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Patented Oct. 7, 1952 2,612,752 
UNITED STATES PATENT OFFICE 

2,612,752 
FEEDING APPARATUS, INCLUDING INJEC 
TORS ADAPTED TO SUPPLY COMBUSTION 
LIQUIDS UNDER PRESSURE TO A COM 
BUSTION CHAMBER, 

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

Original application May 20, 1944, Serial No. 
536,558, now Patent No. 2,558,483, dated June 
26, 1951. Divided and this application Decem 
ber 6, 1949, Serial No. 131,461 

This invention relates to apparatus for feeding 
liquid combustion elements, such as gasoline and 
liquid oxygen, to a chamber in which combustion 
is to be maintained, and is a division of prior ap 
plication Serial No. 536,558 filed May 20, 1944, 
now Patent No. 2,558,483 dated June 26, 1951. 
Such combustion chambers are commonly pro 
vided with rearwardly-open discharge nozzles 
and have particular utility in rocket apparatus 
and in other jet-propelled mechanisms. 

It is the general object of this invention to 
provide feeding apparatus involving the use of 
injectors in such manner that the apparatus is 
capable of generating much higher feeding pres 
Sures then are maintained in the storage or Sp 
ply tanks. 
In the preferred form, the injectors are oper 

ated by vapors of the liquid fuel and of the liquid 
Oxygen which are evolved in separate combus 
tion chamberjacket spaces. 
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. 
A preferred form of the invention is shown in 

the drawing, in which the figure is a diagram 
matic elevation of the improved feeding appa 
ratus. 

Referring to the drawing, a preferred construc 
tion is shown in which vapors or gases from the 
combustion elements are utilized to operate the 
injectors. 
A combustion chamber C has a jacket divided 

by an annular partition 80 into jacket spaces 8 
and 82. Storage tanks T5 and T6 are provided 
for liquid oxygen and for gasoline or other liquid 
fuel. Injectors are shown at 84 and 85, and each 
injector may comprise a cylindrical outer casing 
having an inner transverse partition in which a 
draft or Wenturi tube is mounted. 
A shut-off valve 86 and a check valve 87 are 

provided in a feed pipe 88 which connects the 
tank T5 to the injector 84, and a similar shut 
off valve 90 and check valve 9 ? are provided in 
a feed pipe 92 which connects the tank T6 to the 
injector 85. A pipe 94 connects the jacket space 
8f with the injector 84 and is provided with a 
check valve 95 and with a pressure control or 
regulating valve 96. The jacket space 82 is sim 
ilarly connected by a pipe 97 to the injector 85 
and is provided with a check valve 98 and with a 
pressure control or regulating valve 99. 
The discharge or outlet end of the injector 84 

is connected by a pipe foo to the combustion 
chamber C and is provided with shut-off valves : 
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to and O2, a check valve 63 and a pressure 
responsive relief valve 04. The discharge end 
of the injector 85 is similarly connected to the 
combustion chamber C by a pipe 0 having 
shut-off valves and f2, a check valve 3 
and a pressure-responsive relief valve f 4. 
A pipe 6 connects the discharge end of the 

injector 84 to the jacket space 8 and a similar 
pipe connects the injector 85 to the jacket 
space 82. 

For quick starting purposes, a tank T7 is con 
nected by pipes 120 and 2 to the pipe OO pre 
viously described and these branch pipes are pro 
vided with shut-off valves 22 and 23. The tank 
TT contains a Supply of liquid oxygen and is pref 
erably under relatively high pressure. A similar 
tank T8 for fuel under pressure is connected by 
pipes 30 and 3 f to the pipe if previously de 
Scribed and these pipes are provided with shut 
off valves 32 and 33. A flame-type of igniter 
G is provided for the chamber C and this ig 
niter may be of the construction shown in God 
dard Patent No. 2,090,039. Filler pipes 40 and 
4 are provided for the tanks T5 and T6 and are 
equipped with shut-off valves 42 and 43. 
The apparatus shown in the drawing may be 

Operated either with or without making use of 
the pressure tanks TT and T8. The operation 
without using the tanks TT and T8 will first be 
described. 

It is desirable that a certain amount of liquid 
and gaseous Oxygen be present in the jacket 
Space 8 and that a similar amount of liquid or 
gaseous fuel or gasoline be presented in the jacket 
Space 82. The flame igniter G? is then started 
and the heat of the flame is sufficient to produce 
Fre gases or vapors in the jacket spaces 8 and 

The Oxygen vapor in the space 8 will then 
flow through the pipe 94, regulating valve 96 and 
check valve 95 to the injector 84 and thence 
through the pipe O) and its several valves to the 
chamber C, assuming that the valves of and 
02 have been opened and that the valves 22 and 
23 are closed. If the valve 86 is then Opened, 

liquid oxygen will flow through the pipe 88 to the 
injector 84. 

Similarly, gasoline vapor will flow through the 
pipe 97 and valves 98 and 99 to the injector 85 
and thence through the pipe ff0 to the combus 
tion chamber Ci, and liquid gasoline will flow 
to the injector 85 as soon as the valve 90 is 
Opened. 
The Venturi action of the injectors 84 and 85 

quickly steps up the liquid pressures from the 
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relatively low storage tank pressures to substan 
tially higher pressures such as 100 lbs. per Square 
inch, and the liquids under the increased pres 
sures are delivered through the pipes too and 0 
and check valves 03 and 3 to the combustion 
chamber C. 
The resultant mixture of oxygen and gasoline 

in the chamber C will then be ignited by the 
flame from the igniter Gif and increasing amounts 
of gaseous oxygen and gasoline will be delivered 
from the jacket spaces 8 and 82. The regulat 
ing valves 96 and 99 control the rate of flow of 
these gases to the injectors and thus prevent the 
injection of undesired amounts of liquid OXygen 
and gasoline to the chamber Cl. 
The oxygen and gasoline in the jacket spaces 

8 and 82 are continuously replenished through 
the connections 6 and T. The check valves 
03 and f3 are set to open at the high pressures 

developed by the injectors but not at the rela 
tively low pressure in the tanks T5 and i8. The 
check valves 95 and 93 prevent reverse flow in the 
pipes 94 and 97. 
The pressure relief valves fo4 and 4 are pro 

vided to prevent bursting of the pipes 60 and ff0, 
should evaporation produce dangerous preSSure in 
either of these pipes after the valves C and 
have been closed to discontinue operations. 
The pressure tanks T and T8 constitute aux 

iliary starting equipment which may be used 
should occasion require. These tanks may be 
filled with liquid at high pressure by temporarily 
closing the valves 02 and 23 for the tank TT 
and opening the valve 22 when the apparatus is 
in operation. This Will cause the liquid oxygen 
which is under high pressure in the pipe 00 to 
enter the tank T. and to compress any gas Ol' 
vapor in the top of the tank to any desired pres 
sure, which pressure may then be retained by 
closing the valve 22. A similar procedure may 
be used to fill the tank T8 with gasoline under 
high pressure. By thereafter opening the valve 
23 for the tank TT, liquid oxygen under high 

pressure may be fed direct to the chamber Cl, 
and similarly by opening the valve 33 for the 
tank T8, gasoline under high pressure may be 
fed direct to the chamber C. It is thus possible 
to Start combustion in the chamber C very 
quickly and Without waiting for the injectors 
84 and 85 to become operative. 
Improved and simplified means is thus pro 

vided by which liquid combustion elements may 
be fed to a combustion chamber under high pres 
sures developed in the feeding apparatus itself 
and Without requiring auxiliary pumps or other 
similar apparatus. 

Having thus described the invention and the 
advantages thereof, it Will be understood that 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 a combustion apparatus comprising a 
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4. 
combustion chamber and low preSSure storage 
tanks for liquid fuel and liquid OXygen, in COm 
bination, injectors operative to feed said liquid 
fuel and liquid oxygen from said tanks to Said 
combustion chainber at relatively higher pres 
sures, and means to render said injectors opera 
tive, said means including two separate jacket 
spaces about said combustion chamber and con 
nections through which each jacket Space receives 
a portion of one of said liquids and delivers the 
vapor thereof to the corresponding injector under 
pressure and thereby renders said injector oper 
ative to feed its liquid to Said combustion cham 
ber at Substantially more than storage tank pres 
sure, together with separate high pressure stor 
age tanks connected between each injector and 
the combustion chamber, and means to render 
Said high pressure tanks selectively and imme 
diately operative to inject the corresponding liq 
uid to said chamber. 

2. In a combustion apparatus comprising a 
combustion chamber and low pressure storage 
tanks for liquid fuel and liquid oxygen, in com 
bination, injectors operative to feed said liquid 
fuel and liquid oxygen from said tanks to said 
combustion chamber at relatively higher pres 
Sures, and means to render said injectors opera 
tive, said means including two separate jacket 
Spaces about Said combustion chamber and con 
nections through which each jacket space re 
ceives a portion of one of said liquids and de 
livers the vapor thereof to the corresponding in 
jector under pressure and thereby renders said 
injector Operative to feed its liquid to said com 
bustion chamber at Substantially more than stor 
age tank pressure, together with separate high 
preSSure Storage tanks connected between each 
injector and the combustion chamber, means to 
render Said high pressure tanks selectively and 
immediately operative to inject the corresponding 
liquid to said chamber, and a separate pressure 
relief valve in the connection between each high 
preSSure storage tank and the combustion cham 
ber to protect the apparatus from excessive pres 
Sures developed by evaporation in said connec 
tions. 

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