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This invention relates to improvements in re 
action propulsion particularly adapted for use 
with helicopters, but also useful with ordinary 
aircraft. 

It is known that the use of reaction propulsion 
in helicopters permits the avoidance of the couple 
which occurs with the mechanical drive of the 
rotors, and the avoidance of the need for anti 
couple devices such as tail propellers and double 
rotors. Reaction propulsion also does away with 
the weight, the costs of construction, and the 
maintenance of reciprocating motors, and great 
ly reduces the number of mechanical elements 
involved. 

It is known to use reaction propulsion which 
utilizes a compressor driven by a turbine. Such 
devices utilize a portion of the preSSure furnished 
by the compressor and a portion of the energy 
produced by combustion chambers located be 
tween the turbine and the compressor, the ex 
haust gases of the turbine being conducted 
through the hub of the rotor and through a 
System of pipes through the blades to jets sit 
luated at the extremity of the blades where the 
gases are finally expelled and furnish the reac 
tion which produces the desired rotation of the 
rotor blades. These known propulsion devices 
present numerous Serious inconveniences. 
The turbine necessitates quite a high tempera 

ture in order to operate well. The obtaining of 
Such a high temperature is difficult for the foll 
lowing reasons: Because of the high temperature 
and of the low pressure, the specific volume of 
the exhaust gas is So large that the blades of 
the helicopter need to be much larger than can 
operate at maximum aerodynamic efficiency, and 
particularly if one takes into consideration the 
fact that reaction propulsion necessitates high 
linear speeds at the extremity of the blades. 
Another difficulty is involved in constructing 

the rotor hub with its conduits and its articu 
lated joints conducting the gas in the blades in 
a manner SO that it can function at high tem 
perature. The same difficulty is present with 
the blades. 
Another trouble is the considerable waste of 

energy due to the cooling of the gases caused by 
the large Surfaces of the blades. 
Certain of these difficulties do not exist where 

the turbines or combustion chambers are dis 
posed in the extremities of the blades, but such 
dispositions give rise to serious gyroscopic prob 
lens as well as weight problems involving the 
inertia, of the blades. 
An object of the invention is to provide a jet 
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or nozzle cross-sectional area, which can be 
varied as the speed of the tip of the blade varies. 
This permits power control by merely changing 
the pitch of the blades as the rotational Speed 
of the rotor would therefore automatically re 
main practically constant. 
The control of the cross-sectional area of the 

nozzle can be accomplished by utilizing centriful 
gal force, in which case the rotational Speed of 
the rotor would remain constant. Control can 
also be accomplished by utilizing the dynamic 
pressure of the atmospheric air, in which case 
the speed of revolution of the rotor would depend 
upon the rotor tip speed and the density of the 
air. In thinner air (higher altitudes) the Speed 
of revolution of the rotor would automatically 
increase, thus compensating for the loSS in lift 
which would occur if the aircraft continued aS 
cending into the thinner atmosphere without any 
variation in the speed or pitch of the blade. 
When the cross-sectional area of the jets or 

nozzles is increased, a greater amount of air will 
flow therethrough. This necessitates the Com 
pressor's being driven with greater power. This 
can be accomplished by an automatic device 
Which maintains the turbines R. P. M. and there 
fore the compressor R. P. M. fairly constant by 
varying the fuel pressure in the fuel line leading 
to the combustion chambers, or by adjusting 
the position of the stator blades of the turbine. 
The above and other objects of the invention 

will be apparent from the following Specification 
and the accompanying drawings, in which: 

Fig. 1 is a perspective view, partially Schematic, 
of the tip of a helicopter rotor blade showing 
a device operating in response to centrifugal 
force for controlling the croSS Sectional area of 
the jet nozzle at the end of the blade; 

Fig. 2 is a view similar to Fig. 1 but showing 
a device operating in response to atmospheric 
preSSure of the air in which the rotor is operating. 
An important part of the invention is the au 

tomatic control of the croSS Sectional area of the 
jet nozzles at the ends of the rotor blades. As 
shown in Fig. 1 a rotor blade 40 has in its in 
terior a plurality of hot air conducting tubes 4 
Which are bent at the end of the blade 40 in the 
direction of the trailing edge of the blade so 
that their open ends 42 direct the hot air under 
preSSure in Such manner as to cause rotation of 
the blades about the central axis of the rotor. 
The area of the open ends 42 of tubes 4 may be 
controlled by a pair of shutters 43 mounted on 
parallel shafts and extending along the upper 
and lower edges of the openings 42. Both of 



3. 
the shutters 43 are connected by linkage 44 to 
one end of a bell crank lever 45 pivoting about 
a vertical axis, the other end of lever 45 carrying 
a weight 46. A spring 47 is attached to lever 45 
at the end bearing weight 46 in Such a manner 
as to urge that end of the lever inwardly toward 
the axis of rotation of the rotor blade 40, thereby 
tending to retain shutters 43 in their wide open 
positions. 
When the rotor of the helicopter is rotating, 

centrifugal force will act on weight 46 in op 
position to the pull of spring 4 so that the higher 
the speed of rotation of the rotor, the further 
outwardly will move weight 46, causing shutters 
43 to move toward each other. This of course 
results in a decrease in the croSS Sectional area, 
of the openings 42 with a corresponding lessening 
of the thrust and a decrease in the speed of ro 
tation of the rotor. As the rotational Speed de 
creases, the centrifugal force acting on weight 
47 also decreases and Spring. A will cause nove 
ment of Shutters 63 to more open positions. in 
this manner attornatic control of the speed of 
rotation of the blades anay be achieved. 
In order to avoid "hunting' (too rapid oscil 

lation of weight 6) there is provided a buffing or 
movement retarding device 48 connected to bell 
crank lever 45 so as to exert a steadying effect 
thereon. 
When shutters 83 are open to increase the ac 

tive cross sectional area of openings 42, it is 
necessary for the compressor 25 to furnish a 
greater mass of fluid, and consequently the tur 
bine must be driven with greater power. This 
can be accompilished by an automatic device 
which maintains the speed of rotation of the 
turbine, and therefore of the compressor, fairiy 
Constant. Such a device could operate, for ex 
ample, from the pressure of an oil punlp driven 
by the shaft 30 of the turbine for supplying lubri 
cation to the shaft bearings, or could be accorn 
plished by a ceintrifugal governor driven by shaft 
3. The chosen regulating device, oil pressure 
or centrifugal force, can be connected to control 
the Supply of fuel to burners. 26, or to change the 
pitch of the blades of the stator of the turbine. 
AS shown in Fig. 2, the variation of the cross 

Sectional area of openings 42 at the end of blades 
4 can be controlled in response to air pressure. 
In Such an installation, the shutters 43 are con 
nected as in Fig. 2 by a linkage 34 to a bell crank 
lever 45. However in this case, the other end of 
the bell crank lever is connected by a rod 50 to 
a piston Si within a cylinder:52. A Pitot tube 53 
having its open end 54 facing in the direction of 
rotation of the blade is connected to cylinder 
52 in such manner that the air pressure in tube 
53 controls the position of piston 5 in cylinder 
52 and thereby controls the positions of shutters 
43. If desired, a spring (not shown) may be 
mounted in opposition to the effect of the pres 
Su'e in cylinder. 52 on the position of the shut 
ters. 

It will be apparent that the pressure in tube 
53 is a function of the speed of rotation of the 
rotor blades and of the density of the air, so that 
as the aircraft rises to higher altitudes and the 
air becomes thinner, shutters. 43 will be opened 
wider to give a greater thrust and thereby to in 
Crease the Speed of rotation of the rotor. 

I wish it to be understood that the construc 
tion I have described herein is shown only in an 
exemplary sense and is not to be construed as 
the only manner of carrying out my invention. 
It is my intention to cover all modifications fall 
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ing within the inventive concept as defined by 
the appended claims. 

I claim: 
1. A reaction propulsion device for helicopter 

rotor blades adapted to be supplied with a pro 
pulsion fluid comprising, means forming an in 
ternal passage in at least one of said blades to 
receive heated propulsion fluid, a propulsion noz 
2le in said blade in communication with said in 
ternal passage for expelling said heated fluid to 
CauSe rotation of Said blades, closure means co 
Operating With said nozzle for varying the ef 
fective cross-sectional area of the opening of said 
Eaozzle, and -control means connected to said 
closure means and substantially operable in re 
Sponse to the Speed of rotation of the rotor for 
controlling the position of said closure means, 
Said control means being operable to move said 
closure means to decrease the area of the opening 
of Said nozzle when the speed of rotation of the 
rotor increases beyond a predetermined value, 
and to move said closure means to increase the 
nozzle area, when the speed of rotation of the 
rotor decreases below said value. 

2. A reaction propulsion device for helicopters 
as Set forth in claim 1, Said control means con 
prising a weight, means mounting said weight 
to said blade for movement away from the rotor 
axis by centrifugal force, resilient means con 
nected to said blade and said weight tending to 
resist said movement of the weight, and a link 
age connecting Said weight to said closure and 
Operable by said weight for moving said closure 
means to decrease the cross sectional area of 
the nozzle opening upon outward movement of 
Said weight in response to an increase in the 
rotational Speed of the rotor beyond a predeter 
inined value and for inoving said closure means 
to increase the cross-sectional area of the nozzle 
opening upon inward movement of said weight 
by said resilient means in response to a decrease 
in the rotor Speed below said value. 

3. A reaction propulsion device for helicopters 
as set forth in claim 2, and damper means con 
nected to Said linkage to control the speed of 
Operation of said control means. 

4. A reaction propulsion device for helicopters 
as set forth in claim 1, said control means com 
prising a cylinder, a piston in said cylinder, a 
linkage connecting said piston with said closure 
means whereby the position of said piston con 
trols the effective opening of said nozzle, and a 
Pitot tube communicating with the interior of 
Said cylinder and open to the exterior of the 
blade in the direction of the direction of rotation 
of the rotor, whereby the air pressure in said 
Pitot tube controls the position of said piston 
and thereby the position of said closure means 
as a function of the speed of rotation of the 
rotor and the density of the air in which the 
l'otor is operating. 

5. In a rotating helicopter blade having a re 
action nozzle near its outer end for rotating the 
blade about - a rotor hub, an arrangement for 
controlling the size of the nozzle opening to con 
trol the Speed of rotation of the rotor, compris 
ing closure means mounted adjacent the outlet 
end of Said nozzle, and control means inde 
pendent of mechanical linkage to said rotor hub 
and Substantially operable in response to the 
Speed of rotation of the rotor for controlling the 
position of said means connecting said control 
means to said closure fineans, said control means 
being Operable to move said closure means to 
diminish the effective nozzle opening when the 
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speed of rotation of the rotor increases beyond 
a predetermined value, and to move said closure 
means to enlarge the effective nozzle opening 
When th Speed of the rotor decreases below said 
predetermined value. 

6. The combination set forth in claim 5, said 
Control lineans comprising a weight, means 
mounting Said weight to said blade for move 
ment away from the rotor axis by centrifugal 
force, resilient means connected to said blade 
and said weight tending to resist said movement 
Of the weight, and a linkage connecting said 
Weight to said closure and operable by said 
Weight for moving said closure means to decrease 
the cross Sectional area of the nozzle opening 
upon outward movement of Said weight in re 
Sponse to an increase in the rotational speed of 
the rotor beyond a predetermined value and for 
moving said closure means to increase the cross 
Sectional area of the nozzle opening upon inward 
movement of said weight by said resilient means 
in response to a decrease in the rotor speed be 
low said value. 

7. The combination set forth in claim 5, said 
control means comprising a weight, means 
mounting Said weight to said blade for movement 
away from the rotor axis by centrifugal force, 
resilient means connected to said blade and said 
Weight tending to resist said movement of the 
weight, and a linkage connecting said weight 
to Said closure and operable by said weight for 
moving said closure means to decrease the cross 
Sectional area of the nozzle opening upon out 
Ward movement of said weight in response to an 
increase in the rotational speed of the rotor be 
yond a predetermined value and for moving said 
closure means to increase the cross sectional 
area of the nozzle opening upon inward move 
ment of Said weight by said resilient means in 
response to a decrease in the rotor speed below 
Said value, and damper means connected to said 
linkage to control the Speed of operation of said 
control means. 

8. The combination set forth in claim 5, said 
control means comprising a cylinder, a piston in 
Said cylinder, a linkage connecting said piston 
with said closure means whereby the position of 
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6 
said piston controls the effective opening of Said 
nozzle, and a Pitot tube communicating with the 
interior of said cylinder and open to the exterior 
of the blade in the direction of the direction of 
rotation of the rotor, whereby the air pressure in 
said Pitot tube controls the position of said piston 
and thereby the position of said closure means as 
a function of the speed of rotation of the rotor 
and the density of the air in which the rotor is 
Operating. 
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