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Robert H. Goddard, deceased, late of Annapolis, 
Md., by Esther C. Goddard, executrix, Worces 
ter, Mass., assignor of one-half to The Daniel 
and Florence Guggenheim Foundation, New 
York, N. Y., a corporation of New York 

Application November 2, 1946, Serial No. 70,352 
(Cl. 60-44) 9 Claims. 

This invention relates to combustion chambers 
particularly adapted for use in rocket apparatus 
and other jet-propelled constructions and in 
Which Separated charges or plugs of a detonating 
mixture of liquid fuel and liquid oxygen are 
fired in rapid succession. The separated charges 
may be produced by rapidly and repeatedly open 
ing and closing the valve in the main feed line to 
the detonating chamber. 

It is the general object of the present inven 
tion to prevent the possibility of flash-back into 
any Small amount of explosive mixture which 
may remain in the Space immediately behind the 
main valve as the valve is closed or opened. 
A further object of the invention is to provide 

a construction in which the supply of liquid fuel 
is shut off before the supply of liquid oxygen. 
To the accomplishment of these general ob 

jects in the preferred form, auxiliary valves are 
provided in the fuel supply pipes, together with 
actuating connections such that the auxiliary 
Valves are opened just after the main valve is 
opened and are closed just before the main valve 
is closed. - - 

. In a modified form, a single and specially de 
signed rotating valve member accomplishes the 
Same Sequence of operations. 
The invention further relates to arrangements 

and combinations of parts which will be herein 
after described and more particularly pointed out 
in the appended claims. 
Two forms of the invention are shown in the 

drawing, in which 
Fig. 1 is a partial Sectional elevation of a det 

onating chamber having a preferred form of 
the invention applied thereto; 

Fig. 2 is a partial sectional elevation of a det 
Onating chamber which embodies a modified 
form of the invention; 

Fig. 3 is a transverse sectional view of the valve 
portion 50 shown in Fig. 2; and 

Fig. 4 is a transverse sectional view of the 
valve portion 5. 

Referring to Fig. 1, the detonating combustion 
chamber C is provided with an upward extension 
or hub 0 in which a main valve plunger is 
reciprocated by a link 2 connected to a rotating 
Crank disc 4. A spreader 5 is mounted on a 
rod 6 extending downward from the plunger . 

Liquid fuel, as gasoline, is Supplied under pres 
Sure through fuel feed pipes 20, and liquid oxy 
gen is supplied under pressure through feed pipes 
2. The pipes 20 and 2 open into closed re 
cesses 24 each containing several wire gauze 
discS 25. 
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2. 
The recesses 24 are connected by feed passages 

26 to the cylindrical passage 28 in which the main 
valve plunger is reciprocated. When the 
plunger is in its lowest position, the passages 
26 are closed, and when the plunger is in its 
raised position, the passages 26 are open. 

Shut-off valves 32 are provided in the fuel 
supply pipes 2t, and the actuating arms 33 of 
the valves 32 have pin-and-slot connections to 
links 34 suspended from cross arms 35 which 
extend OutWard from a collar 36 fixed to the 
plunger and vertically reciprocated therewith. 
Springs 38 normally hold the valves 32 closed, 
with the arms 33 engaging stop pins 39. 
The operation of the improved feeding appa 

ratus is as follows: 
Liquid fuel and liquid oxygen are Supplied 

under pressure to the pipes 20 and 2 respec 
tively. The valves 32 are closed when the 
plunger is at or near its lowest position and 
in which position detonations occur. As the 
plunger rises, the passages 26 are uncovered 
and a brief initial flow of liquid oxygen takes 
place through the recesses 24 and the passages 
26 before the fuel valves 32 are opened by con 
tinued upward movement of the plunger and 
links 34. Fuel is then admitted, mixing takes 
place within the meshes of the wire gauze discs 
in the recesses 24, and the resultant detonating 
mixture is injected into the chamber C. 
As the plunger if thereafter moves downward, 

the springs 38 act to close the valves 32. This 
closing movement is completed when the parts 
are in the position shown in Fig. 1 and just be 
fore the passages 26 are fully closed. 
As the oxygen supply pipes 2 remain open 

briefly after the valves 32 are closed, liquid oxy 
gen will enter the recesses 24 and passages 26 
and will force out any remains of explosive mix 
ture before the plunger completely closes the 
passages 26. 

Detonation then takes place, due to the reside 
ual heat in the combustion chamber, but there 
is no explosive mixture left in the passages 26 
or recesses 24, so that there is no possibility of 
flash-back during the detonation or as the 
plunger begins its upward travel. Safe opera 
tion of the detonating chamber is thus attained. 
Any usual igniting device, such as a sparkplug, 
may be provided for initial operation. 

In the construction shown in Fig. 2, the det 
onating combustion chamber C' is provided with 
an upward extension or hub 40 having an axial 
opening 4 in which a valve member 42 is con 
tinuously rotated by any usual power means (not. 
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shown). Liquid fuel under pressure is fed 
through a pipe 43 to a passage 44, and liquid oxy 
gen is fed under pressure through a pipe 46 to 
a passage 47. 
The valve member 42 is slabbed off or has par 

titions of stock removed on opposite Sides to 
leave a relatively wide valve portion 50 and a 
relatively narrow portion 5. The fuel feed 
passage 44 is opposite the upper and wider valve 
portion 30 and the oxygen feed passage 4 is 
opposite the lower and narrower valve portion 5. 
With the valve rod 42 in the position shown in 

Fig. 2, both passages 44 and 47 are open and 
a detonating mixture will be formed in the lower 
part of the axial passage 4 and will flow into 
the detonating chamber C. As the valve men 
ber 42 rotates, the wider valve portion 50 Will 
first close the fuel passage 44, and somewhat 
later the narrower valve portion 5 will close the 
oxygen passage 47, at which time detonation Will 
take place. 
As the oxygen passage 47 is closed later and 

opened earlier than the gasoline passage 44, the 
lower portion of the axial opening 4 will be Sup 
plied with liquid oxygen to mingle with and 
eject any remaining gasoline before the detona 
tion takes place, and more liquid oxygen will 
be admitted before the fuel feed passage 44 is 
again opened. Safe operation of the detonating 
chamber C' is thus insured, as with the form 
shown in Fig. 1 and previously described. 

in both forms of the invention, the preliminary 
shutting off of a Substantial part of the liquid 
supply reduces the pressure in the recesses 24 
and feed paSSages 26, Or in the feed paSSages 44 
and 47, which also reduces the danger of flash 
back. 

Selected form of the invention having been 
thus described, the invention is not to be limited 
to the details herein disclosed, otherwise than 
as Set forth in the claims, but what is claimed is: 

1. In COmbination apparatus having a com 
bustion chamber with an upward extension open 
to said chamber and forming a mixing recess 
and means to provide a detonating mixture of 
liquid fuel and liquid oxidizer in Successive sepa 
rate charges for Said receSS, that improvement 
which comprises separate supply means for 
liquid fuel and for liquid oxidizer, a main valve 
controlling injection of said mixed charges to 
Said receSS, auxiliary valve means for the fuel 
Supply, and Connections between said auxiliary 
valve means and Said main valve through which 
Said auxiliary valve means is opened later and 
ClOSed Sooner than Said main valve. 

2. In combustion apparatus having a com 
bustion chamber with an upward extension open 
to Said chamber and forming a mixing recess. 
and means to provide a detonating mixture of 
liquid fuel and liquid oxidizer in successive 
Separate charges for said recess, that improve 
ment which comprises separate supply means 
for liquid fuel and for liquid oxidizer, a main 
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valve controlling injection of said mixed charges 
to Said chamber, auxiliary valve means for the 
fuel Supply, lost-motion connections between said 
auxiliary valve means and said main valve 
through which said auxiliary valve means is 
Opened later than said main valve and is allowed 
to close Sooner than said main valve, and a spring 
to close Said auxiliary valve means. 

3. In combustion apparatus having a com 
bustion chamber with an upward extension open 
to Said chamber and forming a mixing recess to. 
receive liquid fuel and a liquid oxidizer, that 

65, 
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75 

4. 
improvement which comprises separate means 
to Supply said liquid fuel and Said liquid Oxidizer, 
main valve means controlling the injection of 
both said liquid fuel and said liquid oxidizer to 
said mixing recess, additional valve means Con 
trolling the injection of said liquid fuel to said 
mixing recess, and a connection from Said addi 
tional valve means to said main valve means by 
which the movements of the main valve means 
and of the additional valve means are coordi 
nated and by which said additional valve means 
is closed to shut off the supply of liquid fuel to 
said mixing recess before said main valve means 
shuts off the supply of liquid oxidizer to Said 
mixing receSS. 

4. The combination in combustion apparatus 
as set forth in claim 3, in which Said additional 
valve means is effective to admit liquid oxidizer 
to the mixing recess for the next charge before 
admitting liquid fuel to said mixing receSS for 
said next charge. 

5. In combustion apparatus having a combus 
tion chamber with an upward extension open 
to said chamber and forming a mixing receSS 
and means to provide liquid fuel and a liquid 
oxidizer in successive separate charges for Said 
recess, that improvement which comprises Sep 
arate supply means for liquid fuel and for liquid 
oxidizer, a rotated main valve which is cylin 
drical but which is cut-away at each side thereof 
to provide spaced and relatively broad peripheral 
portions controlling the liquid fuel and fur 
ther cut-away to provide adjacent and relatively 
narrow spaced peripheral portions controlling the 
liquid oxidizer, and said apparatus having sep 
arate feed passages for said fuel and Said oxidizer 
opposite said broad and narrow portions of Said 
main valve respectively and positioned to be 
closed and opened alternately by Said periph 
eral portions said broad portion adapted to close 
the fuel passage before the narrower portion 
closes said oxidizer passages whereby flash-back 
is prevented, 

6. The combination in combustion apparatus 
as set forth in claim 5, in which said valve por 
tions are relatively positioned to effect admission 
of the oxidizer ahead of the fuel and shutting-off 
of the fuel ahead of the oxidizer for each charge. 

7. En combustion apparatus having a combus 
tion chamber with an upward extension Open to 
Said chamber and forming a mixing recess, and 
rotated Valve means to provide a detonating mix 
ture of liquid fuel and liquid oxidizer in succes 
sive separate charges for said mixing recess, that 
improvement which comprises separate Supply 
means for liquid fuel and for liquid oxidizer, and 
Said rotated valve means having a relatively 
broad valve portion effective on rotation to al 
ternately and Successively admit and shut off 
the Supply of fuel to said mixing recess and hav 
ing another and relatively narrow valve portion. 
effective on simultaneous rotation to admit and 
shut off the Supply of oxidizer to Said recess, and 
Said rotated valve means thereby effecting the 
admission of fuel for shorter periods than the 
admission of oxidizer when said valve means is 
rotated and shutting off the fuel passages before 
the oxidizer passages to prevent flash-back. 

8. In combustion apparatus a combustion 
chamber and means to provide a detonating mix 
ture of liquid fuel and liquid oxidizer in suc 
ceSsive Separate charges, for Said chamber, said 
combustion chamber having an upward exten 
Sion With an axial admission passage, a main 
Valve plunger Slidable in Said axial passage, closed. 
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mixing recesses in said extension, feed openings 
from said recesses to said axial passage Con 
trolled by Said plunger, Separate pipes to supply 
liquid fuel and liquid oxidizer to each of Said 
recesses, auxiliary valves in the fuel Supply pipes 
only, and valve-actuating means including con 
nections between said auxiliary valves and Said 
main valve plunger effective to open the auxiliary 
fuel valves after the main valve uncovers. Said 
feed openings and to close Said auxiliary fuel 
valves before the main valve closes Said feed 
openings. 

9. The combination in combustion apparatus 
as set forth in claim 8, in which each recess is 
provided with a plurality of layers of fine Wire 
gauze through which both liquids pass to facili 
tate mixing of said liquids. 

ESTHER. C. GODDARD, 
Eacecutriac of the Last Will and Testament of 
Robert H. Goddard, DecedSed. 
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