base' region down stream of orifice 8, and 
surrounding orifice 1 (known as "base-drag'), is pre 
vented by a maximum flow of secondary air through throt 
tling means 21. The flow area defined between throttle 
body 22 and duct 23 is therefore at a maximum in the po 
sition of FIG. 1, being determined experimentally for 
specific applications to provide a sufficient subsonic flow 
to permit transmission of atmospheric pressure into the 
base region, and thus prevent overexpansion of the work 
ing fluid. 

High Temperature, Open Nozzle Operation 
If the temperature of the working fluid is increased as 

by increased injection of fuel, the primary nozzle section 
is moved toward the fully open position of FIG. 2. In 
intermediate positions, as well as in the open position of 
FIG. 2, the secondary nozzle section cooperates with 
the divergent portion of the primary nozzle section to 
form an extended divergent nozzle section, along which is 
spaced the ejector passage 7. The introduction of a 
subsonic flow of secondary air through passage 7 causes 
the working fluid to separate from the diverging nozzle 
walls, and thus to discontinue the expansion process, at 
those points at which the pressure of the working fluid is 
in equilibrium with atmospheric pressure, with the result 
that overexpansion and resultant drag are prevented. 
As more fully explained in the aforementioned Carlton 
et al. application, the effective discharge orifice area is 
thus aerodynamically varied between the adjusted area of 
primary orifice 1i and the fixed area of secondary orifice 
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8 as limits, converting the pressure of the working fluid 
most effectively into useful thrust. By way of example, 
the working fluid is shown in FIG. 2 to separate from the 
secondary nozzle section at points designated by diameter 
DE. While the theory of this separation phenomena is 
not fully understood, it is believed that the layer of sub 
sonic velocity secondary air permits the transmission of 
atmospheric pressure upstream from orifice 8 forming an 
eddy 27 within nozzle section 2 and permitting the work 
ing fluid to separate as it reaches atmospheric pressure. 
Since the working fluid attains supersonic velocity after 
leaving throat 10, the upstream transmission of atmos 
pheric pressure could not occur other than through a sub 
sonic flow of secondary air surrounding the working fluid 
stream. 
The rate of flow of secondary air through ejector passage 

7, in the absence of our improved throttling means, would 
be determined by the cross-sectional area of passage 7, 
and by the pressure ratio of the secondary air entering 
and leaving this passage. As previously explained, the 
area of the passage is determined in part by the form of 
the primary nozzle section , and consequently the air flow 
does not conform uniformly to the requirements for prop 
er nozzle operation. Furthermore, the ram pressure of 
the secondary air varies with flight speed, which bears no 
direct relationship to nozzle position. 
Our improved throttling means tends to minimize flight 

velocity as an extraneous influence on secondary air flow, 
because the throttling effect increases with increasing pres 
sure. The form of throttling duct 23 is established to pro 
vide a correct flow restriction, in cooperation with throttle 
body 22, for all positions of the primary nozzle section 
intermediate those shown in FIGS. 1 and 2. In this 
manner, it is possible to insure a correct rate of secondary 
air flow to establish separation of the working fluid at an 
atmospheric equilibrium pressure over the entire range of 
movement of the primary nozzle section, while at the 
same time minimizing any excess secondary air flow in 
duced by the ram effects of a varying flight speed. 

It will be apparent from the foregoing description that 
we have provided improved means for controlling the 
rate of supply of secondary air to an adjustable nozzle 
of the type having an ejector passage, as illustrated by the 
Carlton type nozzle which limits the supply in accordance 
with predetermined requirements for proper nozzle opera 
tion. It should be understood that our invention is not 
limited to specific details of construction and arrangement 
thereof herein illustrated, and that changes and modifica 
tions may occur to those skilled in the art without depart 
ing from the spirit of our invention. 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
1. In an exhaust nozzle for a reaction engine: a primary 

nozzle section receiving working fluid from said engine, 
means supporting said primary nozzle section and actu 
ating means for moving said primary nozzle section to 
vary the form thereof and the area of discharge therefrom, 
said actuating means including an actuating member con 
nected to said primary nozzle section, a secondary nozzle 
section circumferentially spaced about said primary noz 
zle section, said primary and secondary nozzle sections 
forming a circumferential ejector passage therebetween, 
duct means connected to said ejector passage to supply 
secondary fluid at subsonic velocity thereto, adjustable 
throttle means in said duct means upstream of said 
ejector passage for throttling the flow of secondary fluid, 
and means directing the entire flow of secondary fluid 
through said adjustable throttling means, said adjustable 
throttling means comprising at least one throttling duct 
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having varying cross section along its length and a mov 
able throttle body mounted therein to vary the flow area 
defined between said throttling duct and said throttle body 
in accordance with the position of said throttle body, said 
movable throttle body fixed to said actuating member for 
movement therewith, whereby the amount of throttling of 
the secondary fluid is controlled in accordance with the 
position of said actuating member and said primary nozzle. 

2. In an exhaust nozzle for a reaction engine: a set of 
circumferentially disposed flaps shaped to form a primary 
nozzle section receiving working fluid from said engine, 
said flaps formed successively, in the direction of working 
fluid flow therethrough, with a convergent portion, a 
throat portion, and a divergent portion, a secondary di 
vergent nozzle section circumferentially spaced about 
said primary nozzle section, means supporting Said flaps 
and actuating means for moving said flaps along prede 
termined curved paths to a first position in which said 
working fluid is exhausted to atmosphere directly from 
said primary nozzle section and to a second position in 
which said working fluid is exhausted to atmosphere 
through said secondary nozzle section from Said primary 
nozzle section, said actuating means including an actuat 
ing member connected to said flaps, said primary and 
secondary nozzle sections forming a circumferential ejec 
tor passage therebetween and said secondary nozzle Sec 
tion forming a divergent extension of said primary noZ 
zle section in said second position of said flaps, duct means 
connected to said ejector passage to supply secondary fluid 
at subsonic velocity thereto, adjustable throttle means in 
said duct means upstream of said ejector passage for throt 
tling the flow of secondary fluid, and means directing the 
entire flow of secondary fluid through said adjustable 
throttling means, said adjustable throttling means con 
prising at least one throttling duct having varying cross 
section along its length and a movable throttle body 
mounted therein to vary the flow area defined between said 
throttling duct and said throttle body in accordance with 
the position of said throttle body, said movable throttle 
body fixed to said actuating member for movement 
therewith such that throttling is at a maximum in Said 
second position and at a minimum in said first position, 
the throttled secondary fluid supplied to said ejector pas 
sage when said flaps are in said second position inducing 
separation of the working fluid from said secondary di 
vergent nozzle section at points at which the pressure of 
the working fluid has reached equilibrium with ambient 
atmospheric pressure, thereby preventing overexpansion 
of the working fluid. 
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