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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 December 4, 1948, Serial No. 63,602 

(C. 60-45) 2 Claims. 

This invention relates to combustion apparatus 
as used in rockets and in other aerial propulsion 
mechanisms. Such combustion apparatus con 
monly comprises a combustion chamber and an 
associated discharge nozzle. If the combustion 
chamber is of the target type, the chamber also 
includes a premixing extension at the end thereof 
which is opposite to the discharge nozzle. 

It is the general object of the present inven 
tion to provide a target-type combustion cham 
ber having improved devices for feeding a liquid 
fuel, as gasoline, a liquid oxidized, as liquid oxy 
gen, and a third liquid, as water, to Said combus 
tion chamber. 
In the preferred form, the gasoline and oxy 
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gen are directed to a common focus in the pre 
mixing extension of the combustion chamber, and 
the Water is directed to a Separate focus which 
is positioned somewhat nearer the main combus 
tion chamber than the previously-mentioned 
common focus. 
The invention further relates to arrangements 

and combinations of parts which will be here 
in after described and more particularly pointed 
out in the appended claims. 
A preferred form of the invention is shown 

in the drawing, in which: 
Fig. 1 is a sectional side elevation of the im 

proved combustion apparatus, and 
Fig. 2 is a detail sectional view to be described. 
Referring to the drawing, the apparatus in 

cludes a combustion chamber C, an associated 
discharge nozzle N, a target-type extension E, 
and an outer casing to enclosing a jacket space S. 
Cooling water may be admitted to the space S 
through a pipe 2 at the outer end of the nozzle 
N, and the water may be discharged through a 
pipe 4 at the inner end of the combustion cham 
ber. 
The extension E has an outer casing 20 to 

which liquid oxygen may be Supplied through a 
pipe 2. The extension E Comprises a conical 
end portion 24, a reversed conical flange 25, and 
a second reversed conical flange 26 which is 
somewhat more sharply inclined. A baffle 2 cov 
ers a portion of the inner surface of the exten 
son E. 
The fange 25 is provided with a series of holes 

28 through which Oxygen is fed under pressure in 
a series of jets converging at the focal point F. 
The baffle 27 assists in directing the jets to said 
focal point. 
The flange 26 is surrounded by a flat, hollow 

casing , to which gasoline may be delivered 
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rality of openings 33 through which the gaso 
line is delivered under pressure to the extension 
Ein a series of jets, also converging at the point F. 
At its inner end, the combustion chamber C 

has a conical end wall 40 which is joined to the 
side wall of the flat casing 30 by a short reversed 
conical flange 42 having a series of spray open 
ings 43. An annular casing 45 provides a jacket 
Space S2 around the flange 42, and this space 
may be supplied with water under pressure 
through a pipe 47. This water is delivered 
through the holes 43 in a Series of jets converg 
ing at a focal point F" which is spaced axially 
from the focal point F and which is in the path of 
the combustion gases as they approach the en 
trance to the combustion chamber C. 
An additional series of spray openings 50 may 

be provided at the smaller part of the conical 
end wall 40 of the combustion chamber. These 
openings 50 are tangentially arranged, as shown 
in Fig. 2, and provide a thin film of water which 
cools that portion of the conical wall 40 which is 
not cooled by the water in the jacket spaces S 
and S2. 
A portion of the water discharged from the 

jacket space S through the pipe 4 may be de 
livered to the Supply pipe 47 through a cross pipe 
55 if so desired. In this case, separate supply 
connections for the pipe 47 may be omitted. 
The operation and advantages of the combus 

tion chamber above described will be readily ap 
parent. The gasoline and liquid oxygen are de 
livered to a common focal point F in the premix 
ing extension E, and combustion may be started 
by an igniter I of any usual or desired type. 
As the combustion gases then travel toward 

the chamber C, they pass the focal point F", to 
which point the jets of water are being directed. 
The water spray is there picked up by the hot 
combustion gases and is quickly and effectively 
converted into Steam, which increases the vol 
lume of the gaseous discharge through the noz 
Zile N, and correspondingly increases the thrust 
and effectiveness of the combustion apparatus. 
The Water Supplied through the spray openings 
50 to the conical end wall 40 of the combustion 
chamber is also converted into steam and pro 
vides additional gaseous volume. 
Combustion apparatus constructed as above de 

Scribed has been tested and has been found to 
provide a strong thrust and very high discharge 
velocities at the open end of the nozzle N. 

Having thus described the invention and the 
advantages thereof, it will be understood that 

through a pipe 3. The flange 2 also has a plu- 66 the invention is not to be limited to the details 
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herein disclosed, otherwise than as set forth in 
the claims, but what is claimed is: 

1. In combustion apparatus, a combustion 
chamber having a nozzle and having a closed 
inner end comprising a target-type premixing 
chamber extension, means to direct converging 
jets of two different combustion liquids toward 
said chamber extension and in Ward to a common 
axial focus in said extension, and means to di 
rect jets of a third and inert liquid toward said 
extension and inward to a Second focus which is 
spaced from Said ... common focus and which is 
nearer the nozzle end of Said combustion cham 
ber, said inert liquid being vaporized by the heat 
in said chamber extension and thereby substan 
tially increasing the volume of gaseous discharge 
from said chamber extension. 

2. In combustion apparatus, a combustion 
chamber having a conical inner end wall, a cond 
cal target-type premixing extension, rearwardly 
facing conical means to direct converging jets of 
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two different combustion liquids rearward and 
inward to a common axial focus in said extension, 
conical means to direct jets of a third liquid rear 
Ward and inward to a second focus which is 
Spaced from said common focus and which is 
nearer Said combustion chamber, and means to 
direct an additional portion of said third liquid 
in tangential jets against the conical inner end 
wall of said combustion chamber. 

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