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rill, Westfield, N, J., and Percy 1. Batten, Racine, Wis.,
trustecs

Application August 2, 1949, Serial No. 168,118
Clatmns priority, application Sweden Aagust 4, 1548
15 Claims. (Cl. 66—35.6)

The present invention relates to reaction engines, the
useful power of which is exclusively or at least partly
produced by jet nozzies.

The most common embodiment of such engines hith-
erto known consists of a dynamic compressor driven by
a turbine in which all the compressed medium after heat-
ing is expanded to give necessary power for the com-
pression. The remaining heat drop is utilized in a jst
nozzle coupled after the turbine for producing for in-
stance the thrust needed. Such a reaction engine ful-
fills the demands for low engine weight per thrust unit.
The best utilization of the fuel at the gas temperatures
allowed by the turbine system is obtained at moderate
gas velocities (500-700 m./sec.) from the jet nozzle.
These velocities in turn require only comparatively
small compression and expansion ratios in COMpressor,
turbine and jet nozzle respectively. The cOmpressor,
therefore, may advantagecusly be of the single wheel
centrifugal type and the turbine of the one stage type.
As the capacity, 1. e. the quantity of gas passing per time
unit, can be kept very hish for both these types of
engines in relation to their size, the reaction engine at-
tains 2 low ratio weight/thrust. The drawback of this
eagine primarily is to be found in high specific fuel con-
sumnption, partly depending on the relatively low maxi-
mum gas femperature allowable for the turbine, con-
sidering the sirength of the material of the blading. A
further drawback is that upon changes in load, particu-
larly when rapidly accelerating from low speed and low
gas temperature to high speed and high temperature op-
eration, the dynamic compressor can easily become sub-
ject to so-called surging when the fuel supply to the
combustion chamber is increased, a phenomenon which
has in many cases resulied in extinguishing the flame in
the combustion chamber. An aircraft provided with
such a reaction engine will lose its speed to such an ex-
tent that before ignition starts again through measures
taken by the pilot, the indicated deficiency (the tendency
for surging) may become fatal. As herein employed, the
term dynamic compressor, as distinguished from the
term positive displacement or displacement compressor,
is intended to be generic to those kinds of COMpressors
in which the pressure of the medium compressed is raised
by imparting energy of velocity to the medium and con-
verting such energy to static pressure energy. Of such
types, centrifugal compressors and so-called axial flow
compressors are the most common.

By using a displacement instead of a dynamic com-
pressor the risk of surging will be avoided but the ratio
weight/thrust will increase on account of the difficulty in
building known types of displacement COmpressors as
light-weight constructions.

" The present invention relates to a new combination of
the aggregate feeding the jet nozzles by means of which
the above-mentioned drawbacks can be avoided. For
this purpose there is utilized as driving engine for the
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compressor part, or if the engine is of the multiple stage
type at least in its high pressure stage, a displacement
engine of the typs described in our copending U, S.
Patent No. 2,627,161 granted February 3, 1953, on our
application No. 289,161 filed May 21, 1952, as a con-
tinuation-in-part replacing our application No. 776,928
fited September 30, 1947 (now abandoned) and which
is - especjally intended for high temperature driving
media. For the compression there is used at the same
time a compressor aggregate which consists in the com-
bination of a dynamic compressor, preferably a cen-
trifugal compressor, and a positive displacement com-
bressor, the dynamic compressor being coupled in front
of the displacement compressor (in the direction of
fiow). Such a compressor aggregate is so light that it
may also, in respect of weight, advantageously be used
for aeroplanes. The use of a displacement compressor
immediately before the combustien chamber of the com-
pressor driving engine at the same time eliminates the
risk of extinguishing the flame and thus the risk of
cngine failure.

The displacement engine, however as well as the dis-
placement compressor, has the drawback that it cannot
be built for large gas volumes without being incon-
veniently heavy. Therefore, when high admission pres-
sures and temperatures of the driving medium are to be
used according to the present invention, it may occur
that the whole quantity of the driving medium cannot be
expanded to the pressure and temperatire values which
are most suitable for the jet nozzles. This difficulty may,
however, be overcoms by simple measures within the
scope of the invention.

One of these measures consists in coupling a turbine
between the displacement engine and the jet nozzle or
nozzies extracting from the turbine that surplus of pres-
sare and heat drop in the exhaust gases from the dis-
placement engine which exceeds the values most Stif-
able for the jet nozzles. Thus, the output of the turbine
may be utilized as additional power for driving the com-
pressor or for other purposss as, for instance, the driv-
ing of a propeller.

Another means of serving the same purpose is to lead
only part of the air compressed in the Compressor aggre-
gate through the displacement compressor, and the re-

5 mainder directly to the jet nozzle coupled after the dis-

placement compressor or possibly to a separate jet nozzle.
Under certain circunistances a combination of both these
steps is most suitable. ’

Particularly in those cases when part of the com-
pressor air is led past the displacement engine and sup-

-plied to a turbine coupled after same, or is led directly

to one or more jet nozzles, it is advantageous to com-
press the air in a2 compressor aggregate of the type re-
ferred to above. The by-pass conduit is thereby con-
nected to the dynamic compressor operating as the low
pressure stage and only part of the air compressed
therein is led to the displacement compressor operating
as the high pressure stage. )

lternatively a separate compressor can be used for
compressing the air passing through the by-pass conduit
and in such case a control valve may be arranged in said
by-pass conduit for adjusting the air quantity,

The supply of cool air before the turbine or the jet
nozzle has for its purpose not only to decrease the tem-
perature of the exhaust gases from the displacement en-
gine to a value which the material of the turbine can re-
sist and which gives the best working conditions for the
jet mozzle, but at the same time to improve the fuel
economy of the reaction engine.

An increase of the working medium temperature in
a reaction engine of normal design only results in a de-
crease of the air quantity necessary for a certain thrust,
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whereas the fuel consumption remains practically un-
changed, provided that the comparison is made at the
most suvitable pressure ratio with respect to the gas
temperature. In this way, however, ounly a redaction in
weight of the reaction engire itself is obtained, while
the fuel quantity necessary for a certain distance and
flying weight remains unchanged.

By designing the compressor with two compression
stages or by using a separate compressor as set forth
above, whereby air compressed to a pressure suitable
for the jet nozzles is mixed with the exhaust gases after
the compressor driving engine, a reaction engine with
low fuel consumption is obtained. This decrease in fuel
consumption, however, is gained independently of the
admission temperature of the working mediuvm, but in
previously known types of reaction engines this means
for improving the fuel economy, to the best of our
knowledge, has not been put to practical use. It is also
doubtful if in a gas turbine driven reaction engine the
system described can be advantageously utilized, having
regard to its limited properties in other respecis.

The maximum size of a reaction engine of a certain
type is primarily restricied by the maximum capacity
of the compressor type employed. In gas turbine driven
reaction engines with their low working medium tempera-
ture—max. 800° C.—this limit size lies at a minimum
thrust corresponding to the thrust obtainable in a recipro-
cating aeroplane engine of medium size. By utilizing
the by-passing of air the obtainable thrust decreases with
increasing by-passed air added so that favourable fuel
economy is obtained at the expense of the other properties
of the reaction engine such as weight/thrust and maxi-
mum thrust per engine unit which thus becomes unfavour-
able as compared to the corresponding values of the
reciprocating engine.

In order to overcome these deficiencies we have found
that the only possible way is to increase the motive fluid
temperature of the engine driving the compressor to
about 1200-1400° C. This has been made possible by
using an engine according to our above mentioned copend-
ing application allowing considerably higher motive fluid
temperatures than have been possible to utilize in gas
turbines.

Investigations have shown that for the same thrust a
reaction engine of the turbine type with a working medium
temperature of §00° C. needs an air guantity twice as
large as that of a displacement motor having 1200° C.
working medium temperature, provided the ratio of added
air as well as the fuel consumption is the same in both
cases. In other words, for a given compressor size the
last-mentioned alternative can be built for a thrust twice
as large as that of the first mentioned one and thus com-
pete with or even surpass the properties of the recipro-
cating engine. In the example previously given the addi-
tional air quantity amounts to 75% of the total air quan-
tity being compressed by the low pressure stage of the
compressor part and the fuel consumption is only half
of that required for a gas turbine driven reaction engine
of normal design without air by-pass.

In the following, the invention will be described more
in detail, reference being had to the accompanying draw-
ings which by way of example show scme preferred
embodiments, though not limiting the invention thereto.

Fig. 1 is a longitudinal section of a compressor aggre-
gate composed of a single wheel, a centrifugal compressor
as low pressure stage, and a displacement compressor as
high pressure stage, the two compressors being driven by
the same input shaft.

Fig. 2 is a longitudinal section through a compressor
aggregate consisting of a low pressure muitiple wheel,
a centrifugal compressor, and a high pressure displace-
ment compressor, arranged according to the principles
of the invention.

Fig. 3 illustrates schematically a reaction engine com-
prising a centrifugal and a displacement compressor driven
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by a displacement engine as well as jet nozzle for jet

‘propulsion and a device for mixing the exhaust gases

from the displacement engine with cool air.

Fig. 4 illustrates schematically a reaction engine having
the compressor part built up of a dynamic compressor
and a displacement compressor, which are driven by a
displacement engine with an after-coupled turbine. The
exhaust gases from the displacement engine arc mixed
with cool air from the centrifugal compressor before
entering the turbine.

Fig. 5 shows a reaction engine according to Fig. 4
but with a two-stage dynamic compressor, air from the
first stage of the dynamic compressor being mixed with
the exhaust gases from the turbine.

Fig. 6 shows a reaction engine of the same type as
illustrated in Fig. 5, but with the modification that the
air discharged after the first stage of the dynamic com-

ressor is conducted to a separate combustion chamber
and jet nozzle.

Fig. 7 shows a reaction engine similar to the embodi-
ment according to Fig. 4 but with the modification that
the 2ir discharged after the dynamic compressor is uti-
lized in a separate discharpe nozzle with forecoupled
combustion chamber.

Fig. 8 shows a reaction engine which differs from the
engine according to Fig. 6 in that the dynamic com-
pressor-part is divided into two units working in parallel.

Fig. 9 shows in longitudinal section an embodiment
of an engine according to Fig. 4.

Fig. 10 is a section on line X—X of Figs. 1, 2 and 9.

in Fig. 1, 10 designates the displacement compressor
and 22 the centrifugal compressor. In this case the cen-
trifugal compressor 22 consists of an impeller wheel 11
splined on the shaft 13, which in turn is journaled in
the compressor casing at 15 and 17. The compressor
casing encloses a diffusor blade row 19 and a collector
spiral 21 from which the air is conducted via the piping
58 to the displacement compressor 19. The centrifugal
compressor is driven by means of shaft 34,

The displacement compressor 10 is preferably designed

according to the same principles as the engine type, which
has been described in copending U. S. applications Nos.
684,495 filed July 18, 1946, now abandoned, and 761,265,
filed July 16, 1947, now Patent No. 2,622,787. It is
characteristic for this type of compressor that the casing
50 is composed of two intersecting, cylindrical bores
each containing one of the two engaging compressor
rotors 46 and 47 provided with helical lands and grooves,
one of these rotors, the so-called male rotor 46, having
lands and grooves lying substantially outside its pitch
circle, whereas the other rotor, the so-called female rotor,
has lands and grooves lying substantially inside its pitch
circle. The wrap angle of the two rotors is less than
360°. The compression takes place in the working cham-’
bers formed between the rotors, the casing 50 and the
end plates 52, 53, said chambers by rotation of the
rotors travelling from the inlet port 55 to the outlet
port 72, whereby a continuous decrease of their volume
takes place, i. e. the compressor is working with internal
compression during those periods of time when the work-
ing chambers are cut off from both the inlet and the outlet
ports. -
The rotor 46 is mounted in bearings 62 and 64, which
are Jocated in the endplates 52 and 53 respectively.- In
a corresponding way the female rotor 47 is mounted
in its two bearings. As the rotors work with clearance
not only between themselves and the casing and the end
plates, but also between each other, a synchronizing gear
65 is arranged between the shafts of the rotors. The
power necessary for the compression is delivered by the
input shaft 2@ which, in the embodiment according to
Figs. 1 and 2, is shown connected to the shaft end of the
rotor 46 by splines.

The air is sucked into the centrifugal compressor 22
through the inlet 12 and is conducted from its collector
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spiral 21 to the inlet 55 of the displacement compressor
via the duct 58. The compressed air exhausts through
the outlet 72 to the duct or chamber 79.

In the embodiment shown in Fig. 2 the centrifugal
compressor 22 is principally of the same design as be-
fore, though the number of impeller wheels is increased
from one to three and, furthermore, the collector spiral
21 is provided with a separate outlet 57, through which
fluid compressed by the centrifugal compressor can be
removed for special purposes.

A cooler 24 is located between the centrifugal com-
pressor 22 and the displacement compressor 16 for
cooling the air already compressed in the centrifugal
compressor, thereby decreasing the power consumption
for compression in the displacement compressor.
cooling medium enters the cooler at 61 and leaves at 63.

The two compressors have in this case separate driv-
ing engines, the centrifugal compressor 22 being driven
by the shaft 34 and the displacement compressor 16 by
the shaft 28. The latter compressor is of the same de-
sign as shown in Fig. 1.

Referring to Fig. 3, 10 designates a displacement com-
pressor and 12 a diffusor-shaped inlet duct, while 14
indicates a displacement engine with combustion cham-

ber 16. The exhaust gases from the engine leave the ¢

apparatus through the jet nozzle 18. The air is sucked
in through the inlet duct 12, compressed in the com-
pressor 10 and via the cooling system of the engine 14
conducted to the combustion chamber 16, where through
heating by means of direct combustion of injected fuel
it is converted into working medium. The working
medium is then supplied to the working chamber of
the engine and, by expansion therein, part of its con-
tent of energy is transformed into mechanical work,
which in turn is transmitted to the compressor 10 via
the driving shaft 20. The remaining expansion takes
place in the jet nozzle 18, to which the discharge from
the engine 14 is directly connected. In front of the dis-
placement compressor 10 there is coupled, by means of
a shaft 34, a centrifugal compressor 22, delivering com-
pressed air to the exhaust gases of the engine 14 via a by-
pass, conduit 28, which additional air is wsed in the final
expansion and, according to the principles described in
the preamble, contributes to decreasing the fuel con-
sumption of the engine, at the same time moderating
the gas temperature before the jet nozzle.

In a construction according to Fig. 4, the compression
of the working medium for the displacement engine is
carried out in two steps, using a dynamic compressor

22, preferably a centrifugal compressor, as the low- ;

pressure stage which for one thing delivers the air quan-
tity intended for the displacement engine 14, and for
another supplies directly to the exhaust gases from the
engine 14 an air quantity so adjusted that the operating
temperature of the after-coupled turbine 26 obtains a
value suitable for the blade material. This mixing is
carried out by the aid of conduit 28. The device oper-
ates as follows:

The whole quantity of air passes the inlet diffusor 12
and is compressed in the dynamic compressor 22, from
which part of the compressed air after having passed
an intermediate cooler 24 is further compressed in the
displacement compressor 16, heated in the combustion
chamber 16, and caused to expand in the displacement
engine 14, The gases from the engine are discharged
through the conduit 35 to the turbine 26, before which,
however, it is mixed with air directly supplied from the
compressor 22 via the conduit 28. After the expansion
in the turbine 26, a further expansion takes place in
the jet nozzle 8. The different engines of the aggregate
are all mechanically coupled together by means of the
shafts 20, 32 and 34. Varicus combinations are, how-
ever, possible, the compressor 22, by way of example,
being driven by the turbine 2§ only and the compressor
10 solely by the engine 14.

The 1

ot
<

20

(R
<t

ar
il

10

S
3

2

55

60

70

75

6

The aggregate according to Fig. 5 differs fiom the
one previously described in that a dynamic compressor
38 has been inserted as an intermediate stage between
the compressor 22 and the displacement compressor 10
for further compression of the air quantity passing
through the displacement machines 10 and 14. Further-
more, the dir to be admixed is supplied after the turbine
as will appear from the connection of the conduit 28
to the jet nozzle 18. The prerequisite for such an ar-
rangement is that the exhaust gases from the engine 14
to the turbine 26 have a moderate temperature.

Figs. 6 and 7 are modified embodiments of the ag-
gregates according to Fig. 5 and Fig. 4 respectively. In-
stead of admixing cool compressed air through the con-
duit 28 either after or before the turbine 18, in these
two cases it is led to a separate combustion chamber 16
with subsequent jet nozzle 40.

The aggregate set forth in Fig. 8 differs from the con-
struction according to Fig. 6 only in the detail that the
compressor 38 instead of compressing air from the con-
duit 28 takes in air directly from the atmosphere through
a separate inlet diffusor 42.

Which type of aggregate is preferred depends inter
alia on the amount of power required, i. e. the size of
the aggregate, on allowed working temperature of the
Infegrating expansion machines; on mounting circum-
stances, etc.

The longitudinal section of the engine in Fig. 9 illus-
trafes a practical solution of the arrangement diagram-
maticaily shown in Fig. 4, wherein like reference char-
acters have also been used to indicate members cor-
responding to those of Fig. 9.

In the embodiment shown the dynamic compressor 22
consists of a single wheal centrifugal compressor with
the impeller 44 mounted directly upon the extension of
the one rotor shaft end (extending from the rotor 49) of
the displacement compressor 16, The displacement.com-
pressor 1 comprises a rotor 46 and a slide (on the
drawing concealed by the rotor), mounted in the hous-
ing 5@ with the end casings 52 and 54 of which the end
casing 52 carries the casing 56 of the centrifugal com-
pressor with diffusors and which in turn supports the
intermediate cooler 24, that, however, is also supported
by the supply pipe 58 from the cooler to the displace-
ment compressor 10, -

The compressed medium is cooled in the intermediate
cooler 24 by means of the relative (draft) wind and
this cooler therefore is enclosed in a suitable casing 59
with a diffusor-shaped inlet and nozzle-shaped outlet
in order to reduce the pressure drop through the ap-
paratus. ’

The male rotor 46 has convex, helically extending
lands, which lie substantially outside the pitch circle;
of the rotor, while the female rotor intermeshing the
male rotor has concave, helically extending grooves,
which lie substantiaily within the pitch circle of the said
rotor. It is furthermore characteristic for these rotors
that the wrap angle is less than 360°, through which
compression chambers are formed between the lands of
the rotors, the housing and the end casings, and on ro-
tation of the rotors decrease in volume during the path
frem the inlet to the outlet port. © The rotors operate
with a certain clearance, for which reason synchronizing
gears, the one belonging to the ‘male rotor being shown
at 69, are needed in order to keep the rotors in a space
packed relationship to each other. Each rotor is
mounted in two bearings one of which at the same timie
serving as a thrust bearing. Thus the male rotor, as
shown, is journaled in the ball bearings 62 and 64, seals
66 and 68 being provided for reducing the outward leak-
age from the compression chambers. The air supplied
from the inlet 58 passes during compression diagonally
through the compressor and discharges into the cham-
ber 70 via the outlet port 72 in the end casing 54, )

The engine 14 is built up in a way analogous to the com-
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pressor 10, but the housing and rotors are effectively cooled
by the working medium, In the casing 76 which is trav-
ersed by cooling ducts 74 and provided with the end cas-
ings 78 and 80, respectively, there are journaled two
rotors of the same type as described for the compressor.
Thus the rotor (male) 82, provided with helical lands,
is supported in the bearings 84 and 86 and sealed by
means of the seals 88 and 99. The synchronizing gears for
the rotors are indicated at 92. The driving shaft 20 be-
tween the male rotors of the engine and the compressor is
constructed as a torsion shaft and gives room at 94 for
admission of the cooling air to the cooling system of the
male rotor 82, said cooling system preferably being con-
stituted by ducts or bores extending closely below the rotor
surface, which bores communicate with the two hollow
rotor shafts. The cooling air afterwards is collected in the
chamber 96, into which the holes 98 in the rotor shaft open.
The female rotor is cooled in an analogous way.

Part of the air from the chamber 70 is transmitted
through the duct 71 to the cooling channels 74 of the en-
gine housing, from where it passes through ducts 75 to the
chamber 96 and further to the combustion chamber 16.

The combustion chamber 16 is of ordinary construc-
tion with double walls. Fuel is injected through the
nozzles 160 and 102 and burns in the air entering through
the port 164. The heated working medium formed is con-
ducted to the engine inlet 106 via the conduit 168 and
after expansion in the engine is exhausted through the
outlet 110 to the mixing chamber 30, to which also cool
air is supplied from the compressor 22 through the con-
duit 28, which air has for its purpose to reduce the tem-
perature of the exhaust gases from the engine, and simuf-
taneously to increase the quantity of working medium
through the turbine 26 and the jet nozzle 18. The inlet

chamber to the turbine 26 is designated by 112, the guide -

vanes by 114 and the disc with moving blades by 118.
The turbine thus is of single stage type with an overhanging
disc mounted on the extended shaft of the male rotor 82.

The exhaust gases from the turbine 26 are exhausted
through the jet nozzle 18, which consists of a casing
118 with a cone 120 preferably axially displaceable therein
for adjustment of the through flow area and thus also of
the degree of expansion in the nozzle.

- 'We claim:

1. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, combus-
tion chamber means for heating air compressed in said
compressor section to provide high temperature gaseous
motive fluid, an engine section for expanding motive fiuid
delivered thereto from said combustion chamber means
to provide power for driving the compressor section and
nozzle means for developing jet propulsive thrust from
gases ejected from the unit, said engine section com-
prising a rotary positive displacement engine having work-
ing chambers defined by parts provided with cooling pas-
sages connected to receive compressed air from said com-
pressor section and to exhaust the same to said combus-
tion chamber means for conversion to motive fluid, said
compressed section comprising a rotary positive displace-
ment compressor and having sufficient capacity to com-
press air in excess of that required to provide the motive
fluid produced to operate said engine, connections for
causing only a portion of the air compressed in said
compressor section to be converted to motive fiuid in said
combustion chamber means and expanded in said rotary
positive displacement engine, and connections for causing
both motive fluid expanded in said positive displacement
engine exhausted from said engine and excess air from
said compressor section not expanded through said engine
to be discharged through said nozzle means.

2. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, com-
bustion chamber means for heating air compressed in
said compressor section to provide high temperature gas-
eous motive fluid, an engine section for expanding mo-
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tive fluid delivered thereto from said combusticn cham-
ber means to provide power for driving the compressor
section and nozzle means for developing jet propulsive
thrust from gases ejected from the unit, said engine sec-
tion comprising a rotary positive displacement engine
having working chambers defined by parts provided with
cooling passages connected to receive compressed air from
said compressor section and to exhaust the same to said
combustion chamber means for conversion to motive fluid,
said compressor section comprising a low pressure dy-
namic compressor and a high pressure positive displace-
ment compressor receiving air compressed in said low
pressure compressor and said low pressure compressor
having sufficient capacity to compress air in excess of
that required to provide the motive fluid produced to
operate said engine, connections for causing only a por-
tion of the air compressed in said compressor section to
be converted to motive fluid in said combustion chamber
means and expanded in said rotary positive displacement
engine, and connections for causing motive fluid ex-
hausted from said engine and excess air from said low
pressure compressor to be discharged through said nozzle
means.

3. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, com-
bustion chamber means for heating air compressed in said
compressor section to provide high temperature gaseous
motive fluid, an engine section for expanding motive
fluid delivered thereto from said combustion chamber
means to provide power for driving the compressor sec-
tion and nozzle means for developing jet propulsive thrust
from gases ejected from the unit, said engine section com-
prising a rotary positive displacement engine for initially
expanding said motive fluid and a turbine receiving mo-
tive fluid exhausted from said engine, said compressor
section comprising a low pressure dynamic compressor
and a rotary positive displacement compressor receiving
air compressed in said low pressure compressor and said
compressor section including a low pressure part having
sufficient capacity to compress air in excess of that required
to operate said engine, and connections for causing excess
air from said dynamic compressor and motive fluid ex-
hausted from said engine section to be discharged through
said nozzle means.

4. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, com-
bustion chamber means for heating air compressed in said
compressor section to provide high temperature gaseous
motive fluid, an engine section for expanding motive
fluid delivered thereto from said combustion chamber
means to provide power for driving the compressor sec-
tion and nozzle means for developing jet propulsive thrust
from gases ejected from the unit, said engine section
comprising a rotarv positive displacement engine for
initially expanding said motive fluid and a turbine re-
ceiving motive fluid exhausted from said engine, said com-
pressor section comprising a low pressure dynamic com-
pressor and a high pressure positive displacement com-
pressor receiving air compressed in said low pressure
compressor and said compressor section including a low
pressure part having capacity to compress air in excess
of that required to provide the motive fluid produced to
operate said engine, and connections for causing excess
air from said dyvamic compressor and motive fluid ex-
hausted from said turbine to be discharged through said
nozzle means.

5. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, combus-
tion chamber means for heating air compressed in said
compressor section to provide high temperature gaseous
motive fluid, an engine section for expanding motive fluid
delivered thereto from said combustion chamber means
to provide power for driving the compressor section and
nozzle means for developing jet propulsive thrust from
gases ejected from the amit, said engine section compris-
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ing a rotary positive displacement engine for initially ex-
panding said motive fiuid and a turbine receiving motive
fluid exhausted from said engine, said compressor section
comprising a low pressure dynamic compressor and a
high pressure positive displacement compressor receiv-
ing air compressed in said low pressure compressor and
said compressor section including 2 low pressure part
having capacity to compress air in excess of that required
to provide the motive fluid produced to cperate said en-
gine, and connections for supplying excess air from said
dynamic compressor to said turbine and for discharging
the gases exhausted from said turbine through said nozzle
means.

6. A propulsion uxnit embodying jet propulsion com-
prising a compressor section for compressing air, com-
bustion chamber means for heating zir compressed in
said compressor section to provide high temperature
gaseous motive fluid, an engine section for expanding
motive fluid delivered thereto from said combustion
chamber means to provide power for driving the com-
pressor section and nozzle means for developing jet pro-
pulsive thrust from gases ejected from the unit, said en-
gine section compiising a rotary positive displacement
engine for intially expanding said motive fluid and a
turbine receiving motive Huid exhausted from said en-
gine, said compressor section comprising 2 low pressure
dynamic compressor and a high pressure positive dis-
placement compressor receiving air compressed in said
low pressure compressor and said low pressure com-
pressor having capacity to comprsss air in excess of that
required to provide the motive fluid preduced to operate
said engine, said nozzle means comprising a first nozzle
and a second nozzle, a second combustion chamber com-
municating with said second nozzle, and connections for
supplying gases exhausted from said turbine to said first
nozzle and for supplying excess air from said dynamic
compressor to said second combustion chamber for heat-
ing therein and discharge through said second nozzle.

7. A propulsion unit embodying jet propulsion com-
prising 2 compressor section for compressing air, combus-
tion chamber means for heating air compressed in said
compressor section to provide high temperature gaseous
motive fluid, an engine section for expanding motive fluid
delivered thereto from said combustion chamber means
to provide power for driving the compressor section and
nozzle means for developing jet propulsive thrusi from
gases ejected from the unit, said engine section compris-
ing a rotary positive disptacement engine for initially ex-
panding said motive fiuid and a turbine receiving motive
fluid exhausted from said engine, said compressor section
including a low pressure part having capacity to compress
air in excess of that required to provide the motive fluid
produced to operate said engine and said COMpressor sec-
tion comprising a high' pressure positive displacement
compressor and dynamic compressor means providing
said low pressure part and an intermediate pressure part,
connections for flow of air through said low pressure
part, said intermediate pressure part and said high pres-
sure compresser in the order named, and connections for
causing excess air from said low pressure part and gases
exhausted from said turbine to be discharged through
said nozzle means.

8. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, combus-
tion chamber means for heating air compressed in said
compressor section to provide high temperature gaseous
motive fluid, an engine section for expanding motive fluid
delivered thereto from said combustion chamber means
to provide power for driving the compressor section and
nozzle means for developing jet propulsive thrust from
gases ejected from the unit, said engine section compris-
ing a rotary positive displacement engine for initially ex-
panding said motive fluid and a turbine receiving motive
fluid exhausted from said engine, said compressor section
including a low pressure part having capacity to compress
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air in excess of that required to provide the motive fluid
produced to operate said engine and said COmMpPressor
section comprising a high pressure positive displacement
compressor and dynamic compressor means providing
said low pressure part and an intermediate pressure part,
connections for flow of air through said low presstire
part, said intermediate pressure part and said high pres-
sure compressor in the order named, said nozzle means
comprising a first nozzle and a second nozzle, a second
combustion chamber communicating with said second
nozzle, a connection for exhausting gases from said tur-
bine to said first nozzle and a connection for supplying
excess air from said low pressure part to said second
combustion chamber for heating therein and discharge
through said second nozzle.

9. A propulsion unit embodying jet propulsien com-
prising a compressor section for compressing air, com-
bustion chamber means for heating air compressed in said
compressor section to provide high temperature gaseous
motive finid, an engine section for expanding motive fluid
delivered thereto from said combustion chamber means to
provide power for driving the compressor section and
nozzle means for developing jet propulsive thrust from
gases ejected from the unit, said engine section comprising
a rotary positive displacement engine for initially expand-
ing said motive fluid and a turbine receiving motive fluid
exhausted from said engine, said compressor section in-
cluding a low pressure part having capacity to compress
air in excess of that required to provide the motive fuid
produced to operate said engine and said compressor
section comprising a high pressure positive displacement
compressor and dyramic compressor means providing
iwo separate low pressure compressors, a connection for
delivering air from one of said low DIessure compressors
to said high pressure compressor, said nozzle means com-
prising a first nozzle and a second nozzle, a second com-
bustion chamber communicating with said second nozzle,
a connection for exhausting gases from said turbine to
said first nozzle and a connection for supplying excess air
from the second of said low pressure compressors to said
second combustion chamber for heating therein and dis-
charge through said secend nozzle.

19. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, com-
bustion chamber means for heating air compressed in
said compressor section to provide high temperature
motive flnid, an engine section for expanding motive fluid
delivered thereto from said combustion chamber means
to provide power for driving the compressor section and
nozzle means for developing jet propulsive thrust frem
gases ejected from the unit, said engine section comprising
a rotary positive displacement engine having a casing and
rotors forming expansion chambers for said motive finid,
said casing and rotors having passages therein for cooling
iluid to coo! the working surfaces forming said chambers,
said conipressor section comprising a rotary positive dis-
placement compressor and inciuding a low pressure part
having sufficient capacity to compress air in excess of that
required to provide the motive fluid produced ic operate
said engine, and connections for supplying a part of the
compressed air to said passages to cool said working sur-
faces and for supplying another part of the compressed air
and gases exhausted from said engine. section to said
nozzle means for discharge therefrom.

11. A propuision unit embedying jet propulsion com-
prising a compressor section for compressing air, com-
bustion chamber means for heating air compressed in
said compressor section to provide high temperature
motive fluid, an engine section for expanding motive finid
delivered thereto from said combustion chamber means
to provide power for driving the compressor section and
nozzle means for developing jet propuisive thrust from
gases ejected from the unit, said engine section comprising
a rotary positive displacement engine having a casing and
rotors forming expansion chambers for said motive fluid,
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said casing and rotors having passages therein for cooling
fluid to cool the working surfaces forming said chambers,
said compressor section comprising a low pressure
dynamic compressor and a high pressure positive displace-
ment compressor receiving air compressed by said low
pressure compressor and said low pressure compresscr
having sufficient capacity to compress air in excess of that
required to provide the motive fluid produced to operate
said engine, connections for delivering air from said high
pressure compressor through said passages to said.com-
bustion chamber means and connections for causing ex-
cess air from said low pressure compressor and gases
exhausted from said engine section to be discharged
through said nozzle means.

12. A propulsion unit embodying jet propulsion com-
prising a compressor section for compressing air, com-
bustion chamber means for heating air compressed in
said compressor section to provide high temperature
motive fluid, an engine section for expanding motive fluid
delivered thereto from said combustion chamber means
to provide power for driving the compressor section and
nozzle means for developing jet propulsive thrust from
gases ejected from the unit, said engine section compris-
ing a rotary positive displacement engine and a turbine
_receiving gases exhausted from said engine, said cngine
having a casing and rotors forming expansion chambers
for said motive fluid and said casing and rotors having
passages therein for cooling fluid to cool the working
surfaces forming said chambers, said compressor section
comprising a low pressure dynamic compressor and a high
pressure positive displacement compressor receiving air
compressed by said low pressure compressor and said low
pressure compressor having sufficient capacity to com-
press air in excess of that required to provide the motive
fluid produced to operate said engine, connections for
delivering air from said high pressure compressor through
said passages to said combustion chamber means, and a
connection for delivering excess air from said low pres-
sure compressor to said turbine for expansion and exhaust
therefrom together with said gases to said nozzle means.

13. A continuous combustion power plant providing
jet thrust comprising; a relatively high pressure, high
temperature part having a rotary positive displacement
compressor, a rotary positive displacement engine having
cooling passages therein for driving said compressor, a
combustion chamber and connections for delivering air
from said compressor through said cooling passages to
said combustion chamber to be heated therein to form
high temperature motive fluid for delivery to and expan-

sion in said engine; a relatively low pressure, a low tem- -

perature part comprising a turbine for further expanding
gases exhausted from said engine, a dynamic compressor
mechanically connected with said high pressure com-
pressor and having sufficient capacity to compress air in

excess of that required to supply said high pressure com- -

pressor; jet nozzle means and connections for causing
excess air from said dynapvic compressor and the gases
exhausted from said turbine to be discharged through said
jet nozzle means.

14. A continuous combustion power plant providing
jet thrust comprising; a relatively high pressure, high
temperature part having a rotary positive displacement
compressor, a rotary positive displacement engine having
cooling passages therein for driving said compressor, a
combustion chamber and connections for delivering air
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from said compressor through said cooling passages to
said combustion chamber to be heated therein to form
high temperature motive fluid for delivering to and ex-
pansion in said engine; a relatively low pressure, low
temperature part comprising a turbine for further expand-
ing gases exhausted from said engine, a dynamic com-
pressor mechanically connected with said high pressure
compressor and having sufficient capacity to compress air
in excess of that reguired to supply said high pressure
compressor; a jet nozzle, a connection for delivering ex-
cess air from said dynamic compressor to said turbine and
a connection for delivering the exhaust from said turbine
to said nozzle.

15. A continuous combustion power plant providing
jet thrust comprising; a relatively high pressure, high
temperature part having a rotary positive displacement
compressor, a rotary positive displacement engine having
cooling passages therein for driving said compressor, a
combustion chamber and connections for delivering air
from said compressor through said cooling passages to
said combustion chamber to be heated therein to form
high temperature motive fluid for delivery to and expan-
sion in said engine; a relatively low pressure, low tem-
perature part comprising a turbine for further expanding
gases exhausted from said engine, a dynamic compressor
mechanically connpected with said high pressure com-
pressor and having sufficient capacity to compress air in
excess of that required to supply said high pressure com-
pressor; a jet nozzle, a connection for delivering the
exhaust from said turbine to said nozzle, a second jet
nozzle, a second combustion chamber communicating
with said second nozzle, and a connection for delivering
excess air from said dynamic compressor to said second
combustion chamber for heating therein and discharge
through said second nozzle.
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