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I57] ABSTRACT 

Longitudinally extending coolant channels are formed by 
means of a cutting tool in a monolithic tubular wall section 
used as the convergent-divergent thrust nozzle for a rocket en 
gine combustion chamber. The width of the channels at par 
ticular locations along their length is established in inverse 
relationship to the amount of heat to be removed from the 
combustion chamber at that location. In forming the coolant 
channels their side wall planes are established and radial 
planes of the tubular wall section are formed in parallel rela 
tionship with the side wall planes. The cutting tool is aligned in 
the radial planes and then is displaced laterally into the side 
wall planes for cutting the channels. The number of passes 
required for the cutting operation depends on the width of the 
tool and the width of the channel which varies over the length 
of the combustion chamber. 

1 Claim, 11 Drawing; Figures 
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ARRANGEMENT OF COOLING CHAMBERS FOR 
ROCKET ENGINE COMBUSTION CHAMBERS 

SUMMARY OF THE INVENTION 

The present invention is directed to the formation of cool 
ing channels over the variable diameter length of a rocket en 
gine combustion chamber having a convergent-divergent 
thrust nozzle and, more particularly, it is concerned with the 
formation of the cooling channels by cutting the channels in 
the outer surface of a monolithic tubular wall section shaped 
in the form of the convergent-divergent thrust nozzle. To 
complete the cooling channels an outer wall covering is placed 
about the tubular wall section to form individual channels. 

In the operation of a rocket engine, high pressure conditions 
are required in order to achieve the requisite efficiency and 
the operation takes place under extremely high temperatures. 
Accordingly, in liquid fuel rocket engines, it is customary to 
cool the highly thermally stressed combustion chamber walls 
by flowing at least one propellant component of the com 
bustion process through the cooling channels, entering at the 
rear end of the thrust nozzle through a feed ring, passing 
through the cooling channels in the longitudinal direction of 
the combustion chamber, collecting the propellant com 
ponent in another ring at the opposite end of the nozzle wall 
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from which it is fed through an injection head into the com- _ 
bustion chamber. As mentioned, the cooling channels extend 
in the longitudinal direction of the combustion chamber 
thrust nozzle body. The formation of the outer wall of the 
cooling channels can be effected in a number of different ways 
known in the art. 

In use, a rocket engine combustion chamber~thrust nozzle is 
exposed over its entire length to mechanical and, especially, to 
thermal stresses which vary over the extent of the combustion 
chamber. To obtain a uniform heat balance for the com 
bustion chamber and to maintain a mean wall temperature 
over its length, it is necessary to remove greater amounts of 
heat from certain locations due to the higher temperature at 
those locations and this heat removal is achieved by a liquid 
cooling medium passing through the cooling channels. One 
means of achieving heat removal is by varying the cross sec 
tional area of the cooling channels over the length of the com 
bustion chamber for increasing the velocity of the liquid cool 
in g medium and thereby effecting variable heat removal. Such 
variable heat removal is easier to accomplish in combustion 
chamber-thrust nozzle bodies which are formed of a mul 
tiplicity of individual members within which the cooling chan 
nels are formed rather than in combustion chambers formed 
of a monolithic tubular wall section. With regard to 
monolithic tubular wall sections it has been the experience in 
the past that the necessary dimensioningof the cooling chan 
nels can be achieved only in cast combustion chamber-thrust 
nozzles. However, such units made of cast iron are, for various 
reasons, unsuitable for heavy duty combustion chambers. Ac 
cordingly, the formation of cooling channels which are 
adequate for removing the heat generated in the combustion 
chamber thrust noules still provides considerable difficulties 
apart from the fact that the manufacturing methods used up to 
the present time are expensive. 

Accordingly, it is the primary object of the present inven 
tion to provide a method and arrangement of cooling channels 
in a monolithic tubular wall section for a combustion 
chamber-thrust nozzles of a rocket engine in which the cool 
ing channels are easily and economically formed. 

Therefore, in accordance with the present invention, the in 
dividual cooling channels are formed for their entire length or 
for individual sections of the combustion chamber between 
cutting planes which extend longitudinally through the 
monolithic wall section and intersect in a vertex line which 
may be offset from the central axis of the combustion 
chamber. The cutting planes are determined by the mean 
channel width of the cooling channels at speci?c locations, 
such as at the opposite ends of the combustion chamber and at 
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the transition plane between the converging and diverging sec 
tions of its thrust nozzle. 

After establishing the cutting planes for the cooling channel 
side walls radial planes of the combustion chamber are formed 
disposed in parallel relationship with the cutting planes. Ini 
tially, a tool reference plane is established along the plane of 
symmetry of the cooling channel and then the tool is displaced 
into a working plane parallel to the radial plane and congruent 
with the channel side wall to be machined. With the tool 
located in position to cut or otherwise form the channel side 
wall the tool is placed in operation for cutting the required 
depth of the channel and by means of its longitudinal feed it 
produces one side wall of the channel in a single pass. The for 
mation of the opposite side wall of they same channel is ef 
fected in a similar manner with the displacement of the tool 
from the original tool reference plane corresponding to the 
plane of symmetry of the channel into the cutting plane 
disposed in parallel relationship with the adjacent radial plane 
of the combustion chamber. 
By means of the present invention, the cooling channels can 

be easily formed to accommodate the various thermal stresses 
which exist within a rocket engine combustion chamber-thrust 
nozzle and .it affords a simple production method within the 
geometric and constructional limits of the variable dimension 
ing required of the channels. 
The various features of novelty which characterize the in 

vention are pointed out with particularity in the claims an 
nexed to and forming a part of this speci?cation. For a better 
understanding of the invention, its operating advantages and 
speci?c objects attained by its use, reference should be had to 
the accompanying drawings and descriptive matter in which 
there is illustrated and described a preferred embodiment of 
the invention. 
In the drawing: 

FIG. 1 is a partial longitudinal sectional view of a rocket en 
gine combustion ‘chamber-thrust nozzle illustrating the 
method of forming the cooling channels in accordance with 
the present invention; 

FIGS. 2, 2a, and 2b are‘transverse sections taken along the 
lines II - II in FIG. 1 indicating the operation of forming the 
cooling channels in the wall section of the combustion 
chamber‘thrust nozzle; 
FIGS. 3, 3a, and 3b are transverse sections similar to FIGS. 

2, 2a,,and 2b taken along the line III-III in FIG. 1; 
FIGS. 4 and 5 are top views of the cooling channels illustrat~ 

ing the positions of the cutting tool in the formation of the 
channels; 

FIG. 6 is a perspective view of apparatus including a cutting 
tool for forming cooling channels in the wall section of the 
combustion ‘chamber-thrust nozzle; and 

FIG. 7 is a side view of the apparatus shown in FIG. 6. 

DETAILED DESCRIPTION OF THE INVENTION 
In FIG. 1 a combustion chamber-thrust nozzle body 1 is 

shown containing a longitudinally extending cooling channel 
2, though not shown the body I contains a plurality of such 
cooling channels and the completed combustion chamber 
thrust nozzle member is provided with an exterior covering 
about the body 1 which forms the outer wall of the cooling 
channels 2. The body I is formed of a monolithic tubular wall 
section of variable diameter along its length. One end of the 
body I is fon'ned by a cylindrically shaped section 1a, the op~ 
posite end is formed by a diverging section 1b and a converg 
ing section 1c extends between the cylindrical section 1a and 
the diverging section lb tapering inwardly from the cylindrical 
section to the transition plane between the converging section 
1c and the diverging section 1b at which the minimum diame~ 
ter of the combustion chamber exists. 
The width of the cooling channels 2 is determined, in addi 

tion to geometrical and constructional requirements, by the 
stresses within the combustion chamber, particularly the ther 
mal stresses. Within the combustion chamber the highest ther 
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mal stresses occur in the range of the converging section of the 
thrust nozzle and decrease in the diverging section. Ac 
cordingly, to increase the velocity of the liquid cooling medi 
um ?owing through the channels 2 the cross sectional area 
and, accordingly, the width is reduced in the sections which 
are more highly stressed for attaining the desired heat removal 
characteristics. As a result, the width of the cooling channels 
is less in the cylindrical and converging sections of the com 
bustion chamber as compared to the diverging section, note 
FIGS. 4 and 5. In particular for geometric reasons, the cooling 
channels 2 are most narrow at the neck or transition point 
between the converging and diverging sections. ’ 

In the formation of the cooling channels, cutting planes VI 
and V2, see FIGS. 2, 2a, and 2b, extend through the side walls 
having the width x at the transition point between the converg 
ing and diverging sections 1c, 1b and the width y for the cylin 
drical section 1a. Since the diameter at the location of the 
transition point having the width x is considerably less than for 
the cylindrical section having the width y, the cutting planes 
V,, V2 intersect at a line S1, 2 offset from the central axis ZL 
of the monolithic tubular wall section body 1. The cutting 
planes V1, V2 are established for a mean duct width measured 
at half channel height. Bi-secting the angle formed between 
the cutting planes V1, V2 is a plane of symmetry KT of the 
cooling channel. A radial plane R,, R2 is formed adjacent each 
of the cutting planes V“ V2 extending through the central axis 
ZL of the body 1 and disposed in parallel relationship with the 
adjacent cutting planes. 

In the step of forming the channels, note the apparatus 
shown in FIGS. 6 and 7, a tool W, such as a side milling cutter 
is initially established in plane WB which corresponds with the 
plane of symmetry KT. As can be seen in FIG. 2a, the body 1 is 
rotated about its central axis for displacing the side of the tool 
W into the radial plane R1. Next, from the radial plane R1, the 
tool W is displaced laterally in the direction of the arrow 11 into 
the cutting plane Vl arranged in parallel relationship with the 
radial plane. With the side of the tool W corresponding to the 
cutting plane V,, the cutting or formation of the channel side 
wall is commenced by permitting the tool W to move into the 
monolithic tubular section body I for the depth of the channel 
and, as indicated in FIG. 4, the tool progresses from the posi 
tion a in the cylindrical section la of the combustion chamber 
to the position I; located at the transition plane between the 
converging section It‘ and diverging section lb. In this manner 
one side wall corresponding to the cutting plane V1 is formed. 
Similarly, in a mirror image fashion, as shown in FIG. 2b, the 
opposite side wall of the channel 2 is formed following the 
same procedure as set forth above. In the formation of the side 
wall V2, the tool W is moved in the direction of the arrow 1' 
from the radial plane R2 into the cutting plane V2. 
As is apparent, the width of the tool W must be equal to or 

smaller than the smallest channel width x. As a result, if the 
width y is greater than twice the width x of the channel 2, it is 
necessary that an additional cutting operation be performed to 
remove the portion of the body 1 remaining within the chan 
nel cross section between its side walls. Such an additional 
cutting operation may require one or more individual longitu 
dinally extending cutting steps. 
As indicated previously and as shown in FIGS. 3, 4 and 5, 

the mean channel width 1 at the end of the diverging section 
lb remote from the converging section 16 is greater than the 
width y at the opposite end of the combustion chamber. As a 
result of this characteristic, the cutting planes for the cooling 
channels extending from the end of the diverging section lb to 
the transition plane between the converging and diverging sec 
tions intersect along a vertex line 53, 4 which is offset from the 
central axis ZL of the body 1 on the opposite side of the axis 
relative to that indicated in FIGS. 2, 2a, 2b. The formation of 
the planes for cutting the cooling channels 2 from the end of 
the diverging section lb to its point of intersection with the 
converging section lc is similar to that described above. The 
radial planes R3, R4 are disposed in parallel relationship with 
the cutting planes V3, V4, however, the radial planes are 
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4 
located outwardly from the cutting planes relative to the loca 
tion of the cooling channel, as distinct from the arrangement 
of the cutting planes V, and V2 which were located outwardly 
from the radial planes R,, R2. Initially, the tool reference plane 
W3 is congruent with the plane of symmetry KT of the cooling 
channel to be formed and then the body I is rotated about its 
central axis ZL until the tool reference plane is co-planar with 
the radial plane R3. By displacing the tool W in the direction of 
the arrow 1', the tool is placed in the cutting plane V3 in parallel 
relationship with the radial plane R3 and the cutting operation 
can be commenced. As shown in FIG. 5, the cutting operation 
commences at position c and progresses in the direction in 
dicated by the arrow to position d corresponding generally to 
position b of FIG. 4 which is in the transition plane between 
the converging and diverging sections 10, 112. After the forma~ 
tion of the side wall plane V_,, the opposite side wall of the 
channel located in the cutting plane V,‘ is formed in a similar 
mirror image fashion as indicated by FIG. 3b. 

In FIGS. 6 and 7 a combustion chamber-thrust nozzle body 
is positioned on a rotatable mandrel which is supported on a 
movable bed plate. A cutting device 13 with a tool W is 
movably positionable relative to the combustion chamber 
thrust nozzle body for cutting the cooling channels. The body 
is displaced in the axial direction relative to the cutting device 
by moving the bed plate in the direction of the arrow m. The 
variation in the cutting depth of the tool W is obtained by 
moving the cutting device 13 in the direction of the arrows 0-p 
and the tool itself is displaceable in the direction of the arrows 
h-i. 

Since the divergence of the cooling channels in the 
direction of the diverging section lb is greater than in the 
direction of the cylindrical section la, it is possible to let the 
tool W extend from the cylindrical section into the converging 
section beyond the thrust nozzle neck or transition plane as in 
dicated by position b in FIG. 4, as a result, the channel side 
walls corresponding to the cutting planes V3, V, are not 
damaged in the diverging section of the thrust nozzle. How 
ever, when the channel walls corresponding to the cutting 
planes V3, V, are being formed care must be taken that the 
tool W does not extend beyond the transition plane, that is, 
the nozzle neck indicated by the position d in FIG. 5 to avoid 
damage to the continuing side walls of the channel located on 
the opposite side of the transition plane at position d. 

Accordingly, a very thin cutter tool W, that is, of the small 
width or a cutter tool having a very small diameter may be 
used in the formation of a cooling channel in the range of the 
nozzle neck and thereby avoiding any contact between the 
cutter and the side walls in the cutting planes V1, V2 beyond 
the position d. 

It is possible to form the channel side walls in the converg 
ing section and the cylindrical section in the opposite 
direction to that indicated in FIG. 4, that is, from position b to 
position a. It is also possible to form the cooling channels in 
the diverging section ranging from the position d to the posi 
tion 0. 

What is claimed is: 
l. A method of forming coolant channels in a rocket engine 

combustion chamber formed by an elongated monolithic tu 
bular wall section symmetrically arranged about a longitu 
dinally extending central axis and having a cylindrically 
shaped section at one end, a diverging section at the other end 
and a converging section tapering inwardly from and extend 
ing between the cylindrically shaped section to the small 
diameter end of the diverging section, in consideration of the 
determined dimensions of the coolant channels and the loca 
tion of the cutting planes defining the lateral sides of the coo 
lant channels in the cylindrically shaped, converging and 
diverging sections of the tubular wall section as based on the 
thermal conditions existing in the combustion chamber and 
with the channel widths in the different sections being based 
on a diameter proportionality of the sections, the steps of 
forming the channels comprising locating a cutting member 
outwardly from the tubular wall section and in a plane of sym 
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metry bisecting the angle formed between the opposite cutting 
planes de?ning the longitudinally extending sides of the chan 
nel to be formed and extending through the longitudinally ex 
tending central axis of the tubular wall section, rotating the tu 
bular wall section about its longitudinally extending central 
axis for displacing the cutting member into a radial plane of 
the tubular wall section adjacent to the cutting plane of the 
channel, displacing the cutting member laterally from the 
radial plane into the cutting plane and locating the side of the 
cutting member more remote from the plane of symmetry in 
the cutting plane while maintaining the cutting member in 
parallel relationship with its position in the adjacent radial 
plane, and operating the cutting member along the exterior 
surface of the tubular wall section while maintaining the 
cutting member in the cutting plane parallel to the radial plane 
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6 
between one end of the tubular wall section and the transition 
point between the converging and diverging sections, repeat 
ing the positioning of the cutting member into the opposite 
side wall cutting plane of the coolant channel and operating 
the cutting member for forming the other side wall of the cool 
ing channel to the required depth, repositioning the cutting 
member intermediate the side wall cutting planes for remov 
ing any portion of the tubular wall section within the channel 
remaining between the cutting planes, and repeating the posi 
tioning and cutting steps for forming the coolant channels 
between the opposite end of the tubular wall section and the 
transition plane between the converging and diverging sec 
trons. 

* it * * * 


