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[57] ABSTRACT 
Production of a downwardly and forwardly directed 
reverse thrust discharged from a reverse-thrust duct is 
controlled during landing by a door in the rearward-dis 
charge duct having its rearward portion pivotally 
mounted for swinging of its forward portion between a 
position lodged in a recess in the side of the rearward 
discharge duct and a position in which the forward 
edge of the door is spaced from the recess and the door 
is inclined to deflect jet exhaust from the rearward-dis 
charge duct into the reverse-thrust duct branching from 
the rearward-discharge duct. The discharge end of the 
reverse-thrust duct can be closed by a second door and 
actuating [means] mechanism interconnecting the two 
doors can move them simultaneously through propor 
tionate degrees of movement. 

5 Claims, 2 Drawing Figures 
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FUSELAGE TAIL JET ENGINE THRUST 
REVERSER AND METHOD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of reissue application Serial No. 
133,339, ?led Mar. 24, I 980, now abandoned, which wasa 
continuation of reissue application Ser. No. 96 7,212, ?led 
Dec. 7, 1978, now abandoned, for reissue of US. Patent 
No. 3,997,134. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to thrust-reverser instal 

lations for airplane jet engines, and, in particular, to a 
downwardly and forwardly directed thrust-reversing 
jet, [and] to control mechanism for such a jet and to a 
method of using the thrust-reversing jet during landing of 
an airplane. 

2. Prior Art 
Various types of thrust-reversers for jet engines have 

been provided, but such reverse-thrust jets in the past 
have been directed to the side of the engine or the fuse 
lage ordinarily, or, if the thrust-reversing jet has been 
directed downward, it has not been conveniently 
adapted to a jet engine buried in the tail of a fuselage. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a jet 
engine installation buried in the tail of an airplane fuse 
lage having a sole downwardly and forwardly directed 
reverse-thrust duct into which a jet exhaust can be de 
?ected easily and quickly. 
A further object is to be able to close both ends of 

such a reverse-thrust duct when the jet engine is pro 
ducing forward thrust and which will enable the re 
verse-thrust duct to be opened in a controlled manner 
when it is desired to produce a reverse-thrust such as 
during landing. 
An additional object is to provide mechanism and a 

method for landing a conventional airplane having a steer 
able nose wheel to assure prompt and ?rm contact of the 
nose wheel against the ground. 
The foregoing objects can be accomplished by pro 

viding a control door in a rearward-discharge duct from 
a jet engine and a control door for the outer end of a 
reverse-thrust duct branching from the rearward-dis 
charge duct at the aft of the airplane and which reverse 
thrust duct is directed only forward and downward so 
that, during landing, the exhaust jet from the engine can be 
directed downward and forward to produce a force tending 
to swing the nose of the airplane downward. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation [of the aft portion] of an 
airplane fuselage with parts broken away, and FIG. 2 is 
a similar view showing parts in different positions. 

DETAILED DESCRIPTION 

Installation of a jet engine buried in the tail of an 
airplane fuselage may be utilized in a trijet airplane in 
particular, but also can be used in [any type] other 
types of airplane jet arrangement. It will be understood, 
therefore, that the particular buried jet engine arrange 
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2 
ment shown in the drawings is representative and 
largely diagrammatic. In the tail portion 1 of the fuse 
lage, the jet engine 2 is installed in a duct extending 
longitudinally of the fuselage beneath the vertical ?n 3. 
Such vertical fin is conventional having a rudder instal 
lation 4 carried by its trailing edge and a horizontal 
stabilizer 5 mounted on the upper end of the vertical ?n. 
The longitudinal duct through the tail portion of the 

fuselage 1, in which the jet engine 2 is mounted, in 
cludes a forward air supply duct portion 6 and an aft 
rearward-discharge duct portion 7. A reverse-thrust 
duct 8 branches from the throat 9 of the rearward-dis 
charge duct 7, and the lower portion of such reverse 
thrust duct 8 is directed forwardly and downwardly at 
an angle within the range of 15° to 45°. The forward 
component of an exhaust jet discharged from the re 
verse-thrust duct 8 will apply a retarding force to the 
airplane fuselage 1, whereas the vertical component of 
such exhaust jet will produce an upward thrust on the 
tail portion of the fuselage. 
When the airplane touches down in making a landing, 

it is usually flying at a high angle of attack so that the 
nose of the fuselage is elevated. If the airplane undercar 
riage includes a steerable nose wheel N, such nose 
wheel may not initially come into contact with the 
ground, yet such ground contact is very desirable in 
order to enable turning of the nose wheel to effect steer 
ing of the airplane. [The] In accordance with the pres 
ent invention, upward thrust is produced on the tail of 
the airplane during landing by the vertical component of 
the jet exhaust discharged from the reverse-thrust duct 
[will tend] which tends to raise the tail and, corre 
spondingly, to depress the nose of the fuselage about a 
fulcrum located in the vicinity of the main landing ge 
arm. Such upward thrust on the tail of the airplane 
[will, therefore, effect] e?’ects engagement of the nose 
wheel with the landing strip or [increase] increases 
pressure of the nose wheel against the landing strip, so 
as to increase the steering effectiveness of the nose 
wheel. 
The deflection of jet exhaust from the rearward-dis 

charge duct 7 into the intake of reverse-thrust duct 8 can 
be controlled by constricting means including a control 
door 10 to select the amount of reverse thrust exerted 
on the airplane. Preferably, such control door is of the 
hinged type having its rearward portion mounted on a 
pivot 11, the axis of which extends transversely of the 
airplane. The control door swings about such pivot 
between the position shown in FIG. 1, in which the 
door lies alongside the lower wall of the rearward-dis 
charge duct and such duct is fully opened, and the up 
wardly and forwardly inclined position shown in FIG. 
2 in which the control door 10 extends completely 
across the rearward-discharge duct to block it. 
During cruising, the entire portion of the jet exhaust 

is directed by door 10 through rearward-discharge duct 
7. When the airplane speed is to be reduced, the door 10 
can be moved to the selected location between its ex 
treme positions of FIGS. 1 and 2 to provide the desired 
amount of reverse-thrust by directing a portion of the 
jet exhaust through each of ducts 7 and 8. Upon landing, 
door 10 will normally be swung to the position of FIG. 
2 to direct the entire portion of jet exhaust through 
reverse-thrust duct 8. 
The pivot 11 is located at the rearward side of the 

junction between the rearward-discharge duct 7 and the 
reverse-thrust duct 8 so that the control door 10 in the 
position of FIG. 2 de?ects the jet exhaust downward 
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into the reverse-thrust duct. The intake end of such 
reverse-thrust duct opening into the rearward-dis 
charge duct is fully open when the control door is in the 
position shown in FIG. 2. A vent door 12 may also be 
provided to close the lower outlet or exterior end of the 
reverse-thrust duct. Such vent door preferably is also of 
the hinged type being mounted on pivot, 13 supporting 
the rearward portion of the vent door on the aft wall of 
the reverse-thrust duct 8. In closed position, the leading 
edge of the vent door is received behind a shoulder 14 
forming a step in the forward wall of the reverse-thrust 
duct, as shown in FIG. 1. From such closed position, 
the vent door leading portion can swing downward so 
that the door extends forwardly and downwardly from 
the aft portion of the reverse-thrust duct as shown in 
FIG. 2. 

It is preferred that the control door 10 and the vent 
door 12 be interconnected for simultaneous conjoint 
and proportionate movement. Swinging of the doors 
can be effected by rotation of a screw 15 effecting for 
ward and aft movement of a toggle joint connecting the 
doors. Such screw can be rotated by an electric motor 
16. Alternatively, the toggle joint can be actuated by a 
hydraulic jack. 
When the control door 10 is in its position of FIG. 1 

in which the rearward-discharge duct is fully opened, it 
is preferred that the forward edge of the door be re 
ceived behind a shoulder 17 in the rearward-discharge 
duct so that the ?ow of jet exhaust gas from the power 
plant 2 will be as smooth as possible. Also, as illustrated 
in FIG. 1, it is preferred that the door 10 be curved so 
as to provide a throat in the rearward-discharge duct 
when such door is closing the reverse-thrust duct and to 
provide a scooping action to de?ect the jet exhaust gas 
from the rearward-discharge duct into the reverse 
thrust duct when the door is blocking the rearward-dis 
charge duct, as shown in FIG. 2. 

While provision of the vent door 12 is not essential, 
such door is desirable both to reduce drag by closing 
the opening of the reverse-thrust duct through the exte 
rior of the fuselage 1 when all of the jet exhaust gases 
are flowing through the rearward-discharge duct 7 and 
to provide better control over the direction in which 
the jet exhaust gas is discharged from the reverse-thrust 
duct 8 when the control door 10 is in the position shown 
in FIG. 2. 

While roller means could be used for swinging the 
doors 10 and 12 from the positions shown in FIG. 2 to 
the positions in FIG. 1, such doors could simply be 
spring-pressed toward the positions of FIG. 1. They 
could then be opened by release devices that would 
project their leading edges out from behind the shoul 
ders 14 and 17, respectively, so that a blast of jet exhaust 
gas would swing the doors fully into their positions of 
FIG. 2 and hold them in such positions as long as the 
quantity of jet exhaust gas was sufficient to exceed the 
force exerted by the spring means. If the jet engine 2 
were throttled down to reduce the discharge of jet 
exhaust gas suf?ciently, the springs could return the 
doors to the positions of FIG. 1 and hold them in such 
positions until the forward edges of the doors were 
again pushed out from behind their shielding shoulders. 
For the purpose of reducing the noise of the jet ex 

haust when the gas is being discharged through the 
rearward-discharge duct 7, such as during takeoff of the 
airplane, the portion of such exhaust duct rearwardly of 
control door 10 can be lined with suitable sound-absorb 
ing material, such as perforated sandwich material. A 
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4 
horizontal sound de?ector panel 18 of such material can 
line the bottom of the rearward discharge duct 7, and 
vertical sound shield panels 20 of such material can line 
opposite upright sides of such duct. The upper inner 
surface of such duct and the upper surface of control 
door 10 can also be covered with such material if de 
sired. Moreover, the downward slope of the panel 18 
will induce sound waves emitted from the rearward 
discharge duct 7 to be deflected downwardly which 
will further reduce the exhaust noise. 

I claim: 
[1. In an airplane fuselage power plant installation 

including a jet engine buried in the aft portion of the 
airplane fuselage and having a rearward-discharge duct 
opening in the tail of the fuselage, the improvement 
comprising reverse-thrust duct means branching from 
the rearward-discharge duct and constituting the sole 
reverse-thrust duct means, said reverse-thrust duct 
means opening through the bottom of the fuselage and 
being directed only downwardly and forwardly for 
discharge of jet exhaust producing thrust having a rear 
ward component and an upward component, and con 
trol means for selectively proportioning jet exhaust 
discharge between the rearward-discharge duct and 
said sole reverse-thrust duct means .] 

[2. In the airplane fuselage power plant installation 
defined in claim 1, and acoustical lining means lining the 
bottom and opposite upright sides of the rearward-dis 
charge duct] 

[3. In the airplane power plant installation defined in 
claim 1, a vent door, and ?xed pivot means at the rear 
ward side of the discharge end of the reverse-thrust 
duct means supporting the rear portion of said vent 
door for swinging of said vent door between a position 
closing the reverse-thrust duct means and a position 
projecting substantially entirely outwardly beyond the 
surface of the airplane and inclined forwardly and 
downwardly from the rearward side of the discharge 
end of the reverse-thrust duct means] 

[4. In the airplane power plant installation de?ned in 
claim 1, the control means forming constricting means 
in the rearward-discharge duct when the control means 
is in position closing the reverse-thrust means] 

5. In an airplane designed for conventional landing at 
substantial forward speed and having a steerable nose 
wheel and main landing gear located rearward of the nose 
wheel, a power plant installation comprising a jet engine 
mounted in thrust relationship to the aft portion of the 
airplane and having rearward-discharge duct means for 
normally directing the exhaust of the jet engine rearward, 
one and only one reverse-thrust duct means constituting the 
sole reverse-thrust duct means of such jet engine and hav 
ing an exhaust intake that opens in the rearward-discharge 
duct means and an exhaust outlet that opens downward at 
the aft portion of the airplane, said reverse-thrust duct 
means being directed only forward and downward from 
said rearward-discharge duct means for discharge of jet 
exhaust at the aft portion of the airplane. and control door 
means selectively movable during landing of the airplane 

60 from a normal position closing said exhaust intake of said 

65 

reverse-thrust duct means for discharge of jet exhaust rear 
ward through the rearward-discharge duct means to a 
reverse-thrust position opening said exhaust intake and 
obstructing the rearward-discharge duct means for dis 
charge of at least the major portion of the jet exhaust down 
ward and forward through said reverse-thrust duct means 
to produce thrust on the aft portion of the airplane having 
a rearward component tending to retard forward move 
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ment of the airplane during the landing ground run and an 
upward component tending to pitch the nose portion of the 
airplane downward about a fulcrum located in the vicinity 
of the main landing gear for increasing the pressure of the 
nose wheel on the ground and consequently increasing the 
steering effectiveness of the nose wheel during landing. 

6. In the airplane de?ned in claim 5, the airplane in 
cluding a fuselage, and the jet engine being buried in the 
aft portion of said fuselage. 

7. 1n the airplane defined in claim 6. vent door means 
selectively movable between a normal position closing the 
exhaust outlet of the reverse-thrust duct means and a re 
verse-thrust position opening such outlet. 

8. In an airplane designed for conventional landing at 
substantial forward speed and having a fuselage, a steer 
able nose wheel and main landing gear located rearward of 
the nose wheel, a power plant installation comprising a jet 
engine buried in the aft portion of the airplane fuselage and 
having a rearward-discharge duct for normally directing 
the exhaust of said jet engine rearward, one and only one 
reverse-thrust duct means constituting the sole reverse 
thrust duct means of said jet engine and having an exhaust 
intake that opens in said rearward-discharge duct and an 
exhaust outlet that opens downward through the bottom of 
the airplane fuselage, said reverse-thrust duct means being 
directed only forward and downward from said rearward 
discharge duct means for discharge of jet exhaust at the aft 
portion of the airplane fuselage, control door means selec 
tively movable during landing of the airplane from a nor 
mal position closing said exhaust intake of said reverse 
thrust duct means for discharge of jet exhaust rearward 
through said rearward-discharge duct means to a reverse 
thrust position opening said exhaust intake and obstructing 
said rearward-discharge duct means for discharge of jet 
exhaust downward and forward through said reverse-thrust 
duct means to produce thrust on the aft portion of the 
airplane having a rearward component tending to retard 
forward movement of the airplane during the landing 
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6 
ground run and an upward component tending to pitch the 
nose portion of the airplane downward about a fulcrum 
located in the vicinity of the main landing gear for increas 
ing the pressure of the nose wheel on the ground and conse 
quently increasing the steering e?'ectiveness of the nose 
wheel during the landing ground run, vent door means 
selectively movable between a normal position closing said 
exhaust outlet of said reverse-thrust duct means and a 
reverse-thrust position opening such outlet, and fixed pivot 
means at the rearward side of said exhaust outlet of said 
reverse-thrust duct means supporting the rear portion of 
said vent door means for swinging of said vent door means 
between its normal position and its reverse-thrust position, 
said vent door means in its reverse-thrust position projecting 
substantially entirely outward beyond the surface of the 
airplane fuselage and inclined forward and downward 
from the rearward side of said reverse-thrust duct means 
exhaust outlet. 

9. The method of landing an airplane having a steerable 
nose wheel, main landing gear located rearward of the nose 
wheel and a jet engine mounted in thrust relationship to the 
aft portion of the airplane for normally propelling the 
airplane forward, which comprises effecting conventional 
approach of the airplane toward the ground at substantial 
forward speed, e?‘ecting touchdown of the airplane by 
engagement of the main landing gear with the ground, 
and, during the landing ground run of the airplane after 
touchdown, diverting at least the major portion of the ex 
haust of the jet engine from its normal generally rearward 
direction to only a downward and forward direction for 
producing thrust on the aft portion of the airplane having a 
rearward component for retarding ?zrward movement of 
the airplane and an upward component tending to depress 
the nose portion of the airplane about a fulcrum located in 
the vicinity of the main landing gear for increasing the 
pressure of the nose wheel on the ground and consequently 
increasing the steering effectiveness of the nose wheel. 
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