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17 Claims.

This invention relates to fuel combustion
motors capable of generating motive power solely
by impact of liberated products of combustion
into the atmosphere. , '

An object of the invention is to provide ap-
paratus of the character described equipped with
separate combustion discharge jets which are
relatively arranged and capable of selective co-
operation so as to vary the effective cross-sec-
tional area of the discharge blast impinging into
the atmosphere and thereby vary the thrust effort
generated by the apparatus.

Another object of the invention is to provide
apparatus of the class referred to in which abrupt
changes in, or reversals of, flow of ‘fuel mixtures
or. combustion gases are avoided as much as
possible so as to minimize flow resistance and
consequently enhance the thrust characteristics
of the apparatus.

A further object of the invention is to provide
jet propulsion apparatus capable of utilizing an
air stream, primarily employed for cooling pur-
poses, as a combustion sustaining medium so as
to take advantage of the absorbed heat con-
tained in the air stream. .

. Still another object of the invention is to pro-
vide jet propulsion apparatus, particularly
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adapted to powering aircraft in the rarifled at-

mosphere at very high altitudes, in which means
is provided for accelerating flow of combustion
air to the apparatus. to compensate ' for the
dimin‘shed supply of oxygen in the air at such
altitudes.

A still further object of the invention is to
provide jet propulsion apparatus in which a
governed proportion of the output of a primary

30

fuel and air is connected with and drives an
impeller delivering air under pressure for mix-
ture with said fuel prior to combustion thereof,
means for selectively varying the rates of rota-
tion between the turbine rotor and the impeller
whereby increased volumes of air in relation to
2 given speed of rotation of the turbine rotor
may be obtained. ) )

It is a further object of the invention to pro-
vide, in jet propulsion apparatus, a power turbine
combining features of both radial and axial flow
designs so as to take advantage of the greater
power output of the radial flow type and the
lessened resistance to fluid flow of the axial flow
type. ’ ’

It is still another object of the invention to
provide apparatus of the character described
which may be made very light in weight for a
given thrust capacity and of minimum external
diameter so as to minimize the frontal resistance
to movement of the apparatus at any substantial
speed through the air.

The invention possesses. other objects and
features of advantage, some of which, with the .
foregoing, will be set forth in the following de-
scription of the preferred form of the invention
which is illustrated in the drawings accompany-
ing and forming part of the specification. It is to
be understood, however, that variations in the
showing made by the said drawings and de-

" scription may be adopted within the scope of the’
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combustion chamber discharging through a first

propulsion jet is directed into a secondary com-
bustion chamber discharging through a second
propulsion jet so that as complete consumption
as possible of the fuel mixture is obtained.

Yet another object of the invention is to pro-
vide, in a jet propulsion apparatus using a turbine
rotor deriving rotative force from a periodically
interrupted flow of combustion gases, means for
cooling said rotor by introducing thereto, between
interruptions in the flow of said combustion gases,
e flow of comparatively cold air;

Still another object of the invention in to pro-
vide jet propulsion apparatus in which the var:ous
parts are designed to facilitate assembly and
are readily accessible for inspection or repair.

It is another object of the invention to provide,
in jet propulsion apparatus wherein a turbine
rotor powered by the expansion of combustible
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.invention as set forth in the claims.

Referring to the drawings:

Pigure 1A is a vertical sectional view taken .
longitudinally through the forward portion of
the apparatus of my invention.

Figure 1B is a vertical sectional view of the
rear portion of the apparatus of my invention and
forming a companion view with Figure 1A.

Figure 2 is a vertical sectional view taken in
the plane indicated by the line 2—2 of Figure 1A.

Figure 3 is a vertical sectional view taken in
the plane indicated by the line 3--3 of Figure 1A.

- Figure 4 is a vertical sectional view taken °
through the turbine and in the planes indicated
by the line 4—4 of Figure 1A. :

Figure 5 is a vertical sectiona] view taken in
the plane indicated by the line 5—5 of Figure 1B.

Figure 6 is 3 vertical sectional view taken in the
plane indicated by the line 6-—86 of Figure 1B.

Figure 7 is a reduced scale rear elevational view
of the apparatus of my invention.

In the form of my invention illustrated in the

"drawings, I provide a generally cylindrical unit

having an air compressor adjacent its forward
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end and indicated generally by the letter C, tur-
bine drive mechanism substantially intermediate
its ends, connected to drive the compressor and
time the fuel charging and indicated generally
by the letter D, a secondary combustion chamber
near the rear end thereof and indicated generally
by the letter E and jet pipes projecting from its
rear end carrying the products of combustion
from the turbine and secondary combustion
chamber and indicated generally by the letter F.
Speed change mechanism indicated generally by
the letter G is provided for varying the rotational
speeds between the compressor and the turbine
elements of the apparatus.  Primary combustion
chambers, generally indicated by the letter H,
are provided for receiving charges of ignitable
fuel mixture and are arranged to discharge their
products of combustion through the turbine D
to effect powered rotation of the latter.

The compressor C comprises a casing 8 having
a central inlet port 8 and a coaxial annular air
scoop {| surrounding the port 8. The casing is
formed with inner and outer ring-shaped walls
12 and 13 respectively, the former having a ta-
pered bore forming the side wall {4 of the inlet
port § and the former having an outwardly and
rearwardly flared wall surface 18 confronting the
substantially similarly-shaped wall 12 to form the
air scoop i1. A bell-shaped recess 7 is disposed
rearwardly of and forms a continuation of the
inlet port. 'The rearward face I8 of the casing 8
abuts against the forward end of a cylindrical
ghell {9 extending rearwardly over substantially
the entire jet apparatus and the casing and shell
are secured together in coaxial relation by screws
21 extending through apertured lugs 22 on the
shell and threadedly engaged in mating bosses
23 formed on the casing. The shape of the lugs
22 and bosses 23 is streamlined so as to offer as
Jittle resistance as possible to alr flow thereover.
The arrangement of the parts is such that the
air scoop passage 1l opens and discharges into
the chamber 24 within the shell 9. Disposed
within the chamber 24 is a bell-shaped section
28 of the compressor casing which abuts against
the face 18 and whose recess 21 forms a con-
tinuation of the recess 1. A wall 28 formed
a3 an integral portion of the casing section 28
has an annular opening 29 extending around its

periphery, so as to provide communication be-..

tween the recesses 17 and 21, and is further pro-
vided with a central hub 31 concentric with the
inlet port and the aforementioned recesses. The
hub 31 is bored to receive bearings 32 in which is
journaled the center hub 33 of a radially vaned
impeller 34 positioned concentrically of the re-
cess 11. The radially-extending disk 36 of the
impeller is substantially conical in form and
sweeps from an apex 31, coinciding with the axis
of the inlet port 9, outwardly and rearwardly to
terminate at the periphery of the wall 28 and at
the junction of the recesses {1 and 21. A suit-
ably formed baffie plate 38 is positioned rear-
wardly of and secured in spaced relation to.the
_surface of the recess 21. A shaft 39, suitably
secured in the impeller hub 33, is provided for
rotating the impeller. When the shaft 38 is ro-
. tated, the whirling impeller will draw atmos-
pheric air in through the inlet port 8 whereupon
the impeller blades will force the air radially
outwardly of the impeller into the annular pas-
sage &1 defined by the wall surface of the recess
217 and the confronting surface of the baflle plate
38 wherein the air will be raised to a degree of
compression depending upon the speed of rota-
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tion of the Impeller and the rate at which the
compressed air is used, and subsequently delivered
into an air chamber 42 formed concentrically
with and as an integral extension from the rear
of the casing section 26. The air chamber 42
has at the rearward end thereof a bell-shaped
enlargement 43 carrying a peripheral flange 44
by means of which is effected connection of the
air chamber to the primary combustion chamber
unit H.

The primary combustion unit H comprises &
plurality in this case seven, of individual com-
bustion chambers 46, each of which is provided
with an injector nozzle 4T and with an electrical
ignition plug 48. Ports 45 covered by a removable
band 40 are provided in the shell 19 in coinci-
dence with the injector nozzles 41 and the ig-
nition plugs 48 and through which the latter may
be inspected or serviced. The chambers 46 are
arranged in peripherally equidistantly spaced re-
lation about the axis of a central hub 48, through
which a shaft 50 extends, which forms a radially
inward side wall common to all chambers and
which is formed integrally with a conically-
shaped wall §1 extending forwardly and out-
wardly to join an integral flange 52 to which
the flange 44 of the air chamber 42 is connected
in any suitable manner. Each combustion cham-
ber is provided, in the wall §f thereof, with a
valve port 53 capable of being opened and closed
by a conically-shaped valve 54 secured by means
of an integral hub 56 with and to be rotated by
the shaft 50, ports 57 in the valve being capable
of registry with the ports 53 so as to admit com-
pressed air from the chamber 42 into successive
of the combustion chambers. The valve 54 is
also provided at its larger or forward end with
an integral spur gear 58 positioned within the
bell-shaped portion 43 of the air chamber 42
and journaled on a cylindrical extension 59 of
the chamber housing which projects into the
tubular portion 81 of the valve carrying the gear
88. The gear 58 is thus positioned concentri-
cally of the shaft 50 and is rotatable in syn-
chronism therewith. Each of the primary com-
bustion chambers 46 is provided with separate
inner and outer discharge ducts 62 and 63 re-
spectively, the latter of which is contained in a
rearwardly extending cylindrical hub 64 common
to all of the combustion chambers ard the former
of which is contained in a rearwardly sweeping
spout 66, one of which is provided for each sepa-
rate combustion chamber. The spouts 66 are

*each provided with integral flanges 61 arranged

axially concentrically with the shaft 50. The

. hub 64 at its distal or rearward end is provided

60

70
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with radially opening ports 68, one being pro-

- vided for each combustion chamber 46 and being

positioned in radial alignment with the corre-
sponding spout 66. The periphery of the hub
64 bounding the ports 68 is machined to pro-
vide a cylindrical bearing surface on which is
journaled a sleeve valve portion 69 of a turbine
rotor 10, the valve having a plurality of openings
71 therein which are complementary with the
ports 68. The mounting thus provides for rota-
tional movement of the sleeve valve on the hub
64 so that the openings 71 will open and close
successive combustion chambers to control flow
therefrom. The duct 63 may be adjusted as to
effective area from full open position to any inter-
mediate position wherein a reduced effective
discharge area through which flow from the duct
63 may pass is produced. This is accomplished
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by providing a tubular valve 12 which is journaled
on the sleeve valve portion §3 of the turbine rotor
and has therein ports 73 identical in size and
number with the ports 68 of the hub 64. Means
_for imparting rotary movement to the tubular
valve 12 so as to effect the aforesaid adjustment
of the ports 68 and 13 is provided in a bevel
gear 14 formed integrally with the forward end
of the tubular valve and meshing with a pinion
15 carried by a shaft 16 journaled in g suitable
bearing 17 mounted on a convenient portion of

10

the combustion chamber unit H. The shaft 16

extends radially of and exteriorly of the appa-
ratus and is fitted at its outer end with a lever
188 or other similar device by means of which
connection with control mechanism, not shown,
may be effected to permit rotation of the shaft
16 in varying degrees and sudsequent adjustment
and maintenance of the tubular valve 72 in dif-
ferent positions. o
Each of the combustion chambers 46 is in com-
munication, through the ports 68, 71 and 13, with
the turbine D comprising, in part, a rearwardly
dished annular wall member 19 having the hub
80 thereof, which borders the central opening 81,
engaging the exterior periphery of the tubular
valve 72 and having an outer flange 82 lying in
contiguous relationship with the flanges 67. Se-
cured to and for rotation with the shaft 50 is
the substantially conically-shaped rotor 10 hav-
ing a central hub 84 engaging the splines 86 of the
aforesaid shaft and having a peripheral face 81
which describes a geometrical fisure most aptly
termed an ogee-conoid extending from an apex
at the hub 84 to a broadened base at the rim
88. The confronting surface 89 of the wall mem-
ber 19 is curved similarly to the face 87 and co-
operates therswith to form the turbine passage
extending in an outwardly and rearwardly sweep-
ing curve from a wider dimension adjacent the
ports 68, 71 and 13 to a relatively smaller passage
81 adjacent the rim 88. A separate passage 92
paralleling the passage 81 is provided in a cy-
lindrical manifold 93 which also contains the pas-

sage 91 and is secured by screws 94 in abutting -

relationship with the flange 82. The rotor 10
is provided with one or more concentric and radi-
ally spaced circular rows of .vanes 96 rotatable
with the rotor and having the rings 97 bridging
their outer ends and disposed in complementary
circular recesses 98 formed in the wall surface
89 of the wall member 719. The wall member 79
carries a circular row of fixed vanes 99 extending
rearwardly of the turbine, occupying the radial
space between the relatively movable vanes 96
and provided with a tie ring 101 disposed in an

annular recess 102 formed in the face 87 of the

rotor 70. The arrangement of the tie rings 97
and (02 produces a smooth-walled passage
through the turbine from the ports 68, 71 and
13 to the passage 91. The shaft 50 carrying the
turbine rotor 10 extends rearwardly through suit-
able axially-spaced bearings 103 carried in a
tubular hub 104 integrally connected by a web
106 with the manifold 93. A cap 107 secured by
screws (08 to an annular flange {09 of the hub
serves to enclose and protect the rear bearing 103.
Cooling of the t]irbine vanes 96 and 99 is effected
by providing ports 105 in the hub 64 cooperative
with the ports 71 of the rotor and through which
air from the chamber 42 may be passed in paths
coincident with the flow path therethrough of
the combustion gases.

Means is provided for connecting the compres-
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sor shaft 39 with and to be driven by the turbine
rotor shaft 50. This may be accomplished in any
suitable manner but I prefer to provide a gear {11,
meshing with the gear 58, which is secured to &
shaft 112 paralleling and spaced radially from
the common axis of the relatively axially aligned
shafts 39 and 50 and which is contained within
8 housing 113 formed as part of the compressor
housing section 26. The hub 114 of the gear {1
is journaled in a bearing 116 carried by an annu-
lar mounting {17 forming part of the housing 113
and similar mountings {18 and 119 carrying bear-
ings 121 and 122 respectively are also provided
as integral parts of the housing 113 and are dis-
posed in relatively axially spaced and concentric
alignment with each other. The bearing 121 car-
ries the hub 123 of a gear 124 through which the
shaft (12 extends and in which the latter is jour-
naled. Meshing with the gear 124 is a smaller
gear 126 carried by a countershaft 121, which is
Journaled in suitable bearings 128, forming exten-
sions of the mountings {18 and 119, a relatively
larger gear (29 also being carried by the coun-
tershaft and meshing with a gear 131 disposed
concentrically with the gear 124. The hub 32
of the gear 131 extends into and is secured in the
inner ring of the bearing 122 and g shaft 133 fixed
in the hub 132 extends through and is secured in
the hub 134 of a gear 136 meshing with a drive
gear 137 secured to the compressor shaft 39. An
end of the shaft 112 is provided with a diametri-
cally reduced stub portion 138 which extends into
and is journaled in a pilot bearing 139 provided
in the confronting end of the shaft 133. An end
portion of the shaft 112 adjacent the stub shaft
138 is also provided with longitudinally extending
splines {41 on which is mounted a clutch collar
142 having on the opposite transaxial ends there.
of clutch jaws (43 adapted, upon axial shifting
of the collar 142 along the splines 141 to be se-
lectively engaged with or disengaged from mating
clutch jaws 144 provided on the relatively con-
fronting end faces of the gears 124 and 131. A
shifting fork 146 carried by a rocker shaft (471
suitably journaled in the housing 113 is provided
for shifting the collar 142 and is connected to be
operated by a lever 148 positioned exteriorly of
the shell {9. Suitable control apparatus of one
form or another for moving the lever 148 may bz
provided but is not shown since its nature is com-
monly familiar to those skilled in the mechanical
arts. It will be seen that the apparatus just de-
scribed provides selective speed change means
whereby the relative rates of rotation of the shafts
39 and 50 may be varied. When the clutch collar
142 is shifted to the left, as viewed in Figure 1A,
so as to interengage the collar and the gear 131,
the shafts 112 and 133 will be locked together
and will rotate as an integral unit. Consequently
the gear 136 will be rotatively interlocked with
the gear 111 and the gears 137 and 58 will be cor-
respondingly rotated thus causing simultaneous
rotation of the turbine rotor 10 and the compres~
sor impeller 34 at relative speeds which the pro-
portions of the gear train provides. When the
clutch collar is shifted to interengage the right-
hand set of clutch jaws 144, the shaft 112 will

- be freed from and may rotate relative to the gear

70

18

131. However, under these conditions the shaft
112 will be locked to the gear 124 so that torque
from the latter shaft is imparted through the
gears 124 and 126 to the countershaft 127 and
thence through the gears 129 and 131 to the shaft
133 and finally through the gears 136 and 137 to
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the impeller shaft 38. Under these conditions the
speed multiplying gears of the countershaft are
interposed between the gears (24 and (31 and
consequently the impeller 34 will be rotated at a
much higher rate of speed than the turbine rotor
10. I have chosen to illustrate a simple form of
sliding-clutch speed change transmission incor-
porating but two speed ratios in order to avoid
excessive complication in the drawing and de-

scription. However, it will be understood that )

other forms of speed-change mechanism contain-
ing a greater range of ratios may be substituted
for the apparatus shown without departing from
the spirit of the invention. .
Means is provided which may be conveniently
associated with the shaft 112 for imparting ex-
ternally applied rotation to the turbine rotor and
compressor impeller for starting the apparatus
and rotation of the shaft 112 is further utilized
for supplying fuel under pressure to the injector
nozzles 47 and for energizing, at proper instances,
the ignition plugs 48 so that combustion of fuel
charges in the combustion chambers 46 may be
instituted and maintained. Secured to -and ro--
tatable with the shaft 112 is a bevel gear 148
which meshes with a bevel pinion 15f carried on
a shaft (52 suitably journaled in the housing (13
and extending exteriorly of the shell 18. The
outer end of the shaft 152 may be arranged to
be coupled to a suitable starting mechanism such
as a motor or other such prime mover for rotat-

20
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ing the shaft. Such power application is neces-

sary in starting the apparatus to bring the com-
pressor impeller up to such speed that the air
compressed thereby will be of sufficient volume
and velocity as to institute and sustain combus-
tion of the fuel charges. The actual applica-
tion of rotative power to the impeller and also
the turbine rotor is through the gears {49 and
{51 and thence through the shaft {2 and the
gears {36 and 37 to the impeller and also through
the gears {11 and 58 to the shaft 50 and the
turbinie rotor. Also secured to and for rotation
with the shaft 112 is a sprocket 153 meshing with
a chain 154 which passes downwardly out of the
housing 113 through an aperture 156 in the wall
thereof and which meshes with a sprocket 157
secured to the rotatable shaft 158 of a multi-
cylinder fuel pump 159 mounted on and exterior-
1y of the housing 113. Conduits 161 connect the
various outlet couplings 162 of the pump with the
respective fuel injector nozzles 471. The shaft 158
is extended and carries a coupling 163 by means
of which is connected to and for rotation with
the shaft 158, the rotor or equivalent part of a
magneto 164 or similar electrical ignition device.
Operative connection between the magneto and
the various ignition plugs 48 is provided in the
conductors 166 running to each of the plugs. The
arrangement of the parts is such that, when the

apparatus is in operation, both the fuel pump 59

and the magneto 64 will be operated, due to their
drive connection with the shaft 112, to deliver
metered charges of atomized fuel into the respec-
tive chambers 46 in proper sequence and to sub-
sequently ignite the fuel charges in the chambers
so as to create flows of the resuliing combustion
gases from the chambers through the turbine and
the ducts 62 and into the passages 91 and 92 as
previously explained.

Referring now to Figure 1B it will be seen that
the passages 81 and 92 at points rearwardly of
the turbine merge into single conduits 167 which
are extended through valves 168 into tail pipes or
outer jet nozzles 169, Just rearwardly of the con-
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fluence of the passages 91 and 92 with the larger
common passage of the conduits {87, angularly
branching ductﬁ {11 are provided which com-
municate with and enter the rear of a secondary
combustion chamber (72 having a tail pipe or
inner jet nozzle 173 enclosed within the en-
circling ring of outer jet nozzles 169. A perfo-
rated cylindrical baffle screen 174 is mounted
concentrically within the chamber 172 and a fuel
injector nozzle 176 is carried by and is adapted
to discharge its fuel spray into the adjacent open
end of the baffle screen 174, The injector nozzle
is fed through & pipe {1171 from the injector pump
159. Ports 118 in the walls of the conduits 167
are positioned adjacent the junction, with the
latter conduits, of the ducts (71 and provide
communication between the internal chamber of
the shell {9 and the adjacent rearward margin
of the ports (18 are provided for directing flow
from the shell chamber into the latter ports. The
valves {68 are shown as the rotary type having
a body {81, forming part of the duct 169, in which
is provided a tapered bore 182 rectangularly in-
tersecting the axis of the passage of the latter
duct and fitted with a complementary fapered
plug 183 rotatable in the bore 182 and having an
aperture (84 therethrough capable of /being
brought into and out of registry with the duct
passage when the plug (83 is rotated. The
smaller end of the plug (83 is provided with a
stub shaft 186 which passes rotatably through
a suitable aperture formed in the end wall 81
of the body 181 and is exteriorly. fitted with a
coiled spring {88 interposed between the wall {87
and a nut 89 or its equivalent carried by the
stub shaft for the purpose of resiliently urging
the plug to tightly seat itself in the bore 182. The
larger end of the plug 183 is fitted with an inte-
gral stub extension shaft 191, preferably of rec-
tangular cross section for receiving .the corre-
spondingly apertured hub (92 of a radially ex-
tending control lever 193. A nut 194 threadedly
engaged with a correspondingly-threaded stem
196 extending from the stub shaft 191 serves to
retain the lever hub {92 in engagement with the
latter shaft. The outer end of each lever 193 is
provided with an elongated slot 187 in which is
‘engaged a pin {98 secured to and extending ra-
dially from a control ring 199 which is journaled
on bearing surfaces 281 provided on the outer sur-
face of each duct 167. The ring 199, along one
side thereof bears against the periphery of each
valve body 181 while the other side thereof bears
against buttresses 202 ricing from the peripher-
ies of the ducts 167.  Air ducts 283 eonnected with
and radijally entering the secondary combustion
chamber 172 extend forwardly interiorly of the
shell {9 and open into the compressor housing
26 at points adjacent the compressed air dis-
charge from the impeller. Suitable flanges 204
secured by bolts 205 provide for attachment of
the air ducts 203 fo the compressor housing and
each of the latter ducts is provided with_a rotat-
able plug valve 201, similar to that previously de-
seribed, for controlling air flow through the
ducts. The valves 207 are controlled in unison
by a rotatable control ring 208 carrying radially
extending pins 209 which journal one end of links
211, the other end of the links being pivotally
connected with the levers 212 associated with
the valve stems 213. The control ring 208 is re-
tained against axial movement by a radial exten-
sion of the flanges 82 and by lugs 214 provided

78 on the spouts 66,
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The jet propulsion apparatus of my invention
-is designed particularly for use in aerial flight
devices such as airplanes and it is in connection
with such devices that its operation will be de-

scribed. In starting the apparatus, a starting -

~motor or other torque-producing mechanism is
connected with the starting shaft (§2. This
causes the compressor impeller, the turbine ro-
tor and the combustion chamber valve to rotute
due to their geared interconnection. As the
compressor impeller rotates, air will be drawn in
thereby through the inlet port 9 and discharged
under pressure, depending on the rotational
speed of the impeller, into the chamber 42.
Quantities of the compressed air in the chamber
will pass, under control of the combustion cham-
ber rotary valve 54, as s parate charges into

successive of the combustion chambers wherein

the charges will be intermixed with injections
of vaporized hydrocarbon fuel issuing from. the
injector nozzles 47 in timed relation t{o the ad-
mittance of the air charges into the combustion
chambers. At this point it is best explained that
the turbine rotor valve ports Tl are preferably
arranged to rotationally lead the air chamber
valve ports 51 by a peripheral degree equivalent
to the peripheral spacing between a pair of ad-
jacent combustion chambers. Thus, when
charges of air and fuel are being admitted to
a combustion chamber, the discharge passage
through the turbine will be closed. Likewise,
when a charge of fu:l mixture is ignited in a
combustion chamber, the exhaust. passage
through the turbine will be opening or will be
fully open while the compressed air chamber
valve ports will be closed or closing. This not
only prevents substantial amounts of combustion
gases from forcing their way into the compressed
air chamber but. permits the pressure in the
chamber to build up between c¢ach ignition of
the charges of fuel mixture in the combustion
chambers. - Upon ignition of a charge of fuel
mixture in a combustion chamber, the expand-
ing gases resulting from combustion will rush
into the passages 62 and 63, the flow in the lat-
ter passages moving radially through the tur-
bine vanes 96 and 99 and into the duct 81 while
the flow from the former passage flows into the
duct 92. The rotation imparted to the turbine
rotor by such gas flow will, of course, furnish
power for continued rotation of the air and fuel
injection and the subsequent explosion of the
fuel mixture may be sustained and repeated in
rapidly accelerated sequence as the turbine ro-
tor is driven faster and faster. Rotary adjust-
ment of the tubular valve 12 may be accomplished
-so that the cooperating ports 68 and 13 will be
fully open so as to minimize impedance to flow
of combustion gases through the turbine or the
cooperating ports may be overlapped so as to re-
duce as much as desired, the effective port area
through which the combustion gases flow. This
will produce two effects. First, due to the de-
gree of constriction of the discharge port con-
trolling the gas flow through the turbine, a
larger volume of gas may flow out of the combus-
tion chamber through the duct 92, thus effect-
ing -operation of the outer propulsion jets 169,
as will be presently explained and, secondly, the
constricted discharge port will increase the ve-
locity of gas flow through the turbine with the
result that a lesser volume of gas is required to
sustain a desired rotational speed of the turbine
rotor and air compressor impeller and therefore,
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the larger volume of gas flowing through the
propulsion jet will create an increased thrust of
the jet discharge on the air and a correspond-
ing reaction thrust on the entire apparatus or

.the aircratt with which it may be associated.

The rearwardly rushing flows of gas through
the ducts 81 and 92 will merge into a single
stream upon entering the conduit 167 and will
pass rearwardly out of the end of the jet nozzle
169. Some of the combustion gases, however,
may be diverted, by partially closing the valve
168, into the branch duct I7f to enter the sec-
ondary combustion chamber, 172. The com-
bustion gases issuing from the primary combus-
tion chambers 48 invariably contain an appre-
ciable percentage of unburned fuel which, if per-
mitted to discharge into the atmosphere from

.the outer jet nozzles 188, would produce no use-

ful power. It is the purpose of the valves 188
to partially block the passages of the outer jet
nozzles so as to cause the aforesaid diversion of
some of the combustion gases into. the secondary
combustion chamber. When said diverted flow
enters the latter chamber through the branch
ducts 171, it will mix with additional fuel in-
jected into the chamb:r from the nozzle 116 and -
will also combine with the flow of fresh air en-
tering the chamber, in regulated proportion,
through the ducts 203. In addition, air enter-
ing the combustion gas streams through the ports
178 will restore the combustion balance of fuel
and air in the ducts 171 with the result that
when the gas streams reach the secondary com-
bustion chamber, full combustion of the un-
burned content of the streams will be established
and the generated heat will ignite and sustain
combustion of the fuel mixture contained within
the secondary combustion chamber, the products
of combustion of the said mixture in combina-
tion with the gas flows from the ducts {711, then
passing rearwardly out of the inner jet nozzle
173 as a forcible blast capable of creating power-
ful reactance thrust in a forward direction on
the entire jet propulsion apparatus.. It has been-
found that the utilization of combustion gases
in combination with an added mixture of ignit-
able fuel and air will produce considerably more
velocity in the jet blast than would be obtained
by combustion of the fuel and air mixture alone.
It will be seen that the pattern in which the jet
nozzles 169 and {13 are arranged permits a se-
lection in the degree of propulsive thrust which
may be expected from the apparatus. If the
valves 168 are fully closed, the combustion gas
jets from the nozzles {69 will be shut off and the
gas streams will issue only from the center
nozzle 118. In flight, when the aircraft carry-
ing the jet propulsion apparatus is moving
through the air at a speed of several hundred
miles an hour, the atmospheric pressure in the
compressor inlet port 8 and in the air scoop 1
will be greatly above normal and will be directly
proportional to the flight speed of the apparatus
and will be augmented or detracted from depend-
ing on_whether the ajreraft is flying with or
against the wind. Such ram pressure in the
compressor inlet 9 will not only increase the
pressure in the air chamber 42 but will also

" cause & higher velocity flow through the turbine

and consequently through the jet nozzles, thus
increasing the forward speed of the apparatus
ahd correspondingly increasing the ram pressure.
It will thus be evident that, when the apparatus
is in Aight, considerable back-pressure load is

75 removed from the impeller 34 hy the increased
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pressure in the port 9 by the atmospheric ram ef-
fect. Since this will have a direct bearing on
and will increase the rotational speed of the tur-

bine rotor and consequently the forward speed -

of the apparatus, the ram pressure will contin-
ually reduce the suction load on the compressor
up to the point where flow resistance through
the apparatus passages beyond the compressor
inlet will effect a pressure balance. This, how-
ever, will occur only at very high spceds since
the flow paths have been designed with as few
direction changes as possible in order to expedite
final clearance of gases from the jet nozzles.
The flight speed of the apparatus also creates
influx of air at considerable pressure through
the air scoop 11 into the shell chamber 24, whence
it may flow as a cooling medium rearwardly
over the outer surfaces of the various combus-~
tion chambers and combustion gas ducts to ex-
haust through the open rear end of the cham-
ber 24. However, due to the obstruction to flow
which is presented by the bulk of the combus-
tion chambers, the turbine housing, the various
ducts and the secondary combustion chamber,
considerable pressure will be built up in the
chamber 24, with the result that the air streams
entering the turbine through the ports {05 and
entering the ducts 167 through the ports (18
will be at considerable velocity, thus adding to
the mass of gas finally issuing from the jet nozzles
and directly affecting the thrust effort of the ap-
paratus. In order to take full advantage of the

cooling effect produced by the air on the turbine.

vanes, the flow of air into the secondary com-
bustion chamber through the ducts 203 may be
variably controlled by settings of the valves 207
so as to supply combustion air only in the amount
needed to augment that entering by way of the
ports 105 and {78 in order to produce complete
and instant combustion of the fuel mixture in
the secondary combustion chamber.

When aircraft propelled by free-flow jet power
are flown in the rarified atmosphere at very high
altitudes a material drop in the thrust developed
by the jet propulsion devices has been noted.
This is primarily due to lack of oxygen in the
atmosphere sufficient to produce complete com-
bustion of the fuel mixture in order tc maintain
or exc:ed the forward speed necessary to produce
sufficient air flow through the apparatus to pro-
duce satisfactory combustion. Such a condition
may be satisfactorily met with the apparatus of
my invention by shifting the speed-change gear-
ing so as to cause the compressor impeller to
revolve at a much higher rotational speed than
the turbine rotor, thereby causing the intake of
sufficient excess air into the apparatus to pro-
duce the required amount of oxygen to sustain
combustion in the combustion chambers which
are being fired at a much slower speed than the
rate at which the compressor is rotating.

I claim:

1, Jet propulsion apparatus comprising g tur-
bine having primary combustion chambers as-
sociated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a sep-
arate turbine passage and said secondary com-

bustion chamber having an inlet passage and a _

jet nozzle, said jet discharge and turbine pas-
sages of each primary combustion chamber be-
ing merged beyond the latter to provide jet
nozzles arranged in a pattern about the jet
nozzle of the secondary combustion chamber, &
turbine rotor associated with the turbine pas-

. 12 :

sage of each primary combustion chamber and
rotatably powered by flow of combustion gases
resulting from ignition of fuel charges in the lat-
ter combustion chambers, an air compressor unit
having an impeller operatively connected with
and driven by said turbine rotor, said unit hav-
ing therein a compressed air chamber and an
air inlet port through which atmospheric air

" may be drawn by said impeller and forced into

.w

20

25

30

40

60

65

said air chamber, means for admitting charges
of air from said air chamber into the respective
primary combustion chambers, means for inject-
ing charges of combustible liquid fuel into said
primary combustion chambers to form fuel mix-
tures with the air charges therein, means for ig-
niting said fuel charges to establish said flows
of combustion gases through the jet discharge
and turbine passages of the primary combustion
chambers, means for introducing flows of fuel
and air into said secondary combustion cham-
ber to form a combustible fuel mixture therein,
and means for diverting a portion of the com-
bustion gases from said primary combustion
chambers into said secondary combustion cham-
ber to establish and sustain ignition of the fuel
mixture in the latter chamber.

2. Jet propulsion apparatus comprising & tur-
bine having primary combustion chambers as-
sociated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a sepa-
rate turbine passage and said secondary combus-
tion chamber having an inlet passage and a jet
nozzle, said jet discharge and turbine passages
of each primary combustion chamber being
merged beyond the latter to provide jet nozzles
arranged in a pattern about the jet nozzle of the
secondary combustion chamber, a turbine rotor
associated with the turbine passage of each pri-
mary combustion chamber and rotatably pow-
ered by flow of combustion gases resulting from
ignition of fuel charges in the latter combustion
chambers, an air compressor unit having an im-
peller operatively connected with and driven by

5 said turbine rotor, speed change means inter-

posed between and for selectively varying the ro-
tational ratios between said turbine rotor and
said compressor impeller, said unit having there-
in a compressed air chamber and an air inlet
port through which atmospheric air may be
drawn by said impeller and forced into said air
chamber, means for admitting charges of air
from said air chamber into the respective pri-
mary combustion chambers, means for injecting
charges of combustible liquid fuel into said pri-
mary combustion chambers to form fuel mix-
tures with the air charges therein, means for ig-
niting said fuel charges to establish said flows
of combustion gases through the jet discharge
and turbine passages of the primary combustion
chambers, means for introducing flows of fuel
end air into said secondary combustion chamber
to form a combustible fuel mixture therein, and
means for diverting a portion of ‘the combustion
gases from said primary combustion chambers
into secondary combustion chamber to establish
and sustain ignition of the fuel mixture in the
latter chamber. )

3. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers as-
sociated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a sepa-
rate turbine passage and said secondary com-

75 bustion chamber having an inlet passage and a
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Jet norzle, said jet discharge and turbine pas-
sages of each primary combustion chamber being
merged beyond the latter to provide jet nozzles
arranged in a pattern about the jet nozzle of
the secondary combustion chamber, a turbine
rotor associated with the turbine passage of each
primary combustion chamber and rotatably pow-

ered by flow of combustion gases resulting from

ignition of fuel charges in the lattér combustion
chambers, an air compressor unit having an im-
peller operatively connected with and driven by
said turbine rotor, said unit having therein a
compressed air chamber and an air inlet port
through which atmospheric air may be drawn by
said impeller and forced into said air chamber,
means for admitting charges of air from said air
chamber into the respective primary combustion
chambers, means for injecting charges of com-
bustible liquid fuel into said primary combustion
chambers to form fuel mixtures with the air
charges therein, means for igniting said fuel
charges to establish said flows of combustion
gases through the jet discharge and turbine pas-
sages of the primary combustion chambers,
means for introducing flows of fuel and air into
said secondary combustion chamber to form a
combustible fuel mixture therein, and means for
diverting a portion of the combustion gases from
sald primary combustion chambers into said sec-
ondary combustion chamber to establish and sus-
tain ignition of the fuel mixture in the latter
chamber, a shell enclosing said turbine, second-
ary combustion chamber and air compressor and
defining thereabout a cooling air chamber, said
shell having an air scoop concentric ‘with said
air inlet port and operative during movement of
sald apparatus through the air to collect and
direct atmospheric air into and through said
shell chamber to absorb and carry off radiated
heat from said turbine and said primary and
secondary combustion chambers, means for ad-
mitting charges of air from said air chamber
into the respective primary combustion cham-
bers, means for injecting charges of combustible

liquid fuel into said primary combustion cham-.

bers to form fuel mixtures with the air charges
therein, means for igniting said fuel charges to
establish said flows of combustion gases through
the jet discharge and turbine passages of the pri-
mary combustion chambers, means for introduc-
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ing flows of fuel and air into said secondary com- .

bustion chamber to form a combustible fuel mix-
ture therein, and means for diverting a portion
of the combustion gases from said primary com-
bustion chambers into said secondary combus-
tion chamber to establish and sustain ignition of
the fuel mixture in the latter chamber.

4. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers asso-
clated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a sepa-
rate turbine rassage and said secondary combus-

55
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tion chamber having an inlet passage and a jet -

nozzle, said jet discharge and turbine passages
of each primary combustion chamber being
merged beyond the latter to provide jet nozzles
arranged in a pattern about the jet nozzle of the
secondary combustion chamber, a turbine rotor
associated with the turbine passage of each pri-
mary combustion chamber and rotatably pow-
ered by flow of combustion gases resulting from
ignition of fuel charges in the latter combustion
chambers, an air compressor unit having an im-
peller operatively connected with and driven by

L 1]

70

]

14 \

said turbine rotor, said unit having therein a
compressed alr chamber and an air inlet port
through which atmospheric air may be drawn by
said impeller and forced into said air chamber,
means for admitting charges of air from said air
chamber into the respective primary combustion
chambers, means for injecting charges of com-
bustible liquid fuel into said primary combus-
tion chambers to form fuel mixtures with the air
charges therein, means for igniting said fuel
charges to establish said flows of combustion
gases through the jet discharge and turbine pas-
sages of the primary combustion chambers,
means for introducing flows of fuel and air into
sald secondary combustion chamber to form a
combustible fuel mixture therein, and means for
diverting a portion of the combustion gases from
said primary combustion chambers into said sec-
ondary combustion chamber to establish and
sustain ignition of the fuel mixture in the latter
chamber, a shell enclosing said turbine, second-
ary combustion chamber and air compressor and
defining thereabout a cooling air chamber, said
shell having an air scoop concentric with said
&ir inlet port and operative during movement of
said apparatus through the air to collect and di-
rect atmospheric air into and through said shell
chamber, into said secondary combustion cham-
ber, means for introducing flows of air from said
shell chamber and from said compressor respec-
tively into said secondary combustion chamber
to form a combustible fuel mixture therein, and
means for diverting a portion of the combustion
gases from said primary combustion chambers
into said secondary combustion chamber to es-
tablish and sustain ignition of the fuel mixture
in the latter chamber,

5. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers asso-
ciated therewith and a secondary combustion
chamber, said primary combustion chambers each
having a jet discharge passage and s separate
turbine passage and said secondary combustion
chamber having an inlet passage and a jet nozzle,

-said jet discharge and turbine passages of each

primary combustion chamber being merged be-
yond the latter to provide jet nozzles arranged
in a pattern about the jet nozzle of the secondary
combustion chamber, a turbine rotor associated
with the turbine passage of each primary com-
bustion chamber and rotatably powered by flow
of combustion gases resulting from ignition of
fuel charges in the latier combustion chambers,
an air compressor unit having an impeller opera-
tively connected with and driven by said turbine
rotor, said unit having therein a compressed air
chamber and an air inlet port through which
atmospheric air may be drawn by said impeller
and forced into said air chamber, means for ad-
mitting charges of air from said air chamber into
the respective primary combustion -chambers,
means for injecting charges of combustible liquid
fuel into said primary combustion chambers to
form fuel mixtures with the air charges therein,
means for igniting said fuel charges to establish
said flows of combustion- gases through the jet
discharge and turbine passages of the primary
combustion chambers, means for introducing
flows of fuel and air into said secondary com-
bustion chamber to form a combustible fuel mix-
ture therein, and means for diverting a portion
of the combustion gases from said primary com-
bustion chambers into said secondary combustion
chamber fo establish and sustain ignition of the
fuel mixture in the latter chamber, a shell en-
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closing sald turbine, secondary combustion cham-
ber and air compressor and defining thereabout a
cooling air chamber, sald shell having an air
scoop concentric with said air inlet port and oper-
ative during movement of said apparatus through
the air to collect and direct atmospheric air into
and through said shell chamber, into satd second-
ary combustion chamber, means for introducing
flows of air from said shell chamber directly
into said secondary combustion chamber and into
sald turbine passage, means for introducing a
flow of air from said compressor into said second-
ary combustion chamber, sald air flows into the
secondary combustion chamber combining with
said fuel charges therein to form combustible
fuel mixtures, and means for igniting the fuel
mixtures in said secondary combustion chamber.

6. Jet propulsion apparatus comprising a tur-
bine having primary combustion chainbers asso-
ciated therewith and a secondary combustion
chamber, said primary combustion chambers each
- having a jet discharge passage and a separate
turbine passage and said secondary combustion
chamber having an inlet passage and a jet nozzle,
said jet discharge and turbine passages of each
primary combustion chamber being merged be-
yond the latter to provide jet nozzles arranged
in a pattern about the jet nozzle of the secondary
combustion chamber, a turbine rotor assoclated
with the turbine passage of each primary com-
bustion chamber and rotatably powered by flow
of combustion gases resulting from ignition of
tuel charges in the latter combustion chambers,
an air compressor unit having an impeller opera-
tively connected with and driven by said turbine
rotor, said unit having therein a compressed air
chamber and an air inlet port through which
 atmospheric air may be drawn by said impeller
and forced into said air chamber, means for ad-
mitting charges of air from said air chamber
into the respective primary combustion -cham-
bers, means for injecting charges of combustible
liguid fuel into said primary combustion cham-
bers to form fuel mixtures with the air charges
therein, means for igniting said fuel charges to
establish said flows of combustion gases through
the jet discharge and turbine passages of the pri-
mary combustion chambers, means for introduc-
ing flows of fuel and air into sald secondary
combustion chamber to form a combustible fuel
mixture therein, and means for diverting a por-
tion of the combustion gases from said primary
combustion chambers into said secondary com-
bustion chamber to establish and sustain ignition
of the fuel mixture in the latter chamber, a shell
enclosing said turbine, secondary combustion
chamber and air compressor and defining there-
about a cooling air chamber, said shell having
an air scoop concentric with said alr inlet port
and operative during movement of said apparatus
through the air to collect and direct atmospheric
air into and throucgh said shell chamber, into
said secondary combustion chamber, means for
introducing flows of air from said shell chamber
directly into said secondary combustion cham-
ber and into said turbine passage, means for
introducing a flow of air from said compressor
into said secondary combustion chamber, means
for variably regulating the flow of air from the
compressor into the secondary combustion cham-
ber, said air flows into the secondary combustion
chamber combining with said fuel charges there-
in to form combustible fuel mixtures, and means
for igniting the fuel mixtures in said secondary
combustion chamber. -
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1. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers asso-
clated therewith and a secondary combustion
chamber, said primary combustion chambers each
heving a jet discharge passage and a discharge
port opening into a turbine passage separate
from the jet discharge passage, sald secondary
combustion chamber having an inlet passage
and a jet nozzle, said jet discharge and turbine
passages of each primary combustion chamber
being merged beyond the latter to provide jet
nozzles arranged in a pattern about the jet nozzle
of the secondary combustion chamber, a turbine
rotor associated with the turbine passage of each
primary combustion chamber and rotatably pow-
ered by flow of combustion gases restlting from
ignition of fuel charges in the latter combustion
chambers, an air compressor unit having an im-
peller operatively connected with and driven by
said turbine rotor, speed change means inter-
posed between and for selectively varying the ro- .
tational ratios between said turbine rotor and
said ecompressor impeller, said unit having therein
g compressed air chamber and an air inlet port
through which atmospheric air may be drawn
by said impeller and forced under pressure into
said air chamber, a shell enclosing said turbine,
secondary combustion chamber and air compres-
sor and defining thereabout a cooling air cham-
ber, said shell having an air scoop concentric with
said air inlet port and operative during move-
ment of said apparatus through the air to collect
and direct atmospheric air into and through said
shell chamber, a valve interposed between and
for admitting charges of air from said air cham-
ber into the respective primary combustion cham-
bers, means for injecting charges of combustible

. liquid fuel into said primary combustion cham-
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bers to form fuel mixtures with the air charges
therein, means for igniting said fuel charges to

_establish said flows of combustion gases through

the combustion chamber discharge ports into the
turbine passages, means for variably regulating
the effective area of each combustion chamber
discharge port to control the relative propor-
tions of combustion gases flowing in the jet dis-
charge and turbine passages, means for intro-
ducing flows of fuel into said secondary com-
bustion chamber, means for introducing charges
of air from said air cooling chamber into sald
secondary combustion chamber to form a com-
bustible fuel mixture therein, and means for di-
verting a portion of the combustion gases from
said primary combustion chambers into the inlet
passage of said secondary combustion chamber
to establish and sustain ignition of the fuel mix-
ture in the latter chamber. . :
8. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers as-
sociated therewith and a secondary combustion
chamber, said primary -combustion chambers
each having a jet discharge passage and a dis-
charge port opening into a turbine passage sep-
arate from the jet discharge passage, sald segc-
ondary combustion chamber having an inlet
passage and a jet nozzle, said jet discharge and
turbine passages of each primary combustion
chamber being merged beyond the latter to pro-
vide jet nozzles arranged in a pattern akout the
jet nozzle of the stcondary combustion chamber,
a turbine rotor associated with the turbine pas-
sage of each primary combustion chamber and
rotatably powered by flow of combustion gases
resulting from ignition of fuel charges in the
latter combustion chambers, an air compressor
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unit having an impeller operatively connected
with and driven by said turbine rotor, speed
change means interposed between and for selec-
tively varying the rotational ratios between said
turbine rotor and said compressor unit impeller,
sald air compressor having therein a compressed
air chamber and an air inlet port through which
atmospheric air may be drawn by said impeller
and forced under pressure into said air chamber,
& shell enclosing said turbine, secondary com-
bustion chamber and air compressor and defining
thereabout a cooling air chamber, said shell hav-
ing an air scoop concentric with said air inlet
port and operative during movement of said ap-
paratus through the air to collect and direct
atmospheric air into and through said shell
chamber, a valve interposed between and for
admitting charges of air from said air chamber
into the respective primary combustion cham-
bers, means for injecting charges of combustible
liquid fuel into said primary combustion cham-
bers to form fuel mixtures with the air charges
therein, means for igniting said fuel charges to
establish said flows of combustion gases through
the combustion chamber discharge ports into the
turbine passages, means for varigbly regulating
the effective area of each combustion chamber
discharge port to control the relative proportions
of combustion gases flowing in the jet discharge
and turbine passages, valve means for opening
and closing said combustion chamber discharge
ports, means for introducing flows of fuel into
said secondary combustion chamber, means for
introducing charges of air from said air cooling
chamber into said secondary combustion cham-
ber to form a combustible fuel mixture therein,
and means for diverting a portion of the com-
bustion gases from said primary combustion
chambers into the inlet passage of said secondary
combustion chamber to establish and sustain
ignition of the fuel mixture in the latter cham-
ber.

9. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers as-
sociated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a dis-
charge port opening into a turbine passage
separate from the jet discharge passage, said
secondary combustion chamber having an inlet
passage and a jet nozzle, said jet discharge and
turbine passages of each primary combustion
chamber being merged beyond the latter to pro-
vide jet nozzles arranged in a pattern about the
jet nozzle of the secondary combustion chamber,
a turbine rotor associated with the turbine pas-
sage of each primary combustion chamber and
rotatably powered by flow of combustion gases
resulting from ignition of fuel charges in the
latter combustion chambers, an air compressor
unit having an impeller operatively connected
with and driven by said turbine rotor, speed
change means interposed between and for selec-
tively varying the rotational ratios between said
turbine rotor and said compressor unit impeller,
said air compressor having therein a compressed
air chamber and an air inlet port through which
atmospheric air may be drawn by said impeller
and forced under pressure into said air cham-
ber, a shell enclosing said turbine, secondary
combustion chamber and air compressor and
defining thereabout a cooling air chamber, said
shell having an air scoop concentric with said
air inlet port and operative during movement of
said apparatus through the air to collect and
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direct atmospheric air into and through said
shell chamber, a valve interposed between and
for admitting charges of air from said air cham-
ber Into the respective primary combustion
chambers, means for injecting charges of com-
bustible liquid fuel into said primary combustion
chambers to form fuel mixtures with the air
charges therein, means for igniting said fuel
charges to establish said flows of combustion
gases through the combustion chamber discharge
ports into the turbine passages, means for vari-
ably regulating the effective area of each com-~
bustion chamber discharge port to control the
relative proportions of combustion gases flow-
ing in the jet discharge and turbine passaces,
valve means for opening and closing said com-
bustion chamber discharge ports, means for in-
troducing flows of fuel into said secondary com-
bustion chamber, means for introducing charges
of air from said air cooling chamber into said
secondary combustion chamber to form a com-
bustible fuel mixture therein, and means for di-
verting a portion of the combustion gases from
said primary combustion chambers into the inlet
passage of said secondary combustion chamber
to establish and sustain ignition of the fuel mix-
ture in the latter chamber. .
10. Jet propulsion apparatus comprising 3
turbine having primary combustion chambers
associated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a dis-
charge port opening into a turbine passage sep-
arate from the jet discharge passage, said sec-
ondary combustion chamber having an inlet
passage and a jet nozzle, said jet discharge and
turbine passages of each primary combustion
chamber being merged beyond the latter to pro-
vide jet nozzles arranged in a pattern about the
Jet nozzle of the secondary combustion cham-
ber, a turbine rotor associated with the turbine
passage of each primary combustion chamber
and rotatably powered by flow of combustion
gases resulting from ignition of fuel charges in
the latter combustion chambers, an air com-
pressor unit having an impeller operatively con-
nected with and driven by said turbine rotor,
speed change means interposed between and for
selectively varying the rotational ratios. between
said turbine rotor and said compressor unit
impeller, said air compressor having therein a
compressed air chamber and an air inlet port
through which atmospherie air may be drawn by
said impeller and forced under pressure into said
air chamber, a shell enclosing said turbine, sec-
ondary combustion chamber and air compressor
and defining thereabout a cooling air chamber,
said shell having an air scoop concentric with
said air inlet port and operative during move-
ment of said apparatus through the air to col-
lect and direct atmospheric air into and through
said shell chamber, a valve interposed between
and for admitting charges of air from said air
chamber into the respective primary cowmbustion
chambers, means for injecting charges of com-
bustible liquid fuel into said primary combustion
chambers to form fuel mixtures with the air
charges therein, means for igniting said fuel
charges to establish said flows of combustion
gases through the combustion chamber discharge
ports into the turbine passages, means for vari-
ably regulating the effective area of each com-~
bustion chamber discharge port to control the
relative proportions of combustion gases flowing
in the jet discharge and turbine passages, valve
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means for opening and closing said combustion
chamber discharge ports and connect:d with
and operative by said turbine rotor, said air
chamber valve and said discharge port valve
being correlated so that when one valve is open
the other is closed, means for introducing flows
of fuel into sad secondary combustion chamber,
means for introducing charges of air from said
air cooling chamber into said secondary com-
pustion chamber to form a combustible fuel mix-
ture therein, and means for diverting a portion
of the combustion gases from said primary com-
bustion chambers into the inlet passage of said
secondary combustion chamber to ¢stablish and
sustain ignition of the fuel m:xture in the latter
chamber.’ .

11. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers associ-
ated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and
a discharge port opening into a turbine
passage separate from the jet discharge pas-
sage, said secondary combustion chamber
having an inlet passage and a jet nozzle,
said jet discharge and turbine passages of each
primary combustion chamber being merged be-
yond the latter to prov:de jet nozzles arranged in
a pattern about the jet nozzle of the secondary
combu:tion chamber, a turbine rotor associated
with the turbine passage of each primary com-
bustion. chamber and rotatably powered by flow
of combustion gases resulting from ignition of
fuel charges in the latter combustion chambers,
an air compressor unit having an impeller opera-
tively connected with and driven by said turbine
rotor, speed change means interposed between
and for selectively varying the rotational ratios
between said turbine rotor and said compressor
impeller, said air compressor unit having therein
a compressed air chamber and an air inlet port
through which atmospheric air may be drawn
by said impeller and forced under pressure into
said air chamber, & shell enclosing said turbine,
secondary combustion chamber and air com-
pressor and defining thereabout a cooling air
chamber, said shell having an air scoop concen-
tric with said air inlet port and operative dur-
ing movement of said apparatus through the air
to coliect and direct atmospheric air into and
through said shell chamber, a valve interposed
between and for admitting charges of air from
said air chamber into the respective primary
combustion chambers, means for injecting
charges of combustible liquid fuel into said pri-
mary combustion chambers to form fuel mix-
tures with the air charges therein, means for
igniting said fuel charges to establish said flows
‘of combustion gases through the jet discharge
passages and through the combustion discharge
ports into the turbine passages, means for varia-
bly regulating the effective area of each combus-
tion chamber discharge port to control the rela-
tive proportions of combustion gazes flowing in the
jet discharge and turbine passages, valve means
for opening and closing said combustion cham-
ber gases flowing in the jet discharge and tur-
bine paszages, valve means for opening and clos-
ing said combustion chamber discharge ports and
connected with and operative by said turbine
rotor, said air chamber valve and said discharge
port valve being correlated so that when one
valve is open the other is closed, means for in-
troducing flows of cooling air from said cooling
air chamber into said turbine passage and past
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said turbine rotor in timed sequence to the open-
ing and closing of said combustion chamber dis-
charge port valve, means for introducing flows
of fuel into said secondary combustion cham-
ber, means for introducing charges of air from
said air cooling chamber into said secondary
combustion chamber to form s. combustible fuel
mixture therein, and means for diverting a por-
tion of the combustion gases from said primary
combustion chambers into the inlet passage of
sa.d secondary combustion chamber to establish
and sustain ignition of the fuel mixture in the
latter chamber.

12. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers asso-
cidted therewith and a secondary combustion
chamber, said primary combustion chambers each
having a jet d.scharge passage and a discharge
port opening into a turbine passage separate
from the jet dizcharge passage, said secondary
combustion chamber having an inlet passage and
a jet nozzle, said jet discharge and turbine pas-
cages of each primary combustion chamber be-
ing merged beyond the latter to provide jet noz-
zles arranged in a pattern sbout the jet nozzle
of the secondary combustion chamber, a tur-
bine rotor associated with the turbine passage
of each primary combustion chamber and ro-
tatably powered by flow of combustion gases re-
sulting from ignition of fuel charges in the lat-
ter combustion chambers, an air compressor unit
having an impeller operatively connected with
and driven by said turbine rotor, speed change
means interposed between and for selectively
varying the rotational ratios between said tur-
bine rotor and said compressor impeller, said air
comprezsor unit having therein a compressed
air chamber and an air inlet port through which
atmospheric air may be drawn by said impeller
and forced under pressure into said air cham-
ber, conduits connecting said compressor and
said secondary combustion chamber through
which air under pressure may bhe introduced into
said secondary combustion chamber, a shell en-

5 closing said turbine, secondary combustion cham-

ber and air compressor and defining thereabout
a cooling air chamber, said shell having an air
scoop concentric with said air inlet port and op-
erative during movement of said apparatus
through the air to collect and direct atmospheric
air into and through said shell chamber, a valve
interposed between and for admitting charges of
air from said air chamber into the respective pri-
mary combustion chambers, means for inject-
ing charges of combustible liquid fuel into said
primary combustion chambers to form fuel mix-
tures with the air charges therein, means for
igniting said fuel charges to establish said flows
of combustion gases through the jet discharge
passages and through the combustion chamber
discharge ports into the turbine passages, means
for variably regulating the effective area of each
combustion chamber discharge port to control
the relative proportions of combustion gases
flowing in the jet discharge and turbine passages,
means for introducing flows of fuel into said sec-
ondary combustion chamber, means for intro-
ducing charges of air from said air cooling cham-
ber into said secondary combustion chamber to
form a combustible fuel mixture therein, and
means for diverting a portion of the combustion
gases from said primary combustion chambers
into the inlet passage of said secondary combus-
tion chamber to establish and sustain ignition
of the fuel mixture in the latier chamber.



21

13. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers asso-
ciated therewith and g secondary combustion
chamber, said primary combustion chambers each
having a jet discharge passage and a discharge
port opening into a turbine passage separate from
. the jet discharge passage, sald secondary com-
bustion chamber having an inlet passage and a
jet nozzle, said jet discharge and turbine passages
of each primery combustion chamber being
merged beyond the latter to provide jet nozzles
arranged in a pattern about the jet nozzle of the
secondary combustion chamber, a turbine rotor
associated with the turbine passage of each pri-
mary combusition chamber and rotatably powered
by flow of combustion gases resulting from igni-
tion of fuel charges in the latter combustion
chambers, an air compressor unit having an im-
peller operatively connected with and driven by
sald turbine rotor, speed change means interposed
between and for selectively varying the rotational
ratios between said turbine rotor and said com-
pressor impeller, said air compressor unit having
therein a compressed air chamber and an air inlet
port through which atmospheric air may be
drawn by said impeller and forced under pressure
into said air chamber, conduits connecting said
compressor and said secondary combustion cham-
ber through which air under pressure may be in-
troduced into said secondary combustion cham-
ber, valves in said conduits and adjustable to reg-
. ulate the volume of air entering said secondary
combustion chamber from said compressor, a shell
enclosing said turbine, secondary combustion
chamber and air compressor and defining there-
about a cooling air chamber, said shell having an
air scoop concentric with said air inlet port and
operative during movement of said apparatus
through the air to collect and direct atmospheric
alr into and through said shell chamber, 3 valve
interposed between and for admitting charges of
air from said air chamber into the respective pri-
mary combustion chambers, means for infecting
charges of combustible liquid fuel into said pri-
mary combustion chambers to form fuel mixtures
with the air charges therein, means for igniting
said fuel charges to establish said flows of com-
bustion gases through the jet discharge passages
and through the combustion chamber discharge
ports into the turbine passages, means for vari-
ably regulating the effeciive area of each com-
bustion chamber discharge port to control the
relative proportions of combustion gases flowing
in the jet discharge and turbine passages, means
for introducing flows of fuel into said secondary
combustion chamber, means for introducing
charges of air from said air cooling chamber into
said secondary combustion chamber to form a
combustible fuel mixture therein, and means for
diverting a portion of the combustion gases from
sald primary combustion chambers into the inlet
passage of said secondary combustion chamber to
establish and sustain ignition of the fuel mixture
in the latter chamber. :

14. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers asso-
ciated therewith and a secondary combustion
chamber, said primary combustion chambers each
having a jet discharge passage and a discharge
port opening into a turbine passage separate from
the jet discharge passage, said secondary com-
bustion chamber having an inlet passage and a
jet nozzle, said jet discharge and turbine passages
of each primary combustion chamber being
merged beyond the latter to provide jet nozzles
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arranged in a patteérn about the jet nozzle of the
secondary combustion chamber, a turbine rotor
associated with the turbine passage of each pri-
mary combustion chamber and rotatably powered
by flow of combustion gases resulting from igni-
tion of fuel charges in the latter combustion
chambers, an air compressor unit having an im-
peller operatively connected with and driven by
sald turbine rotor, speed change means interposed
between and for selectively varying the rotational
ratios between said turbine rotor and said com-
pressor impeller, said air compressor unit having
therein a compressed air chamber and an air inlet
port through which atmospheric air may be drawn
by sald impeller and forced under pressure into

“said air chamber, a shell enclosing said turbine,

secondary combustion chamber and air com-
pressor and defining thereabout g cooling air
chamber, said shell having an air scoop concentric
with said air inlet port and operative during

' movement of said apparatus through the air to
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collect and direct atmospheric air into and
through said shell chamber, a valve interposed
between and for admitting charges of air from
said air chamber into the respective primary com-
bustion chambers, means for injecting charges of
combustible liquid fuel into said primary com-
bustion chambers to form fuel mixtures with the
air charges therein, means for igniting said fuel
charges to establish said flows of combustion gases
through the jet discharge passages and through
the combustion discharge ports into the turbine
bassages, means for variably regulating the effec-
tive area of each combustion chamber discharge
port to control the relative proportions of com-
bustion gases flowing in the jet discharge and
turbine passages, valve means for opening and
closing said combustion chamber discharge ports
and connected with and operative by said turbine
rotor, said air chamber valve and said discharge
port valve being correlated so that when one valve
is open the other is closed, means for introducing
flows of cooling air from said cooling air chamber
into said turbine passage and past said turbine
rotor in timed sequence to the opening and closing
of said combustion chamber discharge port valve,
means for introducing flows of fuel into said sec-
ondary combustion chamber, means for intro-
ducing charges of air from said air cooling cham-
ber into said secondary combustion chamber inlet
passage to form in the latter chamber a ‘com-
bustible fuel mixture, means disposed in and for
controlling flow of combustion gases through the
jet nozzles of the primary combustion chamber,
and means connecting the latter jet nozzles with
the inlet passage of the secondary combustion
chamber for conducting a portion of the com-
bustion gases from the primary combustion cham-
bers into the secondary combustion chamber to
establish and sustain ignition of the fuel mixture
in the Iatter chamber.

15. Jet propulsion apparatus comprising a
turbine having primary combustion chambers
associated therewith and a secondary combustion
chamber, sald primary combustion chambers
each having a jet discharge passage and a dis-
charge port opening into a turbine passage
separate from the jet discharge passage, said
secondary combustion chamber having an inlet
passage and a jet nozzle, said jet discharge and
turbine passages of each primary combustion
chamber being merged beyond the latter to pro-
vide jet nozzles arranged in a pattern about the
jet nozzle of the secondary combustion chamber,
8 turbine rotor associated with the turbine
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passage of each primary combustion chamber

‘ ~ and rotatably powered by fiow of combustion

gases resulting from ignition of fuel charges in
the latter combustion chambers, an air com-
pressor unift having an impeller operatively con-
nected with 2nd driven by said turbine rotor,

speed change means interposed between and |

for selectively varying the rotational ratios
between said turbine rotor and said compressor
impeller, said air compressor unit having therein
a compressed air chamber and an air inlet port
through which atmospheric air rmay be drawn
by said impelier and forced under pressure into
said air chamber, a shell enclosing said turbine,
secondary combustion chamber and air com-
pressor and defining thereabout a cooling air
chamber, said shell having an air scoop con-
centric with said air inlet port and operative
during movement of said apparatus through
the air to collect and direct atmospheric air
into and through said shell chamber, a valve
interposed between and for admitting charges
of air from said air chamber into the respective
primary combustion chambers, means for inject-
ing charges of combustible liquid fuel into said
primary combustion chambers to form fuel mix-
tures with the air charges therein, means for
igniting said fuel charges to establish said flows
of combustion gases through the jet discharge
passages and through the combustion discharge
ports into the turbine passages, means for vari-
ably regulating the effective area of each com-
bustion chamber discharge port to control the
relative proportions of combustion gases flowing
in the jet discharge and turbine passages, valve
means for cpening and closing said combustion
chamber discharge ports and connected with
and operative by said turbine rotor, said air
chamber valve and said discharge port valve
being correlated so that when one valve is open
the other is closed, means for introducing flows
of cooling air from said cooling air chamber into
said turbine passage and past said turbine rotor
in timed sequence to the opening and closing of
said combustion chamber discharge port valve,
means for introducing flows of fuel into said
secondary combustion chamber, means for intro-
ducing charges of air from said air cooling
chamber into said secondary combustion cham-
ber inlet passage to form in the latter chamber
a combustible fuel mixture, valves in and for
regulating flow of combustion gases through the
_jet nozzles of the primary combustion chamber,
and means connecting the latter jet nozzles with

the inlet passage of the secondary combustion -

chamber for conducting a portion of the com-
bustion gases from the primary combustion
chambers into the secondary combustion cham-
ber to establish and sustain ignition of the fuel
mixture in the latter chamber.

16. Jet' propulsion apparatus comprising a
turbine having primary combustion chambers
associated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a dis-
charge port opening into a turbine passage
separate from the jet discharge passage, said
secondary combustion chamber having an inlet
passage and a jet nozzle, said jet discharge and
turbine passages of each primary combustion
chamber being merged beyond the latter to pro-
vide jet nozzles arranged in a pattern about
the jet nozzle of the. secondary combustion
chamber, a turbine rotor associated with the
turbine passage of each primary combustion
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chamber and rotatably powered by flow of com-
bustion gases resulting from ignition of fuel
charges in the latter combustion chambers, an
air compressor unit having an impeller opera-
tively connected with and driven by said turbine
rotor, speed change means interposed between
and for selectively varying the rotational ratios
between said turbine rotor and said compressor
impeller, said air compressor unit baving therein
a compressed air chamber and an air inlet pors
through which atmospheric air may be drawn
by said impeller and forced under pressure into
said air chamber, a sheli enclosing said turbine,
secondary combustion chamber and air com-
pressor and defining thereabout a cooling air
chamber, said shell having an air scoop con-
centric with said air inlet port and operative
during movement of said apparatus through the
air to collect and direct atmospheric 2ir into
and through said shell chamber, a valve inter-
posed between and for admitting charges of
air from said air chamber into the respective
primary combustion chambers, means for inject-
ing charges of combustible liquid fuel into said
primary combustion chambers to form fuel mix-
tures with the air charges therein, means for
igniting said fuel charges to establish said flows
of combustion gases through the jet discharge
passages and through the combustion discharge
ports into the {urbine passages, means for
variably regulating the effective area of each
combustion chamber discharge port to control
the relative proportions of combustion gases
flowing in the jet discharge and turbine passages,
valve means for opening and closing said com-
bustion chamber discharge ports and connected
with and operative by said turbine rotor, said
air chamber valve and said discharge port valve
being correlated so that when one valve is open
the other is closed, means for-introducing flows
of cooling air from said cooling air chamber info
said turbine passage and past said turbine rotor
in timed sequence to the opening and closing of
said combustion chamber discharge port valve,
means for introducing flows of fuel into said
secondary combustion chamber, means for intro-
ducing charges of air from said air cooling
chamber into said secondary combustion cham-
ber inlet passage to form in the latter chamber
a combustible fuel mixture, valves in and for
regulating the flow of combustion gases through
the jet nozzles of the primary combustion cham-
bers, means for operating said nozzle valves in
unison to effect diversion of combustion gas from
the primary combustion chamber nozzles into
said secondary combustion chamber, and means
connecting the latter jet nozzles with the inlet
passage of the secondary combustion chamber
for conducting the diverted combustion gases
into the latter chamber to establish and sustain
thereon ignition of the fuel mixture.

17. Jet propulsion apparatus comprising a tur-
bine having primary combustion chambers as-
sociated therewith and a secondary combustion
chamber, said primary combustion chambers
each having a jet discharge passage and a dis-
charge port opening into a turbine passage sepa-
rate from the jet discharge passage, said second-
ary combustion chamber having an inlet passage
and a jet nozzle, said jet discharge and turbine
passages of each primary combustion chamber
being merged beyond the latter to provide jet
nozzles arranged in a pattern about the jet noz-
zle of the secondary combustion chamber, a tur-
bine retor associated with the turbine passage
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of each primary combustion chamber and rotat-
ably powered by flow of combustion gases result-
ing from ign‘tion of fuel charges in the latter
combustion chamber, an alr compressor unit
-having an impeller operatively connected with
and driven by said turbine rotor, speed change
means interposed between and for selectively
varying the rotational ratios between said tur-
bine rotor and said compressor impeller, said air
compressor unit having therein a compressed air
chamber and an air inlet port through which
atmospheric air may be drawn by said impeller
and forced under pressure into said air chamber,
a shell enclos'ng said turbine, secondary combus-
tion chamber and air compressor and defining
thereabout a cooling air chamber, said shell hav-
ing an air scoop concentric with said air inlet
port and operative during movement of said ap-
paratus through the air to collect and direct at-
mospherie air into and through said shell cham-
ber, a valve interposed between and for admitting
charges of air from said air chamber into the
respective primary combustion chambers, means
for injecting charges of combustible liquid fuel
into said primary combustion chambers to form
fuel mixtures with the air-charges therein, means
vfor igniting said fuel charges to establish said
flows of combustion gases through the jet dis-
charge passages and through the combustion dis-
charge ports into the turbine passages, means

26 .
of cooling air from said cooling air chamber into
said turbine passage and past said-turbine rotor
in timed sequence to the opening and closing of
sald combustion chambes discharge port valve,
means for introducing flows of fuel into sald

. secondary combustion chamber, means for in-
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troducing charges of air from said air cooling
chamber into said secondary combustion cham-
ber inlet passage to form in the latter chamber
a combustible fuel mixture, valves in and for
regulating the flow of combustion gases through

. the jet nozzles of the primary combustion cham-
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for variably regulating the effective area of each -

combustion chamber discharge port to control
the relative proportions of combustion gases
flowing in the jet d'scharge and turbine passages,
valve means for opening and closing said com-

35

bustion chamber discharge ports and connected

with and operative by said turbine rotor, said
air chamber valve and said discharge port valve
being correlated so that when one valve is open
the other is closed, means for introducing flows

bers, said valves having operating elements
thereon, and a movable element associated with
each valve operating element for operating said
nozzle valves in unison to effect diversion of com-
bustion gas from the primary combustion cham-
ber nozzles into sa!d secondary combustion cham-
ber, and means connecting the latter jet nozzles
with the inlet passage of the secondary combus-
tion chamber for conducting the diverted com-
bustion gases into the latter chamber to estab-
lish and sustain thereon ignition of the fuel mix-
ture.
ELBERT E. CHRISTOPHER.
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