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This invention relates generally to power units 
and more particularly to jet propulsion appara 
tus for aircraft and other types of vehicles uti 
lizing a propelling jet or jets formed by Separate 
hot and cold gas Streas. 
An illustrative dual stream unit of the type 

hereinabove referred to is disclosed and claimed 
in my copending application Serial No. 484,159, 
filed April 23, 1943, now abandoned, and the pri 
mary object of this invention is to provide an 
improved dual or multiple stream jet propulsion 
unit effective to materially reduce the power re 
quirements of the compressing apparatus en 
ployed and to materially increase the effective 
thrust of the propelling jet or jets. 
Another object of this invention is to provide 

an improved dual or multiple stream jet propul 
sion unit which in addition to reducing the power 
requirements and/or increasing the effective 
thrust of the propelling jet or jets, makes pos 
sible a simplified and durable construction using 
lighter materials. 
In accordance with this invention, the above 

stated objects may be accomplished in Whole or 
in part by correlating and operatively intercon 
necting high and low pressure gas compressing 
apparatus, prime mover apparatus, and nozzle 
means to provide separate hot and cold gas Con 
ducting passages which connect the discharge 
portions of the high and low pressure compress 
ing apparatus with said nozzle means and which 
are formed in part by a common heat eXchang 
ing wall structure intercoolingly Surrounding or 
otherwise intercoolingly enclosing or partially en 
closing the high pressure compressing apparatus 
in order to increase the temperature and thereby 
the thrust producing effectiveness of the cold gas 
stream, and in order to reduce the power required 
to drive the compressing apparatus by an amount 
greater than the increase in heat energy input 
necessary to raise the temperature of the hot gas 
stream to the same degree attained without the 
use of Such an intercooling wall structure. 
The invention accordingly consists of the vari 

ous combinations of elements and arrangements 
of parts as is more fully set forth in the appended 
claims and in the detailed description, reference 
being had to the accompanying dra Wing, in 
which: 

Fig. 1 schematically illustrates in longitudinal 
section a jet propulsion unit embodying the in 
wention; 

Fig. 2 is a transverse Section taken on line I-II 
of Fig. 1; and 

Fig. 3 is a transverse Section taken on line 
III-III of Fig. 1. 
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Referring to the drawing, it is seen that the 
invention may be embodied in a unit comprising 
an axial flow compressor having a low preSSure 
Section 2 and a high pressure section 3, an axial 
flow turbine 4 axially spaced from and drivingly 
connected with the adjacent end of the compres 
Sor by means of shaft 6, an inner shell Sur 
rounding shaft 6, an intermediate shell 8 Sur 
rounding and forming with the active blade car 
rying portion of the high pressure Compressor 
section 3, with the inner shell T and with the 
active blade carrying portion of the turbine 4 
an inner passage 9 including a plurality of fuel 
distributing nozzles f disposed therein between 
the discharge end of the compressor section 3 and 
the inlet end of the turbine 4, and an outer shell 
2 surrounding and forming with the interme 

diate shell 8 an outer passage 3 receiving a por 
tion of the air discharged from the low pressure 
compressor section 2; the remainder of the air 
compressed in the low pressure section 2 enter 
ing the high pressure Section 3 in Which it is 
further compressed and discharged into the inner 
paSSage 9. 
The compressor end of the outer shell f2 ex 

tends forwardly beyond the low pressure com 
pressor section 2 and forms with a coaxially ex 
tending cone-shaped casing f4 enclosing the ad 
jacent shaft, portion of the compreSSOr , a for 
Wardly facing inlet passage 6 through which air 
enters the active blade carrying portion of the 
low pressure section 2. The turbine end of the 
outer shell 2 extends rear Wardly beyond the 
exhaust end of the turbine 4 and forms with a 
coaxially extending cone-shaped casing 7 a. 
thrust producing nozzle structure embodying in 
this illustration only a single rearwardly directed 
expanding jet forming passage 8 combiningly 
received therein the hot gases issuing from the 
turbine is and the relatively cool gas flowing 
through the outer surrounding passage 3; the 
active blade carrying portion of the turbine 4 and 
the exhaust end thereof forming a continuation 
of and constituting the nozzle end of the inner 
paSSage 9. 
The compressor end of the intermediate shell 

8 terminates in or merges with a heat exchanger 
comprising a futed or finned wall portion 9 
forming in side-by-side relation (see Fig. 2) lon 
gitudinally extending and relatively narrow chan 
nel 2 through which flows a portion of the gas 
issuing from the low pressure portion or section 
2; said portion being thus separated from the gas 
undergoing further compression in the high press 
sure portion or section 3. In other words, the 
high and low pressure compressing means, wheth 
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er constructed and arranged in the partial series 
flow relation herein shown or otherwise, embodies 
a common heat exchanging wall structure Separ 
rating the gas issuing from the low pressure 
compressing means from that undergoing con 
pression in the high pressure compressing means, 
thereby increasing the temperature and the 
thrust producing effectiveness of the relatively 
cool low pressure stream and simultaneously in 
tercooling the high pressure compressing means 
sufficiently to reduce the power required to drive 
said compressing means by an amount greater 
than the increase in heat energy input necessary 
to raise the temperature of the hot gas stream to 
the same degree attained without the use of the 
heat exchanging wall structure. The nozzle end 
of the intermediate shell 8 also terminates in or 
merges with a fluted portion 23 forming in side 
by-side relation (see Fig. 3) relatively narrow al 
ternate continuations 24 and 26 of the inner and 
outer passages 9 and 3, respectively; said con 
tinuations functioning to improve the thrust pro 
ducing effectiveness of the combined streams as is 
more fully disclosed in applicant's aforementioned 
Copending application. However, since this con 
struction forms no part of the present'invention, 
a further description of same is deemed unnec 
eSSary. 
The compressor end of the shaft 6 and the 

adjacent end of the rotor of compressor con 
nected thereto are supported in a common bear 
ing structure 27 which is in turn supported by 
a plurality of inwardly extending Struts 28 car 
ried by the adjacent portion of the inner shell 
7. The forward or inlet end of the rotor of 
compressor is supported in journal and thrust 
bearings 29 and 3, respectively, which are in 
turn supported by inwardly extending ribs or 
the like 32 and 33 carried by the cone-shaped 
Shell 4. The turbine end of the shaft 6 and 
the adia cent end of the rotor of turbine 4 con 
nected thereto are also supported in a common 
bearing structure 34 which is in turn supported 
by inwardly extending struts 36 carried by the 
adjacent end portion of the inner shell 7. 
Sequently, the compressor f, turbine 4 and inter 
connecting shaft 6 are supported as a unit by 
three axially spaced bearings with the turbine 
disposed in overhung relation to the bearing 
structure 34, thereby presenting a simplified and 
Compact arrangement. 

In Operation, the air entering the forwardly 
facing inlet passage 6 is first compressed to 
a predetermined degree in the low pressure sec 
tion 2 and issues therefrom in two streams, one 
of which the inner stream in this case, enters 
the high pressure section 3 in which it under 
goes further compression and issues therefrom 
into the combustion chamber portion of the pas 
Sage 9, that is, the portion containing the fuel 
distributing nozzles if, in which burning takes 
place, thereby highly heating the inner stream 
before it enters the turbine 4 from which it is 
discharged into the nozzle passage 18 and the 
other of which, the outer stream in this case, 
enters the outer passage 3 through which it 
flows directly into the nozzle passage f8 in which 
it is mixed with the hot gas stream issuing from 
the turbine 4, the resulting mixture being then 
expanded in the nozzle passage to produce a 
rearwardly directed propelling jet or blast hav 
ing the velocity desired for a given wake efficiency, 
that is, the efficiency of the jet or blast as a 
propelling means. 
The feature of separating the relatively cool 
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4 
low pressure stream issuing from the compressing 
section or means 2 from that undergoing further 
compression in the high pressure compressing 
section or means 3 by a heat exchanging wall 
structure effective to increase the temperature 
and thereby the thrust producing effectiveness 
of the cool gas stream while intercooling the 
high pressure compressing means Sufficiently to 
obtain a net gain in energy input results in an 
increase in both thermal efficiency and pro 
pulsive thrust. This improved result is obtained 
irrespective of whether the cool and hot gas 
streams are rapidly mixed and then expanded 
in the manner disclosed in my copending appli 
cation hereinbefore identified and irrespective 
of whether the high and low pressure compressing 
means are constructed and arranged as herein 
shown and described or otherwise, since the 
only requirement in this respect is to separate 
the relatively cool gas stream issuing from a low 
pressure compressing means from that under 
going compression in a high pressure compressing 
means by a heat exchanging wall structure which 
is effective to produce the aforementioned im 
proved results. In this connection, such a sep 
arating wall structure can be readily designed 
by anyone skilled in the art knowing the altitude 
at which the unit is to be operated, its trans 
lational velocity, and whether the temperature 
and pressure of the jet producing hot gas stream 
are increased or decreased and to what extent 
by the prime mover utilizing same, since from 
this information the temperature of the incom 
ing air, the relative quantities undergoing Com 
pression in the high and low pressure compressing 
means and the ultimate temperatures and ve 
locities of the thrust producing hot and cold 
gas streams can be determined. 
The invention is applicable generallv to jet 

propulsion apparatus utilizing a propelling jet 
or jets formed at least in part by Separate 
streams discharged from high and low pressure 
compressing means irrespective of whether said 
streams are separately expanded to produce pro 
pelling blasts or iets or mixingly combined and 
then expanded to produce a single propelling 
jet or blast and irrespective of whether the prime 
mover means embodied in Silch anparatus is of 
the turhine, internal comb11stion engine or other 
gas utilizing type or combinations thereof; and 
it should therefore be understood that it is not 
intended to limit the invention to the exact de 
tails of construction herein shown and described, 
as various modifications within the scope of the 
appended claims may occur to persons skilled 
in the art. 

It is claimed and desired to secure by Letters 
Patent: 

1. A jet propulsion unit comprising a gas com 
pressing means having a forwardly facing inlet 
and rearwardly discharging high and low pres 
sure compressing portions, a turbine spaced from 
and drivingly connected with said compressing 
means, a combustion chamber interposed between 
and connecting the discharge of said high pres 
sure compressing portion with the inlet of said 
turbine, a rearwardly directed thrust producing 
nozzle structure, means including said combus 
tion chamber and turbine forming a first fluid 
confining passage connecting the discharge of 
said high pressure compressing portion with said 
nozzle structure, the major extent of the high 
pressure compressing portion being surrounded by 
a heat exchanging wall structure separating the 
gas issuing from the discharge of the low pressure 
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compressing portion from that undergoing fur 
ther compression in the high pressure compreS 
sing portion, said heat exchanging wall structure 
abstracting heat from the gas undergoing further 
compression for substantially reducing the power 
required for driving said gas compressing means 
and increasing the total heat energy delivered to 
said nozzle structure, and an Outer shell means 
forming with said heat exchanging Wall structure 
and said turbine a second passage surrounding 
said combustion chamber and directly connecting 
the discharge of said low pressure compreSSing 
portion with said nozzle structure. 

2. A jet propulsion unit comprising a gas con 
pressing means having a forwardly facing inlet 
and rearwardly discharging high and low pres 
sure compressing portions, a turbine coaxially 
spaced from and drivingly connected with Said 
compressing means, a combustion chamber in 
terposed between and connecting the discharge 
of said high pressure compressing portion With 
the inlet to said turbine, a coaxial, rearwardly 
directed thrust producing nozzle structure, means 
including said combustion chamber and turbine 
forming an inner fluid confining passage Con 
necting the discharge of Said high preSSure COIn 
pressing portion with said nozzle structure, and 
means, including a wall structure providing in 
side-by-side relation a coaxial series of longi 
tudinally extending channels surrounding the 
major extent of the high pressure compressing 
portion and separating a portion of the gas is 
suing from the discharge of Said low preSSure 
compressing portion from that undergoing fur 
ther compression in the high pressure portion, 
said wall structure abstracting heat from the gaS 
undergoing further compression for substantially 
reducing the power required for driving said gas 
compressing means and thereby increasing the 
quantity of heat energy carried to Said nozzle 
structure by the exhaust from said turbine and by 
the low pressure gas forming an Outer Surround 
ing passage directly connecting the discharge of 
said low pressure compressing portion with Said 
nozzle structure. . 

3. A jet propulsion unit comprising in coaxial 
combination a gas compressing means having a 
forwardly facing inlet and rearwardly discharg 
ing high and low pressure compreSSing portions, 
a turbine spaced from and drivingly connected 
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with Said compressing means, a combustion 
chamber defining means interposed between and 
directly connecting the discharge of said high 
pressure compressing portion with the inlet to 
said turbine, a rearwardly directed thrust pro 
ducing nozzle structure, means including said 
Combustion chamber. defining means and turbine 
forming an inner fluid confining passage con 
necting the discharge of said high pressure com 
preSSing portion. With Said nozzle structure, the 
major extent of the high pressure compressing 
portion being surrounded by a radially finned 
Wall structure separating the gas issuing from 
the discharge of the low pressure compressing 
portion from that undergoing further compres 
sion in the high pressure portion, said finned wall 
abstracting heat from the gas undergoing fur 
ther compression for Substantially reducing the 
power required for driving said gas compressing 
means whereby the unused power is delivered to 
the nozzle structure as an increased quantity of 
heat energy, and an outer shell means forming 
With said finned wall structure, said combustion 
chamber defining means and said turbine a sur 
rounding passage directly connecting the dis 
charge of said low pressure compressing portion 
With said nozzle structure. 

JOHN ALGOT JOHNSON. 
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