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Thls inventlon relates to rocket type propulsion
- apparatus for alrcraft’ whlch is provided with one
-or more bladed propellem
.~ It Is the general object of my present :lnvention
to provide improved devices to, ‘render such pro-
pellers’ more efficient and to. supply auxiliary
power to the propellers as occasion demands, .

‘A further object of my mventlon is to provide

' improved means by which gases. discharged from
rocket-type combustion apparatus may be direct-
ly utilized in the rotation of aireraft propellers,
whether or not ‘said propellers are normaliy
driven from some other source of power.

_An important fea.ture of the. invention relates
to the utilization of combustlon gases from
rocket-type apparatus in a ‘turbine associated
with an aircraft propeller, I also provide rocket-
type combustion apparatus which is directly ass0-
ciated with and rota.table wlth the propeller of
an aircraft.

My invention further relatel to arrangements
and combinations of parts wkich will be herein-
after described and more part.lclﬂarly pointed out
in the appended claims.’

A preferred form of the lnvention is shown
in the drawings, in which’

Fig. 1 is a plan view of the forward portion of
an airplane having my. improvements embodied
therein;

Fig. 21is a front elevation. lookins in the direc-
tion of the arrow 2 in Fig. 1;

- Mg, 3isaperspeeﬁvevlewot & propeller blade;

PFig. 4 iz a diagrammatic view llluscuﬁnc the
operation of my invention; ‘

Fig. 5 comprises a lerlu of partial sectional
elevations, takenslonctbennesc.b.cmddw
spectively in Pig. 4;

Figs. 6 and T are front elevaﬂons of certaln
fixed valve or shut-off members to be described;

Fig. 8 is & diagrammatic sectional view, taken
substantizlly along the line $—38 in Pig. 4;

HMig. sisaseetionnplmvlew.hkenalongthe
line $—8inMg. 8; -

Pig. lomaperspecﬁvevlewotanonletobe
described;

FIg. 11 is an enlarged sectional perspective view
of the rotating putsotmyimpmved propulsion
apparatus;

s Mg, lzlsanenhrcedaecﬂmnperspectivevlew
of the non-rotating parts of the propulsion ap-
paratus, the section belnx hken along tbe lioe
12—I12in F1g. 3 -

Fig. lz'nmuﬂuteddmﬂmﬁmn vlewot
certain parts appesring in Mg. 12;- . -

Fig. 13 is an enlarged sectional view.of portions

- of the air-collecting " lndeomhusﬁon chambers

and assoclated perts; -

Fig. 14 18 » fragmental side elevation showing

themelinletunuporuonouhe easlnzoppur
lnﬂnm 13, . ‘

20

naa.15and15*aredetﬁlaecuonalvlmhhn
substa.ntially alongthennesll-—ll a.ndlll-—ll'
.respectlvelvlnm 14; -

Mg, lslsaperspecﬂveviewofatrontonlnz
portion to be described; ...

Figs. 17, lsandlsaresecﬂonalvlews.pa.rﬂyin
) ,perspectlve, showing devices for adjusﬁnzeertaln

cowling covers to be described;

" Fig. 20 15 a detail perspectlve vlew,looklnz!n

the direction of the arrow 20 in Fig. 12; -

- Mg, 2lisaplanviewofcertalnsealln¢and

" firing devices to be described;

Fig. 22133nenlargedperspecﬁvevlewotthe
‘firing devices shown in Fig. 21;

Fig. m‘uamasrammaucviewofanelectﬂcal
firing circuit to be described;

Fig. 23isaturtherenlsrgedperspectlvevlew
_of certain details shown in Pig. 22;

Fig. 24 is & dlagra.mmatlc lay-out of certain
cam and firing details; -

¥ig. 25 is & sectional elevation of the hiel feed-
ing and Hguid sealing devices;

Pig. 25+ is a partial transverse sectional view of
aseaungmember taken along the line 26%—28*
in PFig. 25;

Fig. 26 is an enlarged sectional detail teken
along the line 26—26 in Pig. 25;

g. mmanemlodedﬂewotcertainpuﬁsor
the sealing devices to be described; -

Fig. 27'-isatransverseaect.ionalviewshowln¢v
theassembledrehﬁonotthepartsshownln
Fig. 27;

Fm.zs 29 and 30 are perspective views of ad- ‘
: diﬂonsldetaihorthesenlinzdeﬂces
35 Fig. 31 is an enlarged sectional view of certain

‘parts shown in Pig. 26;

Mg. 32 is an enlarged partial and approxi-
mately longitudinal sectional view of one unit of
my improved propulsion apparatus;

40 maiusadlagrammaucsecuonslmm
ing the relation of one of the combustionchun
bers €3 to the valve plates 62 and 84, snd.

Fg. Min.!rontelevaﬁono!thepartuhownln
perspective in Fig. 19.

45 Beforedeecrlbimthedetaﬂsofconstmcﬁonot.
my improved propulsion apparatus, I will state.
bﬁeﬁythegenerﬁconstrucﬂonandmethodof.
operation thereof.

. Hyimpmvedsppcratus while capable of some-
mwhltmdappnuﬁon.mputmuhﬂydemmd_

to supply auxiliary power .to & propeller in an -

alrcraft at such times as more power is necessary -

- ar desirable. Accordingly, the propulsion appa- -
- ratus herein shown is commonly used ss auxiliary
uorlddiﬂoualtotheremnarmpplyxofpowerby ‘
. Which the propeller iz normally rotated. - -

Tothnwmpmhmentotthhmnt,lpmrldo T

s
10

15

hﬂtytothesppcntusshown!nmypﬂormt
nNo.lmm.ilmechmmberls 1984 b-td!t- -

- rocket apparatus having certain points of ‘simi- - -



fering largely therefrom both in construction
application. : .

My improved propulsion apparatus is mounted
in a streamlined annular casing, positioned at the
front of an aircraft cowling and supported by
and rotatable with the aircraft propelier.

_As the rate of disc
gases from rocket. apparatus is much too high for

and

direct and efficient application to propeller blades,
. I provide successive series of non-rotating turbine
. blades and turbine blades associated with the -

propeller, by the coaction of which the energy
of the combustion gases may be more effectively
applied to increase the speed or power of said
propeller. ' o ‘

Auxiliary power may be supplied to the pro-
peller continuously or for such periods of time
a3 may be desirable, and provision is made for

. closing off the air intakes and thus minimizing -
the air resistance when the apparatus is not in"
use, it being understood that my auxiliary pro--

pulsion apparatus rotates with the propeller,
whether or not it-is in use to develop additional
power. . v .

Referring to Figs. 1 and 2, I have shown the
front end portion of the casing or cowling C
of an aircraft having a propeller shaft 40 pro-
-vided with a propeller 41 having blades 42 and

harge of the combustion .

10
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The number of such combustion units is pref-
erably equal to the number of propeller blades,
with an air-collecting chamber 80 provided in
the rotated front casing portion §3 between each
two adjacent propeller blades 42, as indicated in
Fig. 4. Single valve plates 62 and 64 serve all
of the combustion units. -

Each collecting chamber 80 is disposed at an
angle in the front casing §3. In order to provide

streamlined aii entrance to the chamber, the for- -

ward pert of the chamber 68 is formed with the
Ssuccessive cross sections shown at a, b, ¢ and d
in Fig. 5, these sections beéing taken along the

. lines a, b, ¢ and d in Pig. 4 respectively.

13
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normally rotated by a suitable engine or motor, .

indicated at 48 (Pig. 1). The front end of the
shaft 49 has the usual streamlined casing 48s,
Each of the blades 42 is of the usual flattened
.oval or elliptical cross section, and ‘is. provided
- with a portion 43 of circular cross section inter-
mediate its ends. This circular section permits

a blade to be swiveled about its longitudinal axis .

to vary the pitch, while at the same time the
blades may provide support for the rotatable aux-
illary propulsion apparatus. )

- An axial passage 44 (Fig. 3) is provided in each
propeller blade 42 for delivery of liquid fuel to
the propulsion apparatus, all as will be herein-
after set forth. »

The propulsion apparatus is mounted within an
annular casing which comprises a non-rotating
outer portion 50 (Figs. 1, 12 and 32), a short
rear non-rotating inner portion 51, a rotated an-
nular cylindrical ring or band 62 (Fig. 11) form-

‘The inner or rear end of the air-collecting

- chamber 60 (Fig. 33) rotates closely adjacent

the non-rotating valve or shut-off plate §2.(Fig.
6) which is provided with elongated slots 10 and

- with relatively short shut-off portions 1{." The

air-collecting chamber §0 is open into the com-
bustion chamber 63 s0 long as a slot 10 is inter-

.posed between the chambers, and the entrance

end of the combustion chamber is closed when

-& shut-off portion 1 is interposed between the

chambers- ¢ .
Liquid fuel, preferably hydrogen, is injected.in

spray form through the openings 81 near: the

contracted rear end of each air-collecting cham--

ber 60 and adjacent its connection to its asso-
ciated combustion chamber 83. - ‘ :

~The non-rotating shut-off plate 84 is ‘posi-
tioned at the rear or.exit end of each of the com-

bustion chambers 83 and is provided with rela.. .

tively short slots or openings 13 (Fig. 7):corre-

-sponding with the short valve or shut-off por-

tions 11 of the plate $2. The valve plates §2 and
84 are s0 related angularly that the openings

- between the chambers 60 and 63 are opened and .

40
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closed simultaneously but reversely with ‘the
openings between the chambers 63 and the noz-.
zles 88, as clearly shown in Fig. 33. -

The rapid motion of my propulsion apparatus
through the air, due both to rotation of the ap-
paratus and to forward progress of the aircraft,
together with the described operation of the
shut-off plates 62 and 84, causes surging of the
alr in the chambers 60 and 63 and strong oscil-

- lations of pressure, all as explained in detail In

ing the inner side of the casing, and & rotated

annular “streamlined front casing portion §3.

‘These casing parts are all made of g light strong

alloy and the part 52 will preferably be reduced
in thickness toward its rear edge to prevent dis-
tortion, as shown in Fig. 11. The non-rotating

parts of the casing are mounted on streamlined

arms or brackets 64 (F1g. 1) fixed to the cowling

50

my prior Patent No. 1,980,266 above cited. The

parts are so timed that when the compression of
the mixture of air and liquid fuel within the com.

‘bustion chambers has substantially. reached. its

maximum, the intake openings will be closed,

- the passages to the nozzles will be opened, and

C, and the rotated parts have supporting bear- ;

ings on the propeller blade portions 43.
. . Combustion apparatus
My improved rocket type combustion appara-

tus is shown diagrammatically in Pig. 4, in sec-
tion in Pig. 32, and in greater detall on Sheet 2

of the drawings. - The axis of the propeller shaft

48 is indicated by the dot-and-dash center line

in Pig. 4. Each combustion unit comprises s

the charges will be fired by spark-plugs 78 (Fig.
4).  Ordinarily, each combustion unit will pro-
vide three explosions for each revolution of the
propeller 41, but I have also provided mechanism

. to be described by which the explosions in each

‘unit per revolution

may be reduced to two or even °

one, -
The combustion gases from each nozzle 6§ es-

- cape at very high speed and provide s reaction

rotating air-collecting chamber 80 (Flgs. 4 and

-32) having fuel inlets 84, a non-rotating annular

" valve or shut-off plate $2; a rotating combustion
‘chamber 63, & second non-rotating valve or shut-

off plate 64, a rotating discharge nozzle 66, =

series of non-rotating turbine blades 68, a series
* of rotating turbine blades 61, and & second series
~ of non-rotating turbine blades 68.

70
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- impulse partly in the direction of the arrow z

or to the left in Fig. 4 and also partly rearward.
As the gases.leave the nossle §8, they encounter

the series of non-rotating blades 88 by which
they are redirected inthe direction of ‘rotation
of the propeller. The gases then encounter the

series of rotating blades 87, thus giving a fur-
ther forward impuise to the propeller with which

‘they rotate. On leaving the rotating biades 81,

the gases encounter the second serles of non-ro-
tating blades §8 by which they are directed rear-
ward as indicated in Fig. 9, after which they es-



cape from the non-rotated outer casing m
'm«,damibed) Hnktice

air and steam formed by combustion of the hy-
The liquid hydrogen is supplied from & suitable
closed tank or storage receptacle 88 under a pres-
sure which may be developed by its OWN eVADOra- .
tion. The hydrogen tank is preferably enclosed

the propelleriblades, ‘event
ends; ahdvtheactasl velocity: ¢ ith
charged fro
velodity:lésy

ducted through a pipe 81 (Fig. 25). alongside the
propelier shaft 48 to the passages 44 (Pig, 3) ex-. .
tendirig axially through the propeller blades 42
to the reduced portions 43, where the passages 44
communicate with annular conduits 32 (Fig. 13) -
which surround the contracted inner ends of the.

maining veloait; aif-collecting chambers 60 and which communi-

the fixed blade:
of thé:aircraft.

cate with #he fuel feed openings 61. ‘ ,
‘ These openings 61 are preferably Arranged in

therefore: results, ag: ‘depends “20 pairs, with certain openings at 1% (PFig. 15) dis-
upon the difference of the squares of the initial " posed at 8 rather wide angle to produce a widely
and final velocities. S = scattered spray and with other openings as 8iv,
10 and 11) js mounted (Fig. 15%) disposed at a smaller angle to produce )
& narrower spray. Preferably the wide and nar-

5 1CW sprays are alternated around the contracted:
circumferential wall of the collecting chamber
60. A very even distribution and excellent atomi- -

sprays-are largely taken.up near the outer wall.

of the chamber, while the narrower sprays are.

more forcibly injected toward the middle of the

contracted passage, IR L
This method of introducing Hquid fuel is of sub-

; stantia] advantage, as I.thus avoid the serious

projecting into .the air stream at the high air
bustion *gak speeds and high densities encountered in the con- -

tracted part of the chamber 60.
b ; Hydrogen seal o ‘
_ It has been indicated that liquid hydrogen, on

account of its light weight and high heat value,
is a particularly desirable fuel for my - im-
bl f broved propulsion apparatus. . However, liquid
s around’ " hydrogen is not only very light .but is also ex-
50 and 5i, but are: tremely cold, so that it is impossible to use g seal-
ridi . Ing lubricant or a solid packing; either of which
would imimediately freeze. It is accordingly nec-
- essary. to Jacket all parts containing liguid hydro-
gen with liquid air or liquid oxygen but the liquid
hydrogen cannot be directly exposed to the liquid
alr or oxygen as, being at much lower tempera-
ture, it will immediately freeze the Jjacketing
lquid and itself evaporate if direct contact is per-
mitted. s N

‘In order to overcome these difficulties, I provide
8 double mercury seal which balantes the hydro-
gen Ppressure automatically and prevents:leakage
between two telescoping rings, one of which is
fixed and the other supported by and rotating with
the propelier shaft 40. ‘ S

The sealing device 8 comprises a fixed housing
856 (Fig..25).into which the hydrogen feed pipe
o5 80 extends within a jacket or tube 86 supplied -
- with lquid- oxygen from any convenient source, -
- At its inner end the hydrogen feed pipe 86 com-
-municates with a fixed annular member 87 (Flg.

‘ 807501 this iuel s algo .. .27) ‘which has a loose sliding fit within a secong -

advantageous on account of the comparatively . annular:member 88 which is fixed to and rotates
small expenditure 6f énergy necessary to give the 78, with the propeller shaft 40 ‘and communicates
mixed Hquid and gaseous fuel its rapid forward. . with the pipe 81 previously deseribed. Both.mem-
-or rotational speéd as it 1§ delivered to.the-com- . .bers 8% and 88 are of substantially U-shaped’

sist the quick 'force of the explosions. .~ .

The relatively light weight of this fuel is als

there areno Telatively heavy mo

hustion chéambers which rotate with the propeller. . .. geetion.

‘The gaseés which pass through the turbine parts.. - The flow of hydrogen from the pipe 80 to the

are largely & mixture of nitrogen from the intake 7%. pipe 81 is controlled by annular slotted valva

3

in an oxygen filled casing or jacket 80" to prevent
evaporation of the hydrogen.. The hydrogen i3 ..
delivered through s pipe 88 (Figs. 21 and 25) to . =
& sealing device S (F1g. 21) from which it s con-_ .

zatlon s thus secured, as the widely scattered. .

' losses which would be -occasioned by any. parts: .
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- members 90 and 81 (Fig.27), one of which is fixed

inside of the member 81 (Fig. 27%) while the other
" rotates with the member 88,  The slots in the
valve members 98 and 81 normally coincide so
that free hydrogen flow takes place, except at

such times as the shut-off plate 62 closes the pas- °

sage between the air-collecting chambers $8 and
the combustion chambers 63.

‘Discs 84 (Figs. 25 and 29) are fixed to the ro-
tating propeller shaft 48 and extend outward with- .

in the sealing casing 88. These discs are provided
" with radial vanes 98 on their outer sides, which
vanes run closely adjacent the inner end faces
of the fixed casing 88. Additional discs 87 (Figs.
25 and 28) are fixed to the fixed outer casing 8§
and are provided with radial vanes 98 which are
preferably somewhat wider than the fixed vanes
86. The outer edges of the vanes 98 are closely
adjacent the rotating discs 84.

Additional short vanes 99 (Fig, 29) are secured

to the inner sides of the rotating discs 94 and
.~otate adjacent the inner ends of the fixed vanes

88 and extend. closely adjacent the outer sides
of the fixed discs 97. The housing or casing 88
is to be partially filled with a heavy liquid M,
preferably mercury, which is caused by cen-
trifugal force to occupy the annular space out-
side of the lines M—M in Pig. 25 when the appa-

ratus is operating at normal speed. :
As the axis of the propeller shaft 4@ is nor-

mally horizontal, the mercury will collect in the
“bottom of the casing 88 when the propeller shaft
is at rest, most of it being between the relatively
wide fixed vanes 98. When the propeller is rap-
idly rotated, the mercury will move outward un-
der centrifugal force produced by the rotating
. vanes 8§, but will not move inward toward the
" rings 87 and 88, due to the action of the short
vanes 8. A ring 100+ (Fig, 29) connecting the
outer ends of the short vanes $9 prevents loss
of energy by eddles between moving and sta-
tionary portions of mercury. '
This i due to the fact that two streams of liq-

-uid moving in contact but in opposite directions - .

tend to intermingle and thus produce a large
_.energy loss by the formation of eddies. The

ring 188 prevents this loss as the liquid moving
in one direction is on one side of the ring and

the liquid moving in the opposite direction is on
the other side of the ring. Consequently, the

two currents of liquid cannot intermingle and
thus produce eddies. .
When hydrogen is supplied. under pressure,

some of the liquid hydrogen will escape between

the sealing rings 87-and 88 and will evaporate,
exerting gas pressure which forces some of the
mercury around the outer edges of the discs 84
and between the moving vanes 6. A balance of
pressure on the inner and outer sides of the seal-
- ing rings 87 and $8 ‘will thus be automatically
attained, with just sufficient mercury forced out
around the discs 34 to balance the hydrogen gas
pressure, It will be noted that the hydrogen,
if any, which escapes from the casing 88 will be
_In the form of gas and will have been sufficiently
warmed in its passage through the casing 88 so
that there will be no danger of freezing the sur-

" rounding atmosphete. L
The use of mercury for a liquid seal is of ad-
vantage, as it is over 190 times as heavy as liquid
-hydrogen and consequently a liquid seal-of very
-greatly reduced diameter can be used. Further-
‘more, it is unnecessary to jacket the casing 88
as would be necessary if liquid hydrogen were
used in the seal. ‘ -

Preferably fins 108 (Fig. 25) are provided on
the exterior of the casing 88, so that the lquid-
hydrogens ss it evaporates will not freese the
mercury. As soon as the liquid hydrogen has

‘evaposated suficiently to provide working pres- .

sure, this pressure will remain substantially con-
stant and no more evaporation will take place,
If Eydrogen at extremely high pressure is used,
the sealing device 8 may be enlarged axially, and
addfiional discs and sets of vanes may be eme -

20 ployed. ‘

Jacket construction
I¥ Is necessacy ot only to provide effective seal-

Special means is provided to supply liquid oxy-
gen to thé jacket spaces of the rotating parts.

ss Yor this purpose, liquid oxygen is supplied under
moderste

pressure to & heat-insulated noasle (20
(P13. 25) by which the oxygen is delivered to an
annular receiving member 12 which connects
to the space (22 strrounding the rotating seal.

90 itg ring 88 and also-to the jacket spaces 128 sur-

rounding the pipes 81 extending to the combus-
tion chambers.

R will be noted that & portion 124 of the an-
nulsr member (21 extends outward away from

op the axiz of the shaft 48 as it approaches the

space (22. Centrifugal force thus assists the flow
of the liquid oxygen axially along the annular
passage. Vanes (2§ (Pig, 25) may be provided
in the member (2{ fo incresse the centrifugal

70 effect,

- Centrifugal force also causes the oxygen to flow

__outward through sl of the jacket spaces in the

tubes {6 surrounding the hydrogen passages 44
up to their connection with the annular passages -

i 18 .92 (Mg 133 srounding the contracted portions



.- for Hquid hydrogen to escape

 of the collecting chambers. $0. Desired circula-

* tlon of the liquid oxygen is thus secured without -

- the use of mechanical pumps or other circulating -

devices, ..

Centrifugal force in the radial passages 4§ (Figs.

1 and 3). develops. low pressure in- the pipes 81 .-
.. (Fig,.25) so that direct flow from the passage 88 :
- will take place. and. there: will ‘be :no:tendency -

areas outside of the pipes 81. ..
S Firing mechanism

The explosive charges in the combustion cham- .

bers are fired by closing electric circults through
- the spark-plugs 15 by mechanism: shown in.de-
tail in Figs. 21 to 24. ‘ :

to.higher pressure: 10

15

One side of each spark-plug is grounded as -

usual, and the other side of all of the plugs is
Jointly connected to three terminals (38 in & cy~
lindrieal structure 131 mounted on and rotating

with the propeller shaft 40. Contact with the

terminals 130 is made by & resilient arm 132
mounted on & non-conducting rod 133 positioned
by supports 133+ (Fig, 22) alongside -the propeller
shaft 40 but non-rotatable therewith. :.'The .arm

132 is connected to the non-grounded side iof g

suitable electric circuit. such as is shown in Pig.
22+, . : ‘ e

A single cont;i.ct 134 is also‘provided"ln ‘\tﬁe
member 131, which contact is connected -to each.

of the three spark-plugs 15 but: is ‘out ‘of- circum-
ferential alignment with the contacts or.termi-
nals 130, : ‘ g

Three ' sparkplugs - 18. for: three Cmeustidn

chambers 63 are shown in Fig. 22» as wired to the

20
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secondary of a transformer F $he primary of -

which may be connected to lir..” wires L. "The

contact arm 132 may be selectively aligned with-

the single contact 134 in the sparkplug circuit or
. with the three contacts 130, R

The arm 132 is provided with g plunger 135
adapted to engage either one of two holes 136
(Fig. 22) or 131 (Fig. 23). When the plunger
136 is in the hole 131, as shown In Fig. 22, the
arm 132 will engage the three contacts' 130 at
each revolution of the propeller shafi and at each
engagement will fire the three explosive :charges,
tg:fstgiving nine impulses per revolution of the
) % ‘ :

If changes occur in operating conditions such
as air density, plane speed, or period of surgings
or oscillations in the chambers 60 and 63; it may
be desirable to reduce the number of explosions
per shait revolution. In this case’ the arm 132
may be moved to the position shown in Fig. 23,
in which position it will engage the single con-
tact {34 during each shaft revolution, so that
three impulses only instead of nine will be given
Der revolution, L ’

The fuel feed valve 150 (Fig. 21) will be man-
ually adjusted to provide the correct amount of
fuel for the slower rate of firing, T

. If an intermediate rate of firing’ is-desired, the
plunger 13§ is inserted in & hole 138 in a lug 138
extending upward from a sleeve (40 slidable on
the rod 183, ° A switch block 141 is mounted on
& stud {42 carried by the sleeve 140 and projects
into a double cam groove. 144 (Fig, 22) .in the
cylindrical member #31. The lay-out of the cam

- groove is shown diagrammatically in Fig. 24, from
which 1t will be seen thag the contact arm. 132
will be axially shifted to engage each alternate
terminaj 136 -ang ‘to skip the intervening ter-
minals,  Consequently all three cylinders will be
fired three times in:each two revolutions, instead

- ' ) 5
of three times tn esch revolution when the pling=' -
er 13815 in the hole:137,.0or once’in each r
tion when the plunger is in the hole 138, S
It should: be understood 'that ' the timing ‘con-

trol adjustments: are so: selected’ manually that

firing: will take place:in each chamber only When

the pressure has risen'to a desired maximuim.

The pressure maxima are produced by resoiianice /-
or surging as the craft passes through the air, and e
hence the interval:between these

of fuel feed is then manually adjusted so that
the. proper air and fuel'mixture will be provided -
in the combustion chamber by the time each pres-:.

sure maximum oceurs. A very sharp rise of pres-
sure ‘while the valve 13 is open (due to the det~
onating nature of the fuel used) is followed im-
mediately by a low pressure due to condensation
of the combustion product.. The chamber there-
after becomes substantially filled with a fresh sup-
ply of air and fuel, whilé the ports 10 are open.

The flow-resistance in the parts rearward of
5 the combustion chamber 63 is such that no sub-
- stantial out-flow of combustion mixture from the

chamber €3 will occur, even with the ports in the

_ exhaust valve 84' momentarily uncovered, unless

an explosion in the chamber 63 has developed
very high pressure in the chamber, : The pressure .
of the combustion mixture and ‘the proportion of
fuel therein continues to build up by surging be- .
tween ignitions until the required -efficient oper-
ative maximum pressure is attained,

The time required for building up this desired

pressure varles as previously stated under differ-
ent operating conditions, and particularly in dif-

" ferent atmospheric ‘densities and for different

40
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. front casing member

50

55

60

rates of movement of the alrcra.f(;. :
Iniake coverage

A valve 150 (Fig. 21) in the hydrogen .feed -
pipe 80 may be manually opersted to shut off the
flow of hydrogen fuel when desired. In this
event, the intake openings 151 {Fig. 2! in the -
er §3 which lead to the air-
collecting chambers 60 should be closed to recuce
air resistance. ST _

For this. purpose I provide segmental covers
152 (Figs. 2 and 16) circumferentially sl-.:ble
on the annular front casing member 63 and -ach
provided with' Inwardly . projecting guiding
flanges 164 (Fig, 17) and with a depending rack
member 166 engaged by a pinion (56. Each pin-
fon 156 is mounted on a shaft 157 extending
axially rearward along the rotating ring or band -
52 and supported in bearings thereon.

A threaded rod 158 (Figs. 19 and 34) forms
an extension ‘of the shaft 57, in which it tele-
scopes and with which it has & pin and slot con-
nection. ' The rod {68 i3 mounted in g threaded
bearing- 168, so that rotation of the rod in either

- direction galso causcs axial movement thercof. A
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star wheel 160 (Fig. 18) is mounted on the outer.
end of each rod 158 and is selectively engageable
by a plate’ 181 or a plate 182, both mounted on
& frame 183 which is manually edjustable rela-

tive to the star wheel 160 by & hand rod 186, -

The platés 161 and (62 are staggered axially of
the rod 168 as clearly shown in Fig. 34,
When the covers {82 are to be moved from the.
open position:of Fig, 2 to the closed position in
Fig. 16, the frame 163 will be moved so that the
plate 182 engages each star wheel 180 at each
revolution .of the propeller shaft and: its asso-

N these pressure max- -
= - ime varies according 'to existing operating condi- -

+ Uons and this interval ‘determines the desirable .
- manual setting of the timing control. The rate -




e . _
clated propulsion apparatus, which revolution
_moves the star wheels past the relatively nxed
plate 182,
_. This causes the star wheels o be advanced one
tooth for each revolution of the propeller shaft
. and associated mechanism, thereby gradually
_ closing the covers 182. The star wheels are si-
multaneously moved toward the right in Fig. 19
by the threaded bearings thereof, so that the
tceth of the star wheels will eventually clear
the right-hand end of the plate 182, and the
1;c:wers {82 will remain in adjusted closed posi-
on.

When it is therea.fter desired to open the cov-
ers 182 for further operation of the propulsion
-apparatus, the frame 183 is shifted in the oppo-
site direction to bring the plate 181 to position to
engage the star wheels and intermittently ro-
tate the same in the opposite direction to slide
the covers §52 to the open position of Fig. 2.

Operation

- 'The -general operation of my improved pro-
pulsion apparatus has been quite fully indicated
in the detailed description but may be briefly
summarized as follows:

When it is desired to use the auxiliary appa-
ratus, the frame 183 (Fig. 19) is shifted to cause
the covers 152 to be removed from the intake
openings 18f (Fig. 2) of the air-collecting cham-
bers §8. The valve 180 (Fig. 21) is also opened
to permit liquid hydrgoen fuel to flow to the
spray openings 61 (Figs. 13 and 14) at the con-
;:acted rear portion of the air-collecting cham-

T.

As the apparatus then rotates with the pro-

. peller, the valve or shut-off plates 82 and 64 al-
ternately close the air-collecting chambers 80
and the combustion chambers €3, and the ex-
plosive charges are fired when the combustion
chambers are closed at their intake ends and
open at their discharge ends to the nozzles 685.
‘The discharge gases pass successively through

- the fixed turbine blades 88, the rotating blades

61, and the fixed discharge plates §8, thus sup-

plying power to the ring or band §2 (g, 11) and

to the propeller on which said band is mounted.
The power supplied may be varied by the set-
ting of the valve 150 which regulates the flow

- of fuel to the combustion chambers. The fre-.

quency of the explosions is determined by the

setting of the contact arm (32 (Figs. 22 and 23)

as described, and may provide either one, one and

one-half, or three explosions- per revolution for
each combustion chamber.
It should be particularly noted that I have to

& very great extent avoided use of relatively mov-
ing parts in my improved apparatus. In par-

ticular, the operation of the valve platés 82 and

84 depend solely upon rotation of the propeller
and not upon additional mechanical connections.

By the provision of turbine blades to be used
in connection with the discharge gases of rocket
apparatus, I greatly improve the efiiciency of such

o apparatus and provide a Practical means to uti-
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Tbeeonstﬂctedpartottbaeoﬂecﬂnxebmber :
60, where the spray orifices are located, is of ad-
vantue in several respects: it reduces the dis-
tance through which the sprays have fo travel;
it increases the speed of the air at this point,
and hence produces increased atomization; and
it further reduces the area, and consequently the
force, over which the gases exert pressure on the
valve plate 62 during the explosions. :

Having thus described my invention and the
advantages thereof, I do not wish to be limited
to the detalls herein disclosed, otherwise than as
set forth in the claims, but what I claim is:

1. In an aircraft, propulsion apparatus compris=
ing a noted member, power means to rotate said
member, an annular casing rotatable with said -
member, & plurality of rocket type combustion
devices mounted in said casing and rotatable
therewith in & path spaced radially and substan-
tially outward from but concentric with the axis
of rotation of said member, and means to apply
the combustion gases escaping from said devices
to the production of increased power to rotate
sald member, sald casing having spaced air in-
take openings in its front portion directly exposed
to the slip-stream of air about said craft when in
flight, each combustion device having an air-col-
lecting chamber coacting with an intake opening,

" valve means automatically controlling communi-

cation bétween said openings and said chambers
during rotation and operation thereof, and addi-
tional means to open and close said air-intake
openings for interrupting operation thereof while
sajd casing and chambers are in rapid rotation.

2. In an aircraft, propulsion apparatus compris-

ing a rotated member, power meang to rotate said - -
_member, an annular casing rotatable with said

member, a plurality of rocket type combustion de-
vices mounted in said casing and rotatable there-
with in a path spaced radially and substantially
- outward from but ¢oncentric with the axis of ro-
tation of said member, and means to apply the
combustion gases escaping from sald devices to
the production of increased power to rotate said .

48 member, sald casing having spaced air intake

openings in its front portion directly exposed to
the slip-stream of air about said craft when in
flight, covers for sald air-intake openings mount-
ed on said casing for circumferential sliding move-

80 ment thereon, and manually-controlled means to

.effect "opening or closing circumferential move- -

- ments of said covers while sald casing is in rapid

lize such rocket apparatus for supplementing the

power of a rotating propeller.
It is of particular importance that the atr for

- combustion 1s taken from the air stream pro-
-duced by flight, as otherwise considerable power

. would be wasted in forcing the air forward and
against the direction of flight to the combustion

- .chambers.

My invention may be applied to standard types

of aircraft wlth but lttle necessary modmcatiou. 'u collecting chambers and of said eombuntion .

70

rotation.

3. The combination in an aircraft as set forth
in claim 2, in which automatic means is provided
to limit sald opening and closing movements.

4. In an aircraft, propulsion apparatus com-
prising a rotated member, power means to rotate
said member, rocket-type combustion devices ro-
tated with sald member in a path spaced radially
and - substantially outward from but concentric -
with the axis of rotation of said member, means
to directly utilize the combustion gases escaping-
from said devices to supply additional power to
turn said member, each combustion device com-
prising a combustion chamber and an air-collect-
ing chamber, both mounted at a substantial and -
common angle to their common path of rotation,
and said collecting chamber being effective to di-
rectly collect air from the slip-stream in said
chamber and said alr being compressed in said
collecting chamber by the high speed rotation of
said chamber in said angular position, and fixed
valve plates mounted at the exit ends of sald air-
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chambers respectively and having spaced circum-
ferential slots and interposed shut-off portions,
sald plates being fixed in such angular relation
that they simultaneously and reversely open and
close the intake and discharge ends of each of said
combustion chambers as said chambers rotate rel-
ative to said plates.

5. In an aircraft, propulsion apparatus com-
prising a rotated member, power means to rotate
said member, rocket-type combustion devices ro-
tated with said member in a path spaced radially
and substantially outwardq from but concentric
with the axis of rotation of said member, and
means to directly utilize the combustion gases
escaping from said devices to supply additional
bower to turn said member, each combustion de-
vice comprising a combustion chamber and an
air-collecting chamber, both mounted at a sub-

‘10
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per revolution of said member or three times dur-
ing each two successive revolutions of said mem- .
ber. .
9. In an aircraft, propulsion apparatus com-
prising a rotated member, power means to rotate
said member, rocket type combustion devices ro-
tated with said member in a path spaced radially
and substantially outward from but concentric
with the axis of rotation of said member, means
to directly utilize the combustion gases escaping
from sald devices to supply additional power to

- rotate said member, means to supply air to said

15

- stantial and common angle to their common path

of rotation, and said collecting chamber being ef-
fective to directly collect air from the slip-stream
in said chamber and said air being compressed
in' said collecting chamber by the. high
speed rotation of said chamber in said angular
position, each air-collecting chamber having
means to produce fuel sprays substantially
throughout the- cross section between said air-
collecting chamber and its coacting combustion
chamber, and said meéans comprising alternately

and circumferentially disposed wide-angle and

narrow-angle pairs ‘of spray openings for liquid
fuel adjacent the rearward end of the air-collect-
ing chamber.

+ 6. Inan aircraft, propulsion apparatus compris-
ing a rotated member, power means to rotate said
member, an annular casing rotatable with said
member, ‘& plurality of rocket type combustion
devices mounted in said casing and rotatable
therewith in a path spaced radially and substan-
tially outward from but concentric with the axis
of rotation of said member, and means to -apply
the combustion gases escaping from said devices
- tothe production of increased power to rotate said
member, firing means for said devices, and manu-
ally selective means to vary the total number of
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devices, means including fixed and rotating parts
to supply liquid fuel under, pressure to said de-
vices while said devices are in rapid rotation, and

- means to prevent escape of said liquid fuel in said

Supply means between the fixed and rotating parts
thereof, said latter means ‘including fixed and
rotating adjacent discs, vanes on said discs, and ,
& quantity of mercury interposed between said
discs and vanes and sealing said fuel supply
means. ’

10. In an aircraft, propulsion apparatus com-
prising a rotated member, power means to rotate
said member, rocket type combustion devices ro-
tated with said member in a path spaced radially
and substantially outward from but concentric

_ with the axis of rotation of said member, means

30

35

40

_to directly utilize the combustion gases escaping

from said devices to supply additional power to
rotate said member, means to sup'p]q air to said
devices, means including fixed and rotating parts
to supply liquid fuel under pressure to said deq.
vices while said devices are in rapid rotation, and
means to prevent escape of said liquid fuel in said
supply means between the fixed and rotating parts
thereof, said latter means including fixed and
rotating adjacent discs, relatively wide vanes on
said fixed discs, relatively narrow vanes on said

‘moving discs, and a quantity of a heavy liquid

interposed between said discs .and vanes and
largely retained by said wide vanes when said ro-

. tated member is at rest with its axis approximate-
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ignitions per revolution of said rotated member, -

-while maintaining an equal number of ignitions
ber revolution for each and every combustion de-
vice. : . )

7. In an aircraft, proplﬂSion apparatus com-.

prising & rotated member, power means to rotate

said member, an annular casing rotatable with:

, Sald member, a plurality of rocket type combus-

+ tlon devices mounted in said casing and rotatable
therewith in a path spaced radially and substan-
tially outward from but concentric with the axis

- of rotation of said member, means to apply the
combustion gases escaping from said devices to
the production of increased power to rotate said
member, and manually selective means to fire
each and every device either once or three times
per revolution of said member.. . o
8. In an aircraft, propulsion apparatus com-
prising s rotated member, power means to rotate
said member, an annular casing rotatable with
-sald member, a plurality of rocket type combus-
tlon devices mounted in sald casing and rotat-
able therewith in a path spaced radially and sub-
stantially outward from but concentric with the

axig of rotation of said member, means to apply

the combustion gases escaping from said devices
to the production of increased power to rotate said
member, and manually selective means to fire
each and every device either once or three times

1y horizontal. .

11, In an aircraft having propulsion apparatus
comprising a rotated member, power means 0
rotate said member, an annular casing rotatable

" ‘with said member and having spaced air-intake
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" combustion chambers,

openings in its front portion which are directly
exposed to the slip-stream of air about said craft
When in flight, a plurality of rocket type combus-
tion devices mounted in said casing and rotatable
therewith in a path spaced radially and substan-
tially outward from but concentric with the axis
of rotation of said members and means to apply
the combustion gases escaping from said devices
to the production of increased power to rotate said
member, that improvement which comprises an
air-collecting chamber for each combustion de-
vice roiating therewith but spaced axially there-

. from and coacting with an associated intake open-

ing, a nozzle device rotating with each combustion
chamber and associated therewith but spaced ax-
lally thererfom, and fixed valve means between
said spaced parts which automatically control
communication between associated air-collect-
ing and combustion chambers and between each
combustion chamber and its associated nozzle
during rotation and operation thereof, whereby
the gaseous content of each combustion chamber
is successively compressed, ignited and released
and in timed relation to the operation of the other

ROBERT H. GODDARD,




