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1 Claim.

The invention relates to jet propulsion appa-
ratus wherein motive fluid exhausting from a
turbine through a . propulsion nozzle is supplied
to the turbine from a combustor furnished with
fuel and supplied with air by & compressor driven
by the turbine and it has for an object to pro-
vide improved means for controlling the turbine
speed and the thrust of the propulsion jet to
simplify control from the standpoint of the op-
erator, to provide for rapid acceleration of the
aircraft, and to assure of a lower turbine inlet
temperature at cruising or normal speeds, where-
by the life of the apparatus is prolonged.

The ordinary turbo-jet engine having a fixed
nozzle exit area may have the throttle lever pro-
vided with cams arranged so that the lever set-
ting has proportional relation to jet thrust.

The present invention involves a nozzle hgv-
ing a movable component to vary the exit area
and interconnection of the operating means
therefor so that, with the component positioned
tc provide an area somewhat larger than that
giving full thrust at full engine speed, the en~
gine or turbine is brought up to full speed and
then, with the turbine or engine continuing to
operate at full speed the nozzle component is
moved to reduce the exit area to increase the jet
thrust. o

Accordingly, a more particular object of the
invention is to provide jet propulsion apparatus
wherein the throttle lever has cams or the like
arranged to operate speed control means for the
turbine and exit area varying means for the noz-
Zle in sequence so that, with the nozzle exit area
somewhat larger than that for full thrust at full
turbine speed, the turbine is first brought up to
full speed and then, while continuing to oper-
ate at full speed, further movement of the throt-
tle lever is used to bring about adjustment of
the nozzle to reduce the exit area to increase the
Jjet thrust.

The foregoing and other objects are effected
by the invention as will be apparent from the
following description and claim taken in con-
nection with the accompanying drawing, form-
ing & part of this application, in which:

Figure 1 is a diagrammatic view showing a jet
propulsion plant with the improved control
mechanism for the turbine and the propulsion
Jet nozzle;

Figure 2 is a diagrammatic development show-
ing the relationship of cam surfaces operated by
the throttle lever and the follower elements
which cooperate with the cam surfaces; and

Figure 3 is a diagram contrasting operation of g
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2
the improved arrangement with that heretofore
employed. .

In the drawing, there is shown a turbo-jet
plant, at 10, including an axial-flow compressor
12, a combustor arrangement 14, a turbine 15,
arranged in sequence between the forward  air
inlet 16 and the jet nozzle, at 18.

Motive fluid exhausting from the turbine {5
passes.through the nozzle, at 18, to form the pro-
pelling jet, and motive fiuid is supplied to the
turbine from the combustor or combustors 14
furnished with fuel and supplied with air by
glhelans of the compressor {2 driven by the tur-

e.

The turbine speed is controlled or regulated
by varying the rate at which fuel is supplied to
the combustors.

The thrust of the exhaust nozzle, at {8, is
varied by axial adjustment of the movable com-~
ponent 20 thereof; for example, such movable
component is shown as being constituted by an
axially movable tail cone 26, which is moved
to and fro to vary the exit area A by ‘means of
alever 21.

To facilitate an understanding of the present
unified control of engine speed and propulsion
jet nozzle exit area, reference is made to the
conventional turbo-jet plant now in use and
which has a fixed exit nozzle area. A throttle
lever is usually provided: and, by the selection
of suitable cams the setting of such lever may be
made proportional to thrust; operation of the
lever to increase the thrust involving increasing
the rate of fuel, or speed, as indicated by the
dotted line b in Figure 3, while, at the same, the
temperature is increased as indicated by the dot-
ted line c. The present invention involves vari-
ation in exit area with the turbine operating ap-
proximately at full speed so that the thrust may
be increasg;d from about one-half of full thrust
to full thrust merely by decreasing the nozzle exit
area. Accordingly, therefore, the present in-

" vention involves interrelating turbine speed and

45

nozzle exit area so that, with the exit area some-
what larger than that for full thrust at full tur-
bine speed, the turbine speed is increased as in-
dicated by the full line d in Figure 3, full speed
being reached at e; and, with the turbine oper-
ating at full speed the mnozzle exit area is re-
duced, as indicated by the full line between ¢ and
/.. The line g shows that, with the improved con-
trol arrangement, the turbine inlet temperature
is lower throughout the thrust range, this fea-
ture contributing to longer life of the apparatus,
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particularly when operating at eruising or normal
speeds, )

‘The turbine speed 1s regulated over a suit-
able range by mechanism including a governor
24 operated by mechanism including the take-
off shaft 2§ driven by the turbine, the governor
controlling the input of fue] to the line 26 to the
combustor or combustors 14,

Any suitable means may be employed to move
the lever 2f or the like for shifting the tail cone
20. By way of example, the lever 21 is shown
as being connected to a link 27 having rack teeth
28 meshing with a pinion 29 driven by a reversible
electric motor 30, the motor having a controller
31 equipped with a lever 32, the controller being
constructed and arranged so that movement of

" the lever causes the motor to operate in one di-
rection or the other, and it is so arranged that its
travel follows that of the controlling lever to
maintain the proportionality as between the po-
sition of control lever 32 and the position of the
tail cone 20.

As it is required that the turbine be brought
up to full speed before the nozzle exit area is
reduced, the controlling lever 32 of the motor
controller and the speed adjusting means of the
governor are operated, respectively, by rods 34
and 35, which cooperate with cams 36 and 37 con-
nected to the throttle lever 38 so that the cams
adjust the governor and the motor controller in
sequence. The arrangement is such that until
the throttle lever 38 is brought to full speed posi-
tion, the tail cone 20 occupies a position such that
the nozzle exit area A is somewhat larger than
that for full thrust at full turbine speed. The
throtfle lever is moved over a range to move the
cam 36 to adjust the governor to increase the
fuel supply to increase the turbine speed to full
speed, this operation being indicated by the line
d in Figure 8; and, with the turbine operating at
full speed, further movement of the throttle lever
38 moves the cam 31 to control th.. motor 30
to move the tail cone 20 so as to restrict the
nozzle exit area, the area adjustment operation
being indicated by the line e—f in Figure 3.

Any suitable arrangement of cams or mecha-
nism as:ociated with the throttle lever may be
used to accomplish the purpose just indicated so
long as the proper sequential operation is secured,
the sequence being clearer from a consideration
of diagrammatic Figure 2, in which it will be
seen that, with the follower 34 at the lower end
of the lit portion 48 of the cam 38, the follower
35 of the motor control lever will be in advance
of the lower end of the left portion &1 of the
cam 37 of the motor controller s distance corre-
sponding to the distance required to move the
follower for the turbine speed range, that is,
when the follower 38 reaches the maximum lift
end of the cam surface 48, the follower 35 for the
motor controller will be at the lower end of the lift
surface 41 of the cam 37; and, continued motion
of the cams in the same dirvection is effective %o
hold the follower 24 in the turbine Tull speed posi-
tion while the follower 35 is moved to bring about
movenient of the tail cone to reduce the nozzle
exit area, such area Leing reduced to the mini-
mum value when the follower 35 veaches the
maximum lift end of the cam surface 4.

From the foregoing, it wili be apparent thaf
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we have improved control of apparatus of the
above character, made operation thereof in pro-
velling aircraft safer and more reliable, and have
provided for operation at lower turbine inlet
temperatures particularly at normal or cruising
speeds, thereby giving to the apparatus longer
life. The sequential operations of increasing the
turbine speed and of reducing the nozzle exit
area may be effected by movement of g simple
throttle lever in a single direction. Safer and
more reliable propulsion of aircraft is secured
because change in thrust from one-half of full
thrust to full thrust is effected merely by adjust-
ing the nozzle exit area, the speed being held sub-
stantially constant. Therefore, the thrust may
be reduced for landing without reducing the en-
gine speed and it may be increased by a decreas-
ing of the exit area without having to accelerate -
the engine speed, whereby acceleration of aircraft
in the event of wave-off when coming in for land-
ing may be quickly effected.

With the tail cone at normal or cruising posi-
tion and the turbine operating at full speed, as
indicated by the temperature line g, it will be
noted that the turbine inlet temperature is sub-
stantially lower than that corresponding to the
line ¢ for a turbo-jet plant having a nozzle or
fixed exit area. The latter feature contributes
to lower fuel consumption and cruising operation
of the turbine with lower outlet temperatures,
thereby resulting in longer life of the apparatus.

While the invention has been shown in but one
form, it will be obvious to those skilled in the
art that it is not so lmited, but is susceptible of
various changes and modifications without de-
parting from the spirit thereof,

What is claimed is:

In jet propulsion apparatus, a turbine, means
providing motive fluid for the turbine and in-
cluding a combustor furnished with fuel and sup-
plied with air by a compressor driven by the tur-
bine, a nozzle acting on the exhaust of the tur-
bine to provide a propulsion jet, said nozzle in-
cluding a component which is movable to vary
the nozzle exit area to vary the jet thrust, a speed
governor operated by the turbine for controlling
the supply of fuel to the combustor and including
speed-setting means, and mechanism for ad-
justing the speed-setting means of the governor
and the movable component of the nozzle and
including & member movable to adjust the gov-
ernor speed-setting means to increase the fuel
input to increase the turbine speed to maximum
and then, while maintaining the turbine speed at
maximum, movable to operate the movable com-~ -
ponent of the nozzle to reduce the nozzle exit
area to increase the jet thrust.

ARNOLD H. REDDING.
DAVID W. HUTCHINSON.
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