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This invention relates to rocket type propulsion 
apparatus for aircraft which is provided with one 
or more bladed propellers. . . . . . 

It is the general object of my present invention 
to provide improved devices to render such pro- 5 
pellers more efficient and to supply auxiliary 
power to the propellers as occasion demands. 
A further object of my invention is to provide 

improved means by which gases discharged from 
rocket-type combustion apparatus may be direct 
ly utilized in the rotation of aircraft propellers, 
whether or not said propellers are normally 
driven from some other source of power. 
An important feature of the invention relates 

to the utilization of combustion gases from rocket-type apparatus in a turbine associated 
with an aircraft propeller. I also provide rocket 
type combustion apparatus which is directly asso 
ciated with and rotatable with the propeller of 
an aircraft. 
My invention further relates to arrangements 

and combinations of parts which will be herein 
after described and more particularly pointed out 
in the appended claims. 
A preferred form of the invention 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.2 is a front elevation, looking in the direc 
tion of the arrow 2 in 1; 

Fig. 3 is a perspective view of a propellerblade; 
Fig. 4 is a diagrammatic view illustrating the 

operation of my invention; 
Fig. 5 comprises a series of partial sectional 

elevations, taken along the lines a, b, c and dre 
spectively in Fig. 4: M 

Figs. 6 and are front elevations of certain 
fixed valve or shut-off members to be described; 

Fig. 8 is a diagrammatic sectional view, taken 
substantially along the line C-8 in Fig. 4; 

Fig. 9 is a sectional plan view, taken along the 
line S-S in Fig. 8: . . . . 

g. 0 is a perspective view of a nose to be 
described: 
FE. is an enlarged sectional perspective view 

of the rotating parts of my improved propulsion 
apparatus; 

E. 12 is an enlarged sectional perspective view 
of the non-rotating parts of the propulation ap 
2-2 in Fig. 2: . 
Fig. 12 is an enlarged detail sectional view of 

certain parts appearingines. 12; - 
... Fig. 13 is an enlarged sections) view of portions 
of the air-collecting and combustion chambers 
and associated parts; . . . . 

Fig.14 is a fragments side elevation showing 
the fuel inlets in a portion of the casing appear 
ing in Fig. 13. 
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Fig.15 and 15 are detail sectional views, taken 

substantially along the lines - and U 
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infoundation, New 

respectively in Fig. 14; ; ; ; , , . . . . 
Fig.16 is a perspective view of a front casing 

portion to be described; i. ... 
Figs. 17, 18 and 19 are sectional views, partly in 

perspective, showing devices for adjusting 
cowling covers to be described; . . . . . .'' Figao is a detaiperspective view, looking in 

10 the direction of the arrow 20 in Fig. 12; Fig.2 is plan view of certain sealing and firing devices to be described; 
Fig. 22 is an enlarged perspective view of the 

firing devices shown in Fig. 21; . . . . . . 

5. Fig. 22 is a diagrammatic view of an electrical 
firing circuit to be described; 

Fig. 23 is a further enlarged perspective view 
of certain details shown in Fig.22; 

Fig. 24 is a diagrammatic lay-out of certain 
20 can and firing details; 

Fig. 25 is a sectional elevation of the fiel feed 
ing and liquid sealing devices; 

Fig.25 is a partial transverse sectional view of 
a sealing member, taken along the line 2 

25 in Fig. 25; 
Fig. 26 is an enlarged sectional detail, taken 

along the line 2-2 in Sig. 25; 
Fig.27 is an exploded view of certain parts of 

the sealing devices to be described; .. - 
so Fig. 27a is a transverse sectional view showing 

the assembled relation of the parts shown in 
Fig. 2; 

Figa. 28, 29 and 30 are perspective views of ad 
ditional details of the sealing devices; 

is sig. 3 is an enlarged sectional view of certain 
parts shown in Fig. 26; 

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

a rig. 33 is a diagrammatic sectional view show 
ing the relation of one of the combustion cham 
bers E3 to the valve plates 62 and E4, and 

Fig. 34 is afront elevation of the parts hown in 
perspective in ig. 19. . 
Before describing the details of construction of 

my improved propulsion apparatus, I will state. 
briefly the general construction and method of . 
operation thereof Myinproved apparatus, while capable of some 

so what general application, is particularly designed. 
ra, the section being taken along the line to supply auxiliary power to a propeller in an . 

aircraft at such times as more power is necessay . 
or desirable. Accordingly, the propulsion appa 
ratus herein shown is commonly used as auxiliary 

ss or additional to the regular supply of power by 
which the propeller is normally rotated; otherinettii provide :- 
rocket apparatus having certain:points of anni 
larity to the apparatus shown in my prior. Patent 
No. 1980,266 issued November 13, 1934, bre dis 

  

  

  

  

  



fering largely therefrom both in construction and 
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 propeller. 
As the rate of discharge of the combustion 

gases from rocket apparatus is much too high for 
direct and efficient application to propellerblades, 
I provide successive series of non-rotating turbine O 
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. 
Auxiliary power may be supplied to the pro 

peller continuously or for such periods of time 
as may be desirable, and provision is made for 
closing of 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. w 

Referring to Figs. 1 and 2, have shown the 
front end portion of the casing or cowing C 
of an aircraft having a propeller shaft 40 pro 
vided with a propeller 4 having blades 42 and 

8,395,404 
The number of such combustion units is pref 

erably equal to the number of propeller blades, 
with an air-collecting chamber 60 provided in 
the rotated front casing portion 8 between each 
two adjacent propeller blades 2, as indicated in 
Fig. 4. Single valve plates 62 and 64 serve all 
of the combustion units. --- 
Each collecting chamber is disposed at an 

angle in the front casing it. In order to provide 
streamlined air entrance to the chamber, the for- . . 
ward part of the chamber is formed with the 
successive cross sections shown at a, b, c and d 
in Fig. 5, these sections being taken along the 
lines a, b, c and d in Fig. 4 respectively. 

15 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 0 and 
with relatively short shut-off portions T. The 

25 

normally rotated by a suitable engine or motor, . 
indicated at 5 (Fig. 1). The front end of the 
shaft 4 has the usual streamlined casing 40. 
Each of the blades 2 is of the usual flattened 
oval or elliptical cross section, and is provided 
with a portion 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 
iliary 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 5, a rotated an 
nular cylindrical ring or band 52 (Fig.11) form 

40 

5 

air-collecting chamber 0 is open into the com 
bustion chamber 8 so long as a slot T0 is inter 
posed between the chambers, and the entrance 
end of the combustion chamber is closed when 
a shut-off portion is interposed between the 
chambers. 

Liquid fuel, preferably hydrogen, is injected in 
spray form through the openings. Bf near the 
contracted rear end of each air-collecting cham 
ber 60 and adjacent its connection to its asso 
ciated combustion chamber 3. . 
The non-rotating shut-off plate 4 is posi 

tioned at the rear or exit end of each of the com 
bustion chambers and is provided with rela- . . . 
tively short slots or openings 73 (Fig. 7) corre 
sponding with the short valve or shut-off por 
tions f of the plate 2. The valve plates 2 and 
6 are so related angularly that the openings 
between the chambers' Bo and 3 are opened and , 
closed simultaneously but reversely with the 
openings between the chambers 3 and the noz. 
zles is, 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 
air in the chambers 60 and 68 and strong oscil 
lations of pressure, all as explained in detail in 

ing the inner side of the casing, and a rotated 
annular streamlined front casing portion. 58. 
These casing parts are all made of a light strong 
alloy and the part 2 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 (Fig. 1) fixed to the cowling 

50 

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 Fig. 4, in sec 
tion in Fig. 32, and in greater detail on Sheet 2 
of the drawings. The axis of the propeller shsaft 
40 is indicated by the dot-and-dash center line 
in Fig. 4. Each combustion unit comprises a 
rotating air-collecting chamber BO (Pigs. 4 and . . 
32) having fuel inlets, a non-rotating annular 
valve or shut-off plate 2, a rotating combustion 
chamber 8, a second non-rotating valve or shut 
of plate 64, a rotating discharge nozzle 6, a 
series of non-rotating turbine blades BC, a series 
of rotating turbine blades 67, and a second series 
of non-rotating turbine blades B. 

O 

5 

unit per revolution 

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

may be reduced to two or even Ole 

The combustion gases from each nozzle Bes 
cape at very high speed and provide a reaction 
impulse partly in the direction of the arrow at 
Or to the left in Fig. 4 and also partly rearward. 
As the gases leave the nose U, they encounter 
the series of non-rotating blades by which 
they are redirected in the direction of rotation 
of the propeller. The gases then encounter the 
series of rotating blades 7, thus giving a fur 
ther forward impulse to the propeller with which 
they rotate. On leaving the rotating blades 7, 
the gases encounter the second series of non-ro 
tating blades 8 by which they are directed rear 
ward as indicated in Fig. 9, after which they es 

  



air and steam formed by combustion 
escribed intinitigro fieliquid hydrogen is supplied from a suitable 

with fixed and rotating turbine closed tank or storage receptacle under a pres 
semeeney of tiero sure which may be developed by its own evapora 

tion. The hydrogen tank is preferably enclosed 
in an oxygen filled casing or jacket 80 to prevent 
evaporation of the hydrogen. The hydrogen is 
delivered through a pipe (Figs. 21 and 25) to 

o a sealing devices (Fig.21) from which it is con 
ducted through a pipe B (Fig.25), alongside the 
propeller shaft 40 to the passages 44 (Fig. 3) ex 
tendirig axially through the propellerblades 42. 
to the reduced portions 43, where the passages 44 

5 communicate with annular conduits 82 (Fig.13). 
which surround the contracted inner ends of the 
air-collecting chambers 60 and which communi 

rwarara cate with the fuel feed openings 6. 
rked increase ineficiency. These openings 6 are preferably arranged in 

therefore results, as the energy titled inds 20 pairs, with certain openings at 61 (Fig. 15) dis 
upon the difference of the squares of the initial posed at a rather wide angle to produce a widely 

scattered spray and with other openings as 6, 
(Fig. 15) disposed at a smaller angle to produce 
a narrower spray. Preferably the wide and nar 
row sprays are alternated around the contracted 

3.2L ''. circumferential wall of the collecting chamber, 
the bands i s 60. A very even distribution and excellent atomi 
cured to the fixed outer c pports, zation is thus secured, as the widely scattered, 

n ... sprays are largely taken up near the outer wall. 
O of the chamber, while the narrower sprays are 
more forcibly injected toward the middle of the 
contracted passage, :"... 
This method of introducing liquid fuel is of sub 

stantial advantage, as I thus avoid the serious 

the propellerblades, e. 
ends; and the actual 
charged from the noz 
velocity less the speed 
theless still very high 

bine 

city of 

projecting into the air stream at the high air 
speeds and high densities encountered in the con 
tracted part of the chamber 60. 

Hydrogen seal 
It has been indicated that liquid hydrogen, on 

account of its light weight and high heat value, 
is a particularly desirable fuel for my in 
proved propulsion apparatus. However, liquid 
hydrogen is not only very light but is also ex 
tremely cold, so that it is impossible to use a seal 
ing lubricantor a solid packing, either of which 
would immediately freeze. It is accordingly nec 
essary to jacket all parts containing liquid hydro 
gen with liquid air or liquid oxygen but the liquid 
hydrogen cannot be directly exposed to the liquid 
air or oxygen as, being at much lower tempera 
ture, it will immediately freeze the jacketing 
liquid and itself evaporate if direct contact is per 
mitted. '', 
In order to overcome these difficulties, I provide 

a double mercury seal which balances the hydro 
gen pressure automatically and prevents leakage 
between two telescoping rings, one of which is 
fixed and the other supported by and rotating with 
the propeller shaft 40. . . . . 

; The sealing devices comprises a fixed housing 
85 (Fig.25), into which the hydrogen feed pipe 
80 extends within a jacket or tube 86 supplied 
with liquid oxygen from any convenient source. 
At its inner end the hydrogen feed pipe 86 com 
municates with a fixed annular member 87 (Fig. 
27) which has a loose sliding fit within a second 
annular member 88 which is fixed to and rotates 

i with the propeller shaft 40 and communicates mixed liquid and gaseous fuel its rapid forward. with the pipe spreviously described. Both mem 
... or rotational speed as it is delivered to the com-bers 8 and 88 are of substantially U-shaped 

- rs which rotate with the propeller. ... section. 
pass through the turbine parts the flow of hydrogen from the pipe 80 to the 

of nitrogen from the intake 7 pipe of is controlled by anniar'siotted valve 

losses which would be occasioned by any parts 

  

  

  

  

  

  

  

  

  

  

      

  

  

  

  

  

  

  

  

  

  



4. 9000 
members 90 and 8 (Fig.27), one of which is fixed 
inside of the member 87 (Fig.27) while the other 
rotates with the member 88. The slots in the 
valve members 90 and 9 f normally coincide so 
that free hydrogen flow takes place, except at 
such times as the shut-off plate C2 closes the pas 
sage between the air-collecting chambers B and 
the combustion chambers 83. 

Discs 94 (Figs. 25 and 29) are fixed to the ro 
tating propeller shaft 40 and extend outward with 
in the sealing casing 8. These discs are provided 
with radial vanes 9s on their outer sides, which 
Vanes run closely adjacent the inner end faces 
of the fixed casing 8. Additional discs 97 (Pigs, 
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 
9. The Outer edges of the vanes 98 are closely 
adjacent the rotating discs 94. 
Additional short vanes 99 (Fig. 29) are secured 

to the inner sides of the rotating discs 94 and 
totate adjacent the inner ends of the fixed vanes 
6 and extend closely adjacent the outer sides 

of the fixed discs 97. The housing or casing 85 
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 Mi-Min Fig. 25 when the appa 
ratus is operating at normal speed. - 
As the axis of the propeller shaft 4D is nor 

mally horizontal, the mercury will collect in the 
bottom of the casing 85 when the propeller shaft 
is at rest, most of it being between the relatively 
wide fixed vanes 9. When the propeller is rap 
idly rotated, the mercury will move outward un 
der centrifugal force produced by the rotating 
vanes , but will not move inward toward the 
rings and 88, due to the action of the short 
Vanes. A ring 0 (Fig. 29) connecting the 
outer ends of the short vanes I prevents loss 
of energy by eddies between moving and sta 
tionary portions of mercury. 

This is due to the fact that two streams of liq 

V 

so 

2. 

30 

35 

4): 

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 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 7 and 8 and will evaporate, 
exerting gas pressure which forces some of the 
mercury around the outer edges of the discs 4 
and between the moving vanes 98. A balance of 
pressure on the inner and Outer sides of the seal 
ing rings 7 and will thus be automatically 
attained, with just sufficient mercury forced out 
around the discs 4 to balance the hydrogen gas 
pressure. It will be noted that the hydrogen, 
if any, which escapes from the casing BS will be 
in the form of gas and will have been sufficiently 
warmed in its passage through the casing 85 so 
that there will be no danger of freezing the sur 
rounding atmosphere. - 

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 85 
as would be necessary if liquid hydrogen were 
used in the seal. - 

0. 

additorial discs and sets of vanes may be en 
Jacket construction 

Eisnecessary rotony to provide effective sea 
fins between non-rotating and rotating parts con 
Weyes guid hydrogen, but also to carefully 
jacket a parts through which liquid hydrogen 
is conducted. 

it is 31 have shown the preferred con 
struction, for jacketing the hydrogen feed pipe 
St. or this purpose, 1 surround the pipe O 
with state spaced from the pipe and having 
their sevening antiar passage fled with a suit 
able sht-weight heat-insulating material f, 
thereby avoiding large air spaces. The pipe 
arid tube may be held in spaced relation by 
sold as or other devices 2 embedded in 
spaced relationinthematerial ff. 
A second tube did surrounds the tube and 

is speed therefron by perforated rings , and . 
a third tede. starounds the tube 8 and is 
spaced therefron by additional insulating mate 
rial f and basis f2. The space f l (Fig. 31) 
between the tubes if and f4 is to be fed with 
liquid oxygen, which thus jackets the hydrogen 
conveying pipe . 
The installating material f f between the pipe 
and the tube prevents contact of the pipe 

aid tube, with estant boiling of the hydrogen, 
and the installating Raterial ff between the tubes 
fe and fiewise prevents boiling of the oxy 
seal. stafarjacketing should be provided for a 
parts conveying liquid oxygen, 

special means is provided to supply liquid oxy 
sess to the jacket spaces of the rotating parts. 
or this purpose, liquid oxygen is supplied under 

moderate pressure to a heat-insulated nose 2 
(e.g. 25) by which the oxygen is delivered to an 
SRStar receiving member 2 which connects 
to the space f2 starrounding the rotating seal 
ingrins and also to the jacket spaces 2 sure 
Egedeis the pipes extending to the combus 
to Scarles. 

it will be noted that a portion f of the ane 
radar ember 2 extends outward away from 
the axis of the shaft 4 as it approaches the 
space f22. Centrifugal force thus assists the flow 
of the liquid oxygen axially along the annular 
passee. Wases 2 (Fig. 25) may be provided 

member 2 to increase the centrifugal 
et 
Ceitrifugai force also causes the oxygen to flow 

outward through all of the jacket space in the 

S. 

tubes stErronding the hydrogen passages 44 
up to their connection with the annular passages 
2 (Ps. 13) surrounding the contracted portion 



2,895,404. 
of the collecting chambers... Desired circular 
tion of the liquid oxygen is thus secured without . 
the use of mechanical pumps or other circulating is 
devices. . . s' . . . . . . . . ...i : :: si: ...; 
Centrifugal force in the radial passages 44 (Figs 
and 3), develops, low pressure in the pipes is: 

(Fig.25) so that direct flow from the passage: 
will take place and there will be not tendency ... 
for liquid hydrogen to escape to higher pressure: The pressure maxims are produced by resonance: 

or surging as the craft passes through the air, and areas outside of the pipes 8...' ..., 10 hence the interval betweenthese pressure max 
... . . . . . Firing mechanism ... ina varies according to existing operating cond """, tions and this interval determines the desirable The explosive charges in the combustion chang, manual setting of the timing control. The rate 

bers are fired by closing electric circuits through of fuel feed is then manually adjusted so that 
the spark-plugs is by mechanism shown in de- 15 the proper air and fuel mixture will be provided 
tail in Figs. 21 to 24. in the combustion chamber by the time each pres 
One side of each spark-plug is grounded as sure maximum occurs. A very sharp rise of pres 

usual, and the other side of all of the plugs is sure, while the valve 73 is open (due to the det 
jointly connected to three terminals 80 in a cy- onating nature of the fuel used) is followed im 
lindrical structure i? mounted on and rotating 20 mediately by a low pressure due to condensation 
with the propeller shaft 40. Contact with the of the combustion product. The chamber there 
terminals 30 is made by a resilient arm f32 after becomes substantially filled with a fresh sup 
mounted on a non-conducting rod 33 positioned ply of air and fuel, while the ports 70 are open. . . 
by supports 3 (Fig. 22) alongside the propeller. The flow-resistance in the parts rearward of 
shaft iO but non-rotatable therewith. The arm 25 the combustion chamber 6 is such that no sub 
2 is connected to the non-grounded side of a stantial out-flow of combustion mixture from the 

suitable electric circuit such as is shown in Fig. chamber 63 will occur, even with the ports in the 
22. '' ... . exhaust valve 64 momentarily uncovered, unless A single contact 4 is also provided in the an explosion in the chamber 63 has developed 
member, which contact is connected to each 30 very high pressure in the chamber. The pressure 
9f the three spark-plugs but is out of circum- of the combustion mixture and the proportion of 
ferential alignment with the contacts or termi- fuel therein continues to build up by surging be 
nas 30. tween ignitions until the required efficient oper Three Sparkplugs 5 for three combustion ative maximum pressure is attained. 
chambers 63 are shown in Fig. 22 as wired to the 35 The time required for building up this desired 
secondary of a transformer F the primary of pressure varies as previously stated under differ 
which may be connected to lir, wires I. The ent operating conditions, and particularly in dif 
contact arm 2 may be selectively aligned with ferent atmospheric densities and for different 
the single contact 34 in the sparkplug circuit or rates of movement of the aircraft. 
with the three contacts 30. 40 an .* 
The arm 32 is provided with a plunger 35 - Intake coverage : - 

adapted to engage either one of two holes f36 A valve f30 (Fig. 21) in the hydrogen feed . 
(Fig. 22) or 37 (Fig. 23). When the plunger pipe 80 may be manually opersted to shut of the 
35 is in the hole 37, as shown in Fig. 22, the flow of hydrogen fuel when desired. In this arm 32 will engage the three contacts 30 at event, the intake openings 6 Fig.2 in the 
each revolution of the propeller shaft and at each front casing member 53 which lead to the air 
engagement will fire the three explosive charges, collecting chambers 60 should be closed to reduce 
thus giving nine impulses per revolution of the air resistance. . . . . . . . . 
shaft. 50 For this purpose provide segmental covers 

If changes occur in operating conditions such 52 (Figs. 2 and 16) circumferentially sligible 
as air density, plane speed, or period of surgings on the annular front casing member 53 and ath 
or oscillations in the chambers 60 and 63, it may provided with inwardly projecting guiding 
be desirable to reduce the number of explosions flanges 5 (Fig. 17) and with a depending rack 
per shaft revolution. In this case the arm 32 member 55 engaged by a pinion f 56. Each pin 
may be moved to the position shown in Fig. 23, ion 56 is mounted on a shaft 57 extending 
in which position it will engage the single con- axially rearward along the rotating ring or band 
tact it during each shaft revolution, so that 52 and supported in bearings thereon. 
three impulses only instead of nine will be given A threaded rod 58 (Figs. 19 and 34) forms 
per revolution. an extension of the shaft 57, in which it tele 
The fuel feed valve 50 (Fig. 21) will be man- 60 scopes and with which it has a pin and slot con 

ually adjusted to provide the correct amount of nection. The rod 58 is mounted in a threaded 
fuel for the slower rate of firing. bearing 59, so that rotation of the rod in either 

If an intermediate rate of firing is desired, the direction also causcs axial movement thereof. A 
plunger 35 is inserted in a hole 38 in a lug 38 star wheel 60 (Fig. 19) is mounted on the Outer, 
extending upward from a sleeve to slidable on end of each rod 58 and is selectively engageable 
the rod 33. A switch block f4 is mounted on by a plate:ff or a plate 82, both mounted on 
8 stud 42 carried by the sleeve 40 and projects a frame 63 which is manually adjustable real 
rate a double can groove. 44 (Fig. 22) in the tive to the star wheel 60 by a hand rod 66. 
cylindrica member 3. The lay-out of the can The plates S and 62 are staggered axially of grooves shown diagrammaticallying. 24, from the rod is as clearly shown in Fig. 34. 
which it will be seen that the contact arm. 32 When the covers 52 are to be moved from the 
will be axially shifted to engage each alternate open position of Fig. 2 to the closed position in 
termina 3 and to skip the intervening term Fig. 16, the frame 63 will be moved so that the 
rainas. Consequently all three cylinders will be plate 62 engages each star wheel 60 at each 
red three times in each two revolutions, instead 75 revolution of the propeller shaft and its SSOs 

  



cated propulsion apparatus, which revolution 
moves the star wheels past the relatively fixed 
plate 2. 

. This causes the star wheels to be advanced one 
tooth for each revolution of the propeller, shaft 
and associated mechanism, thereby gradually 
closing the covers f2. The star wheels are si 
multaneously moved toward the right in Fig. 19 
by the threaded bearings thereof, so that the 
teeth of the star wheels will eventually clear 
the right-hand end of the plate 2, and the 
E. 52 will remain in adjusted closed posi 
When it is thereafter desired to open the cov 

ers 2 for further operation of the propulsion 
apparatus, the frame 6 is shifted in the oppo 
site direction to bring the plate B 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 6 (Fig. 19) is shifted to cause 
the covers 52 to be removed from the intake 
openings (Fig. 2) of the air-collecting cham 
bers . The valve f30 (Fig. 21) is also opened 
to permit liquid hydrgoen fuel to flow to the 
spray openings (Figs. 13 and 14) at the con 
ited rear portion of the air-collecting cham 

As the apparatus then rotates with the pro 
peller, the valve or shut-off plates 2 and 4 al 
ternately close the air-collecting chambers BO 
and the combustion chambers 63, and the ex 
plosive charges are fired when the combustion 
chambers are closed at their intake ends and 
opera at their discharge ends to the nozzles B. 
The discharge gases pass successively through 
the fixed turbine blades B, the rotating blades 

l, and the fixed discharge plates 8, thus sup 
plying power to the ring or band 52 (Fig. 11) and 
to the propeller on which said band is mounted. 
The power supplied may be varied by the set 

ting of the valve 50 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 82 (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 
a very great extent avoided use of relatively now 
ing parts in my improved apparatus. In par 
ticular, the operation of the valve plates 2 and 

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, greatly improve the eficiency of such 
apparatus and provide a practical means to ut 
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The constricted part of the collecting chamber 
B, where the spray orifices are located, is of ad 
vantage in several respects: it reduces the dise 
tance through which the sprays have to travel; 
it increases the speed of the air at this point, 
and hence produces increased atomisation; 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 inited 
to the details 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, a 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 
to the production of increased power to rotate 
said member, said 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-coln 
lecting chamber coacting with an intake opening, 
valve means automatically controlling communi 
cation between 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 
said casing and chambers are in rapid rotation. 

2. In an aircraft, propulsion apparatus compris 
ing a rotated member, power means 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 concentric with the axis of ro 
tation of said member, and means to apply the 
combustion gases escaping fron said devices to 
the production of increased power to rotate said 
member, said 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 said air-intake openings mount 
ed on said casing for circumferential sliding mover 

50 ment thereon, and manually-controlled means to 
effect opening or closing circumferential move 
ments of said covers while said casing is in rapid 

lite such rocket apparatus for supplementing the 
power of a rotating propeller. 

It is of particular importance that the air for 
combustion is 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 

70 

rotation. 
3. The combination in an aircraft as set forth 

in claim 2, in which automatic means is provided 
to limit said opening and closing movements. 

4. In an aircraft, propulsion apparatus COmr 
prising a rotated member, power means to rotate 
said member, rocket-type combustion devices roa 
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 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 air 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 said air 

of aircraft with but little necessary modification, 75 collecting chambers and of said combustion 
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chambers respectively and having spaced circum 
ferential slots and interposed shut-off portions, 
said 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 outward 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 
power 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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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 means 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. In an aircraft, propulsion apparatus compris 
ing a rotated member, power means to rotate said 
member, an annular casing rotatable with said 
member, a 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 
to the 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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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 said devices to supply additional power to 
rotate said member, means to supply air to said 
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 
a quantity of mercury interposed between said 
discs and vanes and sealing said fuel supply 
e.S. 
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 
to directly utilize the combustion gases escaping 
from Said devices to supply additional power to 
rotate said member, means to supply air to said 
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, 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 ared 
largely retained by said wide vanes when said ro 
tated member is at rest with its axis approximate 

45 
ignitions per revolution of said rotated member, 
while maintaining an equal number of ignitions 
per revolution for each and every combustion de 
vice. 

7. In an aircraft, propulsion apparatus com-. 
prising a rotated member, power means to rotate 
Said member, an annular casing rotatable with 
said member, 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 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. 

8. In an aircraft, propulsion apparatus com 
prising a rotated member, power means to rotate 
Said member, an annular casing rotatable with 
said member, a plurality of rocket type combus 
tion devices mounted in said casing and rotat 
able therewith in a path spaced radially and sub 
stantially 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 

ly horizontal. s 
11. In an aircraft having propulsion apparatus 

comprising a rotated member, power, means 'o 
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 
there with 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 rotating 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 
ially thererform, 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, 

  


