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6 Claims. (Cl. 60—35.6)

This invention relates to a chamber wall assembly for
rocket motors or the like and the method of making the
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same, and more particularly, to a thrust chamber wall :

assembly and the process for combining a heavy-walled
section with a thin-walled cooling jacket forming the in-
ner wall structure of the chamber wall.

In the operation of rocket motors over extended periods
of time, the thrust chamber wall structure primarily must
be capable of withstanding high tensile stresses and pres-
sures, yet must permit high heat transfer rates there-
through in order to induce most efficient cooling of the
rocket motor. Unfortunately it has been found difficult
to efficiently and inexpensively construct a wall structure
combining the favorable properties of high thermal con-
ductivity and high strength at elevated temperatures.
One effective means of cooling the rocket motor is to
provide cooling passages extending the length of the rocket
motor wall through' which coolant fluid is circulated to
absorb the heat given off by the combustion gases. Usual-
1y the coolant passages are comprised of a series of tubular
members either helically wound through the wall struc-
ture or passed axially along the walls to form a cooling
jacket. However, the tubes themselves must be thin-
walled to be highly conductive, yet must be supported in
some way to withstand high pressure loads, and further
must be sealed off to prevent the escape of hot combustion
gases through the wall structure.

To adequately support and seal the coolant passages,
it has been proposed to insert a light metallic alloy filling
between the thin walled tubes, normally by a welding or
spraying process; however, such a process is time con-
suming, particularly in order to form a consistent layer
over the tubes which is of a sufficient thickness to with-
stand high pressures. Also, it is common to enclose the
tubes by means of collars or flanges clamped or Welde.d
together to embrace the tubes or cooling passages. This
has been found impracticable due to the difficulty of form-
ing a gas-tight seal between the tubes while at the same
time making the rocket motor lightweight and compact.
Consequently, it is the primary object of my invention to
provide an inexpensive, rapid, and efficient process -of
combining a plurality of thin-walled coolant passages with
a heavy-walled outer section in such a way that gases are
completely confined within the wall structure, yet a result-
ant wall structure is formed which is capable of withstand-
ing high pressure loads and offers high thermal conduc-
tivity over extended periods of time.

It is another object to provide an inexpensive and
efficient process for making a compact, lightweight thrust
chamber wall structure comprised of a substantially in-
tegral wall assembly of separate metallic alloy sections.

1t is another object to provide a process utilizing a cool-
ing jacket assembly as a support within a casting mold
for the casting of an outer section thereto so as to con-
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tact the outer peripheral surface of the cooling jacket
over its entire length in direct heat conducting and pres-
sure resistant relation. )

A further object is the method of forming a rocket pro-
pellant combustion chamber having a plurality of thin-
walled tubes disposed in juxtaposed; side by side relation
and gradually flattened intermediate their ends at the
necked-down portion of the combustion chamber to dis-
pose the opposite sides of the adjacent tubes in abutting
relation throughout the length of the combustion cham-
ber, and casting a form-sustaining metallic shell over the
exterior of the combustion chamber formed by the tubes
to form a homogeneous combustion chamber having the
tubes lining the interior thereof and extending longi-
tudinally of the combustion chamber in radial planes
through the central axis of the combustion chamber.

It is still a further object to provide a regeneratively
cooled rocket motor wall assembly in which the coolant
passages are combined with a protective casing so as to
form: a sealed cooling structure capable of withstanding
high tensile stresses and pressures. '

In accordance with the preceding objects and advantages
and to overcome the past difficulties as set forth, my
invention offers substantial improvements in the art of
thrust chamber wall construction in the protection and
housing of a plurality of specially selected and assembled
thin-walled cooling passages by means of a novel casting
process in which the assembled cooling passages are sup-
ported within a casting mold to form an inner lining, and
a lightweight metallic alloy is cast to the outer peripheral
surfaces .of the-assembled tubes to form a continuous,
heavy-walled section. In this way, a rocket motor wall
structure is formed requiring a minimum number of steps
in carrying out the process and makes possible the forma-
tion of a chamber wall combining the most favorable
characteristics of different specially selected metallic al-
loys in substantially integral relation. -

Other advantages and objects of the invention will be
more fully understood by reference to the drawings in
which: -

Fig. 1 is a quarter-sectional view of the thrust chamber
assembly of a rocket motor;

Fig. 2 is a side view partially in section showing the
cooling jacket assembly;

Fig. 3 is an end view of Fig. 2 showing the relative dis-
position of the assembled thin-walled tubes which form
the cooling jacket and partially sectioned to show the
flatted tubes in the nozzle section; and

Fig. 4 is a section view illustrating the casting mold,
housing the assembled cooling jacket and outer shell.

Referring miore particularly to the drawings, in Fig.
1 there is shown a thrust chamber assembly 19 made
up of a head portion at its forward end which. includes
broadly a cylindrical, forward manifold ring portion 11
for attachment of injector plate 12 by means of suitable
studs 13 so as to close off the foward end of the thrust
chamber assembly 18. Circumferentially extending about
the periphery of the raised shoulder portion 11 is an in-
jector propellant manifold or passage 14, and a plurality
of thin-walled tubes or conduits 16 are passed rearwardly
from the inlet manifold section 14 and extend the entire
length of the thrust chamber assembly 1@ so as to form
a tube assembly 17 constituting an annular row of axial
flow coolant passages defining the inner wall structure
of a combustion chamber 2¢ and nozzle section 21 of the
thrust chamber assembly. Enclosing the tube assembly 17
is a continuous outer heavy walled section 23 intimately
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contacting the tube assembly 17 throughout the com-
bustion chamber 20 and nozzle section 21 and formed in-
tegrally with the forward manifold ring 11 and rear-
ward manifold ring 24 which houses the propellant sup-
ply manifold 25 circumferentially extending about the
manifold ring 24. The tube assembly 17 is terminated
at the entrance to the fuel supply manifold 25 as shown
in Fig. 1. ‘ -

As shown more clearly in Figs. 2 and 3, each thin
walled tube 16, preferably of lightweight metallic alloy
composition, such as stainless steel, is bent to describe
the desired contour of the combustion chamber 20 and
nozzle section 21. Thus each tube extends rearwardly
parallel to the axis of the combustion chamber 20, con-
verges inwardly toward the longitudinal axis of the thrust
chamber to form the throat section of the nozzle and then
diverges rearwardly away from the axis of the thrust
chamber assembly. The forward and rearward ends
16a of each tube are bent outwardly so as to extend
into the forward and rearward manifold ring portions.

In assembly, the tubes 16 are axially aligned and
gradually flattened on their opposite sides in the necked-
down or mnozzle portion of the thrust chamber to be
in juxtaposed, side-by-side relation throughout substan-
tially the length of the combustion chamber and are
wrapped to form a tubular bundle by means of wire
straps 18 which are tack-welded as at 19 to the outer
surfaces of each tube at spaced intervals along the length
thereof. By welding the straps to each tube and bend-
ing the straps to form a circular band or hoop, then
welding each strap together at its free ends, the tube
assembly is thercby constrained into a tight, annular
bundle of tubes. Of course, the wire straps 18 serve
mainly to maintain the tube assembly in the desired con-
figuration prior to the casting process, and are not ex-
pected to resist any outward pressure loads applied to
the tube assembly. However, in combining the tubes
in tight fitting annular relationship, the straps are useful
in preventing any buckling or collapse of the tube assem-
bly due to the differential thermal expansion of the tube
bundle and the casting.

It is to be noted that each alternate tube is varied in
length so that, in bending of the ends, the tube assem-
bly is staggered at its forward and rearward ends for
connection into the propellant manifolds. Tn the cast-
ing process, which will be described, the staggered rela-
tion between the tubes is advantageons in forming a
secure connection between the tube assembly and outer
heavy wall section. )

. Furthermore, each tube is flatted, as shown in Fig.
3, in the area of convergence and divergence throughout
the throat section in' order to compensate for the de-
crease in cross sectional area at this point. In addition,
such a flatted construction in the throat section will in-
crease the velocity of the coolant-propellant through
the tubes to provide the added coolant flow necessary
to counteract the increased liberation of heat at this point,
since the maximum combustion gas flow per unit area
occurs in the throat section.

The casting process is carried out as follows: In Fig.
4, a flask 30 is shown having a cope portion 31 and
a drag portion 32 mounted on a molding board 33. In
making the mold a pattern (not shown) is formed to
correspond with the desired outer configuration of the
thrast chamber wall assembly, allowance being made for
contraction of the metallic alloy in cooling.  The lower
half of the pattern is first placed on the molding board
33, and the drag is placed over the board with the pins
34 down. A porous molding sand 35, preferably green-
sand, is then filled and rammed firmly into the drag 32.
After the ramming is completed and any excess sand
leveled off, the lower half of the mold is turned over
and the cope placed into position over the drag. Sand
is then rammed into the cope portion about the upper
half of the pattern, a forked sprue pin having been placed
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4
to extend adjacent each end of the pattern to form sprue
openings 36 for pouring the molten alloy. Both the
cope and drag portions should be vented fo permit escape
o* the gases during the casting process. .

The mold is finally completed by removing the pattern
and the sprue pin and funneling the top of the sprue
openings as shown. The tube ends are extended as at
16b so as to abut the cavity wall during the casting
process, and the open ends of the tubes at 164 and 16b
are plugged, such as by use of suitable weld, in order
to prevent influx of any of the molten metal in the tubes
and to prevent metal chips from entering the fubes in
machining out the manifolds. The tube assembly 17 is
then supported within the cavity formed by the pattern
by means of dry-sand core sections 37 and 38 inserted
into the combustion chamber 20 and nozzle section 21
respectively, the attached dowels 39 acting to support the
cores 37 and 38 and tube assembly 17 in spaced relation
with respect to the cavity wall.

A lightweight molten metallic alloy, preferably an
aluminum alloy, is then poured into the remaining cavity.
around the outside of the tube assembly to form the outer
heavy walled section 23, care being taken in filling the
cavity to prevent uneven shrinkage of the aluminum
alloy about the tube assembly. In that the aluminum
alloy will contract while cooling, the outer heavy walled
section will therefore tend to draw tightly about, and fill
around the outer curvature of each tube. In this way, a
substantially integral wall structure is formed completely
enclosing the outer surface of the tube assembly and
forming the forward and rearward manifold rings 11
and 24 respectively which completely surround the
spaced, or staggered tube ends. The stainless steel fubes,
having a melting point higher than that of the aluminum
alloy outer section, will not be affected by the high tem-
perature molten alloy poured into the cavity.

Upon solidification and cooling of the casting the com-
pleted wall structure is then removed from the molding
sand, and the core sections 37 and 38 together with the
dowels 39 are withdrawn from the chamber assembly.
The entire oufer section is then machined, including the
manifold openings which are formed out of the forward
and rearward manifold rings 14 and 25, and the tube
ends at the entrance to the manifolds are drilled out.

Manifold covers 15, shown in Fig, 1, are placed over
the manifold sections 14 and 25, respectively, to enclose
the coolant-propellant manifolds, and injector passages
19 are drilled into the inner wall of the forward manifold
ring 11 to intercoanect the injector manifold 14 and the
injection section (not shown) disposed in front of the
combustion chamber. The injector plate 12 is then at-
tached to the forward end of the thrust chamber as-
sembly by means of the studs 13. As the relative dis-
position and arrangement of the remainder of the rocket
motor, such as the injector system, and propellant supply
lines, form no part of this invention, they are not de-
scribed.

Of course, other suitable materials can be used in the
casting process as explained so long as the tubes have a
melting point sufficiently high fo prevent melting by the
molten metal when poured. In addition, it would be
possible to use substantially the same material in the
tube assembly and outer section and provide a sufficiently
thick surface on the oufer wall of the tube assembly so
that the molten metal will merely fuse with the outer
surface and not affect the tube assembly itself. In the
preferred form, it has not been found necessary to fuse
the tube assembly and outer sections together in order
to obtain a gastight seal due to the complete inclosure
of the tubes by the outer section and the closed annular
arrangement of the tubes themselves. Furthermore, it is
not my intention to limit the casting process or construc-
tion as set forth to rocket motor wall assemblies, but
has been found to be advantageous in other arts, such as
the construction of heat exchange wall sections.
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Before firing of the rocket motor takes place, a ceramic
coating is brushed over the inner wall structure of the
combustion chamber and nozzle section to provide addi-
tional protection for the cooling passages. The appli-
cation of the ceramic coating is repeated before each
firing operation to completely insure against any gas leak-
age through the cool surface.

In the firing operation, oxidizer or fuel is used as the
coolant-propeltant and is conducted by means of a pro-
pellant supply system into the manifold 25 through the
cooling jacket or tube assembly 17 and propellant mani-
fold 14 for injection and ignition in the combustion
chamber 2.

The heat of reaction developed in the combustion
chamber is initially absorbed by the gaseous film layer
on the inside of the chamber wall, then experiences a
small temperature drop through the thin-walled tubes fol-
lowed by a substantial drop across the path of the coolant-
propellant. Of course, the highest heat transfer intensity
occurs at the throat section; however, due to the added
velocity of the coolant at this point and the fact that the
coolant is at a lower temperature at the rearward end
of the combustion chamber, adequate cooling is accom-
plished. .

The stresses developed during the firing operation due
to the internal pressure of the combustion gases are car-
ried by the outer shell. The differential in thermal expan-
sion between the tube assembly and casting tends to
buckle the tubes; however, the tight annular formation of
the tubes together with the stiffening bands 18 can safely
withstand this thermal expansion differential.

While I have disclosed a preferred embodiment of my
invention, it is obvious that certain modifications may be
made, as for instance, in the manner of carrying out the
casting process, without departing from the spirit of my
invention as described in the appending claims.

What is claimed is:

1. A method of comstructing a rocket motor thrust
chamber of the type having a head portion and an end
portion spaced from the head portion with annular fluid
passages in the head and end portions and coolant tubes
arranged in parallel relation formed so as to constitute the
inner wall of the thrust chamber and interconnecting the
fluid passages in the end portion and head portion, and a
continuous, heavy-walled, light metal alloy shell integral
with the head and end portions and contacting the tubes
over their eatire length in heat conducting relation, com-
prising: making a mold by adapting a pattern into two
halves forming a cavity therein conforming to the contour
of the head, end and intermediate shell portions, forming
a bundle of coolant tubes into a shape defining the inner
wall of the thrust chamber, securing said tubes in assem-
bled relation, positioning said tube assembly in the mold
cavity and casting a continuous, metal body about the
tube assembly by initially mounting the lower half of the
pattern and the drag of a two-part molding flask in posi-
tion on said molding board, firmly packing a porous mold-
ing sand into said drag and levelling off any excess sand,
reversing the position of the mold so formed, positioning
the upper half of the pattern and the cope of said molding
" flask over said drag, again firmly packing a porous mold-
ing sand into said cope around the upper half of the pat-
tern and simultaneously forming sprue openings adjacent
each end of the pattern for pouring therein molten alloy.

2. The process of making a thrust chamber wall assem-
bly of a rocket motor in which the rocket motor includes
an injector propellant mainfold, a propellant supply mani-
fold, and a connected combustion chamber and nozzle
portion, said process consisting essentially of shaping each
of a plurality of elongate heat conductive conduits to ex-
tend axially throughout substantially the length of said
rocket motor so as to correspond with the desired contour
of the connected combustion chamber and nozzle por-
tions; bracing said conduits in parallel alignment to form
a tubular bundle; applying a ceramic coating to the com-
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bustion chamber side of said tubular bundle; making &
mold in which the pattern is adapted to the desired ex-
terior manifold and chamber wall configuration and then
firmly packed with 2 sand core; removing the pattern and
positioning said tubular bundle in the mold in spaced rela-
tion with respect to the outline formed by the.pattern; and
pouring a molten metallic alloy about the outer surface of
the tubular bundle and allowing it to solidify by forming a
plurality of sprue openings in the firmly packed sand core
of said pattern before removal thereof, funneling the top
of said sprue openings, extending opposite ends of said
tubular bundle to abut the walls of said chamber wall
configuration, and plugging the open ends of said tubular
bundle to prevent influx of molten metal thereinto, said
tubular bundle forming an inner coolant wall intercon-
necting the propellant supply and injection manifold por-
tions at each end for the flow of coolant-propellant
through said annular jacket.

3. The process according to claim 2, in which said heat
conductive conduits are further characterized by being
bent at their end portions in staggered relation at the
propellant supply and injection manifold portions, and the
alternate spaces between said staggered end portions being
filled with said molten metallic alloy during the casting
process.

4, The process of casting a continuous, heavy-walled
section to a plurality of coolant tubes disposed in juxta-
posed, aligned parallel relation so as to constitute an inner
annular wall structure of the thrust chamber of a rocket
motor in direct thermal contact with the interior of said
chamber, consisting essentially of assembling thin-walled
coolant tubes in longitudinally extending, parallel rela-
tion, attaching a plurality of circular, metallic bands about
the periphery of the inner annular wall structure formed
by said tubes at spaced intervals along the length thereof,
forming a cavity within a casting mold corresponding in
shape to the desired configuration of the exterior rocket
motor, supporting said coolant tubes in inner concentric,
spaced relation with respect to the cavity wall so as to
define the inner lining of the thrust chamber of the rocket
motor, pouring a molten aluminum alloy into the casting
mold to fill the cavity surrounding the outer surface of
said coolant tubes to thereby form a continuous, heavy-
walled section in direct thermal contact with the outer
periphery only of said coolant tubes, said coolant tubes
being initially supported relative to said cavity wall by a
pair of dry-sand core sections positioned respectively
within the thrust chamber and nozzle section of the rocket
motor to maintain said coolant tubes in spaced relation
relative to the wall of the cavity until said molten alloy
has been poured therein.

5. The process according to claim 6, in which said
coolant tubes are gradually fiattened on their opposite
sides in the area of convergence and divergence in the
nozzle section of the thrust chamber to thereby form a
rearwardly convergent and divergent annular wall struc-
ture at the rearward end of said rocket motor and com-
pensate for the reduced cross-sectional area and increase
the velocity of flow thereat and thus counteract the in-
creased heat transfer throughout the nozzle section.

6. A wall structure for a rocket motor of the type
which includes a combustion chamber and associated re-
stricted mozzle section rearwardly extending therefrom,
an annular propellant supply manifold and injector pro-
pellant manifold at the rearward and forward ends of
said rocket motor respectively, said wall structure consist-
ing of a plurality of stainless steel tubes disposed in juxta-
posed, side by side relation progressively flattened inter-
mediate their ends adjacent said restricted nozzle section
and bent to correspond with the desired contour of the
associated combustion chamber and nozzle section to
constitute an annular jacket defining the configuration of
said combustion chamber and associated nozzle section;
a series of metallic hoops secured peripherally about the
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outer surface of each of said plurality of tubes to con-
strain said tubes in assembled relation; and a seamless,
outer heavy-walled casting in direct contact with the outer
surface only of each of said tubes over their entire lengths
and formed with the propeliant supply manifold enclos-
ing the rearward ends of said tubes to direct coolant fuel
through said tubes; and formed with an annular injector
propellant manifold enclosing the forward ends of said
tubes in communication therewith, and a continuous shell
interconnecting said manifolds to thereby co-operate with
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said annular jacket in conducting heat from said asso-

8

ciated combustion chamber and nozzle section and with-
standing "high-pressure combustion gases.
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