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'UNITED STATES PATENT OFFICE

2,395,403

2,395,403 : :

ROTATABLE COMBUSTION APPARATUS
FOR AIRCRAFT

Robert H. Gocidard, Roswell, N. Mex., assignor of

one-half to The Daniel and Florence Guggen-
heim Foundation, New York, N. Y., a corpora-

tion of New York

Application March 6, 1939, Serial No. 259?946 .
(CL 60—35.6) ‘

10 Claims.

This invention relates to combustion apparatus
particularly designed for use in aircraft ‘having
the rocket type of propulsion. In such craft,
combustion gases in large volume are continuously
discharged from a rearwardly open nozzle, and
these gases are commonly produced by combustion
. of two liquids, such as gasoline and liquid ‘oxygen,
at a very high temperature. Satisfactory per-
formance requires that all parts of the combustion
apparatus shall be as light as possible, and that
the two liquids shall be brought together and
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thereafter intermingled in a most thorough and - -

effective manner.

The production of a very thin and light com-
bustion chamber and the effective cooling of the
thin chamber wall forms the subject matter of
my prior Patents Nos. 2,016,921 and 2,085,800.
The pumping of the very cold liquid oxygen in-
volves a serious problem, one solution of which
is disclosed in my prior Patent No. 2,127,865 on
a special type of centrifugal pump. I have also
provided .for reenforcing and cooling a thin and
light combustion chamber by a tubular external
winding of special construction fully disclosed in
my prior Patent No. 2,122,521, ‘

It is the general object of my present inven-

Fig. 8 is a perspective view of a collecting
chamber to be described; v

Fig. 9 is a perspective view of an annular gaso-
line feed member to be described; :

.Fig. 10 is a detail sectional elevation, taken
along the line 10—10 in Fig. 9; .

Fig. 11 is a partial perspective view of fixed and
movable vane structures to be described;

Fig. 12 is a perspective view of an annular mem-
ber forming the lower terminus of certain cooling -
coils; . : ' : :

Fig. 13 is a plan view, taken substantially along )

" the line 13—I3 in Fig. 1: .
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Fig. 14 is an enlarged vertical sectional eleva-
tion of a portion of the combustion chamber wall®

.-and associated cooling structure: -
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tion to combine certain features from these prior

patents in an improved combustion apparatus,
which also includes new and novel features not
previously disclosed.

. One important feature of my present invention
relates to the provision of rotating parts in a
combustion apparatus, by rotation of which the
gasoline and oxygen will be most intimately in-
termingled, and which rotating parts also form
effective . substitutes for the centrifugal pumps
previously required.

My invention further relates to arrangements
and combinations of parts which wil] be herein-
after described and more particularly pointed out
in the appended claims.

Preferred forms of the invention are shown in
the drawings, in which:

Fig. 1 is a sectional front elevation of one form
of combustion apparatus embodying my. im-
provements;

Fig. 2 is a partial sectional elevation of the
upper part of said combustion apparatus, on an
enlarged scale.and taken on a different diameter;

Fig. 3 is a sectional plan view, taken along
the irregular line 3—3in Fig. 1;

Fig. 4 is a detail sectional view, taken along
the line 4—4 in Pig. 1;

Fig. 5 is a detail sectional view, taken along
the line 5—35 in Fig, 4;

Fig. 6 is an enlarged sectional view, taken

along the line 6—§6 in Pig, 1;
Fig, 7 is a detail side elevation, looking in the
direction of the arrow 7 in Fiig. 6; . ‘
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Fig. 14* is a detail sectional view of a metal
packing ring to be described;. B -

Fig. 15 is an enlarged sectional elevation of cer-
tain commutator connections to be described;

Fig. 16 is a partial sectional front elevation,
showing a modified construction;

Figs. 17 and 18 are enlarged sectional elevations
of certain parts appearing in Fig. 16; :

Fig. 19 is a partial sectional. front elevation,
showing g further modification; -

Fig. 192 is a detail sectional view of a modifi-
cation of certain parts shown in Fig. 19; )

Figs. 20, 21 and 22 are perspective views of cer- .
tain elements appearing in Fig. 19; -

Figs. 23 is a sectional plan view, taken along
the line 23—23 in Fig. 19; and .

Fig. 24 is a perspective view of g turbine for
starting the rotating apparatus shown in Fig, 1.

Referring particularly to Figs. 1, 2 and 3, I have
shown a preferred form of my improved combus-
tion apparatus, which comprises a rotatable com-
bustion chamber C having an outwardly expand-
ing rotatable nozzle portion N. '

The combustion apparatus is mounted with the
longitudinal axis of the chamber C and nozzle N
in alignment with or parallel to the longitudinal
axis of the rocket craft in which the apparatus is
mounted. This is the usual arrangement of
rocket apparatus, as shown for instance in my
prior Patents Nos. 1,834,149 and. 1,879,187. . The
body of:the craft is-indicated generally at R in
PFig. 1.

The chamber C and nozzle N are formed with
thin metal walls or casings 30 and 31 respectively,
and these wall portions are enclosed within' a
double pitch helical winding of small coiled tubes
32 and 33. These tubes are preferably reenforced
and supported by inner triangular metal:strips
35 (Figs. 14 and 14%) and by outer triangular
metal strips 36, the latter being inserted between
the tubes 32 or 33 and an outer thin metal wall
or casing 31, as disclosed and explained in my
Patent No. 2,122,521. The casing 37 is preferably
spirally wound with small steel wires 38 for re-
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enforcement as descrlbed in my prior Patent No.
2,109,529,

The triangular strips 35 and 36 not only support
the tubes 32 and 33 but also greatly facilitate
heat transfer thereof. When the apparatus is
in use, a cooling fluid such as liguid oxygen cir-
culates through the tubes 32 and 33 'as will be
hereinafter described.

At their lower ends, the tubes 32 and 33 con-
nect with a hollow ring 40 (Fig. 12) having a

"series of outwardly opening nozzles 4f (Fig. 13)
which communicate with ports 42 through which
the somewhat heated oxygen escapes in an anti-
clockwise direction, while the ring 40 and cham-
ber C rotate clockwise.

The casing 31 of the nozzle N (Figs. 11 and 13)
is provided near its' lower or open end with a
series of vanes 45 (Figs. 11 and 13) having their
inner edges supported by a shroud 46. The vanes
‘45 are curved as indicated in Fig. 11, and are
engaged by the cooler outer portions of the gases
escaping from the chamber C through the nozzle
N. 'The vanes 45 thereby produce rapid rotation
of the combustion apparatus by the reaction of
said gases.

Increased axial propulsive force on the rocket
or rocket craft may be obtained by providing a
second series of oppositely curved vanes 47 (Figs.
1 and 11), mounted between non-rotatable
shrouds or bands #8 and 49 having fixed supports
493, This latter structure may be supported be-
low the nozzle N by rods 49* attached to any non-
rotating part of the aircraft in which my appa-
ratus is installed. The vanes 41 cause the com-
bustion gases to be ejected directly rearward and
parallel to the direction of flight of the craft.

The combustion chamber C and nozzle N are
rotatably supported on a series of rollers 50
mounted in fixed bearings 50* and engaging an
annular bearing member 51 suitably secured at
the meeting portion of the combustion chamber
C and nozzle N, as shown in Fig. 1. Additional
rollers 52 mounted in fixed bearings 52 similarly
engage an annular bearing member 53 secured
to the nozzle N near its lower or open end. The
rollers 50 also support the weight of the rotating
apparatus when not in operation.

In order to produce initial rotation of the appa-
ratus, I provide a small auxiliary turbine T (Figs.
1 and 24) comprising a series of vanes 56 enclosed
between inner and outer shrouds 57 and 58 and
secured to the outer surface of the nozzle N.
Compressed air from any suitable source may be
delivered through nozzles 59 (Fig. 24) to the buck-
ets of the turbine T to produce initial rotation.

I will now described the means which I have
provided for supplying gasoline and liquid oxygen
to the rotating combustion chamber.

Oxygen is supplied in liquid form through a
pipe 60 (Fig. 2) which may be secured to a fixed
support 60® and which extends in spaced relation
through a sleeve 61 to an oxygen chamber 62. A
grid or strainer 63 may be provided at the lower
end of the pipe 60, which is sharply contracted to
provide a delivery nozzle or opening 64.

As the liquid oxygen escapes through the open-
ing 64, it impinges on a conical spreader 65 and
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Vanes 10 (Fig. 3) in the oxygen chamber 62

cause the oxygen delivered from the nozzle or
- opening 64 to rotate at high speed with the com-
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bustion apparatus.

The liquid oxygen in the chamber 62 will thus

be under considerable pressure, due to this rapid
rotation and centrifugal action. ’
" A small portion of this oxygen under pressure
will enter the coiled tubes 32 and 33 through
small valve openings 11 (Fig. 2) controlled by
hand-operated needle valves 12. These valves
are set to provide a desired flow of oxygen through
the tubes 32 and 33 for cooling purposes.

The larger portion of the liquid oxygen is forced
outward into the combustion chamber through
nozzles 15 (Pigs. 6 and 7) in the side walls 16
which form a downward extension of the hemi-

_spherical upper wall 66. The direction of rota-

tion of the apparatus is clockwise or in the direc-
tion of the arrow D in Fig. 6, while the liquid
oxygen escapes in the oppos1te dxrection as indi-
cated by the arrow E.

Gasoline is delivered through a pipe 80 (Fig.
2) to an annular gasoline feed member 81, best
shown in Fig. 8. This member 8! comprises & flat
hollow ring of rectangular ‘cross section, provided
with saw tooth projections 82 on its lower face.
Each projection has an orifice 83 in its upright
edge, from which gasoline is delivered under light
pressure to an annular passage 84 hetween the
sleeve 61 and an outer sleeve 85 which is rotated
in a thrust bearing 86. This latter bearing also
resists the “lift” of the rotating combustion appa-
ratus.

The gasoline is delivered through the passage
84 into a gasoline chamber 80 comprising an
outer dome-shaped casing 91, an inner dome-
shaped casing 92, and a series of spacing vanes
83 (Fig. 3). The casing 92 is preferably sepa-
rated from the casing 66 previously described by
a layer of heat-insulating material 94 (Fig. 2).

The upper end of the sleeve 8% is out-turned
to provide a flange 95 (Fig. 2) which extends over
the flanged lower inner edge of an annular gaso-
line collecting chamber 96 (Figs. 2 and 8) to
which is connected an over-flow pipe 91. The

 flange 95 acts as a centrifugal slinger to throw
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flows outward by centrifugal action into the .

oxygen chamber 2. This chamber is enclosed by
a semi-spherical top portion 66, secured to the
lower end of the sleeve 61, and a bottom portion
67 having an upwardly extending cone-shaped
middle portion 68. Heat-insulating material 69
protects the bottom portion 671 from the direct
heat of the combustion chamber,
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any excess gasoline outward into the collecting
chamber 96, if gasoline is supplied through the
pipe 80 more rapidly than it can be ejected from
the rotating gasoline chamber 90.

The lower end of the rotating gasoline cham-
ber 90 is closed by a flat ring or plate 180 in which
are provided a series of indented and forwardly
projecting nozzle portions 101 (Figs. 4 and 5)

having openings {02 through which gasoline is

delivered to the combustion chamber forwardly
or in the direction of the arrow D. The gasoline
is forced out by the pressure due to centrifugal
force developed by high speed rotation of the
combustion chamber. _

The gasoline delivered through the nozzle open-
ings 102 escapes adjacent the outer wall of the
chamber C and flows along the wall circumferen-
tially, thus providing a cooling and protecting
film therefor.

Branch pipes or small nozzles 110 (Figs. 1 and
7 conduct small portions of gasoline to the in-
lets of the oxygen nozzles 15, and the resulting
partial combustion produces suﬁiment expansion
of gases in the nozzles 15 so that a substantial
oxygen travel is produced in a direction reverse
to rotation, and the two combustion elements
are effectively mixed. The nozzles 110 will of
course be carefully heat-insulated where they pass















