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in Great Britain March 9, 1945 
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Patent expires March 9, 1965 
3 Claims. (C. 60-356) 

This invention relates to variable jet nozzles 
for jet propulsion units and has for its object 
to provide an improved construction of automatic 
control means whereby the area of the nozzle 
may be controlled in accordance with the tem 
perature of the gas in the jet-pipe. 
According to this invention the parts which 

are movable to adjust the area of the nozzle 
are operated by a hydraulic ram which is itself 
controlled by a temperature-sensitive device in 
the jet-pipe. 

Preferably the supply of pressure fluid to the 
hydraulic ram is controlled by a valve and there 
is provided a follow-up device actuated by the 
ram to cut of the Supply of said pressure fluid. 

Specific embodiments of the present invention 
will now be described by way of example with 
reference to the accompanying drawing whereof, 

Figure 1 is a diagrammatic view of an auto 
matic control means for a variable jet nozzle in 
accordance with the present invention. 

Figure la is a fragmentary longitudinal sec 
tion of the tail end of the jet pipe showing the 
details of the nozzle and the temperature re 
sponsive device, and 

Figure 2 is a diagrammatic view of a modified 
construction of such control means. 

Referring to Figure 1, the jet-pipe is generally 
indicated by the reference numeral 5, the rear 
end of said pipe being provided with a pair of 
Sector members 6 which are adjustable about 
a common pivot point so as to vary the dis 
charge area of the nozzle. The sector members 
are connected by a linkage 8 with a hydraulic 

ram generally indicated at 9 the arrangement 
being that when pressure fluid is admitted to 
One end of the ram the sector members will be 
adjusted in one sense and when pressure fluid 
is admitted to the other end of the ram the sector 
members will be adjusted in the opposite sense. 
Such a general arrangement of power control 
has been described in the specification to patent 
Ecation Serial No. 693,444, filed August 28, 

1946. 
Pressure fluid is supplied to the hydraulic ram 

9 by a pump to the suction side of which is 
Connected with a reservoir f to which the fluid 
exhausted from the system is returned by a pipe 
2. The supply of fluid under pressureto, and 
the drain of fluid from, the ram 9 to effect its 
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operation is controlled by a valve means indi 
cated at 3. The valve means 3 comprises a 
piston valve 4 which is directly operated through 
a lever 5 by a temperature-sensitive device 6 
the latter being disposed within the jet-pipe 5 
and responsive to the temperature of the gases 
therein. The valve means 3 also comprises a 
follow-up sleeve 7 surrounding the piston 4 
and coupled as at 8 with the ram 9. The valve 
means 3 is of known type the arrangement be 
ing that when the piston 4 is displaced by the 
temperature-sensitive device 6 it permits pres 
Sure fluid to be delivered from the pump lo to 
the ran 9 to adjust the sector members 6. The 
movement of the ram 9 is imparted thereby to 
the follow-up sleeve so that the latter cuts 
off the supply of pressure fluid to the ram and 
at the same time closes the drain from the op 
posite end of the ram piston to the reservoir 

20 by pipe 2. It will be appreciated that the end 

35 

40 

45 

of the hydraulic ram 9 which is supplied with 
pressure fluid or drained of fluid is governed by 
the direction of movement of the piston 4 from 
its closed position such movement being deter 
mined by the temperature-sensitive device is 
in the jet pipe. 
In use, if it is assumed that the piston 4 is 

moved by the temperature-sensitive device is to 
the right, pressure fluid passes from pump 10 by 
pipe 9 to the left hand side of the hydraulic 
ram and simultaneously pipe 20 which connects 
with the right hand side of the ram is connected 
to drain by means of pipe 2. The passage of 
fluid from pump 10 to pipe 9 and from pipe 20 
to pipe 2 is stopped when the sleeve T, which 
is moved to the right by the ram piston, closes 
the ports associated with said pipes. Similarly 
when the piston is moved to the left pressure 
fluid passes from pump to to the right hand 
side of the hydraulic ram 9 by way of pipe 20 
and the drain from the hydraulic ram is effected 
by pipe 9 which is placed in communication 
with pipe 2. The movement of the rampiston 
will continue until the sleeve has been moved 
to close the ports associated with said pipes. 

It will be observed from the figure that a spring 
22 is disposed between one end of the piston 4 
and the adjacent end of the sleeve it so as to 
maintain the piston 4 in engagement with the 
lever 5. 
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In the modified construction shown in Figure 2 
instead of operating the piston valve 4 of the 
valve means 3 directly through a mechanical 
linkage by the temperature-sensitive device 6, 
it is operated by fluid pressure which is derived 5 
from the same source (that is the pump fe) as 
that which supplies the ram 9. 
As in the construction described with reference 

to Figure 1 the piston valve 4 is engaged by 
a spring 22 so that it is urged in One direction 
and said piston valve is so mounted in the follow 
up sleeve T as to constitute a piston therein to 
which fluid under pressure may be supplied to 
move the valve towards the right or in which 
fluid is connected to drain so that the piston 4 
is urged by spring 22 towards the left. 
The temperature-sensitive device 6 is ar 

ranged to operate the pistOn 23 of a valve 24 
which regulates the passage of fluid to, and from, 
the left hand end of the piston 4. The piston 
23 is maintained in contact with the tempera 
ture-sensitive device by a spring 25. With this 
arrangement if the piston 28 is moved towards 
the right, pressure fluid from the pump O is 
delivered to valve 24 by pipe 2 and passes by 
pipe 27 to the piston 4. As a consequence press 
sure fluid is admitted to the left hand side of 
the ram 9 as described with reference to Figure 1 
and such supply is terminated when the piston 
of hydraulic ram 9 has moved the sleeve to 
wards the right to close the ports of valve means 
3. Similarly if the piston 23 is moved by spring 
25 towards the left, the left hand side of piston 
4 is connected with the reservoir il by means 
of pipes 27, 28 and piston 4 is therefore moved 
towards the left by Spring 22. When this Occurs 
pressure fluid will pass from the pump ?o to 
the right hand side of hydraulic ram 9 by pipe 
20 such supply being stopped when the sleeve 

has been moved to a predetermined extent 
towards the left. 

It will be appreciated therefore that in the 
two constructions described the adjustment of 
the nozzle area to maintain constant tempera 
ture in the jet-pipe 5 is determined by the tem 
perature-sensitive device 6 disposed within the 
jet-pipe. 
The particular advantage of the construction 

described with reference to Figure 2 is that the 
effort required to be exerted by the temperature 
sensitive device 6 can be made substantially less 
than that required to operate the piston 4 di 
rectly. The advantage of using a follow-up sys 
ten of control as in the two constructions de 
Scribed is that hunting is avoided in the adjust 
ment of the area of the nozzle. 
We claim: 
1. An aircraft jet propulsion system compris 

ing in combination a jet pipe having an exit pro 
pelling nozzle, partS movable to adjust the area 
of said nozzle; a hydraulic ram to move said 
parts; a hydraulic pump to supply pressure liquid 
to Said ram, a temperature sensitive device in 
said jet pipe, a first valve part actuated by said 
temperature sensitive device, a second valve part 
actuated by Said ram, said valve parts being ar 
ranged in juxtaposition, so that supply of pres 
sure liquid to the ram is initiated by movement 
of the first part and is cut off by the resultant 
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4. 
movement of the second part in follow-up action, 
and so that an increase in the temperature sensed 
by said temperature sensitive device results in 
movement of the parts to increase the area of 
said nozzle and vice-versa. 

2. An aircraft jet propulsion system compris 
ing in combination a jet pipe having an exit 
propelling nozzle, parts movable to adjust the 
area of said nozzle, a hydraulic ram to move said 
parts, a hydraulic pump to supply pressure liquid 
to said ram, a temperature sensitive device in 
said jet pipe, a part associated with said tem 
perature sensitive device and moved in accord 
ance with the sensed temperature, a first valve 
part, a mechanical connection between said part 
moved in accordance with sensed temperature 
and said first valve part, a second valve part 
actuated by said ram, said valve parts being ar 
ranged in juxtaposition so that supply of pres 
sure liquid to the ram is initiated by movement 
of the first valve part and is cut off by the re 
Sultant movement of the second valve part in 
follow-up action, and so that an increase of 
sensed temperature results in movement of the 
parts to increase the nozzle area and vice-versa. 

3. An aircraft jet propulsion system compris 
ing in combination, a jet pipe having an exit 
propelling nozzle, parts movable to adjust the 
area of said nozzle, a hydraulic ram to move said 
parts, a hydraulic pump to supply pressure liquid 
to said ram, a temperature sensitive device in 
said jet pipe, a part associated with said tem 
perature sensitive device and moved in accord 
ance with the sensed temperature, a servo valve 
part, a mechanical connection between said 
servo valve part and said part moved in accord 
ance with sensed temperature, a first control 
valve part actuated by hydraulic pressure con 
trolled by said servo valve, so that said first con 
trol valve part follows the movement of the part 
moved in accordance with sensed temperature, 
a second control valve part actuated by said 
ram, said control valve parts being arranged in 
juxtaposition so that supply of pressure liquid 
to the ram is initiated by movement of the first 
control part and is cut off by the resultant move 
ment of the second control valve part in follow 
up action, and so that an increase of sensed tem 
perature results in movement of the parts to 
increase the nozzle area and vice-versa. 

ADRAN ABERT LOMBARD. 
By MARGARET VIRGINIA GRIMWOOD, 

GREY SKIPWITH, 
Administrators of the Estate of Gordon Kenneth 

Litker Gourlay, Deceased. 
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