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This invention relates to combustion chambers 
of the type having open discharge nozzles and 
adapted for use in rockets and rocket craft. 
The invention relates more speci?cally to the 
provision of improved feeding apparatus for 
such combustion chambers, which feeding appa 
ratus is operated by the recoil of the chamber 
as successive charges of the combustion mixture 
are ignited therein. Improved automatic valves 
are also provided, together with means for cool 
ing the valves and the combustion chamber 
walls. 
The invention further relates to arrangements 

and combinations of parts which will be here 
inafter described and more particularly pointed 
out in the appended claim. 
Preferred formsof the invention are shown in 

the drawings, in which 
Fig. 1 is a general plan view showing a com 

bustion chamber associated with a preferred 
form of the invention, and with certain details 
omitted for clearness; , 

Fig. 2 is an enlarged plan view of the improved 
feeding apparatus, partly in section, and show 
ing certain additional details omitted in the gen 
eral view of Fig. 1; ' . 

Fig. 3 is a further enlarged sectional plan 
view of one of the automatic valves; 

Fig. 4 is a sectional plan view of a modi?ed 
valve construction; - 

Fig. 5 is an end view of certain parts, looking 
in the direction of the arrow 5 in Fig, 4; and 

Fig. 6 is a side elevation of a liquid-cooled valve. 
Referring ot Figs. 1 and 2, a combustion cham 

ber C and discharge nozzle N are shown mounted ~ - 
to slide in a ?xed supporting frame I0. Pumps 
I 2, l4 and I 6 are provided to deliver liquids to 
the combustion chamber C, the .pump I2 deliver 
ing liquid oxygen through a feed pipe 20 (Fig. 2) 
to a jacket space 2| associated with the com 
bustion chamber head 22. 
The pump l4 delivers liquid fuel, as gasoline, 

through a feed pipe 24 to an annular jacket space 
25 in the combustion chamber head 22. These 
liquids are sprayed from the jacket spaces 2| 
and 25 through spray openings 21 and 28, and 
the sprays of the two liquids intersect and are 
intermingled as indicated by the arrows in Fig, 2. 
The pump I6 is connected by a feed pipe 30 

to an annular passage or volute 3|, and is pro 
vided to supply water or an inert liquid which 
enters the combustion chamber C tangentially 
through feed openings 32 and which cools the 
thin wall of the combustion chamber. Addi 
tional annular passages or volutes 34 and 35 may 
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2 
be connected to the feed pipe 30 for more com 
plete cooling of the chamber wall. 
The three liquids may be supplied under pres 

sure from tanks T, T’ and T2. The construc 
tion of one of the pumps, as I2, is shown in de 
tail in Fig. 3, and comprises a casing or cylinder 
40 mounted on a cross arm 4|, which in turn" 
is supported on the ?xed frame '10 (Fig. 2). 
Liquid oxygen is fed to the cylinder 40 through 
a supply pipe 42. ' 
A piston 45 is slidable in the cylinder 40, and 

leakage between these parts is prevented by a 
bellows packing 45. The piston 45 is mounted 
on a cross brace 50 carried by a movable frame 
5| (Fig. 2) which is mounted on and slidable 
with the combustion chamber C at each recoil 
of the chamber. 
The longitudinal position of the chamber C 

and frame 5| is controlled by springs 55 and 
56 (Fig. 2) which yieldingly resist displacement 
of the chamber and frame in either direction 
from normal mid-position. Threaded studs 59 
and 58 may be used to increase or decrease the 
pressure of either spring. 
Each pump is provided with a check valve V 

(Fig. 3) between the supply pipe, as 42, and the 
cylinder 40 and with a second ‘check valve V’ 
between the cylinder 40 and the feed pipe, as 
20, which connects the pump to the associated 
jacket space or volute. 
Each check valve comprises a streamlined 

member 60 or 60a slidable in a perforated guide 
ring 54 and engaging a narrow seating surface 
65. A spring 66 normally seats the valve mem 
ber .50, and a spring 61 seats the valve 60a. The 
spring 66 is relatively light, and the spring'?l 
is just strong enough to resist the tank or sup 
ply pressure, say thirty pounds, and to thus 
prevent flow from the cylinder 40 to the feed 
pipe, as 20, when no recoil is taking place. - 
With this construction. at each movement of 

the piston 45 to the right or in the direction of 
the arrow a in Fig. 3, the check valve V will open 
and the cylinder 40 will be ?lled with liquid. On 
return from the recoil. the piston 45 will be forced 
into the ?xed cylinder 40. The check valve V 
will immediately close, preventing. return of the 
liquid to the supply pipe 42, and the check valve 
V’ will open to deliver the liquid in the cylinder 
40 to the feed pipe 20. 
Consequently, a measured quantity of liquid 

will be delivered’to the combustion chamber after 
each explosion therein, and the amount delivered 
will naturally be proportionate to the cylinder ca 
pacity of each pump. By correctly proportion 
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ing the pumps, the fuel. oxidizing liquid and cool 
ing liquid will be fed in the desired proportions 
to the chamber C. - 

Ignition in the chamber C may be under the 
control of a spark-plug 10 (Fig. 2) wired to a 
source of current, as a battery B, and including 
normally spaced contact members ‘H and 12, 
mounted on the ?xed frame 10. The spark-plug 
l0 and the contact '12 are grounded and the con 
tact ‘H is insulated. A screw 13 adiustably 
mounted on the sliding frame 5| closes the cir 
cuit by engaging and moving the contact 1|. 
Ignition takes place as the cylinder reaches for— 
ward position after each recoil movement. 
The bellows packing 46 substantially prevents 

leakage between the cylinder 40 and piston 45 
during the recoil movements. Any slight leak 
age which may occur is returned to the supply 
pipe 42 through an expansible drain connec 
tion 15. 

If it is desired to increase the area of the check 
valve openings to permit more rapid ?ow, ‘the 
valve construction shown in Figs. 4 and 5 may be 
utilized. In this case, the ?xed cylinder 80 is 
provided with a disc 81 having a plurality of port 
openings 82, and the movable valve member com 
prises a movable spider 83 having port-covering 
portions 84. 4 The spider 83 is mounted on a non 
rotatable guide-rod 85 and is seated by a light 
spring 86. The piston 90 has a similar perforated 
end disc 9| and a spider 92 with port-closing 
portions 93 which are seated by a light spring 

The operation is the same as previously de 
scribed but, at each recoil movement, a plural 
ity of port openings are uncovered, instead of 
the single opening found in the construction 
shown in Fig. 3. 
For starting purposes, a hand lever I00 may 

be connected to the frame 5| by a link It". 
This lever may be moved in the direction of the 
arrow b to charge the pump cylinders. Release 
of the handle allows the frame to return to nor 
mal position and with the usual pumping action. 
Flow to the pump cylinders is preferably con 

trolled by valves H0, Ill and H2 (Fig. 2) which 
may be connected to a single operating rod I I4, 
by the use of which simultaneous supply of all 
three liquids to the pumps may be effected. 
Where one of the pumps, as the pump I20 

(Fig. 6), is used to pump a very cold liquid, such 
as liquid oxygen, it may be desirable that this 
pump should be precooled. This may be accom 
plished by providing a coil I2! surrounding the 
pump cylinder and connected to the liquid oxy 
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gen storage tank, one end of the coil being con 
nected to the bottom of the tank and the other 
to the top. Circulation through the coil will 
then precool the pump cylinder. 
The rate of feed may be controlled by varying 

the stroke of the sliding frame, as by an adjust 
able stop screw I30 (Fig. 1). The extent of 
opening of the valves H0, Ill and H2 (Fig. 2) 
may also be adjusted by a screw I3l. 
Having thus described the invention and the 

advantages thereof, it is not desired that the 
invention be limited to the details herein dis 
closed, otherwise than as set forth in the claim, 
but what is claimed is: 

In a rocket apparatus, a ?xed frame, a com 
bustion unit slidable by recoil in said ?xed frame 
on the ?ring of each successive charge of a 
liquid combustion mixture and said unit com 
prising a combustion chamber and a discharge 
nozzle permanently secured thereto, separate 
pumps for the liquid fuel and for the liquid oxi 

' dizer in said combustion mixture and each pump 
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comprising a cylinder and piston, one part of 
each pump being secured to said ?xed frame and 
the other part of each pump being connected to 
and, movable with said combustion unit, the rela 
tive cylinder capacity of said pumps being se 
lectively proportioned to the predetermined de 
sired relative proportions of fuel and oxidizing 
agent in the combustion mixture but all of said 
pumps having the same stroke, supply and de 
livery connections to said pumps, and .a. check 
valve in each‘pump part opening toward said 
combustion chamber. 

ESTHER C. GODDARD, 
Executria: 0/ the Last Will and Testament of 

Robert H. Goddard, Deceased. 
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